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INTRODUCTION

Until the 1960s, most Cenozoic planktonic foraminifera
with a peripheral keel and intra-extraumbilical aperture
were assigned to the genus Globorotalia, while
Cretaceous forms were included in Globotruncana. As
subsequent research demonstrated that these features
evolved several times in both the Neogene and Cretaceous
Periods from diverse ancestral stocks, so it became
necessary to split both Globorotalia and Globtruncana

into a number of different genera. Most Neogene
taxonomists now recognize Fohsella, Hirsutella,
Menardella and Truncorotalia, at least at the subgenus
level, while almost all Cretaceous workers recognize
Abathomphalus, Gansserina, Globotruncanella, etc.

In Luterbacher’s (1964) monograph on the
Paleocene and Lower Eocene “Globorotalia” of the
Italian Appenines, a number of key differences between

these species and true Globorotalia were noted, and the
genus Morozovella was described and attributed to B.
McGowran (although not formally employed at the
time; see also McGowran, 1968; Loeblich and Tappan,
1988). The type species of Morozovella is the Paleocene
form Pulvinulina velascoensis Cushman, 1925. Since
the 1970s, Paleogene globorotaliiform species that have
a muricate wall have generally been assigned to
Morozovella.

The evolution and diversification of
Morozovella in the Paleocene has been described by
Pearson (1993), Berggren and Norris (1997) and Olsson
and others (1999). Several morozovellids survived into
the lower Eocene (see Chapter 11). After the extinction
of the velascoensis group in the earliest Eocene, there
was a renewed radiation of species. Over time, however,
all these forms also became extinct. The last surviving
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ABSTRACT

Morozovelloides n. gen (type species Globorotalia

lehneri, Cushman and Jarvis, 1929) is erected to

incorporate four keeled species of middle Eocene

planktonic foraminifera that have generally been

included in Globorotalia or Morozovella in previous

studies, but are here regarded as comprising a distinct

clade descended from Acarinina. The constituent

species are Morozovelloides bandyi (Fleisher, 1974),

Morozovelloides coronatus (Blow, 1979),  Moro-

zovelloides crassatus (Cushman, 1925) and

Morozovelloides lehneri (Cushman and Jarvis, 1929).

Their taxonomy, phylogeny and biostratigraphy is

reviewed.
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species that has been reliably traced back to the
Paleocene morozovellid radiation is the robust,
conicotruncate form M. aragonensis, the disappearance
of which denotes the top of Zone E9.

In addition to the M. aragonensis group, middle
Eocene sediments commonly contain a number of more
gracile species that have usually been placed in
Morozovella (e.g., by Blow, 1979, and Toumarkine and
Luterbacher, 1985). These have variously been described
under the names crassata, spinulosa, lehneri, coronata

and bandyi. These forms share many characteristics with
the more gracile lower Eocene species such as
Morozovella subbotinae, M. aequa and M. margino-

dentata. However, none of the classic monographs of
Subbotina (1953), Bolli (1957a, b) and Luterbacher
(1964) contains a discussion of the evolutionary
connections between this “crassatus group” and their
Paleocene and early Eocene precursors. The problem is
that there is a clear (although short) stratigraphic gap
between the disappearance of the gracile lower Eocene
forms and the first appearance of the crassatus group in
the highest levels of the lower Eocene.

Berggren (1977) suggested that crassatus might
be descended from M. aragonensis, which certainly
survived to the appropriate stratigraphic level, and cited
rare intemediate forms as evidence of a relationship
between them. One such specimen, he suggested, had
previously been illustrated as “M. spinulosa” by Saito
(1962, pl. 33, fig. 9). Berggren (1977) also remarked
that “in the upper part of its stratigraphic range M.

aragonensis has a tendency to become less conical, less
rugose and thinner walled”, as well as having fewer and
more rapidly expanding chambers, hence making such
a transition plausible. Toumarkine and Luterbacher
(1985) also suggested that intermediates between
aragonensis and spinulosa exist, while at the same time
noting the need for a revision of the crassatus group. A
slightly different proposal given by Blow (1979) is that
the crassatus group was descended from M. lensiformis,
which is widely regarded as the direct ancestor of M.

aragonensis (see Chapter 11).
In our researches, we have found no plausible

intergradation between either M. aragonensis or M.

lensiformis and the crassatus group. We refer the so-
called “transitional form” illustrated by Saito (1962, pl.
33, fig. 9) and discussed by Berggren (1977) to Blow’s
subsequently described species coronatus, and point out
that it is from too high a stratigraphic level to be an
evolutionary intermediate. A particular problem that

must be addressed if a link between early and middle
Eocene “Morozovella” is to be upheld is the “keel”
morphology. In M. aragonensis it is a continuous
structure that rims the test, passing more or less
continuously from chamber to chamber, and
characterized by additional calcite deposition on and
around the underlying muricae. In the crassatus group
it is generally no more than a concentration of bladed
muricae along the periphery of each chamber and is
usually disjunct and discontinuous at the sutures when
seen in edge view.

