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ABSTRACT

The taxonomy, phylogeny and biostratigraphy of
Eocene microperforate taxa classified under
Jenkinsina, Cassigerinelloita, Chiloguembelina,
Zeauvigerina, Tenuitella, and Cassigerinella is
presented. A total of 20 microperforate species are
recognized in Eocene planktonic foraminifer
assemblages, namely: Jenkinsina columbiana (Howe),
Jenkinsina triseriata (Terquem), Cassigerinelloita
amekiensis Stolk, Chiloguembelina crinita (Glaessner),
Chiloguembelina cubensis (Palmer), Chiloguembelina
ototara (Finlay), Chiloguembelina parallela
Beckmann, Chiloguembelina trinitatensis (Cushman
and Renz), Chiloguembelina wilcoxensis (Cushman
and Ponton), Streptochilus martini (Pijpers),
Zeauvigerina aegyptiaca Said and Kenawy,
Zeauvigerina lodoensis Martin, Zeauvigerina parri
Finlay, Zeauvigerina zelandica Finlay, Tenuitella
gemma (Jenkins), Tenuitella insolita (Jenkins),
Tenuitella patefacta Li, Tenuitella praegemma Li,
Cassigerinella chipolensis (Cushman and Ponton), and
Cassigerinella eocaenica Cordey.

Two species are placed in Problematica
pending clarification of their taxonomic position.
These are Dipsidripella danvillensis (Howe and
Wallace) and Dipsidripella liqianyui Huber and
Pearson n. sp. Oxygen isotope signatures of D.
danvillensis are more similar to co-occurring benthic
species than to planktonic species, and carbon
isotope ratios are significantly more negative than
co-occurring benthic and planktonic species.
Identification of a monolamellar wall microstructure
in D. danvillensis indicates that this species is
unrelated to the Globigerinaceae or Heterohelicacea, and its restricted occurrence in neritic
biofacies suggests that it lived part or most of its life
below the thermocline. The wall microstructure and
habitat preference of D. liqianyui n.sp. cannot be
determined because of the inadequate preservation
and limited distribution of specimens studied thus
far. Observation of a monolamellar wall structure
in J. columbiana, T. praegemma, T. gemma, and T.
insolita indicates that the Eocene microperforate
species may share a common ancestor.
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INTRODUCTION
Microperforate planktonic foraminifera are
characterized by having a non-spinose, smooth to
pustulose wall with shell pore sizes that are less than 1
µm in diameter (Fleisher, 1974; Li, 1987; Brummer,
1988). Because of their small size (typically 100-150
µm) they have been largely overlooked in taxonomic
and biostratigraphic studies, as similar forms are often
lumped with the most commonly recognized species,
identified as juvenile forms, or cited as indeterminate
species. As a result, the biostratigraphic potential of
microperforate species has largely been unrealized, and
their phylogenetic history has been difficult to
reconstruct.
Use of the SEM has enabled discrimination of
shell microstructure and morphologic features that were
indiscernible when most Eocene planktonic foraminifera
were first described. In addition to enabling distinction
of microperforate from normal perforate shells, the SEM
has revealed differences in wall texture, such as the
presence vs. absence of pore mounds in the triserially
coiled genera Guembelitria and Jenkinsina (see Jenkins
and others, 1998), presence of costellae vs. randomly
situated pustules in biserial chiloguembelitrids such as
Chiloguembelina cubensis (Palmer) and C. ototara
(Finlay), and complex patterns of chamber coiling in
species of Cassigerinelloita and Cassigerinella (Li and
Radford, 1991, 1992; Li and McGowran, 1996). Use of
x-ray images to reveal chamber outlines throughout the
shell ontogeny has also provided new criteria for
establishing species and genus level differences among
serially and planispirally coiled microperforate taxa (e.g.,
Huber and Boersma, 1994).
Despite the detailed taxonomic studies that have
been completed for several important microperforate
groups, significant gaps in the understanding of their
phylogenetic history persist. This largely results from
incomplete documentation of their stratigraphic
distribution as a result of diagenesis, patchy
biogeographic occurrences, limited familiarity with the
taxonomy of microperforate species, and intervals where
maximum microperforate test size falls below what is
normally studied by most foraminifer paleontologists
(i.e., the <125 µm fraction). Another factor that
complicates phylogenetic reconstruction of the
microperforates is the likelihood, based on
morphological criteria, biofacies distributions, and stable
isotope evidence, that microperforate species originated
462

from one or more different benthic or neritoplanktonic
ancestors (Brinkhuis and Zachariasse, 1987; Li and
Radford, 1991; Liu and Olsson, 1992; D’Hondt and
Zachos, 1993). Molecular evidence of a close
relationship between the modern microperforate species
Globigerinita glutinata and the benthic orders Rotaliida
and Textulariida provides further evidence for
polyphyletic origins of microperforate species (de Vargas
and others, 1997).
The present study is an effort to update the
taxonomy and biostratigraphy of Eocene microperforate
species and some finely perforate species that are here
included (because of their uncertain taxonomic status)
in Problematica. The stratigraphic ranges of the species
discussed in the present study are shown in Figure 16.1
relative to the Berggren and others (1995) time scale
and the revised tropical-subtropical zonal scheme of
Berggren and Pearson (2005) and the Antarctic
Paleogene biozonation of Huber and Quillévéré (2005).
Phylogenetic relationships of the microperforate and
Problematica species are illustrated in Figure 16.2. These
are based on the shell wall microstructure and similarities
in test morphological features as well as overlap or
proximity of the species stratigraphic ranges. Depth
ecology interpretations are inferred from the limited
amount of stable isotope and stratigraphic data that are
available from the literature and from new data obtained
during this study (Fig. 16.3, Table 16.1). While a number
of questions regarding the stratigraphic ranges,
phylogenetic origins, biogeographic distribution, and
depth ecology of the Eocene microperforate and
Problematica species must await further study, it is hoped
that the present overview will encourage broader
recognition of the biostratigraphic value of this
underutilized taxonomic group, and spur further studies
of their biostratigraphic and phylogenetic origins.
STABLE ISOTOPE ANALYSES
Upper Eocene (Zones E15-E16) clay-rich
siltstone samples from the Atlantic City and Cape May
boreholes of ODP Leg 150X on the New Jersey Coastal
Plain (see Liu and others, 1997) were obtained to
compare the oxygen and carbon isotopic composition
of microperforate foraminifer species with co-occurring
planktonic and benthic species. The core samples were
disaggregated in tap water, washed over a 63 µm sieve,
o
and dried at 50 C. Carbon and oxygen stable isotope
measurements were made on picked monospecific
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FIGURE 16.1. Stratigraphic ranges of Eocene microperforate and Problematica species discussed in this study. Solid lines represent
cosmopolitan ranges; long dashed lines represent uncertainty regarding the uppermost stratigraphic range; and broken lines for
Cassigerinelloita amekiensis represent diachronous ranges between low and high Austral latitudes (see text for explanation).
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FIGURE 16.2. Inferred phylogenetic relationships of Eocene microperforate and Problematica species discussed in this study. See caption
for Fig. 16.1 for explanation of different line patterns. Question marks represent uncertain phylogenetic ancestry.
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Genus Jenkinsina Haynes, 1981
TYPE SPECIES. Guembelitria stavensis Bandy,
1949:124, pl. 24: fig. 5.
Jenkinsina Haynes, 1981:313.

.
DESCRIPTION.
Wall microperforate, monolamellar, smooth to
finely pustulose, and lacking pore mounds; test high
trochospiral, triserial throughout, chambers globular and
inflated; aperture a small arch at the base of final
chamber, rimmed by a distinct lip.

Table 16.1. Oxygen and carbon isotope data for foraminifera from
ODP Leg 150X boreholes drilled at the Atlantic City and Cape May
drill sites on the New Jersey Costal Plain. Cibicidoides spp. are
benthic species and all others are planktonic species. The
biostratigraphy of the Leg 150X cores is adapted from Liu and others
(1997).

separates of the normal perforate planktonic species
Turborotalia cerroazulensis, T. ampliapertura, T.
pomeroli, and Subbotina spp., the microperforate species
Tenuitella insolita, T. praegemma, and Dipsidripella
danvillensis, and mixed benthic species of Cibicidoides
spp. All samples exhibited “glassy” shell preservation,
showing no evidence of shell recrystallization or
secondary calcite precipitation. Between 5 and 130
specimens were measured for each analysis, depending
on shell size and thickness, to obtain a minimum sample
mass of 50 µg. The analyses were carried out by Dr.
Paul A. Wilson at the stable isotope laboratory at the
University of Southampton using a Europa Geo 20-20
mass spectrometer. Analytical precision of the
measurements is ±0.03‰ for carbon and ±0.07‰ for
oxygen. Data presented in Table 16.1 are reported in per
mil notation relative to the Vienna Pee Dee Belemnite
(VPDB) isotope standard.
SYTEMATIC TAXONOMY
Family GUEMBELITRIIDAE Montanaro
Gallitelli, 1957

DISCUSSION.
Haynes (1981) distinguished
Jenkinsina from Guembelitria based on the absence of
pore mounds. In a study of Paleogene triserial planktonic
foraminifera, Jenkins and others (1998) supported this
distinction with SEM images of well-preserved
specimens of both genera. Although Loeblich and
Tappan (1988) considered Jenkinsina to be a junior
synonym of Chiloguembelitria Hofker (1978) based on
SEM observation of topotypes of the type species of
both genera (the primary type specimens have been lost),
further SEM study of topotype material led Jenkins and
others (1998) to conclude that the type species of
Chiloguembelitria, C. danica Hofker (1978), does have
pore mounds and therefore is not synonymous.
SEM observation of the shell microstructure of
a well preserved specimen of Jenkinsina columbiana (Pl.
16.1, Figs. 10-11) reveals that it has a monolamellar wall.
This seems to be a consistent feature of the
microperforates, as it has been observed in Guembelitria
cretacea and several species of Tenuitella.
PHYLOGENETIC RELATIONSHIPS. Jenkins and
others (1998) noted that there is no direct phylogenetic
connection between Danian species of Guembelitria and
early Eocene species of Jenkinsina, and postulated
instead that Jenkinsina may have evolved from the
biserial genus Chiloguembelina during the early Eocene.
This assertion needs to be verified, as forms bearing an
intermediate morphology between Chiloguembelina and
Jenkinsina have not been observed. While there is still a
considerable stratigraphic gap between the highest
occurrence of Guembelitria (Zone P1) and the first
occurrence of Jenkinsina (Zone E2), this gap was thought
to be considerably larger in Jenkins’s study, which
predates discovery of J. columbiana in lowermost
465
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Eocene sediments in Egypt and New Jersey (R. Olsson,
pers. observ.). Examination of the fine fraction from
Paleocene sediments may lead to further narrowing of
this stratigraphic gap and would suggest a direct
phylogenetic linkage between Jenkinsina and
Guembelitria. Absence of Jenkinsina from strata
separating the HO of J. columbiana in upper Zone E12
from the LO of J. samwelli in upper Zone E16 suggests
that samwelli may have evolved independently from a
different ancestor. Further investigation of middle-upper
Eocene sediments is required to determine the phylogeny
of this group.
SEM observation of the shell microstructure of
a well preserved specimen of Jenkinsina columbiana
reveals that it has a monolamellar wall (Pl. 16.1, Figs.
10-11). This may be a consistent feature of the
microperforates, as it has now been observed in
Guembelitria cretacea and several species of Tenuitella
(see below).
STRATIGRAPHIC RANGE. Lower Eocene-lower
Oligocene Zones E2 to lower Zone O5.
GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

Jenkinsina columbiana (Howe, 1939)
PLATE 16.1, FIGURES 5-12
Guembelitria columbiana Howe, 1939:6, pl. 8: figs. 12, 13
[middle Eocene, Cook Mountain Fm., Louisiana].
Guembelitria columbiana Howe. Beckmann, 1957:92, pl.
21: fig. 16 [Eocene, Navet Fm., Trinidad].
Jenkinsina columbiana Howe. Jenkins and others, 1998:67,
pl. 3: figs. 1-5 [middle Eocene, Selsey, England; middle
Eocene, Peyreblanque, Biarritz, S.W. France].

DESCRIPTION.
Type of wall: Microperforate, monolamellar,
finely pustulose to smooth, lacking pore mounds.

Test morphology: Test small, side view nearly
o
pyramidal with a high apical angle (~60 ), periphery
lobulate; chambers triserial, about nine chambers
forming the adult test in about three whorls, increasing
rapidly in size; inflated, spherical; sutures depressed,
three chambers increasing moderately in size surround
a moderately deep umbilicus; aperture a low, semicircular arch at the base of the final chamber, bordered
by a thin lip.
Size: Holotype: Length 0.15 mm, breadth 0.12
mm.
DISTINGUISHING FEATURES.
Jenkinsina
columbiana differs from J. triseriata by (1) its smaller
size; (2) having three rather than five chamber whorls;
and (3) its higher apical angle.
DISCUSSION. Several authors (e.g., Kroon and
Nederbragt, 1990; Li and Radford, 1992) regard this
species and the more elongate form J. triseriata
(=Guembelitria stavensis Bandy) as synonymous.
However, Jenkins and others (1998) considered J.
columbiana as a distinct form that evolved from J.
triseriata, based primarily on observation of the type
specimens and previously illustrated hypotypes. We
follow the recommendation of Jenkins and others (1998)
but note that a more thorough comparative biogeographic
and biostratigraphic study of these taxa is warranted.
The oldest specimens included in this study,
from Zone E2 (Pl. 16.1, Figs. 7, 8), have a smoother test
than specimens from Zone E4 and higher (e.g., Pl. 16.1,
Figs. 10, 11), but none of the observed specimens has
pore mounds, as is found in Guembelitria cretacea from
the lowermost Paleocene.
PHYLOGENETIC RELATIONSHIPS. Uncertain. As
noted above, there is a considerable stratigraphic gap
between the last occurrence of microperforate triserial
guembelitriids in the Danian and the first occurrence of

Plate 16.1, 1-4, Jenkinsina triseriata (Terquem, 1882); 5-12, Jenkinsina columbiana (Howe, 1939); 13-15, Chiloguembelina
wilcoxensis (Cushman and Ponton, 1932); 16, 17, Chiloguembelina crinita (Glaessner, 1937)
Jenkinsina triseriata 1-4, middle Eocene, Cook Mountain Fm, Smith Collection, Department of Geological Sciences, Rutgers University.
Jenkinsina columbiana 5, Zone P6b, Point Pleasant Well, New Jersey, 396 ft; 6, 9, Zone P12, Guayabal Fm, type locality, Tampico,
Mexico; 7, 8, lower Eocene, Zone E2, Dababiya Core, Egypt; 10-11, middle Eocene, Island Beach Borehole, New Jersey, ODP 150X,
772.0 ft. Chiloguembelina wilcoxensis 13, 14, Zone E4, ODP Hole 865B/11H/3, 52-59 cm, Allison Guyot, central equatorial Pacific
Ocean; 15, lower Eocene, Zone E2, TDP7A/64/1, 50-65 cm, Kilwa Kivinje, Tanzania. Chiloguembelina crinita 16, Zone P5/E2, Bass
River Borehole, New Jersey, ODP 174AX, 1150.0-.1 ft; 17, middle Eocene, Zone E8/9, TDP13/33/2, 45-50 cm. Zone E8/9. Mkazambo,
Tanznania. Scale bar: 13-15 = 100 µm; 1-3, 5-7, 10, 16-17 = 40 µm; 9 = 20 µm; 4, 8, 11 = 10 µm; 12 = 1 µm.
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PLATE 16.1 Jenkinsina triseriata (Terquem, 1882), Jenkinsina columbiana (Howe, 1939), Chiloguembelina wilcoxensis (Cushman and
Ponton, 1932), Chiloguembelina crinita (Glaessner, 1937)
467
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PLATE 16.2 Chiloguembelina trinitatensis (Cushman and Renz, 1942), Cassigerinelloita amekiensis Stolk, 1965
468
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J. columbiana in the early Eocene. Careful study of the
fine fraction from middle and upper Paleocene sediments
may reveal the missing phylogenetic link between these
triserial microperforate taxa. Alternatively, absence of
pore mounds in J. columbiana may suggest derivation
from a chiloguembelinid ancestor during the earliest
E
o
c
e
n
e
.
STRATIGRAPHIC RANGE.
Lower to middle
Eocene; Zone E2 through E12. Jenkinsina columbiana
has been identified within Zone E2 in the New Jersey
Coastal Plain and in the Dababiya core drilled at the
type section for the base of the Eocene 35 km south of
Luxor, Egypt (R .K. Olsson and W. A. Berggren, pers.
comm.). The stratigraphic range of J. columbiana needs
further documentation as it has often been overlooked
in biostratigraphic studies and it has been confused with
other triserial taxa.
GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

STABLE ISOTOPE PALEOBIOLOGY.
available.

No data are

REPOSITORY. Holotype deposited at the Louisiana
State University Museum, Louisiana, slide no. 101.
Jenkinsina triseriata (Terquem, 1882)
PLATE 16.1, FIGURES 1-4
Textularia triseriata Terquem, 1882:145, pl. 15: fig. 10 [earlymiddle Eocene, Liancourt St. Pierre (Oise), Paris Basin,
France].
Jenkinsina triseriata (Terquem). Jenkins and others,
1998:66, pl. 2: figs. 1-5, 8-10 [lower Eocene, Wittering
Fm., Selsey, S. England].

