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Distribution of deep-sea benthic foraminifera in the Neogene of Blake Ridge, NW Atlantic Ocean
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ABSTRACT - This study describes and illustrates the evolution of deep-sea benthic foraminifera from the
Blake Ridge during the late Neogene. In total, 305 species of benthic foraminifera belonging to 107 genera
were identified. The Blake Ridge receives fine-grained nannofossil-bearing hemipelagic sediments,
transported from the Canadian continental margin by the Deep Western Boundary Undercurrent
(DWBUC). We thus presume that changes in benthic foraminifera at Ocean Drilling Program (ODP) sites
991A, 994C, 995A and B and 997A reflect mainly changes in the intensity of the DWBUC, which is closely
related to North Atlantic Deep Water (NADW) production. However, the dominance of Uvigerina
peregrina, U. proboscidea and Cassidulina carinata during the late Miocene in all the holes suggests an
increased influence of Southern Component Waters in the Blake Ridge region. During the early Pliocene
(4.8-2.8 Ma) in all the sites benthic faunal assemblages suggest that there was an increased transport of
organic-rich sediments by the DWBUC from the Canadian margin to the Blake Ridge, driven by increased
production of NADW. During this time the species diversity (Sanders’ rarefied values) was low. In the
younger interval (since 2.8 Ma), the faunal data suggest less transport of organic-rich sediments to the
Blake Ridge, which appears to be related to weakening of the DWBUC during cold intervals. An increase
in species diversity at 3 Ma probably resulted from decreased population of bacteria due to low organic
matter and/or less competition. In the late Pleistocene (c. 0.6 Ma), Stilostomella lepidula became extinct in
all the studied holes, suggesting that this species may have possessed a mode of feeding which no longer
existed in the cold, well-oxygenated oceans of the present. J. Micropalaeontol. 30(1): 3374, May 2011.

Supplementary material: Relative abundances of important benthic foraminifera and Sanders’ rarefied
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INTRODUCTION

Benthic foraminifera are an important source of information on
past environmental variability. This group occupies perched
epibenthic to deep infaunal microhabitats, utilizing a variety of
trophic mechanisms. Benthic foraminifera are able to survive/
proliferate in a wide range of marine environments, including
extreme ecosystems, such as oligotrophic abyssal plains (Coull
et al., 1977) or hydrothermal vents (Sen Gupta & Aharon,
1994), cold seeps (Rathburn et al., 2000; Bernhard et al., 2001;
Robinson et al., 2004) and deep sea trenches (Akimoto et al.,
2001).

Benthic foraminiferal distributions are closely tied to the
organic carbon flux of the sea floor and organic carbon content
of the sediment (Caralp, 1984, 1989a, b; Van der Zwaan et al.,
1990; Jorissen et al., 1992; Gooday, 1993; Schmiedl et al., 1997;
De Stigter et al., 1998; Gupta & Thomas, 1999, 2003; Singh
& Gupta, 2004), and the dissolved oxygen content of bottom
water and pore water oxygenation (Corliss & Emerson, 1990;
Hermelin & Shimmield, 1990; Gooday, 1994; Jannink et al.,
1998). In addition, there are other factors that significantly
influence benthic foraminiferal distribution, such as the nature
of organic matter (degraded, labile, refractory, etc.), trace
elements in the sediments and presence of methane (Wefer et al.,
1994; Rathburn et al., 2000; Fontanier et al., 2005; Bhaumik &
Gupta, 2007).

The Blake Ridge in the westernmost part of the North
Atlantic Ocean (Fig. 1) is a sediment drift, adjacent to two

important components of the Atlantic Meridional overturning
circulation: the warm, saline Gulf Stream and the Deep Western
Boundary Undercurrent (DWBUC). The ridge sediments largely
consist of fine-grained nannofossil-bearing hemipelagic sedi-
ments, transported from the Canadian continental margin by
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Fig. 1. Map showing locations of ODP holes from Blake Ridge, NW
Atlantic Ocean, Leg 164. Shaded area represents the inferred distri-
bution of bottom simulating reflector (BSR). Contours are in metres.
NADW, North Atlantic Deep Water (continuous arrow); DWBUC,
Deep Western Boundary Undercurrent (broken arrow).
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Hole 991A 994C 995A 995B 997A
Latitude 32°59.018' N 31" 47"139 N 31°48.210' N 31°48.217" N 31’ 50" 588N
Longitude 75°55.801" W 75" 32" 753W 75°31.343' W 75°31.336' W 75" 28'118 W
Water depth (m) 2567.5 2799.1 2778.5 2776.9 2770.1
Penetration (mbsf) 56.6 703.5 704.6 700 434.3

5.9 Ma to Recent 6.8 Ma to Recent

Age (Ma) -

6.6 Ma to Recent 4.9 Ma to Recent 5.4 Ma to Recent

Late Miocene to Recent - - - - - = - - == - - - oo oo m oo | g

Table 1. Summary of ODP holes 991A, 994C, 995A, 995B and 997A, including water depth, location, penetration and stratigraphic range of the

studied sequence.

the DWBUC (Markl et al., 1970; Reynolds et al., 1999; Balsam
& Damuth, 2000).

At present, the flanks of the Blake Ridge above ¢. 3500 m are
covered by the Northern Component Waters (NCW), carried by
the DWBUC to the south, with a density of ¢. 27.88 kg m > and
a dissolved oxygen concentration of ¢. 6.3 mlI"! (Bower & Hunt,
2000). At depths greater than c. 4000 m, the ridge is covered by
Southern Component Waters (SCW), mainly fed by the Antarc-
tic Bottom Water (AABW). This deep bottom water, however,
consists of a varying mixture of NCW (up to 90%) and SCW
(Stahr & Sanford, 1999). There have been few studies to
reconstruct the relative volume of NCW and SCW during earlier
time periods. Frank et al. (2002) and Reynolds er al. (1999)
used Nd and Pb isotopes to argue that the export of the SCW
was strong prior to 3 Ma, and linked changes in Pb isotope
values after 3 Ma and more dramatic changes since 1.8 Ma to
the North Atlantic circulation as related to the Northern
Hemisphere glaciation (NHG).

The Blake Ridge archives a continuous and thick sedimen-
tary record, providing ample opportunities to examine a link
between benthic foraminiferal populations, DWBUC and deep
water masses influenced by NCW and SCW. To understand this
relationship, we analysed population trends in dominant benthic
foraminifera and Sanders’ rarefied values from five Ocean
Drilling Program (ODP) holes, 991A, 994C, 995A and B and
997A, drilled during Leg 164 on the Blake Ridge, NW Atlantic
Ocean. We also document and illustrate important benthic
foraminiferal species with scanning electron micrographs that
give an idea about the state of preservation of benthic fauna in
the Blake Ridge.

LOCATION AND OCEANOGRAPHIC SETTING

Ocean Dirilling Program (ODP) holes 991A, 994C, 995A, 995B
and 997A (Leg 164) are located on the Blake Ridge, ¢. 200 km
off the east coast of the USA in the NW Atlantic Ocean (Fig. 1,
Table 1). These holes lie in a tectonically inactive setting close to
the passive margin and were not affected by late Cenozoic
tectonic activity or by fluid flow along major faults in the
sediments (Wood & Ruppel, 2000). Site 991, hole A lies near the
upslope flank of the Cape Fear Diapir, where sediments that
may formerly have contained gas hydrate have been disturbed
(Paull et al.,, 1996). This hole has three or more discrete
mass-transport zones of different ages ranging from the Miocene
to the Pleistocene, punctuated by undisturbed sediment inter-
vals. The geological setting of Site 995 is similar to that of Sites
994 and 997. These sites are located on the southern flank of the
Blake Ridge — a Neogene sediment drift (Tucholke & Mountain,
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1979). The depth and speed of the DWBUC have varied on
glacial-interglacial time-scales, with shallower depth and slow
speed related to the increased influence of SCW (AABW) during
the late Miocene to the Pleistocene (Ledbetter & Balsam, 1985).
The depth of the contact between NCW (above) and SCW
(below) has changed significantly over time, generally shallow-
ing by more than 2000 m during glacial intervals, so that the
DWBUC’s zone of maximum flow speed shifted to a depth of
less than 2500 m (Evans & Hall, 2008). The major increase
in DWBUC depth during interglacials and speed correlates
with the resumption of North Atlantic Deep Water (NADW)
production (Shackleton et al., 1983).

The depositional environment at Blake Ridge is strongly
influenced by glacial-interglacial switches in the strength and
position of the DWBUC that preferentially eroded sediments
from the Canadian continental margin (Laine et al., 1994) and
led to the sediment drifts in the Blake-Bahama Outer Ridge
(BBOR) region (Franz & Tiedemann, 2002). These drift deposits
consist of cyclic alternations between carbonate-rich and clay-
rich sediments with higher carbonate concentrations during
interglacial stages. Because NADW circulation enhances speed
of DWBUC, and NADW production is higher during intergla-
cials (Franz & Tiedemann, 2002), it is expected that the
DWBUC will intensify sediment transport from the Canadian
continental margin during interglacial periods.

The modern lysocline in the Blake Ridge area lies between
4000 m and 4350 m water depth (Balsam, 1983). The only
tectonic event that occurred adjacent to the study area is the
closing of the Panama Isthmus around 4 Ma, which drove
significant changes in the thermohaline circulation of the North
Atlantic (Haug & Tiedemann, 1998).

MATERIALS AND METHODS
One thousand five hundred and sixteen (1516) core samples were
analysed, which were provided under request numbers 16030A,
16030B and 16030C to AKG. From hole 991A we analysed 179
samples, with a total length of 56.6 m below seafloor (mbsf),
ranging from 5.9 Ma to the Recent; from hole 994C, 441
samples (up to 703.5 mbsf), covering the last 6.8 Ma; from hole
995A, 599 samples (up to 704.10 mbsf), ranging from 6.6 Ma to
the Recent; from hole 995B, 59 samples (up to 453.06 mbsf),
with a total duration of 4.9 Ma; and from hole 997A, 238
samples (up to 434.3 mbsf), spanning the last 5.4 Ma (Table 1).
Samples were processed with the necessary precautions to
avoid contamination using the standard procedures (Gupta &
Thomas, 1999). Samples were soaked in clean tap water with few
drops of hydrogen peroxide (H,O,) of 3-5% concentration for
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8-12 hours and were washed over a 63 pm size sieve. The washed
samples were dried in an electric oven at ¢. 50°C and transferred
into labelled glass vials. We generated benthic foraminiferal
census data from an aliquot of c¢. 300 specimens from the
> 125 um size fraction. The specimens were counted, identified,
their stratigraphic ranges plotted and percentages calculated
(data available at www.pangaea.de). Sanders’ rarefied values
were calculated following the procedure described in Singh &
Gupta (2004). All samples are catalogued in the Paleoceanogra-
phy and Paleoclimatology Laboratory of the Department of
Geology & Geophysics, Indian Institute of Technology,
Kharagpur. Scanning electron micrographs were taken at the
SEM laboratory of the Department of Geology & Geophysics
and Central Research Facility (CRF), Indian Institute of Tech-
nology, Kharagpur.

Ages for every sample were calculated based on interpolation
between nannofossil datums (Okada, 2000) using the time-scale
of Berggren et al. (1995a, b). For taxonomic identification, we
largely followed Barker (1960), Boltovskoy (1978), Srinivasan &
Sharma (1980), Boersman (1990), Gupta (1994), Jones (1994)
and numerous other relevant publications from the Atlantic
Ocean. The generic identification is based on Loeblich &
Tappan (1964, 1988).

RESULTS

We identified 305 species of benthic foraminifera belonging to
107 genera. Out of these, 158 species belonging to 83 genera are
shown in Plates 1-13. These species are listed in Appendix A.
Some 262 species were identified at hole 991A, 220 species at
hole 994C, 245 species were recorded at hole 995A, 148 species
at hole 995B and 160 species at hole 997A. Table 2 shows the
dominant species and their highest abundances in the studied
ODP holes. Most of the species are long-ranging and common in
all holes. A few, such as Bulimina aculeata, Cassidulina laevigata,
Fursenkoina rotundata, Melonis barleeanum, M. pompilioides and
Nonionella auris, show continuous occurrences coinciding with
the beginning of NHG at ¢. 3 Ma (Fig. 2). The studied sequences
do not appear to have been under the influence of the lysocline
or Carbonate Compensation Depth (CCD) during the late
Neogene, as there are no dissolution marks on the benthic
foraminifera.