Our observations made on material from ODP
Site 865 (mid Pacific Ocean) and a new core in the Kilwa
area of Tanzania (Tanzania Drilling Project Site 2;
Pearson and others, 2004) have led us to conclude,
instead, that the crassatus group evolved from Acarinina

praetopilensis by 1) compression of the test in a dorso-
ventral direction, 2) concentration and enlargement of
the muricae around the periphery, and 3) reduction of
muricae elsewhere on the test, particularly on the spiral
side, resulting in a generally smooth surface. These
developments may have been functionally linked,
relating to the organization of the pseudopodial network
in a discoidal, as opposed to a more spherical,
arrangement. The resulting morphology of the crassatus

group is closely convergent on some true Morozovella

from the lower Eocene, but as they evolved from an
acarininid ancestor, we are forced to name a new genus
to accommodate them – Morozovelloides n. gen.

Within Morozovelloides itself, we are faced with
taxonomic issues that are more than usually Byzantine
in their complexity. The most difficult issues relate to
changing concepts over the years regarding the important
and often-described species Pulvinulina crassata

Cushman, 1925, Pulvinulina crassata var. densa

Cushman, 1925, and Globorotalia spinulosa Cushman,
1927. We have made new SEM micrographs of the type
specimens (Pl. 10.3, Figs. 1-3, 5-7, 16), but unfortunately
these give us less guidance than we had hoped, because
they are all poorly preserved and do not show all the
features that have been claimed of them in the past. Full
details of the taxonomic issues are given in the
appropriate sections below. The species level range-chart
and phylogeny is presented in Figure 10.1. However, a
summary guide to the four valid species that we
recognize in the genus is as follows:

1) Morozovelloides bandyi: Encompassing forms with
typically 4-41/2 chambers in the final whorl that have
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an “acarininid” style of addition, in which the long
axes of the chambers as seen in spiral view, are
strongly disjunct from one another.

2) Morozovelloides crassatus (=spinulosa) (?=densa):
Encompassing forms with typically 41/2 to 5 chambers
in the final whorl, showing varying degrees of dorso-
ventral compression, but having connecting or weakly
disjunct long axes to the chambers as seen in spiral
view.

3) Morozovelloides coronatus: Forms similar to M.

crassatus with a well-developed concentration of
muricae on the umbilical shoulders of the chambers.

4) Morozovelloides lehneri: Forms with at least five (and
up to nine) radially elongate chambers and a
moderately to strongly petaloid outline.

SYSTEMATIC TAXONOMY

Order FORAMINIFERIDA Eichwald, 1830

Superfamily GLOBIGERINACEAE Carpenter,

Parker and Jones, 1862

Family TRUNCOROTALOIDIDAE Loeblich and

Tappan, 1961

Genus Morozovelloides Pearson and Berggren n.

gen.

TYPE SPECIES.— Globorotalia lehneri Cushman and
Jarvis, 1929

DESCRIPTION.
Type of wall: Muricate, with a tendency for

concentration of the muricae around the periphery and
umbilical region and possessing smooth areas on the
spiral side.

Test morphology: Low trochospiral, generally
lobulate or petaloid in outline, with concentration of
bladed muricae around the periphery forming a
discontinuous muricocarina. Four to eight chambers in
the final whorl; aperture umbilical-extraumbilical or
wholly extraumbilical.

ETYMOLOGY.— Similar to Morozovella.

DISTINGUISHING FEATURES.— Morozovelloides n.
gen. is highly convergent in morphology with some true
Morozovella. It is considered in this work to be derived
from Acarinina.

FIGURE 10.1. Stratigraphic ranges and inferred phylogenetic rela-
tionships of species of Morozovelloides.
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DISCUSSION.— The new genus accommodates several
lower-middle Eocene species that have generally been
placed in Morozovella in recent years, but which are
believed to have evolved from Acarinina. The concept
of Morozovelloides was developed in discussions with
R.D. Norris (pers. comm., 2001).

STRATIGRAPHIC RANGE.— Restricted to the middle
Eocene, Zones E7-E13.

Morozovelloides bandyi (Fleisher, 1974)

PLATE 10.1, FIGURES 1-16
(Pl. 10.1, Figs. 1-3: new SEMs of holotype of

Morozovella bandyi Fleisher)

Globorotalia crassata (Cushman).—Cushman and Barksdale,
1930:67-68, pl. 12: fig. 7a-b [Eocene, Martinez Fm.,
California].—Cushman, 1939:74, pl. 12: fig. 19 [“upper
Eocene”, submarine core off eastern North America]. [Not
Cushman, 1925.]

Morozovella crassata (Cushman).—Pearson, Shackleton and
Hall, 1993, pl. 2: figs. 4-6 [middle Eocene Zone P11-P12,
DSDP Site 523, Walvis Ridge, south Atlantic Ocean]. [Not
Cushman, 1925.]

Globorotalia spinulosa Cushman.—Beckmann, 1953:397-
398, pl. 26: fig. 13 [middle – upper Eocene, Oceanic Fm.,
Barbados]. [Not Cushman, 1927.]

Morozovella bandyi Fleisher, 1974:1034, pl. 14: figs. 3-8
[Middle Zone P10 to Zone P11, DSDP Sites 219 and 220,
Arabian Sea].