Guembelitria triseriata (Terquem).—Li and Radford,
1992:598, pl. 2: figs. 10-11 [middle Eocene, ODP Site
749, Kerguelen Plateau, southern Indian Ocean].
Guembelina stavensis Bandy, 1949:124, pl. 24: fig.5 [middle
Eocene, Little Stave Creek, Clairborne Group, Tallahatta
Fm., Jackson, Alabama].
Guembelina oveyi Ansary, 1955:79, pl. 2: fig. 31 [upper
Eocene, Scarp Limestone, Wadi Tayiba, Egypt].
Chiloguembelitria sp.? Stott and Kennett, 1990:559, pl. 5:
fig. 9 [middle Eocene, ODP Site 689, Maud Rise,
Antarctica].
Guembelitria columbiana Howe. Huber, 1991:440, pl. 10:
fig. 1 [middle Eocene, ODP Site 738, Kerguelen Plateau,
southern Indian Ocean].

DESCRIPTION.
Type of wall: Microperforate, monolamellar,
finely pustulose, lacking pore mounds.
Test morphology: Test small, elongate with a low
o
apical angle (~35 ); sutures depressed, periphery
lobulate; chambers triserial, inflated, spherical,
increasing slowly in size, may be arranged in parallel
rows or with a slight twist, 13-15 chambers forming the
test in about five whorls, umbilicus shallow; aperture a
semi-circular or low, interiomarginal arch open to the
umbilicus and extending part to half-way up the final
chamber face, bordered by a distinct lip.
Size: Maximum length, 0.16 mm, maximum
breadth 0.10 mm.
DISTINGUISHING FEATURES.
Jenkinsina
triseriata differs from Jenkinsina columbiana (Howe)
by (1) its larger size; (2) having five rather than three or
four chamber whorls; and (3) its lower apical angle. It is
similar to Jenkinsina samwelli except for having (1) a
larger, more highly arched aperture; (2) a thicker
apertural lip; and (3) a greater twist to the coiling axis.

Plate 16.2, 1-5, Chiloguembelina trinitatensis (Cushman and Renz, 1942); 6-17, Cassigerinelloita amekiensis Stolk, 1965
Chiloguembelina trinitatensis 1-5, Zone P5/E2, Bass River Borehole, New Jersey, ODP 174AX, 1150.0-1160.1 ft. Cassigerinelloita
amekiensis 6, 7, lower Eocene, ODP Hole 738B, 196.93 mbsf, Kerguelen Plateau, southern Indian Ocean; 8, 11, 12, 14, 16, 17, Zone E8/
9, TDP13/34/1, 58-60 cm, Mkazambo, Tanzania; 9, 10, 13, 15, Zone E8/9, TDP13/33/2, 45-50 cm, Mkazambo, Tanzania. Scale bar: 15 = 100 µm; 6-16 = 20 µm; 17 = 10 µm.
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DISCUSSION. During a visit to study the Terquem
collection at the Musée National d’Histoire Naturelle in
Paris, Jenkins (in Jenkins and others, 1998) determined
that the figured syntype of J. triseriata is a specimen
with the last several chambers broken off, but he could
not find any other specimens of triseriata in remaining
sediments from the now inaccessible type locality at
Vaudancourt (Oise). A sequence at Liancourt St. Pierre
(Oise) that is 11 km west of the type locality, but at the
same stratigraphic level, yielded an abundant population
of J. triseriata from which Jenkins and others (1998)
selected a neotype. SEM observations of the neotype
and other specimens from Liancourt revealed an absence
of pore mounds, which provided the basis for transfer
of triseriata from Guembelina into Jenkinsina (Jenkins
and others, 1998).
Jenkins and others (1998) agreed with Le
Calvez (1970) that Guembelina stavensis Bandy (1949)
should be considered a junior synonym of J. triseriata.
These authors also placed G. oveyi Ansary (1955) in
synonymy under J. triseriata.
PHYLOGENETIC RELATIONSHIPS. Evolved from
J. columbiana during the early Eocene.
STRATIGRAPHIC RANGE. Upper lower to middle
middle Eocene; ~Zone E7 through E10. Because of its
small size and taxonomic confusion with other triserial
taxa, the lower latitude stratigraphic range of J. triseriata
has been poorly documented. At high latitudes J.
triseriata first occurs together with Cassigerinelloita
amekiensis at the base of Zone AE4 (Huber and
Quillévéré, 2005) and it last occurs in upper Zone AE7
(Huber, 1991; Li and others, 1992).
GEOGRAPHIC DISTRIBUTION. Cosmopolitan (for
locations see Li and Radford, 1991). McGowran and
Beecroft (1985) suggested that J. triseriata was a coolwater indicator based on its appearance at the same time
as larger, thermophilic benthic foraminifera disappeared
from the southern Australia margin (early middle
Eocene). Li and Radford (1992) suggested that this
species is an indicator of upwelling.
STABLE ISOTOPE PALEOBIOLOGY.
available.
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No data are

REPOSITORY. Neotype (no. PF 52918) collected
from Liancourt St. Pierre (Oise), Paris Basin, France and
deposited at the British Museum of Natural History,
London.
Genus Cassigerinelloita Stolk, 1965, emended Li
and Radford, 1992
TYPE SPECIES. Cassigerinelloita amekiensis Stolk,
1965:265-266, pl. 1: fig. 1, pl. 2: figs. 1-4, pl. 3: figs. 13.
Cassigerinelloita Stolk, 1965:264.
Cassigerinelloita Stolk, 1965, emended by Li and Radford,
1992:599.

DESCRIPTION.
Wall microperforate and pustulose; test small
(~0.07-0.12 mm), globular, lacking a true umbilicus or
distinct periphery; chambers added in a series of triserial,
trochospiral coils that are offset following a change or
reversal in chamber growth direction that occurs twice
to three times during ontogeny; aperture a low,
interiomarginal, often indistinct arch, with or without a
thin bordering lip, situated on the suture separating the
last two chambers and near the early chambers of the
outer whorl; occasionally up to three nontriserial
chambers formed terminally, each with sutural apertures.
DISCUSSION. Cassigerinelloita was described by
Stolk (1965) as belonging to the Cassigerinellidae,
despite the fact that the chamber arrangement is not
biserial. Loeblich and Tappan (1988) tentatively placed
Cassigerinelloita in the Catapsydracidae because of a
“microcancellate” wall and presence of bullae.
Placement in the Family Guembelitriidae was suggested
by Li and Radford (1992) based on the presence of a
microperforate, pustulate wall, strongly inflated
chambers, and the peculiar triserial coiling mode.
PHYLOGENETIC RELATIONSHIPS.
Li and
Radford (1992) suggested that Jenkinsina triseriata is
directly ancestral to C. amekiensis based on similarity
of wall texture and stratigraphic overlap of the two
species.
STRATIGRAPHIC RANGE. Upper lower – lower
middle Eocene; lower Zone E7 - upper Zone E9 at low
latitudes. First occurs at the base of Zone AE4 at high
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southern latitudes, which may be slightly earlier than at
low latitudes, though the lower range in tropicalsubtropical regions is not well documented.
GEOGRAPHIC DISTRIBUTION. Predominantly
found at southern high latitudes; infrequently reported
at low and middle latitudes, including Nigeria (the type
locality).
Cassigerinelloita amekiensis Stolk, 1965
PLATE 16.2, FIGURES 6-17
Cassigerinelloita amekiensis Stolk, 1965:264, pl. 1-3 [lower
middle Eocene, Bende Ameki Group, Nigeria]. Nocchi
and others, 1991:267, pl. 4: figs. 1-2 [lower middle Eocene
Zone P10-11, ODP Hole 703A, mid-Atlantic Ridge,
southern South Atlantic Ocean,]. Huber, 1991:439, pl.
7: fig. 11 [lower middle Eocene, ODP Site 738, Kerguelen
Plateau, southern Indian Ocean]. Li and Radford,
1992:595-599, pl. 1: figs. 1-13, pl. 2: figs.1-9 [lower
middle Eocene, ODP Site 749, Kerguelen Plateau,
southern Indian Ocean].
Globigerina sp. B, Stott and Kennett, 1990:559, pl. 5: figs.114 [lower-middle Eocene, ODP Site 689, Maud Rise,
Antarctica].

DESCRIPTION.
Type of wall: Microperforate, with micropores
ranging from 0.005 to 0.01 mm diameter, finely to
moderately pustulose, pustules on final one to two
chambers, wall thicker on earlier chambers than
penultimate and ultimate chambers.
Test morphology: Test small, polygonal,
subspherical, lacking a true umbilicus; chambers
arranged in a series of very low triserial whorls that are
coiled so that the test has two distinct coiling axes,
increasing rapidly in size, 6-8 chambers visible on the
outside coils, 8-10 comprising adult tests; sutures
moderately depressed; primary aperture visible in most
but not all specimens, interiomarginal, semicircular or
low-arched, with or without a thin lip, generally located
across the suture between the penultimate and
antepenultimate chambers; supplementary apertures may
be present on the opposite side of the chamber with the
primary aperture or on earlier chambers.
Size: Holotype, maximum diameter 0.13 mm;
general size range 0.07-0.14 mm.

DISTINGUISHING FEATURES. Characterized by
small, subglobular test with a rotating triserial axis of
coiling, indistinguishable umbilicus and often
indistinguishable primary aperture.
DISCUSSION. This distinctive form has often been
overlooked in biostratigraphic studies because of its
small test size. Its relatively short stratigraphic range in
the lower middle Eocene makes it a valuable biomarker,
particularly for correlation of southern high latitude sites,
where it occurs abundantly.
PHYLOGENETIC RELATIONSHIPS. On the basis
of similarity in wall texture, coiling, and the
interiomarginal aperture as well as stratigraphic overlap,
Li and Radford (1992) suggested that C. amekiensis
probably descended from Jenkinsina triseriata following
a change from unidirectional triserial coiling to an offset,
rotating triserial coiling.
STRATIGRAPHIC RANGE. Upper lower - lower
Eocene; Zone E7 to Zone E9 at lower latitudes, nominate
taxon for the Cassigerinelloita amekiensis Taxon Range
Zone (AE4) at southern high latitudes. First recorded in
the uppermost(?) lower Eocene to middle Eocene in the
Bende Ameki Group in eastern Nigeria (Stolk, 1965),
and found to range into upper Zone E9 in southeastern
Tanzania, Tanzania Drilling Projet, Site 13, with its
highest occurrence observed just below the highest
occurrence of Morozovella aragonensis (P. N. Pearson,
unpublished data). At most southern high latitude sites,
the HO of C. amekiensis is recorded at the same level as
or just above the FO of Guembelitria triseriata (Nocchi
and others, 1991; Li and Radford, 1992). Although Huber
(1991) reported the reverse to apply at Site 738, reexamination of samples from that site revealed that the
HO of J. triseriata is at the same level as the LO of C.
amekiensis (Huber and Quillévéré, 2005). Its range is
diachronous between low and high latitudes, its first
occurrence is slightly earlier at southern high latitudes,
whereas its last occurrence is later at low latitudes.
GEOGRAPHIC DISTRIBUTION. Li and Radford
(1992) suggest C. amekiensis preferred inhabiting cool,
unstable environments, such as zones of upwelling and
southern high latitude surface waters. Its limited
occurrence at low latitudes (e.g., Nigeria and Tanzania)
may be a consequence of its preference for shelf
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environments or an artifact of having been overlooked
because of its small test size.
STABLE ISOTOPE PALEOBIOLOGY.
available.
REPOSITORY.
Senegal.

No data

Musée Géologique Africain, Dakar,

PHYLOGENETIC RELATIONSHIPS. Descended
from Woodringina by loss of the initial triserial coiling
(Olsson and others, 1999).
STRATIGRAPHIC RANGE. Lower Danian through
middle Oligocene (Zones Pα -O4).
GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

Family CHILOGUEMBELINIDAE Reiss, 1963

Chiloguembelina crinita (Glaessner, 1937)

Genus Chiloguembelina Loeblich and Tappan, 1956

PLATE 16.1, FIGURE 16, 17

TYPE SPECIES.
Cushman, 1940.

Guembelina midwayensis

Chiloguembelina Loeblich and Tappan, 1956:340.
Chiloguemblinella El-Naggar, 1971:449; type species:
Chiloguembelina subtriangularis Beckmann,
1957:91.

DESCRIPTION.
Wall bilamellar, generally microperforate,
though low latitude forms may have larger pores; wall
texture smooth, finely to moderately pustulose, or finely
striate; test subtriangular in outline, biserial throughout
or rarely with multiserial final chambers, initial chambers
sometimes slightly twisting; chambers slightly to
moderately inflated, increasing slowly to moderately in
size; aperture a simple arched opening at base of the
final chamber, symmetrically or asymmetrically centered
on chamber face, with an inturned, narrow bordering
rim on one margin and a broad collar or flange that is
directed toward one of the flat sides of the test, lacking
an infolded margin or internal plate. Multiple apertures
rarely occur on specimens assigned to this genus.
DISCUSSION. Differs from Heterohelix Ehrenberg
(1843) and Laeviheterohelix Nederbragt (1991) by the
presence of an asymmetric infolding of the apertural
collar; differs from Streptochilus Brönnimann and Resig
(1971) by having a narrower and more equal thickness
of the apertural collar, lacking an internal plate
connecting successive foramina of all chambers, and by
having a surface texture that is pustulose or striate rather
than smooth to granular. Pore mounds are not present
on any species of Chiloguembelina.
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Guembelina crinita Glaessner, 1937:383, pl. 4: fig. 34a, b
[Paleocene, Erdöveld, Ilskaja, northwest Caucasus,
Russia].
Chiloguembelina crinita (Glaessner). Beckmann, 1957:89,
pl. 21: fig. 4; text-figs. 14, 1-4 [upper Paleocene G.
pseudomenardii and G. velascoensis zones (Zones P4 and
P5), lower Lizard Springs Fm., Trinidad]. Loeblich and
Tappan, 1957:178, pl. 49: fig. 1: pl. 51: figs. 1a-3, pl. 56:
figs. 1a-b, pl. 60: fig. 6, pl. 62: fig. 1 [upper Paleocene,
Vincentown Fm., New Jersey, Nanafalia Fm., Alabama,
Aquia Fm., Maryland, Hornerstown Fm., New Jersey,
U.S.A., Velasco Fm., Mexico]. Olsson and others,
1999:90, pl. 69: figs. 1-8 [upper Paleocene Zone P4,
Glendola Well, New Jersey].
?Chiloguembelina midwayensis subcylindrica Beckmann,
1957:92, pl. 21: figs. 2, 3; text-fig. 14 [Globorotalia rex
and Globorotalia formosa Zones, Lizard Springs Fm.,
Trinidad].

DESCRIPTION.
See Olsson and others (1999) for a more
complete description and discussion of this species.
DISTINGUISHING FEATURES. Distinguished by
having a more rapidly flaring test outline and more
inflated chambers than other chiloguembelinid species.
The aperture is asymmetrically positioned on the
chamber face and the bordering aperture lip increases
in width as it extends toward the lateral chamber margin
(see Olsson and others, 1999, for additional information).
STRATIGRAPHIC RANGE.
Upper Paleocene
through middle Eocene (Zones P4-E9) based on study
of samples from DSDP Site 390A on Blake Nose (Huber,
pers. observ.). Specimens of C. crinita have been rarely
reported from upper lower and lower middle Eocene
sediments probably because of its small size and
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taxonomic confusion with other chiloguembelinid
species.
Chiloguembelina cubensis (Palmer, 1934)
PLATE 16.3, FIGURES 23-24
Guembelina cubensis Palmer, 1934:74, figs. 1-6 [lower
Oligocene, Palmer Station well 1163, Santa Clara
Province, Cuba].
Chiloguembelina cubensis (Palmer). Beckmann, 1957:89,
pl. 21: fig. 21, text-fig. 14 (5-8) [lower Oligocene, Cipero
Fm., San Fernando, Trinidad]. Hornibrook, 1990:368,
pl. 1: figs. 1-11 [lower and upper Oligocene, Cuba,
Chatham Rise, Chatham Island, and New
Zealand]. Resig, 1993:241, pl. 1: figs. 1-8, 10, 13, 17
[uppermost Eocene-lower Oligocene Zones P17-P21a,
ODP Site 807, Ontong Java Plateau, western Pacific
Ocean].
Streptochilus cubensis (Palmer). Poore and Gosnell, 1985:5,
pl. 2: figs. 1-13 [lower Oligocene, DSDP Site 366A, central
Atlantic Ocean; Eltanin Core E-67-128, Gulf of Mexico].
?Chiloguembelina garretti Howe, 1939:61, pl. 8: fig. 14
[Eocene Cook Mountain Fm., Subinne River, Louisana].
?Chiloguembelina barnardi Ansary, 1955:77, pl. 2: fig. 26
[upper Eocene, Wadi Weseiyit, Egypt].

DESCRIPTION.
Type of wall: Microperforate, surface texture
finely pustulose on youngest chambers, later becoming
faintly but distinctly costate in rows / striae aligned with
the long axis of the test.
Test morphology: Test biserial, elongate,
subtriangular in outline, moderately expanding,
periphery rounded rather than compressed; chambers
increasing moderately in size, up to 15 in adult
specimens; sutures depressed, perpendicular to slightly
oblique to growth axis; aperture a low, moderately
narrow to broad symmetrical arch centered or slightly
off-center from the base of the final chamber, bordered
on one side by a narrow collar that thickens away from
its attachment point on the chamber face.
Size: Length 0.18-0.25 mm, breadth 0.10 –0.15
mm.
DISTINGUISHING FEATURES. Distinguished from
Chiloguembelina ototara by presence of fine,
discontinuous to continuous costae that are aligned
parallel to the elongate axis of the test.