The most dominant benthic foraminiferal species at the
studied ODP holes include Astrononion stelligerum, A. umbilica-
tulum, Cassidulina carinata, Globocassidulina obtusa, G. subglo-
bosa, Epistominella exigua, Epistominella sp., Uvigerina
peregrina, U. proboscidea, Melonis barleeanum, Pyrgo murrhina,
Quadrimorphina laevigata and Stilostomella lepidula (Figs 3-6).
Their percentages show important switches in their populations
which could be helpful in understanding changes in the intensity
of the DWBUC during the late Miocene to the Pleistocene (Figs
3-6). Figures 3 and 5 show percentages of individual species
from site 991, while Figures 4 and 6 show combined census data
of these species at sites 994, 995A and B and 997, since these sites
are closely located. The species Cassidulina carinata, Uvigerina
peregrina, U. proboscidea and Quadrimorphina laevigata show
episodic occurrences at sites 994, 995 and 997 (Figs 4, 6),
whereas at site 991 these species show secular trends, with less
significant populations. Globocassidulina obtusa and Epistom-
inella sp. show higher abundances in the Pliocene (5-3 Ma) and

during 1.8-1.0 Ma at site 991, whereas at sites 994, 995 and 997
these species are abundant in the younger interval with more
dominance during 1.8-1.0 Ma. At sites 994, 995 and 997,
Uvigerina proboscidea and Globocassidulina subglobosa show
higher abundances during 6.8 to 3.0 Ma, Astrononion stelligerum
appears at ¢. 3.2 Ma, A. umbilicatulum shows higher abundances
during 2.6-0.6 Ma, Epistominella exigua and Pyrgo murrhina
show low abundances during 5-3 Ma and Melonis barleeanum
remains abundant throughout the studied section, with a higher
population during 5-3.5 Ma (Figs 4, 6). At site 991, Epistom-
inella exigua and Pyrgo murrhina are also rare in the Pliocene,
showing an inverse relationship with Globocassidulina obtusa.

Sanders’ rarefied values show a major increase at c. 5.3 Ma
and a second increase at ¢. 3 Ma at hole 991A, coinciding with
the onset of NHG (Zachos et al., 2001; Fig. 7). At holes 994C,
995A and 997A, these values show a major increase at ¢. 3 Ma
with abrupt changes in the younger interval (Fig. 7).

ECOLOGICAL PREFERENCES OF BENTHIC
FORAMINIFERA

Benthic foraminifera live in variable ecological settings depend-
ing on their physiological and food requirements. Some species
prefer to live in eutrophic, low-oxygen conditions, whereas
others prefer to live in oligotrophic, better oxygenated con-
ditions. Some are opportunists, whereas many species of benthic
foraminifera are specialists. The following text details modern
ecological preferences of the different benthic foramini-
feral species used in the present study for palacoceanographic
reconstructions.

Astrononion umbilicatulum in the Red Sea shows a preference
for high salinity waters (Gupta, 1994). This species is found
during low productivity intervals on the Ontong-Java Plateau
(Burke et al., 1993; Gupta, 1997). Astrononion umbilicatulum
(synonymous with A. echolsi) has been found to be associated
with lowest primary productivity and a well-ventilated water
column in the Gulf of Aden (Almogi-Labin et al., 2000). This
species prefers a well-ventilated deep-sea environment with low
organic carbon flux in the southeastern Indian Ocean (Singh &
Gupta, 2004). Little or nothing is known about the ecological
preference of Astrononion stelligerum. Its rare occurrence and
similar population trend with A. wumbilicatulum in this study
suggests that this species prefers conditions identical to those of
A. umbilicatulum.

Cassidulina carinata is a cosmopolitan, epifaunal to shallow
infaunal, detrivorus, opportunistic taxon (Nees & Struck, 1999;
Hayward, 2002) and has been reported from diverse environ-
ments (Qvale & Van Weering, 1985). This species responds
positively to increasing input of fresh phytodetritus or labile
organic matter to the ocean floor (Fontanier et al., 2003). In the
Mediterranean Sea, C. carinata requires relatively eutrophic
conditions of >3 g of labile carbon m™ year™' to flourish (De
Rijk et al., 2000). In the Indian Ocean, an assemblage dominated
by C. carinata and Gyroidinoides nitidula reflects an environment
with intermediate organic flux and intermediate to high season-
ality (Gupta & Thomas, 2003). In addition, association of this
species with Uvigerina proboscidea in the Indian Ocean indicates
low oxygen conditions with continuous high food supply
(Gupta, 1997; Gupta & Thomas, 1999). Cassidulina carinata is
common in the lower part of the oxygen minimum zone (OMZ)
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Benthic species 991A (%) 994C (%) 995A (%) 995B (%) 997A (%)
Astrononion umbilicatulum 12 23 50 22 18
Bolivina paula 13 42 14 16 32
Bulimina aculeata 29 18 26 <5* 23
Bulimina alazanensis 14 46 37 37 46
Bulimina striata 13 <5* 12 6 9
Cassidulina carinata 41 59 72 38 61
Cassidulina laevigata 10 <5* 6 10 <5*
Chilostomella oolina 18 15 13 25 6
Cibicides bradyi 6 21 57 12 8
Cibicides kullenbergi 25 17 50 18 37
Cibicides wuellerstorfi 50 31 53 19 24
Dentalina subsoluta 22 6 14 10 8
Epistominella exigua 14 24 32 18 28
Fursenkoina fusiformis 25 10 6 8 8
Fursenkoina rotundata 13 19 25 <5* 18
Glandulina laevigata <5% 25 15 10 18
Globobulimina notovata 50 <5* 64 30 0
Globobulimina pacifica 12 48 37 <5* 58
Globocassidulina obtusa 36 35 29 10 22
Globocassidulina subglobosa 11 37 25 6 23
Gyroidinoides cibaoensis <5* 18 44 10 15
Gyroidinoides nitidula 15 15 29 <5* 8
Gyroidinoides polius <5* 15 17 18 9
Hoeglundulina elegans 6 22 44 30 13
Laticarinina pauperata 11 11 25 18 8
Melonis barleeanum 12 29 60 45 34
Melonis pompilioides <5% 20 26 20 23
Miliolinella subrotunda <5* 9 36 8 <5*
Nodosaria longiscata 13 27 17 40 50
Nonionella auris <5* 8 6 <5* 9
Oridorsalis umbonatus 15 44 52 65 52
Parafrondicularia advena 10 73 42 32 45
Pleurostomella alternans <5* 19 18 7 10
Pullenia bulloides 12 34 34 22 20
Pullenia quinqueloba <5* 23 25 6 16
Pyrgo murrhina 7 14 25 <5% <5*
Quadrimorphina laevigata 21 23 35 10 20
Quinqueloculina lamarckiana <5* 15 43 14 10
Robulus gibbus 13 15 15 12 16
Sigmoilopsis schlumbergeri 50 13 17 18 18
Sphaeroidina bulloides 9 11 34 7 9
Stilostomella lepidula 12 29 25 10 36
Trifarina angulosa 10 12 12 6 <5*
Uvigerina hispida <5* 22 15 0* <5*
Uvigerina hispido-costata <5* 32 10 0* 29
Uvigerina peregrina 29 18 70 18 35
Uvigerina proboscidea 28 25 43 35 29

* Species with negligible percentages

Table 2. List of 47 dominant species of benthic foraminifera observed in the studied ODP holes, NW Atlantic Ocean, with their maximum

percentages in that hole.

off the Pakistan continental and Oman margins (Hermelin &
Shimmield, 1990; Jannink ez al., 1998). In the South Atlantic
Ocean, it has been found correlated with the highest productiv-
ity and high organic carbon flux (Mackensen et al., 1995) and in
the southeastern Arabian Sea this species is associated with high
food supply (Gupta & Thomas, 1999). Dominance of C. cari-
nata in bathyal environments testifies to the broad habitat
preference of this species and also its association with cold
temperatures which prevail in bathyal settings below the
thermocline (Hayward, 2002).

Epistominella exigua is a cosmopolitan species which feeds
opportunistically on phytodetritus, deposited seasonally on the sea
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floor and usually associated with elevated oxygen concentrations
(Gooday, 1988, 1993; Kurbjeweit et al., 2000; Gupta & Thomas,
2003). Earlier studies observed dominance of E. exigua in the
eastern and southern Indian Ocean at abyssal depths (Corliss,
1983; Peterson, 1984). Gooday (1993) correlated increased abun-
dance of E. exigua with seasonal pulses of food supply. Also, in the
eastern Indian Ocean, these food fluxes were related to the mon-
soonal climate where E. exigua thrives in deep environments with a
temperature of ¢. 2.5°C and oxygen of >3.5 ml I"' (Murgese & De
Deckker, 2005). Epistominella exigua has an advantage over other
species when there is an input of fresh, labile organic matter
(Caralp, 1989b; Gooday, 1994). The microhabitat preference
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Astrononian umbilicatulum
Bolivina paula

Bulimina aculeata
Bulimina alazanensis
Bulimina striata
Cassidulina carinata
Cassidulina laevigata
Chillostomella oolina
Cibicides bradyi

Cibicides kullenbergi
Cibicides wuellerstorfi
Dentalina subsoluta
Epistominella exigua
Fursenkoina fusiformis
Fursenkoina rotundata
Glandulina laevigata
Globobulimina notovata
Globobulimina pacifica
Globocassidulina obtusa
Globocassidulina subglobosa
Gyroidinoides cibaoensis
Gyroidinoides nitidula
Gyroidinoides polius
Hoeglundulina elegans
Laticarinina pauperata
Melonis barleeanum
Melonis pompilioides
Miliolinella subrotunda
Nodosaria longiscata
Nonionella auris
Oridorsalis umbonatus
Parafirondicularia advena
Pleurostomella alternans
Pullenia bulloides
Pullenia quinqueloba
Pyrgo murrhina
Quadrimorphina laevigata
Quinqueloculina lamarkiana
Robulus gibbus
Sigmoilopsis schlumbergeri
Sphaeroidina bulloides
Stilostomella lepidula
Trifarina angulosa
Uvigerina hispida
Uvigerina hispido-costata
Uvigerina peregrina
Uvigerina proboscidea

Fig. 2. Stratigraphic ranges of 47 dominant species of benthic foraminifera in the study area.

of Epistominella sp. is not well constrained, though it is quite
abundant in Blake Ridge sediments following NHG.

Globocassidulina obtusa has been found associated with an
assemblage linked to high productivity and low oxygen environ-
ments (Gupta & Thomas, 1999). Singh & Gupta (2004)
suggested that this species is an indicator of intermediate to
high sustained flux of organic matter to the sea floor in the
southeastern Indian Ocean.

Globocassidulina subglobosa is a cosmopolitan species occur-
ring over a wide range of bathymetry with different water
masses, largely reflecting well-oxygenated deep waters with
strongly pulsed food supply and good carbonate preservation in
commonly oligotrophic environments (Singh & Gupta, 2004) in
the southeastern Indian Ocean. Fariduddin & Loubere (1997)

observed this species associated with NADW in the Atlantic
Ocean and categorized it as a low productivity species, whereas
Corliss (1979) found it associated with AABW in the southwest
Indian Ocean. This taxon is often found abundant in sediments
receiving less organic matter in regions where strong bottom
currents are likely to occur (Schmiedl et al., 1997; Nees &
Struck, 1999). Ohkushi ez al. (2000) suggest that Globocassid-
ulina lives in areas of enhanced and continuous food supply. In
the south Atlantic, high abundances of G. subglobosa are found
within the depth range of Circumpolar Deep Water (Schnitker,
1980) and in oligotrophic areas at higher elevations of ridges
and submarine hills (Mackensen ez al., 1995). Gooday (1994)
suggested that G. subglobosa feeds on phytodetritus, reflecting
pulsed food supply to the ocean floor. This species is thus
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Fig. 5. Percent distribution of important species of benthic foraminifera at ODP hole 991A, Blake Ridge during the past 5.9 Ma. For grey bars and

hatched area, see Fig. 3.

suggestive of NADW and appears to be an opportunist with
great powers of adaptation.

