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Benthic foraminifera (147 taxa) were investigated from the Caribbean Sea (Deep Sea Drilling
Project; DSDP Hole 502A, depth 3,051 m) and eastern equatorial Pacific Ocean (DSDP Hole
503B, 3,672 m) over an interval between the terminal Miocene and the basal Pleistocene (5.5—
1.7 Ma). To determine the influence over time of the Central American Isthmus (closure of the
Isthmus of Panama occurring some time between 3.5 and 3.0 Ma) on the benthic fauna, the
composition and diversity of the fauna as well as many physico-chemical variables were con-
sidered. The latter include changes in coarse-fraction (>63 um), calcite dissolution (estimated
from the degree of fragmentation of planktic foraminifera), accumulation rates of benthic
foraminifera (BFAR, used as an index of the flux of organic matter to the sea floor), CaCO; con-
tent, and stable isotopes in planktic and benthic foraminifera. In the Caribbean Hole 5024, the
8'®0 of planktic foraminifera increased at about 4.2 Ma relative to the benthic values and also
relative to the planktic and benthic values in the Pacific Hole 503. This change may reflect
increasing surface-water salinity in the Caribbean Sea as a result of restricted surface-water
exchange between the Atlantic and Pacific caused by the emergent Panama Isthmus. Most of
the physico-chemical variables in Hole 502A have similar trends to those in the Pacific Hole 503
between late Miocene and 3.85 Ma. After that, Hole 503 continued to show a typical equatorial
Pacific character, whereas Hole 502A was affected by local tectonics and bottom-water
exchange between Caribbean Sea and the Atlantic. The increased BFAR at 3.85 Ma in Hole
502A may indicate increased productivity of the surface water in the Caribbean Sea, but it could
also be a result of a decrease in dissolution and intensified ventilation of the bottom water. The
increased 8'*0 and 8'°C values in the benthic foraminifer record, increased coarse-fraction
CaCOj; content, as well as decreased fragmentation of planktic foraminifera are probably
related to greater inflow of Upper North Atlantic Deep Water (UNADW) to the Caribbean Sea
since 3.85 Ma, most likely initiated by increased northward transport of warm, high-salinity
waters to high latitudes via the Gulf Stream, which in turn was caused by progressive uplift of
the Central American land bridge. The fluctuations in the physico-chemical parameters in Hole
503 are overall larger than in Hole 502A, which probably is a result of dissolution signals caused
by vertical oscillations of the lysocline in Hole 503 because of the deeper location of this site.
The increased planktic and benthic foraminifer oxygen isotope valuesfrom 3.2 Ma in Hole 503
probably reflect oceanographic and climatic changes in the Antarctic area from this time. Q-
mode principal component analysis on benthic foraminifer abundances (accumulation rates of
selected species) distinguished two major faunal groups inboth Hole 502A and Hole 503. Nut-
tallides umbonifera is the most abundant species and makes up one group, while the other
group is made up of both Cibicidoides wuellerstorfi and Oridorsalis umbonatus in Hole 5024,
and only O. umbonatus in Hole 503. In Hole 502A C. wuellerstorfi and O. umbonatus are abun-
dant in the interval between 4.2 and 3.7 Ma. From about 3.7 Ma N. umbonifera increased and
became the mostabundantbenthic species. In Hole 503 N. umbonifera was the most abundant
species between 4.8 and 2.1 Ma, except for a few intervals where O. umbonifera was more fre-
quent. These changes in the abundance of N. umbonifera may be due to (1) changes in volume
of different water masses, (2) changes in productivity, and/or (3) a transitory shift in an envi-
ronmental preference of N. umbonifera. However, in both Holes 502A and 503 there is no sig-
nificant correlation among dissolution, CaCOj content, BFAR, and the variation in the abun-
dance of N. umbonifera. OBenthic foraminifera, biostratigraphy, paleoecology, paleoceanography,
late Neogene, Isthmus of Panama, Deep Sea Drilling Project, DSDP Sites 502 and 503, Caribbean
Sea, Colombia Basin, eastern equatorial Pacific Ocean, Guatemala Basin.
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Introduction

Benthic foraminifera are found in most marine environ-
ments and may form more than 50% of eukaryotic bio-
mass in the deep sea (Gooday et al. 1992). They are one of
the most important components of modern and ancient
benthic communities and the only organisms that live in
large enough numbers in the nutrient-starved ocean-
floor environment to be statistically represented in core
samples obtained within the Deep Sea Drilling Project
(DSDP) and Ocean Drilling Program (ODP) (Thomas
1992). Modern distribution patterns have been used to
make inferences about the ecological preferences of fossil
assemblages.

Many earlier investigators concluded that there was a
distinct relationship between various benthic foraminifer
species and/or assemblages and bottom-water masses
(Streeter 1973; Schnitker 1974, 1979, 1980; Lohmann
1978; Corliss 1979; Douglas & Woodruff 1981; Hodell et
al. 1983, 1985; Mead 1985; Hermelin 1986, 1989; Murray
1991, among others). However, the use of benthic
foraminifer abundances as unequivocal indicators of the
physico-chemical character of the bottom water masses
has been doubted in a number of studies (e.g., Corliss
1985; Corliss et al., 1986; Thomas & Vincent 1987, 1988;
Linke & Lutze 1993; Gooday 1988, 1993; Mackensen et al.
1993; Schnitker 1994). Lutze & Coulbourn (1984) sug-
gested that the distribution of benthic foraminifera may
be controlled by the supply of organic matter to the sea
floor. More recent studies have shown that a variety of
perturbations, including seasonal phenomena, influence
the ecology of benthic foraminifer species and popula-
tions in at least some deep-sea areas (Tyler 1988; Grassle
& Morse-Porteous 1987; Lambshead & Gooday 1990).
Fluctuations in food supply are considered to be of partic-
ular importance (Jumars & Wheatcroft 1989; Grassle
1989). Therefore, the large influence of nutrient-influx on
the deep-sea benthic foraminifer faunas should be kept in
mind while assessing the influence of deep-sea circulation
on faunal patterns (Gooday & Lambshead 1989; Gooday
& Turley 1990; Lambshead & Gooday 1990; Thomas
1992). Futhermore, changes in oxygen concentrations at

the sediment—water interface also plays a major role in
controlling benthic foraminifer assemblages and mor-
phologic characteristics; such as changes in size, wall
thickness, and porosity of foraminifera (Kaiho 1994).

Major tectonic changes, both in the deep-sea and on the
continents, have caused changes of the ocean’s deep- and
shallow-water circulation. One such significant event,
which may have affected the benthic foraminifer faunal
composition, was apparently the closure of the Central
American Seaway, resulting from the emergence of the
Panama land-bridge in the middle Pliocene. Previous
studies have suggested that the final stage in the isolation
of the tropical Atlantic and Pacific oceans occurred
between late Miocene and middle Pliocene times (Whit-
more & Stewart 1965; Woodring 1966; Kaneps 1970;
Emiliani et al. 1972; Parker 1973; Casey et al. 1975; Rosen
1975; Keigwin 1976). The closure was a gradual process,
beginning with a termination of the bottom-water con-
tact in pre-Pliocene times (Gardner 1982). The surface-
water connection ceased in middle Pliocene times. Saito
(1976) placed the closure of the Isthmus of Panama in the
middle Pliocene (about 3.5 Ma). On the other hand,
Keigwin (1978) suggested that the closure occurred some
half million years later (3.1 Ma).

Gardner (1982) showed that the concentration of cal-
cium carbonate in bulk sediment was approximately the
same in Sites 502 and 503 in the interval between 7.5 and
4.0 Ma. Thereafter, the two sites changed with respect to
the calcium carbonate concentation: Site 503 continued
to reflect the carbonate record of the equatorial Pacific
Ocean, whereas tectonic events influenced the CaCO,
content at Site 502.

Keigwin (1982a—c) reported that the circulation pat-
terns in the Caribbean and eastern Pacific developed at
about 3.0 Ma, based on planktic foraminifer assemblage
changes and analysis of stable isotopes of planktic and
benthic foraminifera. Several later studies (Hodell et al.
1983, 1985; Brunner 1984; Backman et al. 1986) support
the inference that the Isthmus of Panama was closed
between 3.2 and 2.9 Ma. The evolutionary divergence of
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eastern Pacific and Caribbean near-shore microfossil
organisms suggests a closure of the Isthmus of Panama at
approximately 3.5 Ma (Coates et al. 1992).

Recently, Vermeij (1993) and Knowlton et al. (1993)
reported that the gene flow of tropical American mollusks
was disrupted between the Caribbean and Pacific by envi-
ronmental changes several million years before the date
for the completion of the landbridge. In addition, Jackson
et al. (1993) and Allmon et al. (1993) suggested that the
gradual closure of the Panamanian seaway and the result-
ing environmental changes stimulated an increase in Car-
ibbean and western Atlantic molluscan diversity rather
than causing the mass extinction hypothesized previously
on the basis of inadequate data.

Although many studies of deep-sea benthic foraminif-
era have been carried out in the adjacent Gulf of Mexico
(e.g., Phleger 1951; Pflum & Frerichs 1976; Poag 1981,
1984; Gary 1985; Culver 1988; Denne & Sen Gupta 1988,
1991; Gary et al. 1989; Corliss & Fois 1990), relatively few
studies have been devoted to the Caribbean Sea. Gaby &
Sen Gupta (1985), Sen Gupta (1988), and Galluzzo et al.
(1990) studied the relationship between the bottom-
water masses and the benthic foraminifer faunas in the
eastern Caribbean Sea.

Many DSDP and ODP sites have been drilled in the
Pacific Ocean, but only a few studies have been carried
out on Neogene deep-sea benthic foraminifera from the
central and eastern part of the Pacific (central North
Pacific: Douglas 1973; northeastern Pacific: Ingle 1973;
Boltovskoy 1981; eastern margin of the Nazca Plate: Resig
1976, 1981; middle America Slope: McDougall 1985; cen-
tral equatorial Pacific: Thomas 1985; central equatorial
Pacific Ocean: Woodruff 1985; Boersma 1986; Kurihara &
Kennett 1986, 1988; eastern Pacific off Peru: Resig 1990;
western Pacific: Woodruff & Douglas 1981; Hermelin
1989).

The primary objective of this study was to analyze
changes in absolute abundance of deep-sea benthic
foraminifer species and diversity of the fauna from the
terminal Miocene to the basal Pleistocene (5.5—1.7 Ma) of
the Deep Sea Drilling Project (DSDP) Leg 68 Holes 502A
and 503, located in the Caribbean Sea and eastern equato-
rial Pacific Ocean, respectively (Fig. 1). The second objec-
tive was to analyze fluctuations in the coarse fraction of
the sediment (>63 pm), calcite dissolution based on the
degree of fragmentation of planktic foraminifera, flux of
organic matter to the sea floor based on accumulation
rates of benthic foraminifera (BFAR) (Herguera & Berger
1991; Herguera 1992, 1994; Berger et al. 1994), calcium
carbonate content, and stable isotopes in planktic and
benthic foraminifera. The third objective was to analyze
the taxonomy and to illustrate the late Neogene benthic
foraminifera from this area using scanning electron pho-
tomicrography.
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Study area

The Colombia Basin is a large, deep basin in the western
Caribbean Sea. Its depth exceeds 4,000 m, and its connec-
tion with the North Atlantic Ocean is over asill at a depth
of about 1,650 m at the Windward Passage between Cuba
and Haiti (Sverdrup et al. 1942; Wiist 1964; Gordon
1966). The water mass of the western Caribbean Sea
(deeper than 50 m) can be divided into four layers, based
on dissolved oxygen, temperature, and salinity character-
istics (the details have been summarized by Wiist 1964).
The Subtropical Underwater (50-200 m) is associated
with the warm-water sphere of the ocean and is separated
from the lower, cold-water sphere by a layer of low oxy-
gen content (below 3.0 ml/l) from 200 to 600 m. The Sub-
antarctic Intermediate Water (SAIW; found from 700 to
850 m with temperatures of 5°-7°C and a salinity of
34.85%0), and the North Atlantic Deep Water (NADW;
situated between 1,800 and 2,500 m with a temperature of
4.1°C and a salinity of 34.98%o) are cold-water layers. The
waters between the different layers are made up of mix-
tures of these water layers, because of the normal vertical
mixing by turbulence. According to deMenocal et al.
(1992) and Raymo et al. (1992), who divide NADW into
Upper North Atlantic Deep Water (UNADW) and Lower
North Atlantic Deep Water (LNADW), the bottom-water
mass in the Caribbean Sea contains UNADW. The hydro-
graphic data of the Atlantic Intermediate Water (AIW)
flowing over the Windward Passage sill today is mostly
(85%) UNADW (temperature 3.8°C; salinity 35%o). The
Columbia basin is filled homogeneously from its deepest
depth (4,500-5,500 m) to about 1,800 m with this water
(Wiist 1964; deMenocal et al. 1992). Core top 8'*C values
of benthic foraminifera in the Colombia Basin are about
1.0%o0 (Keigwin 1982c), which is also consistent with an
UNADW source (Oppo & Fairbanks 1987; deMenocal et
al. 1992). The main outflow for the deep Caribbean water
is to the Gulf of Mexico via the Yucatan Passage, which
has a sill depth of about 2,000 m (Metcalf 1976).

The Guatemala Basin is located in the eastern equato-
rial Pacific Ocean, west of Central America. The depth
exceeds 4,000 m, and the basin borders the Galapagos
Ridge in the south and the central ocean ridge to the west.
The subsurface water mass in the Guatemala Basin (below
the permanent thermocline at about 50 m) is character-
ised by the Pacific Equatorial Water. This water mass has
its greatest north—south extension along the American
coast, where it is present between latitudes 18°S and 20°N
(Sverdrup et al. 1942). It is probably formed off the coast
of South America by gradual transformation of the Sub-
antarctic Water (Sverdrup et al. 1942). Accordingto Sver-
drup et al. (1942) the Pacific Equatorial Water mass is
characterized by a nearly straight temperature—salinity
correlation with a temperature between 15°C and 8°C and
a salinity between 35.15%o and 34.50%o above 800 m. At
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Fig. 1. Location and bathymetry (in km) of DSDP Leg 68 Sites 502 (3,051 m) in the Caribbean Sea and 503 in the eastern equatorial Pacific Ocean

(3,672 m).

a depth of 800 m, where the temperature is about 5.5°C, a
salinity minimum exists, in which the minimum values lie
between 34.50%o0 and 34.58%o0. Below 1,000 m, the tem-
perature and salinity exhibit a nearly straight line, with
the temperature decreasing and the salinity increasing
toward the bottom, where the corresponding values are
1.3°C and 34.70%o. The presence of strongly dissolved
faunas below 3,000 m water depth off Central America
has led McDougall (1985) to suggest that the corrosive
Antarctic Bottom Water (AABW) has been present there
since the Miocene.

Material and methods

Hole 502A (11°29.46’N and 79°22.74’W) and Hole 503B
(4°03.02’N, 95°38.32’W) were drilled at water depths of
3,051 m and 3,672 m, respectively (Prell et al. 1982) (Fig.
1). Sediments at Site 502 are composed mostly of nanno-
fossils, with foraminifera as a minor component, and are

classified as foraminifer-bearing nannofossil marl. At Site
503, sediments are composed of silica-bearing nannofos-
sil marl, calcareous siliceous ooze, and siliceous nanno-
fossil ooze. In Hole 5024, the coarse-fraction component
(>63 um) consists of planktic foraminifera, whereas the
fine fraction is principally composed of nannofossils and
juvenile foraminifera (Prell et al. 1982). The sequences
range in age from the late Miocene to Recent (approxi-
mately the last 8 Ma). The recovery was good (82.2% in
Hole 502A and 83.5% in Hole 503B) and core deforma-
tion was minimal in most intervals (Prell et al. 1982).
Eighty samples were studied from Hole 502A, from
depths between 41.62 and 162.42 m bsf (Table 1). Eighty-
nine samples were obtained from Hole 503B (29.31-
110.46 m) and six samples from Hole 503A (99.93-138.91
m bsf; Table 2). Samples from Hole 503A were used to
expand the stratigraphic interval down to the Miocene—
Pliocene boundary. Because of fluctuating abundance due
to poor preservation of benthic foraminifera in Hole
503A-B, only 64 samples were used for faunal analysis,
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Table 1. Depths and estimated ages, total weights of samples, percentages of coarse fraction (>63 mm), fragmentation in planktic foraminifera, BFAR
(accumulation rates of benthic foraminifera), and O and C isotope values of Cibicidoides wuellerstorfi in samples from Hole 502A (where available).

Core Section Interval (cm) Depth (m) Age (Ma) Weightof Coarse Fragmentation BFAR 80 in 8Cin
sediment  fraction in planktic (No./ benthic fora- benthic fora-
(gram) >63 um (%) foraminifera (%)  (cm?ka)) minifera (%o) minifera (%o)

11 CC 11-13 41.62 1.71 20.70 20.0 11.7 61 2.79 0.45
12 1 96-99 46.87 1.88 15.58 50.7 51.8 138 2.53 1.02
12 2 47-50 47.76 1.91 17.96 46.2 27.9 139 2.91 0.55
12 3 0-3 48.80 1.94 13.40 14.8 8.2 117 2.60 0.48
12 3 88-90 49.67 1.97 14.52 54.6 26.7 102

13 1 12-15 50.43 2.00 19.19 26.9 44.0 73 2.88 0.85
16 1 4-6 63.55 2.44 4.43 10.6 343 334

16 1 100-103 64.51 2.47 14.54 32.9 42.4 147 3.02 0.69
16 2 51-53 65.51 2.50 14.71 28.4 61.3 108 2.52 0.70
16 3 0-3 66.51 2.53 17.56 24.0 67.8 111 2.36 0.70
17 1 51-53 68.42 2.60 16.23 29.8 58.2 53 2.38 0.79
17 2 0-3 69.43 2.63 7.01 26.1 52.9 237

17 2 100-102 70.42 2.66 13.18 27.3 66.4 94 2.42 0.25
17 3 51-53 71.42 2.70 13.03 18.9 66.4 126 2.49 1.01
17 CC 0-3 72.39 2.73 15.23 15.7 67.6 146 2.59 0.84
19 1 0-3 76.72 2.87 11.91 12.1 9.55 90 2.33 0.79
19 1 98-100 77.69 2.91 13.85 17.8 57.2 115 2.45 0.77
19 2 51-53 78.45 2.93 14.94 25.2 70.0 154 2.06 0.60
19 3 0-3 79.47 2.97 12.83 19.3 16.9 139 2.16 0.67
19 CC 0-3 80.46 3.00 14.66 24.2 57.5 127 2.41 0.48
20 I 97-99 81.91 3.05 9.51 10.0 10.8 217

20 2 55-57 83.03 3.08 12.64 19.0 48.8 106

20 3 0-3 83.99 3.10 12.55 21.1 15.7 107 2.18 0.63
20 3 97-99 84.96 3.13 12.81 18.9 10.3 105 2.40 0.64
21 1 55-57 86.06 3.18 8.96 16.3 58.2 89

21 2 0-3 86.98 3.21 12.10 19.6 49.4 119

21 2 101-104 88.02 3.25 18.80 13.8 19.9 72 2.26 0.50
21 3 37-39 88.84 3.28 13.91 14.8 16.8 69

21 3 50-53 88.97 3.29 15.89 5.9 43.7 39 1.90 0.52
21 CC 0-3 89.58 3.31 16.14 12.1 41.3 132 2.14 0.70
22 1 103-105 90.94 3.36 6.72 13.0 41.5 167 2.00 0.33
22 2 43-45 91.85 3.40 13.95 6.9 41.2 97 2.06 0.66
22 3 0-3 92.91 3.43 15.05 5.2 443 126 2.22 0.55
22 3 101-104 94.48 3.45 13.58 15.1 10.1 114 2.13 0.44
23 1 46-48 94.77 3.48 14.55 13.9 43.5 157

23 2 105-107 96.82 3.54 6.30 17.5 41.7 306

23 3 52-54 97.80 3.56 15.06 15.4 33.5 124 1.87 0.54
23 CC 2-4 98.81 3.59 6.26 14.2 49.9 315

24 1 102-104 99.73 3.62 7.16 9.2 44.7 204

24 2 51-53 100.73 3.65 13.70 9.6 46.3 185 1.96 0.57
25 1 52-54 103.63 3.73 12.97 7.9 53.8 62 2.03 0.48
25 2 1-3 104.54 3.75 17.20 21.3 54.3 110 2.13 0.53
25 2 105-108 105.58 3.78 14.89 11.6 53.8 113 1.92 0.47
25 3 50-53 106.53 3.81 1.52 22.4 39.8 379

26 1 15-17 107.66 3.84 5.36 8.2 31.0 284 2.02 0.53
26 1 115-117 108.66 3.87 14.93 8.5 56.4 75 1.83 0.17
26 2 57-59 109.51 3.89 15.61 12.5 67.8 45 1.93 0.37
26 3 1-3 110.47 3.92 15.83 8.0 62.2 77 2.39 0.26
26 3 102-104 111.48 3.94 15.85 8.6 61.1 73 2.14 0.33
27 1 50-53 112.42 3.97 15.41 15.0 47.9 114

27 2 1-3 113.42 4.00 15.96 7.8 49.9 68 1.93 0.26
27 2 104-106 114.45 4.03 14.95 4.6 62.5 59 1.97 0.37
28 1 21-23 116.52 4.08 15.67 3.7 74.4 39.31 2.11 0.48
28 1 118-120 117.79 4.13 12.58 2.7 62.4 48.50 1.90 0.48
28 2 68-70 118.33 4.15 15.36 3.3 13.6 70.39 1.99 0.25
28 3 18-20 119.33 4.19 15.07 5.4 69.8 44.97

29 1 96-98 120.27 4.23 12.78 37 74.9 34.61

29 2 45-48 121.26 4.27 14.80 3.9 74.5 38.98 2.12 0.13
29 3 0-3 122.32 4.31 13.00 3.7 29.1 140.84 2.20 0.18
30 1 51-54 123.32 4.34 12.96 2.1 60.9 74.76 1.85 0.16
30 2 0-3 124.29 4.38 13.55 7.2 79.5 77.53

30 2 105-107 125.35 4.42 14.56 5.2 72.3 119.45 2.27 0.35
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Table 1 (continued).

Core Section Interval (cm) Depth (m) Age(Ma) Weightof Coarse Fragmentation BFAR 80 in 8C in
sediment  fraction in planktic (No./ benthic fora- benthic fora-
(gram) >63 um (%) foraminifera (%)  (cm?ka)) minifera (%o) minifera (%o)

30 3 0-3 125.80 4.43 16.56 3.6 33.7 64.43

32 1 5-8 128.36 4.52 15.74 7.1 85.7 70.56 1.87 0.19
32 1 103-106 129.34 4.56 14.36 3.4 76.3 78.37 1.99 0.18
32 2 47-49 130.30 4.59 5.24 17.9 34.8 88.20

32 3 4-6 131.38 4.63 16.43 10.2 83.1 46.03

33 1 96-98 132.27 4.66 15.08 4.8 56.4 57.96 1.92 0.20
33 2 48-50 133.26 4.70 15.37 3.7 71.0 72.66

33 3 0-2 134.28 4.74 15.35 5.5 50.8 65.09 2.08 0.42
34 1 102-104 135.33 4.77 15.71 6.4 76.7 44.68 1.90 0.50
34 2 50-52 136.31 4.82 4.10 12.2 63.5 303.33

34 2 142-145 137.23 4.87 15.34 8.8 77.3 51.59

35 1 103-105 138.34 4.92 16.49 14.4 62.4 72.89 1.89 0.39
35 2 46-48 138.82 4.95 14.79 9.4 71.2 41.83 1.83 0.42
35 3 1-3 139.87 5.00 14.60 10.0 67.8 88.42 1.92 0.39
37 2 8-10 144.03 5.21 14.77 9.1 64.1 64.44

40 2 1-3 151.70 5.37 14.34 19.5 55.2 117.04 2.37 0.32
42 2 48-50 157.79 5.46 14.60 9.3 30.1 93.30 2.19 0.36
44 2 30-33 162.42 5.54 14.41 8.7 29.8 40.04 2.12 0.46

Table 2. Depths and estimated ages, total weights of the samples, percentages of thecoarse fraction (>63 um), and fragmentation in planktic foraminifera
and BFAR (accumulation rates of benthic foraminifera) in samples from Hole 503.

Hole Core Section Interval Depth Age Weight of ~ Coarse fraction ~ Fragmentationin plank- ~ BFAR
(cm) (m) (Ma) sediment (g)  >63 pm (%) tic foraminifera (%) (No./(cm*ka)
503B 8 1 10-12 29.31 1.65 11.30 33.80 70.0
8 1 61-63 29.82 1.66 4.10 4.60 54.9 36
8 2 10-12 30.71 1.70 3.29 4.00 52.4
8 2 115-117 31.76 1.75 2.26 3.50 70.5
8 3 66—68 32.78 1.79 2.67 8.20 68.2
8 3 116-118 33.20 1.81 5.18 6.00 76.8 67
10 1 12-14 38.11 2.01 3.50 4.90 59.5 60
10 1 112-114 39.13 2.05 6.50 30.30 65.1 34
10 2 10-12 39.58 2.07 4.48 11.60 62.2 61
10 2 60-62 40.09 2.09 4.93 10.30 60.6 39
10 3 10-13 41.08 2.14 2.87 4.50 51.2 82
11 1 15-17 42.56 2.20 11.45 64.60
11 2 11-13 43.79 2.25 3.01 7.60 68.1 75
11 2 61-63 44.29 2.27 3.03 27.10 76.0 131
11 2 112-114 44.80 2.29 4.30 21.90 60.5 95
11 3 62—-64 45.80 2.33 3.90 23.10 48.4 59
17 1 7-9 46.85 2.38 3.28 10.40 68.4 46
12 1 57-59 47.38 2.40 2.50 10.80 56.1
12 1 106-108 47.87 2.42 3.02 5.60 47.1
12 2 57-59 48.88 2.46 3.82 6.50 55.1 95
12 3 7-9 49.88 2.53 7.13 54.00
13 1 22-24 51.43 2.57 4.27 4.20 32.0 55
13 1 75-77 51.96 2.59 4.64 5.00 65.3 85
13 1 126-128 52.47 2.61 5.24 10.70 60.5 71
13 2 81-84 52.94 2.63 4.25 9.60 433 47
13 3 37-39 54.53 2.69 4.58 3.30 85.2 86
14 1 28-30 55.89 2.75 10.63 75.80
14 1 78-80 56.39 2.78 3.59 6.70 84.1 94
14 1 128-130 58.89 2.79 4.15 10.90 69.2 53
14 2 128-130 58.00 2.84 4.86 13.00 60.9 52
14 3 28-30 58.51 2.87 437 11.40 60.4 48
14 3 77-79 59.00 2.89 4.39 10.90 63.8 81
15 1 57-60 60.58 2.94 2.28 17.10 80.3
15 2 61-63 61.77 2.99 2.99 5.40 82.0 107
15 3 11-13 62.77 3.03 3.01 3.00 74.3 77
15 3 61-63 62.27 3.07 3.56 11.50 74.4 51
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Table 2 (continued).

Hole Core Section Interval Depth Age Weight of ~ Coarse fraction ~ Fragmentationin plank- ~ BFAR
(cm) (m) (Ma) sediment (g)  >63 pum (%) tic foraminifera (%) (No./(cm?*ka)

15 CcC 6-8 63.87 3.08 3.05 14.10 70.9
16 1 44-46 64.85 3.11 4.30 4.70 80.7 41
16 1 96-98 65.37 3.13 5.46 9.80 62.2 53
16 1 146-148 65.87 3.14 4.65 13.10 45.6 29
16 2 51-53 66.26 3.16 3.46 3.50 75.8
16 2 100-102 60.75 3.17 4.40 18.00 69.7 22
16 3 1-3 67.20 3.19 5.02 15.90 77.5 58
16 3 54-56 67.79 3.20 5.05 16.60 76.6 35
16 3 102-104 68.27 3.22 4.70 19.10 74.1 43
17 1 14-16 65.95 3.28 4.43 12.00 73.3 93
17 1 62-64 69.43 3.29 3.38 12.10 66.5 70
17 1 118-120 69.99 3.31 3.99 11.30 67.8 103
17 2 22-24 70.44 3.33 4.37 7.80 68.7 40
17 2 74-76 70.96 3.34 3.18 4.40 53.5 82
17 2 126-128 71.48 3.36 3.41 11.10 70.3 97
17 3 31-33 72.03 3.38 291 8.90 63.6 71
17 3 85-87 72.61 3.40 3.39 9.40 72.8 76
18 1 13-15 73.34 3.42 4.98 8.20 76.3 119
18 1 61-63 73.82 3.44 3.75 9.90 59.8 85
18 1 111-113 74.32 3.45 3.18 9.10 57.7 110
18 2 11-13 74.82 3.46 3.43 7.60 67.1 169
18 2 64-66 75.35 3.46 3.56 2.20 68.7 74
18 3 14-16 76.36 3.47 4.27 3.30 77.4 60
18 3 113-115 7735 3.50 3.93 3.60 88.7 80
19 1 73-75 79.34 3.53 3.46 3.80 81.7
19 2 21-23 79.13 3.55 3.49 5.40 77.4
19 2 128-130 50.20 3.60 3.62 12.70 73.2
17 3 28-30 80.70 3.60 2.82 2.50 95.2
20 1 60-62 81.77 3.63 2.44 20.50 75.2 104
20 2 62-64 82.63 3.66 1.83 8.70 55.6
20 2 113-115 83.14 3.68 1.66 15.70 35.8
20 3 61-63 84.90 3.71 1.83 6.00
20 3 111-113 84.59 3.72 5.05 2.40 95.8
21 1 3-5 86.44 3.79 4.18 72.20
21 1 56-58 86.97 3.79 4.93 10.50 80.9 57
21 1 103-105 87.44 3.81 1.53 28.70 83.7
21 2 55-57 88.41 3.84 3.97 14.50 74.7 70
21 3 12-14 89.48 3.87 3.10 16.70 56.3 143
21 3 118-120 90.54 3.90 2.09 10.30 50.6
22 1 56-58 91.37 3.92 5.46 6.60 68.6 48
22 2 11-13 92.17 3.93 1.82 8.60
22 2 111-113 93.17 3.95 2.66 34.20 33.3 100
22 3 61-53 94.17 3.97 4.07 23.80 32.1
22 3 111-113 94.67 3.98 4.88 58.50 53.0
24 1 61-63 100.22 4.10 4.25 3.50 39.2
24 2 11-13 100.77 4.11 5.39 9.50 61.0 83
24 2 66—68 101.32 4.12 3.53 9.10 62.3
25 2 22-24 105.72 4.19 3.05 8.40 63.5
25 2 133-135 106.38 4.21 3.80 6.60 55.3 64
26 1 8-10 108.49 4.25 2.94 7.50 63.3 113
26 1 108-110 109.49 4.27 4.00 39.10 62.3 71
26 2 67-69 109.93 4.28 3.01 6.50 41.6 144
26 2 120-122 110.46 4.30 8.77 18.30 69.2 45

503A 24 1 132-134 99.93 4.18 4.17 14.50
27 1 22-25 112.04 4.51 4.75 10.30 68.2
29 2 61-63 112.72 4.80 7.04 6.70 55.0 34
30 2 41-43 126.75 4.90 7.21 1.90 53.3 129
31 3 71-73 133.07 5.07 5.67 5.30 40.7 89
33 1 70-72 138.91 5.23 3.80 10.80 77.6
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Table 3. Ages and depths in sites of magnetostratographic and biostrati-
graphic datum levels used here in the development of a chronology for
Hole 502 and Hole 503. The magnetostratigraphy for Hole 5024, 502 B
and Hole 503 is from Kent & Spariosu (1982). Depth of the first appear-
ance datum (FAD) of the planktic foraminifer Globorotalia tumida is
from Keigwin (1982a), and depth of the magnetic Chron-6 8'°C shift is
from Keigwin (1982c). Depth of the magnetostratigraphic boundaries
and the carbon isotope shift listed here are means of upper and lower
depth limits given in these articles. Ages are calibrated to the timescale
of Berggren et al. (1985).