DESCRIPTION.
Type of wall: Muricate, normal perforate with

smooth areas on the spiral side.
Test morphology: Planoconvex to lenticular test,

coiled in a low trochospiral, with concentration of bladed
muricae around the petaloid periphery that constitute a
discontinuous muricocarina. Four to five chambers in
the final whorl, added in such a way that their long axes
are strongly disjunct when viewed on the dorsal side.
Typically the chambers are imbricate, sometimes
strongly so, as if tilted relative to the dorso-ventral plane.
Small supplementary apertures are commonly present
at the base of the sutures between the penultimate and
antepenultimate chambers, and more rarely earlier in the
spire. Primary aperture is a low, flat arch, in an umbilical-
extraumbilical position. Umbilicus moderately broad and
deep. Ventral sutures depressed with umbilical shoulders
of chambers commonly showing concentrations of

muricae (but not to the extent seen in M. coronatus, see
below).

Size: Maximum diameter of holotype about 0.28
mm; height 0.16 mm.

DISTINGUISHING FEATURES.— Distinguished from
all other species of Morozovelloides by the strongly
disjunct long axes of the chambers, as seen in spiral view,
and from Acarinina praetopilensis by having a more
dorso-ventrally flattened test and peripheral (as opposed
to circum-cameral) muricocarina.

DISCUSSION.— Morozovelloides bandyi is a common
form in Zones E8 and E9, but first appears in the upper
part of Zone E7 where it intergrades with Acarinina

praetopilensis. It has probably been described previously
on many occasions as crassata or spinulosa, but such
synonymies in the older literature are difficult to verify
because M. bandyi is strongly homeomorphic to the
Morozovella aequa – M. subbotinae group of the lower
Eocene.

PHYLOGENETIC RELATIONSHIPS.— Morozo-

velloides bandyi evolved from Acarinina praetopilensis

and gave rise to M. crassatus.

STRATIGRAPHIC RANGE.—  First appears in the
upper part of Zone E7, intergrading with A.

praetopilensis. Most common in Zones E8 and E9, but
ranging as high as Zone E10.

GEOGRAPHIC DISTRIBUTION.— Cosmopolitan.

STABLE ISOTOPE PALEOBIOLOGY.— Oxygen and
carbon isotopes indicate a mixed layer, phososymbiotic
habitat (Boersma and others, 1987 [recorded as
Morozovella cf. aequa], Pearson and others, 1993 and
Pearson and others, 2001 [recorded as Morozovella

crassata]). Boron isotope data suggest a deeper habitat
than co-occurring M. crassatus (Pearson and Palmer,
1999, recorded as Morozovella crassata;
Morozovelloides crassatus recorded as Morozovella

spinulosa).

REPOSITORY.— Deposited in the Cushman Collection
at the Smithsonian Museum of Natural History,
Washington, D.C.
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Morozovelloides coronatus (Blow, 1979)

PLATE 10.2, FIGURES 1-16
(Pl. 10.2, Fig. 1: holotype of Globorotalia

(Morozovella) coronata Blow, re-illustrated)
(Pl. 10.2, Figs. 2-3: paratypes of Globorotalia

(Morozovella) coronata Blow, re-illustrated)

Globorotalia spinulosa  Cushman.—Bolli, 1957b:168, pl. 38:
figs. 6a-7c [middle Eocene Hantkenina aragonensis  Zone,
Navet Fm., Trinidad].—Saito, 1962:215, pl.  33: figs. 9a-
c [middle Eocene, Ha-Ha-Jima, Bonin Islands, Western
Pacific Ocean]. [Not Cushman, 1927.]

Globorotalia lehneri  Cushman and Jarvis.—Bolli, 1957b:169
(partim), pl. 38: figs. 9a-c, 13 [middle Eocene
Porticulasphaera beckmanni Zone, Navet Fm., Trinidad].
[Not Cushman and Jarvis, 1929.]

Globorotalia (Globorotalia) spinulosa  Cushman.—Blow,
1969:370, pl. 50, figs. 2-5 [Zone P13, Kilwa area,
Tanzania]; 4,5 [Zone P11 (not Zone P10 as stated; see
Blow, 1979: 1017), Kilwa area, Tanzania]. [Not Cushman,
1927.]

Morozovella coronata  (Blow).—Fleisher, 1974, p. 1030, pl.
15,  figs. 1, 2 [Zone P11, DSDP Site 220, Arabian Sea].
[Nomen nudum.].Pearson and others, 2004: 37, pl. 2,
figs. 10, 11 [middle Eocene, Zone P11, Tanzania Drilling
Project Site 2, Kilwa Masoka, Tanzania].

Globorotalia  (Morozovella) coronata Blow, 1979:1016, pl.
50: figs. 2-5 (refigured from Blow, 1969, pl. 50), pl. 168:
figs. 1-8 (8=holotype), pl. 229: figs. 5, 6; pl. 230: figs. 1-
6 [Zone P11, Kilwa area, Tanzania].

DESCRIPTION.
Type of wall: Muricate, normal perforate, with

concentration of muricae around periphery and on
umbilical shoulders of chambers.