DISCUSSION.
The type descriptions of both
Guembelina garretti Howe and Guembelina barnardi
Ansary refer to longitudinal striations on the test, hence
both are probably referable to this taxon pending further
study. Poore and Gosnell (1985) placed C. cubensis in
Streptochilus based on observation of an internal plate
connecting the foramina of all but the final two
chambers. Resig (1993) tentatively reassigned C.
cubensis to Chiloguembelina noting that its aperture is
typically lower arched and the position of the internal
plate is off-centered compared to species of
Streptochilus. Observation of costae in this species may
require use of an SEM.
PHYLOGENETIC RELATIONSHIPS. Probably
evolved from C. ototara during the late Eocene.
STRATIGRAPHIC RANGE. Upper Eocene through
upper Oligocene; Zone E10 - Zone O6. The oldest
occurrence of this species was recorded from the middle
Eocene (Zone E10) of Tanzania (Pl. 16.3, Figs. 23-24).
Beckmann (1957) recorded the highest occurrence of
C. cubenis in the Globorotalia opima opima Zone of
Trinidad, and Berggren and others (1995) placed its “last
common occurrence” at the top of Subzone P21a (=Zone
O4) in mid-Chron 10, at 28.5 Ma. Although Pearson and
Chaisson (1997) observed an abrupt extinction of C.
cubensis on Ceara Rise, Hornibrook (1990) records
continuous occurrences of C. cubensis into the upper
Oligocene of New Zealand and lowermost Miocene of
Chatham Island. Presence of this species in the
equivalent of Zone O6 at ODP Holes 803D and 807A
(Leckie and others, 1993) supports Hornibrook’s (1990)
observations.
GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

STABLE ISOTOPE PALEOBIOLOGY. Poore and
Matthews (1984) recorded this species as having
amongst the most negative oxygen isotope ratios in an
assemblage from DSDP Site 366, suggesting that it
inhabited the surface mixed layer. Similarly, Barrera and
Huber (1991, 1993) recorded C. cubensis as having more
negative oxygen isotope and more positive carbon
isotope values than co-occurring species in uppermost
Eocene and lower Oligocene at ODP Site 738 (southern
Indian Ocean). In contrast Wade and Kroon (2002)
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recorded oxygen isotope values similar to benthic
foraminifera.
REPOSITORY. Cotypes deposited in the Palmer
Collection, Museo Poey, Universidad de la Habana,
Cuba.
Chiloguembelina ototara (Finlay, 1940)
PLATE 16.3, FIGURES 9, 10, 13-22
(Pl. 16.3, Figs. 9, 10: new SEMs of holotype of
Guembelina multicellaris Hussey)
(Pl. 16.3, Figs. 13, 14: new SEMs of paratype of
Guembelina ototara Finlay)
?Guembelina cubensis Palmer var. heterostoma Bermúdez,
1937:143, pl. 17: figs. 6-8 [upper Eocene, Camaguey
Province, Cuba].
?Guembelina venezuelana Nuttall var. rugosa Parr, 1938:82,
pl. 2:fig. 8a,b [upper Eocene, King’s Park, Perth,
Australia].
Guembelina ototara Finlay, 1940:453, pl. 63: figs. 50-52
[Oamaru Diatomite, latest Eocene (Runangan Stage) South
Island, New Zealand].
Chiloguembelina ototara (Finlay). Hornibrook, 1990, pl. 1:
figs. 12-16 [Oamaru Diatomite, latest Eocene (Runangan
Stage), South Island, New Zealand].–Resig, 1993, pl. 1:
fig. 9 [upper Eocene, ODP Site 807, Ontong Java Plateau,
western Pacific Ocean].
?Guembelina multicellaris Hussey, 1949:130, pl. 27: fig. 10
[Eocene, Louisiana, U.S.A.]
Chiloguembelina cubensis (Palmer). Jenkins, 1971:66-67,
pl. 1: figs. 3-5. Jenkins and Srinivasan, 1985:807, pl. 1:
fig. 2 [upper Eocene Globigerina linaperta Zone, DSDP
Site 592, Lord Howe Rise]. Huber, 1991:440, pl. 6: fig.
8 [Zone AP13, lower Oligocene, ODP Hole 738B,
Kerguelen Plateau, southern Indian Ocean].[Not Palmer,
1934.]

DESCRIPTION.
Type of wall: Microperforate, uniformly finely
pustulose, lacking pore mounds or costae.
Test morphology: Test short to somewhat
elongate, moderately to rapidly expanding, subtriangular
in outline, periphery rounded rather than compressed;
chambers biserial, increasing moderately to rapidly in
size, usually 11-12, and sometimes up to 15 in adult
specimens; sutures depressed, perpendicular to slightly
oblique to growth axis; aperture a moderately narrow to
broad symmetrical arch centered or slightly off-center
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of the base of the final chamber, extending half-way up
the final chamber face, bordered on one side by a narrow
lip that thickens away from its attachment point on the
chamber face.
Size: Paratype USNM 689102: length, 0.17 mm,
width 0.10 mm, breadth 0.07 mm; hypotypes up to 0.23
mm length, 0.9 mm breadth.
DISTINGUISHING FEATURES. Distinguished from
C. cubensis by the absence of striae on the wall surface
and the shorter, more strongly tapering test, and from S.
martini by its more inflated chambers and lower apertural
arch.
DISCUSSION. Hornibrook (1990) was the first to
draw attention to the significant difference in wall texture
between topotypes of C. cubensis, which are striate, and
topotypes of C. ototara, which have pustules that are
randomly distributed on the test surface rather than striae.
These differences are apparent in SEM images but they
are difficult to discern under the light microscope.
Guembelina cubensis Palmer var. heterostoma
Bermúdez and Guembelina venezuelana Nuttall var.
rugosa Parr may be prior synonyms but their wall
textures are currently undetermined.
Guembelina multicellaris Hussey is considered
synonymous with C. ototara based on SEM observation
of the multicellaris holotype (Pl. 16.3, Figs. 9, 10), which
reveals an elongate test with inflated chambers, a low,
interiomarginal aperture, and pustules rather than striae
on the wall surface.
PHYLOGENETIC RELATIONSHIPS. Probably
descended from Chiloguembelina crinita during the early
middle Eocene.
STRATIGRAPHIC RANGE. Middle Eocene Zone E9
through lower Oligocene Zone O1. The lowest and
highest occurrences of this species are difficult to
determine because of its morphologic similarity to its
presumed ancestor, C. crinita, and its likely descendant,
C. cubensis. A lowermost Oligocene (Zone O1)
extinction of this species was recorded in New Zealand
(Hornibrook, 1990) and ODP Sites 806 and 807 on
Ontong Java Plateau (Resig, 1993).
GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.
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STABLE ISOTOPE PALEOBIOLOGY.
Stable
isotope data obtained for upper Eocene C. ototara
(Barrera and Huber, 1991; identified as Chiloguembelina
spp.) suggest that it lived near the surface mixed layer
at high southern latitudes.

STRATIGRAPHIC RANGE. Lower Eocene Zone E3
to middle Zone E4. Beckmann (1957) suggested that C.
parallela is a good index marker for the lower Eocene
as it has a short range within the Globorotalia rex Zone
in the upper Lizard Springs Fm. of Trinidad.

REPOSITORY. Holotype and paratypes deposited in
the Geological and Nuclear Research Institute, Lower
Hutt, New Zealand; paratype (USNM 689102) also
deposited at the Smithsonian Museum of Natural History,
Washington, D.C.

GEOGRAPHIC DISTRIBUTION. This species has
not been reported outside of Trinidad.

Chiloguembelina parallela Beckmann, 1957

REPOSITORY. Holotype (USNM 5780) deposited at
the Smithsonian Museum of Natural History,
Washington, D.C.

PLATE 16.3, FIGURES 11-12
(Pl. 16.3, Figs. 11, 12: new SEMs of holotype of
Chiloguembelina parallela Beckmann)

Chiloguembelina parallela Beckmann, 1957:91, pl. 21: fig.
8, text-fig. 15 (36-38) [lower Eocene, upper Lizard Springs
Fm., Cascas River bank, southern Trinidad].

STABLE ISOTOPE PALEOBIOLOGY.
available.

No data are

Chiloguembelina trinitatensis (Cushman and Renz,
1942)
PLATE 16.2, FIGURES 1-5

DESCRIPTION.
Type of wall: Microperforate, finely pustulose,
lacking pore mounds or striae.
Test morphology: Test short, rapidly tapering,
periphery rounded rather than compressed; chambers
biserial, increasing moderately in size, globular, sutures
moderately depressed, slightly oblique toward apical
axis; aperture a high, narrow, and symmetrical arch
bordered by two parallel lateral flanges, occasionally
covered by irregularly shaped terminal chamber.
Size: Holotype (USNM 5780) length 0.12 mm,
width 0.11 mm, breadth 0.07 mm.

Guembelina trinitatensis Cushman and Renz, 1942:8, pl. 2:
fig. 8 [Paleocene, Soldado Fm., Trinidad].
Chiloguembelina
trinitatensis
(Cushman
and
Renz). Beckmann, 1957:91, pl. 21: fig. 7, text-fig. 15
(43-45), [Globorotalia velascoensis Zone, Lizard Springs
Fm., Trinidad] . McGowran, 1965:68, pl. 5: fig. 4, textfig. 14 [upper Paleocene, Wangerrip Group, western
Victoria]. Jenkins, 1971:67, pl. 1: figs. 8-9 [upper
Paleocene, mid-Waipara River, South Island, New
Zealand]. Olsson and others, 1999:92, pl. 13: figs. 11,
16, pl. 70: figs. 8-10, 14 (illustration of USNM holotype)
[upper Paleocene Zone P5, DSDP Site 152, Nicaragua
Rise, Caribbean Sea].

DISTINGUISHING FEATURES. Differs from other
chiloguembelinids by its short, thick test that tapers
rapidly toward its base and its centrally located,
symmetrical, high and narrow aperture.

DESCRIPTION.
See Olsson and others (1999) for description and
discussion of this species.

DISCUSSION. The holotype of C. parallela (Pl. 16.3,
Figs. 11-12) shows the rapidly tapering test and centered,
highly arched aperture that are characteristic of this
species. Despite these distinctive features this species
has not been reported outside of Trinidad, perhaps
because it has been overlooked.
PHYLOGENETIC RELATIONSHIPS. According to
Beckmann (1957), C. parallela probably descended from
Chiloguembelina crinita during the early Eocene.

DISTINGUISHING FEATURES. Distinguished by
its biserial test with 5-6 pairs of inflated chambers that
increase uniformly in breadth and height, forming a
moderately tapered outline in side view, and by the
symmetrically centered, low-arched aperture that is
surrounded by a narrow, equidimensional lip (see Olsson
and others, 1999 for holotype illustrations and additional
information). Rare specimens with two apertures (e.g.,
Pl. 16.2, Fig. 1) are placed in C. trinitatensis rather than
C. crinita because of the presence of an equidimensional,
rather than asymmetrically folded, bordering lip.
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Chiloguembelina trinitatensis has uniformly tapering test
outline unlike C. wilcoxensis, which has a rapidly
tapering test outline in the early portion of the test then
becomes parallel sided with the last two pairs of adult
chambers.
PHYLOGENETIC RELATIONSHIPS. Evolved from
Chiloguembelina wilcoxensis during the latest
Paleocene.
STRATIGRAPHIC RANGE. Upper Paleocene Zone
P5 to lower Eocene Zone E3 (upper part).
STABLE ISOTOPE PALEOBIOLOGY.
available.

No data

STRATIGRAPHIC RANGE. Upper Paleocene Zone
P4b through lower Eocene Zone E4. At middle latitude
sites on the New Jersey coastal margin Liu and others
(1997) recorded the HO of C. wilcoxensis in the middle
of their Zone P6a (~Zone E2). For the southern high
latitudes the LO of C. wilcoxensis was reported slightly
earlier than at low latitudes, within middle Zone AP2
(~Zone P4b), and the extinction of this species marks
the top of the Chiloguembelina wilcoxensis Zone (AE1)
of Huber and Quillévéré (2005).
PHYLOGENETIC RELATIONSHIPS. Evolved from
Chiloguembelina crinita during the late Paleocene.

Chiloguembelina wilcoxensis (Cushman and
Ponton, 1932)

STABLE ISOTOPE PALEOBIOLOGY. Recorded by
Boersma and others (1987) with relatively negative
oxygen isotope ratios, indicating predominant growth
in the upper surface mixed layer.

PLATE 16.1, FIGURES 13-15

Genus Streptochilus Brönnimann and Resig, 1971

Guembelina wilcoxensis Cushman and Ponton, 1932:66, pl.
8: figs. 16, 17 [lower Eocene, Wilcox Fm., Ozark,
Alabama].
Chiloguembelina
wilcoxensis
(Cushman
and
Ponton). Beckmann, 1957:92, pl. 21: figs. 10, 12-13,
text-fig. 15 (49-58) [upper Paleocene and lower Eocene,
Lizard Springs Fm., Trinidad]. Olsson and others,
1999:92-93, pl. 13: figs. 19-20, pl. 70: figs. 11-13, 15-18
(illustration of USNM holotype) [lower Eocene, Zone
AE1, ODP Hole 690B, Maud Rise, Antarctic Ocean; lower
Eocene, Globorotalia rex Zone, Lizard Springs Fm.,
Trinidad].

TYPE SPECIES. Bolivina tokelauae Boersma, 1969
(in Kierstead and others, 1969; =Bolivina globulosa
Cushman, 1933, according to Resig and Kroopnick,
1983).

DESCRIPTION.
See Olsson and others (1999) for a more
complete description and discussion of this species.
DISTINGUISHING FEATURES. Distinguished by
its large test size, broadly rounded periphery, rapid
chamber size increase in initial portion of test, and
symmetrically centered, low-arched to semicircular
aperture surrounded by an equidimensional to slightly
asymmetrically widened lip (see Olsson and others, 1999
for holotype illustrations and additional information).
Differs from C. trinitatensis by having an intially rapidly
tapering test that usually becomes parallel-sided in the
final two pairs of adult chambers.
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Streptochilus Brönnimann and Resig, 1971:1288.

DESCRIPTION.
“Test biserial sometimes twisted; wall
calcareous perforate; aperture high arch, eccentric in
position, extending from the base of the last chamber
onto the apertural face. On the outside margin a collar
borders the aperture. Near the base of the inside margin,
the collar and apertural edge are turned inward,
producing a plate-like connection with the proximal
margin of the collar of the previous aperture. The length
of the test varies between 75 and 300 microns”
(Brönnimann and Resig, 1971, p. 1288).
DISTINGUISHING FEATURES. Distinguished from
Chiloguembelina by the presence of an internal plate
connecting successive foramina (Poore and Gosnell,
1987, pl. 1, figs. 11, 14), a prominent extension of an
apertural collar, and a smooth to granular rather than
pustulose to costate surface texture.
DISCUSSION. Loeblich and Tappan (1988) removed
Laterostomella from the Buliminidae, where it was
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originally assigned by de Klasz and Rérat (1962), and
placed it in the Chiloguembelinidae and designated
Streptochilus as its junior synonym. However, in their
comparison of these two genera, de Klasz and others
(1989) presented evidence that Laterostomella is a
benthic taxon and agreed with other authors (e.g.,
Brönnimann and Resig, 1971; Kennett and Srinivasan,
1983; Resig and Kroopnick, 1983; Poore and Gosnell,
1985) that Streptochilus probably evolved from
Chiloguembelina, and should be assigned to the
Chiloguembelinidae. Stable isotopic evidence that
Streptochilus is a planktonic taxon was presented by
Resig and Kroopnick (1983).
PHYLOGENETIC RELATIONSHIPS. Probably
derived from Chiloguembelina ototara during the late
Eocene through infolding of the inner margin of the
aperture.
STRATIGRAPHIC RANGE.
E10) to Recent.

Middle Eocene (Zone

STABLE ISOTOPE PALEOBIOLOGY. Μοdern
Streptochilus globulosum indicate intermediate values
for oxygen and carbon stable isotope values, suggestive
of a thermocline-dwelling habitat (Resig and Kroopnick,
1983). No data available for Eocene taxa.
GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

Streptochilus martini (Pijpers, 1933)
PLATE 16.3, FIGURES 1-8
(Pl. 16.3, Figs. 1, 2: new SEMs of holotype of
Chiloguembelina victoriana Beckmann)
Textularia martini Pipjers, 1933:57, figs. 6-10 [upper Eocene,
Bonaire, D.W.I.].
Guembelina mauriciana Howe and Roberts in Howe, 1939:62,
pl. 8: figs. 9-11 [Eocene Cook Mountain Fm., Louisiana].
Guembelina martini (Pijpers). Drooger, 1953:100, pl. 1: fig.
2, text-fig. 4 [upper Eocene, Curacao and Bonaire].
Guembelina tenuis Todd, 1957:303, pl. 65: fig. 31a,b [upper
Eocene, Saipan, Mariana Islands].
Chiloguembelina martini (Pipjers). Beckmann, 1957:89, pl.
21: text-fig. 14 (9-11, 14-18, 20-23) [Eocene, upper Lizard
Springs, Navet, and San Fernando Fms.,
Trinidad]. Hartono, 1969:157, pl. 20: fig. 1 [upper
Eocene, Nanggulan, central Java]. Warraich and

Ogasawara, 2001:13, figs. 3(1-2) [middle Eocene, Zones
P12-P14, Sulaiman Range, Pakistan].
Streptochilus martini (Pijpers). Poore and Gosnell, 1985,
pl. 1: figs. 1-7 [upper Eocene, DSDP 522-37-CC, South
Atlantic]. Resig, 1993, pl. 1: figs. 11-12, 14-16, 18
[upper Eocene, Zone P17, ODP Hole 807C, Ontong-Java
Plateau].
Guembelina goodwini Cushman and Jarvis, in Cushman,
1933:69, pl. 7: figs. 15-16 [upper Eocene, Trinidad].
Chiloguembelina goodwini (Cushman and Jarvis). Warraich
and Ogasawara, 2001:11-13, figs. 3(9-10) [middle-upper
Eocene, Sulaiman Range, Pakistan].
Guembelina venezuelana Nuttall, 1935:126, pl. 15: figs. 2-4
[upper Eocene, Bolivar District, Venezuela].
Chiloguembelina victoriana Beckmann, 1957, pl. 21: figs.
19, 20, text-fig. 15 (46-48) [upper Eocene, San Fernando,
Trinidad]. Warraich and Ogasawara, 2001:13-15, figs.
3(3-4) [middle Eocene, Zone P12, Sulaiman Range,
Pakistan].
Chiloguembelina woodi Samanta, 1973:432, pl. 15: figs. 1516 [middle Eocene, Zone P12, Sulaiman Range,
Pakistan]. Warraich and Ogasawara, 2001:15, figs. 3 (1112) [middle Eocene, Zones P12-P14, Sulaiman Range,
Pakistan].