High abundances of Melonis barleeanum in the north
Atlantic are characteristic of high productivity regions with
sustained flux of organic matter to the sea floor (Thomas ef al.,
1995). Extraordinary high abundance of this species in the
eastern south Atlantic indicates a strong supply of organic
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matter to the sea floor (Schmiedl & Mackensen, 1997). Evenly
distributed pores on the test of infaunal species Melonis barleea-
num suggest an adaptation to gas exchange in low oxygen
conditions (Corliss, 1985; Fontanier er al., 2005) and during
high food supply (Arnold, 1983; Caralp, 1988). In the Indian
Ocean, M. barleeanum indicates intermediate organic flux with
intermediate to high seasonality and the presence of degraded
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Fig. 6. Percent distribution of important species of benthic foraminifera at ODP holes 994C, 995A and B, and 997A, Blake Ridge during the past

6.8 Ma. For grey bars and hatched area, see Fig. 3.

organic matter (Gupta & Thomas, 2003). It has also been
reported as high productivity taxon from the Pacific Ocean
(Loubere, 1991, 1994). In hydrocarbon-seep environments, M.
barleeanum is common due to the availability of bacteria as the
source of food (Boetius et al., 2000; Panieri, 2005).

Pyrgo murrhina lives epifaunally (Corliss & Chen, 1988) in
low organic carbon environments (Lutze & Coulbourn, 1984),

preferring cool, well-ventilated waters (Caralp, 1984; Gupta &
Srinivasan, 1996; Gupta & Thomas, 2003). Gupta & Satapathy
(2000) suggested it is a species preferring cool, oxygenated
waters with low organic food, whereas Gupta & Thomas (1999)
described P. murrhina as preferring high oxygen waters with
pulsed food supply and good carbonate preservation. This
species has been observed in a deep environment in the eastern

41



40
35
30
25
20
15
10
60

50

<«
«

35
30
25
20
15
10

Sanders’ rarefied values

>
»

60
50
40
30
20
10

(d) Hole 997A ]|

(c) Hole 995A

(a) Hole 991A

3 4
Age (Ma)

K. Mohan et al.

Fig. 7. Sanders’ rarefied values indicating changes in species diversity since the late Miocene at ODP holes 991A, 994C, 995A and 997A, Blake Ridge.
Values were calculated using the method described in Singh & Gupta (2004). A major increase at ¢. 3 Ma in holes 994C, 995A and 997A coincides
with the beginning of major Northern Hemisphere glaciation. For grey bars and hatched area, see Fig. 3.

Indian Ocean at temperatures >2.5°C and oxygen >3.5 ml I'!
(Murgese & De Deckker, 2005).

Stilostomella lepidula is a cosmopolitan taxon, which reflects
complicated ecological preferences that are yet to be fully
understood. Boersma (1990) suggested that S. lepidula prefers to

live in sediments that are
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organic carbon rich and moderately ecological preference.

low in oxygen. In the present study, S. lepidula disappears
across the mid-Pleistocene Transition (MPT) which has also
been observed in earlier studies (Gupta, 1993; Hayward, 2001;
Kawagata et al., 2006). The extinction of this species across
the MPT has further complicated our understanding of its
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The environmental preferences of Quadrimorphina laevigata
are not well constrained. This species has been found associated
with Bolivina paula, Bulimina striata, Cassidulina laevigata,
Epistominella exigua and Globocassidulina obtusa, which are
suggestive of high organic carbon and low oxygen environments.

The genus Uvigerina is commonly known as a high pro-
ductivity taxon (Loubere, 1991, 1994; Rathburn & Corliss,
1994). The shallow infaunal Uvigerina peregrina is closely related
to continuous organic carbon flux irrespective of oxygen
levels (Miller & Lohmann, 1982; Rathburn & Corliss, 1994;
Mackensen et al., 1995). In a recent study, De & Gupta (2010)
observed the dominance of Uvigerina peregrina in the oxygen
minimum zone (OMZ) of the northwest Arabian Sea, where
surface productivity is highest and oxygen is at a minimum.
It was also reported as a dominant species from below the
OMZ by previous workers, from the northwest (Hermelin &
Shimmield, 1990), as well as the northeast (Jannink et al., 1998;
Maas, 2000; Schumacher et al., 2007), Arabian Sea where there
is high flux of organic matter (Jannink et al., 1998; Schumacher
et al., 2007). Altenbach & Sarnthein (1989) and Fontanier et al.
(2002) suggested that U. peregrina prefers a microhabitat rich in
bacteria, exoenzymes and meiofauna, and is typical of sediments
enriched in organic carbon and depleted in oxygen, which is
common in areas below upwelling productivity zones. Fontanier
et al. (2002) and Geslin et al. (2004) argued that this species has
a variable response to varying oxygen conditions. In a recent
study, this species was observed to tolerate in sifu a temperature
range of 10.6-13.9°C, oxygen 0.25-0.56 ml I"! and a large range
of primary production (De & Gupta, 2010).

Uvigerina proboscidea blooms in high productivity regions of
the Indian Ocean (Gupta & Srinivasan, 1992; Gupta & Thomas,
1999; Almogi-Labin et al., 2000), particularly when productivity
is high throughout the year and seasonality of food supply is low
or absent (Loubere, 1998; Gupta & Thomas, 1999; Loubere &
Fariduddin, 1999; Ohkushi et al., 2000). This species is corre-
lated positively with organic carbon flux and negatively with
dissolved-oxygen concentration in the eastern Indian Ocean
(Murgese & De Deckker, 2005). Uvigerina proboscidea was
reported by Gupta (1994) from 1200-5000 m water depth in the
Recent sediments of the Indian Ocean, with the highest abun-
dance between 1700 m and 2300 m in the eastern sector. Peaks
of U. proboscidea abundances are inferred to represent times of
high surface productivity related to intense trade winds during
the SW Indian monsoon causing widespread upwelling along
equatorial divergence in the Indian Ocean (Gupta & Srinivasan,
1992). In Recent sediments of the Indian Ocean, U. proboscidea
is found in conditions of in situ temperature of 2.1-9.5°C,
oxygen from 0.96-3.29 ml I'! and high phosphate and nitrate
concentrations (De & Gupta, 2010).

DISCUSSION

Recent studies suggest that, in general, benthic foraminiferal
distribution is limited by a combination of food availability and
oxygenation (Sen Gupta & Machain-Castillo, 1993; Jorissen
et al., 1995; Gooday, 2003). However, in areas where the oxygen
content of bottom waters is not a limiting factor, the amount of
organic flux to the sea floor mainly governs the occurrence of
benthic species in the sediments (Van der Zwaan et al., 1999;
Friedrich & Hemleben, 2007).

Benthic foraminiferal faunas from sites 991, 994, 995 and 997
suggest significant palacoceanographic changes in the Blake
Ridge area during the late Miocene to the Pleistocene. We did
not observe any species or species assemblage endemic to Blake
Ridge methane settings, which supports the earlier findings of
Panieri & Sen Gupta (2008) and Lobegeier & Sen Gupta (2008),
for example, and thus we interpret benthic faunal data from this
region in terms of organic food supplied by the DWBUC, linked
to the intensity of NADW or NCW. Since hole 991A lies on a
diapir, having both disturbed and undisturbed sediment column,
we interpret faunal data from this hole cautiously. At hole 991A,
the older interval (6-3 Ma), covering the gas hydrate zone, may
have suffered some disturbance in the sediment column, whereas
the younger interval appears to be undisturbed. Benthic faunas
(e.g. G. obtusa, M. barleeanum) at hole 991A suggest high
organic flux during 4.8-2.8 Ma, which corresponds to the early
Pliocene warm period preceding major NHG. The high organic
carbon during the early Pliocene warmth resulted from
increased transport of terrigenous matter rich in refractory
organic material from the continental margin of Canada by the
DWBUC in response to increased production of the NADW
(Laine et al., 1994; Balsam & Damuth, 2000). It has been widely
suggested that NADW flow increases during warm intervals and
decreases during colder periods (Raymo et al., 1990, 1996; Kim
& Crowley, 2000). At sites 994, 995 and 997, the early Pliocene
interval is marked by higher abundances of G. subglobosa, M.
barleeanum, U. peregrina and U. proboscidea, indicating
increased availability of organic carbon. These species corrobo-
rate that during warm intervals there was increased transport of
organic-rich sediments by the NADW-driven DWBUC to the
Blake Ridge. Although there is not a one-to-one correlation
between benthic data from site 991 and combined data from
sites 994, 995 and 997, the overall trends are similar between the
two areas.

From 2.8 to 1.8 Ma, the G. obtusa population decreases,
whereas P. murrhina and E. exigua show an increase at all the
studied sites (Figs 3, 4), indicating oligotrophic and well-
oxygenated conditions at the Blake Ridge. This was an interval
of intensified NHG and decreased production of the NADW,
resulting in weakening of the DWBUC and apparent decreased
transport of nutrients to the Blake Ridge. An increase in species
diversity (Sanders’ rarefied values) at 3 Ma probably resulted
from a decreased population of bacteria due to low organic
matter and/or less competition. Singh & Gupta (2005) observed
a similar relationship between benthic foraminifera and
bacteria-rich organic carbon in the eastern Indian Ocean ODP
hole 757B. An abrupt increase in G. obtusa and decrease in P.
murrhina at hole 991A during 1.8-1.0 Ma indicates another
pulse of increased transport of organic-rich sediments to the
Blake Ridge. However, such a faunal pattern does not exist at
holes 994C, 995A, B and 997A, where the species C. carinata
and S. lepidula show episodic occurrences (Fig. 6), although
Sanders’ values show a short-lived decrease during 1.8-1 Ma
(Fig. 7). We argue that these faunal trends indicate decreased
delivery of organic-rich sediments by DWBUC to the Blake
Ridge region following NHG, which may have benefited the
opportunistic benthic species. The shipboard scientific data
suggest decreased total organic carbon and sediment accumula-
tion rates, and increased calcium carbonate (wt%) in the late
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Pliocene (c. 3 Ma) at Blake Ridge ODP holes (Paull ez al., 1996).
Thus, our observations strengthen a link between fauna and
sediment characteristics at Blake Ridge.

In the late Pleistocene (c. 0.6 Ma), Stilostomella lepidula
became extinct in all the holes studied (Figs 3-4). This species
became extinct globally during the late Pleistocene cooling of the
deep sea (Kawagata et al., 2005; Hayward et al., 2010). Stilo-
stomella lepidula has complexly structured apertures, suggesting
that it may have possessed a mode of feeding that no longer
exists in the cold, well-ventilated oceans of the present (Hayward
et al., 2010).

CONCLUSIONS

This study provides useful information about the transport of
organic carbon-rich sediments by the Deep Western Boundary
Undercurrent (DWBUC) to the studied sites, which provided a
food source to benthic foraminifera in the Blake Ridge region.
The sediment delivery to the Blake Ridge was closely related to
the intensity of the DWBUC driven by production of the North
Atlantic Deep Water (NADW). The enhanced population of
uvigerinids in the late Miocene suggests an increased influence of
the Southern Component Water (SCW). During the Pliocene
warm interval (4.8-2.8 Ma) the intensity of DWBUC increased
and enhanced the supply of terrestrial organic carbon to the
Blake Ridge. The interval between 2.8 and 1.8 Ma coincides
with the initiation of Northern Hemisphere glaciation (NHG),
during which the production of NADW decreased and oligo-
trophic conditions prevailed. During 1.8-1 Ma, the faunal
trends indicate decreased delivery of organic-rich sediments by
DWBUC to the Blake Ridge region following the NHG. During
the mid-Pleistocene Transition (c. 0.6 Ma), Stilostomella lepidula
became extinct, which has been documented in the global ocean
and related to the cooling of the deep sea.
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APPENDIX A: SYSTEMATIC DESCRIPTIONS OF THE
SPECIES RECORDED FROM THE STUDY AREA, WITH
ORIGINAL REFERENCES
Genus Alabaminella Saidova, 1975

Alabaminella weddellensis (Earland, 1950)
(PL. 1, figs 1-2)

1950 Eilohedra pusilla Parr: 14, fig. 16a—.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
997A.
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Genus Anomalina d’Orbigny, 1826

Anomalina globulosa (Chapman & Parr, 1937)
(PL 1, fig. 3)

1937 Anomalina globulosa Chapman & Parr: 117, pl. 9, fig. 27.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Astacolus de Montfort, 1808

Astacolus reniformis (d’Orbigny, 1846)
(Pl 1, fig. 4)

1846 Cristellaria reniformis d’Orbigny: 88, pl. 3, figs 39-40.

Occurrence. Late Pliocene-Middle Pleistocene; ODP holes
994C, 995A, 995B.

