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cropping in the hills surrounding the Rimini coast. We
believe that the species, often recorded from the
Rimini beach, is in fact fossil." (Note also BIZ ON &

BIZON, 1971, p. 85.)
We contend, therefore, that the taxon Rotalia

menardii PARKER, JONES, & BRADY (1865) con
tained originally two somewhat similar but morpho-
logically and chronologically distinct forms (cf. Fig.
178,6-10 vs. 177,3). One is a Miocene form recogniz-
ed from beach sands at Rimini by D'ORBIGNY

(1826), used as a basis for D'ORBIGNY'S model to
which he attributed the name, and illustrated by
PARKER, JONES, & BRA D Y (1865). The other is a
modern (Holocene) form that was included with the
Miocene form by PARKER, JONES, & BRADY.

Paleontologists generally accepted and applied the
name Globorotalia menardii (=Rotalia menardii
D'ORBIGNy, 1826) to the Miocene form and, to a
lesser extent, to Miocene and younger forms whose
differentiating characteristics were not recognized by
early workers. Wide distribution of the D'ORBIGNY

model based on the Rimini material was a major
factor in facilitating recognition of the species.

TODD (1961), with subsequent support from
BE, MCINTYRE, & BREGER (1966) and JENKINS

(1971), argued subjectively that the neotype of
Rotalina cultrata designated by BANNER & BLOW

(1960a) differs from the specimens originally
described by D'ORBIGNY and that validation of the
long-neglected name R. cultrata as a senior synonym
of Rotalia nzenardii was contrary to basic principles
of ICZN. No mention was made by these authors
about the possible change in species concept for R.

menardii when interpreted on the modern lectotype
rather than on Miocene specimens from Rimini.

According to ICZN (Art. 72b), however, speci-
mens eligible for designation as lectotype are "all the
specimens on which an author bases the species .. .".
Although uncertainty exists in some cases as to
exactly the limitation on which specimens an author
"based" a species (MELVILLE, 1970, p. 195), the
Isle of Man specimens seem clearly to constitute
available syntypic material for R. inenardil PARKER,

JONES, & BRADY (1865) and to have been designat-
ed validly by BANNER & BLOW (1960a). Similarly,

R. cultrata D'ORBIGNY (1839 ) was reported origi-
nally from modern marine sands of Cuba, Martinique,
Guadeloupe, and Jamaica. The neotype designated
from topotypic material (i.e., modern sand off Cape
Cruz, Cuba) was regarded by BANNER & BLOW as
"clearly conspecific with D'ORBIGNY'S form."

These designations of type specimens for R. nzenardii
PARKER, JONES, & BRADY (1865) and R. cultrata
DO R BIG NY (1839) are objectively valid.

We agree with BANNER & BLOW (1960a),
PARKER (1962), and others that Globorotalia
menardii (PA RKER, JONES, & BRADY, 1865)
(which must be interpreted at present on the basis of
the lectotype from modern sediments near the Isle of
Man) is a junior subjective synonym of Globorotalia
cultrata (D'ORBIGN v, 1839) (which must be inter-
preted on the basis of its neotype from modern
sediments off Cuba). TODD (1961) and others seem
to accept the synonymy of these forms but to dispute
mainly the desirability of replacing a well-known
name by the little-used cultrata. On the other hand,
we accept cultrata as the valid and available name for
the modern and older form but recognize also a
presently nameless species-group taxon that accords
with the species-group concept originally proposed
invalidly by D'ORBIGNY (1826) and widely applied
subsequently by paleontologists.

The considerable recent advances in under-
standing the biostratigraphic significance of Neogene
menardiform taxa and accompanying detailed dif-
ferentiation of species-group taxa on the basis of
morphologic features largely ignored by earlier
workers necessitates, in our considered judgment,
legal resolution of the present situation. Accordingly,
we have in preparation an appeal to the International
Commission on Zoological Nomenclature for use of
its plenary powers to 1) revoke the designation of
lectotype by BANNER & BLOW (1960a) for Rotalia
menardii PARKER, JONES, & BRADY (1865), 2)
accept for the same species-group taxon a neotype
designation for a Rimini specimen (i.e., type locality
of D'ORBIGNY, 1826), and 3) validate R. menardii
PARKER, JONES, & BRADY (1865) ex
D'ORBIGNY (1826) as an available name for the
mainly Miocene taxon long recognized by paleon-
tologists. Globorotalia cultrata (D'ORBIGNY 1839)
is accepted on the basis of the modern neotype and is
interpreted as a prominent but different member of a
Neogene menardiform lineage. Illustrations and
descriptions included herein indicate our bases for
differentiating  the t axon termed Globorotalia
metzardii.

It is noted that some modern workers similarly
have recognized several species-group taxa among this
menardiform lineage (or lineage's) (e.g., CITA,

PR EMOLI SILVA, & ROSS;, 1965). Other workers,
however, tended to accept the synonymy of G.
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menardii and G. cultrata and to identify their forms

(commonly in extra-Mediterranean areas what we

deem representative of a cultrata lineage) as either G.
cultrata (e.g., PARKER, 1962, 1967, 1973;JENKINS

& OAR, 1972; POAG, 1972b) or as G. menardii (e.g.,

TODD, 1961; BÉ, MCINTYRE, & BREGER, 1966;

JENK INS, 1971). BLOW (1969, p. 359, pl. 6, fig.

9-11)(and followed by C ITA & BLOW, 1969, p. 576;

and AKER s, 1972, p. 100) distinguished G. cultrata

cultrata (D'ORBIGNY) from G. cultrata menardil

(PARKER, JONES, & BRADY) on the same morpho-

logic basis as is done herein for G. cultrata and G.
menardii. Unfortunately, however, the earlier sub-

sequent designation of the lectotype by BANNER &

BLOW (1960a) for G. menardil (PARKER, JONES, &

BRADY) had restricted the name nzenardii to the

cultrata-like component of the two taxa originally

included by PARKER, JONES, & BRADY in G.
menardii. Thus, an ICZN declaration is necessary

before the nomenclature used by BLOW in 1969 can

be applied validly.

The most reliable previously published figures of

Globorotalia menardil, as interpreted herein, seem to

be those by CITA, PREMOLI SILVA, & ROSSI

(1965) and CITA & PREMOLI SILVA (1968) of

specimens from the Tortonian stratotype section

where exposed sediments are similar in age and nature

to those around Rimini about 200 miles to the east.

CITA, PREMO LI SILVA, & ROSSI (1965) treated G.
menardil as an evolutionary stage linking Globorotalia

praemenardii CUSHMAN & STAINFORTH (1945)

with Globorotalia miocenica PALMER (1945) and

stressed as distinctive features its larger size, stronger

keel, nonlobate margin, and equally biconvex sides.

There is reasonable doubt now, however, that the G.
praemenardii of European authors is the same as that

of tropical regions. Furthermore, G. miocenica of

Italian authors has been designated an endemic form

and now is referred to Globorotalia miocenica

mediterranea CATALANO & SPROVIERI (1969).

Thus, clear evidence currently is lacking to support

unmodified application of the "menardil" lineage

concept of tropical regions in the Mediterranean area

or to regard the first appearance of G. menardil in the

Mediterranean area as the same useful biostratigraphic

datum as that recognized in tropical regions (e.g.,

BO LLI, 1959;STA IN FORTH, 1960).

Recently BANDY ( 1972, p. 297) proposed

Menardella as a subgenus of Globorotalia (c USH-

MAN, 1927a) and designated Globorotalia (Men-

ardella) menardii (D'ORBIGNY) [sic] as the type

species (see Addendum herein).

Distribution.-Presently available data support

recognition of this species (as restricted herein) only
in the Late Miocene of the Mediterranean region.

Many forms identified under this name in the
Caribbean and other parts of the world seem more

closely related to the Globorotalia cultrata
(D 'ORBIGN Y, 1839) lineage. Presumably, however,

re-examination of menardiform globorotalias in the

Miocene and younger beds of several parts of the

world may well demonstrate a wider occurrence for
G. menardii than is recognized here.

GLOBOROTALIA MIOCENICA Palmer, 1945
Figure 180

Late Pliocene to Early Pleistocene

Globorotalia menardll miocenica PALMER, 1945, p. 70-71,
pl. 1, fig. 10.-AKERS & DORMAN, 1964, p. 18, p1. 14,
fig. 1-5, 19-21.

Globorotalia iniocenica PALMER. BERMÛDEZ, 1960, p.
1295-1296, pl. 15, fig. 5.-BOL Li, 1970, p. 582, pl. 7,
fig. 4 -8.- LAMB & BEARD, 1972, p. 54, pl. 16, fig.
1-4.-POAG, 1972b, p. 510, pl. 3, fig. 3-4.

Globorotalia (Globorotalia) miocenica PALMER. BLOW,

1969, p. 365-366, pl. 42, fig. 4, 8.

Test a regular dextral trochospire, umbilical side

strongly convex, spiral side flat or very slightly

convex. Last whorl carinate, composed of 5 to 7

chambers, increasing in size very slowly. Equatorial

profile a smooth subcircular curve; axial profile

displays planoconvex form, strongly carinate margin,

and tendency of peripheral angle to become blunter

during growth. Sutures on spiral side strongly curved,

lirnbate, fusing with keel; on umbilical side depressed,

sinuously radial. Umbilicus a small but distinct pit,

accentuated by surrounding bulbous chamber tips.

Aperture a low-arched slit extending from umbilicus

to near periphery, with thin lip. Diameter 0.4 to

0.6 mm.

Discussion.-This species is characterized by a flat

spiral side, thin-walled test, high chambers, and

circular outline (see also discussion under Glo-
borotalia exilis).

Distribution.-Late Pliocene to Early Pleistocene

(from within the Pulleniatina obliquiloculata Zone to

within lower part of the Globorotalia truncatulhz-

oides Zone). Originally recorded from the Bowden

Formation of Jamaica and regarded as probably

Miocene, but the type locality is now established as

Pleistocene in age (e.g., LAMB, 1969; LAMB &

BEARD, 1972).
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Fig. 180. Globorotalia miocenica PALMER from the Early Pleistocene of the Caribbean, north Atlantic, and Gulf of Mexico regions.
1

	

	 Holotype from a Pleistocene interval within the Bowden Formation of Jamaica, X50; from PALMER (1945, pl. 1, fig. 10).
a—Spiral view; b—side view; c—umbilical view.

2	 Specimen from Early Pleistocene beds of the western north Atlantic, X90; from POAG (1972b, pl. 3, fig. 3-4). a—side
view; b—umbilical view.

3-9	 Specimens from the Early Pleistocene of the Gulf of Mexico, X90; from LAMB & BEARD (1972, pl. 16, fig. 1-4).
3—Umbilical view; 4-5,7-9—side views showing planoconvex shape of test; 6—spiral view.
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GLOBOROTALIA MULTICAMERATA
Cushman & Jarvis, 1930

Figures 181-182
Pliocene and Early Pleistocene

Globorotalia menardii multicamerata CUSHMAN & JA RV is,
1930, p. 367, pl. 34, fig. 8. -CUSHMAN & BERMUDEZ,

1949, p. 30, pl. 5, fig. 8-13.
Globorotalia menardii fijiensis cusHmAN, 1934, p. 136, pl.

17, fig. 5.-STAINFORTH, 1948b, p. 125, pl. 26, fig.
38-39.

G 1 o bo ro t al ia nudtica merat a CUSHMAN & JARVIS,

BERMUDEZ, 1960, p. 1296-1297.-PARKER, 1967, p.
180, pl. 31, fig. 5-6.-P0Ao & AKERS, 1967, p. 171, pl.
17, fig. 4-6.-BOLLI, 1970, p. 582, pl. 7, fig.
17-20.-P0sTumA, 1971, p. 338-339.-P0AG, 1972b,
p. 510, p1.4, fig. 3-4.- LAMB & BEARD, 1972, p. 54-55,
pl. 11, fig. 4-6; pl. 12, fig. 4-5; pl. 13, fig. 6-8; pl. 14, fig.
5 -8.- JENKINS & ORR, 1972, p. 1101, pl. 28, fig. 4-6.

Globorotalia (Globorotalia) multicamerata CUSHMAN &

JARVIS. BLOW, 1969, p. 367-368, pl. 7, fig. 7-9; pl. 42,
fig. 7.

Test a large lenticlular trochospire rimmed by
prominent cordlike keel. At least 7 (commonly 8 to
10, exceptionally 11 to 12) chambers in last whorl;
subequal in size, arrangement somewhat irregular;
rhomboid to lunate on spiral side, radial segments on
umbilical side. Equatorial profile subcircular to ovate,
somewhat lobate; axial profile biconvex, spiral side
generally but not invariably more tumid, maximum
thickness appreciably less than half diameter. Sutures
on spiral side strongly limbate, curving or hooking
backward to merge into peripheral keel; on umbilical
side incised, sinuously radial. Umbilicus a prominent
circular pit. Aperture a low arched slit from umbilicus
to keel, central portion with arcuate flap. Surface
mostly smooth and densely perforate; pustulose to
rugose near umbilicus and to some degree elsewhere,
especially around keel and on apertural flap.
Diameter 0.8 to 1.0 mm.

Discussion.-Excepting BLOW  (1969) and
PARKER (1973), most authors distinguish Glo-
borotalia multicamerata from other men ardiform

species on the basis of its large number of chambers,
at least 7 in the final whorl. The only species
comparable in this respect is Globorotalia pertenuis
BEARD (1969) which is more compressed and only
lightly keeled.

