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ABSTRACT

In this chapter we treat the taxonomy, stratigraphic

distribution and phylogenetic affinities of Eocene

muricate, nonspinose species of the genera

Astrorotalia, Igorina and Planorotalites.  Igorina had

an early mid-Paleocene praemuricate ancestry and

evolved at about the same time (Zone P3a; early

Selandian) as the earliest morozovellids (praeangulata,

angulata); the genus became extinct in Zone E9 (early

middle Eocene). Planorotalites pseudoscitula evolved

in the latest Paleocene (Zone P5) from a possible

morozovellid (? Morozovella occlusa) ancestry. It

evolved into the stellate, peripherally carinate,

monospecific, stratigraphically restricted species A.

palmerae in Zone E7 (upper lower Eocene). Seven

species are recognized and discussed, namely Igorina

anapetes (Blow),  Igorina broedermanni (Cushman

and Bermúdez), Igorina lodoensis (Mallory), Igorina

tadjikistanensis (Bykova), Planorotalites capdevilensis

(Cushman and Bermúdez), Planorotalites

pseudoscitula (Glaessner), and Astrorotalia palmerae

(Cushman and Bermúdez). Planorotalites renzi

(Bolli) is confirmed as a junior synonym of P.

capdevilensis. Our attempts to find an appropriate

generic home for ‘Globigerina lozanoi Colom’ have

been unsuccessful for reasons explained below. We

assign lozanoi provisionally to Praemurica.

INTRODUCTION

In this chapter we discuss a group of small-sized
morphologically similar but phylogenetically
distinguished muricate, nonspinose taxa.  The species
level range-chart and phylogeny is presented in Figure
12.1.  Igorina is a conservative group of species that
originated in the upper Paleocene (Zone P3a) and ranges
into the middle Eocene (Zone E9).  It is characterized by

biconvex, coarsely cancellate tests.  Planorotalites

pseudoscitula originated in the uppermost Paleocene
(basal Zone P5) and is characterized by small,
compressed, keeled, biconvex tests with a pustulose
surface.  Its origin is not well established but is thought
to have arisen from a morozovellid ancestor, possibly
Morozovella occlusa.  There are only two species of
Planorotalites, but it gives rise to the monospecific
genus Astrorotalia (A. palmerae) in Zone E7, which
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FIGURE 12.1. Stratigraphic ranges and inferred phylogenetic relationships of Eocene species of Astrorotalia, Igorina, Planorotalites,
and Praemurica? discussed in this chapter.

?
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has a very short range in this zone before becoming
extinct.

SYSTEMATIC TAXONOMY

Order FORAMINIFERIDA Eichwald, 1830

Superfamily GLOBIGERINACEAE Carpenter,

Parker and Jones, 1862

Family TRUNCOROTALOIDIDAE Loeblich and

Tappan, 1961

Genus Astrorotalia Turnovsky, 1958

TYPE SPECIES.—Globorotalia palmerae Cushman
and Bermúdez, 1937

DISCUSSION.This monospecific genus is easily
recognized by the peripheral keel that extends into blade-
like projections (which we call ‘keel-spines’ as distinct
from the hollow tubulospines of Hantkenina) at the
midpoint of each chamber in the ultimate whorl.  In
contrast to similar morphologic taxa such as the benthic
foraminifer Pararotalia, the genus has a normal perforate
wall with short coalescing pustulose ridges surrounding
the pores, thus producing a roughened or cancellate-like
appearance in the adult and terminal stages.

Astrorotalia palmerae (Cushman and Bermùdez,
1937)

PLATE 12.1, FIGURES 1-14

Globorotalia palmerae Cushman and Bermúdez, 1937:26, pl.
2: figs. 51-53 [lower Eocene Capdevila Fm., Havana
Province,  Cuba].—Cushman and Bermúdez, 1949:31, 32,
pl. 6: figs. 4-6 [topotypes from the Capdevila Fm., Havana
Province, Cuba].— Bolli, 1957a:166, pl. 38: fig. 2 [lower
Eocene Globorotalia palmerae Zone, Navet Fm., core at
9,386'-9405', TTOC 228911, Trinidad).—Bermúdez,
1961:1297, pl. 16: figs. 1a-b [Capdevila Fm., Arroyo
Naranjo, Habana, Cuba].—Schmidt and Raju, 1973:177,
pl. 1: figs. 5a-c; pl. 2: figs. 5,6, 9,10 [lower Eocene
Globorotalia palmerae Zone, Cauvery Basin, southern
India].—Martinez-Gallego, 1973:71, pl. 1: figs. 1-9 [lower
Eocene Globorotalia palmerae Zone, Betic Cordillera,
Spain].—Stainforth and others, 1975:212, text-figs. 72.1
(reillustration of Bolli (1957a) from Navet Fm., Trinidad);
72.2-5 [lower Eocene Globorotalia pentacamerata Zone,
Cuba].

Pararotalia? palmerae Cushman and Bermúdez, 1949:1388,
pl. 264: figs. 1-9 [lower Eocene Zone P9, Langley Fm.,
Jamaica].

Globorotalia (Planorotalites) palmerae Cushman and
Bermúdez.—Hillebrandt, 1976: 346, pl. 3: figs. 1-3, 5,6
[lower Eocene Globorotalia palmerae Zone, Agost,
Alicante Province, Spain].

Globorotalia (Planorotalites) cf. palmerae Cushman and
Bermùdez.—Hillebrandt, 1976:346, pl. 3: fig. 4 [lower
Eocene, Globorotalia  palmerae Zone, Agost, Alicante,
Spain; individual transitional between G. pseudoscitula-

G. palmerae].
Planorotalites palmerae (Cushman and Bermúdez).

Berggren, 1977:224, 245 (re-illustrations from
literature).—Benjamini, 1980:347, pl. 6: figs. 11-13 [lower
Eocene Globorotalia G. palmerae  Zone, Mor Fm., Avedat
group, Negev, Israel].—Toumarkine and Luterbacher,
1985:117, figs. 20.14-16 (reillustration of holotype and
paratypes); figs. 20.17-20, 24a-25b, 27-28 [lower Eocene
Acarinina pentacamerata Zone, Richmond Fm., Jamaica];
figs. 20.21a-b. 29a-b [lower Eocene Acarinina

pentacamerata Zone, Cauvery Basin, southeastern India];
figs.  20.22-23 [lower Eocene Acarinina  pentacamerata

Zone, Agost, Alicante Province, Spain]; figs. 20.26 [lower
Eocene Acarinina  pentacamerata Zone, Cuba].—Poore
and Bybell, 1988:19, pl. 1: figs. 3, 6 [lower Eocene
Planorotalites palmerae Zone,  ACGS No. 4 borehole,
Mays Landing, New Jersey].

Globorotalia (Astrorotalia) stellaria Turnovsky, 1958:26, pl.
1: figs. 1, 2 [equivalent to Globorotalia  palmerae Zone,
Saray, near Mihalliccik, Vilayet, Ankara, Turkey].

DESCRIPTION.
Type of wall: Normal (coarsely) perforate,

weakly muricate, nonspinose.
Test morphology: Low trochospiral test with

peripheral keel extending into blade-like, tapering keel-
spines on each chamber, oval to subcircular periphery,
stellate shape; in umbilical view 5-6, moderately inflated,
triangular-shaped chambers in last whorl, increasing
slowly in size; sutures depressed, radial, umbilicus
narrow, shallow, aperture a low umbilical-extraumbilical
slit bordered by a thick lip extending to the periphery;
in spiral view about 10-12 triangular shaped chambers
in 2-21/2 whorls, sutures distinct, curved, depressed and
bearing extension of peripheral “keel”; in edge view
umbilical and spiral sides planoconvex (slight inflation
of chambers yields a lobulate outline in edge view),
periphery with blade-like extensions of a peripheral keel.

Size: Length with keel-spines:  0.4-0.6 mm;
without spines: 0.28-0.35 mm; breadth with keel-spines:
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0.36-0.46 mm; without keel-spines: 0.24-0.3 mm;
thickness: 0.10-0.12 mm (Cushman and Bermúdez,
1937, p. 26).

DISTINGUISHING FEATURES.— This form is
uniquely distinguished by the peripheral keel extending
into blade-like keel-spines on each chamber.