Genus Astrononion Cushman & Edwards, 1937

Astrononion stelligerum (d’Orbigny, 1839)
(PL. 1, figs 5-6)

1839 Nonionina stelligera d’Orbigny: 128, pl. 3, figs 1-2.

Occurrence. Late Pliocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Astrononion umbilicatulum (Uchio, 1952)
(PL. 1, figs 7-9)

1952 Astrononion umbilicatulum Uchio: 36, fig. 1.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Awhea Vella, 1963

Awhea tosta (Schwager, 1866)
(PL. 1, fig. 10)

1866 Nodosaria tosta Schwager: 219, pl. 5, fig. 42.

Occurrence. Late Miocene-Late Pliocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Genus Bolivina d’Orbigny, 1839

Bolivina alata (Seguenza, 1862)
(PL 1, figs 11-12)

1862 Valvulina alata Seguenza: 115, pl. 2, figs 5-5a.
Occurrence. Late Pliocene-Middle Pleistocene; ODP hole 991A.

Bolivina paula (Cushman & Cabhill, 1932)
(PL 1, figs 13-14)
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Explanation of Plate 1.

figs 1, 2. Alabaminella weddellensis, 164-994C, 17TH-CC, 0-2: 1, spiral view; 2, umbilical view. fig. 3. Anomalina globulosa, 164-994C, 27P-1, 0-2,
umbilical view. fig. 4. Astacolus reniformis, 164-994C, 55X-3, 32-24, side view. figs 5, 6. Astrononion stelligerum, 164-995A, 5SH-6, 148-150, side view.
figs 7-9. Astrononion umbilicatulum, 164-995A, 5H-3, 148-150: 7, 9, side view; 8, apertural view. fig. 10. Awhea tosta, 164-994C, 35X-CC, 0-2, side
view. figs 11, 12. Bolivina alata, 164-991A, 3H-7, 25-27; side view. figs 13, 14. Bolivina paula, 164-991A, 1H-1, 25-27: 13, side view; 14, apertural view.
fig. 15. Bolivina pseudopunctata, 164-994C, 41X-4, 70-72, side view. figs 16, 17. Bolivina pusilla: 16, 164-994C, 30X-CC, 50-52, side view;
17, 164-995A, 5H-6, 148-150, side view. fig. 18. Bolivina thalmanni, 164-994C, 76X-1, 74-76, side view. figs 19, 20. Bolivinita quadrilatera, 164-994C:
19, 41X-6, 70-72, side view; 20, SH-3, 75-77, apertural view. Scale bar 50 pm for figs 5-9, 11, 13; 100 pm for the rest.
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1932 Bolivina paula (Cushman & Cahill); Cushman & Ponton:
84, pl. 12, fig. 6a-b.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Bolivina pseudopunctata (Hoeglund, 1947)
(PL. 1, fig. 15)

1947 Bolivina pseudopunctata Hoeglund: 273, pl. 24, fig. 5; pl. 31,
figs 23-24.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Bolivina pusilla (Schwager, 1866)
(PL 1, figs 16-17)

1866 Bolivina pusilla Schwager: 254, pl. 7, fig. 101.

Occurrence. Late Pliocene-Middle pleistocene; ODP holes
991A, 994C, 995A, 995B.

Bolivina thalmanni (Renz, 1948)
(PL. 1, fig. 18)

1948 Bolivina thalmanni Renz: 120, pl. 12, fig. 13.
Occurrence. Late Pliocene-Middle Pleistocene; ODP hole 994C.
Genus Bolivinita Cushman, 1927

Bolivinita quadrilatera (Schwager, 1866)
(PL. 1, figs 19-20)

1866 Textilaria quadrilatera Schwager: 253, pl. 7, fig. 103.

Occurrence. Late Pliocene-Middle Pleistocene, ODP holes
991A, 994C, 995A, 995B, 997A.

Genus Bulimina d’Orbigny, 1826

Bulimina aculeata (d’Orbigny, 1826)
(PL. 2, figs 1-2)

1826 Bulimina aculeata d’Orbigny: 269, pl. 12, figs 10-12.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Bulimina alazanensis (Cushman, 1927)
(PL. 2, figs 3-4)

1927 Bulimina alazanensis Cushman: 161, pl. 25, fig. 4.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Bulimina marginata (d’Orbigny, 1826)
(PL. 2, fig. 5)
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1826 Bulimina marginata d’Orbigny: 269, pl. 12, figs 10-12.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Bulimina rostrata ((Brady, 1884)
(PL. 2, fig. 6)

1884 Bulimina rostrata Brady: 408, pl. 5, figs 14-15.
Occurrence. Early Pliocene; ODP hole 994C.

Bulimina striata (d’Orbigny, 1826)
(PL. 2, figs 7-8)

1826 Bulimina striata d’Orbigny: 269, no. 2.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 995A,
995B, 997A.

Bulimina translucens (Parker, 1958)
(PL. 2, fig. 9)

1953 Bulimina translucens Parker: 33, pl. 6, figs 30-31.

Occurrence. Middle Pliocene-Late Pleistocene; ODP holes

994C, 997A.
Genus Buliminella Cushman, 1911

Buliminella elegantissima (d’Orbigny, 1839)
(PL. 2, fig. 10)

1839 Bulimina elegantissima d’Orbigny: 51, pl. 7, figs 13-14.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Cassidulina d’Orbigny, 1826

Cassidulina carinata (Silvestri, 1896)
(PL. 2, figs 11-13)

1896 Cassidulina laevigata var. carinata Silvestri: 104, pl. 2,
fig. 10.

Occurrence. Late Miocene-Holocene, ODP holes 991A, 994C,
995A, 995B, 997A.

Cassidulina crassa (d’Orbigny, 1839)
(PL 2, fig. 14)

1839 Cassidulina crassa d’Orbigny: 56, pl. 7, figs 18-20.

Occurrence. Middle Pliocene—Early Pleistocene, ODP holes
991A, 994C.

Cassidulina laevigata (d’Orbigny, 1826)
(PL. 2, figs 15-16)
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Explanation of Plate 2.

figs 1, 2. Bulimina aculeata, 164-995A, 4H-6, 148-150: 1, side view; 2, apertural view. figs 3, 4. Bulimina alazanensis, 164-995A, SH-4, 148-150: 3, front
view; 4, side view. fig. 5. Bulimina marginata, 164-994C, SH-7, 30-32, front view. fig. 6. Bulimina rostrata, 164-994C, 58X-CC, 0-2, front view.
figs 7, 8. Bulimina striata: 7, 164-994C, 30X-3, 69-71, side view; 8, 164-995A, 10H-7, 75-77, apertural view. fig. 9. Bulimina translucens, 164-994C,
21X-2, 75-77, front view. fig. 10. Buliminella elegantissima, 164-994C, 17H-1, 74-76, front view. figs 11-13. Cassidulina carinata, 164-995A, 6H-2,
75-77: 11, spiral view; 12, apertural view; 13, umbilical view. fig. 14. Cassidulina crassa, 164-994C, 54X-3, 72-74, umbilical view. figs 15, 16.
Cassidulina laevigata, 164-991A, 1H-1, 25-27: 15, umbilical view; 16, spiral view. fig 17. Cassidulina limbata, 164-994C, 16H-1, 75-77, umbilical view.
fig. 18. Cassidulina teretis, 164-994C, 34X-1, 4-6, umbilical view. Scale bar 50 um for figs 1, 3, 9, 15-16; 100 pm for the rest.
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1826 Cassidulina laevigata d’Orbigny: 282, pl. 15, figs 4-5.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Cassidulina limbata (Cushman & Hughes, 1925)
(PL 2, fig. 17)

1925 Cassidulina limbata Cushman & Hughes: 12, pl. 2, fig. 2.
Occurrence. Middle Pliocene-Late Pliocene; ODP hole 994C.

Cassidulina teretis (Tappan, 1951)
(PL. 2, fig. 18)

1951 Cassidulina teretis Tappan: 7, pl. 1, fig. 30.
Occurrence. Early Pliocene; ODP hole 994C.
Genus Chilostomella Reuss, 1849

Chilostomella oolina (Schwager, 1878)
(PL 3, figs 1-2)

1878 Chilostomella oolina Schwager: 527, pl. 1, fig. 16.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B.

Genus Chrysalogonium Schubert, 1907

Chrysalogonium deceptoria (Schwager, 1866)
(PL 3, figs 3-4)

1866 Nodosaria deceptoria Schwager: 231, pl. 6, fig. 66.
Occurrence. Late Miocene—Early Pleistocene; ODP hole 995A.

Chrysalogonium gomphiformis (Schwager, 1866)
(PL 3, fig. 5)

1866 Nodosaria gomphiformis Schwager: 220, pl. 5, fig. 48.

Occurrence. Middle Pliocene—Early Pleistocene; ODP hole
994C, 995A, 997A.

Chrysalogonium intertenuatum (Schwager, 1866)
(PL. 3, fig. 6)

1866 Nodosaria intertenuata Schwager: 226, pl. 6, fig. 58.

Occurrence. Late Miocene-Middle Pleistocene; ODP hole 991A,
994C, 995A, 997A.

Genus Cibicides de Montfort, 1808

Cibicides bradyi (Trauth, 1918)
(P1. 3, figs 7-9)

48

K. Mohan ef al.

1918 Truncatulina bradyi Trauth: 235, pl. 4, figs 7-9.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Cibicides kullenbergi (Parker, 1953)
(PL. 3, figs 10-12)

1953 Cibicides kullenbergi (Parker); Phleger, Parker & Peirson:
49, pl. 11, figs 7-8.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Cibicides wuellerstorfi (Schwager, 1866)
(PL 3, figs 13-15)

1866 Anomalina wuellerstorfi Schwager: 258, pl. 7, fig. 105.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Cornuspira Schultze, 1854

Cornuspira carinata (Costa, 1856)
(PL. 3, fig. 16)

1856 Operculina carinata Costa: 209, pl. 17, fig. 15.
Occurrence. Late Miocene-Holocene; ODP holes 994C, 997A.

Cornuspira involvens (Reuss, 1850)
(PL. 3, fig. 17)

1850 Operculina involvens Reuss: 370, pl. 45, fig. 20.

Occurrence.
997A.

Middle Pliocene-Holocene; ODP holes 995A,

Genus Cymbaloporetta Cushman 1928

Cymbaloporetta bradyi (Cushman, 1915)
(PL 3, fig. 18)

1915 Cymbalopora poeyi (d’Orbigny) var. bradyi Cushman: 10,
fig. 2a—c; pl. 14, fig. 2a—c.

Occurrence. Late Pliocene-Middle Pleistocene; ODP holes
994C, 997A.

Genus Dentalina Risso, 1826

Dentalina neugeboreni (Schwager, 1866)
(PL. 3, figs 19-20)

1866 Nodosaria neugeboreni Schwager: 232, pl. 6, fig. 67.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B.
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Explanation of Plate 3.

figs 1, 2. Chilostomella oolina, 164-991A, 6H-2, 55-57, side view. figs 3, 4. Chrysalogonium deceptoria: 3, 164-997A, 55P-1, 79-81, apertural view;
4, 164-994C, 44X-2, 72-74, side view. fig. 5. Chrysalogonium gomphiformis, 164-994C, 21X-4, 75-77, side view. fig. 6. Chrysalogonium intertenuatum,
164-994C, 33X-3, 69-71, side view, figs 7-9. Cibicides bradyi: 7, 164-991A, 1H-1, 25-27, spiral view; 8, 164-994C, 41X-3, 75-77, apertural view;
9, 164-991A, 4H-6, 148-150, umbilical view. figs 10-12. Cibicides kullenbergi: 10, 164-995A, 10H-5, 148-150, umbilical view; 11, 164-991A, 5H-5,
147-149, apertural view; 12, 164-995A, 10H-5, 148-150, spiral view. figs 13-15. Cibicides wuellerstorfi, 164-995A, 10H-5, 10H-5, 148-150:
13, umbilical view; 14, apertural view; 15, spiral view. fig. 16. Cornuspira carinata, 164-994C, 84X-3, 71-73, apertural view. fig. 17. Cornuspira
involvens, 164-994C, 1H-1, 0-2, side view. fig. 18. Cymbaloporetta bradyi, 164-994C, 15H-7, 75-77, spiral view. figs 19, 20. Dentalina neugeboreni:
19, 164-994C, 34X-1, 4-6, side view; 20, 164-995A, 4H-6, 148-150, side view. figs 21, 22. Dentalina stimulea, 164-994C: 21, 35X-CC, 0-2, side view;
22, 19H-1, 0-2, side view. fig. 23. Dentalina subsoluta, 164-994C, 22X-4, 70-72, side view. Scale bar 50 um for 13; 100 um for the rest.
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Dentalina stimulea (Schwager, 1866)
(PL. 3, figs 21-22)

1866 Nodosaria stimulea Schwager: 226, pl. 6, fig. 57.

Occurrence. Late Miocene-Middle Pleistocene; ODP holes
991A, 994C, 995A, 997A.