Datum level

Age Hole 502A Hole 502B Hole 503
(Ma) Depth Depth Depth

(m) (m) (m)

Olduvai Top 1.66  39.70 - -

Bottom 1.88  46.85 42.45 -

Matuyama/Gauss 2.47 - - 47.95
boundary

Kaena Top 292 7813 73.79 -

Bottom 2.99  80.05 75.54 -

Mammoth Top 3.08 8355 79.15 -

Bottom ~ - - -

Gauss/Gilbert 340  91.90 - -
boundary

Cochiti Top 3.88 - - 88.65

Nunivak Top 4.10 117.10 - -

Bottom 4.24 120.40 - -

Gilbert C2 Bottom 4.77 135.25 - —

FAD G. tumida 530 145.14 - 139.2

7

Magnetic Chron-6 6.10 197 - -
81C shift

since the minimum sample size for inclusion into the fau-
nal analysis was set at 50 benthic foraminifera. The com-
bined sequence from Hole 503B and A is hereafter
referred to as Hole 503.

To establish a chronology, the paleomagnetic reversals
shown in Table 3 (Kent & Spariosu 1982) and the Mag-
netic Chron-6 carbon shift (about 6.1 Ma; Keigwin
1982c¢) were used as reference points. The ages were cali-
brated to the time scale of Berggren et al. (1985).

The sedimentation rates were relatively high through-
out much of Sites 502 and 503, averaging 3.0 cm/ka at Site
502 and 2.9 cm/ka at Site 503. Interpolations between
magnetochronologic datum levels show that the section
analyzed in Hole 502A spans the interval between 1.71
and 5.54 Ma (Table 1), whereas thatin Hole 503 spans the
interval between 1.65 and 5.23 Ma (Table 2). The sam-
pling interval in Hole 502A is 0.1-7.7 m, which corre-
sponds to a sampling resolution of <0.01-0.20 Ma, and
between 0.45 and 7.60 m in Hole 503, which corresponds
to a sampling resolution of 0.04-0.50 Ma. The average
sampling resolution is 0.05 Ma in both holes (1.51 m in
Hole 502A and 1.61 m in Hole 503).

Approximately 10 cm® of each sample was immersed in
de-ionized water and placed on arotary table for about 24
hrs. It was than washed over a 63 pum sieve. The <63 and
>63 um fractions were dried separately. Coarse-fraction
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percentages (>63 pm fraction) were determined from the
weights of these fractions. The benthic foraminifera from
the >125 um fraction were picked; the number of speci-
mens per sample ranged from 55 to 504 in Hole 502A and
from 50 to 195 in Hole 503 (Appendix).

In order to establish dissolution indices, the degree of
fragmentation of planktic foraminiferal tests were deter-
mined. Although increased fragmentation may be pro-
duced during processing the samples in the laboratory,
the degree of fragmentation of planktic foraminiferal tests
is generally considered to represent an important index of
calcite dissolution (Thiede 1973; Thunell 1976; Malm-
gren 1983). Le & Shackleton (1992) pointed out that this
measure, in contrast to other measures of dissolution,
such as ratios between dissolution-resistant and dissolu-
tion-susceptible species, is essentially independent of eco-
logic influence. The degree of fragmentation as the rela-
tive abundance (percentage) of fragments of planktic
foraminifera was computed in relation to whole and frag-
mented tests of planktic foraminifera. A fragment is here
considered to represent a specimen in which less than half
of the test remained.

Sedimentation accumulation rates (SAR) were esti-
mated as sedimentation rate (cm/ka) multiplied with the
mean density of the sediment, 8 ¢ (g/cm?) for a particular
interval (Prell et al. 1982). Benthic foraminifer accumula-
tion rates (BFAR) were estimated by multiplication of the
SAR value with the number of benthic foraminifera per
gram sediment (Herguera & Berger 1991; Herguera 1992;
Berger & Herguera 1992). The calcium carbonate data
used here are from Gardner (1982).

In Hole 502A, analyses of stable isotopes were per-
formed on Cibicidocides wuellerstorfi from the size frac-
tion >125 um. Between 5 and 18 individuals were picked
from each sample and cleaned in an ultrasonic bath to
remove fine-fraction contamination. All samples were
crushed in methanol and roasted under vacuum at 400°C
for 30 minutes. CO, was extracted from the carbonate by
reaction with 100% orthophosphoric acid at 50°C. The
gaseous samples were purified in two steps with (1) CO,
and (2) frozen ethanol and then analyzed on a Vg Micro-
mass 903E mass spectrometer. Calibration to the PDB
standard was achieved through the NBS-20 reference
sample. The analytical precision of this method (includ-
ing CO, preparation and spectrometric analysis) was
0.04%o for 8'%0 and 0.03%o for 8'3C. All data are reported
to PDB by the standard notation. Oxygen and carbon iso-
tope data for planktic foraminifera (the Globigerinoides
trilobus — G. quadrilobatus — G. sacculifera group) pre-
sented by Keigwin (1982b-c) are used for comparison.
The stable isotope data for both planktic and benthic
foraminifera in Hole 503 are from Keigwin (1982b—c).

Q-mode principal components analysis was used to
study faunal changes through the interval. The principal
components analysis was based on estimates of accumu-
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lation rates (fluxes) of those 12 taxa in Hole 502A and 13
taxa in Hole 503 that showed an accumulation greater
than or equal to 1 specimen/(cm?-ka) in at least 50% of
the samples. These species were regarded as sufficiently
abundant to be reliably used in a multivariate faunal
analysis.

Measurements of diversity using the number of species
are dependent upon sample size, since larger samples gen-
erally contain more species than smaller samples (de
Caprariis et al. 1976; Douglas 1973; Kempton 1979;
Malmgren & Sigaroodi 1985; Parker et al. 1984). There-
fore, Hurlbert’s diversity index was employed (S[m];
Hurlbert 1971) to circumvent differences in sample sizes.
S(m) denotes the estimated number of species (taxa)
expected in a subsample of m specimens taken at random
from a sample of N specimens (m = <N). In the present
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study, m was set to 50, since the sample size ranged
between 50 and 504 (Tables 4 and 5).
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Table 4. Diversity of benthic foraminifera (standardized number of species S;,) and loadings of the first (PC1) and second (PC2) varimax rotated Q-
mode principal components axes in samples from Hole 502A. These account for 90% of the variability in sample space.

Age (Ma) Diversity PC1 PC2

1.71 10.1 0.8790 0.1494
1.88 13.8 0.9794 0.1468
1.91 12.2 0.1864 0.6881
1.94 12.7 0.9723 0.1698
1.97 14.3 0.9485 0.2525
2.00 17.4 0.7705 0.5842
2.44 14.2 0.9323 0.3310
2.47 15.0 0.9346 0.2838
2.50 15.1 0.8208 0.5071
2.53 14.9 0.8621 0.4500
2.60 16.5 0.9267 0.2994
263 20.2 0.5641 0.7663
2.66 19.0 0.9179 0.3043
2.70 21.7 0.7203 0.5107
2.73 17.5 0.9159 0.3532
287 19.1 0.0229 0.7977
291 14.7 0.6577 0.6486
2.93 18.7 0.8919 0.4082
2.97 13.4 0.9888 0.0833
3.00 18.6 0.8895 0.3458
3.05 11.0 0.9949 0.0797
3.08 16.0 0.9736 0.1383
3.10 15.8 0.9797 0.1567
3.13 11.8 0.9913 0.0663
3.18 13.1 0.9876 0.1212
3.21 12.4 0.9783 0.0903
3.25 13.7 0.9759 0.1890
3.28 14.5 0.9905 0.0803
3.29 18.8 0.0523 0.9539
3.31 13.9 0.8355 0.3275
3.36 18.4 0.8843 0.3584
3.40 12.8 0.9831 0.1340
3.43 14.0 0.9832 0.1376
3.45 13.3 0.9835 0.1479
3.48 15.6 0.9899 0.0756
3.54 15.6 0.9837 0.1506
3.56 17.3 0.8835 0.3470
3.59 13.4 0.9888 0.1374
3.62 13.7 0.9894 0.1070

Age (Ma) Diversity PCl1 PC2

365 160 -~ 0.6992 0.6659
3.73 17.1 0.9383 0.2406
3.75 17.5 0.0197 0.9256
3.78 18.3 0.0335 0.9694
3.84 20.1 0.1325 0.7103
3.87 19.2 0.0043 0.9606
3.89 22.7 0.0526 0.8612
3.92 18.3 0.2275 0.9054
3.94 17.3 0.1082 0.9464
3.97 17.9 0.8483 0.4404
4.00 19.5 0.0428 0.9846
4.03 19.7 0.3840 0.7863
4.08 19.4 0.2922 0.9042
4.13 18.1 0.6192 0.7267
4.15 18.8 0.7117 0.6486
4.19 19.0 0.3216 0.8580
4.23 20.0 0.5874 0.7524
427 21.6 0.8860 0.4069
4.31 16.3 0.9296 0.3054
434 17.7 0.8185 0.5134
4.38 18.1 0.6628 0.6746
4.42 18.0 0.9065 0.3684
4.43 18.4 0.6945 0.4363
4.52 20.9 0.2089 0.7220
4.56 17.1 0.9152 0.3384
459 154 0.9283 0.2931
4.63 17.6 0.7535 0.5529
4.66 17.8 0.5753 0.7426
4.70 19.7 0.5964 0.7249
4.74 19.1 0.8828 0.4334
4.77 17.5 0.7263 0.5718
4.87 18.9 0.8851 0.4264
4.92 15.2 0.5966 0.7401
4.95 187 0.7585 0.5930
5.00 13.5 0.9757 0.1938
5.21 19.0 0.2834 0.7163
537 13.3 0.8166 0.2957
5.46 14.3 0.9283 0.2779

5.54 17.1 0.8166 0.4332
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Table 5. Diversity of benthic foraminifera (standardized number of species S,) and loadings of the first (PC1) and second (PC2) varimax rotated Q-
mode principal components axes in samples from Hole 503. These account for 81% of the variability in sample space.

Age (Ma) Diversity PC1 PC2 Age (Ma) Diversity PC1 PC2
1.66 17.0 0.2910 -0.8999 3.20 17.7 0.6869 —0.6441
1.81 19.9 0.1820 ~0.8509 3.22 16.4 0.6330 —0.6224
2.01 18.4 0.0853 —0.8481 3.28 21.3 0.8087 -0.3305
2.05 213 0.1800 ~0.8113 3.29 14.9 0.8319 -0.2838
2.07 14.4 0.8813 ~0.4027 3.31 15.5 0.9607 ~0.1142
2.09 17.4 0.4732 —0.7349 3.33 12.9 0.8627 -0.3171
2.14 19.0 0.7557 -0.4869 3.34 15.2 0.7028 ~0.6155
2.25 12.8 0.7319 -0.4765 3.36 19.3 0.5686 -0.7524
2.27 126 0.9654 ~0.1059 3.38 16.2 0.8740 -0.3853
2.29 15.3 0.6861 ~0.5861 3.40 13.9 0.7784 ~0.4059
2.33 15.2 0.8235 —0.3061 3.42 16.1 0.9732 ~0.0625
2.38 18.0 0.7828 -0.4971 3.44 14.8 0.8131 -0.3222
242 16.9 0.7036 ~0.6268 3.45 18.1 0.5933 -0.2707
2.46 17.7 0.7285 -0.5999 3.46 15.5 0.7775 ~0.5190
2.57 15.7 0.4081 -0.7822 3.46 19.5 0.8286 -0.3979
2.59 13.3 0.9491 ~0.0710 3.47 227 0.6000 ~0.6728
2.61 19.5 0.8618 ~0.4467 3.50 16.5 0.8031 ~0.4867
2.63 16.3 0.8951 -0.3565 3.63 13,0 0.0437 -0.7718
2.69 17.8 0.8387 ~0.4548 3.79 14.7 0.6477 -0.5907
2.78 21.3 0.9361 -0.2528 3.84 20.2 0.6200 -0.5946
2.79 21.6 0.8285 -0.3538 3.87 18.3 0.8142 ~0.2666
2.84 20.4 0.8632 ~0.4180 3.92 19.4 0.8253 -0.4805
2.87 18.9 0.9258 -0.1033 3.95 19.1 0.9750 ~0.0631
2.89 20.0 0.6577 ~0.6208 4.11 16.8 0.7173 ~0.4451
2.99 17.8 0.8291 ~0.4555 421 23.0 0.0935 -0.6809
3.03 21.0 0.7870 -0.4243 4.25 17.9 0.5490 -0.7450
3.07 17.0 0.7322 -0.3298 427 23.1 0.1678 -0.7015
3.11 18.0 0.9105 ~0.2945 4.28 21.0 0.8641 -0.2264
3.13 15.2 0.9580 -0.2323 430 207 0.7982 -0.4261
3.14 17.0 0.7615 -0.5295 4.80 15.0 0.1101 ~0.8479
3.17 19.7 0.5979 ~0.5767 4.90 18.4 0.2669 -0.7120
3.19 17.5 0.6318 -0.5306 5.07 203 0.5943 -0.7438
Results

Coarse-fraction analysis

Variations in coarse-fraction percentages in Holes 502A
and 503 are shown in Figs. 2 and 3. In Hole 502A the
coarse fraction decreases slightly to about 4.0 Ma (Fig. 2).
This is followed by an increasing trend throughout the
remaining parts of the sequence. In Hole 503 the coarse
fraction fluctuates around 10%, except for a few intervals
at 3.9, 3.8, 2.8, 2.5, and 2.2 Ma, where the percentage
increases to about 75% (Fig. 3).

Fragmentation patterns

The degree of fragmentation increases from the late
Miocene to about 4.5 Ma in Hole 502A and exhibited a
pulse-like pattern from 5 to about 3.85 Ma (Fig. 2; Table
1). In the interval between 3.85 and 3.0 Ma, the percent-
age of fragments decreased, generally to less than 50%,
except for a few intervals where values are higher than

50% (Fig. 2). From 2.8 to 2.5 Ma the percentage of frag-
ments is generally greater than 50%, a circumstance that
indicates stronger dissolution.

In Hole 503 the planktic foraminiferal fragments are
more abundant than in Hole 5024, indicating stronger
dissolution in this hole than in Hole 502A. Fragments
fluctuate around 50-60% up to about 3.9 Ma, whereafter
they vary between 70% and 80% in the interval from 3.9
to 2.7 Ma (Fig. 3), which indicates enhanced dissolution.
From 2.7 to 2.4 Ma the percentage decreases to 30%, fol-
lowed by an increase again to about 60% to the top of the
sequence (Fig. 3; Table 2).

Benthic foraminifer acculation rates
(BFAR)

The benthic foraminifer accumulation rates (BFAR) in
deep-sea sediments are strongly related to the productiv-
ity of the surface ocean (Herguera 1992; Berger & Her-
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Fig. 2. Fluctuations in the percentage of the coarse fraction (>63 um), the degree of fragmentation of planktic foraminifera (percentage of fragments
relative to whole and fragmented tests), BFAR, the accumulation rate of benthic foraminifera per cm? per ka, the percentage of CaCOs, and §'%0 and
8'3C of benthic and planktic foraminifera in DSDP Hole 502A. Isotopic measurements are on the epibenthic species Cibicidoides wuellerstorfi (>125 m)
and the planktic group Globigerinoides trilobus — G.quadrilobatus — G. sacculifera (>175 m). The isotopic data of the planktic foraminifera are from
Keigwin (1982b). Absolute ages for Hole 502 are from the magnetostratigraphy developed by Kent & Spariosu (1982).
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Fig. 3. Fluctuations in the percentage of the coarse fraction (>63 um), the degree of fragmentation of planktic foraminifera (percentage of fragments
relative to whole and fragmented tests), BFAR, the accumulation rate of benthic foraminifera per cm? per ka, the percentage of CaCO3, and 8'%0 and
813C of benthic and planktic foraminifera in DSDP Hole 503. Isotopic measurements are on the epibenthic species Cibicidoides kullenbergi (>175 m) and
the planktic group Globigerinoides trilobus — G.quadrilobatus — G. sacculifera (>175 m). The isotopic data of both the benthic and planktic foraminifera
are from Keigwin (1982b). Absolute ages for Hole 502 are from the magnetostratigraphy developed by Kent and Spariosu (1982).
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guera 1992). As a result, Herguera (1992) and Berger &
Herguera (1992) suggested that BFAR may be used to es-
timate the paleoflux of organic matter to the sea floor
(]Sf) and in turn the surface-water paleoproductivity
(PP).

In Hole 502A, between the late Miocene and 3.85 Ma,
BFAR is in general relatively low (mean = 76), but
increased thereafter (mean = 142) (Fig. 2, Table 1). By
assuming that the relationships established between
BFAR and Jyand PP in the modern equatorial ocean hold
for the Pliocene ocean and that BFAR is exclusively con-
trolled by surface-water productivity, J; and PP for the
pre- and post-3.85 Ma intervals were estimated using the
data-modelling technique suggested by Herguera (1992).
The pre-3.85 Ma BFAR average may be converted to a /-
value of 110 mg C/(m?yr), and the post-3.85 Ma value to
a Jof about 180 mg C/(cm?-yr). Similarly, the BFAR for
the pre-3.85 Ma period would correspond to a PP-value
of about 70 gC/(cm?yr) (in the iterative modelling, the
k- and r-values, which are coefficients in the equations
expressing the modern J;; are converted to 17 and 0.6,
respectively) and to the period post-3.85 Ma to a PP-
value equal to 105 gC/(cm?-yr) (k converted to 26 and r
to 0.5). Hence, based on these estimates, the flux of
organic matter to the sea floor as reflected in Hole 502A
would have been on an average about 60% higher after
3.85 Ma than earlier.

In Hole 503 the BFAR pattern is not as clear as it is in
Hole 502A. However, in contrast to Hole 502A, BFAR in
Hole 503 shows a higher mean value (86) in the interval
from the early Pliocene to about 3.2 Ma and a subse-
quent decrease to a lower mean value (about 64) (Fig. 3;
Table 2).

Calcium carbonate content

In Hole 502A the CaCO; content varies between 30% and
55%, showing a gradual increase from about 7.5-3.85 Ma
(Fig. 2). From about 3.85 Ma to the top of the sequence
the average CaCO; content is relatively constant (general-
ly 40-50%).

In Hole 503, the general trend of the CaCO; record
consists of a long-wavelength fluctuation throughout the
sequence. From about 7.5 to 4.0 Ma the average CaCO,
concentration is approximately 50% (Fig. 3). Between
3.7 and 3.6 Ma it decreases to very low values. Thereafter
it increases but fluctuates strongly with intervals of very
low CaCOj; content, particularily between 2.5 and 2.4
Ma and at about 1.9 Ma. The average CaCO; concentra-
tion from about 3.6 Ma to the top of the sequence is
about 40%.
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Stable isotopes

The signal in the benthic oxygen isotopes exhibits little
change before about 3.85 Ma in Hole 502A (Fig. 2; Table
1). Thereafter '*O becomes gradually enriched through-
out the remaining sequence. Between 3.85 Ma and 1.71
Ma, the changein 8'80 isabout 1%o. The 8'80 of planktic
foraminifers shows a similar trend, but here the change
begins at about 4.2 Ma. The increase in planktic foramini-
fer '%0 in the interval between 4.2 Ma and the top of the
sequence is also about 1%eo.

The 8'C of benthic foraminifera begins to increase at
about 3.85 Ma and continues to the youngest part of the
sequence. This change reaches about 0.5%o, whereas no
similar trend can be seen in the planktic 8"*C record.

In Hole 503, the benthic foraminifer 20 reveals little
change before about 3.2 Ma (Fig. 3). Thereafter *O
becomes gradually enriched throughout the remaining
parts of the sequence. A similar trend can be seen in the
planktic 8'80 record, where the 8'®0 values increase by
about 0.75%o in the interval between 3.2 Ma and the top
of the sequence.

In contrast to Hole 502A, no discernible trend can be
detected in the 8'3C signal of the benthic foraminifera,
although the planktic foraminifer 8'>C record decreases
by about 0.5%o from approximately 3.0 Ma to the young-
est part of the sequence (Fig. 3).

Diversity of the benthic
foraminifer faunas

Fig. 4 shows the relationship between sample size (N) and
number of species (S) found in samples from Hole 502A
and Hole 503, respectively. The number of species is gen-
erally greater in Hole 502A than in Hole 503, but some
portion of the differences could be due to generally larger
sample sizes in Hole 502A. The number of species per
sample in Hole 502A is 16-44 (mean = 30), whereas in
Hole 503 it is 13-33 (mean = 21). As expected, the
number of species increases with increasing sample size in
both holes (Fig. 4), from between 12 and 25 for a sample
size of about 50 specimens to a maximum of 43 for a sam-
ple with 448 specimens.

Plots of the Hurlbert diversity index against sample size
show that standardization efficiently removes the influ-
ence of differences in sample size upon diversity (com-
pare Holes 502A and 503 in Fig. 5). The standardized
diversity ranges between 10 and 23 species in Hole 502A
(mean diversity is 17) and between 13 and 23 species in
Hole 503 (mean diversity is 17), which indicates that there
is no major difference in diversity between the holes when
sample size is accounted for. Fig. 6 shows the changes in
benthic foraminifer diversity (S5,) throughout the sec-
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Fig. 4. Relationship between sample size (N) and number of benthic
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Fig. 5. Relationship between sample size (N) and standardized number
of benthic foraminifer species (Ss,) in Hole 502A (marked with solid
circle) and Hole 503 (marked with open circle).

tions analyzed in Holes 502A and 503 (Ss, values are listed
in Tables 4 and 5). In Hole 502A, the S, value increases
from about 15 at 55 Ma to about 22-23 at 3.9 Ma and
decreases to generally lower values (10-12) in the interval
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Fig. 6. Variations in diversity of benthic foraminifera (standardized
number of species, Sg,) in DSDP Holes 502A and 503.

between 3.8 and 3.0 Ma. Following this interval, the diver-
sityincreases to a maximum of 22 at 2.7 Ma and decreases
conspicuously to a minimum of 10 at 1.7 Ma. Diversity
does not show a similar pattern of variation in Hole 503
(Fig. 6). It decreases from 23 to 13 taxa between 4.2 and
3.6 Ma. This was followed by an increase to 22 taxa
between 3.6 and 2.8 Ma and a decrease to 12 at 2.2-2.3
Ma. In the uppermost part of the sequence the diversity
increased again to values between 14 and 22.

Faunal composition

The benthic foraminifer species identified in Holes 502A
and 503 and their absolute abundances are presented in
Appendix I. Several species are common throughout the
interval studied in each hole. In Hole 502A, these include:
Cibicidoides kullenbergi, C. mundulus, C. robertsonianus,
C. wuellerstorfi, Epistominella exigua, Gyroidina neosolda-
nii, Gyroidinoides orbicularis, Laticarinina pauperata,
Nuttallides umbonifera, Oridorsalis umbonatus, Pyrgo
murrhina and Uvigerina peregrina. In Hole 503, the fol-
lowing species are the most common: Chilostomella ooli-
na, C. kullenbergi, C. robertsonianus, C. wuellerstorfi, E. ex-
igua, Globocassidulina subglobosa, G. neosoldanii, Melonis
pompilioides, N. umbonifera, O. umbonatus, Pullenia bul-
loides, P. murrhina, and Quinqueloculina weaveri. The
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dominant species in both holes is N. umbonifera, with an
absolute abundance ranging between 0 and 266 individu-
als per sample (mean = 80.3) in Hole 502A and between 0
and 58 individuals per sample (mean = 14.9) in Hole 503.

Agglutinated taxa are relatively rare, generally consti-
tuting less than 5% of the fauna. The most common
agglutinated species in Hole 502A is Sigmoilinopsis sch-
lumbergeri, whereas Eggerella bradyi is the most common
in Hole 503.

Faunal differences between the holes

To determine whether there are significant differences in
mean absolute abundance of each of the 15 most abun-
dant species from Holes 502A and 503, t-test was used
(Table 6). The results show differences between the holes
for 10 of the species (Table 6). Cibicidoides kullenbergi, C
robertsonianus, C. wuellerstorfi, G. orbicularis, L. paupera-
ta, N. umbonifera, O. umbonatus, and P. murrhina exhibit
greater mean absolute abundance in Hole 502A, whereas
two species, G. subglobosa and P. bulloides, are more
abundant in Hole 503.

N. umbonifera

o

20 40 60 80 1 OO 0
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Q-mode principal components analysis

Q-mode principal components analysis was used to
determine (1) benthic foraminifer faunal changes within
Holes 502A and 503, and (2) whether the faunal compo-
sitions show patterns of change that may be related to the
closure of the Isthmus of Panama.

Faunal changes in Hole 502A. — The first two varimax-
rotated principal components of the Caribbean hole
based on fluxes of the 12 most common species (Table 7)
account for 90% of the total variability in sample space
(the first axis explains 75% and the second represents
15%). The first Q-mode score axis divides N. umbonifera
from the other species, which are neutral along this first
axis (Fig. 7; Table 7). The second axis separates C. wueller-
storfi and Oridorsalis umbonatus from a cluster of the
other species.

Fig. 8 illustrates the changes in loadings of the first and
second principal component axes plotted against time (cf.
Table 4). The first axis shows the variation in flux of N.
umbonifera, while the second axis shows those of C. wuel-
lerstorfi and O. umbonatus. The variation along the first
principal component axis indicates that N. umbonifera is
very abundant from 5.0 to about 4.3 Ma, except for a few

C. wuellerstorfi O. umbonatus
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Fig. 9. Changes with time in absolute abundances of those benthic foraminifer species that were interpreted as significant from the Q-mode principal

component analysis (Fig. 7) in Hole 502A.
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intervals. This species is also abundant between 3.7 and
3.0 Ma and from about 2.7 to the top of the sequence, with
the exception of samples from 3.3, 2.9 and 1.9 Ma.

The second principal component axis shows that C.
wuellerstorfi and O. umbonatus are abundant in the inter-
val between about 4.2 and 3.7 Ma and from 2.9 to 2.8 Ma.

The changes in flux over time are associated with the
first two principal components for these three species
shown in Fig. 9.

Faunal changes in Hole 503. — The first two varimax-
rotated principal components of the eastern equatorial

Table 6. Averages (X) and ranges of absolute abundances of the 12 most
common species used in Q-mode principal components analysis of Hole
502A (marked with ¥¢) and of those 13 species used in Q-mode principal
components analysis of Hole 503B (marked with %), and t-tests of dif-
ferences in the mean absolute abundances between the holes. In those
cases where the variances of the absolute abundance were heterogeneous
(marked by a significant F-value), the alternative t-test described by

Sokal & Rohlf (1969. p. 146) was employed.

Hole

Species Hole F t
502A 503B
X Range X Range
¢ % Cibicidoides kullenbergi 6.05 0-27 2.2 0-13 6.2¢ 5.2¢
v¢  Cibicidoides robertsonianus 6.5 0-27 1.1 0-16 4.3 8.5°
¢ % Cibicidoides wuellerstorfi 20.5 0-155 4.7 0-21 21.8° 6.4¢
¢ % Epistominella exigua 11.2 0-115 6.9 0-39 6.9 1.8°
* Globocassidulina subglobosa 2.6 0-33 2.8 0-13 3.3° 0.4
¢ % Gyroidina neosoldanii 63 0-18 3.2 0-8 3.9¢ 5.6°
¥¢ % Gyroidinoides orbicularis 6.0 0-24 2.1 0-11 52° 58°
Ve % Laticarinina pauperata 7.3 0-29 2.5 0-8 9.2 6.6°
e % Melonis pom pilioides 25 0-45 3.6 0-12 32 14
v % Nuttallides umbonifera 79.5 0-266 14.9 0-58 27.2¢ 8.4°¢
¥¢ % Oridorsalis umbonatus 15.5 0-47 83 0-26 5.5 5.2¢
* Pullenia bulloides 1.0 0-11 1.8 0-15 2.2° 220
ve  Pyrgo murrhina 10.8 0-142 1.7 0-6  104.5¢ 4.8°
* Quinqueloculina weaveri 3.3 0-9 2.2 0-6 1.6* 3.1°¢
ve  Sigmoilinopsis schlumbergeri 8.4 0-31 00 96.8¢ 39.0¢

1p<0.05;°p <0.01;°p < 0.001

Table 7. Varimax scores for the 12 species included in the Q-mode prin-
cipalcomponentsanalysis of benthic foraminifera from Hole 502A (PCl1
represents the first axisand PC2the second axis.)

PCl1 PC2
Cibicidoides kullenbergi -0.0227 0.2291
Cibicidoides robertsonianus -0.0124 0.2395
Cibicidoides wuellerstorfi -0.0501 0.6641
Epistominella exigua 0.0540 0.2032
Gyroidina neosoldanii 0.0034 0.1692
Gyroidinoides orbicularis 0.0161 0.1391
Laticarinina pauperata -0.0199 0.2967
Melonis pom pilioides 0.0190 0.0750
Nuttallides umbonifera 0.9960 0.0212
Oridorsalis umbonatus 0.0085 0.4238
Pyrgo murrhina 0.0232 0.2044
Sigmoilopsis schlumbergeri 0.0128 0.2108
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Fig. 7. Plot illustrating the way in which the 12 species (Table 4)
included in the Q-mode principal component analysis of Hole 502A are
distributed along the first two principal component axes. 1. Cibicidoides
kullenbergi, 2. Cibicidoides robertsonianus, 4. Epistominella exigua, 5.
Gyroidina neosoldanii, 6. Gyroidinoides orbicularis, 7. Laticarinina pau-
perata, 8. Melonis pompilioides, 11. Pyrgo murrhina, 12. Sigmolinopsis
schlumbergeri,
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Fig. 8. Variations in loadings of the samples along the first and second Q-
mode principal component axes in Hole 502A (compare Fig. 7).

Pacific Ocean are based on fluxes of the 13 most common
species (Table 8), which account for 81% of the total var-
iability in sample space (the first axis explains 72% and
the second represents 9%). The first and second Q-mode
score axis distinguish N. umbonifera and O. umbonatus
from the other species, which are neutral along this first
axis (Fig. 10; Table 8).

The variations in loadings of the first and second
principal component axes are plotted against time in
Fig. 11 (cf. Table 5). These patterns show the varia-
tions in flux of N. umbonifera (first axis) and O.
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Table 8. Varimax scores for the 13 species included in the Q-mode prin-
cipal components analysis of benthic foraminifera from Hole 503 (PC1
represents the first axis and PC2 the second axis.)

PC1 PC2

Cibicidoides kullenbergi 0.0263 ~0.1649
Cibicidoides wuellerstorfi 0.1161 -0.2408
Epistominella exigua 0.2230 -0.2213
Globocassidulina subglobosa —-0.0848 -0.3652
Gyroidina neosoldanii -0.0202 -0.3473
Gyroidinoides orbicularis 0.0395 -0.1342
Laticarinina pauperata 0.0245 -0.2046
Melonis pom pilioides 0.0486 -0.2510
Nuttallides umbonifera 0.9565 0.1278
Oridorsalis umbonatus 0.0800 -0.6346
Pullenia bulloides 0.0113 -0.1377
Pyrgo murrhina -0.0152 -0.1822
Quinqueloculina weaveri 0.0489 -0.1336
» 02

o . 9

o 0.1 N. umbonifera
o

& 4

€ 0.0 —

o 4

s 01 1163

]

g g 2 °

o

— -0.3

©

Q 1 +°

S 0.4

= #

a 05

'g il O. umbonatus

o 067 10

S i

-0.7
l L | | ] I
= -0.2 0.0 0.2 0.4 0.6 0.8 1.0

First principal component scores

Fig- 10. Plot illustrating the way in which the 13 species (Table 5)
included in the Q-mode principal component analysis of Hole 502A are
distributed along the first two principal componentaxes. 1. Cibicidoides
kullenbergi, 2. Cibicidoides wuellerstorfi, 3. Epistominella exigua, 4. Glob-
ocassidulina subglobosa, 5. Gyroidina neosoldanii, 6. Gyroidinoides orbic-
ularis, 7. Laticarinina pauperata, 8. Melonis pompilioides, 11. Pullenia
bulloides, 12. Pyrgo murrhina, 13. Quinqueloculina weaveri.

umbonatus (second axis). Nuttallides umbonifera is
abundant in the interval between 4.3 and 3.8, with the
exception of the samples at 4.21 and 4.27 Ma. This
species is also abundant between 3.6 and 2.7 Ma and
from about 2.5 to 2.1 Ma.