DISCUSSION.— The planktonic habit of this taxon has
been questioned/debated by several authors (Berggren,
1968, p. 313; 1968:5-6; Stainforth and others, 1975, p.
212) and rejected outright by others (Blow, 1979, p. 280).
However, Blow, writing in the late 1960s and early 1970s
did not have the benefit of the insight/observations of
Schmidt and Raju (1973), which appeared a year after
his death.  Schmidt and Raju (1973) and, later,
Hillebrandt (1976, pl. 7, fig. 4) have convincingly
demonstrated with SEM illustrations that this taxon is
not referable to the shallow water taxon Pararotalia

(characterized by having a prominent umbilical plug and
areal aperture), and hence palmerae has been considered
a planktonic taxon since that time (see further discussion
of the taxonomy and suggested phylogeny of the
pseudoscitula-palmerae plexus under P. pseudoscitula).
Specimens intermediate/transitional between
pseudoscitula and  palmerae have been illustrated  by
Schmidt and Raju (1973, pl. 1); Poore and Bybell (1988,
pl. 1: figs. 1,2), Blow (1979, pl. 264), and on Plate 12.1
of this Atlas. This taxon appears to have a decidedly
restricted geographic (and stratigraphic) distribution
having been recorded (to date) only from equatorial, fully
tropical areas.

Astrorotalia  stellaria Turnovsky is considered
a junior synonym of Globorotalia palmerae  Cushman
and Bermúdez. However, Turnovsky’s genus name
Astrorotalia is recognized here to denote the unique
development/extension of radially elongate chamber
margins into keel-spines.

PHYLOGENETIC RELATIONSHIPS. This form
evolved from Planorotalites pseudoscitula by extension
of the chambers and development of a peripheral keel
which extends as a blade-like keel-spine on each
chamber. Apparently it left no descendants.

STRATIGRAPHIC RANGE. Restricted to within
Zone E7.

GEOGRAPHIC DISTRIBUTION. Restricted to
tropical regions (Caribbean, Tethys (Spain, Middle East
[Israel, Turkey], India).

STABLE ISOTOPE PALEOBIOLOGY. No data
available.

REPOSITORY. Holotype (USNM 23423) deposited
at the Smithsonian Museum of Natural History,
Washington D.C.

Genus Igorina  Davidzon, 1976

TYPE SPECIES.— Acarinina  tadjikistanensis Bykova,
1953

DISCUSSION.— The genus is discussed in the Atlas of
Paleocene Planktonic Foraminifera (Olsson and others,
1999).

Igorina anapetes (Blow) 1979

PLATE 12.2, FIGURES 13-16

Globorotalia broedermanni Cushman and Bermúdez.—
Toumarkine, 1975:738, pl. 2: figs. 17, 18 [middle Eocene
Globorotalia lehneri Zone, DSDP Site 313, Shatsky Rise,
northwestern  Pacific Ocean].—Toumarkine and
Luterbacher, 1985:130, text-figs. 17-18 (reillustration of

Plate 12.1 Astrorotalia palmerae (Cushman and Bermúdez, 1937)

1-3 (holotype, USNM CC 23423), Zone E7, Tejar “Cuba”, Arroyo Naranjo (lower beds), Havana Province, Cuba; 4, 8, 12 (8 = enlarged
view of peripheral chamber spine of fig. 12), Zone E7, Langley Member, Richmond Fm., Jamaica; 5-7, 9-11 (9-11 reillustration of
Schmidt and Raju, 1973, pl. 1, fig. 5a-c), Zone E7, Cauvery Basin, core 18, 150-153 cm, South India; 13, 14, Zone E7, ODP Hole 865B/
9H/4: 60-62 cm, Allison Guyot, equatorial Pacific Ocean. Scale bar: 1-7, 9-14 = 100 µm; 8 = 20 µm.
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PLATE 12.1 Astrorotalia palmerae (Cushman and Bermúdez, 1937)
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Toumarkine, 1975, pl. 2: figs. 17, 18);  ?19 [ middle Eocene
G. lehneri  Zone, DSDP Site 305, Central Pacific
Mountains, Central Pacific Ocean]. [Not Cushman and
Bermúdez, 1949.]

Globorotalia (Acarinina) broedermanni anapetes Blow,
1979:914-915, pl. 172: figs. 1-5, 6 (holotype) [middle
Eocene Zone P11, Sample RS.24, Kilwa area, Tanzania,
East Africa].

Igorina anapetes (Blow).Pearson and others, 2004:37, pl.
2, fig. 3 [middle Eocene, Zone P11, Tanzania Drilling
Project Site 2, Kilwa Masoko, Tanzania].

DESCRIPTION.
Type of wall: Densely muricate, normal

perforate, nonspinose.
Test morphology: Test low trochospiral,

subcircular, weakly lobulate; in umbilical view 8-9
almost equidimensional, subtriangular chambers,
intercameral sutures nearly straight, radial, moderately
incised, umbilicus relatively broad and deep, aperture a
continuous, circum-umbilical low arching slit  (exposing
earlier chambers in the umbilical region), extending
towards (but not as far as) the peripheral margin,
bordered by a thin lip; in spiral view about 18-20
chambers arranged in 21/2-3 whorls, intercameral sutures
flush with test, proximally radial, becoming retorse
towards junction with peripheral margin; in edge view
plano-convex; peripheral margin rounded to subacute
with no evidence of peripheral concentration of muricae.

Size: Dimensions of holotype: maximum
diameter: 0.32 mm (Blow, 1979, p. 914).

DISTINGUISHING FEATURES.— Distinguished from
broedermanni  by its more pronouncedly plano-convex
test, larger number of chambers (8-9) in final whorl,
wider, deeper umbilicus, and tendency towards an
intraumbilically restricted aperture.

DISCUSSION.— Blow (1979, p. 914) distinguished this
taxon from the ancestral broedermanni  and viewed it
as the terminal member of the convexa-broedermanni

lineage. Aside from the specimens illustrated by Blow
(1979, pl. 172) and the 9-chambered form from the G.

lehneri  Zone at DSDP 313 (Central Pacific) illustrated
by Toumarkine (1975, pl. 2, figs. 17,18), we have not
come across valid references to this form in the literature.
The taxon is, however, moderately abundant in
Tanzanian drill-cores that were recently taken near the
type locality (Pearson and others, 2004).

PHYLOGENETIC RELATIONSHIPS.— Lineal
descendant of Igorina broedermanni  and apparently the
end-member of the igorinid lineage.

STRATIGRAPHIC RANGE. Zones E8- top of E9.
We have also found in borehole TDP-13 in Tanzania
(Pearson, P. N., personal observation) that anapetes has
its LAD at the same level as Morozovella aragonensis

(i.e., at the Zone E9/10 boundary).

GEOGRAPHIC DISTRIBUTION.— Limited citation
hinders determination of its geographic distribution;
reported from East Africa and the north-west Pacific (see
synonymy above); probably widely distributed in
(sub)tropical areas of the world.

STABLE ISOTOPE PALEOBIOLOGY.— No data
available.

REPOSITORY.— Holotype (BP Cat. No. 62/3)
deposited in the micropaleontological collections of the
British Museum (Natural History).

Plate 12.2, 1-12, Igorina broedermanni (Cushman and Bermúdez, 1949); 13-16, Igorina anapetes (Blow, 1979)

Igorina broedermanni 1-3 (holotype, USNM CC 47407), middle Eocene, Capdevila Fm., Habana Province, Cuba; 4, Zone E9, TDP Site
2/13/CC; 5-7, 9, Zone E9, ODP Hole 865B/6H/3, 89-91 cm; 8, Zone E7, TDP Site 2/28/2, 16-24 cm; 10, 11, Zone E9, ODP Hole 865B/7H/
3, 60-62 cm, Allison Guyot, equatorial Pacific Ocean; 12, Zone E8, TDP Site 2/19/1: 10-20 cm, Kilwa, Tanzania. Igorina anapetes 13, 14

(13, holotype, Blow, 1979, pl. 172; fig. 6; fig. 14, paratype, , pl. 172, fig. 2) Zone E9, Sample RS.24, Kilwa area, Tanzania; 15, Zone E8,
TDP Site 2/18/1, 20-26 cm; 16, Zone E9, TDP Site 2/2/1, 16-20 cm, Kilwa, Tanzania.  Scale bar: 1-16 = 100 µm.
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PLATE 12.2 Igorina broedermanni (Cushman and Bermúdez, 1949), Igorina anapetes (Blow, 1979)
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Igorina broedermanni  (Cushman and Bermúdez,

1949)

PLATE 12.2, FIGURES 1-12
(Plate 12.2, Figs. 1-3: new SEMs of holotype of

Globorotalia (Truncorotalia) broedermanni Cushman and
Bermúdez)

Globorotalia (Truncorotalia) broedermanni Cushman and
Bermúdez, 1949:40, pl. 7: figs. 22-24 [lower Eocene
Capdevila Fm., Cuba]. Cifelli and Belford, 1977:103,
pl. 1: figs. 10-12 (holotype redrawn/refigured).