Test morphology: Low trochospiral, elongate-
oval to subcircular, moderately lobulate peripheral
outline; 5-51/2 chambers in relatively evolute coil,
subtriangular, weakly inflated, increasing gradually in
size; umbilical sutures radial, straight to weakly reflexed
at junction with peripheral margin; umbilicus relatively
wide, deep and rimmed by distinct circumumbilical
“coronet” of  densely clustered/fused muricae on
circumumbilical chamber tips; primary aperture a low
arch extending nearly to the periphery and  rimmed by a
thickened margin; about 11-12 chambers in 21/2-3 whorls
(muricate overgrowth on early chambers renders
differentiation difficult); chambers vary from lens-
shaped to trapezoidal (early chambers of last whorl) to
subtriangular or subquadrate as a function of disposition

of intercameral sutures; flat to slightly concave near
peripheral margins; intercameral sutures muricate and
limbate, curved, tangential to the  periphery in early part
of last whorl, radial, straight in terminal part of last whorl,
recurved near junction with peripheral, muricocarina;
in edge view low, asymmetrically biconvex; umbilico-
convex, early whorl(s) of spiral side slightly elevated;
distinct and relatively thick marginal muricocarina

Size: Maximum diameter: 0.43 mm (Blow, 1979,
p. 1016).

DISTINGUISHING FEATURES.— This taxon is
distinguished from the closely related M. crassatus by
the distinct circumumbilical clustering of  muricae on
the circumumbilical tips of the chambers resulting in
the development of a ‘coronet’ - like ornament. The
muricocarina is usually more completely fused than in
other species of Morozovelloides.

DISCUSSION.— Originally described as coronata, the
ending has been changed to agree in gender with the
genus Morozovelloides (ICZN, Art. 31.2). Blow (1969,
p.  370) differentiated this form based on the
circumumbilical muricate ‘coronet’ and indicated it
would be described in a forthcoming paper by himself
and one of us (WAB). In fact, it was described
posthumously by Blow (1979:1016) but not before the
name had appeared 5 years earlier in a citation by
Fleisher (1974) to what was at the time Blow’s
manuscript. Article 13(a) of the ICZN Code of
Zoological Nomenclature requires every scientific name
published after 1930, in order to be available, to be
“(13.1.1) accompanied by a description or definition that
states in words characters that are purported to
differentiate the taxon, or (13.1.2) accompanied by a
bibliographic reference to such a published statement...,
or (13.1.3) proposed expressly as a new replacement
name....” Fleisher (1974) published an illustration, but
included no description of the species; hence (i) is not
satisfied (it has to be in words; an illustration is not
sufficient), and although he published a citation to Blow,
it was to a work not published, and hence (ii) is not
satisfied. Fleisher’s use of coronata was, therefore, a
nomen nudum and hence not available (see above
synonymy; information on status of coronatus provided
by R. Fleisher, pers. comm., 1998); the species is
correctly attributed to Blow (1979).

While the general morphology of crassatus and
coronatus is similar in many respects and the
stratigraphic range is comparable, we retain coronatus
for those forms distinguished by the muricate coronet, a
wider umbilicus and generally more pronouncedly
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muricate carina. To investigate the range of variability
of coronatus, we have illustrated several new specimens
from the type locality in Kilwa, Tanzania (Pl. 10.2, Figs.
4-7, 15-16). We note that coronatus displays a greater
range in the degree of umbilical vaulting (and hence the
peripheral angle as seen in edge view) than crassatus.
The typical morphology, as shown by the holotype, is a
relatively dorso-ventrally compressed form, but other,
more highly vaulted variants occur that are reminiscent
of lower Eocene Morozovella formosa. Some specimens
show a transitional morphology to Morozovelloides
lehneri (Pl. 10.2, Fig. 12).

PHYLOGENETIC RELATIONSHIPS.— This species
evolved from M. crassatus  and was ancestral to M.

lehneri.

STRATIGRAPHIC RANGE.— Zone E8-E12 (middle
Eocene; Blow, 1979).

GEOGRAPHIC DISTRIBUTION.— Apparently
characteristic of (sub)tropical Tethyan areas of the world
(Caribbean, Indo-Pacific). Citations of its occurrence are
too rare to give an accurate picture of its global
geographic distribution.

STABLE ISOTOPE PALEOBIOLOGY.— Oxygen and
carbon isotopes are similar to other Morozovelloides and
indicate a shallow water, symbiotic habitat (Wade and
others, 2001, Wade and Kroon, 2002; recorded as
Morozovella spinulosa).

REPOSITORY.—Holotype: BP Catalogue No. 63/9;
deposited in the micropaleontological collections of the
British Museum of Natural History, London.

Morozovelloides crassatus (Cushman, 1925)

PLATE 10.3, FIGURES 1-16

(Pl. 10.3, Figs. 1-3: new SEMs of lectotype of
Pulvinulina crassata Cushman)

(Pl. 10.3, Figs. 5-7: new SEMs of holotype of
Globorotalia spinulosa Cushman)

(Pl. 10.3, Fig. 16: new SEM of holotype of
Pulvinulina crassata var. densa Cushman)

Pulvinulina crassata Cushman, 1925:300, pl. 7: fig. 4
[Eocene, Moctezuma River, Mexico].

Globorotalia crassata (Cushman).—Cole, 1927:34, pl. 1: figs.
7-8 [middle Eocene Guayabal Fm., Mexico].—Howe,
1939:84, 85, pl. 12: figs. 7-9 [middle Eocene, Cook
Mountain Fm., Louisiana].—Cushman and Applin,
1943:44, pl. 8: fig. 10a-b [middle Eocene, Yegua Fm.,
Texas].—Cushman and Renz, 1946:40, pl. 8: figs. 5-6
[middle Eocene, Navet Fm., Trinidad].—Saito, 1962:214,
pl. 33: figs. 3a-4c [middle Eocene, Haha-Jima, Bonin
Islands, western Pacific Ocean].—Bandy, 1964:34, 35, fig.
1a-c (lectotype selected and illustrated) [Eocene, Mexico].