The variation along the second principal component
axis indicates that O. umbonatus is abundant in the inter-
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Fig- 11. Variations in loadings of the samples along the first and second
Q-mode principal component axes in Hole 503 (compare Fig. 10).
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Fig- 12. Changes with time in absolute abundances of those benthic
foraminifer species that were interpreted as significantfrom the Q-mode
principal component analysis (Fig. 10) in Hole 503.

val between about 5.0 and 4.8 Ma and at about 4.2 Ma.
This species isalso abundant between 3.8 and 3.3 Ma, and
at 2.5 Ma and from about 2.0 to the top of the sequence,
with the exception of a few samples in between (Fig. 11).

The changes in the flux over time are associated with
the first two principal components for N. umbonifera and
O. umbonatus (Fig. 12).
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Paleoceanographic interpretations

The planktic foraminifera became gradually enriched in
180 beginning at about 4.2 Ma in the Caribbean Hole
502A, whereas no similar change was noted in the benthic
record until 0.35 Ma later, at about 3.85 Ma (Fig. 2). Con-
sidering that there is no faunal evidence for any major
cooling of Caribbean surface waters as early as 4 Ma, this
may reflect increasing surface-water salinity in the Carib-
bean Sea as a result of restricted surface-water communi-
cation between the Atlantic and Pacific oceans, caused by
the emergence of the Panamanian Isthmus (Keigwin
1982b—c).

Atabout 3.85 Ma, most of the physico-chemical varia-
bles changed, as indicated by changes in the coarse
fraction, dissolution (fragmentation of planktic forami-
nifera), BFAR, CaCO;, 8'%0 and 8'>C of benthic forami-
nifera, and was probably caused by an exchange of the
bottom-water inflow into the Caribbean from the North
Atlantic. The results of the t-tests confirm that a differ-
ence exists between the pre- and post-3.85 Ma periods in
all variables except 8'3C of planktic foraminifera (Table
9). The improved CaCOj; preservation, as well as greater
proportions of planktic foraminifer-bearing coarse frac-
tion and lesser fragmentation in planktic foraminifera at
3.85 Ma (Fig. 2), point to reduced dissolution and
improved calcite preservation. This is probably partly
caused by a better ventilation of the bottom waters due to
the bottom-water exchange, and partly by the uplift of
Site 502 above the lysocline at this time (Gardner 1982).
The increased BFAR at about 3.85 Ma may be due to
increased productivity in the surface waters in the Carib-
bean Sea but could also be a result of improved calcite
preservation or better ventilation of the bottom waters.

Q-mode principal component analysis based on flux
rates of benthic foraminifera distinguished two faunal
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groups in Hole 502A, one of which is composed of N.
umbonifera and the other of C. wuellerstorfi and O.
umbonatus (Fig. 7). These species showed the overall
highest accumulation rates. From 4.2 to 3.7 Ma the flux of
N. umbonifera decreased while that of C. wuellerstorfi and
O. umbonatus increased.

Earlier work correlates some benthic foraminifers with
specific water masses in the oceans (e.g., Streeter 1973;
Schnitker 1974; Boltovskoy 1976; Lohmann 1978, for the
Atlantic Ocean; Belanger & Streeter 1980, for the Norwe-
gian—Greenland Sea; Corliss 1979, for the Indian Ocean;
Boltovskoy 1976; Ingle et al. 1980, for the southeast
Pacific Ocean). Cibicidoides wuellerstorfi and O. umbona-
tus have been regarded as indicator species of NADW
(Lohmann 1978, 1981; Weston & Murray 1984; Hermelin
1986, 1989; Murray 1991; among others). Nuttallides
umbonifera has been associated with AABW (Streeter
1973; Schnitker 1974; Lohmann 1978, 1981; Corliss 1978,
1979, 1983; Hodell et al. 1985; Hermelin 1986, 1989; Mur-
ray 1991; among others). However, the relationships
between benthic foraminifer species and properties of the
bottom-water masses is still unclear (Thomas 1985; B.H.
Corliss, personal communication, 1994). Since AABW
does not normally flow at depths less than 4,000 m in the
world oceans today, an inflow of AABW into the Carib-
bean Sea during the late Neogene must therefore be
regarded as highly unlikely.

Nuttallides umbonifera has been found to be related to
bottom waters that are highly corrosive to CaCOj;, and
thus with higher concentrations of dissolved CO,
(Bremer & Lohmann 1982; Mackensen et al. 1990). More-
over, Miller (1983) and Tjalsma & Lohmann (1983)
reported that N. umbonifera is abundant in old, sluggish,
oxygen-poor bottom waters, whereas Woodruff & Doug-

Table 9. Tests (t-tests) of the differences in mean values of the various physico-chemical variables between the intervals 5.54-3.85 Ma and 3.85-1.71 Ma
in Hole 502A. N is the sample size, X the mean value, and s the standard deviation. The F-value results from a standard variance ratio test of the homo-
geneity of variances. In cases of homogeneous variances the ordinary Student’s t-test (marked by ‘0’) was employed to test the significance of differences
in means, whereas the alternative t-value (marked by ‘s’) was computed when variances were heterogeneous (Sokal & Rohlf 1969, pp. 374-375). The
CaCOj data are from Gardner (1982), and the isotope data of planktic foraminifera are from Keigwin (1982b).

5.54-3.85 Ma 3.85-1.71 Ma
N X § F X s F t
Coarse fraction (%) 35 7.70 4.30 45 19.30 10.80 6.23¢ 6.56(s)"
Fragmentation in planktic foraminifera (%) 35 60.30 17.50 45 41.00 18.30 1.10 480(0)¢
BFAR (No./(cm?*ka)) 35 76.00 46.90 45 142.40 77.00 270P 4.76(s)¢
CaCo5 (%) 114 34.80 10.60 228 49.30 6.00 310¢ 13.63(s)¢
88C in benthic foraminifera (%o) 24 2.03 0.17 33 2.32 030  331° 4.62(s)°
8C in benthic foraminifera (%o) 24 0.32 0.12 33 0.61 0.17 2.28b 7.65(s)¢
8"®C in planktic foraminifera (%o) 16 -1.92 0.19 15 -1.25 0.26 1.82 8.22(0)°
8C in planktic foraminifera (%o) 16 0.98 0.23 15 1.00 0.25 1.16 0.19(0)

2 <0.05;°p < 0.01; p < 0.001
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las (1981) concluded that this species is indicative of
young, oxygenated bottom waters in the western Pacific.
According to Gooday (1993), it may also be instructive to
compare the distribution of N. umbonifera with that of E.
exigua, which is controlled largely by the presence of
organic material at the seafloor. However, N. umbonifera
is abundant south of 40°N in the North Atlantic (Weston
& Murray 1984), in areas which probably receive a mini-
mal phytodetrital input (Gooday 1993), and, in addition,
E. exigua shows relatively low abundance in the interval
between 3.7 and 3.0 Ma, where N. umbonifera is abundant
in the Caribbean Sea. According to Lukashina (1988), N.
umbonifera can occur as far north as 55°-57°N. The abun-
dances are low (<5%) in the Northeast Atlantic, where E.
exigua is abundant, but N. umbonifera reach 31-55% in
the Northwest Atlantic, where E. exigua is less common.
Nuttallides umbonifera and E. exigua co-occur in the
Weddell Sea and South Atlantic, with E. exigua dominat-
ing above the lysocline and N. umbonifera below the lyso-
cline and above the CCD (Mackensen et al. 1990, 1993).
Gooday (1993) found that at Discovery Stn 12174 in the
Northeast Atlantic, several specimens of N. umbonifera
had dark green protoplasm packed with algal cells (visible
after the test had been dissolved awayin glycerol), indicat-
ing a diet similar to that of E. exigua. Although they have
a similar diet, N. umbonifera is a non-opportunist, able to
survive, when necessary, on a lower food supply than E.
exigua (Gooday 1993). Nuttallides umbonifera has a rela-
tively large, thick-walled test, which suggests a slow rate of
growth compared with the small, thin-walled tests of E.
exigua. As a result, N. umbonifera could be outcompeted,
or numerically swamped, by a fast-growing opportunist
such as E. exigua in areas of phytodetritus deposition.
Therefore, it could be that N. umbonifera has more chance
to flourish where the scarcity of food (Loubere 1991) or
the corrosive nature of the bottom water (Bremer &
Lohmann 1982; Mackensen et al. 1990) make conditions
less favourable for E. exigua and similar species.
However, undersaturation of bottom water is not the
factor at the site of the Caribbean Hole 502A, because
there is no evidence of an increase in calcite dissolution at
3.7 Ma. The increasing BFAR values after about 3.85 Ma
suggest that the supply of organic matter to the sea-floor
increased and, therefore, the availability of food was rela-
tivily high during the period when N. umbonifera was
abundant. However, according to B. Corliss (personal
communication, 1994), N. umbonifera, C. wuellerstorfi
and O. umbonatus are all dwelling in deep-sea environ-
ments with relatively low food supplies. In addition, there
is no clear correlation between changes in BFAR and fau-
nal composition in the site range studied. Therefore, it is
most likely that the increased abundance of N. umbonifera
was caused by a change in other environmental condi-
tions in the Colombia Basin. These may be related to the
changes in the organic-carbon content and/or to physico-
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chemical parameters (e.g., salinity, temperature, oxygen
content), but it seems most unlikely that it was caused by
the corrosive nature of the bottom water.

A rapid change in the benthic foraminifer fauna
occurred at about 3.7 Ma, when N. umbonifera became
the most abundant benthic species and C. wuellerstorfi
and O. umbonatus decreased in abundance (Figs. 8-9).
This event does not coincide with the change in the phys-
ico-chemical variables at 3.85 Ma (Fig. 2) but may be a
response to a change in the bottom-water circulation
between the North Atlantic and the Caribbean Sea. The
bottom-water exchange in the Caribbean Sea is probably
related to an increased northward transport of warm,
high-salinity waters to high latitudes via the Gulf Stream,
caused by the progressive emergence of the Panamanian
Isthmus (Hodell et al. 1985). As the Gulf Stream water is
considered to be an important component in the North
Atlantic surface circulation, this warm, high-salinity
water may have stimulated production of LNADW (Wor-
thington 1970) in the North Atlantic, beginning at about
3.85 Ma. This is because LNADW formation is mainly
controlled by salinity differences (deMenocal et al. 1992;
Raymo et al. 1992; Lehman & Keigwin 1992). The
LNADW would expand vertically to greater depth in the
Atlantic Ocean, thereby preventing it from flowing over
the 1,650-m Windward Passage sill into the Colombia
Basin. This would in turn favor reduced inflow of
UNADW into the Caribbean Sea (deMenocal et al. 1992).
However, there is no simple compensatory relationship
between LNADW and UNADW circulation, which does
not exclude the possibility that there might be some pro-
duction of UNADW with increased salinity as well
(deMenocal et al. 1992). The inflowing bottom-water
entering the western Caribbean Sea over the the Wind-
ward Passage sill today consists almost exclusively (85%)
of UNADW (deMenocal et al. 1992). Thus, the physico-
chemical changes, and probably also the faunal changes,
could be a result of increased inflow of UNADW into the
Caribbean Sea at 3.85 Ma. The relatively high nutrient
content in the deep water of the Colombia Basin during
this period may indicate, at least in part, that a mixing
process between the base of the high nutrient-rich Ant-
arctic Intermediate Water (AAIW) and UNADW
(Haddad et al. 1994) or local outflow (e.g., from the Rio
Magdalena) could have been present as well.

The physico-chemical variables, the coarse fraction,
dissolution, BFAR, CaCOj;, 8'®0 and 8'*C of planktic and
benthic foraminifera in the eastern equatorial Pacific
Hole 503 show a similar trend to Hole 502A until about
3.8 Ma (Figs. 2-3; Table 10). After 3.8 Ma, the two areas
respond differerently: Hole 503 continued with a typical
equatorial Pacific character as seen in the CaCO; record,
while the record of Hole 502A was affected by local tec-
tonic events as well as more distant sources, such as the
bottom-water exchange between the Caribbean Sea and



20 Lennart Bornmalm FOSSILS AND STRATA 41 (1997)

Table 10. Tests (t-tests) of the ditferences in mean values of the various physico-chemical variables between the intervals 5.23-3.85 Ma and 3.85-1.65
Main Hole 503. N is the sample size, X the mean value,and sthe standard deviation. The F-value results from a standard variance ratio test of the homo-
geneity of variances. In cases of homogeneous variances the ordinary Student’s t-test (marked by ‘0”) was employed to test the significance of differences
in means, whereas the alternative t-value (marked by ‘s’) was computed when variances were heterogeneous (Sokal & Rohlf 1969, pp. 374-375). The

CaCO, data are from Gardner (1982), and the isotope data of benthic and planktic foraminifera are from Keigwin (1982b).

5.23-3.85 Ma

N X
Coarse fraction (%) 25 14.80
Fragmentation in planktic foraminifera (%) 22 57.50
BFAR (No./(cm?ka)) 13 87.20
CaCO5 (%) 42 49.50
8'®0 in benthic foraminifera (%o) 22 1.90
8'3C in benthic foraminifera (%o) 22 -0.26
8'80 in planktic foraminifera (%o) 22 -0.25
8"3C in planktic foraminifera (%o) 22 1.42

3.85-1.65 Ma

§ N X 5 F t
13.00 71 14.80 13.00 1.279 0.467
13.90 66 67.20 12.70 1.206 2.882
36.70 51 70.90 28.50 1.663 1.496
13.80 283 37.90 15.10 1.193 5.012

0.10 10 2.30 0.27 6.354 4.147

0.28 10 -0.52 0.26 1.224 2.624

0.28 10 -0.519 0.255 1.224 2.624

0.30 10 1.11 0.30 1.023 2.545

ap <0.05; °p < 0.01; p < 0.001

the Atlantic, Rio Magdalena, etc., all working somewhat
independently of each other (Gardner 1982). The ampli-
tudes of the fluctuations in the coarse fraction, dissolu-
tion and CaCOj; records are, in general, much larger in
Hole 503 than in Hole 502A. According to Gardner
(1982), the carbonate record in Hole 503 indicates that
the sediments were never below the Calcite Compensa-
tion Depth (CCD) but were affected instead by fluctua-
tions in the depth of the lysocline. Therefore, the differ-
ences in the records of coarse fraction, preservation of
planktic foraminifera, and CaCO; content could be
attributed to dissolution signals caused by the location of
the lysocline in Hole 503 (Gardner 1982). It appears,
therefore, that small movements of the lysocline may
translate into dissolution events. The BFAR record shows
a similar trend to the CaCOj content at Hole 503, which
may indicate that this parameter can also be affected by
changes of the lysocline, as well as it could be a result of
changes in the productivity.

It has been suggested that the global climate was gener-
ally warmer and that the Antarctic glacier system did not
fluctuate on a large scale during the Pliocene prior to 3.3—
3.2 Ma (Crowley 1991; Hodell & Venz 1992). In the
Northern Hemisphere, glaciers and sea ice were greatly
reduced or absent during this time, and ice-volume fluc-
tuations were largely restricted to Antarctica. From about
3.3-3.2 Ma the climate changed from generally warm
conditions to colder, high-amplitude climatic variations,
which led up to the onset of the major Northern Hemi-
sphere glaciation at 2.47 Ma (e.g., Shackleton et al. 1984;
Ruddiman et al. 1987). These climatic and large-scale sur-
face and deep circulation changes of the North Atlantic
were probably caused by small fluctuations in the North
Hemisphere ice-sheet volume or other factors such as
closing of the Panamanian Isthmus or opening of the Ber-
ing Strait (e.g., Ruddimen et al. 1987). Stable-isotope
results for benthic and planktic foraminifers from sedi-
ment between 2.0 and 4.0 Ma at DSDP Site 606 (on the

west flank of the Mid-Atlantic Ridge, present water depth
3,007 m) indicate 0 enrichment at 2.4 and 2.6 Ma,
reflecting Northern Hemisphere glacial advances similar
to these seen elsewhere in the North Atlantic Ocean
(DSDP Hole 552A, water depth 2,301 m) (Keigwin 1986).
However, Site 606 also differ significantly from those at
Site 552, where oxygen isotopic evidence indicates some
combination of increased ice volume and deep-water
cooling of NADW between 3.1 and 3.4 Ma (Keigwin
1986). Keigwin (1986) suggested that minor glaciation
occurred during the earliest pulse (3.1 Ma), but that this
was mostly a deep-sea cooling event and, therefore, not
reflected in the shallower located Site 552. This perma-
nent %0 enrichment at about 3.1 Ma is comparable to
earlier estimates in Pacific benthic foraminifers (Prell
1984). Although minor glaciers had reached the North
Atlantic and produced some ice rafting prior 2.57 Ma, the
lack of significant ice-rafted debris in the high latitude
North Atlantic also argues against large continental ice
sheets on the Northern Hemiphere before that time
(Jansen & Sjoholm 1991).

Planktic and benthic foraminifer oxygen isotopic
records from Hole 503 show little change before 3.2 Ma
(Fig. 3). This is contrary to what is observed in Hole 502A.
Thereafter 80 in Hole 503 became gradually enriched
and remained so, with a few exceptions, throughout the
sequence studied. In addition, the lack of a similar oxygen
isotopic signal in the Caribbean Hole 502A at about 3.2
Ma supports the argument that the enriched %0 in Hole
503 at 3.2 Ma was a result of climatic and oceanographic
changes that mainly affected deep-sea areas area (e.g.,
Prell 1984; Keigwin 1986; Ruddiman et al. 1986; Hodell &
Venz 1992).

The Q-mode principal component analysis shows that
N. umbonifera was the most abundant benthic species in
the interval between 4.8 and 2.1 Ma, with exceptions at
4.3,4.1, 3.7, and 2.6 Ma (Fig. 11). Nuttallides umbonifera
was also abundant in the interval between 4.8 and 4.1 Ma
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at other sites in the Pacific Ocean (e.g., Woodruff 1985;
Hermelin 1989). Although the distribution pattern of N.
umbonifera shows some similarities between Hole 503
and the Caribbean Hole 502A the physico-chemical
parameters do not support any bottom-water exchange
across Panama after 4.0 Ma (Figs. 2-3). According to
Thomas (1992), rapid benthic foraminifer faunal changes
in the deep sea could be a result of changes in the source
area of the deep water masses as well as changes in the
character of the waters in the source areas. However,
changes in productivity, which in turn might also have
been influenced by changing oceanic circulation patterns,
may complicate the signal of the faunal changes (Thomas
1992).

The predominant N. umbonifera assemblage in the
interval between about 4.8 and 2.1 Ma may be a result of
fluctuations over time in the depth of the boundaries
between water masses at the site of Hole 503 due to
changes in volumes of the different water masses (e.g.,
Oberhinsli et al. 1991; Thomas 1992). The strongly dis-
solved faunas may indicate the presence of a corrosive
AABW during most of the Pliocene (McDougall 1985);
however, there is no significant correlation between dis-
solution and the variation in the abundance of N. umbon-
ifera. Furthermore, the variation in the CaCO; content
showed no correlation to the variation in the abundance
of N. umbonifera. A second explanation for the predomi-
nance of N. umbonifera assemblages could be changes in
the productivity, but this seems less likely, as the BFAR
value does not show any significant correlation with the
variation of N. umbonifera. Although there is no directly
correlation between the abundance of N. umbonifera and
the BFAR-value, the location of Hole 503 is a typical
Pacific deep-sea site with in general low food supply and
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periods associated with carbonate-undersaturated bot-
tom waters. Therefore, it cannot be excluded that the high
abundance of N. umbonifera could be a result of low food
supply and/or corrosive nature of the bottom water. A
third explanation could be a transitory shift in environ-
mental preference of N. umbonifera. However, as long as
the knowledge of the relationship between water masses
and their benthic foraminifer assemblages is still in its
infancy (Boltovskoy et al. 1992), details of ecological con-
trols on deep-sea benthic foraminifera populations are
poorly understood. Thus, transitory shifts in environ-
mental preferences of specific species can not be evalu-
ated.

The diversity of the benthic foraminifer faunas
decreased as a consequense of increased abundance of N.
umbonifera at 3.7 Ma in Hole 502 (Fig. 6). Decreased
diversity of benthic foraminifera may have been a result of
increased input of phytodetritus (Gooday & Lambshead
1989; Lambshead & Gooday 1990). This is because the
limited number of species colonizing the detritus and the
resulting increase in the abundance of these species causes
an overall decline in diversity. It is uncertain whether the
high abundance of N. umbonifera may be a result of
increased food supply from 3.7 Ma in Hole 502A,
although BFAR is increasing during the same period.

In Hole 503, the diversity of the benthic foraminifer
fauna shows the opposite pattern in the same interval in
Hole 502 (Fig. 6), although N. umbonifera is fairly fre-
quent between 3.7 and 3.0 Ma. Also the BFAR in Hole 503
shows lower values after 3.8 Ma. Therefore, in Hole 503
the diversity of the benthic foraminifera seems to be pri-
marily controlled by dissolution and/or low deposition of
phytodetritus.



22 Lennart Bornmalm

FOSSILS AND STRATA 41 (1997)

Taxonomic description of selected species

The foraminifer classification used in this study conforms
chiefly to that of Loeblich & Tappan (1964, 1988), but
taxonomic studies by Barker (1960), McCulloch (1981),
Kohl (1985), Van Morkhovenetal. (1986), and Hermelin
(1989) have also been considered.

The synonymies include references to original descrip-
tions, name changes, and significant discussions. This is
followed by a short description of the species, remarks on
their taxonomic position, and information about their
ecological preferences (e.g., with regard to water depth,
salinity, substrate, and productivity), if available. Their
distribution in Holes 502A and 503 are as well presented.
Most of the species included in this section are illustrated
by scanning electron micrographs, which are presented in
Figs. 13-27. The absolute abundances of the 147 species
are presented in the Appendix.

Phylum Protozoa Goldfuss, 1818
Subphylum Sarcodina Schmarda, 1871
Class Rhizopodea von Siebold, 1845
Order Foraminiferida Eichwald, 1830

Suborder Textulariina Delage &
Hérouard, 1896

Subfamily Recurvoidinae Alekseychik-
Mitskevich, 1973

Genus Recurvoides Earland, 1934

Recurvoides scitulus (Brady, 1881)

Fig. 13A-B

Synonymy. — 1881 Haplophragmium scitulum n.sp. —
Brady, Pl 1.8-1.9. J1990 Recurvoides scitulus (Brady) —
Hermelin & Shimmield, Pl 1:8-9.

Description. — Test free, streptospiral, with the later por-
tion coiled in a different plane than the early portion;
periphery broadly rounded. Chambers 5-6 in the final
whorl, the majority with 6 chambers. Sutures distinct,
slightly depressed, nearly straight. Wall coarsely aggluti-
nated. Aperture interio-areal, ovate to somewhat elon-
gate.

Distribution at Sites 502A and 503B. — Recurvoides scitulus
is absent at Site 502A, while it is rare with few occurrences
at Site 503B.

Subfamily Textulariidae Ehrenberg, 1838

Genus Siphotextularia Finlay, 1939

Siphotextularia catenata
(Cushman, 1911)

Fig. 13C-D

Synonymy. — 01911 Textularia catenata n.sp. — Cushman,
p. 23, Text-figs. 39—-40. J1951 Siphotextularia rolshauseni
n.sp. — Phleger & Parker, p. 4, Pl. 1:23-24. (J1953 Sipho-
textularia rolshauseni Phleger & Parker, 1951 — Phleger et
al., p. 26, PL. 5:7. (01971 Siphotextularia rolshauseni
Phleger & Parker, 1951 — Schnitker, p. 210, Pl. 1:15a-b.
01979 Siphotextularia catenata (Cushman) — Corliss, p. 5,
Pl. 1:1-2. 011981 Siphotextularia rolshauseni Phleger &
Parker, 1951 — Cole, p. 36, PL. 5:7.[11984b Siphotextularia
catenata (Cushman) — Boersma, Pl. 1:5. (11984 Siphotex-
tularia catenata (Cushman) — Murray, Pl. 3:8-9. (J1985
Siphotextularia rolshauseni Phleger & Parker, 1951 — Her-
melin & Scott, p. 217, Pl. 1:6a-7b. (11986 Siphotextularia
rolshauseni Phleger & Parker, 1951 — Kurihara & Kennett,
P1. 1:3. 001989 Siphotextularia catenata (Cushman) — Her-
melin, pp. 30-31. 01990 Siphotextularia catenata (Cush-
man) — Ujiié, p. 12, PL. 1:4a-b; 5a-b.

Description. — Test free, elongate, biserial; lobate periph-
ery. Chambersglobular, increasing in size rapidly. Sutures
depressed. Wall coarsely agglutinated, finely perforate.
Aperture subterminal, rounded, in the lower base of the
ultimate chamber.

Remarks. — Siphotextularia catenata was described by
Phleger & Parker (1951) as an infraspecific variation of
Siphotextularia rolshauseni in materials from the Gulf of
Mexico. In the North Atlantic, Phleger et al. (1953) found
that specimens were larger than in the Gulf of Mexico and
slightly more compressed. They stated that this form
(from the North Atlantic) was identical to Cushman’s
holotype of Textularia catenata from the Atlantic, but it
did not resemble Cushman’s holotype of T. catenata from
the western North Pacific, which was a much larger form.
No other differences between S. rolshauseni and T. cate-
nata were noted. Thus, this species differs from Cush-
man’s holotype of T. catenata only in the size. According
to Corliss (1979), variation in size is not a valid specific
taxonomic character in benthic foraminifera. Therefore,
S. rolshauseni should be regarded as a junior synonym of
S. catenata. This was also confirmed by Thomas (1985),
among others.
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Fig. 13. Scale bar 100 um.JA, B. Recurvoides scitulus (Brady); A, Side view, Hole 503B, 68.95 m; B, Side view, Hole 503B, 112.72. OOC, D. Siphotextularia
catenata (Cushman); C, Side view, Hole 5024, 47.76 m; D, Side view, Hole 5024, 47.76 m. UE, F. Eggerella bradyi (Cushman); E, Apertural view, Hole
502A, 49.67 m; F, Side view, Hole 502A, 49.67 m. UG. Karreriella bradyi (Cushman), Side view, Hole 502A, 116.52 m. OH. Martinottiella communis
(d’Orbigny), Side view, Hole 502A, 80.46 m. OJI. Nummoloculina irregularis (d’Orbigny), Side view, Hole 503B, 69.99 m. (. Quinqueloculina weaveri
Rau, Side view, Hole 5024, 78.45 m. UK, L. Quinqueloculina venusta Karrer, K Side-edge view, Hole 502A, 46.87 m; L, Side view, Hole 502A, 46.87 m.

Ecology. — In the Gulf of Mexico, S. rolshauseni (S. cate-
nata) has a bathymetric range from the lower middle
bathyal zone down into abyssal water depths (Pflum &
Frerichs 1976). Corliss (1979) reported this species from
2,500 to 4,600 m in the southeast Indian Ocean.

Distribution at Sites 502A and 503B. — Siphotextularia
catenata occurs throughout the studied sequence at Site
502A. This species is a common species at Site 502A, with
absolute abundances between 0 and 15. At Site 503B it
occurs rarely and in scattered samples.

Family Ataxophragmiidae
Schwager, 1877

Subfamily Globotextulariinae
Cushman, 1927

Genus Eggerella Cushman, 1933

Eggerella bradyi (Cushman, 1911)

Fig. 13E-F

Synonymy. —[11884 Verneuilina pygmaea (Egger) —
Brady, p. 385, Pl 47:4-7. 01911 Verneuilina bradyi
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sp.nov. — Cushman, p. 54, Pl. 55:87. (J1937b Eggerella
bradyi (Cushman) — Cushman, p. 52, P1. 5:19. J1951 Egg-
erella bradyi (Cushman) — Phleger & Parker, p. 6, PL. 3:1-
2. 01953 Eggerella bradyi (Cushman) — Phleger et al., p.
27, Pl 5:8-9. 31960 Eggerella bradyi (Cushman) — Barker,
p. 96, Pl. 47:4-7. 01964 Eggerella bradyi (Cushman) —
Leroy, p. 18, Pl 1:13-14. (31978 Eggerella bradyi (Cush-
man) — Boltovskoy, Pl 3:33. (01971 Eggerella nitens
(Wiesner) — Echols, p. 163. 1971 Eggerella bradyi bradyi
(Cushman) — Herb, p. 296, PL 12:1. (J1979 Eggerella
bradyi (Cushman) — Corliss, p. 5, Pl 1:3—4. (11980 Egg-
erella bradyi (Cushman) — Keller, PL. 1:8. (J1981 Eggerella
bradyi (Cushman) — Burke, Pl 1:6. (J1984a Eggerella
bradyi (Cushman) — Boersma, PL 8:1. (11984 Eggerella
bradyi (Cushman) — Murray, Pl. 1:20-21. (01985 Eggerella
bradyi (Cushman) — Kohl, p. 32, P1. 3:3. (J1985 Eggerella
bradyi (Cushman) — Mead, pp. 225-226, Pl 1:1a-b.
[J1985 Eggerella bradyi (Cushman) — Thomas, p. 676, PL.
1:4. (01985 Eggerella bradyi (Cushman) — Boersma, Pl
10:1-2. (J1986 Eggerella bradyi (Cushman) — Belanger &
Berggren, p. 331, PL 1:1. (01989 Eggerella bradyi (Cush-
man) — Hermelin, p. 32, PL. 2:1-2.

Description. — Test free, conical, early stages trochospiral,
later stages triserial; chambers inflated, increasing rapidly
in size, so that the last whole one forms more than one-
half of the test. Wall smooth, finely agglutinated, finely
perforate. Sutures distinct and depressed. Aperture a low
thin slit at the base of the ultimate chamber.

Remarks. — Eggerella bradyi has an agglutinated test,
which is composed of calcareous particles cemented
together. The surface of the perforated test can vary; most
specimens have surface textures that are smooth and pol-
ished, but some specimens are smooth with a dull luster.
Also the test size can vary as well.