Globorotalia broedermanni (Cushman and Bermú-
dez).Bolli, 1957a:167, pl. 37: figs. 13a-c [lower Eocene
Globorotalia palmerae Zone, Navet Fm.,
Trinidad].Bolli, 1957b:80, pl. 19: figs. 13-15 [lower
Eocene Globorotalia formosa formosa Zone, upper Lizard
Springs Fm., Trinidad].Said and Sabry, 1964:382, pl.
1: figs. 4a-c [lower Eocene, upper Esna Shale Fm., Gebel
Oweina, Egypt].—Postuma, 1971:178, figs. on p. 179
[lower Eocene, Cuba].—Stainforth and others, 1975
(partim, not text-figs. 39.2a-3c):173-174, text-figs. 39.4-
6 , (reillustration of Bolli, 1957b, pl. 37: figs. 13a-c) [lower
Eocene].—Toumarkine and Luterbacher, 1985:130, text-
figs. 29. 14a-c (holotype refigured), 15-16 [middle Eocene,
Bou Aradia, Tunisia]; figs. 20a-c [from Bolli, 1957b, pl.
37: figs. 13a-c].—Pujol, 1983:645, pl. 4: figs. 10, 11
[middle Eocene Zone P10, DSDP Hole 516F,  Rio Grande
Rise, South Atlantic Ocean]; pl. 5: fig. 5 [middle Eocene
Zone P11-13, DSDP Hole 516F,  Rio Grande Rise, South
Atlantic Ocean]; pl.6: fig. 5 [middle Eocene Zone P11-
13, DSDP Hole 516F, Rio Grande Rise, South Atlantic
Ocean].

Pseudogloborotalia broedermanni (Cushman and
Bermúdez).Bermúdez, 1961:1340, pl. 16: fig. 7
[stereoscopic pair; topotype from lower Eocene Capdevila
Fm., Havana Province, Cuba].

Globorotalia (Acarinina) broedermanni broedermanni
(Cushman and Bermúdez). Blow, 1979:911, pl. 130:
figs. 7-9, pl. 135: fig. 4 [lower Eocene Zone P8b, , DSDP
Hole 47.2, Shatsky Rise, northwest Pacific Ocean]; pl.

142: figs. 1-3 [lower Eocene Zone P8b, DSDP Hole 20C,
South Atlantic Ocean]; pl. 148: figs. 1-3; pl. 153: figs. 7,
8 [lower Eocene Zone P9, Kane 9-C piston core, South
Atlantic Ocean]; pl. 179: figs. 3-5 [lower Eocene Zone
P11, DSDP Hole 21A, South Atlantic Ocean].

Acarinina broedermanni (Cushman and Bermúdez).—Snyder
and Waters, 1985:446, pl. 6: figs. 1-3 [middle Eocene Zone
P10/11, DSDP Site 549, Goban Spur, northeast Atlantic
Ocean].—Krasheninnikov, 1974:121, pl. 7: figs. 5a-c
[lower Eocene Globorotalia aragonensis Zone,  Biral
village, southern Armenia].

‘Morozovella’ broedermanni (Cushman and Bermúdez).
Pearson and others, 1993:125, pl. 1: fig. 21 [middle Eocene
Zone P11, DSDP Site 523, South Atlantic Ocean].

Igorina broedermanni (Cushman and Bermúdez).—Lu and
Keller, 1995:102, pl. 4: fig. 16 [lower Eocene Zone P9,
DSDP Site 577,  Shatsky Rise, northwest Pacific
Ocean].—Warraich and others, 2000: 293, fig. 18. 18-20
[lower Eocene Zone P7, Dungan Fm., Rakhi Nala section,
Sulaiman Range, Pakistan].—Warraich and Ogasawara,
2001:17, figs. 4.1-3 [lower Eocene Zone P7, Dungan Fm.,
Rakhi Nala section, Sulaiman Range, Pakistan]. Pearson
and others, 2004:37, pl. 2, fig. 2 [middle Eocene, Zone
P11, Tanzania Drilling Project Site 2, Kilwa Masoko,
Tanzania].

Globorotalia mattseensis Gohrbandt, 1967:322, pl. 1: figs.
25-27 (paratype), 28-30 (holotype) [middle Eocene Zone
P10, Helvetikum, Mattsee, Salzburg, Austria].

Globorotalia wartsteinensis Gohrbandt, 1967:324, pl. 1: figs.
18-24 [lower to middle Eocene, Helvetikum, Mattsee,
Salzburg, Austria].

Acarinina planodorsalis Fleisher, 1974:1013, pl. 2: figs.
6-8 (holotype), 9 (paratype) [Zone P11, DSDP Site
219, Chagos - Laccadive Ridge, eastern Arabian Sea].

DESCRIPTION.
Type of wall: Muricate, normal perforate,

nonspinose.
Test morphology: Test low trochospiral,

subcircular, weakly lobulate outline, planoconvex to
weakly biconvex, blunt-tipped muricae covering both

Plate 12.3 Igorina lodoensis (Mallory, 1959)

1-3 (reillustration of holotype, Mallory, 1959, pl. 23, fig 3a-c), lower Eocene, lower part of Lodo Fm., Kern County, California; 4-8, 12-

16, Zone E1, Bass River Borehole, New Jersey, ODP 174AX, 1155.0-1167.9 feet; 9-11 (hypotypes, Blow, 1979, pl. 117, figs..4-6), Zone
E5, Sample RS.80, Kilwa area, Tanzania. Scale bar: 1-16 = 50 µm.
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PLATE 12.3 Igorina lodoensis (Mallory, 1959)
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sides of test; in umbilical view involute, 6-7 essentially
equidimensional, broadly triangular-shaped chambers,
sutures depressed, radial, umbilicus narrow, deep,
bordered by coalescing circumumbilical muricate,
triangular chamber tips, aperture a low slit extending
towards peripheral margin; in spiral view about 11-12
chambers in 21/2 whorls gradually increasing in size in
an evolute coil, broadly subquadrate to subrectangular
in shape, intercameral sutures curved and retorse at
junction with peripheral margin; in edge view,
planoconvex to weakly biconvex, rounded to subangular,
noncarinate.

Size:  dimensions of holotype: length: 0.33 mm;
breadth: 0.28 mm; thickness: 0.18 mm (Cushman and
Bermúdez, 1949, p. 40);

DISTINGUISHING FEATURES.— Characterized by
bluntly muricate, weakly biconvex to planoconvex test,
rounded (noncarinate) periphery and narrow umbilicus;
distinctly curved to retorse sutures on spiral side.
Distinguished from I. lodoensis by its less lobulate
periphery and flatter spiral side, and from I. anapetes

by having fewer chambers in the final whorl and a
narrower umbilicus.

PHYLOGENETIC RELATIONSHIPS.— Descended
from Igorina lodoensis  and evolved into I. anapetes  by
increase in number of chambers.

DISCUSSION.— This (predominantly) Eocene taxon
figures prominently in early and early middle Eocene
(sub)tropical assemblages. It may be considered the
central form of the “Morozovella broedermanni group”
(Premoli Silva and Boersma, 1988, p. 344) which is
closely related to, and descended from, the group of
“biconvex morozovellids” (Premoli Silva and Boersma,
1988: 344), characterized by Igorina convexa/
tadjikistanensis  and related  forms (see also Premoli

Silva and Boersma, 1989; Blow, 1979, p. 934). Pearson
(1993, p. 20; text-fig. 14) included broedermanni in the
group of “biconvex morozovellids” (“Acarinina pusilla

group”) recognizing that it (and related forms) was
probably not referable to either Morozovella or
Acarinina. Berggren and Norris (1997) included these
forms in Igorina (see also Olsson and others, 1999 for
further discussion).

Blow (1979) distinguished Globorotalia

broedermanni lodoensis Mallory (from the lower Eocene
part of the Lodo Fm. of California) as a lower Eocene
(Zone P5-P8b) ancestor of broedermanni s. str., which
was said to range from Zone P8a to P11 (=Zone E5-9 of
this paper). Distinction between the two was based upon
subtle (but distinct) differences such as: usually lower
number of chambers in last whorl, relatively more tightly
coiled test resulting in narrower umbilicus, more
smoothly recurved dorsal intercameral sutures and more
lobulate periphery (lodoensis) vs proximally more radial
but marginally/distally sharply retorse sutures, more
evolute coiling resulting in somewhat larger umbilicus
particularly in younger forms, slightly more inflated
chambers ventrally and dorsally in some instances,
somewhat more equally biconvex and greater appression
of chambers in the last convolution of the test, and
slightly more tightly coiled test (broedermanni; see
further discussion under lodoensis below).