?Pulvinulina crassata Cushman var. densa Cushman, 1925,
p. 300 [lower middle Eocene, east bank Moctezuma River,
Vera Cruz, Mexico].

Globorotalia spinulosa  Cushman, 1927:114, pl. 23: figs. 4a-
c [middle Eocene “Alazan Clays” (but more likely
Guayabal Fm.; see Blow, 1979:1015), Rio Tuxpam,  Vera
Cruz, Mexico].—Howe, 1939:85, pl. 12: figs. 10-12
[middle Eocene, Cook Mountain Fm., Louisiana].—
Pessagno, 1961:356, pl. 2: figs.  11-13 [middle Eocene,
Jacaguas Group, Puerto Rico.—Aubert, 1963:61, 62, pl.
4: figs. 4a-c [middle Eocene, Jebel Si- Ameur-el-Hadi,
Basra Valley, Morocco].—Postuma, 1971:212, figs. on p.
213 [middle Eocene, Trinidad].

Pseudogloborotalia spinulosa  (Cushman).—Bermúdez
1961:1347,  pl.17: figs. 2a, b [middle Eocene, Oriente
Province, Cuba].

Morozovella spinulosa (Cushman).—Poore and Bybell,
1988:18, pl. 5: figs. 4. 5 [Turborotalia possagnoensis

Zone, Shark River Fm., ACGS  No. 4 borehole, Atlantic
County, New Jersey].—Toumarkine and Luterbacher,
1985:130, 131 (partim), figs. 30.1 (holotype refigured),
4-8 [middle Eocene Orbulinoides beckmanni Zone, Navet
Fm., Trinidad].

Plate 10.1 Morozovelloides bandyi (Fleisher, 1974)

1-3 (holotype, USNM 211466), Zone E9, DSDP 219/19/6, 51-53 cm, Arabian Sea; 4, 13 (intermediate forms from Acarinina), Zone E8,
TDP Site 2/18/1, 20-26 cm, Kilwa, Tanzania; 5,7, Zone E8, TDP Site 13/34/1, 58-60 cm, 6, Zone E8, TDP Site 13/33/2, 45-50 cm, 8, 16,
Lower Zone E11, TDP Site 13/13/1, 21-36 cm, Mkazambo, near Pande, Tanzania; 9-11, Zone E9, TDP Site 2/16/CC, 14, 15, Zone E9,
TDP Site 2/17/1, 15-25 cm, Kilwa, Tanzania; 12, Zone E10/11, DSDP 523/43/1, 123-125 cm, Walvis Ridge, eastern South Atlantic Ocean.
Scale bar: 1-16 = 100 µm.
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PLATE 10.1 Morozovelloides bandyi (Fleisher, 1974)
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 Globorotalia (Morozovella) spinulosa (Cushman).—Blow,
1979:1012-1015, pl. 182: figs. 1-3 [Zone P11, DSDP Site
21A, South Atlantic Ocean]; pl. 197: figs. 1-6 [Zone P13,
Kilwa area, Tanzania]; pl. 229: figs. 1-4; pl. 240: figs. 1-4
[Zone P14, Lindi area, Tanzania]; see also pl. 168, fig. 9
[Zone P11, Kilwa area, Tanzania].

Globorotalia hadii Aubert, 1963:62, pl. 4: figs. 1-3 [Jebel Si-
Ameur-el-Hadi, Basra Valley, Morocco].

Not Globorotalia crassata (Cushman).—Subbotina, 1953, pl.
17: figs. 7a-13c [=various species].

Not Globorotalia spinulosa  (Cushman).—Saito, 1962:215,
pl.  33: figs. 9a-c [middle Eocene, Ha-Ha-Jima, Bonin
Islands, Western Pacific Ocean] [=Morozovelloides

coronatus].

DESCRIPTION.
Type of wall: Muricate, especially around

periphery and umbilicus, often with smooth dorsal and
ventral surfaces to chambers.

Test morphology: Low trochospiral, elongate-
oval to subcircular, weakly to moderately lobulate
periphery; generally 5 (less commonly 41/2 

and rarely 6)
chambers in last whorl; chambers on umbilical side
subtriangular, weakly inflated; sutures on umbilical side
depressed, radial, straight, recurving near the periphery;
umbilicus closed or relatively narrow, deep, rimmed by
rounded, muricate shoulders of circumumbilical
confluence of chambers; primary aperture a low,
umbilical-extraumbilical slit extending to the margin;
on spiral side  approximately 10-12 chambers arranged
in 21/2-3 whorls in low trochospire; chambers increase
gradually in size, preantepenultimate and
antepenultimate chambers often of approximately same
size; last chamber variable, usually larger, but in some
instances smaller (‘kummerform’); chambers lens-
shaped to trapezoidal as a function of strength of
curvature of intercameral sutures; spiral intercameral
sutures strongly recurved and  distinctly muricate; in
edge view asymmetrically biconvex; spiral side weakly

convex, early whorl(s) slightly elevated;  umbilical side
distinctly convex, truncate.