DESCRIPTION.
Type of wall: Microperforate, though low latitude
forms may have macroperforations, smooth to finely
pustulose.
Test morphology: Test elongate, somewhat
compressed, sometimes slightly twisted, gradually to
moderately tapering, peripheral margin subrounded;
chambers biserial, increasing gradually in size, sutures
flush to slightly depressed and oblique in first two to
three pairs of chambers, later more strongly depressed
and nearly horizontal; aperture a semicircular arch with
a thin lip that projects on one side more than the other
and an internal toothplate that connects foramina of
successive chambers.
Size: Holotype length 0.21 mm, width 0.13 mm,
breadth 0.09 mm; length range 0.15-0.22 mm.
DISTINGUISHING FEATURES. Distinguished from
Chiloguembelina ototara and Chiloguembelina crinita
by the more compressed and tapering test and smoother
test surface.
DISCUSSION. It is not clear what criteria Beckmann
(1957) used to distinguish his species Chiloguembelina
victoriana Beckmann (see holotype, Pl. 16.3, Figs. 1-2)
from his concept of C. martini, as his examples of
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morphologic variability for the two species show
considerable overlap in test elongation and degree of
chamber appression. The illustrated hypotypes (Pl. 16.3,
Figs. 3-8) show a similar variability. For this reason,
and because of priority, C. victoriana is considered a
junior synonym of S. martini.
Samanta (1973) distinguished his species
Chiloguembelina woodi from S. martini by the presence
of more globular chambers and by possessing a broader,
subcircular, symmetrical aperture. We unite these taxa
here in the absnce of detailed information on how these
characters vary in populations of S. martini.
PHYLOGENETIC RELATIONSHIPS. Probably
derived from Chiloguembelina crinita during the middle
Eocene.
STRATIGRAPHIC RANGE. Middle Eocene Zone
E10 to lower Oligocene Zone O1. Liu and others (1997)
recorded the range of C. victoriana (= S. martini) from
Zone P12 (~Zone E11) through Zone P16 (=Zone E15)
in the Atlantic City borehole (New Jersey Coastal Plain
Drilling Project). Resig (1993) recorded the HO of S.
martini in middle Zone P18 (=O1) at ODP Sites 806
and 807 (Ontong Java Plateau), but the LO was not
recovered at those sites.
GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

STABLE ISOTOPE PALEOBIOLOGY.
available.

No data

REPOSITORY.
Mineralogische Geologische
Instituut, State University, Utrecht, The Netherlands.
Family HETEROHELICIDAE Cushman, 1927
Genus Zeauvigerina Finlay, 1939, emended by
Huber and Boersma, 1994
TYPE SPECIES. Zeauvigerina zelandica Finlay,
1939:541-542, pl. 69: figs. 4a, b.
Zeauvigerina Finlay, 1939:541.
Zeauvigerina Finlay, 1939. Huber and Boersma, 1994:270271.
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DESCRIPTION.
Test small, subcircular to elliptical in crosssectional outline; chambers biserially arranged in the
early portion, with a tendency to become uniserial in
the later portion, increasing gradually in size; sutures
smooth to slightly depressed, horizontally or obliquely
curved; wall microperforate, surface covered with
irregularly scattered pustules on all but the final one or
two chambers; aperture an asymmetrically positioned,
low interiomarginal arched opening partially bordered
by a narrow lip in the early ontogenetic stage, becoming
oval-shaped and areally or terminally positioned in
gerontic specimens, sometimes produced on a short neck
that may or may not have an encircling lip.
DISCUSSION. Huber and Boersma (1994) emended
the description of Zeauvigerina to accommodate the
morphologic variation they observed in a biometric study
of the genus.
PHYLOGENETIC RELATIONSHIPS. There has
been disagreement about the suprageneric classification
of Zeauvigerina and whether or not this is a planktonic
or benthic taxon. In his original description of this genus,
Finlay (1939) noted similarities in chamber arrangement
and morphology of the necked aperture between
Zeauvigerina and the benthic taxon Eouvigerina and
suggested a strong likelihood that these were closely
related. Subsequently, Finlay (1947) noted that broken
specimens of Z. teuria resemble Gümbelina
(=Chiloguembelina) and suggested that Zeauvigerina
was probably planktonic. A number of subsequent
workers (e.g., Beckmann, 1957; Reiss, 1963; Jenkins,
1966, 1971) agreed with Finlay’s (1947) observations
and considered Zeauvigerina to be closely related to
Chiloguembelina. On the other hand, Loeblich (1951)
emended the definition of Eouvigerina to accommodate
Zeauvigerina as a junior synonym, and Loeblich and
Tappan (1964) adopted this classification without
considering Finlay’s (1947) revised interpretation. More
recently, Loeblich and Tappan (1988) resurrected
Zeauvigerina as a senior synonym but reallocated it to
the benthic superfamily Loxostomatacea without
explanation.
Huber and Boersma (1994) illustrated the
“chiloguembelinid” morphology preserved within adult
zeauvigerinid tests, but noted that this genus cannot be
related to Chiloguembelina since (1) the earliest
zeauvigerinid (Z. waiparaensis) precedes the early
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Danian origin of chiloguembelinids by several million
years; and (2) the apertural lip in Chiloguembelina is
inequally broadened and oriented to the side of the test,
whereas the lips on immature specimens of Z.
waiparaensis are uniformly thick, do not overlap on to
the previous chamber, and the aperture is a smaller,
semicircular arch oriented to the front of the test. They
suggested that Z. waiparaensis was probably derived
from Laeviheterohelix (Heterohelicidae) during the late
Campanian or early Maastrichtian based on similarity
of their wall textures and apertures of some
Laeviheterohelix specimens.
It is not clear whether Zeauvigerina lived a
planktonic or benthic mode of life. Oxygen and carbon
isotope values of Z. waiparaensis plot much closer to
co-occurring benthic species than planktonic species, yet
its relative abundance in pelagic carbonate samples is
greater than that of all benthic species combined (Huber
and Boersma, 1994). The only oxygen isotope value
obtained for Z. aegyptiaca is closer to a co-occurring
benthic species than most co-occurring planktonic
species (except Chiloguembelina strombiformis) yet its
carbon isotope value suggests a planktonic habitat
(Huber and Boersma, 1994). The limited geographic
distribution of zeauvigerinids and restriction of some
species to nearshore environments are not consistent with
a dominantly planktonic mode of life. Further study of
this group is needed to clarify its preferred depth habitat
and determine if the zeauvigerinid clade is polyphyletic.
STRATIGRAPHIC RANGE. Early Maastrichtian
through late middle Eocene Zone E13 or E14.
GEOGRAPHIC DISTRIBUTION. All species have
restricted geographic distributions, with some occurring
only in nearshore sediments and others in nearshore and
deep sea environments.
Zeauvigerina aegyptiaca Said and Kenawy, 1956
PLATE 16.4, FIGURES 1, 2
(Pl. 16.4, Figs. 1, 2: new SEMs of holotype of
Zeauvigerina aegyptiaca Said and Kenawy)
Zeauvigerina aegyptiaca Said and Kenawy, 1956:141, pl.
4:fig. 1 [Paleocene, Esna Shale, northern Sinai,
Egypt]. Huber and Boersma, 1994:271-273, text-figs.
6a, 7a-j, pl. 2: figs. 6-8 (illustration of USNM paratype
and Beckmann’s 1957 hypotypes) [upper Paleocene Zone
P5, DSDP Site 98, Northeast Providence Channel, western

subtropical North Atlantic Ocean].. Olsson and others,
1999:95, text-fig. 36a, pl. 71: figs. 19-20 [upper Paleocene,
Bahama Platform]

DESCRIPTION.
See Olsson and others (1999) for a more
complete description and discussion of this species.
DISTINGUISHING FEATURES. Distinguished by
its elliptical to moderately tapering test, weakly
depressed sutures, and circular aperture produced on a
short neck (see Olsson and others, 1999 for additional
information).
STRATIGRAPHIC RANGE. Upper Paleocene Zone
P4 to lower Eocene Zone E2 according to Huber and
Boersma (1994).
Zeauvigerina lodoensis Martin, 1943
PLATE 16.4, FIGURES 3, 4
(Pl. 16.4, Figs. 3, 4: new SEMs of paratype of
Zeauvigerina lodoensis Martin)
Zeauvigerina lodoensis Martin, 1943:111, pl. 5: fig. 1 [lower
Eocene, Lodo Fm., Fresno County, California]. Huber
and Boersma, 1994:273, text-fig. 6b (illustration of
USNM paratype).

DESCRIPTION.
Type of wall: Microperforate, finely pustulose,
lacking pore mounds.
Test morphology: Test small, elongate, initially
blunt then gradually tapering, oval in cross-section;
periphery rounded rather than compressed; early
chambers biserial throughout, slightly compressed, later
becoming increasingly globular, gradually increasing in
size, 14-16 in adult tests; sutures depressed nearly
perpendicular to the growth axis; aperture nearly terminal
on a short neck and raised from the base of the final
chamber face.
Size: Holotype length 0.32 mm, width 0.23 mm,
breadth 0.10 mm; paratype (USNM 38953) length 0.32
mm, width 0.15 mm, breadth 0.11 mm.
DISTINGUISHING FEATURES. Distinguished from
other zeauvigerinids by its more gently tapering test with
a blunt initial end, more inflated adult chambers, necked
aperture that is angled toward the apical axis rather than
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PLATE 16.3 Streptochilus martini (Pijpers, 1933), Chiloguembelina multicellaris (Hussey, 1949), Chiloguembelina parallela
Beckmann, 1957, Chiloguembelina ototara (Finlay, 1940), Chiloguembelina cubensis (Palmer, 1934) s.l.
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being terminal in position, and by lacking development
of a uniserial final chamber.
DISCUSSION. The taxonomic position, stratigraphic
distribution and phylogeny of this species are uncertain
since the type material is not well preserved and it has
only been recorded in the Lodo Formation of California.
PHYLOGENETIC RELATIONSHIPS. May have
been derived from Z. aegyptiaca during the late
Paleocene.
STRATIGRAPHIC RANGE. Found only in the upper
Paleocene-lower Eocene Lodo Fm., Lodo Gulch,
Panoche Quadrangle, Fresno County, California (~Zone
P4-E4).
GEOGRAPHIC DISTRIBUTION.
only been recorded in California.

This species has

STABLE ISOTOPE PALEOBIOLOGY.
available.

No data are

REPOSITORY. Holotype originally deposited in the
Paleontological Type Collection, Stanford University,
California but may have been sent to the University of
California, Berkeley Museum collections; paratypes
(USNM 38953) deposited at the Smithsonian Museum
of Natural History, American Museum of Natural History
(#MT-1026), the California Academy of Sciences, and
the Paleontological Research Institution.
Zeauvigerina parri Finlay, 1939
PLATE 16.4, FIGURES 5, 6
(Pl. 16.4, Figs. 5, 6: new SEMs of paratype of
Zeauvigerina parri Finlay)

Zeauvigerina parri Finlay, 1939:320, pl. 27: figs. 70-71
[middle Eocene, Motuotaraia Survey District, Dannevirke
area, New Zealand]. Huber and Boersma, 1994:273276, text-fig. 6c (illustration of USNM paratype).

DESCRIPTION.
Type of wall: Microperforate, surface smooth to
finely pustulose, pustules irregularly scattered on test
surface.
Test morphology: Test elongate, moderately
tapering in initial portion, later parallel-sided, elliptical
in cross-section; chambers biserial throughout,
increasing gradually in size, slightly inflated, 14-16 in
adult tests; sutures initially indistinct, later distinct and
slightly depressed, nearly perpendicular to growth axis;
aperture an elliptical opening at the terminus of the final
chamber.
Size: Holotype length 0.27 mm; paratype
(USNM 689063) length 0.22 mm, width 0.90 mm,
breadth 0.67 mm.
DISTINGUISHING FEATURES. Differs from other
Eocene zeauvigerinids by lacking a produced neck and
lip surrounding the terminal aperture. It further differs
from Z. zelandica by its more elongate test that is
parallel-sided for most of its length.
DISCUSSION. The taxonomic position, stratigraphic
distribution and phylogeny of this species are uncertain
since the type material is not well preserved and it has
only been recorded in New Zealand.
PHYLOGENETIC RELATIONSHIPS. Huber and
Boersma (1994) suggested that Z. parri evolved from
Z. zelandica during the early Eocene.

Plate 16.3, 1-8, Streptochilus martini (Pijpers, 1933); 11, 12, Chiloguembelina parallela Beckmann, 1957; 13-22, Chiloguembelina
ototara (Finlay, 1940); 23,24, Chiloguembelina cubensis (Palmer, 1934) s.l.
Streptochilus martini 1, 2, (Chiloguembelina victoriana Beckmann, 1957, holotype, USNM P5789), Zone E15/16, San Fernando Fm,
Trinidad; 3, 6, upper Eocene, Atlantic City Borehole, New Jersey, ODP 150X, 1338.0-.1 ft; 4, 5, Zone P9, Aragon Fm, Tampico, Mexico;
7, 8, Zone P15, lower Kitunda slopes, Lindi, Tanzania. Chiloguembelina parallela 11, 12, (holotype, USNM P5780), lower Eocene, Casca
River, Trinidad. Chiloguembelina ototara 9, 10, (Guembelina multicellaris Hussey, 1949, holotype, LSU collections), middle Eocene,
Oil well, Lasalle Parish, Lousiana; 13, 14 (paratype, USNM 689102), upper Eocene, Totaro Limestone, Oamaru, New Zealand; 15-18,
upper Eocene, Cape May Borehole, New Jersey, ODP 150X, 1485-1490 ft; 19, 21, Zone AP11, ODP Hole 738B/8H/6, 90-95 cm, Kerguelen
Plateau, South Indian Ocean; 20, upper Eocene, ODP Hole 865B/3H/2, 52-54 cm, Allison Guyot, equatorial Pacific Ocean; 22, Zone E8/
9, Kilwa Masoko, Tanzania. Chiloguembelina cubensis s.l. 23-24, Zone E10, TDP Site TDP 13/16-1, 65-75 cm. Scale bar: 1-24 = 40 µm.
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PLATE 16.4 Zeauvigerina, Cassidulina, Cassigerinella
482

CHAPTER 16 - JENKINSINA, ETC.

STRATIGRAPHIC RANGE. Lower Eocene Zone E7
to Zone E9; Heretaungan Stage through middle Eocene,
Bortonian Stage in New Zealand (Jenkins, 1971).
GEOGRAPHIC DISTRIBUTION.
Recorded at
southern mid-latitudes sites, including New Zealand
(Jenkins, 1971), DSDP Site 277 in the southwest Pacific
(Jenkins, 1974) and DSDP Site 512 in the South Atlantic
(Krasheninnikov and Basov, 1983).
STABLE ISOTOPE PALEOBIOLOGY.
available.

No data

REPOSITORY. Holotype deposited in the Geological
and Nuclear Research Institute, Lower Hutt, New
Zealand; paratype (USNM 689063) deposited at the
Smithsonian Museum of Natural History, Washington,
D.C.
Zeauvigerina zelandica Finlay, 1939
PLATE 16.4, FIGURES 7-12
(Pl. 16.4, Figs. 7, 8: new SEMS of paratype of
Zeauvigerina zelandica Finlay)
Zeauvigerina zelandica Finlay, 1939:541, pl. 69, figs. 4 a, b
[upper middle Eocene, New Zealand]. Huber and
Boersma, 1994:278-279, text-figs. 6e, 11 (illustration of
USNM paratype).

DESCRIPTION.
Type of wall: Microperforate, finely pustulose,
lacking pore mounds.
Test morphology: Test small, elongate,
moderately tapering, periphery rounded rather than
compressed; chambers biserial throughout, initially

compressed, later globular, increasing gradually in size,
14-16 in adult tests, sutures distinct, moderately
depressed, nearly perpendicular to the growth axis;
aperture terminal on a variably produced neck,
surrounded by a narrow lip.
Size: Holotype length not stated; length of
paratypes 0.21-0.28 mm, width 0.10-0.14 mm, breadth
0.08-0.09 mm.
DISTINGUISHING FEATURES. Distinguished from
other zeauvigerinids by having a more elongate neck on
the terminal uniserial chamber that is surrounded by a
distinct rim.
DISCUSSION. Huber and Boersma (1994, p. 278279) noted similarity in the ontogenetic morphologies
of Z. zelandica and Z. aegyptiaca and suggested that
they may be synonymous.
PHYLOGENETIC RELATIONSHIPS. Huber and
Boersma (1994) suggested that Z. zelandica evolved
from Z. aegyptiaca during the earliest Eocene and gave
rise to Z. parri during the middle early Eocene.
STRATIGRAPHIC RANGE. Lowermost Eoceneupper Eocene (~Zones E1-E14). In New Zealand
recorded from middle Waipawan through middle Kaiatan
Stage. Also reported by Takayanagi and Oda (1976) in
upper Eocene sediments in DSDP Hole 317B (equatorial
South Pacific).
GEOGRAPHIC DISTRIBUTION. This species has
rarely been recorded outside New Zealand.
STABLE ISOTOPE PALEOBIOLOGY.
available.