We have observed that Igorina broedermanni

evolved from I. lodoensis in the middle part of (former)
Zone P5, just below the Paleocene Eocene Thermal
Maximum (PETM) in the Dababiya, Qreiya and Owaina
sections of Egypt and in the Bass River borehole of the
New Jersey Coastal Plain. It occurs relatively commonly
in the middle to upper part of the Esna Shale Fm. (Zones
P6 and P7= Zones E3-5) at Dababiya and other sections
in Egypt. In the PETM interval, the chambers on the
umbilical side of individuals of broedermanni are
relatively weakly inflated; it is only above the Carbon

Plate 12.4 Planorotalites capdevilensis (Cushman and Ponton, 1949)

1-3 (holotype, USNM CC 47405), lower Eocene, Capedevila Fm., Habana Province, Cuba; 4, 9, lower Eocene, Trinidad; 5-7 (Globorotalia

renzi Bolli, 1957, holotype, USNM P5741), Trinidad; 8, Zone E9, TDP Site 2/9/CC; 10, 11, 13-15, Zone E7, Aragon Fm., Vera Cruz,
Tampico Embayment, Mexico; 12, 16 (reillustration of pl. 1, figs. 22, 23, Pearson and others, 2004), Zone E9, TDP 2/1/2, 50-57 cm,
Kilwa, Tanzania. Scale bar: 1-16 = 50 µm.
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PLATE 12.4 Planorotalites capdevilensis (Cushman and Ponton, 1949)



BERGGREN, OLSSON, AND PREMOLI SILVA

388

Isotope Excursion/PETM (i.e., above Zone E1) that the
chambers exhibit an inflational tendency, the test
becomes distinctly umbilico-convex and the taxon
broedermanni  assumes its typical  appearance.

Included by us in broedermanni are the taxa
Globorotalia mattseensis and Globorotalia

wartsteinensis of Gohrbandt (1967) and Acarinina

planodorsalis of Fleisher (1974). Together, these taxa
illustrate a gradual morphologic trend in middle Eocene
Igorina broedermanni towards increasing number of
chambers in the final whorl and flattening of the dorsal
side that culminates in the evolution of Igorina anapetes.

STRATIGRAPHIC RANGE.— Just below E1 to top of
Zone E9.

GEOGRAPHIC DISTRIBUTION.— Widespread in
Caribbean (Cuba, Trinidad), Atlantic and Indo-Pacific
realms as well as in Tethys (Syria, Egypt, Tunisia,
Senegal, Yugoslavia, Italy), Caucasus regions.
Krasheninnikov (1974, p. 121) noted that broedermanni

occurs in the Atlantic (Sites 6, 19, 20, 21, 22), Pacific
(Sites 47, 162, 200) and Indian (Sites 219, 223) Oceans.
It has not been reliably reported from high southern
(austral) latitudes according to our information.

STABLE ISOTOPE PALEOBIOLOGY.— Recorded by
Pearson and others (1993) (as ‘Morozovella’

broedermanni) and Pearson and others (2001) as a
surface mixed-layer species with very positive δ13C
indicating a mixed layer symbiotic habitat.

REPOSITORY.— Holotype (CC 47407) deposited at the
Smithsonian Museum of Natural History, Washington
D.C.

Igorina lodoensis (Mallory, 1959)

PLATE 12.3, FIGURES 1-16

Globorotalia broedermanni Cushman and Bermúdez var.
lodoensis Mallory, 1959:253, pl. 23: figs. 3a-c [lower
Eocene (Bulitian Stage) Bulimina bradburyi Zone, lower
part of Lodo Fm., Kern County, California].

Globorotalia broedermanni Cushman and Bermúdez, 1949.—
Bolli 1957b:80, (partim, not pl. 37, figs. 13a-c =Igorina

broedermanni) pl. 19: figs. 13-15 [lower Eocene G.

formosa formosa Zone, Upper Lizard Springs Fm.,
Trinidad]. [Not Cushman and Bermúdez, 1949.]

Globorotalia caylaensis Gartner and Hay, 1962:561, pl. 1:
figs. 2a-c [lower Eocene Zone P6, Marne Bleue, Mont
Cayla, Aude, eastern Aquitaine, France].

Globorotalia (Acarinina) lodoensis Mallory.—Blow,
1979:933-935, pl. 117: figs. 1-6 [lower Eocene Zone P7,
Sample RS. 80, Kilwa area, Tanzania].

DESCRIPTION.
Type of wall: Muricate, normal perforate,

nonspinose.
Test morphology:  Test low trochospiral;

subcircular, lobulate peripheral outline, biconvex; in
umbilical view 51/2-6 moderately inflated, wedge-shaped
chambers increasing gradually in size, coalescing around
a relatively narrowly open and deep umbilicus, sutures
radial, straight, weakly incised, surface distinctly and
densely muricate, covered with short pustules; in spiral
view approximately 10 chambers in 2-21/2  whorls,
chambers radially elongate, lunate/semicircular,
smoothly recurved intercameral sutures, surface densely
muricate; in edge view equally biconvex, periphery
subangular.

Size:  holotype diameter 0.21 mm, thickness 0.13
mm (Mallory, 1959, p. 253).

DISTINGUISHING FEATURES.— This taxon is
distinguished by its small size, lobulate, equally
biconvex, densely muricate test, narrow umbilicus and
essentially straight radial sutures on the umbilical side.

DISCUSSION.— This form was described from
lowermost Eocene levels of the Lodo Fm. (California)

Plate 12.5 Planorotalites pseudoscitula (Glaessner, 1937)

1-3 (same specimen), Zone E7, sample 257, 9 m above base of Cherkessk Fm., northern Caucasus; 4, 8 (same specimen), Zone E5/6,
DSDP Site 98/8/1, 22-24 cm, Blake Plateau, western North Atlantic Ocean; 5-7, 13-15 (same specimens), Zone E7, WHOI Piston Core
2625B, 20-30 cm, Oceanographer Canyon, western North Atlantic Ocean; 9-12, 16 (same specimens), Zone E1, Bass River Borehole,
New Jersey, ODP 174AX, 1167.3 ft. Scale bar: 1-16 = 100 µm.
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PLATE 12.5 Planorotalites pseudoscitula (Glaessner, 1937)
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and distinguished from the closely related form
broedermanni by its “larger umbilical opening, straighter
radial sutures, more lobulate periphery” (Mallory, 1959,
p. 253). In a restudy of type material of Mallory and
Cushman and Bermúdez at the USNM and his own
comparative material, Blow (1979, p. 912) drew attention
to the fact that lodoensis is, in fact, an early representative
of a plexus of forms stemming from the late Paleocene
convexa (=tadjikistanensis of this paper) group
distinguished by small, involutely coiled, equally
biconvex tests (~ 0.2 mm diameter), with 5-6 chambers
coiled around a narrow umbilicus. During the course of
its evolution the umbilicus expands in extent, the coiling
relaxes to yield a more evolute test which in some
individuals contains 7-9 chambers, the test becomes
more plano-convex and spiral sutures become distally
more sharply retorse (broedermanni). While Blow (1979,
p.  913) indicated that the gradual evolution of lodoensis

to broedermanni occurred during the early Eocene and
that broedermanni  s.s. was confined to his Zones P8a-
P11 (=Zones E4-9 of this paper), we have observed the
transition between these two forms in Zone P5 (just
below the CIE/PETM), in the lower part of the Esna
Shale Fm. of Egypt. Both broedermanni and lodoensis

are common elements in the CIE/PETM interval of the
Bass River borehole in the New Jersey coastal plain.

PHYLOGENETIC RELATIONSHIPS.— This taxon is
the ancestor of Igorina broedermanni; it  evolved from
Igorina tadjkistanensis in the upper  part of Zone P5 (as
redefined here).

STRATIGRAPHIC RANGE.— Zone P5 (lower part) to
Zone E6.

GEOGRAPHIC DISTRIBUTION.—  Widely dis-
tributed (but seldom identified) in the Atlantic- Tethyan
region (Aquitaine Basin, East Africa, Egypt),  Caribbean,
California.

STABLE ISOTOPE PALEOBIOLOGY.— No data
available.

REPOSITORY. Holotype (no. 41,970) and unfigured
paratype (no. 41,971) deposited in the collections of the
Micropaleontology Museum, Department of
Paleontology, University of California, Berkeley,
California.

Igorina  tadjikistanensis (Bykova, 1953)

TYPE SPECIES.— Acarinina  tadjikistanensis Bykova,
1953

DISCUSSION.— The species is discussed in the Atlas
of Paleocene Planktonic Foraminifera (Olsson and
others, 1999).

STRATIGRAPHIC RANGE.— Zone P3b to the base
of Zone E1.