Distribution.-Pliocene and earliest Pleistocene
(Globorotalia margaritae Zone to base of Glo
borotalia truncatulinoides Zone). First recorded in
the Buff Bay Formation of Jamaica at a level
formerly regarded as Miocene but now interpreted as
Pliocene. This species is a useful although not rigid
guide to Pliocene age but is recorded only in warm
water, mainly tropical areas.

GLOBIGERINA NEPENTHES Todd, 1957
Figures 183-184

Middle Miocene to Middle Pliocene

Globigerma nepenthes TODD, 1957, p. 301, pl. 78, fig.
7.-BLOW, 1959, p. 178-179, pl. 8, fig. 44-45.-BLOW,
1969, p. 320, pl. 14, fig. 5.-POSTUMA, 1971, p.
266-267.-LAMB & BEARD, 1972, p. 47, pl. 4, fig.
1 -8.-AKE RS, 1972, p. 52, 54, pl. 14, fig. 1.-PoAG,
1972b, P. 506, pl. 6, fig. 5-8.

Globigerina druryi nepenthes TODD. BANDY & INGLE,

1970, p. 152, pl. 1, fig. 5.

Test trochospiral, compact, spire ranging from
low to high. Chambers (4 to 5) in final whorl slightly
inflated and subequal except last which typically
protrudes obliquely, resembling a fingertip. Profiles
variable, nondescript. Sutures mostly indistinct, on
last whorl indented, approximately radial on both
sides. Umbilicus narrow, formed by blunt, inturned
tips of 3 penultimate chambers. Aperture a broad
arch in umbilical portion of protruding last chamber,
bordered by thickened rim. Surface coarsely
perforate, pitted. Intraspecific variability
characterizes this species. Diameter 0.4 to 0.6 mm.

Discussion.-We conceive this species as a central
form having its chambers arranged in a low to

Fig. 181. Globorotalia multicamerata CUSH MAN & JARVIS from the Pliocene and Pleistocene of the Caribbean, Gulf of Mexico, [1,)
and western Pacific Ocean.

1	 Holotype from Pliocene beds of the Buff Bay Formation, Jamaica, X35; from CUSHMAN & JARVIS (1930, pl. 34, fig. 8).
a - Sp ir al view; b-side view; c-umbilical view.

	

2-4	 Specimens from the Pliocene (Globorotalia margaritae Zone) of the western Pacific Ocean; from KRASH EN I N NI KOV &

HOSK INS (1973, pl. 25, fig. 7-9). 2-Side view, X82; 3- spiral view, X78; 4-umbilical view, X72.

	

5-6	 Specimens from the Pliocene (Globorotalia margaritae Zone) of the Caribbean Sea; from BOL LI (1970, pl. 7, fig. 17, 20).
5-Umbilical view, X44; 6- spiral view, X60.

	

7-9	 Specimens from the Pliocene (Pulleniatina obliquiloculata Zone) of the Gulf of Mexico, X85; from LAMB & BEARD

(1972, pl. 14, fig. 6-8). 7-Umbilical view; 8-side view; 9-spiral view.
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Fig. 182. Globorotalia multicamerata CUSHMAN & JARVIS from the Pliocene of the western north Atlantic and south Pacific
Oceans.

1	 Specimen from the Pliocene (Pulleniatina obliquiloculata Zone) of the western north Atlantic, X73; from POAG (1972b,
pl. 4, fig. 3-4). a — Umb ilical view; b—side view.

2	 Specimen from the Pliocene (Globorotalia tnargaritae Zone) of the south Pacific Ocean, X34; from PARKER (1967, pl.
31, fig. 5). a— Umbilical view; b—spiral view; c—side view.

lb 

Fig. 183. Globigerina nepenthes TODD from the Pliocene of the south Pacific region.
1-2	 Holotype (1) and metatype (2) from Saipan; 1 from TODD (1957, pl. 78, fig. 7), 2 from BLOW (1969, pl. 14, fig. 5).

la—Side view, X55; 1b,2—apertural views, X55, X120.
3-4	 Specimens from the southwestern Pacific Ocean; from BRONNIMANN & RESIG (1971, pl. 1, fig. 4,6). 3—Apertural view,

X404; 4—side view, X250.
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moderately high trochospire with a protruding final
chamber. Variations in the height of spire, lobation of
chambers, and size and shape of final chamber (which
not infrequently is conical) prompted some observers
(e.g., PERCONIG, 1968; BRONNIMANN & RESIG,

1971) to propose new species and subspecies to
account for these variations. Irrespective of the
systematic grounds for naming such seemingly
distinct morphotypes, we judge that little
biostratigraphic advantage is gained by such
procedures and, therefore, favor a rather broad
concept in identification of Globigerina nepenthes.

Several authors suggested close relationship to
Globigerina chlilyi AKE RS (1955).

Distribution.—Middle Miocene to Middle Pliocene
(Glo boro t a ha siakensis Zone to within the
Globorotalia margari tae Zone). Originally described
from Miocene strata of Saipan, this species has a
nearly worldwide distribution. In well-bore samples,
it is a useful species for recognizing the upper limits
of the Globorotalia margaritae Zone.

CANDE1NA N1TIDA d'Orbigny, 1839
Figure 185

Late Miocene to Holocene

Candeina nitida D'ORBIGNY, 1839, p. 108, pl. 2, fig.
27-28.—B0L LI, LOEBLICH, & TAPPAN, 1957, p. 35,
pl. 6, fig. 10-11.—CITA, 1971, p.40, pl. 2, fig. 6. — LAMB

& BEARD, 1972, p. 47, pl. 5, fig. 5.
Candeina nitida nitida D'ORBIGNY. BLOW, 1969, p. 335,

384-386, pl. 23, fig. 1-4.

Test a lofty, tightly coiled, symmetrically formed
trochospire. Chambers inflated, subglobular, rapidly
enlarging in early portion, later subequal, 3 in whorl.
Equatorial profile trilobate; axial profile ovate,
indented at spiral suture. Sutures deeply depressed,
accentuated by apertural pores, outlining neat
arrangement of chambers. Umbilicus completely
closed. Primary aperture not visible in adult. Large
apertural pores, individually rimmed, aligned evenly
along sutures at spacing of 6 to 10 in a sutural
segment. Maximum dimension (which may be height)
typically 0.5 to 0.6 mm, occasionally larger.

Discussion.—Ontogeny of Candeina nitida indi-

cates derivation from Globigerinoides CUSHMAN

(1927a) by elimination of the primary aperture and
breakdown of secondary apertures into sutural pores.
BLOW (1969) identified the ancestral form as Glo-

bigerinoides parkerae BERM6DEZ (1960).

Distribution.—Late Miocene to Holocene (Glo-

borotalia acostaensis Zone to Globorotalia ttonida

Zone). This species was described from Recent
sediments off Cuba and has been recorded nearly
worldwide. In the Caribbean, Gulf of Mexico, and
Atlantic regions it seemingly does not occur below
the Pliocene.

PULLEN1ATINA OBLIQU1LOCULATA Group
Figures 186-187

The genus Pulleniatina CUSHMAN (1927a) was
long treated as monospecific, containing the type

Fig. 184. Globigerina nepentlzes TODD from the Late Miocene and Pliocene of the Gulf of Mexico. [p. 382]
	1,4-8	 Specimens from the Late Miocene; from LAMB & BEARD (1972, pl. 4, fig. 1,4-8). 1,4—Side views, X160, X175; r)

5-8—apertural views, X170.

	

2-3	 Specimens from the Pliocene; from LAMB 8, BEARD (1972, pl. 4, fig. 2-3). 2—Side view, X95; 3—spiral view, X200.

Fig. 185. Candeina nitida D'ORBIGNY from the Pliocene, Pleistocene, and Holocene of the Atlantic and Pacific Oceans, Gulf of i>
Mexico, and Caribbean Sea. [p. 383]

	

1	 Holotype from Recent [Holocene] sediments off Cuba, X48; from D'ORBIGNY (1839, pl. 2, fig. 27-28). a—Side view;
b—spiral view.

	2-3	 Specimens from Recent [Holocene] sediments of the Pacific region, X64; from PARKER (1962, pl. 8, fig. 29-30).
2a—Spiral view; 211—umbilical view; 3—view showing supplementary umbilical aperture found in some specimens.

4 Specimens from Pliocene sediments of the Atlantic Ocean; from BLOW (1969, pl. 23, fig. 1-2) , a—Oblique umbilical view
showing primary aperture of the penultimate whorl of chambers after dissection, X120; b—spiral view of specimen lacking
sutural apertures in early whorls and interpreted as phylogenetically primitive, X115 ca.

	5	 Side view of specimen from the Late Pleistocene of the Gulf of Mexico, X85; from LAMB & BEARD (1972, pl. 5, fig. 5).

	

6-8	 Specimens from the Pliocene of the eastern equatorial Pacific region, X97; from JENKINS & ORR (1972, pl. 1, fig. 1-3).
6—Side view; 7-8—spiral views.
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species Pulleniatina obliquiloculata (PARKER &

JONES, 1865). In fact, the only exceptions to this
statement were proposal of ?Puneniatina semi-
involuta GERMERAAD (1946) and Pulleniatina
spectabilis PARKER (1965); the former subsequently
was removed from Pulleiziatina and designated as the
type species of the distinct genus Rotaliatinopsis
BANNER & BLOW (1967). Eventually however,
BANNER & BLOW (1967) reviewed the genus in
detail and recognized an evolutionary sequence of
forms for which they introduced new names for
species and subspecies. A condensation of their
exhaustive discussion follows here, plus comments
derived from later authors; separate items also are
included herein for Pulleniatina finalis, P. obliquilo-
culata s. s., P. primalis, and P. spectabilis.

Specimens of Pulleniatizza initially are trocho-
spiral with early stages as in Globigerizza (open
umbilicus) followed by a Globorotalia stage (closed
umbilicus, extraumbilical aperture) distinguished by
conversion to mildly streptospiral coiling so that
original umbilicus is concealed by later chambers. All
species are more or less tumid and have 4 to 5
chambers in each whorl. A typical (though not
diagnostic) feature is a sheath of smooth shell
material covering the coarsely perforate inner wall.

Streptospiral specimens referable to Pulleniatina
began to appear in the Late Miocene, evidently
derived from the Globorotalia humerosa — Glo-
borotalia acostaensis lineage. Evolution proceeded
during the Pliocene and the most advanced forms
appeared during the Pleistocene. Stages in the bio-
series are as follows:

1. Streptospirality slight, revealed by oblique en-
croachment of successive chambers. Intercameral
sutures meet at point on umbilical side.
a. Similar to ancestral globorotalias but cham-

bers lengthened axially and skewed toward
spiral side. [Ptinentatizza praepulleniatina
BRONNIMANN & RESIG, 19711

b. Umbilical tips of chambers prolonged, over-
lapping successively. Aperture a slit or low
arch, not reaching periphery of inner coil.
(1) Periphery rounded. [Pulleniatina pri-

mans BANNER & BLOW, 1967.]

(2) Periphery strongly shouldered, angled,
commonly pseudocarinate. [Pulleniatina
spectabilis PARKER, 1965 (divided into
two subspecies by BRONNIMANN &

RESIG, 1971).]

c. Chambers encroaching over both spiral side
and umbilical region. Aperture longer, reach-
ing to periphery of inner coil. [Puneniatina
praecursor BANNER & BLOW, 1967 (as P.
obliquiloculata praecursor).1

2. Streptospirality more advanced so that umbilical
tips of final and opposing chambers are separated
by short suture instead of meeting at point.
a. Involute tendency evident but early cham-

bers visible. Aperture reaches periphery and
generally extends to the spiral surface.
[Pulleniatina obliquiloculata (PARKER &

JONES, 1865) emended BANNER & BLOW,

1967.]
b. Markedly involute. External aspect a tumid

planispire coiled around an axis oblique to
that of initial trochospire. Aperture a wide
arch embracing periphery of inner whorl.
[Puneniatina finalis BANNER & BLOW,

1967 (as P. obliquiloculata finalis).]

The changes are gradual and transitional so that
intermediate forms, difficult to name, are plentiful.
Nevertheless, current literature indicates a general
acceptance of this bioseries and its applicability to
biostratigraphy (e.g., PARKER, 1967; BERM 6 DEZ

BOLLI, 1969; BRONNIMANN & RESIG, 1971;
LAMB & BEARD, 1972). The holotype of the
subspecies P. obliquiloculata trochospira HARTONO

(1964) is considered to be inseparable from P.
obliquiloculata sensu stricto, although other speci-
mens mentioned by HARTONO are closer to P.
p raec u rsor. Likewise Glo b igerina an t inensis
BERM 6 DEZ (1960) [renamed Pulleniatina oblique-
loculata (sic) antillensis (BE R M 6o EZ) in
BERmtizipEz & BOL LI (1969)1 is considered as
inseparable from P. obliquiloculata s.s., its holotype
being a small, immature individual. Subspecific
nomenclature certainly is justified within such a
closely linked bioseries, but in the interest of brevity
we give specific rank to the stratigraphically success-
ive named forms.