Ecology. — Eggerella bradyi has been reported from almost
all bathyal and abyssal depths of the world oceans. In the
Gulf of Mexico, the size of the test increased with the
water depth, to a maximum length of about 0.3 mm in the
upper bathyal water zone and about 1.0 mm in the middle
bathyal and abyssal zone (Pflum & Frerichs 1976). In the
southwest Atlantic, Eggerella bradyi increases in relative
abundance from about 0.6% to 5% between 1,493 and
2,769 m, and up to 5-10% between 2,771 and 3,122 m
(Mead 1985). In the southeast Indian Ocean, Eggerella
bradyi is reported between 2,500 and 4,500 m (Corliss
1979)

Distribution at Sites 502A and 503B. — Eggerella  bradyi
occurs throughout the studied sequence at Site 502A, with
absolute abundances between 0 and 9. At Site 503B it is
rare and exhibits scattered occurrences.
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Genus Karreriella Cushman, 1933

Karreriella bradyi (Cushman, 1937)

Fig. 13G

Synonymy. —[01937b Karreriella bradyi (Cushman) —
Cushman, p. 135, Pl. 16:6-11. (01945 Karreriella bradyi
(Cushman) — Cushman & Todd, p. 8, PL 1:20. (1949
Karreriella bradyi (Cushman) — Bermudez, p. 89, P1. 5:11-
16. 01960 Karreriella bradyi (Cushman) — Barker, p. 94,
Pl. 46:1-4. J1964 Alvarezina bradyi (Cushman) — Akers
& Dorman, pp. 20-21, PL 1:22. 1971 Karreriella bradyi
(Cushman) — Murray, p. 47, Pl 16:1-4. 11978 Karreriella
bradyi (Cushman) — Boltovskoy, Pl. 4:28-29. (J1979 Kar-
reriella bradyi (Cushman) — Corliss, p. 5, PL. 1:5-6. (11980
Karreriella aff. bradyi (Cushman) — Butt, PL. 7:26. (J1980
Karreriella bradyi (Cushman) [sic] — Keller (part), PL. 1:10
(not 9). 01981 Karreriella bradyi (Cushman) — Cole, p.
44,Pl. 6:5.001985 Karreriella bradyi (Cushman) — Herme-
lin & Scott, p. 212, PL. 1:8. (01985 Karreriella bradyi
(Cushman) — Kohl, p. 32, PL. 3:4-5. (J1985 Karreriella
bradyi (Cushman) — McDougall, p. 394, Pl 1:4. [J1986
Karreriella bradyi (Cushman) — Belanger & Berggren, p.
331, Pl. 1:2a-b. (01986 Karreriella bradyi (Cushman) —
Boersma, 1986, Pl 10:5. (01989 Karreriella bradyi (Cush-
man) — Hermelin, p. 33.

Description. — Test free, elongate, cylindrical, circular in
cross—section, four times as long as broad, early portion
trochospiral, later stages biserial, eventually somewhat
twisted. Wall finely agglutinated, smooth, finely perfo-
rate. Sutures indistinct in early portion, distinct and
depressed in biserial portion. Aperture an elongate open-
ing bordered by a lip in face of ultimate chamber, parallel
to suture.

Remarks. — The number of chambers and the test size are
variable in K. bradyi. The agglutinated test is composed of
calcareous pieces, which exhibits a slightly roughened
surface texture. Earlier Eggerella bradyi (Cushman) was
considered to be a juvenile stage of this species (Parr 1950;
Phleger et al. 1953). Phleger et al. (1953) also suggested
that these two species had the same bathymetric range.
Pflum & Frerichs (1976) also suggested that there may be
an intergradational series between K. bradyi and E. brady:i.

Ecology. — According to Brady (1884), and Pflum & Fre-
richs (1976) Karreriella bradyi has its upper depth limitin
the lowermost neritic zones, which is somewhat similar to
that of Eggerella bradyi. In the South China Sea, K. bradyi
has been found midway between the lysocline (3,200 m)
and CCD (3,800 m), and extends to depth below the CCD
(Miao & Thunell 1993).
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Distribution at Sites 502A and 503B. — Karreriella  bradyi
is a very rare species at both Site 502A and Site 503B.
The species is more abundant at Site 502A than at Site
503B, where it occurs only at one depth [503B-14-1,
128-130 cm].

Subfamily Valvulininae Berthelin, 1880

Genus Martinottiella Cushman, 1933

Martinottiella communis
(d’Orbigny, 1826)

Fig. 13H

Synonymy. — 01826 Clavulina communis d’Orbigny, p.
268, no. 4. J1933a Martinottiella communis (d’Orbigny)
— Cushman, p. 37, Pl 4:6-8. [(J1933¢ Martinottiella com-
munis (d’Orbigny) — Cushman, p. 122, P1.12:11. J1937b
Listerella communis (d’Orbigny) — Cushman, p. 148, Pl.
17:4-9. 11942 Schenckiella communis — Thalmann, p.
463. 01950 Martinottiella communis (d’Orbigny) -
Asano, p. 3, Pl. 3:16-17. J1960 Martinottiella communis
(d’Orbigny) — Barker, p. 98, Pl 48:3-4; 6-8. (11964
Schenckiella communis n.sp. — Thalmann, 1942 — Leroy, p.
19, Pl. 1:17. 31974 Martinottiella occidentalis (Cushman)
— Leroy & Levinson, p. 6, Pl. 1:18 (not Clavulina occiden-
talis, Cushman, 1922a). [J1980 Martinottiella communis
(d’Orbigny) — Ingle et al. p. 140, Pl. 4:14-15. 01980 Mar-
tinottiella communis (d’Orbigny) — Keller, Pl 1:12. [J1980
Martinottiella communis (d’Orbigny) — Thompson, Pl.
8:9. 1J1981 Martinottiella communis (d’Orbigny) — Cole,
pp. 45-46, PL. 17:24. J1984b Martinotiella communis
(d’Orbigny) [sic] — Boersma, Pl 1:2-3. (01985 Martinot-
tiella communis (d’Orbigny) — Kohl, p. 33, Pl 4:2. (J1986
Martinottiella communis (d’Orbigny) — Boersma, Pl 3:5.
01989 Martinottiella communis (d’Orbigny) — Hermelin,
p. 34, PL 2:5-6. [J1990 Martinottiella communis
(d’Orbigny) — Thomas et al., PL 1:11.

Description. — Test free, elongate; initial portion trochos-
piral, reduced to triserial and later uniserial; chambers
indistinct in early portion, more distinct in the uniserial
portion. Sutures slightly depressed in uniserial stage. Wall
finely agglutinated, smooth, finely perforate. Aperture a
small round opening or slightly elliptical at the center of
the ultimate chamber.

Distribution at Sites 502A and 503B. — Martinottiella com-
munis is a rare species with scattered occurrences.
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Martinottiella milletti (Cushman, 1936)

Synonymy. —[11936a Listerella milletti — Cushman, p. 41,
PL. 6:10. [J1988 Martinottiella milletti (Cushman) —
Zheng, p. 106, Pls. 49:9-10; 50:1. (31990 Martinottiella
milletti (Cushman) — Ujiié, p. 14, Pl 1:9.

Description. — Test free, elongate, triserial in early stages,
later uniserial; chambers indistinct in early portion, more
distinct in the uniserial portion. Sutures indistinct,
slightly depressed. Wall coarsely agglutinated. Aperture
terminal, rounded.

Remarks. — One of the most characteristic features of this
species is its rough surface. Martinottiella milletti has a
coarser surface than Martinottiella communis.

Distribution at Sites 502A and 503B. — Martinottiella mil-
letti is represented by a single specimen at Site 502A at
134.28 m. It is absent at Site 503B.

Family Miliolidae Ehrenberg, 1839

Genus Nummoloculina Steinmann

Nummoloculina irregularis
(d’Orbigny, 1839)

Fig. 131

Synonymy. —[31839a  Biloculina irregularis n.sp. -
d’Orbigny, p. 7, PL. 8:20-21. 1953 Nummoloculina irreg-
ularis (d’Orbigny) — Phleger et al. p. 28, PL. 5:19-20.
01964 Nummoloculina irregularis (d’Orbigny) — Smith, p.
28. 01978 Nummoloculina irregularis (d’Orbigny) —
Lohmann, p. 25, PL. 2:16-17.

Description. — Test free, nearly as long as wide; chambers
quinqueloculine, not inflated, periphery broadly
rounded. Sutures distinct. Wall calcareous, porcellane-
ous, smooth, polished. Aperture elliptical, with a long
broad tooth.

Ecology. — Lohmann (1978) found that this species
decreases with decreasing temperature and increasing
alkalinity, depth, and silica in the western south Atlantic
Ocean. Nummoloculina is considered as epifaunal (Corl-
iss 1985, 1991; Corliss & Chen 1988). In the Sulu Sea, it is
found restricted to the top 1 cm (Rathburn & Corliss
1994).

Distribution at Sites 502A and 503B. — Nummoloculina
irregularis at Site 502A is represented by only one speci-
men at 151.70 m [502A-40-2, 1-3 cm]. Only a few speci-
mens occur at Site 503B.
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Subfamily Quinqueloculininae
Cushman, 1917

Genus Quinqueloculina d’Orbigny, 1826

Quinqueloculina weaveri Rau, 1948
Fig. 13]

Synonymy. 101948 Quinqueloculina weaveri n.sp. — Rau,
1948, pp. 159-160, P1. 28:1-3. (01953 Quinqueloculina cf.
weaveri (Rau) — Phleger et al. p. 28, PL. 5:13-14. (11978
Quinqueloculina d’Orbigny — Lohmann, p. 25, PL. 4:17—
18. 01979 Quinqueloculina cf. weaveri (Rau) — Corliss, p.
6, Pl. 1:12-14. (01980 Quinqueloculina weaveri Rau, 1948
— Boltovskoy, 1980, PL. 3:4a-b. (01981 Sigmoilina edwardi
(Schlumberger) — Resig [not Planispirina (Sigmoilina)
edwardi Schlumberger, 1887], P1. 5:10. (01985 Quinquelo-
culina cf. weaveri (Rau) — Thomas, PL. 1:11. (11986 Sig-
moilina edwardi (Schlumberger) — Kurihara & Kennett, p.
1069, PlL. 1:16-17. 1J1988 Sigmoilina edwardi (Schlum-
berger) — Kurihara & Kennett, Pl. 1:4-7. (31990 Quinque-
loculina weaveri Rau, 1948 — Ujiié, p. 14, PL 3:1a-b; 2a-b

Description. — Test free, fusiform, nearly as long as wide;
chambers prominently triangular in cross-section.
Sutures distinct, slightly depressed. Wall calcareous, por-
cellaneous, smooth, polished. Aperture elliptical, occa-
sionally with a faint tooth.

Remarks. — Rau (1948) and Phleger et al. (1953) described
this species as toothless throughout its lifecycle. However,
among the manyspecies analysed here, a few specimens of
Quinqueloculina weaveri with a faint tooth were found.
Boltovskoy (1978) reported that this species is subject to
considerable morphological variations in its general out-
line, character of chambers and size. The aperture is also
variable.

Ecology. — Corliss (1979) found Q. weaveri from 2,500 to
4,500 m and at 67% of the investigated stations with spe-
cies frequency values between 1 and 5% in the southeast
Indian Ocean. In the Sulu Sea, Q. weaveri has been found
dominant together with Pyrgo murrhina between 1,400
and 2,200 m water depth, whereas neither Quinqueloco-
lina nor Pyrgo contribute significantly to the benthic
fauna in the South China Sea (Miao & Thunell 1993). In
the South China Sea, Miao & Thunell (1996) found Q.
weaveri relatively abundant in the glacial fauna at 3,500 m
water depth.

Distribution at Sites 502A and 503B. — Quinqueloculina
weaveri is a common species in both sites, with absolute
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abundances between 0 and 9 at Site 502A and between 0
and 7 at Site 503B.

Quinqueloculina venusta Karrer, 1868

Fig. 13K-L

Synonymy. — 11868 Quinqueloculina venusta n.sp. — Kar-
rer, p. 147, Pl. 2:6. (J1884 Miliolina venusta (Karrer) —
Brady (part), p. 162, PL 5:5a—c (not 7a—c). J1917a Quin-
queloculina venusta Karrer, 1868 — Cushman, pp. 45-46,
Pl 11:la—c. 01921 Quinqueloculina venusta Karrer, 1868
— Cushman, pp. 420-421, Pl. 91:2a—c. (J1953 Quinquelo-
culina venusta Karrer, 1868 — Phleger et al., p. 27, PL. 5:11-
12. 01960 Quinqueloculina venusta Karrer? — Barker, p.
10, Pl. 5:5a—c. (1978 Quinqueloculina venusta Karrer,
1868 — Boltovskoy, Pl. 6:32-33. (01978 Quinqueloculina
venusta Karrer, 1868 — Lohmann, p. 25, P1. 4:8-9. (J1979
Quinqueloculina venusta Karrer, 1868 — Corliss, p. 6, PL
1:9-11. 1J1981 Triloculina sp. A — Burke, P1. 1:7; 10-11.
01986 Quinqueloculina venusta Karrer, 1868 — Kurihara
& Kennett, Pl. 1:14-15. (1989 Quinqueloculina venusta
Karrer, 1868 — Hermelin, p. 36, PL 2:11, 14. 101990 Quin-
queloculina venusta Karrer, 1868 — Ujiié, p. 15, PL. 3:3a-b;
4a-b.

Description. — Test free, fusiform, 1-1.5 times as long as
wide, prominently triangular in cross-section, peripheral
angles bluntly angular. Sutures distinct, slightly
depressed. Wall calcareous, porcellaneous, smooth. Aper-
ture circular with a thickened lip and a short tooth.

Remarks. — Boltovskoy (1978) found that specimens from
the Indian Ocean had, on the average, less sharp periph-
eral angles, and in many cases the edge of the test was less
elongated.

Ecology. — Brady (1884) found Q. venusta at 14 stations, of
which 12 were in water depth between 3,290 and 4,936 m.
In the southeast Indian Ocean, Corliss (1979) reported
Quinqueloculina venusta from the lower bathyal zone. At
the Ontong-Java Plateau, Burke (1981) found Q. venusta
(as Triloculina sp. A) in the abyssal depth, whereas Her-
melin (1989) reported this species as a rare one in scat-
tered samples in DSDP Hole 586A (waterdepth 2,207 m)
from the Ontong—Java Plateau.

Distribution at Sites 502A and 503B. — Quinqueloculina
venusta is a relatively common species at Site 502A, but
with low abundances between 0 and 9 individuals per

sample. It is a rare species with scattered occurrences at
Site 503B.
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Fig. 14. Scale bar 100 um. OA. Pyrgo depressa (d’Orbigny), Side view, Hole 502A, 89.58 m. OJB. Pyrgo murrhina (Schwager), Side view, Hole 502A,
47.76 m. 0C, D. Pyrgo oblonga (d’Orbigny); C, Side view, Hole 5024, 65.51 m; D, Edge view, Hole 502A, 5043 m. OE. Sigmoilina tenuis (Czjzek), Side
view, Hole 5024, 105.58 m. OJF. Sigmoilopsis schlumbergeri (Silvestri), Side view, Hole 5024, 100.73 m. OG. Triloculina tricarinata d’Orbigny, Side view,
Hole 5024, 84.96 m. OH. Chrysalogonium lanceolum Cushman & Jarvis, Side view, Hole 503B. 74.82 m. OI. Chrysalogonium tenuicostatum Cushman &
Bermudez, Side view, Hole 503B, 67.26 m. OJJ. Dentalina communis d’Orbigny, Side view, Hole 502A, 97.80 m. UK. Dentalina cf. communis Hermelin,
Sideview,Hole 5024, 80.46 m. L. Dentalina fili formis (Reuss), Side view, Hole 502A, 47.76 m. OM. Dentalina intorta (Dervieux), Side view, Hole 502A,
97.80 m. ON. Lagena advena Cushman, Side view, Hole 5024, 113.42. 0O. Lagena hispida Reuss, Side view, Hole 502A, 104.54 m. OJP. Lagena hispidula
Cushman, Side view, Hole 502A, 66.51 m.

Genus P)/TgO Defrance, mn Blainville, 1824 Pyrgo depressa (d’Orbigny) — Boltovskoy, p. 167, Pl. 6:25.
01978 Pyrgo depressa (d’Orbigny) — Wright, p. 716.

001990 Pyrgo depressa (d’Orbigny) — Ujiié, p. 16, Pl. 4:1a—

Pyrgo depressa (d’Orbigny, 1826) b; 2a-b.
Fig. 14A

. Description. — Test free, compressed, circular in side view;
Synonymy. — 01826 Biloculina depressa n.sp. — d’Orbigny, periphery carinate, plate-like, increasing in width relative
p. 98. 011884 Biloculina depressa d’Orbigny, 1826 — Brady, to chamber size. Test biloculine; chambers inflated.
p. 146, PL. 2:13-15. 01929a Pyrgo depressa (d’Orbigny) — Sutures depressed. Wall calcareous, porcellaneous,

Cushman, p. 71, PL 19:4-5. 001960 Pyrgo depressa smooth, ornamented with a broad keel that extends com-
(d’Orbigny) — Barker, p. 4, Pl 2:12;16-17. [J1964 Pyrgo pletely around the periphery. Aperture terminal, elongate
depressa (d’Orbigny) — Leroy, p. F21, P1. 12:29-30. (11978 slit with thin lips.
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Remarks. — This species is very similar to P. murrhina, and
many workers report it as a P. murrhina. However, the
aperture of this species is very different, since it has a very
elongate, narrow slit near the apex of the test.

Distribution at Sites 502A and 503B. — Pyrgo depressa is a
rare species with scattered occurrences at both Site 502A
and Site 503B.

Pyrgo murrhina (Schwager, 1866)

Fig. 14B

Synonymy. — 11866 Biloculina murrhina n.sp. — Schwa-
ger, p. 203, Pl. 4:15. (01884 Biloculina depressa, var. mur-
rhyna Schwager — Brady, p. 146, Pl 2:10-11, 15. [J1929a
Pyrgo murrhina (Schwager) — Cushman, p. 71, Pl. 19:6a—
b. 0J1932a Pyrgo murrhina (Schwager) — Cushman, pp.
64-65, PL. 15:1-3. (01951 Pyrgo murrhina (Schwager) —
Phleger & Parker, p. 7, PL. 3:11. 001953 Pyrgo murrhina
(Schwager) — Phleger et al., pp. 28-29, P1. 5:22-24. 1960
Pyrgo murrhyna (Schwager) — Barker, p. 4, P1. 2:10-11; 15.
01964 Pyrgo murrhina (Schwager) — Akers & Dorman, p.
49, Pl. 3:14-15. J1964 Pyrgo murrhina (Schwager) —
Leroy, p. 21, Pl 12:32-33.031971 Pyrgo murrhina (Schwa-
ger) — Bock, p. 24, Pl. 8:14. 0J1974 Pyrgo murrhina
(Schwager) — Leroy & Levinson, p. 6, P1. 2:5. 01978 Pyrgo
murrhina (Schwager) — Boltovskoy, Pl. 6:26. (01979 Pyrgo
murrhina (Schwager) — Corliss, p. 6, Pl. 1:15-18. (11981
Pyrgo murrhyna (Schwager) — Burke, PL 1:9. 01981 Pyrgo
murrhyna (Schwager) — Cole, pp. 52-53, P1. 8:9. (11981
Pyrgo murrhyna (Schwager) — Resig, Pl. 5:9.[11984a Pyrgo
murrhina (Schwager) — Boersma, PL. 5:2, P1. 7:2. (11984
Pyrgo murrhina (Schwager) — Murray, Pl 3:3. (J1985
Pyrgo murrhina (Schwager) — Kohl, p. 35, P1. 5:1. (J1985
Pyrgo murrhina (Schwager) — Thomas, P1. 1:10. (11986
Pyrgo murrhina (Schwager) — Kurihara & Kennett, Pl
1:13. (31986 Pyrgo murrhina (Schwager) — Morkhoven et
al. pp. 50-52, P1. 15:1-2. (J1989 Pyrgo murrhina (Schwa-
ger) — Hermelin, p. 36, pl:15-16. (01990 Pyrgo murrhyna
(Schwager) — Thomas et al., PL. 8:3. 31990 Pyrgo mur-
rhina (Schwager) — Ujiié, p. 16, Pl. 4:3a-b; 4a—b; 5a-b.

Description. — Test free, inflated, subcircular inside view,
subovate in transverse section with margin extended and
carinate. Test biloculine; chambers inflated. Wall calcare-
ous, porcellaneous, smooth, ornamented with a broad
keel that extends completely about the periphery, but
possessing a small sinus at posterior end. Aperture termi-
nal, near junction of last two chambers, with a prominent
tubular neck, round to ovate, with a bifid tooth.
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Remarks. — Pyrgo murrhina varies a great deal in size and
shape. The aperture of the juveniles is much less broad
than that of mature individuals of the species and the
characteristic sinus in the carina is often lacking in adult
specimens (Phleger et al., 1953).

Ecology. — Pyrgo murrhina is generally found in the lower
middle to lower bathyal zone (Kennett 1982). In the west-
ern equatorial Pacific, Pyrgo is found in high abundance
along with Quinqueloculina and Uvigerina between 1,600
and 2,400 m water depth, within the deep oxygen mini-
mum layer (Culp 1977). Corliss (1979) reported P. mur-
rhina as the most abundant Pyrgo in the deep sea of the
southeast Indian Ocean, and it occurs between 2,500 and
4,600 m. In the Sulu Sea, P. murrhina is common between
1,400 and 2,200 m (Miao & Thunell 1993). Miao &
Thunell (1996) found P. murrhina abundant during both
the Holocene and glacial stage 2, with a minimum value
at the stage 1-2 boundary. On the OntongJava Plateau, P.
murrhina has its maximum abundances during glacial
periods (Burke et al. 1993). Pyrgo murrhina is reported to
be more abundant in areas with high productivity in the
surface waters (Boersma 1985; Woodruff & Savin 1989).

Distribution at Sites 502A and 503B. Pyrgo murrhina is
an abundant species throughout the studied interval of
Site 502A with absolute abundances between 0 and 142
(Appendix), while the species exhibits a more scattered
distribution at Site 503B.

Pyrgo oblonga (d’Orbigny, 1839)

Fig. 14C-D

Synonymy.—U01839a  Biloculina  oblonga n.sp. -
d’Orbigny, p. 163, Pl 8:21-23. 1953 Pyrgo oblonga
(d’Orbigny) — Phleger et al., p. 29, Pl 5:25-26. (J1981
Pyrgo cf. oblongus (d’Orbigny) — McCulloch, p. 60, PL
20:9. 11990 Pyrgo oblonga (d’Orbigny) — Ujiié, p. 16, Pl.
3:9a-b.

Description. — Test free, elongate, width less than two-
thirds of length. Test biloculine; chambers distinct,
inflated. Sutures depressed, partly concealed by acute,
peripheral margin of preceding chamber extending later-
ally, basally, anteriorly. Wall calcareous, smooth, white,
thin, polished, imperforate. Aperture subterminal,
extended over opening of last two chambers, small, ovate,
oblique, with a bifid tooth.

Remarks. — Pyrgo oblonga resembles P. murrhina, but is
smaller and has a more elongate test. The prolongation of
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the neck and the angle of the periphery vary in this species
(Phleger et al. 1953).

Distribution at Sites 502A and 503B. — Pyrgo oblonga
occurs in many samples but in relatively low abundances
at both Site 502A and Site 503B.

Genus Sigmoilina Schlumberger 1887

Sigmoilina tenuis (Czjzek, 1848)

Fig. 14E

Synonymy. — 11945 Sigmoilina tenuis (Czjzek) — Cush-
man & Todd, p. 10, Pl. 2:4. 0J1946 Sigmoilina tenuis
(Czjzek) — Cushman & Gray, p. 5, PL 1:14-16. [11951Sig-
moilina tenuis (Czjzek) — Marks, p. 39, Pl 5:7. 01951 Sig-
moilina tenuis (Czjzek) — Phleger & Parker, p. 8, Pl 4:7.
01953 Sigmoilina tenuis (Czjzek) — Phleger et al., p. 28, PL.
5:18. 01957 Sigmoilina tenuis (Czjzek) — Todd & Bronni-
mann, p. 29, Pl. 4:3. (01958 Sigmoilina tenuis (Czjzek) —
Parker, p. 257, Pl 1:24. [J1964 Sigmoilina tenuis (Czjzek)
— Leroy, p. 20, PL. 16:32-33. 0J1978 Sigmoilina tenuis
(Czjzek) — Wright, p. 717, PL. 7:18. 1J1985 Sigmoilinita
tenuis (Czjzek) Kohl, p. 36, PL 5:5.

Description. — Test free, compressed, small, ovate in out-
line, periphery rounded. Chambers distinct, inflated,
slightly more than 180° from one other, forming a sigmoi-
dal curve in cross-section. Sutures distinct, depressed.
Wall smooth, calcareous. Aperture terminal, circular, on
a short neck.

Distribution at Sites 502A and 503B. — Sigmoilina tenuis is
relatively common at Site 502A above 111.48 m (3.95
Ma). Itisa rare species with few occurrences at Site 503B.

Genus Sigmoilopsis Finlay, 1947

Sigmoilopsis schlumbergeri
(Silvestri, 1904)

Fig. 14F

Synonymy. —[31904a Sigmoilina schlumbergeri — Silvestri,
p. 267, 269, Pl. 7:12-14, pp. 481-482, Text-figs. 6-7. (11945
Sigmoilina schlumbergeri Silvestri, 1904a — Cushman &
Todd, p. 11, PL 2:3. (01947 Sigmoilopsis schlumbergeri
(Sylvestri) — Finlay, p. 270. 1J1953 Sigmoilina schlumber-
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geri Silvestri, 1904a — Phleger et al., p. 28, P1. 5:17. 11960
Sigmoilopsis schlumbergeri (Sylvestri) — Barker, p. 16, Pl.
8:1-4. 011971 Sigmoilina schlumbergeri Silvestri, 1904a —
Bock, p. 25, PL 9:1-2. 01971 Sigmoilopsis schlumbergeri
(Sylvestri) — Bock, p. 25, PL. 9:1-2. 01978 Sigmoilina sch-
lumbergeri Silvestri, 1904a — Boltovskoy, Pl. 7:5-6. (11981
Sigmoilopsis schlumbergeri (Sylvestri) — Cole, p. 55, Pl
10:1. [J1984b Sigmoilina schlumbergeri Silvestri, 1904a —
Boersma, Pl. 1:8. ]1984a Sigmoilopsis schlumbergeri (Syl-
vestri) — Boersma, Pl. 8:2. (01985 Sigmoilopsis schlumber-
geri (Sylvestri) — Hermelin & Scott, p. 217, PL. 2:6. (01985
Sigmoilopsis schlumbergeri (Sylvestri) — Kohl, p. 36, P1. 5:6.
01986 Sigrmoilopsis schlumbergeri (Sylvestri) — Belanger &
Berggren, p. 331, Pl 1:5a-b. 11986 Sigmoilopsis schlum-
bergeri (Sylvestri) — Boersma, Pl. 14:1-2. [J1986 Sig-
moilopsis schlumbergeri (Sylvestri) — Kurihara & Kennett,
Pl. 1:11-12. 0J1986 Sigmoilopsis schlumbergeri (Sylvestri)
—van Morkhoven et al, pp. 57-59, P1. 18:1a—e. (11989 Sig-
moilopsis schlumbergeri (Sylvestri) — Hermelin, p. 38.
01990 Sigmoilopsis schlumbergeri (Sylvestri) — Thomas et
al., P1.8:4. 31990 Sigmoilopsis schlumbergeri (Sylvestri) —
Ujiié, p. 16, PL. 3:10a-b.

Description. — Test free, elongate, ovate in side view, sub-
triangular in transverse section. Chambers indistinct,
inflated, slightly greater than 180° from one other, form-
ing a sigmoidal curve seen in transverse section. Sutures
indistinct. Wall finely agglutinated. Aperture terminal,
rounded, with a bifid tooth, and a lip.

Ecology. — Sigmoilopsis schlumbergeri occurs from the
upper neritic zone down to the upper middle bathyal zone
in the Gulf of Mexico (Phleger 1951; Pflum & Frerichs
1976), although it is found in greatest abundance in the
upper part of the upper middle bathyal zone (Phleger
1951).

Distribution at Sites 502A and 503B. — Sigmoilopsis  sch-
lumbergeri is an abundant species throughout the studied
interval of Site 502A with absolute abundances between 0
and 31. It is absent at Site 503B.

Genus Triloculina d’Orbigny, 1826

Triloculina tricarinata d’Orbigny, 1826
Fig. 14G
Synonymy. — 01826  Triloculina  tricarinata n.sp. -

d’Orbigny, p. 299, no. 7, mod. no. 94. 01953 Triloculina
tricarinata d’Orbigny, 1826 — Phleger et al., p. 28, Pl. 5:21.
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01954 Triloculina tricarinata d’Orbigny, 1826 — Cush-
man et al., p. 340, P1. 85:15-16. (01960 Triloculina tricari-
nata d’Orbigny, 1826 — Barker, p. 6, PL. 3:17a-b. (J1964
Triloculina tricarinata d’Orbigny, 1826 — Akers & Dor-
man, p. 57, PL 3:21. 01964 Triloculina tricarinata
d’Orbigny, 1826 — Feyling—Hanssen, p. 258, Pl 6:7-8.
01964 Triloculina tricarinata d’Orbigny, 1826 — Leroy, p.
20, P1. 3:32-33. 01971 Triloculina tricarinata d’Orbigny,
1826 — Bock, p. 28, Pl 12:1-2. 01971 Triloculina tricari-
nata d’Orbigny, 1826 — Schnitker, p. 212, PL. 3:10. (01981
Triloculina tricarinata d’Orbigny, 1826 — Cole, p. 55, Pl
10:2. 0J1985 Triloculina tricarinata d’Orbigny, 1826 -
Hermelin & Scott, p. 218, PL 2:7. 01989 Triloculina tri-
carinata d’Orbigny, 1826 — Hermelin, p. 38, PL 3:6-7.
01990 Triloculina tricarinata d’Orbigny, 1826 — Thomas
et al., Pl. 8:5. 01991 Triloculina tricarinata d’Orbigny,
1826 — Scott & Vilks, Pl. 3:3—4.

Description. — Test free, strongly triangular in apertural
view, slightly longer than broad, sides straight or slightly
concave, three chambers visible. Sutures distinct, slightly
depressed. Wall calcareous, surface smooth. Aperture cir-
cular, with a small bifid tooth.

Ecology. — The genus Triloculina is generally related to
low-oxygen conditions (Burke 1981).

Distribution at Sites 502A and 503B. — Triloculina tricari-
nata is a very rare species with few occurrences at Site
502A. It is absent at Site 503B.

Family Peneroplidae Schultze, 1854
Genus Monalysidium Chapman, 1900

Monalysidium politum Chapman, 1900

Synonymy. — 1900 Monalysidium politum n.sp. — Chap-
man, p. 3. 01960 Monalysidium politum Chapman —
Barker, p. 26, Pl 13:24-25. (J1977 Monalysidium (2) cf.
politum Chapman — McCulloch, p. 232, P1. 100:15.

Description. — Test free, elongate, uniserial. Chambers
about uniform in length, basal chamber short. Sutures
distinct, depressed. Wall calcareous, semitransparent,
finely perforate between longitudinal, beaded costae with
punctate, evenly spaced costae interrupted by the sutures.
Aperture terminal, at the center of the ultimate chamber
with a small, short tubular neck and a round opening.

Distribution at Sites 502A and 503B. — Monalysidium pol-
itum is absent at Site 502A and is represented by a single
specimen at Site 503B (3.13 m).
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Suborder Rotaliina Delage &
Hérouard, 1896

Superfamily Nodosariacea
Ehrenberg, 1838

Family Nodosariidae Ehrenberg, 1838

Subfamily Nodosariinae
Ehrenberg, 1838

Genus Chrysalogonium Schubert, 1907

Chrysalogonium lanceolum Cushman &
Jarvis, 1934

Fig. 14H

Synonymy. —[1934 Chrysalogonium lanceolum n.sp. —
Cushman & Jarvis, p. 75, Pl 10:16. (J1989 Chrysalogo-
nium lanceolum Cushman & Jarvis, 1934 — Hermelin, p. 9,
Pl. 3:12-13.

Description. — Test free, very elongate, gradually tapering,
widest close to the apertural end. Chambers numerous,
gradually increasing in length as added. Sutures distinct,
slightly depressed. Wall calcareous, smooth. Aperture ter-
minal, cone-shaped, a series of rounded or slightly elon-
gate pores.

Distribution at Sites 502A and 503B. — This  species is
absent at Site 502A and has scattered occurrences at Site
503B.