No data

Plate 16.4, 1, 2, Zeauvigerina aegyptiaca Said and Kenawy, 1956; 3, 4, Zeauvigerina lodoensis (Martin, 1943); 5, 6, Zeauvigerina
parri Finlay, 1939; 7-12, Zeauvigerina zelandica Finlay, 1939; 13-17, Cassidulina winniana (Howe, 1939); 18-22, Cassigerinella
eocaenica Cordey, 1968; 23-27, Cassigerinella chipolensis (Cushman and Ponton, 1932)
Zeauvigerina aegyptiaca 1, 2 (holotype, USNM P4091), Paleocene, Esna shale, northern Sinai, Egypt. Zeauvigerina lodoensis 3, 4 (paratype,
USNM 38593), lower Eocene, Lodo Fm, California. Zeauvigerina parri 5, 6 (paratype, USNM 689063), lower Eocene, Heretaungan
Stage, New Zealand. Zeauvigeina zelandica 7, 8 (paratype, USNM 26776), middle Eocene, Bortonian Stage, Hampden Beach Section,
New Zealand; 9-12, middle Eocene, Bortonian Stage, New Zealand (new SEMs of figs. 16, 17, pl. 552, Loeblich and Tappan, 1987,
USNM 434740). Cassidulina winniana 13-15 (holotype, LSU collection), middle Eocene, Cook Mountain Fm, Louisiana; 16, 17, Zone
E14, Atlantic City Borehole, New Jersey, ODP 150X, 1390.0 ft. Cassigerinella eocaenica 18, 19 (paratype, USNM 643514), Eocene,
Blake Plateau, western North Atlantic Ocean; 20, 21 (reillustration of pl. 1, figs. 1, 2, Li and McGowran, 1996), Zone NP23, southern
Australia; 22, Zone E14/15, Atlantic City Borehole, New Jersey, ODP 150X, 1303.4-.5 feet. Cassigerinella chipolensis 23, 24 (holotype,
USNM 16326), lower Miocene, Chipola Fm, Calhoun County. Florida; 25, Zone E15/16, ODP Hole 1053B/2H/2, 77 cm, Blake Nose,
western North Atlantic Ocean; 26, 27, Zone E14/15, Atlantic City Borehole, New Jersey, ODP 150X,1303.4-.5 ft. Scale bar: 1-16, 18-27
= 40 µm; 17 = 10 µm.
483

HUBER, OLSSON, AND PEARSON

REPOSITORY. Holotype (26775a) and paratypes
(26775b, 26776a, 26776b) deposited in the Geological
and Nuclear Research Institute, Lower Hutt, New
Zealand; paratypes (USNM 689049) deposited at the
Smithsonian Museum of Natural History, Washington,
D.C.
Family CASSIGERINELLIDAE Bolli, Loeblich
and Tappan, 1957
Genus Cassigerinella Pokorny, 1955, emended Li,
1986
TYPE SPECIES.
Cassigerinella boudecensis
Pokorny, 1955:137-138.
Cassigerinella Pokorny, 1955:138, text-figs. 1-3.

DESCRIPTION.
“Test small, nearly planispiral or irregularly
coiled in the first few chambers, becoming low
trochospiral in adult; always biserial-enrolled with the
chambers alternating in arrangement in the coiling plane
(as in Cassidulina); chambers 6-8 per whorl, relatively
compressed and compactly together in early ontogeny
but usually becoming strongly inflated, ovate to
semiglobular in last whorl; wall calcareous, optically
radial but granular in structure, sparsely pierced by small
perforations; pores simple or surrounded by protruding
rim-like pore-cones; aperture interiomarginally
alternating, asymmetrical, highly arched to virguline in
shape, without toothplate structure, but often with
apertural rims or laterally asymmetrical flanges moreor-less developed.” (Li, 1986, p. 60-61).
DISCUSSION. The confused state of the taxonomy
of species referred to Cassigerinella was thoroughly
discussed by Li (1986). According to Pokorny (1955),
the type species, C. boudecensis (=chipolensis), is
characterized by having an initial planispiral stage and
presence of a continuously extended toothplate structure.
However, Li (1986) demonstrated that the initial
chambers of C. boudecensis Pokorny and Cassigerinella
chipolensis (Cushman and Ponton) are biserially
arranged on a rotating coiling plane, and that species
included in the genus possess a variably developed
apertural rim or flange rather than a true toothplate.
Li’s (1986) dissections of C. boudecensis and
C. chipolensis reveal that their wall microstructure is
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composed of monolamellar, randomly arranged
microgranules that may be optically radial. The wall
surface texture of Cassigerinella may be smooth and/or
with scattered perforation cones.
Evidence that Cassigerinella lived a planktonic
mode of life is partly based on morphological features,
such as its inflated test with globular chambers and
presence of pore mounds, a feature not found in benthic
species. Of the species included in this genus, only C.
chipolensis has a distribution that is typical of planktonic
species, as it is widespread and it is abundant in deep
sea sediments. Boersma and Shackleton (1978)
confirmed a near surface habitat for this species based
on their oxygen and carbon isotope analyses.
SEM observation of the holotype of
Cassigerinella winniana (Pl. 16.4, Figs. 13-15) reveals
the presence of pustules concentrated only in the
umbilicus, which is a common feature in benthic
foraminifera but not characteristic of planktonic
foraminifera. Dissection of specimens assigned to
winniana reveals a blocky wall microstructure that is
characteristic of rotaliid benthic foraminifera (Pl. 16.4,
Fig. 17). For these reasons, and because of its restriction
to nearshore paleoenvironments, winniana is now
considered a benthic taxon and is assigned to the genus
Cassidulina.
PHYLOGENETIC RELATIONSHIPS. Because of
the absence of a true umbilicus and an assumed
planktonic mode of life, Blow (1979) suggested
Cassigerinella should be placed in the Heterohelicidae.
This proposal was later adopted by Kennett and
Srinivasan (1983). Li (1986) included the
Cassigerinellidae in the Heterohelicaceae based on the
presence of the biserial enrolled test, microperforate wall
microstructure, occasional presence of perforation cones,
and high apertures with asymmetrical flanges. We follow
Li’s (1986) classification rather than that of Loeblich of
Tappan (1988), who placed the Cassigerinellidae along
with normal perforate genera within the Hantkeninaceae.
STRATIGRAPHIC RANGE.
Miocene (Zones E13-M13a).

Middle Eocene-middle

GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

Cassigerinella chipolensis (Cushman and Ponton,
1932), emended Li, 1986
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PLATE 16.4, FIGURES 23-27
(Pl. 16.4, Figs. 23, 24: new SEMs of holotype of
Cassidulina chipolensis Cushman and Ponton)
Cassidulina chipolensis Cushman and Ponton, 1932:98, pl.
15: figs. 2a-c [lower Miocene, Alum Bluff Group,
Calhoun County, Florida].
Cassigerinella chipolensis (Cushman and Ponton).—Bolli,
1957:108, pl. 22: figs. 3a-c [lower Oligocene,
Globorotalia opima opima Zone, Cipero Fm.,
Trinidad]. Jenkins, 1971:73-74, pl. 1: fig. 30 [New
Zealand]. Blow, 1979:1362-1363, pl. 51: fig. 5, pl. 247:
figs. 5-8 [middle Oligocene, Zone P19-P20, Lindi,
Tanzania].—Li, 1986:61, pl. 1: figs. 1-18, pl. 2: figs. 114, pl. 3: figs. 1-4, 7-11, pl. 4: figs. 1-17 [lower Oligocene,
Zone P21, Cipero Fm., Trinidad].—Leckie and others,
1993:123, pl. 7: figs. 18-19 [lower-middle Oligocene,
ODP Hole 628A, Little Bahama Bank, western North
Atlantic].—Li and McGowran, 1996, pl. 1: fig. 9 [lower
middle Miocene, Cadell Marl, South Australia].
Cassigerinella boudecensis Pokorny, 1955:138, figs. 1-3
[middle Oligocene, Pausramer Marl, Czech Republic].—
Bolli, Loeblich and Tappan, 1957:30-31, pl. 3: figs. 6a-c
[middle Oligocene, Czechloslovakia].

DESCRIPTION.
Type of wall: Normal perforate, surface smooth
or papillose with randomly distributed pore cones.
Test morphology: Test small, outline
subrectangular to elliptical, periphery strongly lobate;
coiling mode biserially-planispirally enrolled or
pseudoplanispiral; chambers subglobular, inflated, 7-8
visible externally, increasing rapidly in size; sutures
depressed, distinct; aperture a broad or sometimes
virguline-shaped, highly arched opening at the base of
the final chamber, bordered by an asymmetrically
thickened narrow lip.
Size: Holotype length 0.15 mm, width 0.12 mm;
lengths typically varying from 0.10 to 0.22 mm.
DISTINGUISHING FEATURES. Differs from C.
eocaenica by having a broader and more globular test
and a planispirally or pseudoplanispirally enrolled
coiling mode rather than a biserially enrolled coiling
mode.
DISCUSSION.
Pokorny (1955) erected C.
boudecensis to distinguish forms with a papillose surface
texture from the smooth tests of C. chipolensis, and he
designated C. boudecensis as the type species of
Cassigerinella. Later, Pokorny (in Eames and others,

1962) considered boudecensis to be a junior synonym
of chipolensis. Subsequent workers adopted this view
until Li (1986) regarded the presence of pore cones in
boudecensis as a key criterion for distinguishing that
species from the smooth-walled chipolensis. In a more
recent paper, however, Li and McGowran (1996) treated
boudecensis as a morphotype of chipolensis rather than
as a distinct species. This is a prudent approach that is
adopted in the present study, as observation of pore cones
using only a light microscope may be difficult and the
stratigraphic ranges of forms with pore cones and those
without have never been shown to differ.
PHYLOGENETIC RELATIONSHIPS. Probably
derived from C. eocaenica during the latest Eocene (Li,
1986) following an increased inflation of the test and a
switch from a biserially enrolled coiling mode to a
planispirally or pseudoplanispirally enrolled coiling
mode.
STRATIGRAPHIC RANGE. Uppermost Eocene
Zone E16 to middle Miocene Zone Mi13a. Because of
its small size, rare abundance, and sporadic distribution,
the lowest occurrence of C. chipolensis has been
recorded at different levels at different sites. In the
Mediterranean regions, the LO of chipolensis was
recorded both above and below the first occurrence of
Orbulina (Martinotti, 1989), whereas this datum was
recorded in Zone P21 (=Zone O4-O5) at Cape May (Liu
and others, 1997), and Zone P18 (=Zone O1) at Ceara
Rise ODP Leg 154 (Pearson and Chaisson, 1997) and in
southern Australia (Li and McGowran, 1996). Nocchi
and others (1991) reported chipolensis within a short
interval of Zone P21a (=Zone O4) at ODP Holes 703A
and 704B in the southeast South Atlantic. In New
Zealand chiploensis occurs sporadically in lower
Oligocene through middle Miocene sediments (Jenkins,
1971). The only uppermost Eocene occurrence of
chipolensis is here reported from the Leg 150X Atlantic
City borehole (Pl. 16.4, Figs. 26, 27), which was assigned
to Zone P15 (=E14) by Liu and others (1997).
GEOGRAPHIC DISTRIBUTION. Low to middle
latitudes; in the Southern Hemisphere chipolensis has
not been reported southwards of ODP Site 703 in the
southeast South Atlantic Ocean.
STABLE ISOTOPE PALEOBIOLOGY. In their study
of stable isotope depth rankings of Oligocene planktonic
485

HUBER, OLSSON, AND PEARSON

foraminifera from the equatorial Atlantic, Boersma and
Shackleton (1978) state that Cassigerinella consistently
plots with Chiloguembelina, and Pseudohastigerina and
is considered as an upper mixed layer dwelling species.
REPOSITORY. Holotype (USNM 16326) deposited
at the Smithsonian Museum of Natural History,
Washington, D.C.
Cassigerinella eocaenica Cordey, 1968
PLATE 16.4, FIGURES 18-22
(Pl.16.4, Figs. 18, 19: new SEMs of paratype of
Cassigerinella eocaenica Cordey)
Cassigerinella eocaenica Cordey, 1968:369, figs. 1a-e
[Eocene, core hole drilled off northern Florida on Blake
Nose, western North Atlantic Ocean].
Cassigerinella winniana (Howe). Blow, 1979:1363-1364,
pl. 51: figs. 6-8, pl. 246: figs. 8-10 [upper Eocene, Zone
P16, deep-sea core Lamont A, southeast of Blake Plateau,
North Atlantic Ocean; metatypes from upper Eocene,
JOIDES Hole Mo. 6, Blake Plateau, North Atlantic
Ocean; lower Oligocene, Zone P18, DSDP Site 14, central
South Atlantic Ocean]. Li and McGowran, 1996:97103, pl. 1: figs. 1-12 [lower Oligocene, Zone P23, Port
Willunga Fm., Mount Gambier (SADME MBT-5) and
Kingston (WMC 507) boreholes, South Australia]. [Not
Howe, 1939.]
Cassigerinella sp. Leckie and others, 1993:123, pl. 7: fig. 17
[lower Oligocene, Zone P18, ODP Hole 628A, Little
Bahama Bank, Atlantic Ocean].

DESCRIPTION.
Type of wall: Finely perforate, monolamellar,
surface smooth or may have minute pore mounds.
Test morphology: Test very small, outline
subcircular to broadly elliptical; periphery lobate,
initially subacute, later becoming subrounded; chambers
in early growth stage are compactly arranged in a biserial
planispire or low biserial trochospire, later biserially
enrolled with the chamber arrangement alternating in
the coiling plane, moderately inflated, 8-9 visible in
external view, increasing gradually and uniformly in size;
sutures distinct, depressed, curved; aperture a lateromarginal, extra-umbilical arch.
Size: Paratype diameter 0.11 mm, breadth 0.06
mm; maximum diameter 0.10-0.12 mm.
DISTINGUISHING FEATURES. Differs from C.
chipolensis and C. boudecensis by its smaller size, more
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compressed test, less inflation of the chambers, slower
chamber size increase, and lower and broader aperture.
DISCUSSION. Although a number of authors (e.g.,
Blow, 1979; Li, 1986) considered C. eocaena Cordey
as a junior synonym of C. winniana (Howe), SEM
images of the holotype of C. winniana (Pl. 16.4, Figs.
13-15) reveal that the test is lenticular in edge outline,
one side of the test shows a concentration of several large,
blunt pustules in the umbilical region, and the aperture
is a narrow, extraumbilical arched slit at the base of the
final chamber, and is surrounded by a narrow lip. These
features, and the biserially enrolled planispiral coiling
mode (see Li, 1986 for explanation), suggest that
winniana should be reassigned to the benthic foraminifer
genus Cassidulina. Well preserved, previously
unillustrated specimens that were identified by Liu and
others (1997) as C. winniana from Zone E18 in the
Atlantic City (New Jersey) borehole samples (Liu, pers.
comm., 1999) show strong similarity to the C. winniana
holotype except for the presence of large, blunt pustules
on both sides, rather than one side of the test (Pl. 16.4,
Figs. 16, 17). These specimens are now considered as
Cassidulina winniana.
Rather than having a simple planispire with
uniserial chamber coiling in the initial whorl, as
suggested by Cordey’s (1968) original type illustrations
and species description, Li’s (1986, fig. 6c) reillustration
of the C. eocaenica holotype revealed that its early
growth stage is characterized by compactly arranged
biserial chambers that coil along a planispire or low
trochospire. This coiling mode was more clearly
demonstrated by Li and McGowran’s (1996 pl. 1, figs.
1-7) SEM images of specimens where they illustrated
specimens designated as C. winniana (here considered
as C. eocaenica) from lower Oligocene borehole samples
in southern Australia. Two of these specimens are here
re-illustrated (Pl. 16.4, Figs. 20, 21). A specimen
considered by Li and McGowran (1996, pl. 1, fig. 8) as
transitional between C. eocaenica and C. chipolensis is
also re-illustrated (Pl. 16.4, Fig. 22).
PHYLOGENETIC RELATIONSHIPS. Uncertain. Li
and McGowran (1996) postulated that C. eocaenica (=
their C. winniana) was derived from Pseudohastigerina
micra, but we consider this unlikely because of the
smaller pore size, monolamellar rather than bilamellar
wall, and planispiral to biserially enrolled coiling mode
in C. eocaenica. The microperforate wall and occasional
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presence of pore mounds suggest a possible phylogenetic
link with the Guembelitriidae, but no guembelitriid
species have been recorded near the first occurrence of
C. eocaenica (Fig. 16.1). Alternatively, the restricted
occurrence of C. eocaenica to neritic environments and
its unusual shell morphology suggest that the ancestor
of this taxon may have been a benthic species.
STRATIGRAPHIC RANGE. Upper Eocene Zone
E13 to middle Oligocene Zone O4 according to Li
(1986). Blow (1979) illustrated metatypes (his pl. 51,
figs. 7, 8) that were sent to him by W.G. Cordey from an
upper Eocene (~Zone P16) core drilled on Blake Plateau,
western North Atlantic. Li and McGowran (1996)
recorded C. winniana (=C. eocaenica) in southern
Australia from lower Oligocene Zone NP23 and
suggested, based on reports in the literature, that this
species ranged down to the Zone P14/P15 boundary (=
upper E13). McGowran and others (1992) reported the
last occurrence of C. eocaenica near the P21a/P21b
(=Zone O4/O5) boundary in the St. Vincent Basin of
southern Australia. A specimen identified as
Cassigerinella sp. by Leckie and others (1993, pl. 7,
fig. 17), here considered synonymous with C. eocaenica,
was reported in Zone P18 (=Zone O1) at ODP Site 628
on Little Bahama Bank. Pre-Oligocene reports of C.
eocaenica require SEM verification of species
identification because of the easy confusion of this
species with Cassidulina winniana.
GEOGRAPHIC DISTRIBUTION.
Originally
described by Cordey (1968) from an uppermost Eocene
core drilled on Blake Plateau. Also recorded from lower
Oligocene subsurface, outcrop samples of terrigenous
clastic sediments in southern Australia (Li and
McGowran, 1996) and pelagic carbonate sediments at
Little Bahama Bank in the North Atlantic Ocean (Leckie
and others, 1993).
STABLE ISOTOPE PALEOBIOLOGY.
available.