Mention must be made in this context of
Globorotalia inflata (D'ORBIGNY, in
BARKER-WEBB & BE RT HE LOT, 1839), a species
which not only shows gross homeomorphy with the
Pulleniatina obliquiloculata group but also occurs in
close association with it. BANNER & BLOW (1967,
p. 145) inferred that D 'O RBI G N Y included the
whole range of forms within his "Globigerina inflata"
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and that BRADY (1884) was the first to make a clear

separation. Globoro talla inflata is distinguished
primarily by maintaining regular trochospiral growth
with no sign of streptospirality and is, in fact, closely
homeomorphic with the Eocene form Globorotalia

cerroazuknsis pomeroli TOUMARKINE & BOLLI

(1970) [= G. centralis of authors] .
Pulleniatina is a temperature-sensitive genus,

most typical of warm-water assemblages. Cases are
recorded of its disappearance from an area during a

phase of climatic cooling (e.g., BOLLI

BERMUDEZ, 1965). Its absence from the
Mediterranean region, presumably due to

paleoclimatic factors, reduces its value as a worldwide
biostratigraphic index.

PULLENIATINA OB LIQUILOCULATA
(Parker & Jones, 1865)

Figures 186-187
Middle Pliocene to Holocene

Pullenia obliquiloculata PARKER & JONES, in
CARPENTER, 1862, p. 183 [nornen nudum].

Pullenia sphaeroides obliquiloculata PARKER & JONES,

1865, p. 365, 368, pl. 19, fig. 4.-BANNER & BLOW,

1960a, p. 25, pl. 7, fig. 4 [lectotype designated by
BOLLI, LOEBLICH, & TAPPAN, 1957 1 .

Pulleniatina obliqueloculata [sic] (PARKER & JONES).

CUSHMAN, 1927a, p. 90.-GALLOWAY, 1933, p.
332.-BOLLI, LOEBLICH, & TAPPAN, 1957, p.
33 . - LOEBLICH & TAPPAN, 1964,     p.
C671-C672.-BL0w, 1969, p. 376.

Pulleniatina obliquiloculata (PARKER & JONES).

BERMUDEZ, 1960, p. 1329 - 1331. - PARKER, 1962, p.
234, pl. 4, fig. 13-16, 19, 22. -PARKER, 1967, p. 172,
pl. 28, fig. 1.-LAMB & BEARD, 1972, p.58, pl. 29, fig.
1-4.

Globigerina antillensis BERMUDEZ, 1960, p. 1156, pl. 1,
fig. 1.

Pulleniatina obliquiloculata trochospira HARTONO, 1964, p.

10, fig. a-c.
Pulleniatina obliquiloculata obliquiloculata (PARKER &

JONES). BANNER & BLOW, 1967, p. 137, pl. 3, fig. 4
[lectotype refigured]; pl. 4, fig. 9.-BRONNIMANN &

RESIG, 1971, p. 1318-1321, pl. 16, fig. 1-11; pl. 17, fig.
1-4, 5'?; pl. 18, fig. 1-7; pl. 19, fig. 6.

Pulleniatina obliqueloculata (sic] ataillensis (BERMUDEZ).

BERMUDEZ 8( Boi_i_1,1969, p. 183, pl. 16, fig. 7-9.

Test tumid, initially trochospiral, becoming
streptospiral in adult. Last whorl of 4 to 5 broadly
rounded chambers, enlarging regularly, oriented
progressively more obliquely to original axis. Profiles
smoothly curved, nondescript. Sutures distinct;
lightly depressed to flush. Umbilicus of initial

trochospire concealed by overlapping tips of

successive chambers; the umbilical area of adult

characterized by short suture between final and

penultimate (or preceding) chambers. Aperture a low
arch extending from umbilical area to periphery and

generally to spiral surface, directed obliquely toward

initial spire, bordered by rimlike apertural face. Wall
thick, smooth to shiny, variably pustulose, especially
in apertural region. Diameter 0.2 to 0.6 mm.

Discussion.-In early forms of Pulleniatina
umbilical chamber tips meet at point, but, as
streptospirality increases, their contact changes to a

short suture. This  feature distinguishes P.
ob liquilocula ta s.s. from the Pulleniatina

primalis-Pulleniatina praecursor forms [see also under
Pulleniatina obliquiloculata group].

The species name originally was spelled
"obliquiloculata," as kindly verified by A. N.

DUSENBUR Y, JR. (personal communication,
February 1974). As recorded here in the synonymy,

so me au thors have used the spelling
"ob liqueloculata" without clear indication of
whether this modified spelling was an inadvertent
lapse, an intentional emendation, or a reliance on a
prior author. The form "obliquiloculata" must be
accepted as the correct original spelling (iczN, Art.
32a, ii).

Distribution.-Middle Pliocene to Holocene
(Globorotalia margaritae Zone to Globorotalia
tumida Zone). This species was described from a
dredge haul from the Atlantic Ocean off the coast of
Brazil and occurs nearly worldwide in tropical and
subtropical regions.

GLOBICER1NOIDES OBLIQUUS  Both, 1957
Figure 188

Early Miocene to Early Pleistocene

Globigerinoides obliqua BOLLI , 1957b, p. 113, fig. 21-5, pl.
25, fig. 9-10.

Globigerinoides obliquus obliquus BOLLI. BOLLI &

BE RM 6 DEZ, 1965, p. 139.-BLOW, 1969, p.
324.-BRONNIMANN & RESIG, 1971, p. 1310, pl. 11,
fig. 4.

Globigerinoides obliquus BOLLI. JENKINS, 1971, p. 177, pl.
21, fig. 613-615.-POSTUMA, 1971, p. 296-297,4 fig.

Test a compact trochospire with 3 to 4 spherical
chambers per whorl. Chambers of last whorl increase
rapidly in size and develop obliquely appressed shape.
Equatorial periphery distinctly lobate; axial profile
reveals bluntly elevated spire. Sutures on spiral side
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Fig. 186
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(,) Fig. 186. Pulleniatina obliquiloculata (PARKER & JONES) from the Early Pleistocene and Holocene of the south Atlantic Ocean

and Gulf of Mexico.
1	 Lectotype from the Holocene of the south Atlantic Ocean, X100; from BANNER & BLOW (1967, pl. 3, fig. 4). a—Spiral

view; b—side view; c—umbilical view.
2-6	 Specimens from the Early Pleistocene of the Gulf of Mexico, X85; from LAMB & BEARD (1972, pl. 29, fig. 1-3).

2-4—Oblique side views; 5—umbilical view; 6—spiral view.

Fig. 187. Pulleniatina obliquiloculata (PARKER & JONES) from the Late Pliocene and Holocene of Ecuador and the south Pacific
Ocean.

1-3	 Topotypes from a Late Pliocene level within the Borb6n Formation of Ecuador described as Pulleniatina obliquiloculata
praecursor BANNER & BLOW (1967). 1—Spiral view, X180; 2—umbilical view, X140; 3—side view, X140.

4

	

	 Side view of specimen from the Holocene of the southwestern Pacific Ocean, X60; from BRONNIMANN & RESIG (1971,
pL 19, fig. 6).
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Fig. 188. Globigerinokies obliquus BOL LI from the late Middle Miocene (Globorotalia siakensis Zone) of the Caribbean region.
	1-2	 Holotype (1) and paratype (2) from Trinidad, X68; from BOLLI (1957b, pl. 25, fig. 9-10). 1a,2b-Umbilical views;

1b,2a-side views; 1c,2c-spiral views.
	3-6	 Specimens from the lower Buff Bay Formation of Jamaica. 3-4 Umbilical views, X145, X130; 5-6-spiral views, X170,

X160.

radial to oblique, depressed; on umbilical side radial,
depressed. Umbilicus lacking. Primary aperture a
distinct arch, generally moderately high,
interiomarginal to umbilical. Later chambers have
lunate supplementary apertures, generally one each
(seldom two), along spiral suture. Wall perforate,
surface finely pitted. Normal diameter 0.5 mm.

Discussion.-This species is distinguished from
others of the genus by its obliquely appressed later
chambers; also its spire is more compact and elevated
than in subspecies of Globigerinoides quadriloba tus
(D'ORBIGN Y, 1846). In its offshoot Globigerinoides
ex t re mu s (=Globigerinoides obliquus extremus
BOLLI & BERM6DEZ, 1965) the appression is
accentuated and the final chamber is mitriform.

Distribution.-Early Miocene to Early Pleistocene
(Catapsydrax dissimilis Zone to within lower part of
the Globorotalia truncatulinoides Zone). This species
was first described from the type locality of the
Globorotalla nzayeri Zone in Trinidad and has a
nearly worldwide distribution.

SPHAEROIDINELLOPS1S PAENEDEHISCENS Blow, 1969
Figures 189-190

Late Miocene to Early Pleistocene

Sphaeroidinella seminulina (sCHWAGER). PARKER, 1967,
p. 161-162, pl. 23, fig. 1-4.

Sphaeroidinellopsis seminulina (SCHWAGER). POAG &

AK ERS, 1967, p. 172, pl. 17, fig. 18-20.-B E R M 6DEZ,
1960, p. 1279, pl. 9, fig. 7. - INGLE, 1967, p. 357, pl.
43, fig. 7.

Sphaeroidinella subdehiscens BLOW. PARKER, 1967, p.
162, pl. 23, fig. 6-7. -JENKINS & ORR, 1972, p.
1109-1110, pl. 41, fig. 1-2.-POAG, 1972b, p. 516, pl. 5,
fig. 4.

Sphaeroidinella dehiscens (PARKER & JONES) [parti.

PARKER, 1967, p. 160, pi. 23, fig. 8.
Sphaeroidinellopsis subdehiscens paenedehiscens BLOW,

1969, p. 336, 338, 386-387, 417-418, pl. 30, fig. 4-5,
9.--BRONNIMANN & RESIG, 1971, p. 1323, pl. 15,
fig. 2.

Sphaeroidinellopsis sphaeroides LAMB, 1969, p. 571, 578,
pl. 1, fig. 1-5; pl. 2, fig. 1-3.-LAMB & BEARD, 1972, p.
60, pl. 1, fig. 3-4; pl. 34, fig. 3-8; pl. 35, fig. 1-7.

Fig. 189. Sphaeroidinellopsis paenedehiscens BLOW from the Late Miocene and Pliocene of the Caribbean, Gulf of Mexico, and
Pacific regions. [p. 390]

1-2	 Specimens from a Pliocene (Pulleniatina obliquilocula ta Zone) level within the Drivers River Formation of Jamaica; from
BLOW (1969, pl. 30, fig. 4-5). 1-Oblique spiral view of holotype, X65; 2-oblique side view of paratype, X60.

3-5 Specimens from the Pliocene (Pulleniatina obliquilocula ta Zone) of the Gulf of Mexico described as Sphaeroidinellopsis
sphaeroides LAMB; from LAMB (1969, pL 1, fig. 1-2, 4; pL 2, fig. 1). 3a -Umbilical view of holotype showing flangelike
lips, X106; 3b-close-up showing aperture enclosed by flangelike lips, X212; 4-spiral view of paratype showing smooth,
unbroken cortex covering chambers and sutures, X106; 5-umbilical view of paratype, X106.

6	 Specimen from the Pliocene of the South Pacific Ocean identified as Sphaeroidinella subdehiscens BLOW, X40; from
PARKER (1967, pl. 23, fig. 7). a-Umbilical view; b-spiral view.

7-8	 Specimens from the Late Miocene (Globorotalia acostaensis Zone) of the eastern equatorial Pacifie Ocean identified as
Sphaeroidinella subdehiscens BLOW; from JENKINS & OR R (1972, pl. 41, fig. 1-2). 7-Umbilical view, X75; 8-spiral
view, X79.

Fig. 190. Sphaeroidinellopsis paenedelliscens BLOW from the Pliocene of the Atlantic and Pacifie Oceans and the Gulf of Mexico.
Variants of this species with 4 (rarely 5) chambers in the last whorl instead of the usual 3 are encountered not infrequently in
Pliocene sediments. These seem to be gerontic individuals that lack a primary globigerine chamber beneath the cortex of the
ultimate chamber. As in the normal 3-chambered form, the aperture is entirely enclosed by flangelike lips unlike the species
Sphaeroidinellopsis seminulina and Sphaeroidinellopsis subdehiscens. [p. 391 1

1-2	 Specimens identified as Sphaeroidinella seminulina (scHvvAGER) from the Pliocene of the south Pacifie Ocean, X40;
from PARKER (1967, pl. 23, fig. 1-2). 1a-Spiral view; 1b,2 - umbilical views.

3	 Umbilical view of specimen identified as Sphaeroidinellopsis seminulina (SCHWAGER) from the Pliocene of the western
north Atlantic Ocean, X90; from POAG (1972b, pL 5, fig. 3).

4-9	 Specimens identified as Sphacroidinellopsis sphaeroides LAMB from the Pliocene (Globorotalia margaritae Zone) of the
Gulf of Mexico; from LAMB & BEARD (1972, pL 35, fig. 1-6). 4-5-Side views, X130, X115; 6-7-spiral views, X102,
X115; 8-9-umbilical views, X80.
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Test an ovoid to spheroidal sheath concealing
trochospire inside. Final whorl of 3 to 4 chambers,
generally fitting into smooth external contours but,
where present, 4th commonly is aberrant and
protrusive. Profiles variable but in all aspects
smoothly rounded, as in potatoes. Sutures obscured
by cortex, only faintly discernible as shallow troughs.
Umbilicus coincides with aperture, which is
prominent slit bordered by slightly projecting,
puckered to crenulate lips composed of cortex.
Primary surface reticulate and pitted with deep pores,
later covered by thick, smooth layer (cortex) which
gives test a shiny, finely perforate appearance;
aberrant chambers composed of cortex only, lacking
primary wall. Diameter to 0.7 mm, generally smaller.