Chrysalogonium longicostatum Cushman
& Jarvis, 1934

Synonymy. — (31934  Chrysalogonium longicostatum —
Cushman & Jarvis, p. 74, Pl 10:12a-b. 01989 Chrysalogo-
nium tenuicostatum Cushman & Jarvis, 1934 — Hermelin,
pp. 39-40, PL. 3:14-15.

Description. — Test free, elongate; chambers distinct,
sutures slightly depressed. Wall calcareous, ornamented
with longitudinal costae covering nearly the entire test,
the striation slightly twisted. Aperture terminal, consist-
ing of a definite sieve plate composed of concentric rings
of rounded or slightly polygonal openings.

Distribution at Sites 502A and 503B. — Chrysalogonium
longicostatum is a very rare species at both Site 502A and
Site 503B.
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Chrysalogonium tenuicostatum Cushman
& Bermudez, 1936

Fig. 141

Synonymy. — 11936 Chrysalogonium tenuicostatum n.sp.
— Cushman & Bermudez, pp. 27-28, Pl 5:3-5. [J1989
Chrysalogonium tenuicostaturn Cushman & Bermudez,
1936 — Hermelin, p. 40, PL. 3:16-18. (11986 Chrysalogo-
nium equisetiformis (Schwager) — Boersma, Pl 9:1-3 (not
Nodosaria equisetiformis Schwager, 1866).

Description. — Test free, elongate, very slightly tapering,
straight. Chambers increasing gradually in length as
added, sides slightly convex. Sutures limbate, slightly
depressed. Wall calcareous, ornamented with fine longi-
tudinal costae covering nearly the entire test, slightly spi-
ral. Aperture terminal, consisting of a very fine circular
sieve plate with many openings.

Remarks. — Chrysalogonium  tenuicostatum has much
coarser apertural openings and finer costae than
Chrysalogonium longicostatum.

Distribution at Sites 502A and 503B. — Chrysalogonium
longicostatum is a very rare species at both Site 502A and
Site 503B.

Genus Dentalina Risso, 1826

Dentalina communis d’Orbigny, 1826

Fig. 14]

Synonymy. — 1826 Nodosaria (Dentalina) communis —
d’Orbigny, p. 254. 01840 Dentalina communis sp.nov.
d’Orbigny, — d’Orbigny, p. 13, PL. 1:4. 01960 Dentalina
communis d’Orbigny, 1840 — Barker, p. 130, P1. 2:21-22.
01964 Dentalina communis d’Orbigny, 1840 (J1964 Den-
talina communis d’Orbigny, 1840 — Akers & Dorman, p.
32, PL. 6:12. 111964 Dentalina communis d’Orbigny, 1840
— Leroy, p. 23, PL. 15:28. (1966 Dentalina communis
d’Orbigny, 1840 — Todd, p. 26, Pl 12:1. 01971 Dentalina
communis d’Orbigny, 1840 — Bock, pp. 38-39, PlL. 14:16—
17. 01971 Dentalina communis d’Orbigny, 1840 -
Schnitker, p. 196, Pl. 3:20a-b. (01978 Dentalina communis
d’Orbigny, 1840 — Boltovskoy, Pl 3:23. (J1985 Dentalina
communis d’Orbigny, 1840- Kohl, p. 39, Pl. 7:3-5. 01989
Dentalina communis d’Orbigny, 1840 — Hermelin, p. 40,
Pl. 4:1-2. 01990 Dentalina communis d’Orbigny, 1840 —
Ujiié, p. 17, Pl 4:8a-b, 9.

Description. — Test  free, uniserial, slightly curved,
rounded in transverse section; chambers in the adult,
increasing gradually in size, early chambers subglobular,
later chambers inflated. Sutures oblique, depressed in
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later half of test. Wall calcareous, hyaline, smooth, finely
perforate, often ornamented with an initial spine. Aper-
ture terminal, radiate.

Distribution at Sites 502A and 503B. — Dentalina commu-
nis is the most common species of this genus at Site 502A
and appears at most levels in relatively low abundances
(0-4 individuals per sample). It is a very rare species at
Site 503B with scattered occurrences.

Dentalina cf. communis
Fig. 14K

Description. — Test free, uniserial, slightly curved, com-
pressed laterally. Chambers increasing slightly in size as
added. Sutures oblique, mostly flush with surface. Wall
calcareous, hyaline, smooth, finely perforate, often orna-
mented with initial spine. Aperture terminal radiate.

Remarks. — Dentalina cf. communis is similar to D. com-
munis and is described by Hermelin (1989).

Distribution at Sites 502A and 503B. — Dentalina cf. com-
munis is a very rare species with few occurrences at both
investigated sites.

Dentalina filiformis (Reuss, 1826)

Fig. 14L

Synonymy. — 11826 Nodosaria filiformis — d’Orbigny, p.
253, PL. 15:2. 01845 Nodosaria (Dentalina) filiformis
sp.nov. — Reuss, p. 28, Pl. 12:28. (J1871 Dentalina fili-
formis (Reuss) — Parker, Jones & Brady, p. 156, P1. 9:28.
01960 Dentalina filiformis (Reuss) — Barker, p. 132, PL
63:3-5. 1J1986 Dentalina filiformis (Reuss) — Belanger &
Berggren, p. 331.

Description. — Test free, elongate, uniserial, slightly
curved, circular in cross-section. Chambers 11-15 in the
adult, elliptical or ovate, increasing gradually in length
toward the apertural end. Sutures usually oblique, slightly
depressed in later portion of test. Wall calcareous, hya-
line, smooth, finely perforate. Aperture terminal, radiate.

Distribution at Sites 502A and 503B. — Dentalina filiformis
is represented by a single specimen at Site 502A (47.76 m).
Itis absentat Site 503B.

Dentalina intorta (Dervieux, 1894)
Fig. 14M
Synonymy. — 01894 Nodosaria intorta — Dervieux, p. 610,

Pl 5:32-34.1960 Dentalina intorta (Dervieux) — Barker,
p- 132, PL. 62:27-31. J1978 Dentalina intorta (Dervieux)
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— Boltovskoy, Pl 3:25. (01989 Dentalina intorta (Der-
vieux) — Hermelin, p. 40, Pl. 4:4.

Description. — Test free, elongate, uniserial, with one side
more or less straight and the other curved, widest at the
middle, narrowing towards the apertural as well as the ini-
tial end, last chamber making up almost half of test.
Sutures distinct, flush with surface. Wall calcareous, hya-
line, smooth. Aperture terminal, radiate.

Distribution at Sites 502A and 503B. — Dentalina intorta is
avery rare species at Site 502A and absent at Site 503B.

Genus Lagena Walker & Jacob, 1798

Lagena is generally characterized to have a unilocular test
with various surface ornamentation, and an aperture on
an enlongated neck which may have a philaline lip.

Lagena advena Cushman, 1923
Fig. 14N

Synonymy. — 11923 Lagena advena — Cushman, p. 6, PL.
1:4. 01960 Lagena advena Cushman, 1923 — Barker
(part), p. 118, PL. 57:30 (not 29). (11964 Lagena advena
Cushman, 1923 — Leroy, p. 26, Pl 1:1. (J1982 Lagena
advena Cushman, 1923 — Boltovskoy & de Kahn, p. 433,
Pl. 8:17-19. 01989 Lagena advena Cushman, 1923 — Her-
melin, p. 41, PL. 4:6.

Description. — Test free, unilocular, flask-shaped to ovate
in side view, circular in cross-section. Wall calcareous,
hyaline, body ornamented with numerous longitudinal
costae, oriented from the base to the neck, basal part also
ornamented with irregularly arranged short spines. Aper-
tureterminal, a round opening at the end of the elongated
neck.

Distribution at Sites 502A and 503B. — Lagena advena is a
rare species with scattered occurrences at Site 502A, while
the species is very rare with few occurrences at Site 503B.

Lagena alticostata Cushman, 1913

Synonymy. —[01913 Lagena sulcata (Walker & Jacob) var.
alticostata — Cushman, 1913, p. 23, Pl. 9:5a-b. (J1982
Lagena sulcata (Walker & Jacob) var. alticostata — Bol-
tovskoy & de Kahn, p. 440, P1. 11:10-11. (1989 Lagena
alticostata Cushman — Hermelin, p. 41, PL 4:6.

Description. — Test free, unilocular, subglobular. Wall cal-
careous, hyaline, finely perforate, ornamented with a few
prominent primary costae orientated from basal end to
the neck, between these are finer secondary costae, run-
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ning only to the base of the neck. Aperture terminal,
rounded, on a neck.

Distribution at Sites 502A and 503B. — Lagena alticostata
is a very rare species with few occurrences at Site 502A. It
is absent at Site 503B.

Lagena feildeniana Brady, 1878

Synonymy. — [J1878 Lagena feildeniana n.sp. — Brady, p.
434, Pl. 20:4. (01884 Lagena feildeniana Brady, 1878 —
Brady, p. 469, Pl 58:38-39. (J1913 Lagena feildeniana
Brady, 1878 — Cushman, p. 29, PL. 15:1-2. (J1960 Lagena
feildeniana Brady, 1878 — Barker, p. 120, PL 58:38-39.
(J1989 Lagena feildeniana Brady, 1878 — Hermelin, p. 41,
Pl. 4:8.

Description. — Test free, unilocular, elongate, rounded
base, narrowing towards the aperture. Wall calcareous,
hyaline, ornamented with numerous fine costae oriented
in longitudinal direction, furrows between costae perfo-
rated, costae ending in short spines at the base. Aperture
terminal.

Distribution at Sites 502A and 503B. Lagena feildeniana
is a very rare species at both investigated sites.

Lagena hispida Reuss, 1863

Fig. 140

Synonymy. — 11863 Lagena hispida — Reuss, p. 335, Pl
6:77-79. J1884 Lagena hispida Reuss, 1863 — Brady, p.
459, PL 57:1-4. 01913 Lagena hispida Reuss, 1863 —
Cushman, p. 13, PL 4:4-5, PL. 5:1. (J1960 Lagena hispida
Reuss, 1863 — Barker, p. 116, Pl. 57:1-4. (11989 Lagena
hispida Reuss, 1863 — Hermelin, p. 42, PL 4:9-10.

Description. — Test free, unilocular, short neck on a glob-
ular body. Wall calcareous, hyaline, finely perforate, body
and neck ornamented with short spines, closely set. Aper-
ture terminal, rounded at the end of the neck.

Remarks. — Lagena hispida has coarser spines and more
globular test than Lagena hispidula.

Distribution at Sites 502A and 503B. — Lagena hispida is a
rare species with scattered occurrences at Site 502A. It is
very rare at Site 503B.

Lagena hispidula Cushman, 1913
Fig. 14P
Synonymy. — 01913 Lagena hispidula — Cushman, p. 14,

Pl. 5:2-3. (01950 Lagena hispidula Cushman, 1913 —
Cushman & McCulloch, p. 339, Pl. 45:8-10. (11960
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Lagena hispidula Cushman, 1913 — Barker, p. 114, Pl
56:12 (not Pl. 56:10-11, 13) (not Lagena nebulosa Cush-
man). (J1982 Lagena hispidula Cushman, 1913 — Bol-
tovskoy & de Kahn, p. 437, PL. 9:26-28. (J1989 Lagena
hispidula Cushman, 1913 — Hermelin, p. 42, Pl 4:11.
J1990 Lagena hispidula Cushman, 1913 — Thomas et al.,
Pl. 8:8. 01990 Lagena hispidula Cushman, 1913 — Ujiié, p.
18, P1. 5:3.

Description. — Test free, unilocular, circular to ovate in
side view, with long apertural neck. Wall calcareous, hya-
line, finely perforate, body ornamented with very fine
spines, while apertural neck is smooth. Aperture terminal
at the end of a long slender neck.

Remarks. — Lagena hispidula differs from Lagena hispida
in that it has a smooth flask-shaped body with a long slen-
der neck rather than a rounded short-necked body with
coarser spines.

Distribution at Sites 502A and 503B. — Lagena hispidula is
a rare species with few occurrences at both investigated
sites.

Lagena meridionalis Wiesner, 1953

Synonymy. — 01953 Lagena meridionalis Wiesner — Loe-
blich & Tappan, p. 59. 001960 Lagena meridionalis Wies-
ner — Barker, p. 119, Pl. 58:19. 01964 Oolina gracilis Wil-
liamson var. meridionalis (Wiesner) — Leroy, pp. 26-27,
Pl 13:37. 0J1982 Lagena meridionalis Wiesner — Bol-
tovskoy & de Kahn, p. 437, PL. 10:3-4. (J1989 Lagena
meridionalis Wiesner — Hermelin, p. 42, Pl 4:12. (01990
Lagena meridionalis Wiesner — Thomas et al., p. 227.

Description. — Test free, unilocular, elongate, rounded in
cross-section. Wall calcareous, hyaline, finely perforate,
ornamented with six to nine costae, which run from the
pointed base to the aperture and including the apertural
neck. Additional finer and less elevated costae in between
the primary costae. Aperture terminal.

Distribution at Sites 502A and 503B. — Lagena meridiona-
lis is represented by one specimen at Site 502A (88.84 m).

Lagena paradoxa Sidebottom, 1913

Fig. 15A

Synonymy. — 1912 Lagena foleolata Reuss var. paradoxa
— Sidebottom, p. 395, PL 16:22-23. (01913 Lagena foleo-
lata Reuss var. paradoxa — Cushman, p. 18, PL. 15:3a-b.
01982 Sipholagena paradoxa (Sidebottom) — Boltovskoy
& de Kahn, p. 447, PL. 15:23-26. (01989 Lagena paradoxa
Sidebottom — Hermelin, p. 42, Pl 4:13. (01990 Lagena
paradoxa Sidebottom — Ujiié, p. 18, Pl 5:5.
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Description. — Test free, unilocular, elongate, rounded
base, tapering towards the apertural end, with a short
neck. Wall calcareous, hyaline, ornamented with longi-
tudinal costae oriented throughout the entire length of
the test, fine crossbars between the costae give the test a
reticulate pattern. Aperture terminal, at the end of a
short neck.

Distribution at Sites 502A and 503B. — Lagena paradoxa is
a rare species with scattered occurrences at Site 502A. It is
represented by only one specimen at Site 503B (89.48 m).

Lagena striata (d’Orbigny, 1863)

Synonymy. — 1863 Lagena striata (d’Orbigny) — Reuss,
p. 327, PL. 3:44-45, Pl. 4:46-47. (11884 Lagena striata
(d’Orbigny) — Brady (part), p. 460, Pl 57:22, 24 (not
28,30). 0J1913 Lagena striata (d’Orbigny) — Cushman, p.
19, Pl. 7:4-5. J1960 Lagena striata (d’Orbigny) — Barker,
p. 118, PL. 57:22, 24. (01964 Lagena striata (d’Orbigny) —
Aker & Dorman, p. 40, PL. 6:11. 01971 Lagena striata
(d’Orbigny) — Schnitker, p. 204, Pl. 4:3. [J1982 Lagena
striata (d’Orbigny) f. typica — Boltovskoy & de Kahn, p.
439, P1.10:35, P1. 11:1. 01989 Lagena striata (d’Orbigny)
— Hermelin, p. 43, Pl 4:14. 001990 Lagena striata
(d’Orbigny) — Thomas et al., Pl. 8:9.

Description. — Test  free,  unilocular, flask-shaped,
rounded in cross-section. Wall calcareous, hyaline, finely
perforate, body ornamented with numerous fine costae
oriented from the base to the base of the neck. Aperture
terminal, circular, at the end of a long slender neck.

Distribution at Sites 502A and 503B. — Lagena striata is a
very rare species with few occurrences at both sites.

Lagena substriata Williamson, 1848

Synonymy. — (11848 Lagena substriata n.sp. — Williamson,
p. 15, PL. 2:12. 001913 Lagena striata (d’Orbigny) var. sub-
striata Williamson — Cushman, p. 20, PL. 8:1-3. [J1950b
Lagena substriata Williamson, 1848 — van Voorthuysen, p.
55, PL. 1:9. (01964 Lagena striata (d’Orbigny) var. substri-
ata Williamson — Feyling—Hanssen, p. 294, Pl 12:6.
[J1989 Lagena sp. 2 — Hermelin, p. 43, PIL. 4:17. J1990
Lagena substriata Williamson, 1848 — Ujiié, p. 19, P1. 5:7.

Description. — Test free, unilocular, fusiform, widest at
base of test, rounded in cross-section, tapering towards
the apertural end. Wall calcareous, hyaline, ornamented
with several costae. Aperture terminal on a very short
neck.
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Fig. 15. Scalebar 100 um. OJA. Lagena paradoxa Sidebottom, Side view, Hole 5024, 83.99 m. OIB. Lagenasp 1, Side view, Hole 5024, 65.51 m.OC. Lagena
sp 2, Side view, Hole 502A, 131.38 m. (ID. Nodosaria albatrossi Cushman, Side view, Hole 502A, 103.63 m. UE. Orthomorphina challengeriana (Thal-
mann), Side view, Hole 502A, 96.82 m. OF. Orthomor phina sp 1, Side view, Hole 5024, 66.51 m. OG., H Lenticulina atlantica (Barker), G Side view, Hole
502A, 100.73 m; H Edge view, Hole 502A, 105.58 m. OI. Polymorphinidae formae fistulosae (Hermelin), Side view, Hole 503B, 56.89 m. OJ]. Pyrulina
extensa (Cushman), Side view, Hole 503B, 80.70 m. OK. Pyrulina fusiformis (Roemer), Side view, Hole 503B, 62.77 m. OL. Pyrulina gutta d’Orbigny,
Side view, Hole 502A, 80.46 m.

Distribution at Sites 502A and 503B. — Lagena substriata is
represented by one specimen at Site 502A (130.30 m). It is
absent at Site 503B.

Lagena sp. 1

Fig. 15B

Description. — Test free, unilocular, flask-shaped to ovate
in side view, circular in cross-section. Wall calcareous,
hyaline, finely perforate, body smooth, while aperture
neck is ornamented with very fine spines. Aperture termi-
nal, a round opening at the end of the elongated neck.

Distribution at Sites 502A and 503B. — Lagena sp. 1 is a
rare species with scattered occurrences at Site 502A. It is
absent at Site 503B.

Lagena sp. 2

Fig. 15C

Description. — Test free, unilocular, flask-shaped to ovate
in side view, circular in cross-section. Wall calcareous,
hyaline, finely perforate, body smooth, one or two inter-
vening costae terminate below the collar. Aperture termi-
nal, a round opening at the end of the elongated neck.

Distribution at Sites 502A and 503B. — Lagena sp. 2 is a
rare species with few occurrences at both Site 502A and
Site 503B.
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Genus Nodosaria Lamarck, 1812

Nodosaria albatrossi Cushman, 1923

Fig. 15D

Synonymy. —[11923 Nodosaria vertebralis (Batsch) var.
albatrossi — Cushman, p. 87, Pl. 15:1. (01990 Nodosaria
albatrossi Cushman — Thomas et al., Pl. 5:1

Description. — Test free, elongate, gradually tapering,
often slightly curved, proloculus has generally a greater
width than those chambers immediately following.
Chambers distinct, five to six in the adult, not inflated,
except those near apertural end. Sutures distinct, broad,
slightly depressed near apertural end. Wall calcareous,
hyaline, finely perforate, ornamented by several broad
longitudinal costae, generally 15-18 in adult, that con-
tinue to the apertural end, initial chamber with a short
blunt spine. Aperture slightly extended, radiate.

Distribution at Sites 502A and 503B. — Nodosaria  alba-
trossi is a rare species with few occurrences at both Site
502A and Site 503B.

Nodosaria catesbyi d’Orbigny, 1839

Synonymy. —J1839a Nodosaria (Nodosaria) catesbyi n.sp.
—d’Orbigny, in Sagra, p. 16, P1. 11:8-10. 01872 Nodosaria
proxima d’Orbigny, 1939a — Silvestri, p. 63, PL. 6:138—147.
01930 Nodosaria catesbyi d’Orbigny, 1939a — Cushman,
p. 28, PL. 5:4. (01957 Nodosaria catesbyi d’Orbigny, 1939a
— Todd & Bronnimann, p. 31, PL. 5:4. 01959 Nodosaria
catesbyi d’Orbigny, 1939a — Boltovskoy, p. 65, PL. 8:10.
001963 Nodosaria catesbyi d’Orbigny, 1939a— Bermudez &
Seiglie, p. 104, Pl. 17:4. 001977 Lagenonodosaria catesbyi
(d’Orbigny) — LeCalvez, p. 47, p. 48:1-5. (01985 Nodosa-
ria catesbyi d’Orbigny, 1939a — Kohl, p. 42, PL 6:1.

Description. — Test free, uniserial, length slightly greater
than twice the width, rounded in cross-section, composed
of two to three chambers. Chambers, early subglobular,
later pyriform. Sutures distinct, depressed, horizontal.
Wall calcareous, hyaline, finely perforate, ornamented
with nine to ten distinct costae, which run along the entire
test from the base to the apertural end. Aperture terminal,
radiate, with a lip at the end of a short neck.

Distribution at Sites 502A and 503B. — Nodosaria catesbyi
is absent at Site 502A and is represented by a single speci-
men at Site 503B (70.96 m).
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Genus Orthomorphina Stainforth, 1952

Orthomorphina challengeriana
(Thalmann, 1937)

Fig. 15E

Synonymy. — 1937 Nodogenerina challengeriana — Thal-
mann, p. 341. 01952 Orthomorphina challengeriana
(Thalmann) — Stainforth, p. 8, Text-fig. 1:10. J 1960
Orthomorphina challengeriana (Thalmann) — Barker, p.
136, PL. 64:25-27. (J1964 Orthomorphina challengeriana
(Thalmann) — Leroy, p. 29, PL. 15:26. (J1978 Orthomor-
phina challengeriana (Thalmann) — Boltovskoy, PL 5:16—
17. 01989 Orthomorphina challengeriana (Thalmann) —
Hermelin, p. 44, Pl 4:20.

Description. — Test free, uniseral, straight; chambers
inflated. Sutures distinct. Wall calcareous, perforate,
ornamented with several longitudinal costae. Aperture
terminal, central, rounded, on a short neck, with a rim.

Distribution at Sites 502A and 503B. — Orthomorphina
challengeriana is a rare species with scattered occurrences
at Site 502A. At Site 503B it is represented by only one
specimen at 56.89 m.

Orthomorphina jedlitschkai
(Thalmann, 1937)

Synonymy. — 11937 Nodogenerina jedlitschkai —Thal-
mann, p. 341. 01952 Orthomorphina jedlitschkai (Thal-
mann) — Stainforth, pp. 8-9, Text-fig. 1:V. J1960 Ortho-
morphina jedlitschkai (Thalmann) — Barker, p. 130, PL
62:1-2. (11989 Orthomorphina jedlitschkai (Thalmann) —
Hermelin, p. 44.

Description. — Test free, uniserial, straight; chamber
inflated, generally widest in the middle part of the test.
Chambers distinct, sudden changes in the size of the
chambers occur. Wall calcareous, smooth, finely perfo-
rate. Aperture terminal, rounded.

Distribution at Sites 502A and 503B. — Orthomorphina
jedlitschkai was found in only one sample at Site 502A
(72.39 m), but was absent at Site 503B.

Orthomorphina sp. 1

Fig. 15F

Description. — Test free, uniserial. Chambers inflated, dis-
tinct, sudden changes in the size of the chambers occur.
Wall calcareous, finely perforate, ornamented with short
spines. Aperture terminal, rounded.
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Distribution at Sites 502A and 503B. — Orthomorphina
sp. 1is a veryrare species at Site 502A and is absent at Site
503B.

Family Vaginulinidae Reuss, 1860

Subfamily Lenticulininae Chapman, Parr
& Collins, 1934

Genus Lenticulina Lamarck, 1804

Lenticulina atlantica (Barker, 1960)
Fig. 15G-H

Synonymy. —J1923 Cristellaria lucida n.sp. — Cushman,
p. 111, Pl 30:2. 0J1960 Robulus atlanticus nom.nov. —
Barker, p. 144, Pl 69:10-12. (J1964 Lenticulina atlantica
(Barker) — Akers & Dorman, p. 40, Pl 4:13-14. (11985
Lenticulina atlantica (Barker) — Kohl, pp. 46-47, P1. 10:1-
2.[01989 Lenticulina atlantica (Barker) — Hermelin, p. 44,
Pl. 5:5-6.

Description. — Test free, planispiral, involute, circular in
side view, biconvex in transverse section, periphery
keeled. Sutures slightly curved and depressed, extending
to edge of transparent area in umbilicus. Wall calcareous,
hyaline, smooth, finely perforate. Aperture radiate, at
peripheral angle, with a vertical robuline slit extending
downward in the apertural face.

Ecology. — In the Sulu Sea, Lenticulina generally has its
maximum abundance in the 0-1 cm interval and are char-
acterized as epifaunal species (Rathburn & Corliss 1994).

Distribution at Sites 502A and 503B. — Lenticulina atlan-
tica is well represented at Site 502A and exhibits a more
scattered occurrence at Site 503B.

Family Polymorphinidae
d’Orbigny, 1839

Subfamily Polymorphininae
d’Orbigny, 1839

Polymorphinidae, formae fistulosae
Fig. 151

Synonymy. —[J1989 Polymorphinidae, formae fistulosae
Hermelin, p. 45, PL. 5:10-11.
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Description. — Test free, elongate, ‘wild-growing’ form.
Wall calcareous, hyaline, densely ornamented with short
spines. Aperture multiple, rounded, on short necks irreg-
ularly located on ultimate chamber.

Distribution at Sites 502A and 503B. — This species is very
rare at both Site 502A and Site 503B with few occurrences.

Genus Pyrulina d’Orbigny, 1839

Pyrulina extensa (Cushman, 1923)
Fig. 15]

Synonymy. —[J1923 Polymorphina extensa sp.nov. —
Cushman, p. 156, PL 2104. 01930 Pyrulina
extensa(Cushman) — Cushman & Ozawa. (1960 Pyrulina
extensa(Cushman) — Barker, p. 152, P1. 73:18-19.

Description. — Test free, elongate, 1.5-2.5 times as long as
wide. Sutures distinct, slightly depressed. Wall calcareous,
perforate, ornamented with small spines, especially on the
apertural half of the test. Aperture terminal, on a short
neck.

Distribution at Sites 502A and 503B. — Pyrulina extensa is
a very rare species with few occurrences at both Site 502A
and Site 503B.

Pyrulina fusiformis (Roemer, 1884)

Fig. 15K

Synonymy. — 11884 Polymorphina soraria var. cuspidata
n.sp. — Brady, p. 563, Pl. 71:17-19. (J1930 Pyrulina fusi-
formis (Roemer) — Cushman & Ozawa, p. 55, Pl. 13:3, 4,
5, 6, 7, 8. 01990 Pyrulina fusiformis (Roemer) — Thomas
et al., p. 228.001990 Pyrulina fusiformis (Roemer) — Ujiié,
p. 21, PL 6:12a-b.

Description. — Test free, fusiform, almost circular in cross-
section. Chambers elongate, arranged in early triserial
series, later biserial. Wall calcareous, hyaline. Sutures
flush with surface. Aperture radiate.

Distribution at Sites 502A and 503B. — Pyrulina  filiformis
is a rare species with scattered occurrences.

Pyrulina gutta d’Orbigny
Fig. 15L
Synonymy. — (31826 Polymorphina (Pyruline) gutta -

d’Orbigny, p. 267. 1989 Pyrulina gutta d’Orbigny, 1826
— Hermelin, p. 45, P1. 5:13.
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Description. — Test free, fusiform; chambers biserial. Wall
calcareous, hyaline. Sutures flush with surface. Aperture
radiate.

Distribution at Sites 502A and 503B. — Pyrulina gutta is
represented by a single specimen at Site 502A (80.46 m).
Itisabsentat Site 503B.

Genus Pyrulinoides Marie, 1941

Pyrulinoides sp. 1

Fig. 16A

Synonymy. — 1989 Pyrulinoides sp. 1 — Hermelin, p. 45,
Pl. 5:14

Description. — Test free, elongate, acuminate towards
both ends, almost circular in transverse section. Cham-
bers biserially arranged, embracing. Wall calcareous, hya-
line. Sutures flush with surface. Aperture radiate.

Distribution at Sites 502A and 503B. — Pyrulinoides sp. 1 is
represented by scattered occurrences.

Pyrulinoides sp. 2

Fig. 16B

Synonymy. — 01989 Pyrulinoides sp. 2 — Hermelin, p. 45,
Pl. 5:15.

Description. — Test free, elongate, acuminate towards
both ends, slightly compressed. Chambers biserially
arranged. Sutures flush with surface. Wall calcareous,
hyaline. Aperture radiate.

Distribution at Sites 502A and 503B. — Pyrulinoides sp. 2 is
ararespecies at both Site 502A and Site 503B.

Pyrulinoides sp. 3

Fig. 16C

Description. — Test free, elongate, acuminate towards
both ends, almost circular in cross-section. Chambers
biserially arranged. Sutures flush with surface. Wall cal-
careous, hyaline. Aperture radiate.

Neogene benthic foraminifera 37

Fig. 16. Scale bar 100 um. OA. Pyrulinoides sp. 1, Side view, Hole 503B, 51.96 m.[OB. Pyrulinoides sp. 2, Side view, Hole 503B, 68.95 m. OOC. Pyrulinoides
sp. 3, Side view, Hole 502A, 77.69 m. OD. Saracenaria italica Defrance, Side view, Hole 503B, 45.80 m. OE. Saracenaria latifrons (Brady), Side view, Hole
503B, 48.88 m. OOF. Marginulina? sp., Side view, Hole 5024, 80.46 m. JG. Entomorphinoides? aff. separata McCulloch, Side view, Hole 5024, 68.42 m.
OH. Glandulina laevigata d’Orbigny, Side view, Hole 503B, 72.03 m. OI. Fissurina cf. capillosa Schwager, Side view, Hole 502A, 71.42 m. (J] Fissurina

collifera Buchner, Side view, Hole 5024,
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Distribution at Sites 502A and 503B. — Pyrulinoides sp. 3 is
represented by a single specimen at Site 502A at 77.69 m.
It is absent at Site 503B.

Genus Saracenaria Defrance, in
Blaineville, 1824

Saracenaria italica Defrance, 1824
Fig. 16D

Synonymy. — 11824 Saracenaria italica n.sp. — Defrance,
in Blaineville, p. 176, Pl. 13:6. (01923 Cristallaria italica
(Defrance) — Cushman, p. 125, PL 35:2, 5-7. (J1941b
Saracenaria italica Defrance, 1824 — Leroy (part), p. 76,
Pl 7:21-22 (not Pl. 7:23-24). (01958 Saracenaria italica
Defrance var. carapitana Franklin Defrance, 1824 -
Becker & Dusenbury, p. 22, PL 2:14a-b. (not Sarace-
naria carapitana Franklin, 1944). (01959 Saracenaria
italica Defrance, 1824 — Dieci, p. 46, Pl 4:3. [J1960
Saracenaria italica Defrance, 1824 — Barker, p. 144, PL
68:17, 18, 20-23. (01964 Saracenaria italica Defrance,
1824 — Akers & Dorman, p. 52, Pl. 6:20-22. J1976
Saracenaria italica Defrance, 1824 — Todd & Low, p. 24,
Pl. 3:8a-b. (01985 Saracenaria italica Defrance, 1824 —
Kohl, p. 49, Pl 11:3-4.

Description. — Test free, large, initial portion closely
coiled, planispiral, evolute, periphery subangular, trian-
gular in cross-section, with broad, flat, apertural face.
Chambers slightly inflated, rapidly increasing in size as
added. Sutures distinct, gently curved. Wall calcareous,
hyaline, smooth, finely perforate. Aperture radiate, at
peripheral angle.