No data

REPOSITORY. Holotype (P46838) and paratype
(P46838) deposited in the British Museum of Natural
History, London. Paratype (USNM 643514) deposited
at the Smithsonian Museum of Natural History,
Washington, D.C.

Genus Tenuitella Fleisher, 1974, emended Li, 1987
TYPE SPECIES. Globorotalia gemma Jenkins,
1966:1115-1118, fig. 11, nos 97-103.
Tenuitella Fleisher, 1974:1033.
Tenuitella Fleisher, 1974, emended Li, 1987:309.
Praetenuitella Li, 1987:309.

DESCRIPTION.
Test small, low trochospiral, occasionally
becoming pseudoplanispiral, periphery rounded;
chambers globular to ovate, 4-6 in final whorl; sutures
radial on umbilical side, radial to obliquely curved on
spiral side; wall monolamellar, microperforate, thin,
smooth to weakly pustulose; umbilicus small, open to
nearly closed; aperture a low extraumbilical to umbilical
arch, bordered by a thin lip.
DISTINGUISHING FEATURES. Differentiated from
other trochospiral planktonic foraminifera by its
monolamellar, microperforate wall with a smooth or
finely pustulate surface, low trochospiral coiling, and
rounded peripheral margin.
DISCUSSION. Li (1987) differentiated Praetenuitella
from Tenuitella based on the presence of
macroperforations in the early ontogeny and
microperforations in later chambers. However, SEM
observations of one of the earliest tenuitellids, T. insolita,
reveals that early chambers are also microperforate.
Thus, recognition of Praetenuitella as a separate genus
is no longer considered warranted. SEM observations
of pre-ultimate chambers in T. gemma (Pl. 16.7, Fig.
15), T. insolita (Pl 16.4, Fig. 10) and T. praegemma (Pl.
16.5, Fig. 9) reveals the presence of a monolamellar wall
microstructure, unlike species assigned to the
Globigerinacea.
PHYLOGENETIC RELATIONSHIPS. The lineage
from which tenuitellids descended is uncertain. Li (1987)
suggested that Tenuitella impariapertura (=T. insolita),
the earliest tenuitellid species, evolved from the
bilamellar, normal perforate, and planispirally coiled
Pseudohastigerina micra (Cole) during the late Eocene
based on the stratigraphic overlap of both species, the
nearly peripheral position of the tenuitellid aperture, and
the pseudoplanispiral coiling observed in the early
tenuitellid ontogeny. However, this is considered
unlikely, as it requires too many simultaneous changes
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in wall texture, chamber morphology, and coiling for a
single species transition. Li and McGowran (1996)
observed that, except for the trochospiral coiling of T.
insolita, this species shares a number of morphological
features in common with Cassigerinella eocaenica (C.
winniana in their study), including a smooth,
microperforate wall, minute test size, and high, narrowly
arched aperture. On this basis, we suggest that the oldest
tenuitellid, T. insolita, was derived from C. eocaenica
during the late Eocene and we provisionally place
Tenuitella together with Cassigerinella in the
Cassigerinellidae. An alternative possibility is that these
genera should be grouped with the Guembelitriidae
because of their similarity with the guembelitriid wall
microstructure. Other possiblities for the origin of the
tenuitellids also need to be explored.
STRATIGRAPHIC RANGE.
Oligocene (Zones E15-O6).

Upper Eocene-upper

GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

Tenuitella gemma (Jenkins, 1966)
PLATE 16.7, FIGURES 15-20
(Pl. 16.7, Figs. 15-17: new SEMs of holotype of
Globorotalia gemma Jenkins)
Globigerina postcretacea Myatliuk.—Subbotina, 1953:60, pl.
2: figs. 16a-20c [lower Oligocene, northern Caucasus].
[Not Myatliuk, 1950.]
Globorotalia (Turborotalia) postcretacea (Myatliuk). Blow
and Banner, 1962:120-121, pl. 12: figs. G-J [Oligocene,
Lindi, Tanzania]. [Not Myatliuk, 1950.]
Globorotalia gemma Jenkins, 1966:1115, fig. 11, nos 97-103
[lower
Oligocene,
Kakanui
River,
New
Zealand]. Toumarkine, 1978, pl. 8: figs. 1-2 [lower
Oligocene Globigerina brevis Zone, DSDP Site 360, Cape
Basin, South Atlantic Ocean].
Globorotalia (Turborotalia) gemma Jenkins.—Jenkins,
1971:115, pl. 10: figs. 263-269 [lower Oligocene, Kakanui
River, New Zealand].
Tenuitella gemma (Jenkins). Li, 1987, pl. 2: figs. 6-8 [lower
Oligocene, Cipero Fm., Trinidad].—Poag and Commeau,
1995:155, pl. 9: figs. 18-20 [Lower Oligocene Zone P18,
U. S. Geological Survey Exmore Core, Virgina Coastal
Plain].
Not Tenuitella gemma (Jenkins), Huber, 1991:441, pl. 7: figs.
7, 8 [=Tenuitella patefacta Li].
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DESCRIPTION.
Type of wall: Microperforate, monolamellar,
thin, surface smooth to finely pustulose, pustules
irregularly scattered on umbilical and spiral sides of test.
Test morphology: Test small, very low
trochospiral, equatorial periphery lobate, circular to
elliptical in outline, axial periphery rounded; chambers
globular, slightly compressed, 41/2-51/2 in the final whorl,
10-12 comprising adult tests, increasing slowly in size;
sutures slightly recurved, depressed on spiral and
umbilical sides; umbilicus small, nearly closed; aperture
a very low arch bordered by a narrow, equidimensional
lip, interiomarginal, intra- to extraumbilical in position.
Size: Holotype 0.16 mm diameter; hypotypes
0.13-0.17 mm diameter, 0.70-0.80 mm breadth.
DISTINGUISHING FEATURES. Distinguished from
T. insolita, T. patefacta, and T. praegemma by its slightly
more compressed test, less lobate equatorial periphery
and nearly closed umbilicus; further distinguished from
T. patefacta and T. insolita by having a lower apertural
arch; further distinguished from T. praegemma by
absence of ovoid or subcrescentic chambers and
secondary apertures or apertural lips; distinguished from
Tenuitella clemenciae (Bermúdez) and T. munda
(Jenkins) by having 5 rather than 4 chambers in the final
whorl.
DISCUSSION. The holotype of T. gemma, which is
illustrated on Plate 16.7, Figs. 16-18), shows the
characteristic features of the species, including a weakly
lobate equatorial periphery, a nearly closed umbilicus,
and a low apertural arch. Forms that are morphologically
transitional between T. gemma and its ancestral species,
T. praegemma, appear in the uppermost Eocene and
range into the lowermost Oligocene.
PHYLOGENETIC RELATIONSHIPS. Descended
from Tenuitella praegemma during the latest Eocene;
gave rise to Tenuitella clemenciae and T. munda during
the early Oligocene.
STRATIGRAPHIC RANGE. Uppermost Eocene to
upper Oligocene; Zone E16 to Zone O6. Jenkins (1966,
1971) recorded T. gemma only within the Globigerina
brevis Zone (uppermost Eocene-basal Oligocene) in New
Zealand, but Li (1987) found it to range into Zone O5 in
Trinidad. Miller and others (2003) record the lowest
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occurrence of T. gemma within the uppermost Eocene,
within 5 m below the extinction of Hantkenina spp. in
the Ocean View Borehole of the New Jersey Coasetal
Plain.
GEOGRAPHIC DISTRIBUTION.

Cosmopolitan.

STABLE ISOTOPE PALEOBIOLOGY.
available.

No data

REPOSITORY. Holotype and four paratypes (NZGS
TF 1505) deposited in the Geological and Nuclear
Research Institute, Lower Hutt, New Zealand.
Tenuitella insolita (Jenkins, 1966)
PLATE 16.5, FIGURES 1-20
Globorotalia insolita Jenkins, 1966:1120, fig. 13, nos. 113118 [upper Eocene, Port Elizabeth, New Zealand].
Globorotalia (Turborotalia) insolita Jenkins. Jenkins,
1971:118, pl. 12: figs. 309-314 [upper Eocene, Port
Elizabeth, New Zealand].
Praetenuitella insolita (Jenkins). Huber, 1991, pl. 7: figs.
9, 10 [upper Eocene Zone AP12, ODP Hole 738B,
Kerguelen Plateau, southern Indian Ocean]. Nocchi,
1991:269, pl. 4: figs. 24-26 [upper Eocene, ODP Hole
703A, South Atlantic Ocean].—Li and Radford,
1992:578, pl. 1: figs. 1-3 [upper Eocene, ODP Hole 749B,
Kerguelen Plateau, southern Indian Ocean]. Li and
others, 1995:132, pl.3: figs.1-7, 9, 10 [upper Eocene,
Brown’s Creek Fm., Otway Basin, southern Australia].
Praetenuitella impariapertura Li, 1987:309, pl. 1: figs. 1-5,
text-fig. 6 [upper Eocene, Jackson Group, Clarke County,
Mississippi].—Poag and Commeau, 1995:155, pl. 9: figs.
16-17 [Upper Eocene Zone P15, U. S. Geological Survey
Exmore Core, Virgina Coastal Plain].
Praetenuitella patefacta Li. Li and others, 1995:127, pl. 4:
figs. 1-3 [upper Eocene, ODP Hole 749B, Kerguelen
Plateau, southern Indian Ocean]. [Not Li, 1987.]
Not Globorotalia insolita Jenkins.—Jenkins and Orr, 1972,
pl. 25, figs. 3-8 [=Tenuitella? sp.] .

DESCRIPTION.
Type of wall: Microperforate, monolamellar,
surface smooth to finely pustulose, pustules irregularly
scattered on umbilical and spiral sides of test.
Test morphology: Test small, subquadrate to
subcircular and lobate in axial view, equatorial margin

rounded; chambers inflated to subglobular, coiled in a
moderate trochospire, sometimes becoming nearly
planispiral in the final whorl, increasing gradually in size,
4-6 in the final whorl; sutures depressed, curved on the
spiral side, radial on umbilical side; umbilicus small;
aperture in early chambers subcircular to circular (Pl.
16.5, Fig. 10), in adult final chambers it is a distinct,
high, sometimes triangular arch that may be aligned with
the equatorial periphery (e.g., Pl. 16.5, Figs. 5, 12) or
offset toward the umbilicus (Pl. 16.5, Figs. 2, 8, 17).
Size: Holotype maximum diameter: 0.16 mm,
breadth 0.10 mm. Hypotype maximum diameter 0.19
mm, breadth 0.10 mm.
DISTINGUISHING FEATURES. Distinguished from
other tenuitellids by its highly arched and narrow
aperture and smooth test surface.
DISCUSSION. Li and Radford (1992) and Li and
others (1995) distinguished T. impariapertura Li from
T. insolita by suggesting the latter species has a more
circular test, a more convex dorsal side, and a narrower
umbilicus. Given that Jenkins’s (1966) type illustrations
shows a triangular to highly arched aperture in his
holotype and paratype illustrations, and in light of the
morphological variability of specimens illustrated on
Plate 16.5, we consider impariapertura to be a junior
synonym of insolita. Some of the specimens identified
as Praetenuitella patefacta by Li and others (1995, pl.
4, figs. 1-3) exhibit triangular, highly arched apertures
that are nearly centered on the equatorial peripheral plane
and are therefore here designated as T. insolita.
Poorly preserved upper Eocene specimens
identified as Globorotalia insolita by Jenkins and Orr
(1972) from DSDP Site 77B (eastern Equatorial Pacific)
are considered misidentified as the presence of elongate
umbilical flaps, axially compressed tests with a weakly
lobate equatorial periphery are not characteristic. We are
uncertain of the species identity of their illustrated
specimens.
Dissected specimens of T. insolita (e.g., Pl. 16.5,
Fig. 10) reveal that a highly arched aperture rimmed by
a narrow lip is present in all final whorl chambers in
adult specimens. This dissected specimen also shows
that the wall microstructure is monolamellar, as observed
in the wall of T. praegemma (Pl. 16.6, Fig.9) and T.
gemma (Pl. 16.7, Fig. 15).
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PHYLOGENETIC RELATIONSHIPS.
The
suggestion by Li and others (1995) that T. insolita
(=Praetenuitella impariapertura Li) descended directly
from Pseudohastigerina is rejected since the latter
species is planispiral and normal perforate whereas T.
insolita is trochospiral and microperforate. Li and
McGowran (1996) observed that Tenuitella insolita
shares a number of morphological features with
Cassigerinella eocaenica (C. winniana in their study),
including a smooth, microperforate wall structure,
minute test size, and high, narrowly arched aperture, but
it differs in having a low trochospiral rather than a
biserially enrolled coiling mode. The possible
relationship between these two species needs further
study and other phylogenetic hypotheses for the origin
of the tenuitellids need to be explored. Tenuitella
praegemma and T. patefacta probably evolved from T.
insolita during the latest Eocene.
STRATIGRAPHIC RANGE.
Upper Eocene Zone
E15; nominate species for the T. insolita Taxon Range
Zone (Zone AE9) at southern high latitudes (Huber and
Quillévéré, 2005). Originally described from the Port
Elizabeth section in New Zealand where it ranges from
just above the extinction of Acarinina collactea to just
below the extinction of Globigerinatheka spp. (Jenkins,
1971). In the Ocean View Borehole (New Jersey Coastal
Plain) the lowest occurrence of T. insolita was recorded
within the upper 30 feet of the 200 foot stratigraphic
range of Globigerinatheka index (Miller and others,
2003).
GEOGRAPHIC DISTRIBUTION.
Originally
described from the Port Elizabeth section (upper Eocene)
in New Zealand; also identified in upper Eocene
sequences in southern Australia (McGowran, 1987),
Japan (Kaiho, 1984), southern South Atlantic Ocean
(ODP Site 703; Nocchi and others, 1991) and southern
Indian Ocean (ODP Sites 737, 738C, 747 and 749;
Huber, 1991; Li and others, 1992). At low latitudes
reported from the equatorial Pacific (DSDP Site 77;
Jenkins and Orr, 1972) and central Pacific Ocean (DSDP
Site 321; Quilty, 1976).
STABLE ISOTOPE PALEOBIOLOGY. An oxygen
and carbon isotope cross-plot showing values from T.
insolita relative to those from co-occurring benthic and
planktonic species is presented in Figure 16.3 for an
upper Eocene (~Zone E15-16) sample from Cape May,
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New Jersey. These data suggest that T. insolita was a
relatively deep dwelling planktonic species that either
preferred living within the oxygen minimum zone of
the water column or had a considerable vital effect
causing preferential fractionation of the lighter carbon
isotope. The carbon and oxygen isotope values of T.
insolita are near those of Dipsidripella danvillensis,
suggesting that these species had similar ecological
preferences and/or vital effect offset from equilibrium
fractionation.
REPOSITORY. Holotype and paratypes deposited in
the Geological and Nuclear Research Institute, Lower
Hutt, New Zealand.
Tenuitella patefacta (Li, 1987)
PLATE 16.7, FIGURES 1-14
(Pl. 16.7, Figs. 1, 2: SEMs of holotype of
Praetenuitella patefacta Li)
Praetenuitella patefacta Li, 1987:309, pl. 1: figs. 6-10 [upper
Eocene, Zone P16-P17, Choctaw County, Alabama,
USA].—Poag and Commeau, 1995, pl. 9, figs. 18-20
[Upper Eocene, Zone P15, Exmore Core, Accomomack
County, Virgina].—Li and others, 1995:132-133, pl. 4:
figs. 4-5 [upper Eocene, ODP Hole 749B, Kerguelen
Plateau, southern Indian Ocean].
Praetenuitella insolita (Jenkins).—Li and others, 1995, pl.
4, figs. 6-8 [upper Eocene, ODP Hole 749B, Kerguelen
Plateau, southern Indian Ocean]. [Not Jenkins, 1966.]
Globorotalia gemma (Jenkins). Poore and Bybell, 1988:16,
pl. 3: figs. 1-6 [upper Eocene Turborotalia cunialensis
Zone, ACGS #4 borehole, Cape May, New Jersey Coastal
Plain]. [Not Jenkins, 1966.]
Tenuitella gemma (Jenkins).—Huber, 1991:441, pl. 7: figs.
7-8 [lower Oligocene, ODP Site 744, Kerguelen Plateau,
southern Indian Ocean]. [Not Jenkins, 1966.]