Discussion.—The description of S. paenedehiscens
B Loo/ (1969) was published when definition of
Sphaeroidinellopsis sphaeroides LA MB (1969) was
already in press and too late for more than passing
reference in LAMB & BEARD (1972). These authors
independently conceived and observed an
evolutionary stage intermediate between
Sphaeroidinellopsis subdehiscens (B LOW, 1959) and
Sphaeroidinella dehiscens (PARKER & JONE S,
1865) so that their two species are synonymous.
Slight differences in the original diagnoses represent
normal intraspecific variability.

This species differs from its immediate ancestor,
Sphaeroidinellopsis subdelziscens, in having a more
inflated ovoid to spheroidal exterior (obscuring
sutures and chamber arrangement) and distinctly
projecting apertural lips. It differs from its
descendant, Sphaeroidinella dehiscens, in having only
a single aperture. Nevertheless, determinations should
be based on suites of specimens because immature
individuals of Sphaeroidinella may lack
supplementary apertures and so be mistaken for
Sphaeroidinellopsis; moreover, solution pits along
sutures of the latter may give a false impression of
Sphaeroidinella.

Distribution.—Late Miocene to Early Pleistocene
(Globorotaha acostaensis Zone to Globorotalia

t ru nc a tulinoides Zone). The holotype of S.

paenedehiscens came from the Pliocene San San Clay

of Jamaica and that of S. sphaeroides from a Late
Pliocene submarine core in the Gulf of Mexico. The
species has been found nearly worldwide and, like its
modern descendant Sphaeroidinella dehiscens,
preferred a warm-water habitat.

GLOBOROTALIA PERTENU1S Beard, 1969
Figures 191-192

Late Pliocene to Early Pleistocene

Globorotalia pertenuis BEARD, 1969, p. 552-553, pl. 1, fig.
1-6; pl. 2, fig. 5-6. LAMB & BEARD, 1972, p. 55, pl. 16,
fig. 5-6; pl. 17, fig. 5, 7. — P0AG, 1972b, p. 510, pl. 4,
fig. 1-2.

Test a very low trochospire, biconvex, strongly
compressed. Chambers (6 to 11) in final whorl
increase in size slowly and somewhat irregularly.
Equatorial profile subcircular to ovate, variably
lobate; axial profile reveals acutely keeled margin
and exceptionally compressed coil, height
approximately one-fourth of diameter. Sutures on
spiral side limbate and curved, passing into keel; on
umbilical side subradial, slightly sinuous. Umbilicus
shallow, poorly defined. Aperture a low arch,
extraumbilical-umbilical with flaring apertural lip
extending into umbilical area; successive flaps
becoming imbricate in mature specimens. Diameter to
1.0 mm.

Discussion.—The thin lenslike test, lobate
periphery, and large size differentiate this species
from both Globorotalia miocenica PALMER (1945)
and Globorotalia exilis BLOW (1969) (see also
discussion under Globorotalia exilis). Globorotalia
multicamerata CUSHMAN & JA R VIS (1930) has a
much thicker wall and keel.

Distribution.—Late Pliocene to Early Pleistocene
(Pulleniatina obliquiloculata Zone to within lower
part of the Globorotalia truncatulinoides Zone).
Recorded from the western north Atlantic, Gulf of
Mexico, and Caribbean regions. The highest
development of this species, in terms of size and
lobation of periphery, is in the early Pleistocene
(Nebraskan glacial interval).

Fig. 191. Globorotalia pertetzuis BEARD from the Early Pleistocene of Sigsbee knolls, Gulf of Mexico; from BEARD (1969, pl. 1,

fig. 1-6). 1—Umbilical view of holotype, X50; 2—side view of paratype, X80; 3,5,6a—umbilical views of paratypes, X80;

4—spiral view of paratype, X80; 6b—apertural view, X160.
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Fig. 192. Globorotalia pertenuis BEARD from the Early Pleistocene of the north Atlantic region.
1	 Specimen from the western north Atlantic, X90; from POAG (1972b, pl. 4, fig. 1-2). a—Umbilical view; b—side view.
2	 Umbilical view of specimen identified as Globorotalia exilis BLOW from the eastern north Atlantic, X50; from CITA

(1971a, pl. 1, fig. 7).

GLOBOROTALIA PLANISPIRA Bronnimann & Resig, 1971
Figure 193

Late Pliocene to Early Pleistocene

Globorotalia (Turborotalia) planispira BRONNI MANN &

RESIG, 1971, p. 1282, pl. 36, fig. 4, 6; pl. 44, fig. 1-2,
4-5, 7-8.

Test a very small, compact, planoconvex
trochospire. Tiny initial coil slightly depressed,
dwarfed by surrounding adult chambers. Chambers
(5) in final whorl maintain same reniform shape and
increase in size gradually as added except last, which
is smaller than penultimate and slightly displaced
toward umbilical side. Axial profile flat on spiral side,
evenly rounded at periphery except for offset last
chamber. Sutures incised, set in depressions or
grooves; oblique to radial on spiral side, radial on
umbilical side. Umbilicus narrow, deep. Aperture a
low slit from umbilicus to periphery, covered by

granulose flap or broad lip. Surface evenly perforate,
generally pustulose. Coiling typically dextral.
Diameter seldom exceeds 0.2 mm [holotype diameter
given in text as 0.24 mm but plate data indicate
0.18 mm; metatypes figured by BRONNIMANN &

R ES IG (1971) are 0.13 to 0.22 mm]
Discussion.—Foraminiferal zonation of the Late

Pliocene-Early Pleistocene interval presents
difficulties because paleoclimate controlled
distribution of the more conspicuous planktonic
species. B RONNIMANN & RESIG (1971) first
recorded the persistent presence of Globorotalia
planispira within a limited range at the general level
given here, and our studies reveal comparable
occurrences elsewhere. Despite its small size,
therefore, this species may prove to be a useful
biostratigraphic index.

Globorotalia planispira is distinguished by its flat
spiral side, small size and offset position of final

Fig. 193. Globorotalia planispira B RONN I MAN N & R ES iG from the Early Pleistocene of the Pacific Ocean and the Gulf of Mexico. rN
	1-3	 Specimens from the southwestern Pacific Ocean; from B RONN I MANN & RESIG (1971, pl. 44, fig. 2,4-5). 1—Umbilical

view of holotype, X497; 2—spiral view of paratype, X356; 3—side view of paratype, X396.

	

4-6	 Specimens from the Gulf of Mexico, X270; from core hole B, core 16, of LAMB & BEARD (1972, fig. 12, 19). 4—Side
view; 5—umbilical view; 6—spiral view.
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chamber, and platelike rim of its aperture. In other
respects it resembles, and may be related to, the less
distinctive Glo b o ro talia pseudopumilio
BRONNIMANN & RESIG (1971); these authors (pl.
44, fig. 3; pl. 48, fig. 8) figure specimens not firmly
assigned to either species.

Distribution.-Late Pliocene to Early Pleistocene
(Pulleniatina obliquiloculata Zone to lower part of
Globo rotalia truncatulinoides Zone). This small
species was described from Pleistocene sediments of
the south Pacific region, and we have recorded it in
the Gulf of Mexico and south China Sea regions.

GLOBOROTALIA PLESIOTUMIDA Blow & Banner, 1965
Figure 194

Late Miocene to Middle Pliocene

Globorotalia (Globorotalia) tumida plesiotumida BLOW &

BANNER, in BANNER & BLOW, 1965c, p. 1353, fig.
2.-PARKER, 1967, p. 182.-BANNER & BLOW, 1967,
p. 152, fig. 14, pl. 4, fig. 3 [holotype
reproduced] . -BLOW, 1969, p. 371, pl. 9, fig. 7-9 [type
figures reproduced, enlarged] ; pl. 47, fig. 6-8.

Globorotalia tumida plesiotumida BLOW & BANNER.

BOLLI, 1966h, p. 455-462.-B0LLI, 1970, p. 583 -586,
597-598.

Globorotalia plesiotumida BLOW & BANNER. BERMUDEZ

& BOLLI, 1969, p. 176, pl. 12, ? fig. 4-6 [transposition is
suspected for figures designated as G. plesiotumida and
G. merotumida1.-POSTUmA, 1971, p.
35 0-351.-JENKINS & OAR, 1972, p. 1102-1103, pl.
30, fig. 1-3.-P0AG, 1972b, p. 510, pl. 6, fig.
9-10.-PAR K ER, 1973, p. 279, pl. 3, fig.
18 -20. -KRASHENINNIK0V & HOSKINS, 1973, p.
129, pl. 26, fig. 10-12.

Test a lenticular trochospire rimmed by blunt
keel. Generally 6 chambers in last whorl, increasing
somewhat irregularly in size as added, especially in
radial length. Equatorial profile ear-shaped, slightly
lobate, last chamber projecting noticeably; axial
profile biconvex, slightly more inflated on umbilical
than on spiral side. Sutures on spiral side limbate,
initially flush, later depressed to sunken, oblique to
recurved, coalescing into keel; on umbilical side
incised, radial, almost straight. Umbilicus almost
closed, umbilical shoulders developed only on last 3
chambers. Aperture a low arch from umbilicus almost
to keel, carrying narrow lip along whole length. Wall
smooth, densely and uniformly perforate except for
granular area adjacent to the umbilicus. Maximum
diameter 0.5 to 0.7 mm.

DiSCUsSio11. -B AN NE R & BLOW (1965b-C), with
modification by BLOW (1969), postulated a bioseries
of globorotalias in which successive species were G.
lenguaensis BOLL' (195 7b), G. paralenguaensis
BLOW (1969), G. merotumida BLOW & BANNER

On BANNER & BLOW I965c), G. pl esio tumida , and
G. tum ida (BRAD Y, 1 8 7 7 ) . G lo borotalia
plesiotumida differs from the ancestral group by its
more rapidly opening spire (heights of successive
whorls in ratio 1:4:8). In its descendant G. tumida
these ratios increase to 1:4:12 and the test becomes
larger, more tumid, and more heavily keeled.

Distribution.-Late Miocene to Pliocene (Glo-
borotalia acostaensis Zone to within Globorotalia
nzargaritae Zone). Described from the Pliocene part
of the Cubagua Formation of Venezuela and recorded
from many localities in the Caribbean, Atlantic,
Pacific, and Mediterranean provinces, generally in
warm-water sediments.

GLOBOROTAL1A PRAEH1RSUTA Blow, 1969
Figure 195

Middle Pliocene to Early Pleistocene

Globorotalia (Globorotalb) hirsuta praehirsuta BLOW, 1969,
p. 400-402, pl. 43, fig. 3-7 [4-5 =
holotype].-BRittNNImANN & RESIG, 1971, p. 1424,
pl. 49, fig. 1-2.-COLLEN & VELLA, 1973, p. 25, pl. 7,
fig. 9.

Globorotalia praehirsuta BLOW. LAMB & BEARD, 1972, p.
55, pl. 18, fig. 9-12.

Globorotalia crassula CUSHMAN & STEVVART [sic]. POAG,

197213, p.508, pl. 3, fig. 11-12.

Test a lenticular trochospire. Chambers (4) in last
whorl comma- to scallop-shaped on spiral side, lightly
keeled. Equatorial profile ovate, initially smooth
curve, becoming lobate as attachment of later
chambers becomes looser; axial profile biconvex,
approximately symmetrical, axial thickness almost 1/2
diameter. Sutures on spiral side strongly recurved,
depressed, not visibly limbate; on umbilical side
obscure, position indicated by radial grooves.
Umbilicus closed. Aperture a low arched slit from
near umbilicus to near periphery. Wall smooth, finely
perforate, commonly dappled with calcite pustules.
Diameter about 0.6 mm.

Discussion.-The concept maintained here is of a
form intermediate between Globorotalia margaritae
BOLL! BERM6DEZ (1965) and Globorotalia
hirsuta (BRADY, 1882), but some aspects of the
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Fig. 194. Glohorotalia plesiotumida BLOW & BANNER from the Late Miocene and Pliocene of the Atlantic and Pacific Oceans and
Venezuela.

1	 Holotype from a Pliocene level (Globorotalia nzargaritae Zone) within the Cubagua Formation of Venezuela, X50; from

BANNER &BLOW (1967, pl. 4, fig. 3). a—Umbilical view; b—side view; c— spiral view.

	2-4	 Specimens from the Pliocene (Globorotalia margaritae Zone) of the tropical Atlantic Ocean, X80; from PARKER (1973,
pl. 3, fig. 1-3). 2—Side view; 3—spiral view; 4—umbilical view.

	5-7	 Specimens from the Late Miocene (Globorotalk acostaensis Zone) of the western Pacific Ocean; from
KRASHENINNIKOV & HOSKINS (1973, pl. 26, fig. 10-12). 5—Umbilical view, X70; 6—side view, X72; 7—spiral view,

X70.

	

8-9	 Specimens from the Late Miocene (Globorotalia acostaensis Zone) of the western north Atlantic Ocean, X90; from P0AG
(1972b, pl. 6, fig. 9-10). 8—Side view; 9—umbilical view.

original diagnosis of G. praehirsuta are emended. In
particular, B Low described it as planoconvex but did
not illustrate the axial profile; in our studies,
specimens assigned to the transitional category were
consistently biconvex.

This species differs from Globorotalia margaritae
in having only four chambers in the last whorl,
generally larger size, greater inflation of chambers
around the umbilicus, and radially broader,
differently shaped chambers on the spiral side. From
G. hirsuta, on the other hand, it differs in being
smaller and less convex and in lacking an umbilical pit
and incision of adjacent sutures.