Remarks. — Saracenaria italica is larger in size and has
sharper lateral edges than Saracenaria latifrons.

Distribution at Sites 502A and 503B. — Saracenaria italica
is a rare species with few occurrences at both investigated
sites.

Saracenaria latifrons (Brady, 1884)

Fig. 16E

Synonymy. — 1884 Cristellaria latifrons n.sp. — Brady, p.
544, Pl. 68:19, P1. 113:11a-b. (11948 Saracenaria latifrons
(Brady) — Renz, p. 162, Pl. 5:22. (11949 Saracenaria lati-
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frons (Brady) — Bermudez, p. 154, Pl. 8:57-58. (11956
Saracenaria latifrons (Brady) — Asano, p. 8, PL 3:19.
J1964 Saracenaria latifrons (Brady) — Leroy, p. 25, PL
3:36. J1985 Saracenaria latifrons (Brady) — Kohl, 49, Pl.
11:5-6.

Description. —Test free, planispiral, early portion coiled
and compressed, involute, later uncoiling and flaring,
dorsal margin angular, lateral edges rounded, triangular
in cross-section, broadest near middle, tapering toward
the aperture. Chambers 10-12 in the adult stage, initial
chambers closely coiled, later long and narrow. The last
four chambers making up two-thirds of the test. Sutures
distinct, flush with surface, curved. Wall calcareous, hya-
line, smooth, finely perforate. Aperture terminal, radiate,
at peripheral angle.

Distribution at Sites 502A and 503B. — Saracenaria  lati-
frons is represented by a single specimen at Site 503B
(33.28 m). It is absent at Site 502A.

Subfamily Marginulininae
Wedekind, 1937

Genus Marginulina d’Orbigny, 1826

Marginulina obesa Cushman, 1923

Synonymy. —[1826  Marginulina  glabra n.sp. -
d’Orbigny, p. 259, Modele no. 55. 01913 Marginulina
glabra d’Orbigny, 1826 — Cushman p. 79, PL. 23:3. 01923
Marginulina glabra d’Orbigny var. obesa — Cushman, p.
128, P1. 37:1. 01950 Marginulina glabra d’Orbigny, 1826
— Cushman & McCulloch (part), p. 308, P1. 40:6 (not Pl.
40:7-8) (not d’Orbigny, 1826). 01960 Marginulina obesa
Cushman, 1923 - Barker, p. 136, P1. 65:5-6. (11974 Mar-
ginulina obesa Cushman, 1923 — LeRoy & Levinson, p. 8,
Pl. 4:3-4. (01985 Marginulina obesa Cushman, 1923 —
Kohl, p. 51, Pl 12:3. 01990 Marginulina obesa Cushman,
1923 — Thomas, p. 227. 01990 Marginulina obesa Cush-
man, 1923 — Ujiié, p. 20, PL. 6:2a-b; 3.

Description. — Test free, elongate, early portion slightly
coiled, latter portion rectilinear, rounded in cross-sec-
tion. Chambers inflated, 56 in the adult. Sutures indis-
tinct, slightly depressed on few chambers. Wall calcare-
ous, finely perforate, smooth. Aperture radiate, with a
short neck.
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Distribution at Sites 502A and 503B. — Only one specimen
of this species was encountered at Site 502A (46.87 m),
whereas it was not observed in the census counts of Site
503B.

Marginulina? sp.
Fig. 16F

Synonymy. — 1990 Marginulina? sp. — Ujiié, p. 21, Pl.
6:8; 9a-b.

Description. — Test  free, elongate, biserial, tapering
toward each end, circular in transverse section, broadest
at the middle of the test. Chambers strongly overlapping
and increasing in size. Sutures distinct, flush with surface.
Wall calcareous, smooth, finely perforate. Aperture ter-
minal, central, radiate, with short neck.

Distribution at Sites 502A and 503B. — Marginulina? sp. is
a rare species with few occurrences at Site 502A. It is
absent at Site 503B.

Entomorphinoides? aft. separata
McCulloch, 1977

Fig. 16G

Synonymy. —U1977 Entomorphinoides (2) separata —
McCulloch, p. 213, PL. 87:15, 31-35, 37. (J1990 Entormor-
phinoides aff. separata McCulloch, 1977 - Ujiié, p. 21, PL
7:1a-b; 2.

Description. — Test free, compressed, elongate, both ends
broadly rounded, length about twice as long as broad,
almost uniform width, periphery smooth, rounded.
Chambers distinct, alternating in a modified biserial
organisation with anterior end a shallow uniserial form,
posterior end tapering, embracing preceding chambers
laterally, ending at center basally. Wall calcareous, thin,
hyaline, finely perforate. Aperture fissurine with weak
dentition at inner margin of lips, which are flush with
contour of anterior end, entosolenian tube short, cen-
tered.

Remarks. — The specimens in this study more closely
resemble the ones described by Ujiié (1990) than those of
the typical species.

Distribution at Sites 502A and 503B. — Entomorphinoides?
aff. separata is a very rare species with few occurrences at
Site 502A. It is absent at Site 503B.
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Family Glandulinidae Reuss, 1860
Subfamily Glandulininae Reuss, 1860

Genus Glandulina d’Orbigny, 1839

Glandulina laevigata d’Orbigny, 1826

Fig. 16H

Synonymy. — (31826 Nodosaria (Glanduline) laevigata
sp.nov. — d’Orbigny, p. 252, PL. 10:1-3. 01923 Nodosaria
(Glandulina) laevigata d’Orbigny, var. torrida Cushman,
p. 65, PL. 12:10. 001930 Glandulina laevigata d’Orbigny —
Cushman & Ozawa, p. 143, Pl 40:1a-b. (J1933¢ Glan-
dulina laevigata d’Orbigny — Cushman, p. 41, P1. 9:14a-b.
01945 Glandulina laevigata d’Orbigny — Cushman &
Todd, p. 34, PL 5:19. 01953 Glandulina laevigata
d’Orbigny — Loeblich & Tappan, p. 81, Pl 16:2-5. [J1958
Glandulina laevigata d’Orbigny — Becker & Dusenbury, p.
25, PL. 3:23. (31960 Rectoglandulina torrida (Cushman) —
Barker, p. 128, PL 61:20-22. (J1964 Rectoglandulina laevi-
gata (d’Orbigny) — Leroy, p. 23, Pl 14:29-30. [J1985
Glandulina laevigata d’Orbigny — Kohl, p. 54, PL. 14:2.
01985 Glandulina laevigata d’Orbigny — Taylor et al., p.
20, PL. 1:1-4. 01990 Pandaglandulina torrida (Cushman)
— Ujiié, p. 21, PL. 6:4a-b, 5, 6.

Description. — Test free, elongate to ovate, tapering
toward each end, circular in cross-section. Chambers in
early portion biserially arranged and later uniserial,
strongly overlapping and rapidly increasing in size as
added. Sutures distinct, flush with surface. Wall calcare-
ous, generally opaque except for narrow hyaline band
adjacent to aperture, smooth or slightly striated. Aperture
terminal, central, radiate, with short, straight entosole-
nian tube.

Remarks. — The major characteristics of this species are
the initial biserial stage of the microspheric form and the
short, straight entosolenian tube.

Distribution at Sites 502A and 503B. — Only one specimen
of this species was encountered at Site 503B (72.03 m),
whereas it was not observed in the census counts of Site
502A.
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Subfamily Oolininae Loeblich &
Tappan, 1961

Genus Fissurina Reuss, 1850

The genus Fissurina has typically a compressed test, which
is rounded to ovatein outline and may posses a keel. The
aperture may be slitlike to oval or rounded with an en-
tosolenian tube projecting inward from the aperture.

Fissurina auriculata (Brady, 1881)

Synonymy. — 1881 Lagena auriculata n.sp. — Brady, p.
61. (J1884 Lagena auriculata Brady, 1881 — Brady (part),
p. 487, P1.60:29 (not 31, 33). 01960 Fissurina auriculata
(Brady) — Barker, p. 126, PL. 60:29. (31982 Fissurina auric-
ulata auriculata (Brady) — Boltovskoy & de Kahn, p. 423,
P1.1:23-26. 1989 Fissurina auriculata (Brady) — Herme-
lin, p. 46, PL. 6:2-3.

Description. — Test free, unilocular, pyriform, slightly
compressed, with an elliptic tube at the periphery on each
side of the base. Wall calcareous, smooth, hyaline, finely
perforate. Aperture terminal, rounded.

Distribution at Sites 502A and 503B. — Fissurina — auricu-
lata is a rare species with few occurrences at both Site
502A and Site 503B.

Fissurina cf. capillosa Schwager
Fig. 161

Synonymy. — 1986 Fissurina capillosa (Schwager) —
Boersma, p. 1019, PL 4:6-7. (31989 Fissurina cf. F. capil-
losa Schwager — Hermelin, p. 46, Pl. 6:4-5.

Description. — Test free, unilocular, pyriform, com-
pressed, ovate central body, very wide peripheral keel.
Wall calcareous, hyaline, inner part of keel and base of the
neck ornamented with a reticulate pattern. Aperture ter-
minal, rounded.

Remarks. — These specimens of Fissurina capillosa are very
similar to the specimen figured by Hermelin (1989) in
having ornamentation along the entire margin, but not
along the central body as in the type specimen. I suggest
that this difference represents phenotypic variation
within Fissurina capillosa.

Distribution at Sites 502A and 503B. — Fissurina cf. capil-
losa is a rare species with scattered occurrences at both
Site 502A and Site 503B. It is more abundant at Site 502A
than at Site 503B.
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Fissurina castrensis (Schwager, 1866)

Synonymy. — 01866 Lagena castrensis — Schwager, p. 208,
Pl. 5:22. (J1989 Fissurina castrensis (Schwager) — Herme-
lin, p. 46, PL. 6:6-7.

Description. — Test free, unilocular, circular at the central
part of the test, compressed, three parallel keels encircle
the test, median keel with short spines in the basal part.
Wall calcareous, hyaline, finely perforate. Aperture termi-
nal, round, on a short ornamented neck.

Remarks. — The specimens of F. castrensis encountered in
this investigation at Sites 502A and 503B, resemble in
most, aspectsthat figured by Hermelin (1989) but are not
ornamented with spines in the central part of the test.
This probably represents phenotypic variation without
taxonomic significance.

Distribution at Sites 502A and 503B. — Fissurina castrensis

is a rare species with scattered occurrences in both Site
502A and Site 503B.

Fissurina clathrata (Brady, 1884)

Synonymy. — 11884 Lagena clathrata n.sp. — Brady, p.
484, PlL. 60:4. 1901 Lagena orbignyana (Seguenza) var.
clathrata Brady — Millett, p. 628, P1. 14:23. 01913 Lagena
orbignyana (Seguenza) var. clathrata Brady — Cushman, p.
44, PL. 11:4. 01933c Lagena orbignyana (Seguenza) var.
clathrata Brady — Cushman, p. 28, PL. 7:6, 72. 01950 Fis-
surina clathrata (Brady) — Parr, p. 310. 0J1960 Fissurina
clathrata (Brady)- Barker, p. 124, Pl. 60:4.

Description. — Test free, unilocular, with a central body
and a broad peripheral keel, compressed, ovate in cross-
section, body circular in side view, keel thin at base, thick-
ening toward the apertural end and forming a bulbous
structure. Wall calcareous, hyaline, smooth, finely perfo-
rate, central body ornamented with longitudinal costae.

Remarks. — Fissurina clathrata has been regarded as a vari-
ety of Fissurina orbignyana (Seguenza).

Distribution at Sites 502A and 503B. — Fissurina clathrata
is a very rare species with only a few occurrences at Site
502A. It is absent at Site 503B.

Fissurina collifera Buchner, 1940
Fig. 16]

Synonymy. — 01940 Fissurina pseudoorbignyana Buchner,
forma collifera — Buchner, pp. 460-461, Pl. 10:159-160.
01990 Fissurina cf. collifera Buchner — Ujiié, pp. 25-26,
Pl. 9:2a-b.
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Description. — Test free, unilocular, with a central body
and a broad peripheral keel, ovate in cross-section, body
circular in side view, keel thin, the apertural end and
forming a bulbous structure. Wall calcareous, hyaline,
smooth, finely perforate.

Distribution at Sites 502A and 503B. — Fissurina collifera is
represented by a single specimen at Site 502A at 111.48 m.
[t is absent at Site 503B.

Fissurina crebra (Matthes, 1960)

Synonymy. — 1960 Fissurina crebra (Matthes) — Barker,
p. 122, PL. 59:6a-b. (1982 Fissurina crebra (Matthes) —
Boltovskoy & de Kahn, p. 424, Pl. 2:17-20. (J1989 Fissu-
rina crebra (Matthes) — Hermelin, p. 47, Pl. 6:11-12.
0J1990 Fissurina crebra (Matthes) — Ujiié, p. 26, P1. 9:5a-b.

Description. — Test free, unilocular, compressed, ovate in
side view, periphery with a narrow keel, pointed base.
Wall calcareous, hyaline, smooth, finely perforate. Aper-
ture terminal, elliptical, at end of short neck.

Distribution at Sites 502A and 503B. — Fissurina crebra is
absent at Site 502A and is a very rare species with only a
few occurrences at Site 503B (above 64.85 m).

Fissurina fimbriata (Brady, 1881)

Fig. 17A-B, F

Synonymy. — 1881 Lagena fimbriata n.sp. — Brady, p. 61.
(J1884 Lagena fimbriata Brady, 1881 — Brady, pp. 486—
487, Pl. 60:26-28. 01913 Lagena fimbriata Brady, 1881 —
Cushman, p. 30, PL 14:8. (01931 Lagena (Entosolenia)
fimbriata Brady — Wiesner, p. 122, P1. 19:232. (11950 Fis-
surina fimbriata (Brady) — Parr, p. 307. 01960 Fissurina
fimbriata (Brady)- Barker, p. 126, Pl. 60:16-28. (11982
Fissurina fimbriata (Brady) F. typica Boltovskoy & de
Kahn, p. 425, PL. 3:13-14. 01989 Fissurina fimbriata
(Brady) — Hermelin, p. 47, Pl 6:15-16.

Description. — Test free, unilocular, pyriform, rounded,
broad at the base, slightly compressed, a thin vertical
structure, often with a very fine longitudinal striation,
encircles the oval base. Aperture terminal, rounded.

Distribution at Sites 502A and 503B. — Fissurina fimbriata
is a rare species at Site 502A, occurring in many samples
but in low abundances mainly above 112.42 m. It is rep-
resented by only one specimen at Site 503B (63.27 m).
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Fissurina kerguelenensis Parr, 1950
Fig. 17C

Synonymy. — (31950 Fissurina kerguelenensis n.sp. — Parr,
p. 305, PL. 8:7a-b. (1960 Fissurina kerguelenensis Parr,
1950 — Barker, p. 122, PL. 59:8-11. (01982 Fissurina sta-
phyllearia staphyllearia (Schwager) — Boltovskoy & de
Kahn, p. 431, Pl. 7:13-14 (not Fissurina staphyllearia
Schwager, 1866). (11989 Fissurina kerguelenensis Parr,
1950 — Hermelin, p. 48, Pl 6:17-18.

Description. — Test free, unilocular, compressed, rounded
in side view, slightly produced apertural end, a keel
extends around the test, 3-10 spines at the basal part of
the test. Wall calcareous, hyaline, smooth, finely perfo-
rate, transparent. Aperture a narrow slit in the plane of
compression.

Distribution at Sites 502A and 503B. — Fissurina  kergue-
lenensis is a veryrare species with few occurrences at both
investigated sites.

Fissurina marginata (Montagu, 1803)
Fig. 17D-E

Synonymy. — 01784 Serpula (Lagena) marginata — Walker
& Boys, p. 2, PL. 1:7 [nomen nudum]. (31803 Vermiculum
marginatum — Montagu, p. 524. (refer to Walker & Boys,
1784, pl. 1:7). 1884 Lagena marginata (Walker & Boys)
[sic] — Brady (part), pp. 476-477, Pl 59:21-22 (not 23).
001941 Fissurina marginata (Walker & Boys) [sic].— Gallo-
way & Heminway, p. 353, PL. 11:4a-b. (01953 Fissurina
marginata (Montagu) — Loeblich & Tappan, p. 77, PL
14:6-9. 01964 Fissurina marginata (Walker & Boys) [sic]
— Feyling-Hanssen, p. 315, Pl. 15:22. 01985 Fissurina
marginata (Montagu) — Hermelin & Scott, p. 208, P1. 2:17.
0J1985 Fissurina marginata (Montagu) — Kohl, pp. 55-56,
Pl. 15:5a-b. (01989 Fissurina marginata (Montagu) — Her-
melin, p. 48, PL. 7:1-2.

Description. — Test free, unilocular, compressed, round to
ovate in side view with a slightly produced apertural neck,
periphery with a thin keel. Entosolenian tube running
from aperture along wall of central body down to basal
part of test. Wall calcareous, hyaline, smooth, finely per-
forate. Aperture terminal, on short neck, rounded.

Remarks. — According to Hermelin (1989) Fissurina mar-
ginata has incorrectly been accredited to Walker & Boys
(1784) by many authors. Since Walker & Boys (1784) did
not follow the convention of binominal nomenclature,
their specific names should be rejected (ICZN, 1959).

Distribution at Sites 502A and 503B. — Fissurina margin-
ata occurs in many samples throughout the studied inter-
val of both sites, but in relatively low abundances.
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Fig. 17. Scalebar 100 um. A, B, F. Fissurina fimbriata (Brady); A, Side view, Hole 5024, 64.51 m; B, Edge view, Hole 503B, 63.27 m; C, Side view, Hole
502A, 84.96 m. OJC. Fissurina kerguelenensis Parr, Side view, Hole 5024, 83.99 m. 0D, E. Fissurina marginata (Montagu); E, Side view, Hole 5024, 90.94
m; F, Edge view, Hole 5024, 98.81 m. UJG. Fissurina semimarginata (Reuss), Side view, Hole 502A, 49.67 m. UH, 1. Fissurina wiesneri Barker; H, Side
view, Hole 5024, 64.51 m; I, Side view, Hole 5024, 91.85 m. (J]. Oolina alifera (Reuss), Side view, Hole 5024, 66.51 m. OK. Oolina desmophora (Jones),
Side view, Hole 503B, 65.37 m. OJL. Oolina globosa (Montagu), Side view, Hole 502A, 125.35 m. (OM. Oolina setosa (Earland), Side view, Hole 502A,
66.51 m. CIN. Oolina sp. 1, Side view, Hole 502A, 108.66 m.

Fissurina semimarginata (Reuss, 1870)
Fig. 17G

Synonymy. — (1870 Lagena sp. (Nos. 64-65) — von
Schlict, p. 11, PL. 4:4-6, 10-12. (01870 Lagena marginata
Williamson var. semimarginata — Reuss, p. 468. (11884
Lagena marginata Williamson var. semimarginata Reuss,
1870 — Brady, p. 446, P1. 59:17, 19. 01931 Lagena (Entoso-
lenia) marginata var. semimarginata Reuss — Wiesner, p.
120, PL. 19:224. 1953 Fissurina semimarginata (Reuss) —

Loeblich & Tappan, p. 78, Pl. 14:3. 01960 Fissurina semi-
mar ginata (Reuss) — Barker, p. 122, P1. 59:17-18.

Description. — Test free, unilocular, compressed, ovate in
outline, with rounded base. Wall calcareous, finely and
distinctly perforate, surface smooth, with a slight mar-
ginal keel in the upper part. Aperture elongate, produced
on a clear necklike extension of the chamber, and with a
long entosolenian tube attached to the wall of the central
body.
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Distribution at Sites 502A and 503B. — Fissurina semima-
rginata occurs in many samples at Site 502A but in rela-
tively low abundances. It is rare with few occurrences at
Site 503B.

Fissurina wiesneri Barker, 1960
Fig. 17H-1

Synonymy. — 11960 Fissurina wiesneri nom.nov. — Barker,
p. 124, P1. 59:23. (01989 Fissurina wiesneri Barker, 1960 —
Hermelin, pp. 49-50, PL 7:10. (J1990 Fissurina wiesneri
Barker, 1960 — Ujiié, p. 26, Pl. 9:3a-b; 4a-b.

Description. — Test free, unilocular, central body round,
compressed, a very wide keel encirles the test. Wall calcar-
eous, hyaline, smooth, finely perforate. Aperture termi-
nal, rounded, on a neck as long as the keel is wide.

Remarks. — Characteristic for Fissurina wiesneri is the
wide keel, which surrounds the test.

Distribution at Sites 502A and 503B. — Fissurina  wiesneri
is a rare species with a few occurrences at both Site 502A
and Site 503B.

Genus Oolina d’Orbigny, 1839

Oolina alifera (Reuss, 1870)

Fig. 17]

Synonymy. — (1870 Lagena alifera nom.nov. — Reuss, p.
467, Text-figs. 15-16, 21-22. 01985 Oolina cf. alifera
(Reuss) — Kohl, p. 57, PL. 16:2. 01989 Oolina alifera
(Reuss) — Hermelin, p. 55, P1. 10:1.

Description. — Test free, unilocular, rounded in cross-sec-
tion, elliptical in side view, base slightly truncated. Wall
calcareous, hyaline, finely perforate, ornamented with
five to six prominent longitudinal costae, originating at a
ring at the base and merging into a smooth collar. Aper-
ture terminal, round opening at the end of a short neck
that projects from the collar, with a short entosolenian
tube projecting into the chamber.

Remarks. — The original Oolina alifera differs from the
recently described Oolina cf. alifera (Kohl, 1985) in hav-
ing fewer costae, 8—9 rather than 12-15. Because of this
difference, some of the specimens found in this study may
be classified as Oolina cf. alifera, but no separate taxo-
nomic status is given to this form here.

Distribution at Sites 502A and 503B. — Oolina alifera is a
rare species with few occurrences above 66.51 m at Site
502A. It is absent at Site 503B.
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Oolina desmophora (Jones, 1874)

Fig. 17K

Synonymy. — 11874 Lagena vulgaris Williamson var. des-
mophora — Jones, p. 54, Pl. 19:23-24, [(J1884 Lagena
desmophora Jones — Brady, pp. 468—469, Pl. 58:42—43.
(01921 Lagena desmophora Jones — Cushman, p. 27, Pls.
12:5a-b; 13:3a-b. 0J1960 Oolina desmophora (Jones) —
Barker, p. 120, PL 58:42-43. (J1982 Lagena desmophora
Jones — Boltovskoy & de Kahn, p. 434, PL 9:1-3. (J1989
Oolina desmophora (Jones) — Hermelin, p. 55, P1. 10:2-3.
01990 Oolina desmophora (Jones) — Ujiié, pp. 21-22, Pl.
5:10.

Description. — Test free, unilocular, pyriform, rounded in
cross-section. Wall calcareous, hyaline, ornamented with
five to seven longitudinal costae with depressions at regu-
lar intervals in the lower one-half of the test; in between is
a secondary costa, which often branches into two. Aper-
ture terminal, round on along neck, with an entosolenian
tube.

Distribution at Sites 502A and 503B. — Oolina desmophora
is absent at Site 502A and is represented by a single speci-
men at Site 503B (65.37 m).

Oolina globosa (Montagu, 1803)

Fig. 17L

Synonymy. — 11803 Vermiculum globosum — Montagu, p.
503. 01950 Oolina globosa (Montagu) — Parr, p. 302.
01960 Oolina globosa (Montagu) — Barker, p. 114, Pl
56:1-3. 1981 Oolina globosa (Montagu) — Cole, pp. 75—
76, P1. 19:8. 1J1982 Oolina globosa (Montagu) f. typica —
Boltovskoy & de Kahn, p. 442, Pl. 12:16-18. 1989 Oolina
globosa (Montagu)— Hermelin, p. 56, PL. 10:4. (J1990
Oolina globosa (Montagu)— Ujiié, p. 22, PL. 7:6.

Description. — Test free, unilocular, circular in cross-sec-
tion, oval in side view. Wall calcareous, hyaline, smooth.
Aperture terminal, with an entosolenian tube extending
into the chamber.

Distribution at Sites 502A and 503B. — Oolina globosa is a
rare species with few occurrences at both investigated
sites.

Oolina setosa (Earland, 1934)

Fig. 17M

Synonymy. — 11934 Lagena globosa (Montagu) var. setosa
— Earland, p. 150, PL 6:52. J1960 Oolina globosa (Mon-
tagu) var. setosa (Earland) — Barker, p. 116, Pl. 56:33-35.
01964 Oolina globosa (Montagu) var. setosa [sic] (Ear-
land) — Leroy, p. 26, Pl. 13:44. (01982 Oolina globosa
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(Montagu) var. setosa (Earland) — Boltovskoy & de Kahn,
p. 442, P1. 12:19. 31985 Oolina setosa (Earland) — Kohl, p.
58, P1. 16:6. 01989 Oolina setosa (Earland) — Hermelin, p.
57, PL. 10:6.

Description. — Test free, unilocular, subcircular to ovate in
side view, circular in cross-section. Wall calcareous, hya-
line, body smooth, finely perforate, base ornamented with
irregularly arranged short spines. Aperture terminal with
an elliptical opening.

Distribution at Sites 502A and 503B. — Oolina setosa is a
rare species with few occurrences above 72.39 m at Site
502A and below 73.82 m at Site 503B.

Oolina sp. 1

Fig. 17N

Description. — Test free, unilocular, elongate, circular in
cross-section, oval in side view, widest below the middle
of the test. Wall calcareous, hyaline, smooth. Aperture
terminal, with an entosolenian tube extending into the
chamber.

Distribution at Sites 502A and 503B. — Oolina sp. 1 is a
rare species with few occurrences at both investigated
sites.

Genus Parafissurina Parr, 1947

The genus Parafissurina has a test with a single ovate
chamber, which is often compressed, with a subterminal
arched aperture at one side of the test with an overhang-
ing hoodlike extension of the test wall.

Parafissurina sublata Parr, 1950
Fig. 18A

Synonymy. — 1950 Parafissurina sublata n.sp. — Parr, p.
319, PL. 10:11a—c. (31982 Parafissurina sublata Parr, 1950
- Boltovskoy & de Kahn, p. 446, P1. 15:5. (11989 Parafis-
surina sublata Parr, 1950 — Hermelin, p. 57, Pl 10:8.

Description. — Test free, unilocular, circular, compressed
in cross-section, with a narrow peripheral keel. Wall cal-
careous, hyaline, smooth. Aperture a hooded slit at one
side of the test that extends to the base of the testalong the
center of the wall.

Distribution at Sites 502A and 503B. — Only one specimen
of this species was encountered at Site 502A (133.26 m). It
is rare with few occurrences at Site 503B.
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Parafissurina tectulostoma Loeblich &
Tappan, 1953

Synonymy. — 01953 Parafissurina tectulostoma n.sp. —
Loeblich & Tappan, p. 81, PL 14:17a—c. (J1981 Parafissu-
rina tectulostoma Loeblich & Tappan, 1953 — Cole, p. 85,
Pl. 19:36. (J1982 Parafissurina tectulostoma Loeblich &
Tappan, 1953 — Boltovskoy & de Kahn, p. 446, PL. 15:8-9.
01989 Parafissurina tectulostoma Loeblich & Tappan,
1953 — Hermelin, p. 57, PL. 10:9. (J1990 Parafissurina tec-
tulostoma Loeblich & Tappan, 1953 — Thomas et al., p.
227,PL.5:9.

Description. — Test free, unilocular, elongate, rounded in
cross-section, widest below the middle part of the test.
Wall calcareous, hyaline, smooth. Aperture a hooded sub-
terminal slit with an entosolenian tube extending down to
about one-half the length of the test.

Distribution at Sites 502A and 503B. — Parafissurina tectu-
lostoma is represented by a single specimen at Site 502A
(47.76 m) and is absent at Site 503B.

Parafissurina tricarinata Parr, 1950

Synonymy. — 01950 Parafissurina tricarinata n.sp. — Parr,
pp- 319-320, Pl. 10:16-18. (31989 Parafissurina tricari-
nata Parr, 1950 — Hermelin, pp. 57-58, PL. 10:10.

Description. — Test free, unilocular, compressed, ovate in
cross-section, circular in side view. Wall calcareous, hya-
line, smooth, finely perforate, periphery with distinct
keel, and two additional keels on the lower part of the test,
one on either side. Aperture terminal, slit-like, slightly
curved on one side and with a raised lip on either edge, lip
on one side slightly higher than the other, with short
entosolenian tube.

Distribution at Sites 502A and 503B. — Only one specimen
of this species was represented at Site 503B (56.39 m). It
was absent at Site 502A.

Parafissurina uncifera (Buchner, 1940)

Synonymy. — 11940 Lagena uncifera n.sp. — Buchner, p.
531, PL. 26:554-555. (01982 Parafissurina uncifera (Buch-
ner) — Boltovskoy & de Kahn, p. 446, Pl. 15:10-11. [J1982
Parafissurina uncifera (Buchner) — Hermelin, 1989, p. 58,
Pl 10:12-13.

Description. — Test free, unilocular, globular. Wall calcar-
eous, hyaline, smooth, thick. Aperture rounded, with a
raised rim which is extended on one side.
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Fig. 18. Scale bar 100 um. OA. Parafissurina sublata Parr, Side view, Hole 503B, 73.82 m. OJB. Parafissurina sp. 1 Hermelin, Side view, Hole 503B,
91.37 m.OC, D. Hoeglundina elegans (d’Orbigny); C, Spiral view, Hole 502A, 48.80 m; D, Umbilical view, Hole 502 A, 113.42 m. OE. Bolivina seminuda
Cushman, Side view, Hole 502A, 108.66 m. OF Bolivina subaenariensis (Cushman), Side view, Hole 5024, 135.33 m. OG. Siphonodosaria abyssorum
(Brady), Side view, Hole 503B, 76.36 m. (JH. Siphonodosaria consobrina (d’Orbigny), Side view, Hole 503B, 67.26 m. Ol Siphonodosaria lepidula
(Schwager), Side view, Hole 503B, 64.85 m. O], K. Bulimina alazanensis Cushman; J, Side view, Hole 5024, 78.45 m; K, Side view, Hole 5024, 78.45 m.
OL. Bulimina mar ginata (d’Orbigny), Side view, Hole 503B, 87.44 m. (OM. Bulimina translucens Parker, Apertural view, Hole 503B, 48.88 m.

Distribution at Sites 502A and 503B. — Parafissurina unci-
fera is represented by one single specimen at Site 502A
(77.69 m). It is rare with few occurrences at Site 503B.

Parafissurina sp. 1
Fig. 18B

Synonymy. — 11989 Parafissurina sp. 1 — Hermelin, p. 58,
Pl. 10:11.

Description. — Test free, unilocular, elongate, compressed
in transverse-section. The test is widest below the middle
part, and has a rounded base. Wall calcareous, hyaline,
smooth. Aperture hooded, with an entosolenian tube
extending down along the rear wall to about one-half the
length of the test.

Remarks. — Parafissurina sp. 1 differs from P. tectulostoma
in being compressed in cross-section rather than round
(Hermelin 1989).

Distribution at Sites 502A and 503B. — Parafissurina sp. 1
is a rare species with few occurrences.

Superfamily Robertinacea Reuss, 1850
Family Epistominidae Wedekind, 1937
Genus Hoeglundina Brotzen, 1948

Hoeglundina elegans (d’Orbigny, 1826)

Fig. 18C-D

Synonymy. — 01826 Rotalia (Turbinulina) elegans —
d’Orbigny, p. 276, Modeles no. 54 (figured in Parker,
Jones & Brady, 1871, Pl. 12:142). (01930 Epistomina ele-
gans (d’Orbigny) Cushman & Jarvis, p. 365, Pl. 34:1a—c.
0J1941a Epistomina elegans (d’Orbigny) — Leroy, p. 38, Pl
6:5-7. 1951 Epistomina elegans (d’Orbigny) — Asano, p.
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17:130-131. 01951 Hoglundina elegans (d’Orbigny) —
Phleger & Parker, p. 22, PL 12:1a-b. (01964 Hoglundina
elegans (d’Orbigny)- Leroy, p. 38, Pl 6:27-28. [J1966
Hoglundina elegans (d’Orbigny)— Belford, p. 190, PL. 36:.
01985 Hoglundina elegans (d’Orbigny)— Kohl, p. 59, Pl
14:4-5. (01990 Hoglundina elegans (d’Orbigny)- Thomas
etal., p. 227, PL. 7:12.