Genus Planorotalites Morozova, 1957

TYPE SPECIES.— Globorotalia pseudoscitula

Glaessner, 1937
Planorotalites Morozova, 1957

DISCUSSION. The Paleogene genera Planorotalia

(type species: Planulina membranacea Ehrenberg 1854)
and Planorotalites  (type species: Globorotalia

pseudoscitula  Glaessner 1937) were erected by
Morozova (1957) for low-trochospiral, normal (finely)
perforate, smooth-walled forms whose sole distinction
was the presence of a keel in the latter. McGowran (1968)
recognized the essential synonymy of these two genera
and in his lineage 6 suggested an evolutionary sequence
leading from Planorotalites compressa to P.

pseudoscitula. The genus Globanomalina was retained
for smooth-walled planispiral forms that evolved from
either chapmani-pseudomenardii plexus or G. imitata,
in the mistaken belief that the type species of
Globanomalina is planispiral  (cf. Banner, 1989, p. 171-
173). In his contemporaneous publication, Berggren
(1968) placed these forms in his ‘lineage 2’ (G.

pseudobulloides-G. pseudoscitula lineage). (Earlier

Plate 12.6 Praemurica? lozanoi (Colom, 1954)

1 (reillustration of lectotype, Colom, 1954, pl. 42, fig.45), lower Eocene, Alicante, Spain; 2-4, 13, 14 (Blow, 1979, pl. 145, figs. 2, 4, 5, 7,
9), Zone P9, Sample ER.449, Langley Formation, Jamaica; 5-8, Zone P8, ODP Hole 865B/9H/4, 60-62 cm; 9, Zone P10, ODP Hole 865B/
8H/2: 61-63 cm, Allison Guyot, equatorial Pacific Ocean; 10-12, 15, 16 (16 = enlarged view of fig. 15), Zone P9, Bermùdez Station 257,
Cuba. Scale bar: 1-15 = 100 µm; 16 = 20 µm.
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PLATE 12.6 Praemurica? lozanoi (Colom, 1954)
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discussion of this lineage may be found in papers by
Bolli, 1957; Berggren, 1962 and Hillebrandt, 1964.)

With the demonstration that the type species of
Globanomalina (G. ovalis Haque) is slightly trochoid
rather than planispiral (Berggren and others, 1968;
Banner, 1989), that ovalis is closely allied with imitata

and the eventual evolution of the planispiral genus
Pseudohastigerina near the Paleocene/Eocene boundary
from the ovalis-luxorensis group (and not chapmani;
Olsson and others, 1999), and that chapmani is part of a
separate globanomalinid lineage characterized by low-
trochospiral, compressed tests (Olsson and others, 1999),
phylogenetic relationships within this group would
appear to have  been more satisfactorily clarified than
heretofore.

Banner (1989, p. 177) drew attention to the fact
that the smooth-walled and “microperforate” (actually
all forms are normal perforate; see also Olsson and
others, 1999) forms of the genus Globanomalina should
be “distinguished from the macroperforate (and more
distinctly muricate) genus Planorotalites Morozova
(e.g., its type species, P. pseudoscitula  (Glaessner),
Zones P10-13)...” Accordingly we restrict the concept
of Planorotalites to the generally small (<0.3 mm)
normal perforate, muricate forms typified by P.

pseudoscitula. As such the genus has its origin in the
late Paleocene (Biochron P5) and ranges through the
middle Eocene; it probably evolved from a juvenile
morozovellid (? M. occlusa) by neoteny.

Planorotalites capdevilensis (Cushman and

Bermúdez), 1949

PLATE 12.4, FIGURES 1-16
(Pl. 12.4, Figs. 1-3: new SEMs of holotype of

Globorotalia (Globorotalia)  capdevilensis  Cushman and
Bermúdez)

Globorotalia (Globorotalia)  capdevilensis  Cushman and
Bermúdez, 1949:32, pl. 6: figs. 10 (paratype), 11 (holotype,
CC No. 47405) and 12 (paratype)  [lower Eocene
Capdevila Sandstone, Habana Province, Cuba].—Cifelli
and Belford, 1977:103, pl. 1: figs. 13-15 (holotype
refigured).

Planorotalites capdevilensis  (Cushman and
Bermúdez).Pearson and others, 2004:36, pl.1, figs. 22,
23 [middle Eocene Zone P11, Kilwa, Tanzania].

Globorotalia renzi Bolli, 1957a:168, pl. 38, figs. 3a-c [middle
Eocene Porticulasphaera mexicana Zone, Navet Fm.,
Trinidad].—Berggren, 1960: 53, pl. 1: figs. 16a,b [middle

Eocene  of Ilaro borehole, western  Nigeria].—Postuma,
1971:208, figs. on p. 209 [topotypes from Trinidad].—
Samuel, 1972:194, pl. 51: figs. 5a-c [upper Lutetian,
Bakony Mountains, western Carpathians].—Stainforth and
others, 1975:221, text-fig. 81.1-3, 5 (topotypes) and 81.4
(holotype reillustrated).—Snyder and Waters, 1985:447,
pl. 10: figs. 6, 7 [middle Eocene Zone P14 of
BKSA95=(E13 of this paper), DSDP Hole 549A, Goban
Spur, northeast Atlantic Ocean].

Globorotalia (Planorotalites) renzi Bolli.—Jenkins, 1971:110,
pl. 9: figs. 224-226 [middle Eocene Globigerinatheka

(Globigerapsis) index  Zone (~/= Zone P11 of BKSA95
and Zone E9 of this paper), Te Uri stream Section,
Bortonian Stage, New Zealand].

Planorotalites renzi (Bolli).—Toumarkine and Luterbacher,
1985:118, fig. 20.1a-c  (holotype refigured) [O. beckmanni

Zone, Navet Fm., Trinidad].
Planorotalites pseudoscitula (Glaessner).—Poore and Brabb,

1977:264, pl. 7: figs. 12, 13 [Narizian Stage (strati-
graphically equivalent to middle Eocene Zones P13-14),
Two Bar Shale member, San Lorenzo Fm., Santa Cruz
Mountains, California].—Toumarkine and Luterbacher,
1985:118, text-figs. 20.2-10 [middle Eocene  O. beckmanni

Zone, Navet Fm., Trinidad]. [Not Glaessner, 1937.]
Globanomalina pseudoscitula (Glaessner).—Fleisher,

1974:1018, pl. 6, figs. 1, 2 [middle Eocene Zone P14 (Zone
E13 of this paper), DSDP Hole 23A, Arabian Sea]. [Not
Glaessner, 1937.]

 DESCRIPTION.
Type of wall: Strongly muricate, normal

perforate, nonspinose.
Test morphology: Test minute (generally less

than 0.25 mm in diameter), weakly to moderately
biconvex, subcircular, very weakly lobulate; in umbilical
view 6-8 subtriangular, distinctly muricate chambers,
compressed/flattened along peripheral margin, gradually
increasing in size, intercameral sutures distinct, straight,
radial to slightly curved between earlier chambers of
last whorl, sinuous in later chambers, depressed in
terminal 2-3 chambers, umbilicus narrow, shallow,
aperture a low, umbilical-extraumbilical arch bearing a
distinct lip; in spiral view 15-18 trapezoidal, muricate
chambers arranged in 21/2-3 whorls, sutures essentially
flush with test chambers, distinctly curved and limbate;
early part of test strongly muricate, elevated; in edge
view the test is biconvex,  with imperforate keel.

Size: Largest diameter of holotype: length 0.17-
0.20 mm, breadth 0.15-0.17 mm, thickness: 0.10 mm
(Cushman and Bermúdez (1949, p. 33); largest diameter
of renzi holotype 0.23 mm (Bolli,1957a, p. 168).
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DISTINGUISHING FEATURES. Small, subcircular,
biconvex, keeled test with densely perforate surface;
pores become larger and test surface covered by
anastomosing, elevated honeycombed network in
stratigraphically younger individuals. Distinction from
P. pseudoscitula is made on the basis of the following
characters: stronger pustulation and muricate wall, higher
rate of increase in chambers, more distinct and less
depressed (essentially flush to slightly raised) sutures
on spiral side and flatter, more equally biconvex test.

DISCUSSION.Cifelli and Belford (1977)
(re)illustrated the holotype of Globorotalia capdevilensis

Cushman and Bermúdez and provided a thorough
description of the taxon (including recognition that it is
keeled, in contradistinction to the original description)
without apparently recognizing its affinity with
Globorotalia (vel Planorotalites) renzi  Bolli, described
almost 20 years later. Our examination of the holotype
and paratype specimens of both taxa has revealed that
they are, indeed, conspecific, the only difference being
the slightly stronger keel development of renzi. The
reticulate, pustulose/muricate surface, distinct marginal
keel and slightly inflated, elevated early chambers
characteristic of the younger forms of this taxon - which
correspond to the renzi  morphotype- can be seen on the
the holotype which is here illustrated in SEM for the
first time (Pl. 12.4, Figs. 5-7). Blow (1979, p. 890, 898)
examined types and said that capdevilensis (holotype)
is a junior synonym of elongata Glaessner, while
paratypes were said to be representative of G. cf.
pseudoscitula which he also considered as equivalent to
the earlier/older part of the pseudoscitula/renzi plexus,
i.e., pseudoscitula s.s. as described here; see Blow (1979,
p. 892, 898). We find no justification for separating
capdevilensis from renzi, but we retain elongata as a
junior synonym of pseudoscitula as was suggested to
one of us (WAB) by Gohrbandt over 40 years ago (see
below).

PHYLOGENETIC RELATIONSHIPS. This taxon
evolved from Planorotalites pseudoscitula in the late
early Eocene through the development of a flatter, more
lenticular and more coarsely muricate test, and the
development of flush to slightly raised limbate sutures
on the spiral side.