Distribution.—Mid-Pliocene to Early Pleistocene
(upper part of Globorotalia margaritae Zone to lower
part of Globorotalia truncatulinoides Zone). The
species was described from Pliocene rocks at Anzio,
Italy, and has been reported nearly worldwide. The
unillustrated species listed as Globorotalia praehirsuta
from the Tabianian Stage of Italy by COLA LONGO

ET A L. (1972) is suspected to be Globorotalia juanai
BERM6DEZ & BOLLI (1969). BRONNIMANN &

RESIG (1971), without text comment, plotted the
range of G. praehirsuta as mainly preceding the first
appearance of G. margaritae in the southwestern
Pacific.
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,C1 Fig. 195. Globorotalia praehirsuta BLOW from the Pliocene of Italy, Gulf of Mexico, and New Zealand.
1	 Holotype from the Pliocene of Anzio, Italy; from BLOW (1969, pl. 43, fig. 4-5). a-Spiral view, X122; b-umbilical view,

X120.
2	 Umbilical view of specimen transitional to Globorotalia margaritae BOLLI & BERM6DEZ from the Pliocene of North

Island, New Zealand, X156?; from co LLEN & VELLA (1973, p1.7, fig. 9).
3-6	 Specimens from the Pliocene (Pulleniatina obliqudoculata Zone) of the Gulf of Mexico, X110; after LAMB & BEARD

(1972, pl. 18, fig. 9-12). 3-4-Spiral views; 5-side view; 6- umbilical view.

GLOBOROTALIA PRAEMIOCEN1CA Lamb & Beard, 1972
Figure 196

Middle Pliocene? to Early Pleistocene

Globorotalia (Globorotalia) cultrata limbata (FORNASINI,

1902) [part]. BLOW, 1969 [not FORNASINI ] , p. 359,
pl. 42, fig. 2-3 [not p1.7, fig. 4-6] .

Gioborotalia pseudomiocenica BOLL! & BERM6DEZ.

BOLL!, 1970, p1.7, fig. 1 -3 not BOLLI & BERM6DEZ,

1965] .
Globorotalia praemiocenica LAMB & BEARD, 1972, p. 55,

pl. 17, fig. 1-3,6.

Test a lenticular trochospire of average size for
the genus. Chambers (5 to 7) in last whorl increase in
size gradually and slightly irregularly, each carrying a
conspicuously blunt keel. Equatorial profile
subpolygonal in early portion, becoming lobate on
last 2 to 3 chambers. Axial profile reveals tumid
umbilical region and distinctly convex spiral side,
thickness approximately half diameter. Sutures on
spiral side strongly limbate, strongly recurved, in
early portion fusing into a continuous keel; on
umbilical side depressed, radial, faintly sinuous.
Umbilicus small, shallow. Aperture a low opening

from umbilicus to margin, with thin lip. Wall thin,
finely perforate. Diameter 0.5 to 0.6 mm.

Discussion.—This is the first of a line of
thin-walled, dextrally coiled, menardiform
globorotalias that developed during the Pliocene, as
already discussed under Globorotalia exilis B Low
(1969). Its presumed forerunners in the Late Miocene
were generally sinistral (e.g., Globorotaha
pseudomiocenica BOLLI & BERM6DEZ, 1965),
more compressed, and thicker shelled.

D istrib ution.—M iddle Pliocene to Early
Pleistocene in the Caribbean and Gulf of Mexico
regions (Globorotalia margaritae Zone to within
lower part of the Globorotalia trtmcatuhnoides
Zone). Very similar forms seemingly occur in the
Late Miocene of the Pacifi c region.

PULLEMAT1NA PFUMALIS Banner & Blow, 1967
Figures 197-198

Late Miocene to Early Pleistocene

Polleniatina senninvoluta GER ME RAAD. PARKER, 1965, P.
151, fig. 5-6.

Fig. 196. Globorotalia praeiniocenica LAMB & BEARD from the Pliocene of the western Atlantic Ocean, Virginia, Gulf of Mexico,
and Papua. [p. 400]

	

1-3	 Specimens from the Pliocene (Pulleniatina obliqudoculata Zone) of the Gulf of Mexico, X125; from LAMB & BEARD
(1972, pl. 17, fig. 1-3). 1-Umbilical view of holotype; 2-side view of paratype; 3-spiral view of paratype.

	

4-5	 Specimens identified as Globorotalia exilis BLOW? from the Pliocene (Pulleniatina obliqudoculata Zone) of the western
north Atlantic, X90; from POAG (1972b, pl. 3, fig. 7-8). 4-Umbilical view; 5-side view.

	6-8	 Specimens identified as a subspecies of Globorotalia cultrata (D'ORBIGNY) from the Pliocene Yorktown Formation of
Virginia; from AKERS (1972, pl. 51, fig. 2). 6-Side view, X78; 7-umbilical view, X80; 8-spiral view, X79.

	

9-10	 Specimens identified as Globorotalia cultrata limbata (FORNASINI) from probable Pliocene strata of Papau, X130; from
BLOW (1969, pl. 42, fig. 2-3). 9-Side view; 10-spiral view.

Fig. 197. Pulleniatina prima/is BANNER & BLOW from the Pliocene (Globorotalia tnargaritae Zone) of Jamaica and western north i)
Atlantic Ocean. [p. 401]

	

1-4	 Holotype (1 from BANNER & BLOW, 1967, pl. 3, fig. 2) and topotypes (from a split of BLOW'S sample WHB 181.B =
locality RMS 119608) from the Bowden Formation of Jamaica. Right coiling of the holotype indicates that it came from a
level above the coiling change for this species which occurs within the upper part of the Globorotalia margardae Zone. A
list of associated planktonic species hi this sample was given by LAMB & BEARD (1972, fig. 14). 1a,2-Spiral views,
X100, X190; 1b,4-umbilical views, X100, X190; 1c,3-side views, X100, X210.

	

5-6	 Specimens from the western north Atlantic, X90; from POAG (1972b, pl. 4, fig. 5-6). 5-Side view; 6-umbilical view.
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Fig. 198. Pulleniatina primalis BANNER & BLOW from the Pliocene (Globorotalia margaritae Zone) of the south Pacific Ocean and
Gulf of Mexico regions.

1	 Specimens from the south Pacific Ocean, X72; from PARKER (1967, pL 27, fig. 5). a—Spiral view; b—side view;
c—umbilical view.

2	 Side view of specimen from the southwestern Pacific Ocean, X132; from BRONNIMANN & RESIG (1971, pL 20, fig. 7).
3-5	 Specimens from the Gulf of Mexico, X90; from LAMB & BEARD (1972, pL 28, fig. 7-9). 3—Spiral view; 4—umbilical

view; 5—side view.

Pulleniatina primalis BANNER & BLOW, 1967, p. 142, pl. 1,
fig. 3-8; pl. 3, fig. 2.—PARKER, 1967, p. 173, pl. 27, fig.
6 [not 51.—JENKINS & ORR, 1972, p. 1108, pl. 39, fig.
3-10. — BR6NNIMANN & RESIG, 1971, p. 1286, fig. 24,
pl. 20, fig. 7.—LAMB & BEARD, 1972, p. 58, pl. 28, fig.
5,7-9.

Test tumid, seemingly a regular trochospire. Last
whorl of 4 to 5 broadly rounded chambers increasing
rather slowly in size. Equatorial periphery subcircular
to subpentagonal; axial profile ovate, somewhat
flattened on spiral side. Sutures distinct, depressed,
radial, slightly curved to sinuous. Umbilicus initially
shallow, later hidden by overlapping tips of adult

chambers. Aperture a low arch from umbilical area to
near periphery, bordered by rimlike apertural face.
Wall perforate, smooth; generally pustulose in
umbilical region, less commonly over much of test.
Overlap of umbilical-chamber tips is symptom of
developing streptospirality typical of Pulleniatina.
Diameter 0.20 to 0.65 mm; holotype 0.43 mm.

Discussion.  —Pulleniatina primalis evidently
developed from the lineage of Globorotalia
acostaensis BLOW (1959) and an intermediate form
was described as Pulleniatina praepulleniatina
BRONNIMANN & RESIG (1971). In turn P. prima/is
gave rise to the more obviously streptospiral forms
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typical of P. obliquiloculata s.s. Specimens
transitional between these two species were
designated as P. obliqudoculata praecursor BANNER

& BLOW (1967). We consider P. praecursor a
recognizable species, contrary to some authors (e.g.,
PARKER, 1967), but unimportant as a zonal index;
its range falls within the concurrent range of P.
prima/is and P. obliqudoculata s.s. The lineage is
reviewed further under discussion of the Pulleniatina
obliquiloculata group.

Distribution.-Late Miocene to Early Pleistocene
(Globorotalia acostaensis Zone to within basal part of
Globorotalia truncatulinoides Zone). This species was
described from the Pliocene part of the Bowden
Formation of Jamaica and is recorded nearly
worldwide. Although it first appears in the Late
Miocene of the Pacific region, it is not encountered
below the Pliocene (Globorotalia margaritae Zone) in
the Gulf of Mexico, Caribbean, and Atlantic regions.

GLOBOROTALIA PUNCTICULATA (Deshayes, 1832)
Figures 199-200

Pliocene

Globigerina punctulata D'ORBIGNY, 1826, p. 277 [nomen
nudum].

GlobigerFna puncticulata "D'ORBIGNY", nobis,
DESHAYES, 1832, p. 170.--BANNER & BLOW, 1960a,
p. 15 - 17, pl. 5, fig. 7 [lectotype designated] .

Globigerina punctulata D'ORBIGNY [sic], FORNASINI,

1898 [1899], p. 210, fig. 5 [unpublished figure of
D'ORBIGNY], -BANNER & BLOW, 1960a, p. 15 - 17, pl.
5, fig. 7 [lectotype designated].

Globorotalia punctulata (D'ORBIGNY) of authors [nomen
nudum].

Globorotalia puncticulata (D'ORBIGNY) [sic] of authors.
Globorotalia (Turborotalia) puncticulata (DESHAYES).

BANNER 8, BLOW, 1960a, p. 17, pl. 5, fig. 7.-BLOW,
1969, p. 354.

Globorotalia puncticulata (DESHAYES). BARBIERI, 1969,
p. 73, pi. 1, fig. 9.- BARBIERI, 1971, p. 10-12, fig. 3-6.

Test a compact, biconvex trochospire, umbilical
side slightly more convex than spiral side. Chambers
(4) in last whorl increasing in size slowly and
somewhat irregularly as added; elongate crescents on
spiral side, radial segments on umbilical side.
Equatorial profile mildly lobate, subcircular; axial
profile typified by bluntly rounded, faintly
shouldered periphery. Sutures distinct, on adult
portion incised; on spiral side strongly recurved,
conforming with lunate shape of individual chambers,
on umbilical side almost straight, radial. Umbilicus
closed. Aperture a prominent arch in slightly recessed
apertural face, extending from umbilicus about
halfway to periphery. Surface smooth and finely
perforate except where covered by dense to sparse
pustules. Diameter to 0.5 mm. [Description based on
lectotype which was designated by BANNER &

LOW (1960a) for both Globigerina puncticulata
DESHAYES and Globigerina punendata FORNASINI.

Discussion.-This species is mentioned frequently
in modern literature on the Neogene of the
Mediterranean region. Unfortunately its
biostratigraphic utility has been dissipated by
taxonomic complexities and imprecise application of
the Bartle. BANNER & BLOW (1960a) explained the
reasons for accepting DESHAYES' name and
described a lectotype. BA RB IER I (1971), however,
challenged their choice of lectotype and further
reviewed the confused state of the species. The
authors cited (also JENK INS, 1971) indicated that
the name Globorotalia puncticulata was applied
erroneously to specimens of Globorotalia
crassaformis (GALLOWAY WISSLE R , 1927),
Globorotalia crassula CUSHMAN, STEVVART, &

Fig. 199. Globorotalia puncticulata (DESHAYES) from the Early Pliocene of Italy. [p. 404]
1	 Lectotype from redeposited Neogene sediments near Rimini, Italy, X100; from BANNER & BLOW (1960a, pl. 5, fig. 7). 1)

a-Umbilical view; b-side view; c-spiral view.
2-7	 Specimens from the type section of the Tabianian Stage (Early Pliocene) of northern Italy ("New Church" locality).

2-Side view showing high-arched aperture with rim, X125; 3-4-spiral views, X120, X125; 5-7-umbilical views, X125.

Fig. 200. Globorotalia puncticulata (DESHAY ES) from the Pliocene of the Mediterranean Sea and New Zealand. [p. 405 1
1-2

	

	 Specimens from the Pliocene of North Island, New Zealand; from COL LEN & VELLA (1973, pl. 5, fig. 8-9). 1-Side view, I.>
X148; 2-spiral view, X143.

3-5	 Specimens from the Early Pliocene (Globorotalia margaritae Zone) of the Tyrrhenian basin; from CITA (1973, pl. 3, fig. 1,
3-4). 3-Oblique side view, X185; 4-spiral view, X153; 5-umbilical view, X165.

6-8	 Virtual topotypes from Lido Cervia, Ravenna, Italy; intertidal zone in front of the Kursaal. 6-Spiral view, X120;
7-side view, X125; 8-umbilical view, X120.
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STEWART (1930), Globorotalia inflata
( D'ORBIGNY, in BARKER-VVEBB & BERTHE LOT,

1839), and Globorotalia ronda BLOW (1969). In the
Mediterranean region G. puncticulata is used widely
as the nominal index of a Pliocene zone (CATI

ET AL., 1968), but authors evidently apply differing
criteria to its identification.