Description. — Test free, trochospiral, involute, biconvex
in cross-section; periphery with a keel, circular in side
view. Chambers distinct, 7-9 in the last whorl, increasing
gradually in size as added. Sutures distinct, flush with sur-
face, strongly oblique on the spiral side, obliquely radial
on the umbilical side. Wall calcareous, hyaline, finely per-
forate, smooth. Aperture an elongate slit, extending the
breadth of ultimate chamber and parallel to peripheral
margin on umbilical side.

Remarks. — Hoeglundina elegans (the type species for
Hoeglundina Brotzen 1948) has a characterisitic distinc-
tive supplementary aperture, which appears as an arched,
linear slit, extending the breadth of the final chamber, and
a smooth, large, keeled, thickly calcified, biconvex and
essentially imperforate test.

Ecology. — Hoeglundina elegans, the only widely distrib-
uted aragonitic deep-sea foraminifer, is widespread in the
Atlantic at depth ranging from 42 to 4,330 m (Phleger &
Parker 1951). In the western South Atlantic Ocean, it is
found at water depth between 2,500 and 3,500 m (Lohm-
ann 1978). In the Gulf of Mexico, its upper depth limit is
65 m (Parker 1954), in Florida Bay (Bock 1971) and on
the North Carolina shelf (Schnitker 1971). Pflum & Fre-
richs (1976) found H. elegans increase in size with
increased water depth; from about 1.0 mm in the middle
bathyal zone to about 2.0 mm in the lower bathyal and
abyssal zones in the Gulf of Mexico. Hoeglundina elegans
has previously been regarded as a marker for NADW,
where the salinity ranges between 34.5 and 35.8%o, and
the temperature from about 2 to 3°C (e.g., Lohmann
1978; Schnitker 1979; Murray 1991). Miller & Lohmann
(1982) found this species more abundant in areas with
high organic content in the sediment. On the Ontong Java
Plateau, H. elegans is reported to have its maxima in the
transitional between glacials and inglacials (Burke et al.
1993). The high abundance of Hoeglundina in the transi-
tional zone may reflect periods of increased carbonate
preservation (Burke et al. 1993); this species has an arag-
onatic shell (Bandy 1954). According to Burke (1981),
and Hermelin & Shimmield (1990) H. elegans is related to
low oxygen conditions and is also considered to be an epi-
faunal species that lives in the 0-1 c¢m interval (Corliss,
1985, 1991).

Distribution at Sites 502A and 503B. — Hoeglundina  ele-
gans is represented by only a few specimens at Site 502A.
It is absent at Site 503B.
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Superfamily Buliminacea Jones, 1875
Family Bolivinitidae Cushman, 1927
Genus Bolivina d’Orbigny, 1839

Bolivina catanensis Seguenza, 1862

Synonymy. —[11862b Bolivina catanensis n.sp. — Segu-
enza, p. 29, PL. 2:3. 01958 Bolivina catanensis Seguenza,
1862b — Parker, p. 260, Pl. 2:10-11. (01964 Bolivina catan-
ensis Seguenza, 1862b — Akers & Dorman, p. 24, Pl. 8:3,
21. 01978 Bolivina catanensis Seguenza, 1862b — Wright,
p. 710, PL. 1:16-17.

Description. — Test free, compressed, biserial, twice as
long as broad, widest near the apertural end. Chambers
six to nine pairs in the adult; chambers broader than high,
increasing gradually in size. Sutures limbate, raised,
slightly curved. Wall calcareous, hyaline, finely perforate.
Aperture terminal, elongate, oblique, extending from the
base of the ultimate chamber to a terminal position.

Remarks. — Bolivina catanensis differs from Bolivina goesii
in being more elongated and less compressed.

Distribution at Sites 502A and 503B. — Bolivina catanensis
is represented by a single specimen at Site 502A (120.27
m) andis absent at Site 503B.

Bolivina seminuda Cushman, 1911
Fig. 18E

Synonymy. —[11911 Bolivina seminuda n.sp. — Cushman,
p- 345, Text-fig. 55. (01931 Bolivina seminuda Cushman,
1911 — Hada, p. 132, Text-fig. 89. (01937¢ Bolivina semin-
uda Cushman, 1911 — Cushman, p. 142, PL. 18:13-15.
(J1942 Bolivina seminuda Cushman, 1911 — Cushman, p.
26, PL. 7:6. (01942 Bolivina seminuda Cushman, 1911 —
Cushman & McCulloch, p. 210, Pl. 25:14. 11947 Bolivina
pseudopunctata n.sp. — Hoglund, pp. 273-274, Pls. 24:5;
32:23-24, Text-figs. 280-281, 287. (11953 Bolivina pseu-
dopunctata Hoglund, 1947 — Phleger et al., p. 36, P1. 7:20-
21.[1963 Bolivina seminuda Cushman, 1911- Smith, pp.
15-16, PL. 29:1-7. (01980 Bolivina seminuda Cushman,
1911 — Ingle et al., p. 131, PL. 1:5. (01981 Bolivina semin-
uda Cushman, 1911 — Resig, Pl. 5:14. (1985 Bolivina
pseudopunctata Hoglund, 1947— Hermelin & Scott, pp.
203-204, Pl. 2:18. (01986 Bolivina seminuda Cushman,
1911 — Kurihara & Kennett, Pl. 2:9-10. (01989 Bolivina
seminuda Cushman, 1911 — Hermelin, p. 60, P1. 10:17-18.
01990 Bolivina pseudopunctata Hoglund, 1947 -
Schroder-Adams et al., p. 24, PL. 6:8.
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Description. — Test free, biserial, elongate, slightly com-
pressed. Chambers distinct. Sutures distinct, depressed.
Wall calcareous, hyaline, smooth in the upper part,
whereas lower two-thirds are coarsely perforate. Aperture
oval, extending from base of ultimate chamber to a termi-
nal position.

Remarks. — Hermelin (1989) suggested that Bolivina pseu-
dopunctata, described by Hoglund (1947) as an Atlantic
species, appears to be in most respects a junior synonym
of B. seminuda. According to Hermelin (1989), B. semin-
uda and B. pseudopunctata appear to be identical, except
for their reported geographical distribution; B. seminuda
is reported mostly from the Pacific, whereas B. pseudop-
unctata is reported mostly from the Atlantic. This sup-
ports a synonymization of the two forms.

Ecology. — Smith (1963, 1964) reported Bolivina seminuda
from the middle and lower bathyal zones off the west
coast of Central America. In the Gulf of California this
species is reported in the neritic through the lower bathyal
zones (Bandy, 1961). Bolivina has frequently been associ-
ated with low-oxygen conditions in the bottom waters
(Rathburn & Corliss 1994). It is also considered to be
shallow-infaunal with maxima between 1.5 and 4 cm
(Corliss, 1985, 1991; Corliss & Chen 1988).

Distribution at Sites 502A and 503B. — Bolivina seminuda
is represented by a few specimens at Site 502A (108.66 m)
and by a single specimen at Site 503B (59.00 m).

Bolivina subaenariensis (Cushman, 1922)

Fig. 18F

Synonymy. —[31922 Bolivina subaenariensis sp.nov. —
Cushman, p. 46, Pl 7:6. [J1937c¢ Bolivina subaenariensis
Cushman, 1922 — Cushman, p. 155, PL. 18:26-28. (J1957
Bolivina subaenariensis Cushman, 1922 — Todd & Bronni-
mann, p. 34, PL. 8:19-20. (11964 Bolivina subaenariensis
Cushman, 1922 — Akers & Dorman, p. 26, PL 8:20, 28.
01971 Brizalina subaenariensis (Cushman) — Murray, p.
111, Pl. 45:5-7. (01985 Brizalina subaenariensis (Cush-
man) — Kohl, p. 63, P1. 17:13.

Description. — Test free, biserial, compressed, widest near
apertural end, twice as long as broad; periphery acute,
carinate, seven to nine pairs of chambers in the adult,
increasing gradually in size, curved. Sutures strongly
curved, distinct, slightly depressed. Wall calcareous, hya-
line, finely perforate, ornamented with two or more cos-
tae, the center two extending from the initial end two-
thirds the length of test; additional costae shorter, on
either side of the other two. Aperture elongate, narrow,
surrounded by a rim, with narrow toothplate.
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Distribution at Sites 502A and 503B. — Bolivina ~ subae-
nariensis is a very rare species with only a few occurrences
at Site 502A. It is represented by a single specimen at Site
503B (46.88 m).

Family Eouvigerinidae Cushman, 1927

Genus Siphonodosaria Silvestri, 1924

In this study, I have followed Loeblich & Tappan (1964)
in grouping uniserial eouvigerinids into different genera
depending on the shape of the phialine lip and the aper-
tural tooth. Siphonodosaria Silvestri (1924) includes
forms that have a neck bordered by a dentate phialine lip
and a distinct bifid tooth, while Stilostomella Guppy
(1894) has only a single tooth or slight indentation of the
phialine lip.

Siphonodosaria abyssorum (Brady, 1881)

Fig. 18G

Synonymy. — 01881 Nodosaria abyssorum n.sp. — Brady,
p. 63. J1884 Nodosaria(?) abyssorum Brady — Brady, p.
504, Pl 63:8-9. [01927a Siphonodosaria abyssorum
(Brady) — Cushman, p. 69, PL 14:20. (01931 Sagrinno-
dosaria abyssorum (Brady) — Jedlitschka, p. 125, PL
126:24-25. 1934 Ellipsonodosaria nuttalli sp.nov. —
Cushman & Jarvis, p. 72, P1. 10:6a-b. (31952 Siphonodosa-
ria abyssorum (Brady) — Stainforth, p. 11, P1. 1:a-b. (01973
Siphonodosaria abyssorum (Brady) — Douglas, Pl. 5:11.
01978 Stilostomella abyssorum (Brady) — Boltovskoy, PL
7:16. 01989 Siphonodosaria abyssorum (Brady) — Herme-
lin, p. 61, PL. 11:2-5.

Description. — Test free, uniserial, straight, large. Cham-
bers subglobose; proloculus is often the largest chamber.
Wall calcareous, smooth, thick, several large, stout spines
on basal part of proloculus. Aperture terminal, on a short
neck, with a wide phialine lip and a bifid tooth.

Remarks. — 1 agree with Hermelin (1989) that Ellipsono-
dosaria nuttalli (Cushman & Jarvis, 1934) should be
regarded as a junior synonym of Siphonodosaria abysso-
rum (Brady).

Distribution at Sites 502A and 503B. — Siphonodosaria
abyssorum is represented by a single specimen at Site 502A
(133.26 m). It exhibits more scattered occurrences at Site
503B.
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Siphonodosaria consobrina
(d’Orbigny, 1846)

Fig. 18H

Synonymy. —[11846  Dentalina  consobrina n.sp. -
d’Orbigny, p. 46, Pl. 2:1-3. [J1884 Nodosaria (D.) consob-
rina (d’Orbigny) — Brady, p. 501, PL. 62:23-24. (11951
Nodogenerina consobrina (d’Orbigny) — Marks, p. 55.
01952 Siphonodosaria consobrina (d’Orbigny) — Stain-
forth, p. 12. 1960 Stilostomella consobrina (d’Orbigny) —
Barker, p. 130, PL 62:23-24. (11986 Stilostomella consob-
rina (d’Orbigny) — Boersma, Pl. 13:4-5.011989 Siphono-
dosaria consobrina (d’Orbigny) — Hermelin, p. 61, PL
11:6-7.

Description. — Test free, uniserial, slender, gradually
tapering to the initial end. Chambers inflated, varying
greatly in relative height. Sutures distinct, flush with sur-
face. Wall calcareous, smooth, finely perforate. Apertural
terminal, on a cylindrical neck, with a lip.

Distribution at Sites 502A and 503B. — Siphonodosaria
consobrina is relatively common with a scattered distribu-
tion at Site 502A. It is rare with few occurrences at Site
503B.

Siphonodosaria lepidula (Schwager, 1866)

Fig. 181

Synonymy. — 1866 Nodosaria lepidula n.sp. — Schwager,
p- 210, PL. 5:27-28. J1917b Nodosaria lepidula Schwager
var. hispidula n.subsp. — Cushman, p. 654. (01921
Nodosaria lepidula Schwager — Cushman, p. 203, PL 36:6.
01921 Nodosaria lepidula Schwager var. hispidula
n.subsp. — Cushman, pp. 203-204, PL 36:7. [J1923
Nodosaria antillea n.sp. — Cushman, p.91, Pl. 14:9.[11934
Nodogenerina lepidula (Schwager) — Cushman, p. 122, P1.
14:15-16. 01939b Ellipsonodosaria lepidula (Schwager) —
Cushman, p. 150. 31950 Siphonodosaria lepidula (Schwa-
ger) — Thalmann, p. 12. (1954 Siphonodosaria lepidula
(Schwager) — Cushman et al., p. 356, PL 88:27-28. 1960
Stilostomella antillea (Cushman) — Barker, p. 158, PL
76:92, 10. 1971 Stilostomella antillea (Cushman) —
Schnitker, p. 212, PL 5:3a—b. 0J1980 Stilostomella lepidula
(Schwager) — Keller, PL. 1:7. [11984a Stilostomella lepidula
(Schwager) — Boersma, PL 7:9. (01984b Stilostomella lep-
idula (Schwager) — Boersma, Pl 2:13-14. (J1985 Stilosto-
mella antillea (Cushman) — Hermelin & Scott, p. 217, PL
5:5. 01985 Stilostomella lepidula (Schwager) — Kohl, pp.
64—64, Pl. 19:4a—d. (J1985 Stilostomella lepidula (Schwa-
ger) — Thomas, p. 678, Pl. 14:8. (01986 Stilostomella lepid-
ula (Schwager) — Boersma, p. 990, Pl. 16:1-2. (11986 Sti-
lostomella lepidula (Schwager) trans. Siphonodosaria
insecta (Schwager) — Boersma, p. 990, Pl. 16:3—4. (11986
Siphonodosaria insecta (Schwager) — Boersma, p. 990, PL
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16:5-6. 11989 Siphonodosaria lepidula (Schwager) — Her-
melin, pp. 61-62, P1. 11:8-9.

Description. — Test free, uniserial, slender; initial end
rounded, sometimes with a short spine. Chambers
inflated, subglobular, increasing fairly rapidly in size, six
to eight in the adult, strongly embracing in the early por-
tion of test, more remote in the later portion. Sutures dis-
tinct, depressed. Wall calcareous, hyaline, finely perfo-
rate, ornamented by a series of spines encircling the lower
half of each chamber; spines in single or multiple rows;
the upper part of the chambers are covered with very fine
spines. Aperture terminal, on a distinct neck, which is
ornamented with a collar of short spines, a T- shaped
tooth projects into the apertural opening from the phia-
line lip.

Remarks. — The intraspecific variation of S. lepidula is
great with regard to the amount of alignment of the spines
and the degree of spinosity. As a result of this S. lepidula
has been referred to by many different names, specific as
well as generic. I agree with Hermelin (1989) that several
of the variants of this species should probably be regarded
as junior synonyms of S. lepidula.

Ecology. — In the eastern Pacific this species is found in the
lower middle bathyal zone (Ingle, 1980).

Distribution at Sites 502A and 503B. — Siphonodosaria
lepidula occurs in several samples at both Site 502A and
Site 503B, but in relatively low abundances.

Family Buliminidae Jones, 1875
Subfamily Buliminidae Jones, 1875
Genus Bulimina d’Orbigny, 1826

Bulimina alazanensis Cushman, 1927
Fig. 18)-K

Synonymy. —[11927b Bulimina alazanensis n.sp. — Cush-
man, p. 161, PL. 25:4. (01949 Bulimina alazanensis Cush-
man, 1927b — Bermudez, p. 180, Pl. 12:1. (01951 Bulimina
alazanensis Cushman, 1927b — Phleger & Parker p. 16, PL.
7:24. J1953 Bulimina alazanensis Cushman, 1927b —
Phleger et al., p. 32, Pl 6:23. 01965 Bulimina alazanensis
Cushman, 1927b - Souaya, p. 314, PL 2:9. J1966
Bulimina alazanensis Cushman, 1927b — Belford, p. 62, P1.
5:9-11. J1978 Bulimina alazanensis Cushman, 1927b —
Wright, p. 712, PL 3:5-6. [(01984a Bulimina alazanensis
Cushman, 1927b — Boersma, Pl. 3:4. (J1984b Bulimina
alazanensis Cushman, 1927b — Boersma, p. 663. (1985
Bulimina alazanensis Cushman, 1927b — Kohl, p. 66, PL.
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20:2. J1985 Bulimina alazanensis Cushman, 1927b —
Thomas, PL 2:6.

Description. — Test free, small, triserial, length almost
twice the width, widest near apertural end, rounded in
cross-section; initial end acute. Chambers slightly
inflated, increasing gradually in size. Sutures indistinct.
Wall calcareous, hyaline, coarsely perforate, ornamented
by 15 or more costae that are running from the proloculus
to the base of the last two chambers. Aperture an elongate
slit with toothplate, located in a depression of the ultimate
chamber.

Remarks. — Considerable confusion exists between B. ala-
zanensis and B. rostrata Brady. Bulimina alazanensis has a
reticulate pattern of costae, whereas in B. rostrata the cos-
tae do not touch. Bulimina semicostata resembles B. ala-
zanensis closely, but the costae do not cover last chamber.

Ecology. — Bulimina alazanensis is reported from deeper
bathyal water in the Gulf of Mexico (Pflum & Frerichs
1976). According to Rathburn & Corliss (1994), the genus
Bulimina is restricted primarily to sediments with high
organic-carbon and low oxygen conditions in the Sulu
Sea.

Distribution at Sites 502A and 503B. — Bulimina  alazan-
ensis is the most abundant species of this genus at Site
502A, with relative abundances between 0 and 5%. This
species occurs throughout the studied sequence. At Site
503B B. alazanensis is a rare species with scattered occur-
rences above 62.77 m.

Bulimina marginata d’Orbigny, 1826

Fig. 18L

Synonymy. —U01826  Bulimina  marginata n.sp. —
d’Orbigny, p. 269. 01949 Bulimina marginata d’Orbigny,
1826 — Bermudez, p. 182, PL. 12:11. (31951 Bulimina mar-
ginata d’Orbigny, 1826 — Hofker, p. 154, Text-figs. 95-96.
01951 Bulimina marginata d’Orbigny, 1826 — Phleger &
Parker, p. 16, Pl 7:27-28. (01953 Bulimina marginata
d’Orbigny, 1826 — Phleger et al., p. 33, P1. 6:25-26. 1957
Bulimina marginata d’Orbigny, 1826 — Todd & Bronni-
mann, p. 32, Pl 8:4-5. (01960 Bulimina marginata
d’Orbigny, 1826 — Barker, p. 104, PL 51:3-5. (01964
Bulimina marginata d’Orbigny, 1826 — Leroy, p. 30, PL
11:2. 01971 Bulimina marginata d’Orbigny, 1826 — Mur-
ray, p. 119, Pl 49:1-7. 001985 Bulimina marginata
d’Orbigny, 1826 — Kohl, p. 66, Pl. 20:3. (11986 Bulimina
marginata d’Orbigny, 1826 — Van Morkhoven et al., pp.
18-21, P1. 2:1a-b.

Description. — Test free, triserial, length 1.5 times the
width, widest near middle of test, ovate in cross-section,
initial end acute. Chambers inflated, undercut at the mar-
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gin, rapidly increasing in size as added. Sutures distinct,
depressed, generally obscured by ornamentation on early
portion, oblique in the later portion. Wall calcareous,
hyaline, finely perforate, smooth; margins of chambers
ornamented with short downward-projecting spines
decreasing in number on later chambers. Aperture aloop-
shaped slit with toothplate in the apertural face at the
inner margin of the ultimate chamber, surrounded by a
raised lip.

Ecology. — According to Phleger (1951) and Parker (1954)
Bulimina marginata range from water depths less than 3
m down to the upper bathyal zone. In the Gulf of Mexico,
Plfum & Frerichs (1976) reported this species to be
restricted to fine-grained substrate and stenohaline con-
ditions at depths of <30 m to approximately 480 m.
According to Bandy et al. (1965), B. marginata is rarely
encountered in deeper bathyal assemblages and is found
in lagoonal areas as well as in the lower neritic and upper
bathyal zones off California. According to Corliss &
Emerson (1990), Bulimina is a shallow infaunal genus,
commonly found within low-oxygen environments
where sediments are relatively high in organic carbon;
and B. marginata occur in its greatest abundances at the
outer shelf and upper slope depths along the continental
margin of the northeastern United States (Miller &
Lohmann 1982) and in the Gulf of Mexico (Poag 1981).
This relationship is not observed in the South China and
Sulu Seas, where abundant buliminids do not occur
within the oxygen minimum zone (Miao & Thunell
1993). Miao & Thunell (1993) found instead that bulimi-
nids are most abundant in sediments where bottom
waters are well-oxygenated and organic-carbon contents
are high in the South China Sea. This further supports the
concept that an infaunal habitat is mainly controlled by
organic-carbon content in the sediment and not by oxy-
gen concentration in overlying bottom water as proposed
by Corliss (1985) and Corliss & Emerson (1990). Collins
(1990) found populations of B. marginata predominantly
dextrally coiled in waters with warm temperatures, but
there was no correlation between cold temperatures and
the predominantly sinistral populations in the Gulf of
Maine and Gulf of Mexico.

Distribution at Sites 502A and 503B. — Bulimina margin-
ata is represented by only two specimens at Site 503B
(87.44m). At Site 502A it is absent.

Bulimina translucens Parker, 1953
Fig. 18M
Synonymy. — 31953 Bulimina translucens n.sp. — Parker in

Phleger et al., p. 33, Pl. 6:30-31. 01978 Bulimina translu-
cens Parker, 1953 — Boltovskoy, p. 154, P1. 2:8.
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Fig. 19. Scale bar 100 um. OA, B. Globobulimina affinis (d’Orbigny), A Side view, Hole 503B, 94.67 m; B Side view, Hole 503B, 109.93 m.[JC. Globob-
ulimina auriculata (Bailey), Side view, Hole 503B, 56.89 m. [ID. Globobulimina pacifica Cushman, Side view, Hole 5024, 48.80 m. OE. Globobulimina
saubriguensis (Rahaghi), Side view, Hole 5024, 76.72 m. OF. Uvigerina auberiana d’Orbigny, Side view, Hole 503B, 59.00 m. UG. Uvigerina canariensis
d’Orbigny, Side view, Hole 503B, 77.35 m. JH. Uvigerina hispida Schwager, Side view, Hole 503B, 41.08 m. [JI, J. Uvigerina hollicki Thalmann; I, Side
view, Hole 5024, 77.69 m; (J]. Side view, Hole 5024, 77.69 m. LK. Uvigerina mantaensis Cushman & Edwards, Side view, Hole 5024, 90.94 m.

Description. — Test free, small, slender, gradually tapering
from the widest point at the midpoint of the last-formed
whorl; megalospheric form about twice as long as broad,
microspheric form three times as long as wide, initial end
rounded, the microspheric form with 6-7 whorls, the
megalospheric about 5. Chambers distinct, slightly
inflated, increasing gradully in size as added. Sutures dis-
tinct, slightly depressed. Wall calcareous, smooth, finely
perforate, translucent, the lower part of the test often, not
always, decorated by a few low, curving costae which
extend as much as halfway up the test. Aperture moder-
ately broad, loopshaped, located above the junction of the
second and third chambers, near the apex of the test.

Remarks. — Bulimina translucens closely resembles Buli-
mina thanetensis (Cushman & Parker) but is much more
finely perforate and is usually costate on the lower part of
the test.

Distribution at Sites 502A and 503B. — Bulimina translu-
cens is a very rare species at Site 503B with only a few
occurrences above 66.75 m. It is absent at Site 502A.

Genus Globobulimina Cushman, 1927

Globobulimina affinis (d’Orbigny, 1839)

Fig. 19A-B

Synonymy. -0 1839a  Bulimina affinis sp.nov. -
d’Orbigny, p. 105, P1. 2:25-26. (01945 Bulimina (Desinob-
ulimina) illingi Cushman & Stainforth, p. 41, Pl. 6:7. OJ
1951 Bulimina affinis d’Orbigny, 1839a — Phleger &
Parker, 1951, p. 15, PL 7:21-22. (11954 Globobulimina
affinis (d’Orbigny) — Parker, PL. 6:25, PL. 7:1-2. [J1958
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Globobulimina affinis (d’Orbigny) — Parker, p. 262, PL
2:24 (not PL. 2:25). 0J1960 Bulimina pupoides d’Orbigny?
— Barker, p. 102, PL. 50:14. (11964 Globobulimina affinis
(d’Orbigny) — Akers & Dorman, p. 35, PL 7:13. [] 1964
Bulimina affinis d’'Orbigny, 1839a — Smith, p. B31-B32,
Pl. 2:2-3. 001978 Globobulimina affinis (d’Orbigny) —
Wright, p. 714. 001990 Globobulimina auriculata (Bailey)
— Thomas et al., Pl. 6:3—4.

Description. — Test free, triserial, pyriform in side view,
usually broadest at the middle of the test, ovate in cross-
section. Chambers distinct, the last three making up
about three fourths of the exterior. Sutures distinct, very
weakly depressed. Wall calcareous, smooth, finely perfo-
rate, no spines or denticles. Aperture open or nearly so,
the tip of the tongue fan- shaped, the free border of the
aperture with a weakly marked collar.

Ecology. —In the Gulf of Mexico, G. affinis is found to
have a depth range from the lower neritic zone to abyssal
water depth (Pflum & Frerichs 1976). According to Rath-
burn & Corliss (1994) the genus Globobulimina is gener-
ally adapted to high organic-carbon and low-oxygen con-
ditions of deep infaunal microhabitats. The deep infaunal
occurrence of Globobulimina species have been reported
by a number of studies (for a review, see Sen Gupta &
Machain-Castillo 1993).

Distribution at Sites 502A and 503B. — Globobulimina aff-
inis is represented by a single specimen at Site 502A (72.39
m). It is rare with few occurrences at Site 503B.

Globobulimina auriculata (Bailey, 1851)
Fig. 19C

Synonymy. — 01851 Bulimina auriculata n.sp. — Bailey, p.
12, Pl. 1:25-27. (1947 Globobulimina auriculata gull-
mariensis Hoglund, p. 252 (pp. 237-254), Pl. 20:6; PL
21:5; Pl 22:6; Text-figs. 258-265, 268-269; 271. 11948
Bulimina auriculata Bailey, 1851 — Cushman & McCul-
loch, p. 249, PL 31:4. (01953 Globobulimina affinis
(d’Orbigny) — Phleger et al., p. 34, Pl. 6:32. 11958 Globob-
ulimina affinis (d’Orbigny) — Parker, Pl. 2:25. (11964
Bulimina auriculata Bailey, 1851 — Smith, B32, PI. 2:4a-b.
J1980 Globobulimina auriculata (Bailey) — Keller, PL 2:1.
p. 150, PL. 571:4-7. 31988 Globobulimina auriculata (Bai-
ley) — Loeblich & Tappan, p. 150, PL. 571:4-7.

Description. — Test free, ovate to fusiform in lateral view,
circular in cross-section, usually broadest at or somewhat
below the middle of the test. Chambers distinct, those in
the last whorl composing the greatest part (about four-
fifths or more) of the test. Sutures distinct, in the initial
part slightly depressed, later almost flush with surface.
Wall calcareous, smooth, finely perforate. Aperture ter-
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minal, loop-shaped, the tip of the tongue fan-shaped, the
free border of the aperture with a slight collar.

Remarks. — Globobulimina auriculata differs from Globo-
bulimina affinis by its more loop-shaped and terminal
aperture, as well as the less dense perforate wall.

Distribution at Sites 502A and 503B. — Globobulimina au-
riculata is a rare species with scattered occurrences at both
investigated sites.

Globobulimina pacifica Cushman, 1927

Fig. 19D

Synonymy. —01927a  Globobulimina pacifica n.sp. —
Cushman, p. 67, Pl 14:12a-b. (31944 Globobulimina
pacifica Cushman, 1927a — Franklin, p. 314, Pl 46:19.
01944a Globobulimina pacifica Cushman, 1927a — Leroy,
p. 27, PL. 5:12. 01947 Globobulimina pacifica Cushman,
1927a — Cushman & Parker, p. 134, P1. 29:37. (01958 Glo-
bobulimina pacifica Cushman, 1927a — Asano, PL. 11, PL.
2:10a-b. (1960 Globobulimina pacifica Cushman, 1927a
— Barker, p. 102, PL 50:7-10. (31964 Globobulimina
pacifica Cushman, 1927a — Leroy, p. 30, Pl. 14:3. (01985
Globobulimina pacifica Cushman, 1927a — Kohl, p. 67, PL
21:1.

Description. — Test free, triserial, pyriform in side view,
broadest near base of the test, decreasing in width toward
the apertural end, ovate in cross-section. Chambers
inflated, strongly overlapping, last whorl only visible in
side view, earlier chambers seen in basal view. Sutures dis-
tinct, flush with surface. Wall calcareous, smooth, finely
perforate. Aperture loop- shaped, terminal, with a broad
projecting toothplate.

Remarks. — Globobulimina pacifica Cushman var. scal-
prata Cushman & Todd (1945), differs from G. pacifica in
having many fine, longitudinal striae.

Distribution at Sites 502A and 503B. — Globobulimina pa-
cifica is a rare species with scattered occurrences at Site
502A. It is absent at Site 503B.

Globobulimina saubriguensis
(Rahaghi, 1977)

Fig. 19E

Synonymy. — 11977 Cuvillierella saubriguensis — Rahaghi,
p. 166. 01988 Globobulimina saubriguensis (Rahaghi) —
Loeblich & Tappan, p. 521, P1. 571:17-19.

Description. — Test free, round to ovate in outline, circular
in cross-section, triserial, broadest at the middle of the
test. Chambers inflated, strongly overlapping; later cham-
bers may partially or completely overlap the proceeding
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ones. Sutures oblique, slightly depressed. Wall calcareous,
surface smooth, finely perforate. Aperture terminal, loop-
shaped.

Remarks. — For the genus Globobulimina the apertural
characters appear to be more important generically than
is either the degree of chamber overlap or the occasional
closing of the base of the aperture. According to Loeblich
& Tappan (1988) Cuvillierella should be regarded as a
synonym of Globobulimina.

Distribution at Sites 502A and 503B. — Globobulimina sau-
briguensis is rare with few occurrences at both Site 502A
and Site 503B.

Family Uvigerinidae Haeckel, 1894

Genus Uvigerina d’Orbigny, 1826

Deep-sea uvigerinids show variation in the number and
distribution of costae and spines, as well as the shape and
size of the test. This variation may be the result of pheno-
typic variation within one species, or the presence of a
number of species.