STRATIGRAPHIC RANGE. Zone E7 to E13,
questionably E14.

GEOGRAPHIC DISTRIBUTION.  Widely
distributed in essentially (sub)tropical regions
(Caribbean, Tethys) and austral (New Zealand) regions.
Not reliably reported from high austral or high latitude
Northern Hemisphere locations to our knowledge.

STABLE  ISOTOPE PALEOBIOLOGY. Recorded by
Pearson and others (2001) (as P. pseudoscitula) with
oxygen isotope ratios indicative of a shallow-water
habitat, and carbon isotope ratios more depleted than
co-occurring muricate species, probably owing to its
small size.

REPOSITORY. Holotype (CC 47405)  deposited at
the Smithsonian Museum of Natural History,
Washington, D.C.

Planorotalites pseudoscitula (Glaessner, 1937)

PLATE 12.5, FIGURES 1-16

Globorotalia pseudoscitula  Glaessner 1937:32, text-fig. 3a-
c [lower Eocene, holotype VNIGRI No. 4076, Lower
Foraminiferal Beds, Suite F1, Il’skaya, Northwest
Caucasus].—Subbotina, 1947:121-122, pl. 9: figs. 18-20
[Lower Eocene Globorotalia  ex. gr. canariensis Zone,
Abazin Fm.,  Khieu River section, northwest Caucasus].—
Subbotina, 1953:208, pl. 16: figs. 17a-c (reillustration of
holotype No. 4076 of Glaessner, 1937) [Zone of
compressed globorotaliids]; pl. 16: figs. 18a-c [Zone of
thin-walled pelagic foraminifera, Foraminiferal Beds,
Suite F2, North Caucasus]; pl. 17: figs. 1a-c [lower Eocene
Zone of conical globorotaliids,  Foraminiferal Beds, Suite
F2, Khieu River section, North Caucasus].—Samuel,
1972:193-194, pl. 51: figs. 2a-4c [upper Lutetian, Bakony
Mountains, Hungary].—Schmidt and Raju, 1973:181, 182,
pl. 1: figs. 3a-c, 4 [lower Eocene Globorotalia palmerae

Zone, MNG-1, CC 18, Cauvery Basin, southeastern India].
?Globorotalia pseudoscitula Glaessner.—Shutskaya, 1956:95,

96, pl. 4: figs. 5a-c [lower Eocene Globorotalia subbotinae

Zone, Cherkessk Fm., near town of Nal’chik, northern
Caucasus, FSU] .

Planorotalites pseudoscitula (Glaessner).Hillebrandt,
1976:345, pl. 4: fig. 14 [lower Eocene Globorotalia

palmerae Zone, Agost, Spain].—Berggren, 1977:244,
chart no. 3 (reillustrations from literature).—Benjamini,
1980:347, pl. 6: figs. 3-10 [Eocene Avedat Group, northern
Negev, Israel].—Toumarkine and Luterbacher, 1985:118,
(partim), fig. 20.5 (holotype of Glaessner refigured); fig.
20.6 [lower Eocene Acarinina pentacamerata  Zone,
Richmond Fm., Jamaica]; fig. 20. 7-10 [Acarinina

pentacamerata Zone, Cauvery Basin, South India,
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sample].—Loeblich and Tappan, 1988:477, pl. 518: figs.
6-8 [reillustration of holotype of Glaessner 1937].—Lu
and Keller, 1993:114, pl. 5: figs. 5-7 [lower Eocene
Pseudohastigerina wilcoxensis (AP6a) Zone, ODP Hole
738C, Kerguelen Plateau, southern Indian Ocean].—Lu
and Keller, 1995:100, pl.6: figs. 15-17 [lower Eocene Zone
P6b, DSDP Site 577, Shatksy Rise, northwest Pacific
Ocean].

Globorotalia (Globorotalia) pseudoscitula Glaessner (sensu

lato).—Blow, 1979:897, pl. 116: figs. 8-10 [lower Eocene
Zone P7,  Kilwa area, Tanzania, East Africa, referred to
as G.(G.) cf. pseudoscitula]; pl. 173: figs. 1-8 [middle
Eocene Zone P11, sample RS24, Kilwa area, Tanzania,
East Africa].

Globorotalia pseudoscitula Glaessner var. elongata Glaessner
1937:33 (German), 49 (Russian), text-figs. 3d-3f (p. 32)
[Lower Foraminiferal Beds, Il’skaya, northwest
Caucasus].

Globorotalia (Globorotalia) elongata Glaessner.—Blow,
1979:889, pl. 105: figs. 1-2, 4-6 [lower Eocene Zone P6,
DSDP Hole 20C, South Atlantic Ocean];  pl. 116: figs. 6-
7 [lower Eocene Zone P7, Sample RS 80, Kilwa area,
Tanzania, East Africa].

Not Globorotalia pseudoscitula Glaessner.—Loeblich and
Tappan, 1957:193-194, pl. 46: figs. 4a-c; pl. 48, figs. 3a-
c; pl. 53, figs. 5a-c; pl. 59, figs. 2a-c; pl. 63, figs. 6a-c [=
Igorina albeari (Cushman and Bermúdez)].

Not Globorotalia (?Globorotalia) pseudoscitula Glaessner.—
Hillebrandt, 1962:129, pl. 12: figs. 12a-c [= ?Acarinina

esnehensis (Nakkady)].

DESCRIPTION.
Type of wall: Normal perforate, nonspinose,

weakly muricate.
Test morphology: Peripheral outline oval to

subcircular, weakly lobulate, coiled in low trochospire,
weakly biconvex; in umbilical view 6-8 subtriangular
chambers, compressed/flattened along peripheral
margin, intercameral sutures radial (in early part of last
whorl) to slightly curved in younger chambers, depressed
in terminal 2-3 chambers, umbilicus narrow, shallow,
aperture a low, umbilical-extraumbilical arch bearing a
distinct lip; in spiral view15-18 trapezoidal chambers
arranged in 21/2-3 whorls, sutures essentially flush with
test chambers, distinctly curved, early part of test
strongly muricate, elevated; in edge view test is
biconvex, with distinct imperforate keel which extends
at least to ante- or preantepenultimate chamber, test
surface penetrated by normal-sized pores which do not
open into distinct pore pits, aperture a typical umbilical-

extraumbilical, low slit with distinct lip which extends
to the periphery.

Size:  Typical dimension given by Glaessner
(1937, p. 32): 0.2-0.25 mm.

DISTINGUISHING FEATURES. The diagnostic
features of Planorotalites pseudoscitula are its small,
weakly biconvex and muricate, distinctly carinate test
(see also under P. capdevilensis).

DISCUSSION. Berggren (1968, 1977), McGowran
(1968), Schmidt and Raju (1973), Hillebrandt (1976)
and Blow (1979) placed renzi Bolli in the synonymy of
pseudoscitula Glaessner and in this most workers have
followed them for the past 20 years.  The supposed
synonymy of these two forms as well as G. pseudoscitula

elongata was suggested to one of us (WAB) by
Gohrbandt as early as the mid-1960s based on
examination and illustrations of a topotype of G.

pseudoscitula elongata from Il’skaya, northern Caucasus
(sent to him by Glaessner) and 3 topotype specimens of
renzi from Trinidad. Pertinent observations made at the
time by Gohrbandt (pers. comm.) include the following:

1. “G. elongata has a more conical last chamber in
axial profile (than G. renzi).  G. renzi  has a rather
more acute periphery on the later chambers.
However, G. pseudoscitula elongata shows
signs of a ‘keel’; and the difference is a minor
one. There are no other significant differences,
so far as can be seen, in the surface texture of
the two forms. The external appearance suggests
that oriented thin sections would show the same
wall structure”.

2. In spiral view the specimen of G. pseudoscitula

elongata  resembles the type figure of G.

pseudoscitula  s.s., whereas the axial profile
resembles the variety elongata.

3. Russian workers no longer recognized elongata

as a formal variety. In gross form G. renzi

resembles the type figure of G. pseudoscitula

very closely indeed. The similarity in surface
texture has been confirmed; it had been strongly
suspected from published data. The SEM was
unavailable to Gohrbandt at the time he made
his observations with the light microscope. SEM
illustrations have shown that there is a difference
in wall texture in the two forms, that of renzi
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(=capdevilensis, see above) being considerably
more coarsely muricate. Therefore, we have
refrained from concluding that G. renzi/

capdevilensis is a junior subjective synonym of
G. pseudoscitula (see above).

4. Gohrbandt also observed that G. pseudoscitula

(which he regarded as conspecific with G. renzi)
had its lowest occurrence in the lower Eocene
Globorotalia aragonensis Zone (distinctly lower
than the base of Zone P10 as given by Bolli,
1957b; cf. Berggren, 1960 who had noted earlier
an extension into lower Eocene in Nigeria as
well).