In our opinion the form lectotypified by
BANNER & BLOW (1960a) is morphologically
distinct enough for biostratigraphic use whether it is a
true species or an ecologically produced variant (as
suggested by BARBIERI). To reduce confusion, we
provide illustrations of comparable specimens from
the stratotype Tabianian (Early Pliocene) of northern
Italy, where this species has been recorded by many
workers. Globorotalia puncticulata may well be a
descendant of Globorotalia subscitula CON ATO

(1964) and represent a lineage homeomorphic with,
but younger than, the forerunners of Globorotalia
scitula (BRADY, 1882). We distinguish it from G.
crassaformis mainly by its axial profile in which the
umbilical side is only mildly inflated and never
subconical to hemispherical; the periphery is bluntly
rounded, not subacute or pinched; and the spiral side
is definitely convex, never flattened or dished.
Though DESHAYES described the chambers as
‘`... tous chagrines et couverts de ponctuations ...,"
the roughness and pustulosity differ greatly among
individuals, possibly reflecting ecologic more than
genetic factors.

Distribution.—Early to Middle Pliocene
(Globorotalia Inargaritae Zone to within Pulleniatina
obliquiloculata Zone). Described from modern beach
sands at Rimini, northeast Italy, but regarded as a
reworked Neogene fossil there (e.g., C ITA  &

D'ONOF RIO, 1967). Many nominal records exist for
Pliocene and Holocene assemblages, including that of
BANNER & BLOW (1960a) accompanying the
description of the lectotype, but our studies fail to

confirm undoubted Globorotalia puncticulata at
post-Pliocene levels. BLOW (1969) asserted that this
species is virtually confined to cool-water areas and
does not occur in tropical assemblages.

GLOBIGERINO1DES QUADR1LOBATUS
F1STULOSUS (Schubert, 1910)

Figure 201
Middle Pliocene to Early Pleistocene

Globigerina fistidosa SCHUBERT, 1910, p. 323-324, fig. 2.
Globigerinoides sacculifera fistulosa (SERT). CUSH-

MAN, TODD, & POST, 1954, p. 369, pl. 91,11g. 13.
Globigerinoides quadrilobatus fistulosus (scHuBER -n.

BELFORD, 1962, p. 16, pl. 4, fig. 7-10.—BANNER &
BLOW, 1965a, p. 112.

Globigerbzoides fistidosus (SCHUBERT). PARKER, 1967, p.
154-155, pl. 21, fig. 3, 5 -6. — POSTUmA, 1971, p.
292-293, 4 fig.—LAMB & BEARD, 1972, p. 48, pl. 31,
fig. 4, 7-8.

Globigerinoides trilobus fistulosus (SCHUBERT). BOL LI,

1970, p. 579, pl. 1, fig. 8-11.

Test a low trochospire, closely similar to Glo-
bigerinoides quadrilobatus sacculifer (BRADY, 1877)
in all respects except that wall of final and (com-
monly) penultimate chamber is prolonged into 1 to 5
slender, digitate extensions. Diameter 0.35 to
0.50 mm.

Discussion. — This subspecies seemingly developed
directly from Globigerinoides quadrilobatus
sacculifer; several of the cited authors illustrate
transitional forms. The subspecies G. q. hystricosus
BELFORD (1962) differs only slightly, having fewer
digitate extensions that partly merge into apiculate
spines. BO L LI (1970) illustrated more complexly
fistulose forms under the name Globigerinoides
tri/obus A. Strongly digitate specimens appear to be
good indicators of tropical environments.

Distribution. — Middle Pliocene to Early Pleisto-
cene (Pulleniatina obliquiloculata Zone to within

Fig. 201. Globigerbzoides quadrilobatus fistulosus (SCHUBERT) from the Pliocene and Pleistocene of the Pacific and Caribbean r)
regions.

	1	 Spiral view of holotype (magnification unknown) from SCHUBERT (1910, fig. 2) from Globigerina marls of indefinite
Neogene age in New Guinea.

	2	 Specimen from probable Pliocene sediments of the south Pacific Ocean, X36; from PARKER (1967, pl. 21, fig. 6).
a—Spiral view; b—umbilical view.

3-5	 Specimens from the Pleistocene of the Caribbean Sea, from BOL LI (1970, pl. 1, fig. 6, 16-17). 3-4—Broken-off final
chambers of extreme variants showing the proliferation and irregular arrangement of the fistules, X56; 5—oblique spiral
view, X88.

	

6-7	 Specimens from the Pliocene-Pleistocene of the eastern equatorial Pacific Ocean; from JENKINS & ORR (1972, pl. 13, fig.
1, 3). 6—Umbilical view, X70; 7—spiral view, X110.
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lower part of Globorotalia tnincaudinoides Zone).
Described originally from Globigerina marl of in-
definite Neogene age in New Guinea, this subspecies
since has been recorded almost worldwide.

GLOBOROTALIA RONDA Blow, 1969
Figures 202-203

Late Pliocene to Early Pleistocene

Globorotalia (Turborotalia) crassafortnis ronda BLow,

1969, p. 388-389, 393-394, pl. 4, fig. 4-6; pl. 37, fig.
6 -9.- BRONNIMANN & RESIG, 1971, p. 1380, 1443,
1449, 1455, 1461, 1467, pl. 27, fig. 8.

Globorotalia tosaensis TAKAYANAGI & SAITO, PHILLIPS

ET AL., 1968, p. 122-123, fig. 4 ((ide PARKER,

1973).-KENNETT & GEITZENAUER, 1969, p. 2, fig.
1 [middle row].-LAMB & BEARD, 1972, p. 56, pl.
22, Fig. 1-7 [not pl. 23, fig. 1-2].

?Globorotalia truncatulinoides cf. roncla BLOW. BOLLI,

1970, p. 583, pl. 3, fig. 13-15.
Globorotalla truncatulinoides cf. tosaensis TA KA VA NA GI

& SAITO. BOLLI, 1970, p. 583. pl. 3 . Fig. 16-18.
Globorotalia crassaformis GALLOWAY & WISSLER X G.

tosaensis TAKAYANAGI & SAITO. KENNETT, 1973,
p. 626, pl. 15, fig. 1-4.

Test moderately large, a regular trochospire
approximating planoconvex, umbilical side tumid.
Chambers (4, rarely 41/2) in last whorl increase in
size slowly as added, maintaining same shape.
Equatorial profile slightly lobulate to (more
commonly) unindented, subcircular; axial profile on
umbilical side approximately semicircular, on spiral
side slightly depressed between axial convexity and
peripheral rim formed by bluntly rounded shoulders
of chambers of last whorl. Sutures on spiral side
incised, very slightly curved to almost straight; on
umbilical side incised, radial to slightly sinuous.
Umbilicus small, open, deep. Aperture a low arched
slit from umbilicus to near periphery, may have thin
lip. Diameter 0.5 to 0.6 mm.

Discussion.-Globorotalia ronda differs from its
immediate ancestor Globorotalia crassaforrnis
(GALLOWAY & WISSLER, 1927) in its more
rounded general shape (contributing to which is
the rounded shoulder of its final whorl),
hemispherical umbilical side, and generally
unindented periphery. It is regarded as the direct
ancestor of Globorotalia tosaensis TAKAYANAGI &

SA rro (1962) (e.g., BLOW, 1969; BO LLI, 1970), a
form of more planoconical shape and differing also
in its less pustulose wall, deeper umbilicus, and 5-
rathe r than 4-chambered last whorl. Almost

imperceptible gradation from G. ronda into G.
tosaensis was observed in the upper part of the
Pleistocene Bowden Formation of Jamaica in
samples discussed by ROBINSON & LAMB (1970).
In studies completed before BLOW (1969) separated
this transitional species, several authors applied the
name G. tosaensis to specimens of G. ronda.

Distribution.-Late Pliocene to Early Pleistocene
(Pulleniatina obliquiloculata Zone to within lower
part of the Globorotalia truncatulitzoides Zone).
This species locally is quite common in the
Aftonian interglacial interval Of the Gulf of Mexico
region, where it has been mistaken for G. tosaensis.
Similar morphotypes mentioned by L'oz (1972)
from the late Quaternary and Holocene of the
Caribbean Sea and Atlantic Ocean seemingly are
more lobulate than typical G. ronda. This species
was described from the Early Pleistocene Bowden
Formation of Jamaica and has been recorded from
the Atlantic, Caribbean and Gulf of Mexico, and
equatorial Pacific Ocean regions.

PULLENIATINA SPECTABILIS Parker, 1965
Figure 204

Middle to Late Pliocene

Pulleniatina spectabilis PARKER, 1965, p. 151-152, fig.
1--4.-PARKER, 1967, p. 174, pl. 28, fig. 2.- BANNER

&	 B LOW,	 1967, p.	 143-144, pl. 2, fig.
2 - 3.-BRONNIMANN.& RESIG, 1971, p. 1320, fig. 25,
pl. 19, fig. 5.

Pulteniatitra spectabilis spectabilis PAR KE R.

BRONNIMANN & RESIG, 1971, p. 1287.

Test tumid, initially trochospiral, becoming
slightly streptospiral in adult. Early chambers globose
and very little embracing; later chambers
progressively less inflated and more embracing,
developing subacute and ultimately pinched,
pseudocarinate periphery. Chambers (41/2 to 6) in
last whorl of subequal size in adult specimens. Axial
profile planoconvex except for slightly protruding
initial coil; equatorial profile lobulate, rounded.
Sutures obscure on umbilical side, sinuously radial
distinct on spiral side, recurved to subradial, nearly
flush. Umbilicus concealed by blunt tips of final
chambers. Aperture a narrow slit to low arch,
wholly extraumbilical, without lip or rim. Wall
layered, in adult smooth and somewhat polished,
finely perforate. Diameter commonly 0.6 to 0.7 mm
but may exceed 0.8 mm.
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Fig. 202. Globorotalia rondo BLOW from the Pliocene and Early Pleistocene of the Atlantic Ocean and Jamaica.
	1	 Holotype from a Pliocene level within the Buff Bay Formation of Jamaica, X67; from BLOW (1969, pl. 4, fig. 4-6).

a—Umbilical view; b—side view; c—spiral view.
	2	 Specimen from the Early Pleistocene of the southcentral north Atlantic Ocean identified as Globorotalia truncatulino ides

cf. tosaensis TAKAYANAGI & SAITO, X6; from BOLLI (1970, pl. 3, fig. 16-18). BERGGR EN (1967, fig. 4) identified
this species as Globorotalia tosaensis TA KAYANA GI & SA i TO. a—Spiral view; b—side view; c—umbilical view.

3-6 Paratypes from a Pliocene level (Pulleniatina obliquiloculata Zone) within the Drivers River Formation of Jamaica; from
BLOW (1969, pl. 37, fig. 6-9). LAMB & BEARD (1972, fig. 16) gave a list of associated species from this sample (ER.
195). 3—Umbilt,' view, X95; 4,6—spiral views, X120, X95. 5—side view, X120.
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Fig. 203. Globorotalia ronda BLOW from the Early Pleistocene of the Gulf of Mexico. Specimens identified as Globorotalia tosaensis

TAKAYANAGI &SAITO, X120; from LAMB & BEARD (1972, pl. 22, fig. 1-5). 1—Umbilical view of specimen transitional to

Globorotalia tosaensis; 2—side view; 3,5—spiral views; 4—umbilical view.

Discussion.—The planoconvex test and sharply
angled periphery distinguish this species from other
pulleniatines. BANNER 84 BLOW (1967) considered
this species to be derived from Pulleniatina prima/is
BANNER & BLO W (1967) by lateral compression

of the later chambers along the peripheral margin.
BRONNIMANN & RESIG (1971) expressed a

similar opinion and gave the subspecific name

praespectabilis to transitional forms.
Distribution.—Middle to Late Pliocene

(Globorotalia margaritae Zone to Pulleniatina

obliquiloculata Zone). This species was described
from Pliocene sediments of the south Pacific Ocean
and so far is recorded only within this narrow
tropical belt, not in the Atlantic region.

SPHAEROIDINELLOPSIS SUBDEFHSCENS (Blow, 1959)
Figure 205

Middle to Late Miocene

Sphaeroidinella rutschi CUSHMAN & RENZ, 1941 [part],
p. 25, pl. 4, fig. 5c [not fig. 5a-b = holotype].—RENZ,
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Fig. 204. Pulleniatina spectabilis PARKER from the Pliocene (Globorotalia margaritae Zone) of the south Pacifie Ocean.
1	 Ideotype, X52; from PARKER (1967, pl. 28, fig. 2). a—Spiral view; b—umbilical view; c—side view.

2-4	 Topotypes from core LSDH 78P (120-122 cm) identified and contributed by MISS F RANCES L. PARKER. 2—Side view,
X105; 3—spiral view, X100; 4—umbilical view, X110.

1948 [ part] , p. 167, pl. 10, fig. 1 c (refigured
paratype] [not fig. la-b = holotype
refigured]. — BOLLI, 1957b, p. 115, pl. 26, fig. 6-7.

Sphaeroidinella dehiscens (PARKER & JONES).

STAINFORTH, 1948b, p. 124, pl. 26, fig. 20.—WEISS,
1955, p. 313, pl. 3, fig. 28-29.

Sphaeroidinella dehiscens subdehiscens BLOW, 1959, p.
195, pl. 12, fig. 71 [holotype] —72.