Size: Maximum diameter of holotype: 0.30 mm;
height 0.17 mm.

DISTINGUISHING FEATURES.— An asymmetrically
low-biconvex test with closed or small, deep and narrow
umbilicus, sometimes nearly planoconvex; differs from
coronatus in lacking the strongy muricate
circumumbilical ‘coronet’ and in having a closed to
narrow umbilicus and from lehneri  in its umbilico-
convex test and thicker and more densely muricate keel
and fewer chambers in the final whorl.

DISCUSSION.— Originally described as crassata, the
ending has been changed to agree in gender with the
genus Morozovelloides (ICZN, Art. 32.1). Moro-
zovelloides crassatus and its synonym spinulosa have
been recognized many times in the literature. They have
been lumped by some authors and split by others, and
have frequently been confused with lower Eocene
morozovellids. The holotypes of both crassatus and
spinulosa are illustrated here in SEM for the first time.
Both are poorly preserved specimens with (apparently)
about 41/2 chambers in the final whorl. Both come from
the middle Eocene of Mexico. The illustration of the
lectotype of crassata selected by Bandy (1964) is highly
misleading and should not be used to form a taxonomic
judgment of this species. The taxonomic vicissitudes of
M. crassatus may be summarized as follows:

1. Cushman (1925) named Pulvinulina crassata

and Pulvinulina crassata var. densa from the middle
Eocene of Mexico. Two years later he also named
Globorotalia spinulosa from the Eocene of Mexico
(Cushman, 1927). The type series of all these species
are poorly preserved and the original illustrations are
unsatisfactory by modern standards. Nevertheless, many
authors have reported finding these species in subsequent
investigations in various parts of the world.

Plate 10.2 Morozovelloides coronatus (Blow, 1979)

1-3 (1, holotype, Blow, 1979, pl. 168, fig. 8; 2, 3, paratypes, pl. 168, figs.. 2, 5), Zone E9, sample RS.24, Kilwa Area, Tanzania; 4, Zone
E9, TDP Site 2/9/CC; 5, Zone E9, TDP Site 2/3/CC; 6, 7 (7 reillustration of pl. 2, fig. 10, Pearson and others, 2004), Zone E9, TDP Site 2/
1/2, 50-57 cm; 15, 16 (15 = wall texture view of fig. 16; 16 reillustration of pl. 2, fig. 11, Pearson and others, 2004), Zone E9, TDP Site 2/
2/1, 16-20 cm, Kilwa, Tanzania; 8, 13, Zone E13, ODP Hole 865C/4H/5, 110-112 cm; 9-11, 14, Zone E9, ODP Hole 865B/6H/6, 89-91
cm, Allison Guyot, equatorial Pacific Ocean; 12, upper Zone E10, TDP 13/16/2, 30-40 cm, Mkazambo, near Pande, Tanzania. Scale bar:
1-14, 16 = 100 µm; 15 = 20 µm.
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PLATE 10.2 Morozovelloides coronatus (Blow, 1979)
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2. Bandy (1964) erected and described a
lectotype (USNM 3026) for Pulvinulina crassata

Cushman from a syntypic series in the Cushman
collections. Unfortunately, he was apparently misled by
earlier, incorrect references to crassatus in giving the
taxon a stratigraphic range of upper Paleocene through
middle Eocene and suggesting phylogenetic affinities
intermediate between G. angulata and G. rex.

3. Blow (1969, p. 370) subsequently stated that
he had studied the types of crassatus (as lectotypified)
and spinulosa  at the USNM and found them to be
synonymous, but different from the hypotypes described
by Bolli (1957b) from Trinidad as G. spinulosa.  He drew
attention to the fact that a new taxon would subsequently
be described for G. spinulosa of Bolli (1957b) by himself
and one of us (WAB). This paper was never written;
Blow died in 1972, but the taxon coronatus  appeared in
his posthumous work (Blow, 1979) (see Morozovelloides

coronatus, this paper).
4. In his posthumously published work, Blow

(1979, p. 1012) reported that Bandy’s lectotype of
crassatus was missing from the USNM (during a visit
in 1970) and stated his opinion that the remaining
syntypes were not conspecific with Bandy’s lectotype
illustration of crassatus  (although Bandy [1964] had
stated that “most of the syntypes of Globorotalia

crassata  agree very closely with the specimen selected
and designated the lectotype herein”).  In view of the
tedious procedure of having to invoke the plenary powers
of International Commission for Zoological
Nomenclature to suppress the lectotype of Pulvinulina

crassata Cushman (inasmuch as the figures were still
available), before a neotype could be erected from the
syntypic series still remaining at the USNM,  Blow
(1979, p. 1012) recommended that  crassatus  should be
considered nomen dubium non conservandum  and the
subsequently named spinulosa should be retained since

among the specimens in the syntypic series of crassatus

there are individuals which conform to Cushman’s
subsequent description of spinulosa. These arguments
of Blow (1979) are rendered superfluous by the
subsequent rediscovery of the crassatus lectotype.