However, Blow (1979) presciently observed that
earlier (early Eocene) and later (middle Eocene) forms
of this plexus are characterized by a coarsening of the
muricate wall texture and gradual enlargement of pores
(similar observations were made on this plexus by
Benjamini, 1980). Blow (1979) was also correct in
surmising that the type level of G. pseudoscitula

Glaessner (and of G. elongata Glaessner) is of early (not
middle) Eocene age as most investigators had thought.
Indeed, the type level is from what was subsequently
designated (Subbotina, 1953) the “Zone of compressed
globorotaliids” (the Abazin Fm.), stratigraphically
equivalent to Zones E4, ?E5. Both he (Blow, 1979, p.
898) and Bolli (1957b, p. 168) gave the stratigraphic
range of G. pseudoscitula s.s. (= G. renzi) as Zones E8/
E13 equivalents. However, in his text Blow (1979)
referred to stratigraphically earlier morphotypes as
Globorotalia cf. pseudoscitula with a range of Zones
P7-P9; ? P10 (=E5-E7; ?E8) equivalents. Globorotalia

renzi and G. capdevilensis partim were regarded as junior
synonyms of G. pseudoscitula s.l.. Blow (1979)
suggested that the wall texture pattern changes were one
of degree rather than kind and that Globorotalia

pseudoscitula  s.s. (rather than Globorotalia cf.
pseudoscitula based on his earlier, mistaken belief that
the type level of G. pseudoscitula was middle Eocene)
might be appropriate for the older (early Eocene) forms
and G. renzi for the younger (middle Eocene) forms,
while retaining the designation pseudoscitula s.l. for the
entire plexus. Accordingly it is clear that Gohrbandt had
made his observations on elongata (from the basal
Eocene Zone E3-E5), and on renzi from upper middle
Eocene Zone E12-E13.

At the same time Blow (1979) considered that
Globorotalia elongata Glaessner is essentially unrelated

to the G. pseudoscitula/renzi plexus. This was based
upon the following lines of evidence:

1. Blow (1979) had submitted several specimens
(subsequently illustrated as figures 6 and 7 of
his plate 116 from  [his] Zone P7 [=E5] of the
Kilwa area, Tanzania), to Martin Glaessner who
confirmed their identification as Globorotalia

elongata; this led Blow (1979, p.  890) to assert
that (Paleocene) records of G. elongata by
Loeblich and Tappan (1957) and Bolli (1957a)
did not correspond to Glaessner’s elongata.

2.  G. elongata Glaessner is characterized by an
acute to subacute peripheral  margin and “nearly
equally biconvex test”. Furthermore, elongata

is a minute (0.15-0.2 mm; Glaessner, 1937;
0.167-0.249 mm: Blow, 1979) form. Confusion
with G. pseudomenardii was not possible
according to Blow because of the less ventrally
inflated chamber surfaces and smaller umbilicus
in pseudomenardii, “which, especially in
stratigraphically younger specimens are
virtually closed” (Blow, 1979, p.  891).

3. G. elongata was said to differ from G.

pseudoscitula in having a “more open and lax
trochospire so that the later chambers increase
in size more rapidly than in pseudoscitula”
(Blow, 1979, p. 891).

In the course of our work we have been unable
to recognize a clear differentiation between morphotypes
of elongata and pseudoscitula, considering the minor
differences in coiling to be of degree rather than kind,
and, accordingly, we include elongata in the synonomy
of pseudoscitula.

Phylogenetic relationships within this group
remain enigmatic. McGowran (1968, lineage 6) and
Berggren (1968, lineage 2), in trying to lay a
phylogenetic foundation for distinguishing different
clades of Paleogene “globorotaliids”, recognized a
morphologic and stratigraphic separation between
Globanomalina  and Planorotalites, although the former
reserved Globanomalina for the planispiral forms (now
referred to Pseudohastigerina) in the erroneous belief
that the type species of Globanomalina (G. ovalis Haque)
is planispiral (cf. Berggren and others, 1968;  Banner,
1989, p. 171, 173). Owing to the superficial similarity
among smooth-walled, finely perforate forms in the
Paleocene the generic names Globanomalina and
Planorotalites have been used interchangeably for
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Paleocene and lower Eocene taxa. Globanomalina has
been adopted by the Working Group for the smooth-
walled Paleocene group typified by G. ovalis and having
its origin in G. archeocompressa in the basal Danian
(Olsson and others, 1999; see also Berggren and Norris,
1997; Fleisher, 1974, p. 1017).

Schmidt and Raju (1973) presented a detailed
analysis of the morphology and evolution of the
pseudoscitula plexus. Pertinent observations/conclusions
include the following:

1. Globorotalia planoconica Subbotina is regarded
as the stem form of the lineage and characterized
by a small, finely perforate, unkeeled
planoconvex test.

2. G. pseudoscitula  Glaessner, 1937 is interpreted
as a small, compressed, distinctly (coarsely)
perforate, biconvex form with subcircular
equatorial periphery and faintly keeled margin.
G. pseudoscitula elongata Glaessner, 1937 is
interepreted to represent  varietal forms that
develop a large, lobate last chamber.
Globorotalia renzi  is considered a junior
synonym of G. pseudoscitula.

3. G. palmerae  is considered to have evolved from
pseudoscitula  by “prolongation of the chambers
at the axial periphery to a radially elongate shape
terminating in a spine”(Schmidt and Raju, 1973,
p. 179).

4. Globorotalia planoconica  is shown to have
originated in the G. velascoensis Zone (Zone
P5 of this paper);  G. pseudoscitula in the G.

subbotinae Zone (Zone E3-E4 of this paper) and
G. palmerae  in the eponymous  zone (i.e.,
within Zone E7).

It would seem that these subtle differences in
wall texture are at the root of the disparate lower range
given for the pseudoscitula/renzi group, which spans the
interval of Zones P5-E6 (Hillebrandt, 1962; Samuel,
1972; Benjamini, 1980; Fleisher, 1984; Toumarkine and
Luterbacher, 1985). Benjamini (1980) suggested that the
transition from the relatively larger, typical pseudoscitula

with depressed sutures to the relatively small, coarsely
perforate, flush sutured typical renzi took place in the
mid-part of the G. palmerae Zone (= Zone E7 of this
work) in the Avedat Group of the northern Negev, Israel.
Subbotina (1953) had earlier noted that pseudoscitula

extends down into the highest levels of the “Zone of
rotaliid-like globorotaliids” (=Zones P2/3) in the
Elburgan Formation of the North Caucasus, but we
believe that these references are to members of the
superficially similar Igorina pusilla group. In like
manner, Loeblich and Tappan (1957) identified forms
as pseudoscitula in the mid-late Paleocene of the Gulf
Coast that, while superficially similar to the Eocene
morphotypes, belong to the distinctly different group of
the albeari/laevigata plexus (Berggren, 1968).

If the finely perforate, superficially smooth-
walled (but weakly muricate) to weakly cancellate,
keeled, compressed, test of latest Paleocene-early Eocene
pseudoscitula morphotypes are considered ancestral to
the late early-middle Eocene, biconvex, keeled, coarsely
perforate, muricate renzi, derivation from a juvenile
morozovellid such as Morozovella occlusa would appear
logical (cf. Berggren 1968;  McGowran, 1968;
Hillebrandt, 1976 for earlier, alternate interpretations).
In the course of our studies we have found that
pseudoscitula has its lowest/earliest occurrence at the
base of Zone P5 (i.e, just above the HO of
Globanomalina pseudomenardii).

The specimen illustrated by Shutskaya (1956,
pl. 4, figs. 5a-c) from the Cherkessk Fm. of the north-
west Caucasus is excluded from this taxon. It would
appear to be a relatively large (maximum diameter 0.43
mm) robust form that was compared by Shutskaya with
Globorotalia subbotinae, G. nartanensis  and G.

spinulosa  and was recorded from the G. subbotinae Zone
(=Zone E3-4 of this paper), whereas P. pseudoscitula  is
a relatively small form (with a maximum diameter of
about half that of Shutskaya’s specimen; Bolli’s [1957a]
holotype of Globorotalia renzi  has a maximum diameter
of 0.23 mm) and was shown to have its lowest occurrence
considerably higher, in Zone P10.

The broadly rounded, seemingly densely
muricate form illustrated by Hillebrandt (1962) from
Zone P6 (equivalent) appears not to be referable to
pseudoscitula/renzi as identified here and is more likely
an acarininid referable to esnehensis (or a related form).

PHYLOGENETIC RELATIONSHIPS. Unresolved;
probably evolved from a juvenile morozovellid (? M.

occlusa) by neoteny.

STRATIGRAPHIC RANGE.  Zone P5-E7.
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GEOGRAPHIC DISTRIBUTION.  Ranges from
tropics to temperate regions; central equatorial Pacific
(ODP Site 865), New Jersey Coastal Plain (Bass River
Borehole where it is a common form in Zone E1),
Tethyan deposits of northern Africa (Egypt where it
appears in the lower part of the Esna Shale Fm. in basal
Zone P5) and northern Caucasus; not reliably reported
(to date) from high austral or northern latitudes to our
knowledge.