Sphaeroidinellopsis subdehiscens (BLOW). BANNER &

BLOW, 1959, p. 15, fig. 5 lholotype, original figure
reproduced].—LAMB & BEARD, 1972, p. 60-61, pl.
35, fig. 8-9; pl. 36, fig. 1-3.

Sphaeroidinellopsis subdehiscens subdehiscens (BLOW).

BLOW, 1969, p. 338, pl. 30, fig. 1-3, 6.
Sphaeroidinella subdehiscens BLOW. POSTUMA, 1971, p.

388-389.

Test a low trochospire compacted into ovoid
form. Subglobular chambers (3) in last whorl
subequal or reducing in size as added. Equatorial
profile ovate, slightly indented between chambers;
axial periphery rounded. Sutures of last whorl
distinct although almost flush; earlier sutures
obscured by cortex. Umbilicus open, irregular.
Aperture an elongate umbilical slit, bordered by
thickened and crenulate margins of penultimate and
antepenultimate chambers and low arch of
thickened shell material at base of last chamber.
Prim ary globigerine wall coarsely perforate,
covered with secondary layers of shell material
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Fig. 205. Sphaeroidinellopsis subdehiscens (BLOW) from the Middle and Late Miocene of Venezuela, Trinidad, and Gulf of Mexico.
1	 Holotype from the late Middle Miocene (Globorotalia siakensis Zone) of the Poz6n Formation of Venezuela, X50; from

BLOW (1959, pl. 12, fig. 71). a—Umbilical view; b—spiral view; c—side view.
	2 -4	 Ideotype specimens from the Late Middle Miocene (Globorotalia menardll Zone) of the Lengua Formation of Trinidad

and the late Middle Miocene (Globorotalia siakensis Zone) of the Pozein Formation of Venezuela; from BLOW (1969, pl.
30, fig. 1-2, 6). 2—Umbilical view showing protruding flangelike apertural lips of early chambers and depressed low,
smooth apertural arch of last chamber, X105; 3—oblique umbilical view showing typical strong underbite of profile, X130;
4—spiral view showing lack of any supplementary aperture, X90.

	

5-7	 Specimens from the Late Miocene (lower part of the Globorotalia acostaensis Zone) of the Gulf of Mexico (side views,
X150, X150, X170); from LAMB & BEARD (1972, pl. 35, fig. 8-9; pl. 36, fig. 3).
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(cortex) restricting pore openings and giving
smooth, glassy appearance to test. Diameter 0.3 to
0.5 mm.

Discussion.-This species differs from
Sphaeroidinellopsis seminulina (SCHWAGER, 1866)

primarily in having 3 (rather than 4 or more)
chambers in the last whorl and in the heavier
cortex. It differs from Sphaeroidinellopsis
paenedehiscens BLOW (1969) mainly in lacking a
completely crenulate umbilical aperture and in being
less smoothly ovate.

Distribution.-Middle Miocene to Late Miocene
(Globorotalia fohsi lobata-robusta Zone to
Globorotaha acostaensis Zone). This species was
described from Late Miocene strata of eastern
Falc6n, Venezuela, and has a wide distribution.

GLOBOROTALIA TOSAENSIS
Takayanagi & Saito, 1962

Figures 206-207
Late Pliocene to Early Pleistocene

Globorotalia tosaensis TAKAYANAGI & SAITO, 1962, p.
81-82, pl. 28, fig. 11 - 12. - PARKER, 1967, p. 181, pl.
30, fig. 4-7.- LAMB & BEARD, 1972, p. 56, pl. 23,
fig. 1-2 not pl. 22, fig. 1-7 = G. ronda BLOW, 1969 1 .

Globorotalia (Turborotalia) tosaensis tosaensis TAKAY-

ANAGI & SAITO. BLOW, 1969, p. 357, 393-394, pl.
4, fig. 10-12; ?pl. 40, fig. 4-7.

Globorotalia (Turborotalia) tosaensis tenuitheca BLOW,

1969, p. 394-396, pl. 4, fig. 13-17, pl. 40, fig.
1 - 3. - BRDNNIMANN & RESIG, 1971, p. 1248.

Globorotalia truncatulinoides tosaensis TAKAYANAGI &

BAIT°. BOLL!, 1970, p. 583, pl. 3, fig. 19-21.
Globorotalia (Turborotalia) tosaensis TAKAYANAGI &

SAITO. BRONNIMANN & RESIG, 1971, p. 1248, pl.
27, fig. 3, 5.

Test a moderately tumid, planoconvex trocho-
spire. Four (in holotype) or more commonly 5
chambers in final whorl, increasing slowly in size as
added, maintaining constant shape; periphery sub-
acute, not keeled. Equatorial profile a smooth sub-
circular curve; axial profile bluntly triangular,
defined by almost flat spiral side and subconical
umbilical side. Sutures generally obscure, somewhat
oblique on spiral side, sinuously radial on umbilical
side. Umbilicus a deep, narrow pit flanked by blunt
tips of later chambers. Aperture an inconspicuous
low arch at base of flattish apertural face, bordered
by narrow lip. Surface strongly pustulose around
umbilicus, elsewhere granular to smooth. Diameter
typically 0.35 to 0.40 mm, exceptionally to
0.60 mm.

Disc ussion.-Globorotalia tosaensis is inter-
mediate between Globorotalia ronda BLOW (1969)
(typified by more inflated, less conical test and
tighter umbilicus) and Globorotalia tntncatulinoides
(D'ORBIGNY, 1839) (a keeled species with wide
umbilicus). Identification of marginal forms within
the close-knit bioseries is arbitrary. BLOW (1969)
discussed the possibly genetic significance of
peculiar thickening observed in the tests of these
species. The level of earliest evolution of G.
truncatuhnoides from G. tosaensis was emphasized
in some zonation schemes and worldwide corre-
lation (e.g., BANNER & BLOW, 1965b;
BERGGREN, 1967; PARKER, 1967) and assumed
to coincide closely with the Pliocene-Pleistocene
boundary. Subsequent studies have shown
anomalies, however, suggesting that acquisition of a
keel was influenced by environmental factors as well

Fig. 206. Globorotalia tosaensis TAKAYANAGI & SAITO from the Late Pliocene and Early Pleistocene of Japan, Italy, Caribbean
Sea, and Gulf of Mexico. [p. 414 1

1	 Holotype from a Late Pliocene or Early Pleistocene level within the Nobori Formation of Japan, X65; from
TAKAYANAGI &SAITO (1962, pl. 28, fig. 11). a-Spiral view; b-side view; c-umbilical view.

2	 Specimen from earliest Pleistocene (Calabrian Stage) at Le Castella, Italy, X140; from LAMB & BEARD (1972, fig. 8-10,
locality 907-A) , a-Side view; b-umbilical view.

3	 Specimen from probable Pliocene strata of the Caribbean Sea, X60; from BOLL! (1§70, pl. 3, fig. 19-21). a-Spiral view;
b-side view; c-umbilical view.

4-5	 Specimens from the Late Pliocene (Pulleniatina obliquiloculata Zone) of the Gulf of Mexico, X120; from LAMB &
BEARD (1972, pl. 22, fig. 6-7). 4-Umbilical view; 5-spiral view.

Fig. 207. Globorotalia tosaensis TAKAYANAGI & SAITO from the Indian Ocean. Ideotypes identified and contributed by DR. rx\
TSEUNEMASA SAITO. [p. 415 1 la,2b-Umbilical views, X200; 1b-side view, X200; 2a-spiral view, X200; 2c,d-enlarged V
views showing nonperforate and encrusted margin of early chambers, X2000.
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as linear evolution (e.g., KENNETT, 1968b; BEARD

& LAMB, 1968; KENNETT & GEITZENA UER,

1969).

Distribution.-Late Pliocene to Early Pleistocene
(upper part of Pulleniatina obliquiloculata Zone and
lower part of Globorotalia truncatulinoides Zone).
First described from the Neogene Nobori Formation
of Japan and subsequently recorded around the
world, especially in submarine core samples.

GLOBOROTALIA TRIANGULA Theyer, 1973
Figure 208

Late Pliocene to Early Pleistocene

?Globorotalia in/Iota (D'ORBIGNY). Pariant] PARKER,

1967, p. 179, pl. 29, fig. 3.
Globorotalia infiata (variant) LAMB & BEARD  1972, p.

53, pl. 27, fig. 1-7.
Globoro talla infiata triangula THEYER, 1973b, p.

200-201, pl. 1, fig. 1-7.

Test rather small, planoconvex trochospire;
spiral side almost flat, umbilical side strongly con-
vex, approaching conical. Chambers (3 to 31/2) on
both spiral and umbilical sides of last whorl increase
rapidly in size as added; each overlapping anterior
margin of preceding chamber, having form of
slender rectangles on spiral side. Equatorial profile
rounded, faintly triangular; axial profile sub-
triangular or ogival curve, notched at umbilicus.
Sutures barely discernible on spiral side, tangential
to inner coil; distinct on umbilical side, flush to
slightly depressed, radial to moderately curved.
Umbilicus closed, generally concealed by inturned
chamber tip. Aperture a narrow, almost straight slit
with no lip, extending from umbilicus to near
peripheral shoulder. Surface smooth, shiny, very
finely perforate; secondary encrustation of initial
coil common; umbilical area generally covered with
pustules, which may spread sparsely over remainder
of test. Diameter 0.25 to 0.40 mm.

Discussion.-This species is distinguished from
Globorotalia inflata (D'ORBIGNY, in BARKER-

WEBB & BERTHELOT, 1839) by the highly
vaulted chambers, flat spiral side, narrow slit-like
aperture, subtriangular axial view, and generally
three nonglobose subtriangular chambers in the last

whorl. On the average, it is also smaller. Although
PAR K ER 'S (1967) figured specimen of this species

is more lobate than typical, her discussion suggests

that it should be in our synonymy. Through

possibly an oversight, THEYER (19730 did not
include all specimens figured by LAMB & BEARD

(1972) in his synonymy and made no mention of
this in his text.

Distribution.-Late Pliocene to Early Pleistocene
(Pulleniatina obliquiloculata Zone to within lower
part of Globorotalia tnowandinoides Zone). This
species was described from the Tasman basin and
also has been recorded from the Gulf of Mexico and
Atlantic regions.

GLOBOROTALIA TRUNCATULINOIDES
(d'Orbigny, 1839)
Figures 209-211

Early Pleistocene to Holocene

?Rotalina truncatulinoides D'ORBIGNY, 1839, p. 132, pl.
2, fig. 25-27.

Globorotalia truncatulinoides (D'ORBIGNY). CUSHMAN,

1931a, p. 97-99, pl. 17, fig. 14.-PARKER, 1967, p.
181, pl. 31, fig. 1.-BOLLI, LOEBLICH, & TAPPAN,

1957, p. 247, pl. 10, fig. 3. -BAYLISS, 1969, p.
133-134, fig. 5.-LAMB & BEARD, 1972, p. 56, pl. 24,
fig. 1-4; pl. 25, fig. 1-7; pl. 26, fig. 1-3.-CITA ET AL.,

1973, p. 1283, pl. 16, fig. 1-6.
Globoro ta lia (Truncorotalia) truncatulinoides

(D'ORBIGNY). CUSHMAN & BERMUDEZ, 1949, p.
35, pl. 6, fig. 22-24.

Globorotalia (Globorotalia) truncatzdinoides truncatu-
linoides (D'ORBIGNY). BLOW, 1969, p. 403-405, 418,
pl. 5, fig. 10-12 Ineotypel ; pl. 49, fig. 6.

Globorotalia (Globorotalia) truncatulinoides pachy  theca
BLOW, 1969, p. 405-408, pl. 5, fig. 13-15; pl. 48, fig.
1-5.

Glo b oro ta lia truncatulinoides truncatulinoides
(D'ORBIGNY). BOLLI, 1970, p. 583, pl. 3, fig. 22-24.

Globorotalia (Globorotalia) truncatulinoides ( D'ORBIGNY).
BRONNIMANN & RESIG, 1971, p. 1248, pl. 27, fig.
1-2, 4; pl. 28, fig. 1-6.

Test a tall, planoconical trochospire. Last whorl
of 5, rarely 6, cuneate chambers, subequal or in-
creasing only slowly in size as added; mostly carry-
ing limbate keels which coalesce to form complete
or partial rim around test. Equatorial profile sub-
circular to polygonal, seldom indented at sutures;
axial profile flat to concave on spiral side, mitriform
on umbilical side. Sutures on spiral side mostly
flush, indistinct, subradial; on umbilical side slightly
depressed, sinuously radial. Umbilicus .deep, rather
wide; accentuated by projecting tips of late
chambers, partly separated by sutural clefts. Wall
finely perforate, commonly pustulose to granular;
keel commonly canaliculate. Aperture a slit or low
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Fig. 208. Globorotalia triangula THEYER from the Early Pleistocene of the Tasman Sea and Gulf of Mexico.
1	 Holotype from the Tasman Sea, X140; from THEYER (1973b, pl. 1, fig. 1). a—Umbilical view showing subtriangular

chambers of last whorl; b—side view showing highly vaulted and conical profile; c—spiral view showing early chambers
obscured by thick cortex.

2-7	 Specimens from the Gulf of Mexico identified as Globorotalia inflata variant, X80 except 6 which is X95; from LAMB &
BEARD (1972, pl. 27, fig. 2-7). 2,5—Umbilical views; 3,6-7—side views; 4—spiral view.
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Fig. 209. Globorotalia truncatulinoides (D'ORBIGNY) from the Early Pleistocene of Italy and Holocene of the north Atlantic
Ocean.