DESCRIPTION.
Type of wall: Microperforate, surface smooth to
finely pustulose, pustules irregularly scattered on
umbilical and spiral sides of test.
Test morphology: Test small, lobate circular in
equatorial outline, equatorial periphery rounded;
chambers globular, coiled in a very low trochospire,
increasing gradually in size, 5-6 in the final whorl, nearly
symmetrical in edge view; sutures depressed, curved on
the spiral side, radial on umbilical side; umbilicus small;
aperture a low extraumbilical-umbilical arch bordered
by a narrow, equidimensional lip.
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Size: Holotype maximum diameter: 0.16 mm.
DISTINGUISHING FEATURES.
Differs from
Tenuitella insolita by having a low rather than highly
arched, extraumbilical aperture; differs from T. gemma
by having a more lobate equatorial outline and a more
oval equatorial outline, a more open umbilicus and an
aperture that extends closer to the peripheral margin;
differs from T. praegemma by lacking secondary
apertures or apertural lips and having globular rather
than oval or subcrescentic chambers.
DISCUSSION. Comparison of the test outline,
umbilical morphology, and height of the aperture in the
T. patefacta holotype (re-illustrated on Pl. 16.7, Figs. 12) with those features on the holotype of T. gemma (Pl.
16.7, Figs. 16-18) and illustrations of T. insolita (Pl. 16.5)
reveals why Li (1987) considered patefacta to be the
intermediate link between insolita and gemma.
Specimens designated as Praetenuitella patefacta by
Poag and Commeau (1995) (re-illustrated on Pl. 16.7,
Figs. 3-5) have a more circular aperture and a more
closed umbilicus than Li’s primary type specimens but
still fall within Li’s species concept. An early Oligocene
specimen designated by Huber (1991) as T. gemma (reillustrated on Pl. 16.7: Figs. 9-10) is too deeply
umbilicate for that species and is reassigned to T.
patefacta despite having a narrower and deeper
umbilicus than found in Li’s (1987) type specimen. This
latter specimen is nearly identical to a specimen assigned
to T. patefacta from the upper Eocene specimen from
the New Jersey Coastal Plain (Pl. 16.7, Figs. 6-8). A
specimen previously assigned to T. praegemma forma
typica by Poag and Commeau (1995) (see Pl. 16.7, Figs.
13-14) is here considered to be T. patefacta because of
its more highly arched aperture, but the more pendulous
and axially broadening of the chambers and more closed
umbilicus are suggestive of T. praegemma. A specimen
designated as Globorotalia gemma by Poore and Bybell
(1988; re-illustrated on Pl. 16.7, Figs. 11-12) is
reassigned to T. patefacta because of its relatively lobate
equatorial outline and more open umbilicus.
PHYLOGENETIC RELATIONSHIPS. Descended
from T. insolita during the late Eocene; ancestral to T.
gemma, which first appeared during the latest Eocene.
STRATIGRAPHIC RANGE.
E15 to E16.

Upper Eocene; Zone

GEOGRAPHIC DISTRIBUTION.
Few records of
this species have been published. Identified in upper
Eocene sediments from the Atlantic coastal plain and
the southern Indian Ocean.
STABLE ISOTOPE PALEOBIOLOGY. No data
available.
REPOSITORY. Holotype and paratypes deposited in
the British Museum of Natural History, London.
Tenuitella praegemma (Li, 1987)
PLATE 16.6, FIGURES 1-19
(Pl. 16.6, Figs. 1-3: SEMs of holotype of
Praetenuitella praegemma Li)
Praetenuitella praegemma Li, 1987:309, pl. 1: figs. 11-22
[upper Eocene, Zone P15-17, Cocoa Sand, Jackson
Group, Choctaw County, Alabama, and Jackson Group,
Wayne County, Mississippi, USA].—Poag and
Commeau, 1995, pl. 9, figs. 3-4, 7-10 [upper Eocene,
Zone P15, U. S. Geological Survey Exmore Core,
Virginia Coastal Plain].
Praetenuitella praegemma Li, forma pendulocamerata Poag
and Commeau, 1995:155, pl. 9: figs. 11-15 [upper
Eocene, Zone P15, U. S. Geological Survey Exmore Core,
Virginia Coastal Plain].

DESCRIPTION.
Type of wall: Microperforate, surface smooth to
finely pustulose, pustules irregularly scattered on
umbilical and spiral sides of test.
Test morphology: Test small, lobate, circular in
equatorial outline, equatorial periphery rounded;
chambers globular, coiled in a low trochospire,
increasing gradually in size, 4-5 in the final whorl,
subcrescentic on spiral side, final chamber may be
narrow, asymmetrical and pendulous; sutures depressed,
curved on the spiral side, radial on umbilical side;
umbilicus narrow, deep; aperture a low extraumbilicalumbilical arch bordered by a narrow, equidimensional
lip that may extends to the spiral side, and may be
accompanied by a secondary aperture or apertural lip
along the spiral suture.
Size: Holotype maximum diameter: 0.16 mm.
DISTINGUISHING FEATURES.
Distinguished
from other tenuitellids by having either a low,
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PLATE 16.5 Tenuitella insolita (Jenkins, 1966)
492

CHAPTER 16 - JENKINSINA, ETC.

DISCUSSION. The holotype of T. praegemma is reillustrated on Plate 16.6, Figs. 1-3 along with specimens
from the upper Eocene of the New Jersey coastal margin,
including specimens previously designated as
Globorotalia gemma by Poore and Bybell (1988) (Pl.
16.6, Figs. 4, 5, 14) and P. praegemma forma
pendulocamerata by Poag and Commeau (1995) (Pl.
16.6, Figs. 15-19). The very elongate interiomarginal
apertural slit that extends from an extraumbilical position
across the periphery and sometimes to the spiral side is
a characteristic feature of this species. Some forms are
biapertural (Pl. 16.6, Figs. 11, 16, 18) and others show
presence of a secondary apertural lip on the spiral suture
(Pl. 16.6, Figs. 12, 13).
A monolamellar microstructure in T. praegemma is revealed from SEM observation (Pl. 16.6, Fig.
9) and is also suggested that T. praegemma descended
from T. insolita during the late Eocene. It is also possible
that it descended from T. patefacta since there is greater
similarity in the apertures of praegemma and patefacta
than that of insolita.
STRATIGRAPHIC RANGE.
Upper Eocene to
lowermost Oligocene; Zones E15-O1.
GEOGRAPHIC DISTRIBUTION.
margin.

North Atlantic

STABLE ISOTOPE PALEOBIOLOGY. Oxygen and
carbon isotope data obtained for T. praegemma (Fig.

-2.0
ampliapertura (1370’)
cerroazulensis (1461’)

G18O

interiomarginal aperture that extends from near the
umbilicus to the spiral side or by presence of a low,
narrow extraumbilical aperture accompanied by a
supplementary aperture (or apertural lip) on or near the
peripheral margin of the spiral suture; it further differs
from Tenuitella gemma by having a more lobate
equatorial outline.

-1.0
insolita (1461’)
praegemma (1370’)
Cibicidoides (1370’)
Cibicidoides (1461’)

0.0
-2.6

-1.6

-0.6

G13C
FIGURE 16.3. Oxygen and carbon isotope data for the benthic
foraminifer Cibicidoides spp. and the planktonic foraminifera
Tenuitella insolita, T. praegemma, Turborotalia ampliapertura and
T. cerroazulensis from ODP Leg 150X boreholes drilled at Cape
May, New Jersey Costal Plain. Late Eocene age of this interval
determined by Liu and others (1997). Data are presented in Table
16.1.

16.3) demonstrate that this species has very similar
values as the co-occurring benthic Cibicidoides spp. and
is 1.32‰ more positive in δ18O and 1.32‰ more negative
in δ 13C than the co-occurring planktonic species
Turborotalia ampliapertura. These results suggest that
T. praegemma was a relatively deep dwelling planktonic
species that either preferred living within the oxygen
minimum zone of the water column or had a considerable
vital effect causing preferential fractionation of the
lighter carbon isotope.
REPOSITORY. Holotype and paratypes deposited in
the British Museum of Natural History, London.
PROBLEMATICA
Genus Dipsidripella Brotea, 1995, emended this
study

Plate 16.5 Tenuitella insolita (Jenkins, 1966)
1-3, Zone AE9, ODP Hole 738B/5H/6, 90-95 cm, Kerguelen Plateau, South Indian Ocean; 4-10, Zone E14/15, Atlantic City Borehole,
New Jersey, ODP 150X, 1303.4-.5 ft; 11-13, 19, 20, Zone E14/15, Cape May Borehole, New Jersey, ODP 150X, 1485-1490 ft; 14, 15
(Praetenuitella impariapertura Poag and Commeau, 1995, pl. 9, figs. 16, 17), Zone E15/16, U. S. Geological Survey Exmore Core,
Virginia Coastal Plain, 1117 ft; 16-18, Zone E15/16, ODP Hole 1053A/7H/2, 50-52 cm, Blake Plateau, western North Atlantic Ocean.
Scale bar: 1-20 = 40 µm.
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PLATE 16.6 Tenuitella praegemma (Li, 1987)
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TYPE SPECIES. Dipsidripella hodisensis Brotea,
1995:31, pl. 1, figs. 1-12.
DESCRIPTION.
Test small- to medium-sized, peripheral margin
rounded, peripheral outline subquadrate to subcircular,
moderately lobate; chambers globular, inflated,
trochospiral, arranged in a low to slightly high spire;
sutures strongly depressed, radial on both sides; wall
calcareous, monolamellar, microperforate to finely
perforate with pore diameters ranging from 0.5 to 2.0
µm; surface weakly to densely covered by small, blunt
or, more commonly, hispid pustules; aperture
interiomarginal, umbilical-extraumbilical, variable from
a low and broad to narrow and high arch; small
semicircular secondary apertures may occur at the
intersection of the spiral and chamber sutures.
DISTINGUISHING FEATURES.
Differs from
normal perforate planktonic foraminifera by having a
monolamellar wall surface covered with randomly
scattered short, blunt to hispid pustules; differs from
Tenuitella by the greater range of pore sizes and tendency
to have a hispid wall texture; differs from
Praepararotalia Liu and others (1998) by the more even
distribution of pustules on both sides of the test rather
than restriction of pustules to the umbilical side, absence
of fused or linearly aligned pustules, and by having a
rounded rather than subrounded to subcarinate peripheral
margin; differs from Acarinina by presence of a
monolamellar wall (Pl. 16.8, Fig. 9) and less dense and
less coarsely pustulose surface ornamentation.
DISCUSSION. Jenkins (1971) erected the monotypic
subgenus Globorotalia (Testacarinata) to accommodate
the small, planoconvex, carinate species Globorotalia
inconspicua Howe, and he regarded his subspecies
Globorotalia (Turborotalia) inconspicua aculeata as the

non-carinate, hispid ancestor of G. (T.) inconspicua. Liu
and others (1998) transferred inconspicua and aculeata
to the new benthic genus Praepararotalia because of
gross similarities in their “globigerinid” morphology and
similar biofacies distributions that indicated a benthic
mode of life. However, significant differences in wall
texture, roundness of the equatorial periphery and
apertural morphology between aculeata (which is now
considered a junior synonym of danvillensis Howe) and
the other species that Liu and others (1998) included in
Praepararotalia, warrant their separation at the genus
level. The most appropriate genus available for
danvillensis is Dipsidripella, which was defined by
Brotea (1995) to accommodate her new species D.
hodisensis Brotea. This latter species was described from
uppermost Eocene-lowermost Oligocene sediments in
northern Transylvania, but it too is here considered a
junior synonym of danvillensis (see discussion below).
Abundance of D. danvillensis in shallow to
marginal marine biofacies, its near absence from pelagic
carbonate deposits, its monolamellar wall structure, and
its more positive oxygen and much more negative carbon
isotope values relative to co-occurring planktonic species
(Fig. 16.3) suggest it may have lived in a benthic or
merobenthic habitat. However, the overall test
morphology (e.g., presence of globular chambers, an
interiomarginal aperture, and evenly scattered, smooth
to pustulose test surface ornamentation) is typical of
planktonic foraminifera. Because of the uncertainty
regarding its mode of life and phylogenetic origin,
Dipsidripella is placed in the Problematica category.
PHYLOGENETIC RELATIONSHIPS.
Several
authors have suggested that Praepararotalia inconspicua
(Jenkins) is the most likely ancestor of D. danvillensis
(e.g., Jenkins, 1966, 1971; Liu and others, 1998). On
the other hand, observation of a monolamellar wall in
Tenuitella (e.g., Pl. 16.6, Fig. 9), similarity between the

Plate 16.6 Tenuitella praegemma (Li, 1987)
1-3 (reillustration of holotype, Li, 1997, pl. 1, figs. 16-18), Zone E15/16, Cocoa Sand, Jackson Group, Alabama; 4, 5, 14 (Poore and
Bybell, 1988, pl. 3, figs. 2, 4, 5), Zone E15/16, ACGS #4 Borehole, Mays Landing, New Jersey, 645 ft; 6-13, Zone E15/16, Cape May
Borehole, New Jersey, ODP 150X, 1377.0-1377.1 ft; 15-19 (Poag and Commeau, 1995, pl. 9, figs. 11-15), Zone E15/16, U. S. Geological
Survey Exmore core, Virginia Coastal Plain, 1,117 ft. Scale bar: 1-8, 10-19 = 40 µm; 9 = 2 µm.
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test morphology of tenuitellids and D. danvillensis, and
determination that D. danvillensis and T. insolita have
similar oxygen and carbon isotope values (Fig. 16.3)
suggests a possible phylogenetic link between
Dipsidripella and Tenuitella. This relationship is
considered tentative because of the pustulose wall and
somewhat larger pore size (in contrast to typical
microperforate wall) in Dipsidripella.
STRATIGRAPHIC RANGE.
Middle Eocenelowermost Oligocene (~Zones E9-O1).
GEOGRAPHIC DISTRIBUTION.
Primarily
recorded at middle to high latitudes in middle to outer
neritic depositional environments sometimes in very high
abundance; rarely reported from pelagic carbonate
sequences.
Dipsidripella danvillensis (Howe and Wallace, 1932)
PLATE 16.8, FIGURES 1-17
(Pl. 16.8, Figs. 1-3: new SEMs of holotype of
Globorotalia inconspicua aculeata Jenkins)
(Pl. 16.8: Figs. 4, 5: new SEMS of holotype of
Globorotalia danvillensis Howe and Wallace)
Globorotalia danvillensis Howe and Wallace, 1932:74, pl.
10: figs. 9a-c [upper Eocene, Jackson Group, Danville
Landing on the Ouachita River, Catahoula Parish,
Louisiana, USA].
Globorotalia inconspicua Howe subspecies aculeata Jenkins,
1966:1118, 1120, fig. 13, no. 119-125 [Bortonian (middle
Eocene), Globigerinatheka index index through
Globorotalia (Testacarinata) inconspicua Zones,
Hampden Beach, South Island, New Zealand].
Globorotalia (Turborotalia) aculeata Jenkins. Jenkins,
1971:111-112, pl. 10: figs. 250-256 [Bortonian through
Kaitan Stage (middle-upper Eocene), Globigerinatheka
index index through Globorotalia (Testacarinata)

inconspicua Zones, Hampden Beach, South Island, New
Zealand].
Globorotalia aculeata Jenkins. Jenkins and Srinivasan,
1985:807, pl. 2: fig. 4 [upper Eocene, Globorotalia
aculeata Zone, DSDP Site 592, Lord Howe Rise,
southwest Pacific,].—Poore and Bybell, 1988:17, pl. 3:
figs. 7-9 [upper Eocene, Turborotalia cunialensis Zone,
U. S. Geological Survey ACGS #4 borehole, Mays
Landing, New Jersey Coastal Plain].
“Tenuitella” aculeata (Jenkins).—Malumian, 1990:382
(Eocene, Man Aike Fm., Santa Cruz Province, YCF SEC7 borehole, Argentina].
“Acarinina” aculeata (Jenkins). Nocchi and others,
1991:266, pl. 4: figs. 27, 28 [upper Eocene, Zone P15,
ODP Hole 703A, Meteor Rise, southern South Atlantic
Ocean].
Praepararotalia aculeata (Jenkins). Liu and others, 1998
(partim); not pl. 1: fig. 10 [=Praepararotalia inconspicua
(Jenkins)]:16-17, pl. 1: figs. 11-13 [middle Eocene,
Clairborne Member, Cook Mountain Fm., Couley Creek,
Winn Parish, Louisiana].
Globorotalia sp., Leckie and Webb, 1985:1116, pl. 16: figs.
10-15 [probably reworked in Recent sediments, DSDP
Site 270, Ross Sea, Antarctica].
Globigerina cf. G. angustiumbilicata Bolli. Murray and
Wright, 1974:118, pl. 14: figs. 7-8 [upper Eocene Middle
Headon Beds, Whitecliff Bay, Isle of Wight, England].
[Not Bolli, 1957.]
Dipsidripella hodisensis Brotea, 1995:31-32, pl. 1: figs. 1-9
[uppermost Eocene-lowermost Oligocene, upper Brebi
Marls Fm., Hodis Salai district, northern Transylvania].