STABLE ISOTOPE PALEOBIOLOGY. No data
available.

REPOSITORY. Holotype (No. 4076) deposited in
micropaleontological collections at VNIGRI, St.
Petersburg. Russia.

PROBLEMATICA

Praemurica? lozanoi (Colom) is an enigmatic
taxon. It appears in the lower part of the lower Eocene
with seemingly no ancestral linkage. It is a nonspinose
form and has a wall texture similar to Praemurica

(dutertrei-type cancellate) although we have not found
any Paleocene species that might be an ancestor to range
into the Eocene. Hence, our assignment to the genus is
tentative until further studies can establish its phylogeny.

Praemurica? lozanoi (Colom, 1954)

PLATE 12.6, FIGURES 1-16
(Pl. 12.6, Fig. 1: reillustration of lectotype of

Globigerina lozanoi Colom)

?Globigerina prolata Bolli, 1957a:72, pl. 15, figs. 24-26
[lower Eocene, Globorotalia formosa formosa and
Globorotalia aragonensis Zones, Lizard Springs Fm.,
Trinidad].

Globigerina lozanoi prolata (Bolli).Blow, 1979:856-858,
pl. 145, fig. 1 [Zone P9, Langley Fm., ER.449, Jamaica];
pl. 250, fig. 10 [topotype, Globorotalia formosa formosa

Zone, Lizard Springs Fm., Trinidad].
Globigerina prolata Bolli.Warraich and Ogasawara,

2001:46, fig. 13: 16, 20, 21 [Zone E5, Dungan Fm.,
Sulaiman Range, Pakistan].

Globigerina lozanoi Colom, 1954:149, pl. 2: figs. 1-48; fig.
45 lectoype (designated by Blow 1979:854) [lower -
middle Eocene (upper Ypresian - lower Lutetian)  Alicante,
Spain]. Bermúdez, 1961:1188, pl. 4: fig. 7 [lower
Eocene, Zone P9, Universidad Fm., Havana, Cuba].

Toumarkine, 1983:115-116, pl. 9: figs. 6-11 (figs. 6-8 from
Colom, 1954, pl. 2, figs. 31, 36, 45; 45 = lectotype); figs.
9-11 [A. pentacamerata Zone, lower Eocene, Richmond
Fm., Jamaica].Toumarkine and Luterbacher, 1985:127,
fig. 28.9-11 [A. pentacamerata Zone, lower Eocene,
Richmond Fm., Jamaica].Warraich and Ogasawara,
2001:45, fig. 14: 1-3 [Zone E5, Dungan Fm., Sulaiman
Range, Pakistan].

Globigerina (Eoglobigerina) lozanoi Colom.Hillebrandt,
1976:336, pl. 3: figs. 8-11, ?12, 13-16, ?17 [lower Eocene
Globorotalia (Planorotalites) palmerae Zone, Agost
section, SE Spain].

Globigerina lozanoi lozanoi (Colom).Blow, 1979:854-855,
pl. 145: figs. 2-9 [lower Eocene Zone P9, Langley
Formation, Jamaica],  pl. 250: fig. 1 [lower Eocene Zone
P9, Universidad Fm., Cuba].

Subbotina lozanoi (Colom).Nocchi and others, 1991, pl.
2: figs. 13-15 [lower Eocene Zone P9, DSDP Hole 702B,
subantarctic South Atlantic Ocean].

Not Globigerina lozanoi Colom. Stott and Kennett,
1990:559, pl. 7: figs. 6-7.

Not Subbotina lozanoi (Colom).Nocchi and others, 1991,
pl. 2, fig. 16 [= Subbotina hagni?].

DESCRIPTION.
Type of wall: Smooth, cancellate, nonspinose.
Test morphology: Test trochospiral, asym-

metrically biconvex; the first two whorls coiled in
medium high, tight spire then the coiling mode tends to
become more evolute and the more evolute spire
increases markedly in height; chambers globular,
increasing gradually in size as added, 5-6 (more typically
6) in the last whorl; the last chamber in some instances
more oval on the umbilical side; equatorial periphery
subcircular, moderately lobate; sutures depressed, mainly
straight and radial on both sides; umbilicus medium-
sized and deep; aperture a distinct, moderately high arch,
interiomarginal, umbilical; in specimens characterized
by more oval last chamber the aperture tends to extend
extraumbilically.

Size: 0.35-0.40 mm and a height of 0.45 mm
(Colom, 1954).

DISTINGUISHING FEATURES. This species is
characterized by its medium high, relaxed (evolute)
trochospire late in ontogeny, five to six globular
chambers in the outer whorl, subcircular equatorial
periphery and (predominantly, but not exclusively)
intraumbilical aperture.
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DISCUSSION. Colom (1954) produced a plate with
48 outline drawings of his species lozanoi but did not
identify one of these as a holotype. They include a rather
wide range of morphologies, from relatively low-spired
forms usually with 4-41/2 chambers in the final whorl,
interpreted as juveniles, to more high-spired forms with
five to six chambers. Blow (1979) selected one of these,
a specimen with 6 chambers, as a lectotype (Colom,
1954, pl. 2, fig. 45).  Colom (1954) described
Globigerina aspensis (= Acarinina aspensis) from the
same locality as lozanoi. Both species are loosely coiled
with a large, open umbilicus and have a similar number
of chambers in the final whorl but lozanoi is smaller in
size and high spired, whereas aspensis is larger and very
low spired.  The wall of aspensis was described as having
pustules and the wall of lozanoi was described as smooth.
Since Colom did not designate any type specimen(s) and
his material is said to be in his personal collections and
may, in fact, be lost, it is difficult to assess the two species
from Colom’s illustrations alone. However, we have been
able to examine well preserved material from various
localities of both taxa  and although the two morphotypes
were described from the same locality and have similar
short stratigraphic ranges they appear to be unrelated as
can be seen from comparison of surface wall texture,
chamber shape and apertural disposition.

Bolli (1957b) described Globigerina prolata

from the Morozovella formosa formosa Zone (= E5).
Hillebrandt (1976) was of the opinion that G. prolata

was ancestral to G. nuttalli, whereas Blow (1979)
regarded G. prolata as a subspecies of G. lozanoi. Blow
(1979) figured a series of specimens (his pl. 145, figs.
1-5) to illustrate the complete gradation of the prolata

morphotype into the lozanoi morphotype. However, the
holotype of prolata is very poorly preserved and appears
to be mostly an internal mould. Globigerina prolata has
not been identified by many workers and, in fact,
Tourmarkine and Luterbacher (1985) did not include it
in their treatment of Paleocene and Eocene planktonic
foraminifera. This would seem to indicate uncertainty
over the validity of this morphotype. We think it is
prudent not to use this morphotype until its taxonomic
status is clarified.

PHYLOGENETIC RELATIONSHIPS.Although
Hillebrandt (1976) and Blow (1979) regarded prolata

as phylogenetically or ontogenetically linked to lozanoi.

Blow stated (1979, p. 855) that the origin of G. lozanoi

(sensu lato) was unknown, but that inasmuch as prolata

morphotypes appear earlier in the succession that the
ancestor of the lozanoi group was essentially a “four-
chambered last-whorl turborotaliid morphotype.”
Assignment to Turborotalia (as delineated here) is
clearly not possible owing to the different wall texture
and  apertural disposition. At the same time we believe
it is unrelated  to A. aspensis and  A. pentacamerata for
similar reasons.

The wall texture (dutertrei-type cancellate) and
apertural disposition of lozanoi are reminiscent of the
Paleocene (essentially early Paleocene) genus
Praemurica (see treatment of that genus in Olsson and
others, 1999), although the relatively high spire in some
individuals is not characteristic of the genus. At the same
time we are unable to propose a suitable praemuricate
ancestor for the lozanoi-prolata group in the early
Eocene. Owing to the uncertainty surrounding the
affinities and ancestry of lozanoi we assign it here
provisionally to Praemurica (the obvious
uncharacteristic high spire and the distinct stratigraphic
gap from Zone P3 to E5/6 notwithstanding) and provide
a separate entry for it here. Praemurica? lozanoi did not
give rise to Guembelitroides nuttalli as suggested by
Blow (1979, p. 855).

STRATIGRAPHIC RANGE.  P. lozanoi s.s.: Zone
E6 – E10; P. lozanoi s.l. (including prolata  morphotype):
E5-E9 (upper part).

GEOGRAPHIC DISTRIBUTION.— Cosmopolitan,
more common in mid- to low latitudes.

STABLE ISOTOPE PALEOBIOLOGY.— No data
available.

REPOSITORY. Deposited in Colom’s personal
collection (fide Ellis and Messina).
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