Dentalina subsoluta (Cushman, 1923)
(PL 3, fig. 23)

1923 Nodosaria subsoluta Cushman: 74, pl. 13, fig. 1.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Genus Discopulvinulina Hofker, 1951

Discopulvinulina bertheloti (d’Orbigny, 1839)
(PL 4, fig. 1)

1839 Rosalina bertheloti d’Orbigny: 135, pl. 1, figs 28-30.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Dorothia Plummer, 1931

Dorothia brevis (Cushman & Stainforth, 1945)
(PL 4, fig. 2)

1945 Dorothia brevis Cushman & Stainforth: 18, pl. 2, fig. 5.
Occurrence. Early Pliocene-Holocene; ODP holes 994C, 997A.
Genus Eggerella Cushman, 1935

Eggerella bradyi (Cushman, 1911)
(PL. 4, figs 3-4)

1911 Verneuilina bradyi Cushman: 54, pl. 2, fig. 87a-b.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Ellipsobulimina Silvestri, 1903

Ellipsobulimina seguenzai (Silvestr, 1903)
(Pl 4, fig. 5)

1903 Ellipsobulimina seguenzai Silvestri: 14, 15, figs 1-7.
Occurrence. Early Pliocene; ODP hole 994C.

Ellipsobulimina sp.
(Pl 4, fig. 6)

Occurrence. Early Pliocene; ODP hole 994C.
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Remarks. Not enough specimens found to assign any species
name.

Genus Ellipsoidella Heron-Allen & Earland, 1910

Ellipsoidella sp.
(PL. 4, fig. 7)

Occurrence. Late Miocene-Middle Pleistocene; ODP holes
994C, 997A.

Remarks. Not enough specimens found to assign any species
name.

Genus Ellipsoglandulina (Silvestri, 1900)

Ellipsoglandulina laevigata (Silvestri, 1900)
(PL 4, fig. 8)

1900 Glandulina laevigata Silvestri: 1-9.
Occurrence. Late Miocene-Middle Pleistocene; ODP hole 994C.
Genus Ellipsopolymorphina Silvestri, 1901

Ellipsopolymorphina sp.
(PL 4, fig. 9)

Occurrence. Middle Pliocene; ODP hole 994C.

Remarks. Not enough specimens found to assign any species
name.

Genus Elphidium de Montfort, 1808

Elphidium incertum (Willamson, 1858)
(PL 4, fig. 10)

1858 Polystomella umbilicatula var. incerta Willamson: 44, pl. 3,
fig. 82a.

Occurrence. Early Pliocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Epistominella Husezima & Maruhasi, 1944

Epistominella exigua (Brady, 1884)
(PL. 4, figs 11-12)

1884 Pulvinulina exigua Brady: 696, pl. 103, figs 13-14.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Evolvocassidulina Eade, 1967

Evolvocassidulina bradyi (Cushman, 1923)
(Pl. 4, fig. 13)



Deep-sea benthic foraminifera in the Neogene, NW Atlantic Ocean

Explanation of Plate 4.

fig. 1. Discopulvinulina bertheloti, 164-994C, 25X-1, 75-77, umbilical view. fig. 2. Dorothia brevis, 164-994C, 34X-1, 4-6, side view. figs 3, 4. Eggerella
bradyi, 164-995A: 3, 12H-5, 145-147, apertural view; 4, SH-6, 148-150, side view. fig. 5. Ellipsobulimina seguenzai, 164-994C, 40X-2, 52-54, front view.
fig. 6. Ellipsobulimina sp., 164-994C, 79X-1, 28-30, front view. fig. 7. Ellipsoidella sp., 164-994C, 40X-2, 52-54, front view. fig. 8. Ellipsoglandulina
laevigata, 164-994C, 57X-2, 72-74, front view. fig. 9. Ellipsopolymorphina sp., 164-994C, 32X-1, 48-50, side view. fig. 10. Elphidium incertum,
164-994C, 22X-7, 70-72, side view. figs 11, 12. Epistominella exigua, 164-995A, 12H-5, 145-147: 11, spiral view; 12, umbilical view. fig. 13.
Evolvocassidulina bradyi, 164-994C, 22X-1, 52-54, front view. figs 14, 15. Fursenkoina bradyi, 164-994C: 14, 21X-4, 75-77, front view; 15, 1H-1, 0-2,
front view. fig. 16. Fursenkoina complanata, 164-994C, 17H-4, 74-76, side view. figs 17, 18. Fursenkoina fusiformis, 164-995A: 17, SH-6, 148-150, side
view; 18, 3H-2, 148-150, side view. figs 19, 20. Fursenkoina texturata, 164-994C: 19, 46X-3, 75-77, side view; 20, 21X-4, 75-77, side view. Scale bar
50 pum for figs 12, 17-18; 100 um for the rest.
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1923 Virgulina bradyi Cushman: 115, pl. 24, fig. 1.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Fursenkoina Loeblich & Tappan, 1961

Fursenkoina bradyi (Cushman, 1922)
(Pl 4, figs 14-15)

1922 Virgulina bradyi Cushman: 115, pl. 2, fig. 2.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B.

Fursenkoina complanata (Egger, 1893)
(PL 4, fig. 16)

1893 Virgulina complanata Egger: 292, pl. 8, figs 91-92.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 994C,
997A.

Fursenkoina fusiformis (Williamson, 1858)
(PL. 4, figs 17-18)

1858 Stainforthia fusiformis (Williamson); Bulimina pupoides
d’Orbigny Var. fusiformis Williamson: 63, pl. 5, figs 129-130.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Fursenkoina texturata (Brady, 1884)
(Pl 4, figs 19-20)

1884 Virgulina texturata Brady: 52, fig. 6.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Gaudryina d’Orbigny, 1839

Gaudryina solida (Schwager, 1866)
(PL. 5, fig. 1)

1866 Gaudryina solida Schwager: 199, pl. 4, fig. 11a—c.
Occurrence. Late Pliocene; ODP hole 994C.
Genus Gavelinopsis Hofker, 1951

Gavelinopsis lobatulus (Parr, 1950)
(PL. 5, figs 2-3)

1950 Discorbis lobatulus Parr: 354, pl. 13, figs 23-25.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.
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Genus Glandulina d’Orbigny, 1839

Glandulina laevigata (d’Orbigny, 1826)
(PL 5, fig. 4)

1826 Nodosaria (Glandulina) laevigata d’Orbigny: 252, pl. 10, figs
1-4.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Genus Globobulimina Cushman, 1927

Globobulimina notovata (Chapman, 1941)
(PL. 5, figs 5-6)

1941 Globobulimina notovata Chapman: 166, pl. 50, fig. 13a-b.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B.

Globobulimina pupoides (Cushman & Parker, 1947)
(PL 5, fig. 7)

1947 Bulimina pupoides Cushman & Parker: 83, pl. 19, figs
28-30; pl. 21, figs 1-2.

Occurrence. Early Pliocene-Middle Pleistocene; ODP holes
994C, 997A.

Globobulimina sp.
(PL. 5, figs 8-9)

Occurrence. Late Pliocene; ODP hole 994C.

Remarks. Not enough specimens found to assign any species
name.

Genus Globocassidulina Voloshinova, 1960

Globocassidulina murrhina (Schwager, 1866)
(PL. 5, figs 10-11)

1866 Sphaeroidina murrhyna Schwager: 250, pl. 7, fig. 97.

Occurrence. Early Pliocene-Holocene, ODP holes 991A, 995A,
995B.

Globocassidulina obtusa (Williamson, 1858)
(PL. 5, figs 12-13)

1858 Cassidulina obtusa Williamson: 69, pl. 6, figs 143-144.

Occurrence. Late Miocene-Holocene, ODP holes 991A, 994C,
995A, 995B, 997A.

Globocassidulina subglobosa ((Brady, 1884)
(PL 5, figs 14-16)



Deep-sea benthic foraminifera in the Neogene, NW Atlantic Ocean

Explanation of Plate S.
fig. 1. Gaudryina solida, 164-994C, 16H-CC, 15-17, side view. figs 2, 3. Gavelinopsis lobatulus, 164-994C, 16H-5, 75-77, umbilical view. fig. 4.
Glandulina laevigata, 164-994C, 39X-1, 51-53, side view. figs 5, 6. Globobulimina notovata: 5, 164-995B, 2H-1, 75-77, side view; 6, 164-994C, 57X-2,
72-74, front view. fig. 7. Globobulimina pupoides, 164-994C, 17H-1, 74-76, front view. figs 8, 9. Globobulimina sp., 164-994C: 8, 37X-5, 10-12, front
view; 9, 37X-1, 0-2, front view. figs 10, 11. Globocassidulina murrhina, 164-991A, 1H-1, 25-27: 10, front view; 11, back view. figs 12, 13.
Globocassidulina obtusa, 164-991A, 4H-4, 147-149: 12, apertural view; 13, spiral view. figs 14-16. Globocassidulina subglobosa, 164-991A, 5H-4,

115-117: 14, 15, front view; 16, back view. figs 17, 18. Globocassidulina tumida, 164-994C: 17, 37X-1, 0-2, apertural view; 18, 42X-3, 70-72, side view.
Scale bar 50 pm for figs 12-13, 15-16; 100 pm for the rest.
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1884 Cassidulina subglobosa Brady: 430, pl. 54, figs 17a—c.

Occurrence. Late Miocene-Holocene, ODP holes 991A, 994C,
995A, 995B, 997A.

Globocassidulina tumida (Heron-Allen & Earland, 1922)
(PL. 5, figs 17-18)

1922 Cassidulina laevigata d’Orbigny Var. tumida Heron-Allen
& Earland: 137, pl. 5, figs 8-10.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 994C,
997A.

Genus Guttulina d’Orbigny, 1839

Guttulina sadoensis (Cushman & Ozawa, 1930)
(PL. 6, fig. 1)

1928 Sigmomorpha sadoensis Cushman & Ozawa: 17, pl. 2,
fig. 11.

Occurrence. Late Miocene; ODP hole 994C.
Genus Gyroidinoides Brotzen, 1942

Gyroidinoides broeckhianus (Karrer, 1878)
(PL. 6, figs 2-4)

1878 Rotalia broeckhianus Karrer: 98, pl. 5, fig. 26.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 997A.

Gyroidinoides cibaoensis (Bermudez, 1949)
(P1. 5, figs 5-6)

1949 Gyroidina cibaoensis Bermudez: 252, pl. 17, figs 61-63.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Gyroidinoides nitidula (Schwager, 1866)
(PL. 6, figs 7-8)

1866 Rotalia nitidula Schwager: 263, pl. 7, fig. 110.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Gyroidinoides polius (Phleger & Parker, 1951)
(PL 5, figs 9-10)

1951 Eponides polius Phelger & Parker: 21, pl. 11, figs 1-2.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.
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Genus Hagenowina Loeblich & Tappan, 1961

Hagenowina sp.
(PL. 6, figs 11-12)

Occurrence. Late Pliocene-Middle Pleistocene; ODP holes
994C, 997A.

Remarks. Not enough specimens found to assign any species
name.

Genus Hoeglundina Brotzen, 1948

Hoeglundina elegans (d’Orbigny, 1826)
(PL 6, figs 13-15)

1826 Rotalia (Turbulina) elegans d’Orbigny: 276, Mod. 54.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Hormosina Brady, 1879

Hormosina sp.
(PL. 7, fig. 1)

Occurrence. Late Miocene; ODP hole 994C.

Remarks. Not enough specimens found to assign any species
name.

Genus Involvohauerina Loeblich & Tappan, 1955

Involvohauerina sp.
(PL 6, fig. 16)

Occurrence. Late Pliocene; ODP hole 994C.

Remarks. Not enough specimens found to assign any species
name.