1	 Neotype from Holocene sediments off the Canary Islands, X67; from BLOW (1969, pl. 5, fig. 10-12). a—Umbilical view
showing deep umbilicus; b—side view showing prominent keel; c—spiral view showing keeled margin and radial
intercameral sutures.

2	 Topotype from Holocene sediments off the Canary Islands, X95; from BOLLI, LOE B LI CH, & TAPPAN (1957, pl. 10, fig.
3). a—Umbilical view; b—side view; c—spiral view.

3-4	 Specimens from the Calabrian Stage exposed at Santa Maria di Catanzaro, Italy. Identified and contributed by the late DR.

ORVILLE L. BANDY; locality 35 of BANDY & WI LCOXON (1970). 3—Umbilical view, X130; 4—side view, X100.
5

	

	 Umbilical view of specimen from the Calabrian Stage exposed at Le Castella, Italy, X160; from locality 910-A of LAMB &

BEARD (1972). Note shallow umbilicus.

arch from umbilicus to near periphery, at base of
flattish apertural face. Diameter of Pleistocene speci-
mens 0.4 to 0.5 mm, of Holocene examples to
0.9 mm.

Discussion.—The status of Globorotalia trun-
catulinoides became dubious largely because the
syntypes were lost. The description and figures of
D'ORBIGNY (1839) are inadequate so that the
modern concept of the species derives mainly from
BRADY'S (1884) description of Puluinulina
micheliana [Ski (D'ORBIGNY), based on Rotalina
michelinitina D'ORBIGNY (1840), which he con-
sidered synonymous. On grounds that R.
michehniana was described as a Cretaceous form,
CUSHMAN (1931a) reinstated the name trim-
catuhnoides for the modern species and also
reassigned it to the genus Globorotalia. B LOW
(1969) regularized the situation by selecting and
describing a neotype approximately topotypic with
D'ORBIGNY'S taxon. This is the type species of
the subgenus Truncorotalia CUSHMAN &

BE RmODEz (1949) occasionally given generic rank,
as by BERMUDEZ (1 960).

TAKAYANAGI & SAITO (1962) suggested that
their Globorotalia tosaensis was the forerunner of
G. truncatulinoides, and many later authors have
verified this proposal. Development of a partial or
complete keel is the prime distinguishing feature of
G. truncatulinoides but also its coil became pro-
gressively looser so that the umbilicus became wider
and deeper.

Within the genus Globorotalia, appearance of
keeled forms is partly a function of paleotempera-
tures and, in the case of G. truncatulinoides,
evidence exists that it appeared earlier in warm
rather than in subpolar regions (e.g., KENNETT,

1968, 1970). Nevertheless, at least in broad terms
the level of first evolutionary appearance of this
species is a reliable guide to the Pliocene-Pleistocene
boundary, appearing just subsequent to worldwide
cooling.

The coiling direction of several species of Glo-

Fig. 210. Globorotalia tnencatulinoides (D'o RBiD NY) from the Pleistocene of the Gulf of Mexico; from LAMB & BEARD (1972, f>
pl. 24, fig. 1-4). lp. 420]

1	 Umbilical view of a rather small specimen with a shallow umbilicus from the Early Pleistocene Globorotalia tosaensis
Subzone of LAMB & BEARD (1972), X190.

	

2-4	 Specimens from the Late Pleistocene Pulleniatina finalis Subzone of LAMB & BEARD (1972). 2—Umbilical view, X90;
3a—spiral view, X90; 3b—enlarged view showing encrusted overgrowth on early keeled chamber, X450; 3c—enlarged view
showing keeled margin of last chamber, X450; 4—side view showing highly vaulted chambers of last whorl, X90.

Fig. 211. Globorotalia truncatulinoides (D'ORBIGNY) from the Pleistocene and Holocene of the Gulf of Mexico; from LAMB &

BEARD (1972, pl. 25, fig. 1-7). 1p. 4211

	

1-4	 Specimens from the Early Pleistocene Globorotalia tosaensis Subzone of LAMB & BEARD (1972). 1,3—Umbilical views of
tightly coiled primitive forms with a shallow umbilicus, X166, X170; 2—side view of somewhat asymmetric specimen
showing imperforate margin, X157; 4a—spiral view illustrating radial intercameral sutures, X160; 4b—enlarged view of last
chamber showing the well-developed canaliculate keel, X800.

	

5-7	 Specimens from the Holocene Globorotalia tuinida Zone, X90. 5—Umbilical view of loosely coiled specimen with a deep
umbilicus; 6—side view showing thick-keeled margin; 7—spiral view showing radial intercameral sutures.
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borotalia is strongly influenced by temperature so
that abrupt changes in their coiling directions are
applicable to correlation and paleoclimatic interpre-
tation of sediments. Although G. tnmcatulinoides is
not the most reliable of these temperature-sensitive
species, it was one of the first used in such studies
of the Pleistocene (e.g., ERICSON, WOLLIN,

WO LLIN, 1954; ERICSON & WOLLIN, 1956).
Distribution.-Pleistocene and Holocene

(Globorotalia tnineandinoides and Globorotalia
tumida Zones). The species was described from
modern sediments off the Canary Islands and is an
absolute indicator of post-Pliocene. The Holocene
neotype is more advanced (deep umbilical pit) than
the phylogenetically primitive forms (tighter coil,
smaller umbilicus) typical of the Early Pleistocene,
e.g., Nebraskan Stage. Initial appearance is nearly
synchronous with extinction of Globo quadrina
altispira (CUSHMAN & JARVIS, 1936) except in
equatorial regions where it appears much later,
about at the onset of the second glacial period. This
species has been recorded from nearly all oceans.

GLOBOROTALIA TUMIDA (Brady, 1877)
Figure 212

Pliocene to Holocene

Pulvinulina menardii tumida BRADY, 1877, p.
535.-BANNER & BLOW, 1960a, p. 26, pl. 5, fig. 1
Hectotype].

Pubinulina tunuda BRADY. BRADY, 1884, p. 692, pl.
103, fig. 4-6.

Globorotalia tumida (BRADY). CUSHMAN, 1927a, p. 91,
pl. 19, fig. 12 [syntype, after BRADY I. - CUSHMAN,

1931a, p. 95-96, pl. 17, fig. 3. - LEROY, 1941, p. 45,
pl. 3, fig. 101-103.-BOLLI, LOEBLICH, & TAPPAN,

1957, pl. 10, fig. 2 [syntype].-BERmODEz, 1960, p.
1303-1304, pi. 15, fig. 1.-BELFORD, 1962, p. 25, pl.
7, fig. 1 -5.-PARKER, 1967, p. 182-183, pl. 32, fig.
5-6 [not fig. 7J .- LAMB & BEARD, 1972, p. 57, pl.
12, fig. 1-3.

Globorotalia (Globorotalia) tumida tu ida (BRADY).

BANNER & BLOW, 1965c, p. 1353, fig. 3.-BLOW,
1969, p. 371 - 372.

Globorotalia turnida tumida (BRADY). BOLLI, 1970, p.
583, pl. 6, fig. 4-6.-JENKINS & OAR, 1972, p. 1105,
pl. 34, fig. 1-3.

Test a large, biconvex, axially tumid trochospire
rimmed by heavy, blunt keel. Chambers (5 to 6) in
last whorl increase irregularly in size as added,
especially in radial length. Equatorial profile ear-
shaped, slightly lobate; axial profile rhomboid to
dropshaped. Sutures on spiral side limbate, curved
to hooked obliquely backwards, coalescing into
thick keel; on umbilical side sinuously radial.
Umbilicus narrow, deep. Aperture a slit or low arch
between umbilicus and keel, generally bordered by
rim or flap. Wall finely perforate, smooth except for
pustulose area centered on umbilicus. Maximum
diameter generally 0.7 to 1.0 mm.

Discussion.-This type species of the genus
Globorotalia has the same gross morphology as
many other Late Neogene species (i.e., the
menardiform group). Distinguishing features are its
large size, exceptionally heavy keel, biconvex
tumidity, and rapidly opening spire. BANNER &

BLOW (1965b-c), BLOW (1969), and JENKINS &

OR R (1972) postulated evolution from the similar
but smaller Globorotalia plesiontmida [=G. tumida
plesiotumida BANNER & BLOW, 1965c] and used
the level of change as a zonal datum. Along with
other cited authors, we agree with the postulated
evolutionary trend but find objective recognition of
G. tumida too tenuous to be reliable in zonation.
Globorotalia flexuosa [=G. tumida flexu osa KOCH,

1923] is identical with G. tumida except for a
strongly bent final chamber. Globorotalia ungulate
BE R M6DEz (1960) resembles G. tumida in size
and proportions but has a thinner shell and lighter
keel.

Globorotalia tumida is a warm-water species.
Abrupt and abundant appearance of large specimens
coincided with the end of the latest glacial interval
so this species is a natural zonal index for sediments
of Holocene age (LA MB & BEARD, 1972). The

Fig. 212. Globorotalia tumida (BRADY) from the Pliocene and Holocene of the Pacific Ocean and Gulf of Mexico.

	

1	 Lectotype from an exotic block of Late Miocene or Pliocene age at New Ireland, X50; from BANNER & BLOW (1960a, pl. C>
5, fig. 1). a-Umbilical view; b-side view; c- spiral view.

	2	 Syntype from New Ireland, X60; from BOLLI, LOEB LI CH, & TAPPAN (1957, pl. 10, fig. 2). a-Umbilical view; b-side
view; c-spiral view.

	3-5	 Specimens from the Pliocene of the eastern equatorial Pacific Ocean, X35; from JENKINS & OAR (1972, pl. 34, fig. 1-3).
3-Umbilical view; 4-side view; 5-spiral view.

	6-8	 Specimens from the Holocene of the Gulf of Mexico, X80; from LAMB & BEARD (1972, pl. 12, fig. 1-3). 6-Umbilical
view; 7-side view; 8-spiral view.
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"Globorotalia tumida Zone" of JENKINS 8, OAR

(1972) is a different unit broadly equivalent to the
Globorotalia margaritae Zone of other authors.

Distribution.—Pliocene to Holocene (Globoro-
talia margaritae Zone to Globorotalia tumida Zone).
First described from a chalk artifact of unknown
origin in New Ireland (west-central Pacific), deter-
mined as Pliocene by BLOW (1969). The species is
now recorded around the world, mainly in warm-
water sediments. Records of occurrences in Miocene
beds were not confirmed by our studies.

GLOBOROTAL1A UNGULATA Bermbdez, 1960
Figure 213

Mainly Holocene

Globorotalia ungidata BERm6DEz, 1960, p. 1304, pl. 15,
6.-BERM6DEZ & BoLLI, 1969, p. 180, pl. 12,
10-12.—LAMB & BEARD, 1972, p. 57, pl. 11, fig.

7-9.—JENKINS & ORR, 1972, p. 1105, pl. 35, fig. 1-6.
Globorotalia (Globorotalia) ungttlata BERM6DEZ.

BANNER & BLOW, 1965c, p. 1353.- BLovv, 1969, p.
257, 372, pl. 8, fig. 13-15.

Test a large, biconvex trochospire, umbilical
side more tumid than spiral, rimmed by blunt keel.
Last whorl with 41/2 to 51/2 chambers; scallop-shaped
on spiral side, cuneate on umbilical side. Spiral

profile ear-shaped, slightly lobate; axial profile
biconvex, revealing increasing convexity of chambers
on umbilical side. Sutures on spiral side limbate,
smoothly recurved, coalescing with keel; on
umbilical side subradial, straight or slightly curved.
Umbilicus narrow, deep. Aperture a low arch or slit
at base of smooth apertural face, bordered by rim
or projecting flap. Wall thin, densely perforate,
smooth except for pustulosity on early chambers
near umbilicus. Maximum diameter 0.7 to 1.0 mm.

Discussion.— Globorotalia ungula ta resembles
Globorotalia tumida (BR A D Y, 1877) in size and
shape but is more delicately constructed (i.e., thin-
ner wall and lighter keel). Possibly these two
generally differentiated species are growth forms of
a single species, perhaps modified for life at
different water depths (LAMB & BEARD, 1972).

Distribution.—Mainly Holocene (Globorotalia
tumida Zone), earlier range not yet firmly establish-
ed. Described originally from seafloor sediments
dredged in the vicinity of Cuba and so far only
recorded from the Holocene of the type region. In
the Pacific province JENKINS & OAR (1972) gave
locality data for sparse records in the Pleistocene
and, in one core hole only, the Late Pliocene.
BLOW (1969) mentioned Pliocene occurrences but
supplied no details.

Fig. 213. Globorotalia ungulata BERM6DEZ from the Late Pleistocene and Holocene of the Pacific Ocean, Caribbean Sea, and Gulf
of Mexico.
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Holotype (1 from BERM6DEZ, 1960, pl. 15, fig. 6) and metatype (2 from BLOW, 1969, pl. 8, fig. 13-15) from the
Holocene of the Caribbean Sea. 1a,2a - Umbilical views, X4Oca, X67; 1b,2b-side views, X4Oca, X67; 2c-spiral view, X67.

	

3-5	 Specimens from the Late Pleistocene of the eastern equatorial Pacifie Ocean, X48; from JENKINS & OAR (1972, pl. 35,
fig. 4-6). 3-Umbilical view; 4-side view; 5-spiral view.

	6-8	 Specimens from the Holocene of the Gulf of Mexico; from LAMB & BEARD (1972, pl. 11, fig. 7-9 ) . 6-Umbilical view,
X85; 7-side view, X100; 8-spiral view, X100.
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