Given the poor preservation of the types of
crassatus and spinulosa (particularly the former), and
their complex taxonomic histories, we have found it
difficult to recommend clear guidelines for their
discrimination that do not merely add to the taxonomic
confusion. The most conservative solution is to follow
Banner and Blow (1960) and Berggren (1977) in
regarding crassatus as a senior synonym of spinulosa,
while at the same time acknowledging that other
solutions would be equally consistent with the known
facts given the poor and probably broken condition of
the crassatus lectotype.

Finally, mention needs to be made of Pulvinulina

crassata var. densa Cushman 1925, also from the
Moctezuma River in Mexico. This taxon has been
variously recognized as a “morozovellid” (for example,
as a more highly vaulted variant of crassatus) or an
acarininid (similar to, and perhaps synonymous with, A.

bullbrooki). Our new SEM illustrations of the holotype
suggest that the former solution is more likely to be true.
However, it is an atypical morphology for the middle
Eocene, and we do not attempt to separate highly vaulted
Morozovelloides from the more usual, biconvex
morphologies in our taxonomy, hence it is held in
questionable synonymy with crassatus.

PHYLOGENETIC RELATIONSHIPS.— Morozo-

velloides crassatus evolved from M. bandyi and gave
rise to M. coronatus.

STRATIGRAPHIC RANGE.— Zone E8-13 (middle
Eocene; see Wade (2004) for data on the last occurrence).

Plate 10.3 Morozovelloides crassatus (Cushman, 1925)

1-3 (Pulvinulina crassata Cushman, 1925, lectotype, USNM 3026), middle Eocene, Moctezuma River, Mexico; 4, 8, 12, Zone E13,
LIN99-17, Kitunda, Lindi, Tanzania; 5-7 (Globorotalia spinulosa Cushman, 1927, holotype, USNM 369304), middle Eocene, Alazan
Clay, Vera Cruz, Mexico; 9-11 (same specimen), Zone E9?, DSDP Site 384, Western North Atlantic Ocean; 13-15 (same specimen),
(Wade, 2004, pl. 1, figs. j-l) Zone E13, ODP Hole 1052F/13H/4, 53-65 cm, Blake Nose, southwestern North Atlantic Ocean; 16 (Pulvinulina

crassata densa Cushman, 1925, holotype, USNM 3027), middle Eocene, Moctezuma River, Mexico. Scale bar: 1-16 = 100 µm.
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PLATE 10.3 Morozovelloides crassatus (Cushman, 1925)
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GEOGRAPHIC DISTRIBUTION.— Widely distributed
in (sub)tropical regions of the world (see citations
above); not recorded from the North Caucasus.

STABLE ISOTOPE PALEOBIOLOGY.—Oxygen and
carbon isotopic ratios indicative of a shallow water,
photosymbiotic habitat (Boersma and others, 1987,
Pearson and others, 1993, 2001, Wade and others, 2001,
Wade and Kroon, 2002; all recorded as Morozovella

spinulosa). This interpretation is supported by the boron
isotope data of Pearson and Palmer (1999) (also recorded
as M. spinulosa).

REPOSITORY.— Lectotype, Cushman Collection
(USNM No. 369304), Smithsonian Museum of Natural
History, Washington, D.C.

Morozovelloides lehneri  (Cushman and Jarvis,

1929)

PLATE 10.4, FIGURES 1-16
(Pl. 10.4, Figs. 1-3: new SEMs of holotype of

Globorotalia lehneri Cushman and Jarvis)

Globorotalia lehneri Cushman and Jarvis, 1929:17, pl. 3: figs.
16a-c [middle Eocene, Lower marl, Trinidad].—Cushman
and Bermúdez, 1949:32, pl. 6: figs. 7-9 [San Luis Fm.,
Oriente Province, Cuba].— Bolli, 1957b:169 (partim), pl.
38: figs. 11a,b [Porticulasphaera mexicana Zone, Navet
Fm., Trindad].—Hofker, 1962:119, fig. 52a-c [middle
Eocene Zone P12, Guayabal Fm., Mexico].—Aubert,
1963:62, 63, pl. 5: figs. 1a-c [upper Lutetian, Jebel Si-
Ameur-el Hadi, Morocco].—Blow, 1969:363, pl. 50: fig.
1 [Zone P13, Zanzibar Well No. 1, Island of Zanzibar,
Tanzania].—Postuma, 1971:198, figs. on p. 199 [middle
Eocene, Dyr el Kef, Tunisia].—Samuel, 1972:193, pl. 49:
figs. 2a-c [middle Eocene Bakony Mountains, Borehole
Mo-1, Hungary].—Toumarkine, 1975:738, pl. 2: figs. 13,
14 [G. lehneri Zone, DSDP Site 313, South Atlantic].

Pseudogloborotalia lehneri (Cushman and Jarvis).—
Bermúdez, 1961:1345, pl. 16: fig. 9 (2 figs.) [middle
Eocene, Oriente Province, Cuba].

Globorotalia (Morozovella) lehneri Cushman and Jarvis.—
Blow, 1979:1002, 1003, pl. 50: fig. 1 (from Part 1, 1969;
see above); pl. 188: figs. 1-10 [Zone P12, type locality of
Guayabal Fm., Arroyo Gallo, Mexico]; pl. 251: figs. 3, 4
[Zone P12, Mafia well No. 1, Mafia Island, East Africa;
incorrectly listed as plate 197 by Blow, 1979:1003].