Genus Karreriella Cushman, 1933

Karreriella baccata (Schwager, 1866)
(PL. 7, figs 2-3)

1866 Gaudryina baccata Schwager: 200, pl. 4, fig. 12a-b.

Occurrence. Middle Pleistocene-Late Pleistocene; ODP holes
994C, 997A.

Karreriella bradyi (Cushman, 1911)
(PL. 7, figs 4-5)

1911 Gaudryina bradyi Cushman: 67, pl. 2, fig. 107.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.



Deep-sea benthic foraminifera in the Neogene, NW Atlantic Ocean

Explanation of Plate 6.
fig. 1. Guttulina sadoensis, 164-994C, 74X-5, 54-56, side view. figs 2—4. Gyroidinoides broeckhianus, 164-994C: 2, 4H-1, 75-77, umbilical view; 3, 4H-1,
75-71, side view; 4, 50X-2, 72-74, spiral view. figs 5, 6. Gyroidinoides cibaoensis: 5, 164-994C, 4H-1, 75-77, spiral view; 6, 164-991A, 1H-1, 25-27,
umbilical view. figs 7, 8. Gyroidinoides nitidula; 164-994C: 7, 42X-5, 52-54, apertural view; 8, 35X-3, 52-54, umbilical view. figs 9, 10. Gyroidinoides
polius, 164-995A, 2H-5, 75-77: 9, spiral view; 10, umbilical view. figs 11, 12. Hagenowina sp.,164-994C, 13H-5, 75-77: 11, apertural view; 12, side view.
figs 13-15. Hoeglundina elegans: 13, 164-995B, 1H-CC, 18-20, spiral view; 14, 164-991A, 1H-1, 55-57, umbilical view, 15, 164-991A, 1H-1, 55-57,
spiral view. fig. 16. Involvohauerina sp., 164-994C, 73X-1, 69-71, apertural view. Scale bar 20 um for fig. 10; 50 um for fig. 6; 100 um for the rest.
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Explanation of Plate 7.

fig. 1. Hormosina sp., 164-994C, 68X-CC, 0-2, side view. figs 2, 3. Karreriella baccata, 164-994C, 10H-4, 75-77: 2, front view; 3, apertural view.
figs 4, 5. Karreriella bradyi, 164-994C: 4, 67X-7, 30-32, side view; 5, 76X-6, 73-75, apertural view. figs 6, 7. Lagenodosaria sp., 164-997A: 6, 3H-2,
46-48, side view; 7, 2H-2, 46-48, side view. fig. 8. Laticarinina pauperata, 164-994C, 40X-2, 52-54, umbilical view. fig. 9. Marginulina obesa, 164-994C,
49X-5, 72-74, side view. fig. 10. Marginulinopsis bradyi, 164-994C, 50X-2, 72-74, side view. fig. 11. Martinottiella clarae, 164-997A, 4H-5, 45-47, side
view. fig. 12. Martinottiella communis, 164-994C, 35X-CC, 0-2, side view. figs 13-15. Melonis barleeanum: 13, 164-995A, 4H-6, 148-150, side view;
14, 164-995B, 1H-CC, 18-20, apertural view; 15, 164-995A, 4H-6, 148-150, side view. figs 16-18. Melonis pompilioides: 16, 164-995B, 1H-5, 75-77,
side view; 17, 164-995B, 1H-5, 75-77, apertural view; 18, 164-994C, 46X-2, 45-47, side view. fig. 19. Miliolinella subrotunda, 164-994C, 35X-2, 52-54,
apertural view. Scale bar 50 pm for fig. 16; 100 um for the rest.
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Deep-sea benthic foraminifera in the Neogene, NW Atlantic Ocean

Genus Lagenodosaria Silvestri, 1900

Lagenodosaria sp.
(PL. 7, figs 6-7)

Occurrence. Early Pliocene, ODP hole 994C.

Remarks. Not enough specimens found to assign any species
name.

Genus Laticarinina Galloway & Wissler, 1927

Laticarinina pauperata (Parker & Jones, 1865)
(PL. 7, fig. 8)

1865 Pulvinulina repanda var. menardii sub var. pauperata Parker
& Jones: 395, pl. 6, figs 50-51.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Genus Marginulina d’Orbigny, 1826

Marginulina obesa (Cushman, 1923)
(PL. 7, fig. 9)

1923 Marginulina obesa Cushman; 128, pl. 37, fig. 1.

Occurrence. Late Miocene-Late Pliocene; ODP holes 991A,
994C, 995A, 997A.

Genus Marginulinopsis Silvestri, 1904

Marginulinopsis bradyi (Goés, 1894)
(Pl. 7, fig. 10)

1894 Cristellaria bradyi Goes: 64, figs 11-12.

Occurrence. Late Miocene—Early Pleistocene; ODP holes 991A,
994C, 997A.

Genus Martinottiella Cushman, 1933

Martinottiella clarae (Gibson, 1967)
(PL. 7, fig. 11)

1967 Martinottiella clarae Gibson: 12, pl. 2, figs 24, 27-29.

Occurrence. Early Pleistocene-Middle Pleistocene; ODP holes
995A, 997A.

Martinottiella communis (d’Orbigny, 1846)
(PL. 7, fig. 12)

1846 Clavulina communis d’Orbigny: 196, pl. 12, figs 1-2.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995B, 997A.

Genus Melonis de Montfort, 1808

Melonis barleeanum (Williamson, 1858)
(PL. 7, figs 13-15)

1858 Nonionina barleeanum Williamson: 32, pl. 3, figs 68-69.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Melonis pompilioides (Fichtel & Moll, 1798)
(PL 7, figs 16-18)

1803 Nautilus pompilioides Fichtel & Moll: 31, pl. 2, figs a—e.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Miliolinella Wiesner, 1931

Miliolinella subrotunda (Montagu, 1803)
(PL. 7, fig. 19)

1803 Vermiculum subrotunda Maontagu: pl. 1, fig. 11.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Nodosaria Lamarck, 1812

Nodosaria acuminata (Hantken, 1875)
(PL. 8, fig. 1)

1875 Nodosaria acuminata Hantken: 23, pl. 2, fig. 9.
Occurrence. Late Pliocene; ODP hole 994C.

Nodosaria brevicula (Schwager, 1866)
(P1. 8, figs 2-3)

1866 Nodosaria brevicula Schwager: 234, pl. 6, figs 71-72.

Occurrence. Early Pliocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 997A.

Nodosaria holoserica (Schwager, 1866)
(PL. 8, fig. 4)

1866 Nodosaria holoserica Schwager: 221, pl. 5, fig. 49.

Occurrence. Early Pliocene—Early Pleistocene; ODP holes 994C,
997A.

Nodosaria longiscata (d’Orbigny, 1846)
(PL 8, fig. 5)

1846 Nodosaria longiscata d’Orbigny: 32, pl. 1, figs 10-12.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995B, 997A.
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Explanation of Plate 8.

fig. 1. Nodosaria acuminata, 164-994C, 17H-2, 75-77, side view. figs 2, 3. Nodosaria brevicula, 164-994C, 13H-3, 74-76: 2, side view; 3, apertural view.
fig. 4. Nodosaria holoserica, 164-994C, 35X-1, 51-53, side view. fig. 5. Nodosaria longiscata, 164-994C, 42X-3, 70-72, side view. fig. 6. Nodosaria
ovicula, 164-994C, 16H-6, 74-76, side view. fig. 7. Nodosaria radicula, 164-994C, 17H-5, 74-76, side view. fig. 8. Nodosaria simplex, 164-994C, 63X-2,
72-74, side view. fig. 9. Nodosaria vertebralis, 164-994C, 23X-4, 70-72, side view. fig. 10. Nodosarella subnodosa, 164-997A, 34X-2, 10-12, side view.
fig. 11. Nonion scaphum, 164-994C, 25X-1, 75-77, umbilical view. fig. 12. Nonionella auris, 164-994C, 47X-5, 52-54, umbilical view. figs 13-15.
Nonionella bradyi, 164-994C, 1H-1, 0-2: 13, spiral view: 14, apertural view; 15, umbilical view. figs 16, 17. Nummoloculina irregularis, 164-994C,
25X-1, 75-77: 16, apertural view; 17, side view. figs 18, 19. Nuttallides umbonifera, 164-994C: 18, 22X-4, 70-72, umbilical view; 19, 24X-CC, 0-2,
spiral view. fig. 20. Oolina botelliformis, 164-994C, 41X-7, 30-32, side view. fig. 21. Ophthalmidium acutimargo, 164-994C, 25X-4, 75-77, side view.
fig. 22. Ophthalmidium pusillum, 164-994C, 31X-7, 52-54, side view. figs 23, 24. Oridorsalis umbonatus, 164-995A, 10H-5, 148-150: 23, umbilical view;
24, spiral view. Scale bar 50 pm for figs 23-24; 100 um for the rest.
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Nodosaria ovicula (d’Orbigny, 1826)
(PL. 8, fig. 6)

1866 Nodosaria ovicula (d’Orbigny); 252, Parker, Jones & Brady:
(1871) pl. 9, fig. 36h, k.

Occurrence. Middle Pliocene-Early Pleistocene; ODP holes
991A, 994C, 995A, 997A.

Nodosaria radicula (Linné, 1931)
(PL. 8, fig. 7)

1932 Nodosaria radicula (Linné); Macfadyen: 67, pl. 2, fig. 14.

Occurrence. Early Pliocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 997A.

Nodosaria simplex (Silvestri, 1872)
(PL 8, fig. 8)

1872 Nodosaria simplex (Silvestri); Barker: 131, pl. 62, figs 4-6.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 997A.

Nodosaria vertebralis (Batsch, 1791)
(PL 8, fig. 9)

1971 Nautilus (Orthoceras) vertebralis Batsch: 3, pl. 2, fig. 6a-b.
Occurrence. Late Pliocene; ODP hole 994C.
Genus Nodosarella Rzehak, 1895

Nodosarella subnodosa (Guppy, 1894)
(Pl 8, fig. 10)

1894 Ellipsoidina subnodosa Guppy: 650, pl. 41, fig. 12.
Occurrence. Early Pliocene; ODP hole 997A.
Genus Nonion de Montfort, 1808

Nonion scaphum (Fichtel & Moll, 1798)
(PL. 8, fig. 11)

1798 Nautilus scapha Fichtel & Moll: 105, pl. 105, figs d—f.

Occurrence. Middle Pliocene-Middle Pleistocene; ODP holes
991A, 995A.

Genus Nonionella Cushman, 1926

Nonionella auris (d’Orbigny, 1839)
(PL. 8, fig. 12)

1839 Valvulina auris d’Orbigny: 47 pl. 5, figs 15-17.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Nonionella bradyi (Chapman, 1916)
(PL. 8, figs 13-15)

1916 Nonionella scapha var. bradii Chapman: 71, pl. 5, fig. 42.

Occurrence. Early Pleistocene-Holocene; ODP holes 991A,
994C, 995A.

Genus Nummoloculina Steinmann, 1881

Nummoloculina irregularis (d’Orbigny, 1839)
(PL 8, figs 16-17)

1839 Biloculina irregularis d’Orbigny: 67, pl. 8, figs 20-21.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 997A.

Genus Nuttallides Finlay 1939

Nuttallides umbonifera (Cushman, 1933)
(PL 8, figs 18-19)

1933 Pulvinulinella umbonifera Cushman: 90, pl. 9, fig. 9.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Oolina d’Orbigny, 1839

Oolina botelliformis ((Brady, 1884)
(PlL. 8, fig. 20)

1884 Oolina botelliformis (Brady); Barker: 115, pl. 55, fig. 6.
Occurrence. Late Miocene—Early Pliocene; ODP hole 994C.
Genus Ophthalmidium Kibler & Zwingli, 1870

Ophthalmidium acutimargo (Brady, 1884)
(PL 8, fig. 21)

1884 Spiroloculina acutimargo Brady: 154, pl. 10, figs 12—-15.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 994C,
995A, 997A.

Ophthalmidium pusillum (Earland, 1943)
(PL 8, fig. 22)

1934 Spiroloculina pusilla Earland: 10, 47.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 994C,
995A, 997A.

Genus Oridorsalis Andersen, 1961

Oridorsalis umbonatus (Reuss, 1851)
(PL. 8, figs 23-24)
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1851 Rotalina umbonata Reuss: 75, pl. 5, fig. 35 a—c.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Orthomorphina Stainforth, 1952

Orthomorphina challengeriana (Thalmann, 1937)
(PL. 9, fig. 1)

1937 Nodogenerina challengeriana Thalmann: 341, pl. 64, figs
25-27.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Orthomorphina glandigena (Schwager, 1866)
(PL 9, fig. 2)

1866 Nodosaria glandigena Schwager: 219, pl. 4, fig. 46.

Occurrence. Early Pliocene—Early Pleistocene; ODP holes 994C,
997A.