DESCRIPTION.
Type of wall: Wall monolamellar, micro- to finely
perforate, surface smooth to moderately pustulose, hispid
to bluntly pustulose, pustules randomly scattered on
umbilical and spiral sides of test.
Test morphology: Test small, moderately lobate,
subquadrate to circular in equatorial outline, axial
periphery rounded; chambers globular, coiled in a low
trochospire, increasing moderately in size, 41/2-51/2 in the

Plate 16.7, 1-14, Tenuitella patefacta Li, 1987; 15-20, Tenuitella gemma (Jenkins, 1966)
Tenuitella patefacta 1, 2 (reillustration of holotype, Li, 1987, pl. 1, figs. 6, 7), Zone E15/16, Choctaw County, Alabama; 3-5 (Poag and
Commeau, 1995, pl. 9, figs. 18-20), Zone E15/16, U. S. Geological Survey Exmore Core, Virginia Coastal Plain, 1159 ft; 6-7, Zone E16,
Ocean View Borehole, New Jersey, ODP 174X, 1172.1 ft; 9, 10 (Huber, 1991, pl. 7, figs. 7, 8) Zone AO1, ODP Hole 744A/17H/1, 28-33
cm, Kerguelen Plateau, southern Indian Ocean; 11, 12 (Poore and Bybell, 1988, pl. 3, figs. 3, 6) Zone E15/16, ACGS #4 Borehole, Mays
Landing, New Jersey; 13, 14 (Poag and Commeau, 1995, pl. 9, figs. 1, 2), Upper Eocene, Ohio Oil Company Hammond core, Maryland
Coastal Plain, 1240-1250 ft. Tenuitella gemma 15, Zone E15/16, Ocean View Borehole, 1172.1 ft; 16-18 (holotype, NZGS TF1505)
Globigerina brevis Zone, Kakanui River, South Island, New Zealand; 19, 20, Zone E16, Cape May Borehole, New Jersey, ODP 150X,1370.01370.1 ft. Scale bar: 1-14, 16-20 = 40 µm; 15 = 2 µm.
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PLATE 16.7 Tenuitella patefacta Li, 1987, Tenuitella gemma (Jenkins, 1966)
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PLATE 16.8 Dipsidripella danvillensis (Howe and Wallace, 1932)
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final whorl; sutures radial and depressed on umbilical
and spiral sides; umbilicus usually narrow and
moderately deep; aperture an interiomarginal, umbilicalextraumbilical arch that is narrow and high or broad and
low, may or may not be bordered by a narrow,
equidimensional lip; a semicircular accessory aperture
may occur on the ventral side at the intersection of the
spiral and/or penultimate chamber sutures (Pl. 16.8, Fig.
17).
Size: Holotype (LSU: HVH 712) maximum
diameter 0.11 mm, breadth 0.07 mm; hypotypes
maximum diameter 0.11-0.15 mm, maximum breadth
0.05-0.06 mm.
DISTINGUISHING FEATURES. This species differs
from Praepararotalia inconspicua (Howe) by having a
rounded rather than subangular or carinate peripheral
margin, a gently convex rather than flattened spiral side,
and an interiomarginal rather than areal position of the
aperture; differs from D.? liqianyui n. sp. by its more
lobate and broadly rounded equatorial periphery, less
flattening of the spiral side, and absence of pustules in
the umbilicus; differs from Praepararotalia perclara
Loeblich and Tappan by the presence of pustulose
ornamentation on both sides, rather than only on
umbilical side of the test (e.g., see Liu and others, 1998,
pl. 1, figs. 1-9, text-fig. 4-2); differs from A. medizzai
by its monolamellar wall, hispid, rather than coarsely
muricate wall texture, and distinctive, often highly
arched aperture.
DISCUSSION. Globorotalia inconspicua aculeata
Jenkins is considered a junior synonym of Dipsidripella
danvillensis based on morphologic similarity of the two
holotypes (Pl. 16.8, Figs. 1-5) and because of
nomenclatural priority. Dipsidripella hodisensis Brotea,
the type species of Dipsidripella, also falls within the
range of morphologic variability of D. danvillensis and

is therefore considered a junior synonym (see holotype
on Pl. 16.8, Fig. 6). Liu and others (1998) transferred
Jenkins’s aculeata (=danvillensis) to their new genus
Praepararotalia based on the more areal, extraumbilical
position of the aperture and similarity in shallow water
biofacies distribution. This taxonomic reassignment is
no longer considered appropriate because the other
species that Liu and others (1998) assigned to
Praepararotalia show significant asymmetry in the
distribution of surface pustules, with greatest pustule
concentrations near the umbilicus, and, in the case of P.
inconspicua, coalescence of pustules to form costae on
the chamber surface or a peripheral carina.
Kucera (1994) compared ontogenetic patterns
of test morphology and microstructure for modern
microperforate species and lower Oligocene specimens
of D. danvillensis (designated as Turborotalia? aculeata)
collected from the Pouzdrany Marl in the Polish
Carpathians. Results from his measurements of adult
specimens demonstrate an overlapping but larger range
of pore size in danvillensis (0.5-2.0 µm) relative to
modern microperforates (0.5-0.8 µm) and a much lower
concentration of pores (11-17 pores/µm2 in danvillensis
vs. 160-180 pores/µm2 in microperforates). In his species
abundance counts he found a strongly inverse
relationship between the abundance of danvillensis and
the abundance of large globigerinids. As an example,
samples with 24-42% larger globigerinids contained less
than 2% danvillensis, whereas samples with >85%
danvillensis contained 0% larger globigerinids. In the
shallowest, lowest salinity samples, Kucera found that
D. danvillensis is the only foraminifer species present
with a planktonic test morphology.
PHYLOGENETIC RELATIONSHIPS. Uncertain.
Although Lui and others (1998) suggest that
Praepararotalia aculeata (=D. danvillensis in the present
study) evolved from Praepararotalia perclara (Loeblich

Plate 16.8 Dipsidripella danvillensis (Howe and Wallace, 1932)
1-3, (holotype, Globorotalia inconspicua aculeata Jenkins, 1966, NZGS TF 1506), middle Eocene, Hampden Beach Section, New Zealand;
4, 5, 7, 14 (4, 5, holotype, LSUM 712; 7, 14 topotype), upper Eocene, Jackson Formation, Danville Landing, Lousiana; 6 (reillustration of
holotype of Dipsidripella hodisensis Brotea, 1995, pl. 1, fig. 5); 8, 10, 11, Zone E14/15, Atlantic City Borehole, New Jersey, ODP 150X,
1303.4-1338.1ft; 7, Zone E15/16, Shubuta Clay, Wayne County, Mississippi; 9, 12, 13, 16, 17, upper Eocene, Yazoo Fm, Cynthia, Mississippi;
15, Zone NP22, Waschberg unit Ottenthal, Austria. Scale bar: 1-8, 10-12, 14-16 = 40 µm; 17 = 20 µm; 13 = 10 µm; 9 = 2 µm.
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PLATE 16.9 Dipsidripella liqianyui Huber and Pearson, n. sp.
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Eocene, corresponding with the middle of the
stratigraphic range of Globigerinatheka index.
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FIGURE 16.4. Cross-plots for oxygen and carbon isotope data for
foraminifera from ODP Leg 150X boreholes drilled at the Atlantic
City and Cape May drill sites on the New Jersey Costal Plain.
Cibicidoides spp. are benthic species and all others are planktonic
species. Depths given in feet below surface. Upper Eocene ages for
Leg 150X cores determined by Liu and others (1998). Data are
presented in Table 16.1.

and Tappan) during the early Eocene, based on
morphologic similarity and overlapping stratigraphic
ranges, they are separated by a stratigraphic gap spanning
the lower Eocene and P. perclara is considered a benthic
taxon. Restriction of D. danvillensis to shallow shelf
depositional environments (e.g., Liu and others, 1998)
and similarity of its stable isotopic composition with cooccurring benthic species (see below) suggests that this
taxon may have been derived from a benthic ancestor.
STRATIGRAPHIC RANGE. Middle Eocene - upper
Eocene; Zone E9 – E14. Liu and others (1997) recorded
Globigerina? danvillensis (=D. danvillensis) from upper
Zone P12 through lower P15 (=Zone E11-E14) in the
Atlantic City borehole in the New Jersey coastal margin.
In New Zealand Jenkins (1971) recorded Globorotalia
aculeata (=D. danvillensis) within the lower upper

GEOGRAPHIC DISTRIBUTION. Restricted to
shallow shelf depositional environments at middle to
high latitudes.
STABLE ISOTOPE PALEOBIOLOGY. Oxygen and
carbon isotope values for well preserved D. danvillensis
from upper Eocene core samples drilled on the New
Jersey coastal margin are plotted in Figure 16.4 relative
to co-occurring benthic and planktonic species. The δ18O
values of D. danvillensis are from 0.5 to 1.0‰ more
negative than co-occurring benthic species and from 0.3
to 0.7‰ more positive than co-occurring subbotinid or
turborotaliid planktonic species. The δ13C values of D.
danvillensis are consistently more negative by 0.5 to
1.4‰ than co-occurring benthic values, and up to 2‰
more negative than co-occurring planktonic species. In
one sample the carbon and oxygen isotope values of D.
danvillensis plot very close to those of Tenuitella insolita.
These data, and the biofacies distribution observations
discussed above, indicate that D. danvillensis either lived
in a benthic habitat for all or most of its life cycle or it
occupied a much deeper level of the water column than
co-occurring planktonic foraminifera.
REPOSITORY.
Holotype (cat. no. HVH 712)
deposited in Louisiana State University Museum
Collection, Baton Rouge, Louisiana.
Dipsidripella liqianyui Huber and Pearson new
species
PLATE 16.9, FIGURES 1-17
Testicarinata inconspicua (Howe) . Stott and Kennett,
1990:560, pl. 7: figs. 13, 14 [late middle Eocene, ODP
Site 869, Maud Rise, Waddell Sea]. [Not Howe, 1939.]

Plate 16.9 Dipsidripella liqianyui Huber and Pearson, n. sp.
1-3 (holotype, USNM 494824), Zone AE8, ODP Hole 738B/7H/2, 90-95 cm, Kerguelen Plateau, Southern Indian Ocean; 4, 8 (Stott and
Kennett, 1990, pl. 7, figs.. 13, 14), Zone AE8, ODP Hole 689/17H/6, 35-37 cm, Weddell Sea, Antarctic Ocean; 5-7, (paratype, USNM
494825), Zone AE8, ODP Hole 738B/7H/2, 90-95 cm; 9-11 upper Eocene, Zone AE8, ODP Hole 738B/7H/4, 90-95 cm; 12-17, middle
Eocene Zone AE8, ODP Hole 738B/8H/6, 90-95 cm, Kerguelen Plateau, Southern Indian Ocean. Scale bar: 1-17 = 40 µm.
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Planorotalites sp. 2, Huber, 1991:440, pl. 6: figs. 23-24 [lower
Eocene Zone AP6a, ODP Hole 738C, Kerguelen Plateau,
southern Indian Ocean].
Praetenuitella sp. 2, Huber, 1991:440, pl. 7: figs. 3, 4 [upper
Eocene Zone AP12, ODP Hole 738B, Kerguelen Plateau,
southern Indian Ocean].

DESCRIPTION.
Type of wall: Microperforate to finely perforate,
surface hispid to moderately pustulose, pustules scattered
on umbilical and spiral surfaces of test.
Test morphology: Test very small, equally
biconvex to planoconvex, weakly lobate, circular to
subcircular in equatorial outline, axial periphery rounded
to slightly compressed; 5-7 subglobular chambers,
sometimes becoming slightly reniform in the final whorl,
coiled in a low trochospire, increasing gradually in size;
sutures weakly depressed, radial to slightly curved on
the spiral side, radial on umbilical side; umbilicus broad
and shallow, often ornamented with a random scattering
of pustules; aperture a subcircular extraumbilicalumbilical arch that is bordered by a narrow to moderately
broad, equidimensional lip.
Size: Holotype (USNM 523431) maximum
diameter 0.10 mm, breadth 0.04 mm; Paratype (USNM
523432) maximum diameter 0.09 mm, breadth 0.04 mm.
ETYMOLOGY. Named in honor of Li Qianyu for his
important contributions to the study of microperforate
planktonic foraminifera.
DISTINGUISHING FEATURES.
Differs from
species included in Tenuitella by having a larger pore
size, its more evolute test with a less lobate equatorial
periphery, lower trochospire, more flattened spiral side,
shallower, broader umbilicus, and presence of pustules
in the umbilicus. Differs from Dipsidripella danvillensis
by its more evolute test, less lobate axial periphery, more
flattened spiral side, broader interiomarginal aperture,
and absence of secondary accessory apertures.
DISCUSSION.
This new species is placed in
Dipsidripella because of its finely perforate test, smooth,
pustulose to hispid surface texture, and highly arched
interiomarginal aperture. Because of its small size and
thin shell wall this taxon is easily overlooked in
microfossil assemblages and is prone to dissolution and
recrystallization. As a result, its stratigraphic and
geographic distribution have been incompletely
documented and its taxonomic status cannot be firmly
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resolved until better preserved specimens are studied.
Specimens that were described as Planorotalites sp. 1
and Praetenuitella sp. 2 by Huber (1991) from middle
and upper Eocene chalk sediments at ODP Site 738
(Kerguelen Plateau) are now placed in D. liqianyui as
they differ only in degree of evoluteness in coiling and
axial compression of the test.
PHYLOGENETIC RELATIONSHIPS. May have
evolved from D. danvillensis during the middle Eocene.
STRATIGRAPHIC RANGE. Middle Eocene Zone
E11 through lower Oligocene Zone O1.
GEOGRAPHIC DISTRIBUTION. Identified only in
the southern Indian Ocean at ODP Site 738 (Kerguelen
Plateau) and Site 761 (Wombat Plateau).
STABLE ISOTOPE PALEOBIOLOGY.
available.

No data

REPOSITORY. Holotype (USNM 523431) and
paratype (USNM 523432) deposited at the Smithsonian
Museum of Natural History, Washington, D.C.
OTHER PROBLEMATICA
The following species of (probable/possible) Eocene
planktonic foraminifera have been validly described
but are not placed in this atlas because they are of uncertain affinity, either because they are lost, inherently
indeterminate, or require further study.
aequabilis, Globigerina aequabilis Terquem, 1882:86,
pl. 9: fig. 5a-b [lower Eocene, Vaudancourt, Paris
region]. [Apparently two foraminifera stuck
together, at least one probably a benthic species.]
applanata, Globigerina applanata Hantken, 1883:132,
pl.2: fig. 7a-c [probably Eocene of Italy]. [Possibly
a turborotaliid, or a benthic species.]
asperula, Globigerina asperula Guembel, 1868:661,
pl. 2: fig. 108a,b [Eocene, Austria]. [Impossible to
identify from minuscule line drawing; specimen
lost according to Blow, 1979.]
azerbaidjanica, Globigerina azerbaidjanica Khalilov,
1956:243, pl. 4: fig. 1a-c [lower upper Eocene,
Maly Caucasus, Azerbaidzhan]. [Possibly a
juvenile globigerinathekid.]
conglomerata, Globigerina conglomerata Terquem,
1882:86, pl. 9: fig. 3a,b [Eocene, Paris region]. [A
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perplexing illustration, not referable to the
Globigerinaceae according to Blow, 1979.]
globosa, Globigerina globosa Hantken, 1883:132,
pl. 2: fig. 3a-c [probably Eocene of Italy]. [Possibly
a crushed globigerinathekid.]
indica, Inordinatosphaera indica Mohan and Soodan,
1967:24, pl. 1: figs. 1-7 [unknown, possibly a
highly unusual new form; requires new study of the
types which are deposited in the Paleontological
Laboratory, Oil and Natural Gas Commission,
Dehra Dun, India.]
Inordinatosphaera Mohan and Soodan, 1967:24, pl. 1:
figs. 1-7 [unknown; see under indica.]
laccadivensis, Globanomalina laccadivensis Fleisher,
1974:1017, pl. 5: figs. 7-12 [upper middle to upper
Eocene, DSDP Site 219, Arabian Sea]. [Resembles
an igorinid but occurs stratigraphically above the
last occurrence of Igorina; we have not found this
taxon in our researches. Needs further study.]
minuta, Globorotalia minuta Bermudez, 1961:1295,
plll. 16: fig. 2a-c [upper Eocene, Jacabo Fm.,
Cuba]. [Possibly a planorotalitid, but has unusual
test profile and may be a benthic.]
paravenezuelana, Globigerina paravenezuelana
Hofker, 1956:113, text-figs. 92-94 [upper Eocene
Santa Cruz Island, West Indies]. [Probably a
subbotinid of the eocaena group.]
praecentralis, Globorotalia (Turborotalia)
praecentralis Blow, 1979: pl.135: figs. 7-9 (9 =
holotype); pl. 136, figs.1-6; pl. 233, fig. 6 (close-up
of holotype) [Subzone P8b, DSDP Site 47,
northwest Pacific Ocean]. [Blow’s illustrated
specimens, which are all from his Subzone P8b of
Site 47 are hard to place, although we reject any
relation to Turborotalia. Although well illustrated
and described, the material is only moderately wellpreserved. The species, which seems to have a
cancellate pustulose wall, may be referable to
Acarinina or even Praemurica. Blow did not
provide positive evidence of his species ranging
up into the middle Eocene, although he claimed
that it does so, and we have not found comparable
morphotypes in our researches.]
rubriformis, Globigerinoides rubriformis Subbotina,
1953: pl. 13: fig. 19a,b; pl. 14: figs. 6-9 [upper
Eocene, northern Caucasus]. [Although Subbotina
described this species as having supplementary
apertures, the illustrations on her pl. 14 which
include the holotype do not show such apertures.

There is much confusion on the identification of
this species by various authors. See synomymies in
Chapter 7, this volume. Needs further study.]
salisburgensis, Globorotalia salisburgensis
Gohrbandt, 1967:pl. 1:figs. 31-33 (holotype), 37-39
(paratype) [basal lower Eocene, Helvetikum,
Austria]. [Indeterminate morozovellid, similar to
some Paleocene species, so possibly reworked.]
stainforthi, Globigerina stainforthi Hofker, 1956:116,
text-figs. 96-97 (no holotype designated) [upper
Eocene, Santa Cruz Island, West Indies]. [Possibly
a subbotinid.]
thebaica, Globorotalia thebaica Said, 1960:284, pl. 1:
fig. 6a-c [lower Eocene, Thebes, Egypt]. [Possibly
an acarininid.]
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