Morozovella lehneri (Cushman and Jarvis).—Toumarkine and
Luterbacher, 1985:131, pl. 31. 1 (holotype refigured), 31.2
(Cushman and Bermúdez, 1949, refigured), 31.3 (Bolli,
1957, pl. 38, figs. 11a,b refigured), 31.46 [M. lehneri Zone,
El Datil Fm., Punta Mosquito,  Margarita Island,
Venezuela], 31. 7-8 [M. lehneri Zone, Baluchistan,
Pakistan], 31.9-13 [M. lehneri  Zone, Guayabal Fm.,
Tampico Embayment, Mexico].

DESCRIPTION.
Type of wall: Muricate, normal perforate, with

concentrations of muricae around periphery and
umbilicus and largely smooth chamber surfaces in
between.

Test morphology: Low trochospiral, elongate-
oval, strongly lobulate, normal perforate; early chambers
muricate, later chambers essentially smooth, with
scattered muricae around umbilical region; chambers
weakly inflated, compressed; distinct  blade-like or
fimbriate peripheral muricocarina; 5-9 radially elongate,
slightly inflated subtriangular to wedge-shaped chambers
on umbilical side, flattening towards peripheral margin;
intercameral sutures weakly curved on early portion of
final whorl, essentially straight, radial and depressed on
later part; umbilicus closed to narrowly open (in older
forms), uniformly open and shallow in younger forms,
rimmed by elevated circumumbilical chamber tips;
aperture a low, umbilical-extraumbilical slit extending
to periphery; approximately  12-14 chambers arranged
in 21/2 to 3 whorls (early chambers often obscured by

Plate 10.4 Morozovelloides lehneri (Cushman and Jarvis, 1929)

1-3 (holotype, USNM CC10068), middle Eocene, Lower Marl (=Hospital Hill Marl, Navet Formation), Moruga River, Trinidad; 4, 7,
Zone E10/11, ODP Hole 865B/5H/5, 29-31 cm, 5, 6, 10-12, Zone E10/11, ODP Hole 865B/5H/4, 29-31 cm, 8, 9, Zone E10/11, ODP Hole
865B/6H/2, 89-91 cm, Allison Guyot, equatorial Pacific Ocean; 13-15, Zone E11, TDP Site 13/8/2, 22-30 cm, 16, Zone E10, TDP Site 13/
15/2, 30-40 cm, Mkazambo, near Pande, Tanzania. Scale bar: 1-16 = 100 µm.
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PLATE 10.4 Morozovelloides lehneri (Cushman and Jarvis, 1929)
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muricae); sutures depressed, straight; periphery rimmed
with a thick, blade-like to fimbriate muricocarina which,
in the younger/later part of the test exhibits a tendency
to become discontinuous; in edge view low biconvex
trochospire, ante penultimate chambers gently sloping,
raised circumumbilical tips of earlier chambers of last
whorl projecting outwards.

Size: Holotype: 0.36 mm; thickness/width: 0.15
mm (Cushman and Jarvis, 1929, p. 17).

DISTINGUISHING FEATURES.— Characterized by
its low-biconvex, very thin, and essentially smooth,
glossy test, its elongate, wedge-shaped chambers,
straight to weakly  curved, radial sutures on both the
umbilical and spiral sides, and distinct blade-like to
fimbriate peripheral muricocarina. It grades into
Morozovelloides coronatus in the lower part of its range,
where it is distinguished by the more elongate and more
numberous chambers and tendency for crowding of the
last one or two chambers.

DISCUSSION.— The holotype of Morozovelloides

lehneri is illustrated by  SEM for the first time on Pl.
10.4, Figs. 1-3. It is not a very well-preserved specimen
but it shows the key morphological features of the taxon.
With its smooth, translucent (when well preserved)
elongate-petaloid test, radially elongate chambers and
blade-like to fimbriate muricocarina, this is one of the
most distinctive of the Eocene species. We use it to typify
the new genus Morozovelloides.

Blow (1979, p. 1002) pointed to the
phylogenetic trend observed in this morphotype of a
gradual enlargement of the umbilicus and ontogenetic
disruption/discontinuity in the peripheral muricocarina
in younger/later chambers of the final whorl, which may
be of stratigraphic utility. In our investigation of well-
preserved populations from Tanzania, we have observed
a recurrent morphotype with chevron-pointed chamber
ends (see Plate 10.4, Fig. 15) but it is unclear whether
this variety is of stratigraphic utility.

PHYLOGENETIC RELATIONSHIPS.— This
morphotype evolved from Morozovelloides coronatus

in the early middle Eocene by radial elongation of the
chambers, further compression of the test and
development of a thickened, blade-like and/or fimbriate
muricocarina.

STRATIGRAPHIC RANGE.— Uppermost Zone E8-
E12.

GEOGRAPHIC DISTRIBUUTION.— Cosmopolitan in
the tropics and subtropics.

STABLE ISOTOPE PALEOBIOLOGY.— Morozo-

velloides lehneri has consistent oxygen and carbon
isotopic ratios indicative of a shallow mixed layer habitat
(Boersma and others, 1987; Pearson and others, 2001).

REPOSITORY.— Holotype, Cushman Collection (CC
10068), Smithsonian Museum of Natural History,
Washington, D.C.
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