Orthomorphina koina (Schwager, 1866)
(PL 9, fig. 3)

1866 Nodosaria koina Schwager: 220, pl. 5, fig. 47.

Occurrence. Early Pliocene-Middle Pleistocene; ODP holes
991A, 995A, 997A.

Orthomorphina modesta (Bermudez, 1937)
(PL 9, fig. 4)

1937 Ellipsonodosaria modesta Bermudez: 238, pl. 20, fig. 3.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A.

Genus Parafrondicularia Asano, 1938

Parafrondicularia advena (Cushman, 1923)
(PL. 9, fig. 5)

1938 Frondicularia advena Cushman: 188, pl. 24, fig. 17.

Occurrence. Late Miocene—Late Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Genus Planulina d’Orbigny, 1826

Planulina ariminensis (d’Orbigny, 1826)
(PL 9, fig. 6)

1826 Planulina ariminensis d’Orbigny: 280, pl. 14, fig. 13.

Occurrence. Early Pliocene-Late Pleistocene; ODP holes 991A,
995A, 995B, 997A.
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Genus Pleurostomella Reuss, 1860

Pleurostomella acuminata (Cushman, 1922)
(PL. 9, figs 7-8)

1922 Pleurostomella acuminata Cushman: 50, pl. 19, fig. 6.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C.

Pleurostomella acuta (Hantken, 1875)
(PL. 9, fig. 9)

1875 Pleurostomella acuta Hantken: 44, pl. 13, fig. 18.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Pleurostomella alternans (Schwager, 1866)
(PL. 9, fig. 10)

1866 Pleurostomella alternans Schwager: 238, pl. 6, figs 79-80.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Pleurostomella brevis (Schwager, 1866)
(PL 9, figs 11-12)

1866 Pleurostomella brevis Schwager: 236, pl. 6, fig. 81.

Occurrence. Late Miocene—Early Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Pleurostomella rapa (Gtimbel, 1868)
(PL. 9, fig. 13)

1868 Pleurostomella rapa Gimbel; var. recens Dervieux (1899):
76-78.

Occurrence. Late Miocene-Late Pliocene; ODP holes 994C,
995A.

Pleurostomella sapperi (Schubert, 1911)
(PL 9, figs 14-15)

1911 Pleurostomella sapperi Schubert: 56, fig. 3a-b.

Occurrence. Middle Pliocene-Early Pleistocene; ODP holes
994C, 995A, 997A.

Pleurostomella subnodosa (Reuss, 1851)
(PL 9, fig. 16)

1851 Pleurostomella subnodosa Reuss: 24, pls 2—6.

Occurrence. Late Miocene—Late Pleistocene; ODP holes 994C,
997A.



Deep-sea benthic foraminifera in the Neogene, NW Atlantic Ocean

Explanation of Plate 9.

fig. 1. Orthomorphina challengeriana, 164-994C, 39X-CC, 0-2, side view. fig. 2. Orthomorphina glandigena, 164-994C, 51X-2, 72-74, side view. fig. 3.
Orthomorphina koina, 164-997A, SH-2, 45-47, side view. fig. 4. Orthomorphina modesta, 164-994C, 41X-4, 10-12, side view. fig. 5. Parafrondicularia
advena, 164-995A, 4H-6, 148-150, front view. fig. 6. Planulina ariminensis, 164-997A, 11H-7, 45-47, spiral view. figs 7, 8. Pleurostomella acuminata,
164-995A: 7, 15H-7, 75-77, side view; 8, 10H-7, 75-77, front view. fig. 9. Pleurostomella acuta, 164-994C, 22X-4, 70-72, front view. fig. 10.
Pleurostomella alternans, 164-994C, 40X-3, 52-54, front view. figs 11, 12. Pleurostomella brevis, 164-994C: 11, 84X-CC, 2-4, apertural view;
12, 22X-1, 52-54, front view. fig. 13. Pleurostomella rapa, 164-994C, 38X-CC, 0-2, front view. figs 14, 15. Pleurostomella sapperi: 14, 164-994C,
16H-2, 75-77, front view; 15, 164-995A, TH-5, 75-77, side view. fig. 16. Pleurostomella subnodosa, 164-994C, 76X-7, 4-6, front view. fig. 17.
Pseudonodosaria sp., 164-994C, 74X-3, 71-73, apertural view. figs 18, 19. Pullenia bulloides, 164-995A, 2H-5, 75-77: 18, apertural view; 19, side view.
figs 20-22. Pullenia osloensis: 20, 164-995A, 3H-2, 148-150, side view; 21, 164-994C, 81X-1, 4-6, apertural view; 22, 164-994C, 81X-5, 72-74, side
view. Scale bar 50 um for figs 7, 18-20; 200 um for fig. 15; 100 um for the rest.
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Genus Pseudonodosaria Boomgaart 1949

Pseudonodosaria sp.
(PL. 9, fig. 17)

Occurrence. Late Miocene— Early Pleistocene; ODP hole 994C.

Remarks. Not enough specimens found to assign any species
name.

Genus Pullenia Parker & Jones, 1862

Pullenia bulloides (d’Orbigny, 1846)
(PL 9, figs 18-19)

1846 Nonionina bulloides d’Orbigny: 107, pl. 5, figs 9-10.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Pullenia osloensis (Feyling-Hanssen, 1954)
(PL 9, figs 20-21)

1954 Pullenia quinqueloba Reuss; subp. minuta Feyling-Hanssen:
194, figs 3-4.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Pullenia quinqueloba (Reuss, 1851)
(PL 10, figs 1-2)

1851 Nonionina quinqueloba Reuss: 71, pl. 5, fig. 31.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Pullenia salisburyi (Stewart & Stewart, 1930)
(PL. 10, figs 3-4)

1930 Pullenia salisburyi Stewart & Stewart: 72, pl. 8, fig. 2a-b.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B.

Genus Pyrgo Defrance, 1824

Pyrgo depressa (d’Orbigny, 1826)
(PL 10, fig. 5)

1826 Biloculina depressa d’Orbigny: 298, mod no. 91.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Pyrgo lucernula (Schwager, 1866)
(PL. 10, figs 6-8)

1866 Biloculina lucernula Schwager: 202, pl. 4, fig. 17a-b.
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Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Pyrgo murrhina (Schwager, 1866)
(PL. 10, figs 9-10)

1866 Biloculina murrhina Schwager: 203, pl. 4, fig. 15.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Pyrgo serrata (L. W. Bailey, 1861)
(PL. 10, figs 11-12)

1861 Biloculina serrata Bailey: 350, pl. 8, fig. E.

Occurrence. Late Miocene-Middle Pleistocene; ODP holes
994C, 995A, 997A.

Pyrgo vespertilio (Schlumberger, 1891)
(PL 10, fig. 13)

1891 Biloculina vespertilio Schlumberger: 174, pl. 10, figs 74-76.
Occurrence. Late Miocene-Middle Pleistocene; ODP hole 995A.
Genus Pyrulina d’Orbigny, 1839

Pyrulina cylindroides (Roemer, 1838)
(PL. 10, fig. 14)

1838 Polymorphina cylindroides Roemer: 386, pl. 3, fig. 26a-b.

Occurrence. Late Miocene-Late Pliocene; ODP holes 994C,
995B, 997A.

Pyrulina extensa (Cushman, 1923)
(PL 10, fig. 15)

1923 Polymorphina extensa Cushman: 156, pl. 4, figs 7-8.
Occurrence. Early Pliocene—Early Pleistocene; ODP hole 994C.

Pyrulina fusiformis (Roemer, 1938)
(PL. 10, fig. 16)

1838 Polymorphina fusiformis Roemer: 386, pl. 3, fig. 37.

Occurrence. Late Miocene-Middle Pleistocene; ODP holes
991A, 994C, 995A, 997A.

Genus Quadrimorphina Finlay, 1939

Quadrimorphina laevigata (Phleger & Parker, 1951)
(PL 11, figs 1-2)

1951 Valvulineria laevigata Phelger & Parker: 25, pl. 13,
figs 11-12.
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Explanation of Plate 10.
figs 1, 2. Pullenia quinqueloba, 164-994C, 35X-1, 0-2: 1, apertural view; 2, side view. figs 3, 4. Pullenia salisburyi, 164-995A, 4H-6, 148-150;
3, apertural view; 4, side view. fig. 5. Pyrgo depressa, 164-991A, 1H-1, 25-27, apertural view. figs 6-8. Pyrgo lucernula: 6, 164-995A, 15H-7, 71-77,
side view; 7, 164-995A, 15H-7, 71-77, apertural view; 8, 164-994C, 25X-4, 75-77, front view. figs 9, 10. Pyrgo murrhina: 9, 164-995A, 10H-5, 148-150,
front view; 10, 164-994C, 35X-2, 52-54, front view. figs 11, 12. Pyrgo serrate, 164-994C: 11, 58X-CC, 0-2, back view; 12, 64X-5, 72-74, front view.
fig. 13. Pyrgo vespertilio, 164-994C, 17H-7, 52-54, front view. fig. 14. Pyrulina cylindroides, 164-994C, 61X-1, 72-74, side view. fig. 15. Pyrulina
extensa, 164-994C, 20X-5, 75-77, side view. fig. 16. Pyrulina fusiformis, 164-994C, 17TH-CC, 0-2, side view. Scale bar 50 um for fig. 4; 200 pm for
fig. 7; 100 pm for the rest.

63



K. Mohan et al.

Explanation of Plate 11.

figs 1, 2. Quadrimorphina laevigata, 164-995A, 3H-2, 148-150: 1, spiral view; 2, umbilical view. figs 3, 4. Quinqueloculina auberiana, 164-994C, 35X-2,
52-54, side view. figs 5, 6. Quinqueloculina lamarckiana: S, 164-995A, 8H-4, 75-77, side view; 6, 164-994C, 74X-3, 71-73, apertural view. figs 7, 8.
Quinqueloculina oblonga, 164-995A, 3H-2, 148-150, side view. figs 9-11. Quinqueloculina seminulum: 9, 164-994C, 34X-1, 4-6, side view, 10, 164-995A,
15H-7, 75-77, side view; 11, 164-995A, 15H-7, 75-77, apertural view. fig. 12. Quinqueloculina stalkeri, 164-994C, 62X-1, 72-74, side view. fig. 13.
Quinqueloculina weaver, 164-994C, 40X-1, 54-56, side view. fig. 14. Rectoglandulina armata, 164-994C, 72X-CC, 0-2, side view. fig. 15. Reophax
bacillaris, 164-997A, 5H-4, 45-47, side view. fig. 16. Reussella simplex, 164-994C, 12H-5, 75-77, front view. fig. 17. Robertina subcylindrica, 164-994C,
1H-1, 0-2, apertural view; fig. 18. Robertinoides bradyi, 164-994C, 1H-1, 0-2, apertural view. fig. 19. Robulus costatus, 164-997A, 10H-3, 45-47, side
view. Scale bar 50 um for figs 1-2, 7-8, 11; 100 um for the rest.
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Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Quinqueloculina d’Orbigny, 1826

Quinqueloculina auberiana (d’Orbigny, 1839)
(PL 11, figs 3-4)

1839 Miliolona auberiana d’Orbigny; 167, pl. 7, figs 1-3.
Occurrence. Middle Pliocene; ODP hole 994C.

Quinqueloculina lamarckiana (d’Orbigny, 1839)
(PL. 11, figs 5-6)

1839 Quinqueloculina lamarckiana d’Orbigny: 189, pl. 11, figs
14-15.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Quingqueloculina oblonga (Montagu, 1803)
(PL. 11, figs 7-8)

1803 Vermiculum oblongum Montagu: 522, pl. 14, fig. 9.
Occurrence. Late Pleistocene; ODP hole 991A.

Quinqueloculina seminulum (Linnaeus, 1758)
(PL 11, figs 9-11)

1758 Serpula seminula Linné: 786, pl. 2, fig. la—c.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 995A,
995B, 997A.

Quinqueloculina stalkeri (Loeblich & Tappan, 1953)
(PL 11, fig. 12)

1953 Quinqueloculina stalkeri Loeblich & Tappan: 40, pl. 5, figs
5-9.

Occurrence. Early Pliocene-Late Pleistocene; ODP holes 994C,
995A, 997A.

Quingueloculina weaveri (Rau, 1948)
(PL. 11, fig. 13)

1948 Quingueloculina weaveri Rau: 159, pl. 28, figs 1-3.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Rectoglandulina Loeblich & Tappan, 1955

Rectoglandulina armata (Reuss, 1884)
(PL 11, fig. 14)

1884 Nodosaria (Glandulina) armata (Brady); Barker: 133, pl. 63,
fig. 6.

Occurrence. Late Miocene; ODP hole 994C.
Genus: Reophax de Montfort, 1808

Reophax bacillaris (Brady, 1884)
(PL. 11, fig. 15)

1884 Reophax bacillaris Brady: 103, pl. 30, figs 23-24.
Occurrence. Middle Pleistocene; ODP hole 997A.
Genus Reussella Galloway, 1933

Reussella simplex (Cushman, 1929)
(PL. 11, fig. 16)

1929 Trimosina simplex Cushman: 158, fig. 2a-b.

Occurrence. Early Pliocene-Holocene; ODP holes 991A, 994C,
995A, 997A.

Genus Robertina d’Orbigny, 1846

Robertina subcylindrica (Brady, 1881)
(PL. 11, fig. 17)

1881 Bulimina subcylindrica (Brady); Barker: 103, pl. 50, fig.16.

Occurrence. Early Pleistocene-Holocene; ODP holes 991A,
994C, 995A, 995B.

Genus Robertinoides Hoglund, 1947

Robertinoides bradyi (Cushman & Parker, 1936)
(PL. 11, fig. 18)

1936 Robertina bradyi Cushman & Parker: p. 99, pl. 16,
fig. 9a-b.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Robulus de Montfort, 1808

Robulus costatus (Fichtel & Moll)
(PL. 11, fig. 19)

1944 Robulus costatus (Fichtel & Moll); LeRoy: 77, pl. 3,
figs 15-16.

Occurrence. Early Pleistocene; ODP hole 997A.

Robulus gibbus (d’Orbigny, 1839)
(PL. 12, fig. 1)

1839 Cristellaria gibba d’Orbigny: 63, pl. 7, figs 20-21.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.
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Explanation of Plate 12.

fig. 1. Robulus gibbus, 164-991A, 1H-2, 25-27, side view. fig. 2. Robulus iota, 164-997A, 22X-4, 10-12, side view; fig. 3. Robulus thalmanni, 164-994C,
58X-3, 47-49, side view. figs 4, 5. Sigmoilopsis schlumbergeri: 4, 164-995A, 2H-6, 75-77, side view; 5, 164-994C, 50X-3, 72-74, side view. fig. 6.
Siphonodosaria pomuligera, 164-997A, TH-1, 45-47, side view. fig. 7. Siphotextularia catenata, 164-994C, 43X-1, 52-54, side view. figs 8, 9.
Sphaeroidina bulloides, 164-994C: 8, 26X-3, 51-53, apertural view; 9, 35X-3, 52-54, apertural view. figs 10, 11. Spirillina decorata, 164-994C, 83X-2,
76-78: 10, spiral view; 11, surface structure. fig. 12. Spiroloculina esnaensis, 164-994C, 63X-6, 71-73, spiral view. figs 13-15. Spiroloculina tenuis;
164-994C, 13H-1, 74-76: 13, 15, spiral view; 14, side view. fig. 16. Stilostomella abyssorum, 164-994C, 77X-4, 71-73, side view. fig. 17. Stilostomella
consobrina, 164-994C, 38X-2, 0-2, side view. fig. 18. Stilostomella fistuca, 164-994C, 42X-2, 68-70, side view. figs 19, 20. Stilostomella lepidula,
164-991A, 2H-6, 55-57: 19, apertural view; 20, side view. Scale bar 20 um for fig. 19; 100 um for the rest.
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Robulus iota (Cushman, 1923)
(PL. 12, fig. 2)

1923 Cristellaria iota Cushman: 111, pl. 29, fig. 2.
Occurrence. Early Pliocene; ODP hole 997A.

Robulus thalmanni (Hessland, 1943)
(PL. 12, fig. 3)

1943 Cristellaria rotulata Hessland: 265, pl. 2, fig. 16a-b.

Occurrence. Late Miocene—Late Pleistocene; ODP holes 994C,
997A.

Genus Sigmoilopsis Finlay, 1947

Sigmoilopsis schlumbergeri (Silvestri, 1904)
(PL 12, figs 4-5)

1904 Sigmoilina schlumbergeri Silvestri: 267, 269, figs 6-9.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Siphonodosaria Silvestri, 1924

Siphonodosaria pomuligera (Stache, 1864)
(PL. 12, fig. 6)

1864 Dentalina pomuligera Stache: 204, pl. 22, fig. 31.
Occurrence. Early Pleistocene; ODP hole 997A.
Genus Siphotextularia Finlay, 1939

Siphotextularia catenata (Cushman, 1911)
(PL. 12, fig. 7)

1911 Textularia catenata Cushman: 23, figs 39-40.
Occurrence. Late Miocene-Holocene; ODP holes 994C, 997A.
Genus Sphaeroidina d’Orbigny, 1826

Sphaeroidina bulloides (d’Orbigny, 1826)
(PL. 12, figs 8-9)

1826 Sphaeroidina bulloides d’Orbigny: 267, no.1, mod no. 65.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Spirillina Ehrenberg, 1843

Spirillina decorata (Brady, 1884)
(PL 12, figs 10-11)

1884 Spirillina decorata Brady: 633, pl. 85, figs 22-25.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 994C,
997A.

Genus Spiroloculina d’Orbigny, 1826

Spiroloculina esnaensis (LeRoy, 1953)
(Pl 12, fig. 12)

1953 Spiroloculina esnaensis LeRoy: 49, pl. 3, figs 15-16.

Occurrence. Early Pliocene-Middle Pliocene; ODP holes 991A,
994C, 997A.

Spiroloculina tenuis (Czjzek, 1884)
(PL 12, figs 13-15)

1984 Sigmoilina tenuis (Czjzek); Brady: 21, pl. 10, figs 7-8, 11.

Occurrence. Early Pliocene—Early Pleistocene; ODP holes 994C,
995A, 997A.

Genus Stilostomella Guppy, 1894

Stilostomella abyssorum (Brady, 1884)
(PL. 12, fig. 16)

1884 Nodosaria abyssorum Brady: 504, pl. 63, figs 8-9.

Occurrence. Late Miocene—Early Pleistocene; ODP holes 991A,
994C, 995A, 995B.

Stilostomella consobrina (d’Orbigny, 1846)
(Pl 12, fig. 17)

1846 Dentalina consobrina d’Orbigny: 46, pl. 2, figs 1-3.

Occurrence. Late Miocene—Early Pleistocene; ODP holes 991A,
994C, 997A.

Stilostomella fistuca (Schwager, 1866)
(PL 12, fig. 18)

1866 Nodosaria fistuca Schwager: 216, pl. 5, figs 36-37.

Occurrence. Late Miocene—Early Pleistocene; ODP holes 991A,
994C, 995A, 997A.

Stilostomella lepidula (Schwager, 1866)
(PL 12, figs 19-20)

1866 Nodosaria lepidula Schwager: 210, pl. 5, fig. 27-28.

Occurrence. Late Miocene—Early Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Genus Textularia Defrance, 1824

Textularia agglutinans (d’Orbigny, 1839)
(PL 13, fig. 1)
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Explanation of Plate 13.
fig. 1. Textularia agglutinans, 164-994C, 34X-1, 4-6, side view. figs 2—4. Trifarina angulosa: 2, 4, 164-995A, SH-6, 148-150, side view; 3, 164-994C,
42X-4, 51-53; apertural view. fig. 5. Trifarina reussi, 164-994C, 15H-2, 52-54, side view. figs 6, 7. Triloculina tricarinata, 164-994C, 25X-1, 75-77: 6,
side view; 7, apertural view. fig. 8. Triloculina trigonula, 164-994C, 17TH-2, 75-77, side view. fig. 9. Uvigerina auberiana, 164-994C, 35X-2, 52-54, side
view. fig. 10. Uvigerina buzasi, 164-994C, 35X-CC, 0-2, side view. fig. 11. Uvigerina canariensis, 164-994C, 22X-4, 70-72, side view. fig. 12. Uvigerina
hispida, 164-994C, 35X-2, 52-54, side view. fig. 13. Uvigerina hispido-costata, 164-994C, 40X-1, 54-56, side view. figs 14, 15. Uvigerina peregrina,
164-995A: 14, 6H-2, 75-77, apertural view; 15, 3H-2, 148-150, side view. figs 16, 17. Uvigerina proboscidea, 164-995A, SH-6, 148-150: 16, side view;
17, apertural view. fig. 18. Vaginulina subelegans, 164-994C, 53P-1, 0-2, side view. Scale bar 50 pm for fig. 2; 100 um for the rest.
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1839 Textularia agglutinans d’Orbigny: 144, pl. 1, figs 17-18.

Occurrence. Late Miocene-Middle Pleistocene; ODP holes
994C, 995A, 997A.

Genus Trifarina Cushman, 1923

Trifarina angulosa (Williamson, 1858)
(PL. 13, figs 2-4)

1858 Uvigerina angulosa Williamson: 67, pl. 5, fig. 140.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Trifarina reussi (Cushman, 1913)
(PL. 13, fig. 5)

1913 Triplasia reussi Cushman: 63, pl. 3.

Occurrence. Early Pliocene-Holocene; ODP holes 991A, 994C,
995A, 995B.

Genus Triloculina d’Orbigny, 1826

Triloculina tricarinata (d’Orbigny, 1826)
(PL 13, figs 6-7)

1826 Triloculina tricarinata d’Orbigny: 299, mod no. 94.

Occurrence. Late Miocene-Holocene, ODP holes 991A, 994C,
995A, 995B, 997A.

Triloculina trigonula (Lamarck, 1804)
(PL. 13, fig. 8)

1804 Miliolites trigonula Lamarck: 351, pl. 17, fig. 4.
Occurrence. Middle Pliocene; ODP holes 994C, 995A.
Genus Uvigerina d’Orbigny, 1826

Uvigerina auberiana (d’Orbigny, 1839)
(P1. 13, fig. 9)

1839 Uvigerina auberiana d’Orbigny: 106, pl. 2, figs 23-24.
Occurrence. Early Pliocene-Middle Pliocene; ODP hole 994C.

Uvigerina buzasi (Joseph & Gupta, 1999)
(PL. 13, fig. 10)

1998 Uvigerina buzasi Joseph & Gupta: pl. 1, figs 1-4.
Occurrence. Late Miocene-Late Pleistocene; ODP hole 997A.

Uvigerina canariensis (d’Orbigny, 1839)
(Pl 13, fig. 11)

1839 Uvigerina canariensis d’Orbigny: 138, pl. 1, figs 25-27.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 995B.

Uvigerina hispida (Schwager, 1866)
(P1. 13, fig. 12)

1866 Euvigerina hispida Schwager: 249, pl. 7, fig. 95.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Uvigerina hispido-costata (Cushman & Todd, 1945)
(P1. 13, fig. 13)

1945 Uvigerina hispido-costata Cushman & Todd: 51, pl. 7, figs
27, 31.

Occurrence. Late Miocene—Late Pleistocene; ODP holes 991A,
994C, 995A, 995B, 997A.

Uvigerina peregrina (Cushman, 1923)
(PL. 13, figs 14-15)

1923 Uvigerina peregrina Cushman: 166, pl. 42, figs 7-10.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Uvigerina proboscidea (Schwager, 1866)
(P1. 13, figs 16-17)

1866 Euvigerina proboscidea Schwager: 250, pl. 7, fig. 96.

Occurrence. Late Miocene-Holocene; ODP holes 991A, 994C,
995A, 995B, 997A.

Genus Vaginulina Silvestri, 1904

Vaginulina subelegans (Parr, 1950)
(PL. 13, fig. 18)

1950 Vaginulina subelegans Parr: B.A.N.Z. Antartic Research
Expedition, 1929-1931, Ser. B, 5(6), 325.

Occurrence. Late Miocene-Late Pleistocene; ODP holes 991A,
994C, 995A, 997A.
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