Uvigerina auberiana d’Orbigny, 1839

Fig. 19F

Synonymy. —[1839a  Uvigerina auberiana n.sp. —
d’Orbigny, p. 106, PL. 2:23-24. (1866 Uvigerina probosci-
dea n.sp. — Schwager, p. 250, Pl. 7:96. (J1884 Uvigerina
asperula Czjzek, var. ampullacea Brady, p. 579, PL. 74:10-
11. 01913 Uvigerina proboscidea Schwager, 1866 — Cush-
man, p. 94, Pl. 42:2a-b. 01913 Uvigerina ampullacea
Brady — Cushman, p. 102, PL 42:3a-b. (01921 Uvigerina
ampullacea Brady — Cushman, pp. 274-275, Pl. 55:7.
01923 Uvigerina auberiana d’Orbigny, 1839a — Cush-
man, p. 163, Pl. 42:3-4. [J1933b Uvigerina proboscidea
Schwager var. vadescens — Cushman, p. 85, Pl. 8:14-15.
01942 Uvigerina proboscidea Schwager var. vadescens —
Cushman, pp. 50-51, Pl 14:5-9. (031942 Uvigerina ampul-
lacea Brady — Cushman, pp. 46-48, Pl. 13:2—6. (11942
Uvigerina proboscidea Schwager, 1866 — Cushman, pp.
49-50, PL. 14:1-4. 01945 Uvigerina proboscidea Schwager,
1866 — Cushman & Todd, p. 50, PL. 7:28a-b. 11951 Neou-
vigerina ampullacea (Brady) — Hofker, pp. 213-216, Figs.
140-142. 31953 Uvigerina auberiana d’Orbigny, 1839a—
Phleger et al., p. 37, Pl. 7:30-35. (01964 Uvigerina probos-
cidea Schwager var. vadescens — Leroy, p. 35, Pl. 3:38.
(01964 Uvigerina proboscidea Schwager, 1866 — Leroy, p.
35, Pl 16:8. (01973 Uvigerina vadescens (Cushman) —
Douglas, PL. 8:7. (J1973 Uvigerina proboscidea Schwager,
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1866 — Douglas, Pl. 8:8. (J1974 Uvigerina auberiana
d’Orbigny, 1839a — Leroy & Levinson, p. 9, Pl 5:12.
01978 Uvigerina proboscidea Schwager, 1866 — Bol-
tovskoy, Pl 8:22-23. [J1978 Uvigerina auberiana
d’Orbigny, 1839a — Lohmann, p. 26, Pl. 4:16. (J1980
Uvigerina auberiana d’Orbigny, 1839a — Ingle et al., PL.
6:1. 01981 Siphouvigerina interrupta (Brady) — Burke, P1.
1:16 (not Uvigerina interrupta Brady, 1879). [J1981
Uvigerina auberiana d’Orbigny, 1839a — Resig, PL 2:2.
J1984a Uvigerina auberiana d’Orbigny, 1839a -
Boersma, Pl. 7:8. [11984b Uvigerina auberiana d’Orbigny,
1839a — Boersma, Pl 3:4. (01985 Uvigerina auberiana
d’Orbigny, 1839a — Hermelin & Scott, p. 218, Pl 3:8.
01986 Uvigerina auberiana d’Orbigny, 1839a — Boersma,
Pl. 20:1. [1984a Uvigerina proboscidea Schwager, 1866 —
Boersma, PL 8:3. [11984b Uvigerina proboscidea Schwa-
ger, 1866 — Boersma, Pl 3:5, 8. (J1985 Siphouvigerina
auberiana (d’Orbigny) — Kohl, pp. 70-71, Pls. 22:7-8;
23:1. 31986 Uvigerina proboscidea Schwager, 1866 —
Boersma, PL 20:2. (J1986 Uvigerina proboscidea Schwa-
ger, 1866 — Kurihara & Kennett, Pl. 3:6. (11989 Uvigerina
proboscidea Schwager, 1866 — Hermelin, p. 64, P1. 12:4-5.
01990 Uvigerina proboscidea Schwager, 1866 — Ujiié, p.
32, PL. 13:10-11. 0J1990 Uvigerina proboscidea Schwager
var. vadescens — Ujiié, p. 32, PL. 13:9. (01990 Neouvigerina
ampullacea (Brady) — Ujiié, p. 32, PL 12:12.

Description. — Test free, initial portion triserial, later
twisted biserial, elongate, circular in cross-section; initial
end blunt and sometimes with small spine. Chambers
inflated, narrowing towards the apertural neck. Wall cal-
careous, hyaline, finely perforate, ornamented with small,
sharp spines, randomly arranged over the test.

Remarks. — In the literature, numerous small, finely pitted
uvigerinid species have been described, and several of
them seem to be junior synonyms of U. auberiana (Her-
melin 1989). Boltovskoy (1978) regarded many different
variants as U. proboscidea. In addition to the species men-
tioned in the synonymy list, Hermelin (1989) regarded
some other species as junior synonyms of U. auberiana,
e.g, Uvigerina asperula Czjzek, Uvigerina interrupta
Brady, and Uvigerina senticosa Cushman. The species fig-
ured by Ujiié (1990) as Neouvigerina ampullacea and by
Burke (1981) as Siphouvigerina interrupta (Brady) are
here regarded as synonymous of U. auberiana.

Ecology. — Uvigerina auberiana has been reported from
theupper middle to lower bathyal zones off the west coast
of Central America (Smith, 1964). In the Gulf of Mexico,
Pflum & Frerichs (1976) found U. auberiana in the lower
neritic zone. In the South China Sea, U. auberiana is
found with frequencis of 10% during glacial stage and
decreasing to 5% during stage 1 (Miao & Thunell 1996).
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Distribution at Sites 502A and 503B. — Uvigerina  auberi-
ana is represented by scattered occurrences at Site 502A.
[t is more abundant at Site 503B.

Uvigerina canariensis d’Orbigny, 1839

Fig. 19G

Synonymy. —[11839a  Uvigerina canariensis n.sp. —
d’Orbigny, p. 138, PL 1:25- 27. 01913 Uvigerina canar-
iensis d’Orbigny, 1839a — Cushman, p. 92, P1. 42:6. 01960
Uvigerina canariensis d’Orbigny, 1839a — Barker, p. 154,
Pl. 74:1-3. 01981 Uvigerina canariensis d’Orbigny, 1839a
— Cole, p. 91, PL. 19:44. (01985 Uvigerina canariensis
d’Orbigny, 1839a — Hermelin & Scott, p. 218, P1. 3:9.

Description. — Test free, elongate, more than twice as long
as wide, often with the widest part below mid-line.
Sutures indistinct, depressed. Wall calcareous, perforated,
finely pitted. Aperture terminal, on a short neck with a
collar.

Distribution at Sites 502A and 503B. — Uvigerina  canar-
iensis is absent at Site 502A and is very rare with only a few
occurrences at Site 503B.

Uvigerina hispida Schwager, 1866

Fig. 19H

Synonymy. — 11866 Uvigerina hispida n.sp.— Schwager, p.
249, PL. 7:95. 01964 Uvigerina hispida Schwager, 1866 —
Leroy, p. 34, Pl 4:2-3. (01966 Euuvigerina hispida
(Schwager) — Belford, p. 78, PL 7:14-16. 01974 Uvigerina
hispida Schwager, 1866 — Leroy & Levinson, p. 10, PL
5:16-17. 01976 Uvigerina hispida Schwager, 1866 -
Pflum & Frerichs, Pl 8:8-10. (01978 Uvigerina hispida
Schwager, 1866 — Boltovskoy, Pl 8:12-16. J1980 Uvige-
rina hispida Schwager, 1866 — Ingle et al., Pl. 8:8. [J1984a
Uvigerina hispida Schwager, 1866 — Boersma, PL. 5:3.
[11984b Uvigerina hispida Schwager, 1866 — Boersma, PL
3:6-7. 01986 Uvigerina hispida Schwager, 1866 -
Boersma, PL 20:5-6. (01986 Uvigerina hispida Schwager,
1866 — Kurihara & Kennett, Pl. 3:7-8. (01986 Uvigerina
hispida Schwager, 1866 — Van Morkhoven et al., pp. 62—
64, Pl. 20:1-4. (11989 Uvigerina hispida Schwager, 1866 —
Hermelin, p. 65.

Description. — Test free, triserial, elongate, length 1.5-2
times the width, circular in cross-section. Chambers
inflated, increasing rapidly in size. Sutures indistinct,
depressed. Wall calcareous, perforate, ornamented with
closely arranged spines. Aperture terminal, at the end of a
short neck, with a phialine lip.

Remarks. — Uvigerina hispida is recognised on the basis of
its spines or nodes, and the lack of longitudinal costae.
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Ecology. — Bandy (1961) reported that U. hispida occurs in
the upper part of the upper middle bathyal zone in the
Gulf of California. Pflum & Frerichs (1976) showed that
this species is representative from the abyssal zone to the
top of the lower middle bathyal zone in the Gulf of Mex-
ico,

Distribution at Sites 502A and 503B. — Uvigerina  hispida
is more abundant at Site 503B than at Site 502A, where it
is rare with scattered occurrences.

Uvigerina hollicki Thalmann, 1950

Fig. 191-]

Synonymy. — 1923 Uvigerina peregrina Cushman var.
bradyana — Cushman, p. 168, Pl. 42:12 (not U. bradyana
Fornasini, 1900). OJ 1950 Uvigerina hollicki nom.nov. —
Thalmann, p. 45. O 1953 Uvigerina hollicki Thalmann,
1950 — Phleger et al., P1. 8:1.

Description. — Test free, triserial, 1.5-2 times as long as
broad, widest near middle of test. Chambers inflated,
embracing. Sutures depressed, indistinct. Wall calcare-
ous, perforate, ornamented by numerous bladelike costae
on each chamber. Aperture terminal, on a short neck,
often with a phialine lip.

Remarks. — Like most species of Uvigerina, Uvigerina hol-
licki exhibits a very variable morphology. The morphol-
ogy isverysimilar to that of the Uvigerina peregrina group,
but the costae are lower and the test often larger in size.
Today, this species is regarded by many workers as an
ecophenotypic variant of U. peregrina, but it is here recog-
nised as a separate species.

Ecology. — Studies by Phleger et al. (1953) in the North
Atlantic indicate that this species replaces U. peregrina in
deeper waters.

Distribution at Sites 502A and 503B. — Uvigerina hollicki is
a common species at Site 502A, where it occurs mainly
between 71.42-86.98 m; above and below this interval it
has more scattered occurrences. Itis veryrare at Site 503B.

Uvigerina mantaensis Cushman &
Edwards, 1938

Fig. 19K

Synonymy. — 11929 Uvigerina proboscidea Schwager —
Galloway & Morray, p. 39, PL. 6:4 (not U. proboscidea
Schwager, 1866). (31938 Uvigerina mantaensis sp. nov. —
Cushman & Edwards, p. 84, Pl. 14:8. 0J1941 Uvigerina
mantaensis Cushman & Edwards, 1938 — Galloway &
Heminway, p. 430, PL 33:7. (01945 Uvigerina mantaensis
Cushman & Edwards, 1938 — Cushman & Stainforth, p.
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Fig. 20. Scale bar 100 pum. JA-C. Uvigerina peregrina Cushman; A, Side view, Hole 5024, 89.58 m; B, Side view, Hole 5024, 89.58 m; C, Side view, Hole
502A, 89.58 m. OOD-F, Epistominella exigua (Brady); D, Spiral view, Hole 5024, 41.62 m; E, Edge view, Hole 5024, 41.62 m; F, Umbilical view, Hole
502A, 41.62 m. OG. Eponides bradyi Earland, Spiral view, Hole 5024, 83.99 m. OH, 1. Valvulineria humilis (d’Orbigny); H, Spiral view, Hole 5024, 97.80
m; [, Umbilical view, Hole 502A, 97.80 m.

47, Pl. 7:17. 01947 Uvigerina mantaensis Cushman & Ed-
wards, 1938 — Cushman & Stone, p. 17, PL. 2:26. (11949
Uvigerina mantaensis Cushman & Edwards, 1938 — Ber-
mudez, p. 207, PL. 13:48. (11958 Uvigerina mantaensis
Cushman & Edwards, 1938 — Becker & Dusenbury, p. 33,
Pl. 4:22. (01976 Uvigerina mantaensis Cushman & Ed-
wards, 1938 — Todd & Low, p. 25, P. 4:5. 01985 Uvigerina
mantaensis Cushman & Edwards, 1938 — Kohl, p. 73, PL
24:4.

Description. — Test free, triserial, 1.5 times as long as wide,
greatest width near the middle of the test, ovate in cross-
section, initial end blunt. Chambers few, inflated. Sutures
indistinct in early stage, fairly distinct in later stages,
slightly depressed. Wall calcareous, perforate, orna-
mented with fine spines on some intervals. Aperture ter-
minal, on a short hispid neck, with a phialine lip and
toothplate.

Distribution at Sites 502A and 503B. — Uvigerina manten-
sis is a rare species with few occurrences at both Site 502A
and Site 503B.

Uvigerina peregrina Cushman, 1923
Fig. 20A—C

Synonymy. — 11923 Uvigerina peregrina sp.nov. — Cush-
man, p. 166, Pl 42:7-10. 001927 Uvigerina peregrina
Cushman, 1923 — Galloway & Wissler, p. 76, Pl. 12:1, 2a—
b. 1951 Uvigerina peregrina Cushman, 1923 — Phleger &
Parker (part), p. 18, Pl 8:22, 24, 25 (not Pl 8:26). (01958
Uvigerina peregrina Cushman, 1923 — Parker, p. 263, Pl.
2:37-38. 01964 Uvigerina peregrina Cushman, 1923 —
Akers & Dorman, p. 58, Pl 9:6. 01964 Uvigerina pereg-
rina Cushman, 1923 — Smith, p. 84, Pl. 2:15-16. (J1971
Uvigerina peregrina Cushman, 1923 — Murray, p. 121, P1.
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50:1-7. 01973 Uvigerina peregrina Cushman, 1923—
Douglas, Pl. 8:4-6, 9. (01974 Uvigerina peregrina Cush-
man, 1923 — Leroy & Levinson, p. 10, Pl 5:18. (J1978
Uvigerina peregrina Cushman, 1923 — Boltovskoy, P1. 8:4—
5. 01978 Uvigerina peregrina Cushman, 1923 — Lohm-
ann, p. 26, PL. 4:14-15. 0J1981 Uvigerina peregrina Cush-
man, 1923 — Cole, p. 92, PL. 10:9. J1984a Uvigerina pere-
grina Cushman, 1923 — Boersma, Pl 7:6. [01984b
Uvigerina peregrina Cushman, 1923 — Boersma, Pl 3:3.
0J1985 Uvigerina peregrina Cushman, 1923 — Hermelin &
Scott, p. 218, PL 3:10. (J1985 Uvigerina peregrina Cush-
man, 1923 — Kohl, pp. 73-74, Pl. 24:7. (31985 Uvigerina
peregrina Cushman, 1923 — Mead, p. 229, Pl. 1:7-10.
[J1986 Uvigerina peregrina Cushman, 1923 — Kurihara &
Kennett, Pl 3:1-3. 0J1989 Uvigerina peregrina Cushman,
1923— Hermelin, pp. 6667, P1. 12:6-8. 01990 Uvigerina
peregrina Cushman, 1923 — Thomas et al., P1. 6:5-6.

Description. — Test free, triserial, elongate, about 2.5 times
as long as broad, widest near middle of test. Chambers
inflated, embracing. Sutures indistinct, depressed. Wall
calcareous, perforate, ornamented by numerous high
bladelike costae on each chamber; costae break up into
spinose or irregular short segments toward the apertural
end. Aperture circular at end of short neck, with a phia-
line lip.

Remarks. — Uvigerina peregrina is similar in some aspects
to Uvigerina mediterranea but it has more chambers,
which is less inflated and also ornamented by a larger
number of smaller, discontinuous costae.

Ecology. — In many regions, U. peregrina is presently the
dominant taxon at intermediate water depths (Pflum &
Frerichs 1976; Streeter & Shackleton 1979; Schnitker
1979, 1980; Qvale & van Weering 1985; Gupta & Srini-
vasan 1990), although this taxon can also be found at
abyssal depths (Corliss 1979). Earlier studies often associ-
ated U. peregrina with low-oxygen bottom waters (Pflum
& Frerichs 1976; Lohmann 1978; Schnitker 1979; Streeter
& Shackleton 1979). However, more recent studies indi-
cate that Uvigerina in general may vary independently of
the dissolved-oxygen content of the bottom water (Miller
& Lohmann 1982; Ross & Kennett 1983; Woodruff 1985;
Corliss et al. 1986; Mead & Kennett 1987; Gupta & Srini-
vasan 1992; Herguera 1992). Studies of living benthic
foraminifera (Corliss & Emerson 1990; Rathburn & Cor-
liss 1994) showed that some recent Uvigerina spp. are
shallow-infaunal taxa and are more influenced by sedi-
ment properties than bottom-water content. High Uvige-
rina abundance are generally associated with high sedi-
mentary organic-carbon content (Miller & Lohmann
1982; Woodruff 1985; Corliss et al. 1986; Boyle 1990;
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Gupta & Srinivasan 1992; Burke et al. 1993), and this has
been observed in the modern sediments from the South
China Sea and Sulu Sea (Tappa 1992; Miao & Thunell,
1993; Rathburn & Corliss 1994). According to Miao &
Thunell (1993), Uvigerina is the most important benthic
foraminifer species in surface sediments from water
depths above 1,500 m in the South China Sea, where pore-
water oxygen penetration depth is shallow and organic-
carbon contents are high. However, Joyce & Williams
(1986) found no obvious correlation between variations
in the distribution of U. peregrina with changes in the
content of sedimentary organic carbon in the Gulf of
Mexico.

Studies by Schnitker (1974), Streeter & Shackleton
(1979), Corliss (1982), and Herguera (1992) suggest that
Uvigerina species, in general, are more abundant during
glacial periods throughout the global ocean. In the North
Atlantic, Uvigerina is found abundant throughout glacial
times at water depths from 2,500 to 4,000 m, and this fau-
nal increase is attributed to a reduction of NADW forma-
tion during glacial periods (Streeter & Lavery 1982;
Streeter & Shackleton 1979). Berger & Killingley (1982),
Corliss et al. (1986), and Pedersen et al. (1988) found that
Uvigerina was more abundant in the Pacific and Indian
Oceans during glacial times, which they attributed to
higher organic-carbon fluxes and increased food availa-
bility to the sea-floor at these periods. Uvigerina was
abundant down to 3,000 m during the last glacial in the
South China Sea, which is most likely a response to the
higher organic-carbon content of these sediments (Thu-
nell et al. 1992).

Uvigerina peregrina is found in the lower bathyal zone
of the South Atlantic (Mead 1985). Matoba & Yamaguchi
(1982) reported this species from the bathyal zone in the
Gulf of California. In contrast, of f the west coast of Cen-
tral America it occurs in the middle bathyal zone (Smith
1964). According to Corliss (1991), U. peregrina is char-
acterized as a shallow-infaunal species and found inhab-
iting surficial sediments down to 2-2.5 cm on the Nova
Scotian margin, while most Uvigerina specimens from
areas outside of the North Atlantic were obtained from
the the upper 1.5-2 cm (Mackensen & Douglas 1989;
McCorkle et al. 1990). According to Zahn et al. (1986),
the 1*C composition of the infaunal species U. peregrina
is correlated with the organic-carbon flux and, therefore,
has a lighter carbon isotopic composition than epifaunal
species.

Distribution at Sites 502A and 503B. — Uvigerina  pereg-
rina is a common species at Site 502A with absolute abun-
dancesrangingbetween 0 and 114. It is rare with scattered
occurrences at Site 503B.
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Superfamily Discorbacea Ehrenberg,
1838

Family Discorbidae Ehrenberg, 1838
Subfamily Discorbinae Ehrenberg, 1838

Genus Epistominella Husezima &
Maruhasi, 1944

Epistominella exigua (Brady, 1884)

Fig. 20D-F

Synonymy. — 11884 Pulvinulina exigua n.sp. — Brady, p.
696,P1.103:13-14. 01921 Pulvinulina exigua Brady, 1884
— Cushman, p. 340, P1. 68:3a—c. (11931 Pseudoparrella exi-
gua (Brady) — Cushman & Parker, p. 21. (01931 Eponides
exigua (Brady) — Cushman, pp. 44—45, PL. 10:1-2. (01931
Pulvinulinella exigua (Brady) — Wiesner, p. 121. (01937
Eponides exiguus (Brady) — Chapman & Parr, p. 107.
01950 Pulvinulinella exigua (Brady) — Parr, p. 361. [J1951
Pseudoparrella exigua (Brady) — Phleger & Parker, p. 28,
Pl. 15:6a—b, 7a-b. 1J1953 Epistominella exigua (Brady) —
Phleger et al., p. 43, PL. 9:35-36. (11954 Epistominella exi-
gua (Brady) — Parker, p. 33, PL. 10:22-25. 01960 Epistom-
inella exigua (Brady) — Barker, p. 212, Pl. 103:13-14.
001964 Epistominella exigua (Brady) — Smith, p. 43, PL
4:6a-b. (J1965 Epistominella exigua (Brady) — Todd, pp.
30-31, PL 10:1. (1976 Epistominella exigua (Brady) —
Resig, Pl 3:1. (01978 Epistominella exigua (Brady) — Bol-
tovskoy, Pl. 3:37-38. J1979 Epistominella exigua (Brady)
— Corliss, p. 7, PL 2:7-9. (31981 Epistominella exigua
(Brady) — Burke, Pl 2:1-2. (11981 Epistominella exigua
(Brady) — Cole, 1981, p. 95, Pl 11:2. 01981 Epistominella
exigua (Brady) — Resig, Pl. 6:6—7. 31984 Epistominella exi-
gua (Brady) — Murray, PL 2:1-2. 1985 Epistominella exi-
gua (Brady) — Hermelin & Scott, p. 208, PL 4:1. [J1985
Epistominella exigua (Brady) — Mead, p. 230, Pl. 2:1-4.
(J1985 Epistominella exigua (Brady) — Thomas, P1. 13:3—
4. 1986 Epistominella exigua (Brady) —Kurihara & Ken-
nett, Pl. 3:10-12. (11989 Epistominella exigua (Brady) —
Hermelin, p. 67. (J1990 Epistominella exigua (Brady) —
Mackensen et al., p. 252, PL 7:1-2. [J1990 Epistominella
exigua (Brady) — Thomas et al., p. 227, PL. 6:8-11. J1990
Epistominella exigua (Brady) — Ujiié, p. 32, PL. 14:1a—c.

Description. — Test free, trochospiral; all chambers are vis-
ible on the spiral side, except those of the last whorl on
umbilical side. Sutures flush with surface, oblique on spi-
ral side, nearly radial on umbilical side. Wall calcareous,
hyaline, smooth, finely perforate. Aperture an elongate
vertical slit, parallel to the periphery.
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Remarks. — The size and shape of the E. exigua test show
little variation. Epistominella exigua characterized by
small test size, smooth, transparent test walls and epifau-
nal (spiral) test morphologies and it is mostly underrep-
resented or missing in sample fractions >125 um or larger
(see Hermelin 1986). This because E. exigua is a small spe-
ciesalso in its adult stage.

Ecology. — Epistominella exigua has been found showing
periodic peaks in abundance in the fossil record at many
open ocean sites. Previously, these peaks were commonly
interpreted as an indicator of changes in physicochemical
properties of bottom water mass and thus deep-sea circu-
lation, such as ‘young” well-oxygenated Northeast Atlan-
tic Deep Water (NEADW) (Streeter 1973; Schnitker 1974,
1979, 1980; Weston & Murray 1984; Gaydyukov &
Lukashina 1988; among others). Murray (1988) inter-
preted the dramatic increase in abundance and distribu-
tion of E. exigua at the end of the Pliocene in terms of an
increased production of NEADW resulting from circula-
tion changes coincident with the onset of Northern Hem-
isphere glaciation. Increases in the abundance of E. exigua
(>63 um and >150 pum) in the early Miocene to early
Pliocene of the Pacific Ocean have been linked to the
development of bottom-water masses, particularly Pacific
Bottom Water (Kurihara & Kennett 1985; Woodruff
1985). Epistominella exigua was also considered as an
indicator species of Antarctic Bottom Water (AABW)
(Douglas & Woodruff 1981), and lower North Atlantic
Deep Water (NADW) (Uchio 1960; Burke 1981). In the
Gulf of California, this species is reported from the upper
middle bathyal zone, where it showed abundances up to
22% of the total fauna (Bandy 1961). It was found as a
marker of the IBW (Indian Bottom Water) by Corliss
(1979). Mead (1985) reported it from the bathyal zone of
the South Atlantic, whereas Smith (1964) found it in the
neritic zone off the west coast of Central America. Bol-
tovskoy et al. (1980) and Boltovskoy & Totah (1985)
showed that E. exigua is abundant on the Argentine shelf.
Gooday et al. (1992) showed that this species is more
dependent on the supply of phytodetritus to the abyssal
area than on any typical bottom-water masses. Similarly,
Thomas (1992) suggested that the increase in relative
abundance of E. exigua following the last deglaciation in
the northeast Atlantic was linked to a highly increased
input of phytodetritus. Also Mackensen (1992) related an
uppermost Miocene and Pliocene assemblage (>125m)
characterized by E. exigua from the southern Indian
Ocean to high biosiliceous sedimentation. Smart et al.
(1994) proposed that E. exigua may represent a proxy for
seasonal pulses of phytodetritus originating from surface
primary productivity in open ocean eutrophic areas, and
thereby as an indicator of relative changes in productivity.

Distribution at Sites 502A and 503B. — Epistominella  exi-
gua is a common species that occurs in most samples at
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both sites, with absolute abundances of 0—115 individuals
per sample at Site 502A and 0-39 individuals per sample
at Site 503B.

Genus Eponides Montfort, 1808

Eponides bradyi Earland, 1934

Fig. 20G

Synonymy. — 11934 Eponides bradyi sp.nov. — Earland, p.
187, PL. 8:36-38. (11960 Eponides bradyi Earland, 1934 —
Barker, p. 196, Pl. 95:9-10. (01971 Eponides bradyi Ear-
land, 1934 — Murray, p. 173, Pl. 72:1-4. 0J1981 Eponides
bradyi Earland, 1934 — Cole, p. 102, PL 11:5. (J1985
Eponides bradyi Earland, 1934 — Hermelin & Scott, p. 208,
Pl. 4:5-6.

Description. — Test free, biconvex, trochospiral, rounded
periphery, about three whorls visible on the spiral side.
Chambers broad, limbate, curving into the periphery, 6—
8 chambers in the last whorl. Sutures depressed and
slightly curved back, umbilical side slightly depressed.
Wall calcareous, surface smooth, radial, perforated. Aper-
ture an interiomarginal slit.

Distribution at Sites 502A and 503B. — Eponides bradyi is a
common species at certain depths at both investigated
sites; at other depths it is rare with scattered occurrences.

Eponides polius (Phleger & Parker, 1951)

Synonymy. — 01951 Eponides polius n.sp. — Phleger &
Parker, p. 21, Pl 11:1a-b, 2a-b. [J1953 Eponides polius
Phleger & Parker, 1951 — Phleger et al., p. 41, P1. 9:3-4.
11978 Eponides polius Phleger & Parker, 1951 — Bol-
tovskoy, p. 158, Pl. 4:4-5. (11978 Eponides polius Phleger
& Parker, 1951 — Wright, p. 714, PL. 4:13-14. (J1990
Eponides polius Phleger & Parker, 1951 — Ujiié, p. 34, PL
16:1a, ¢, 2a—c.

Description. — Test free, small, biconvex, consisting of
three whorls, periphery subacute, slightly lobulate.
Chambers distinct, 9-10 in the last-formed whorl,
increasing slightly in size as added, slightly inflated on
ventral side, last-formed chambers project slightly over
umbilicus. Sutures distinct, on spiral side flush with sur-
face, slightly curved, rather sharply angled, on ventral side
slightly depressed, almost straight. Wall calcareous, sur-
face smooth, radial, perforated. Aperture interiomarginal
narrow slit.
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Remarks. — Eponides polius resembles Oridosalis umbona-
tus, but its size is smaller, the chambers are more numer-
ous, and the sutures are more angled on the spiral side.

Ecology. — Eponides polius ranges in depth from the lower
bathyal zone to about 600 m in the Gulf of Mexico (Pflum
& Frerichs 1976).

Distribution at Sites 502A and 503B. — Eponides polius is a
rare species with scattered occurrences at Site 502A. Itis a
relatively common species at Site 503B with absolute
abundances of 0—12 individuals per sample.

Genus Valvulineria Cushman, 1926

Valvulineria humilus (d’Orbigny)

Fig. 20H-1

Synonymy. —[J1839b  Rosalina  araucana n.sp. -
d’Orbigny, p. 44, PL. 6:16-18. 01951 Valvulineria cf.
araucana (d’Orbigny) — Phleger & Parker, p. 25, Pl 13:7-
8. 11953 Valvulineria araucana (d’Orbigny) — Phleger et
al., p. 40, PL. 8:29-30. (J1964 Valvulineria glabra Cush-
man — Smith, p. 44, PL. 5:3. 01984b Valvulineria humilus
(d’Orbigny) — Boersma, Pl. 4:6-7.

Description. — Test free, biconvex, periphery broadly
rounded, longer than broad in side view, slightly lobate.
Chambers distinct, 7-8 in the last whorl, increasing rap-
idly in size as added, last few chambers inflated. Wall cal-
careous, smooth, hyaline, coarsely perforate except for
the face of the ultimate chamber and the umbilical flap,
which are imperforate. Aperture interiomarginal, umbili-
cal-extraumbilical, partially covered by a large projecting
umbilical lip.

Remarks. — Valvulineria humilus is often common in the
finer fraction, particularly in the early Pliocene (Boersma
1984b).

Ecology. — Valvulineria is in general associated with low-
oxygen/high organic-carbon environments (van der
Zwaan & Jorissen 1991; Sen Gupta & Machain-Castillo
1993).

Distribution at Sites 502A and 503B. — Valvulineria
humilus is a relatively rare species with scattered occur-
rences at both Site 502A and 503B.
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Fig. 21. Scale bar 100 pm. OA-C. Laticarnina pauperata (Parker & Jones); A, Spiral view, Hole 5024, 66.51 m; B, Edge view, Hole 502A, 66.51 m; C,
Umbilical view, Hole 5024, 66.51 m. 0D, E. Hyalinea balthica (Schroeder); D, Side view, Hole 5024, 48.80 m; E, Opposite side view, Hole 502A, 48.80 m.
UF-H Nuttallides umbonifera (Cushman); F, Spiral view, Hole 5024, 63.55 m; G, Edge view, Hole 502A, 46.87 m; H, Umbilical view, Hole 502A,
63.55 m.

Family Laticarininidae Hofker, 1951

Genus Laticarinina Galloway &
Wissler, 1927

Laticarinina pauperata (Parker &
Jones, 1865)

Fig. 21A-C

Synonymy. — 1865 Pulvinellina repanda var. menardii
subvar. pauperata — Parker & Jones, p. 395, P1. 16:50-51.
0J1931 Laticarinina pauperata (Parker & Jones) — Cush-
man, p. 114, Pls. 20:4a—c; 21:1a—c. (01940 Laticarinina
halophora (Stache) — Finelay, pp. 467-468. (J1941a Lati-
carinina pauperata (Parker & Jones) — Leroy, p. 46, PL
2:18-19.01948 Laticarinina pauperata (Parker & Jones) —
Renz, p. 143, Pl 10:4. (01949 Laticarinina pauperata
(Parker & Jones) —Bermudez, p. 309, Pl. 23:43—45. 11957
Laticarinina pauperata (Parker & Jones) — Agip Miner-

aria, Pl. 50:8a—c. (11960 Laticarinina halophora (Stache) —
Barker, p. 214, Pl. 104:3-11. J1964 Laticarinina pauper-
ata (Parker & Jones) — Leroy, p. 44, P1. 9:25. (01966 Lati-
carinina pauperata (Parker & Jones) — Belford, p. 92, PL
14:9-13. 01981 Laticarinina halophora (Stache) — Cole, p.
115, PL. 14:9. (01985 Laticarinina halophora (Stache) —
Hermelin & Scott, p. 212, PL 4:2-3. (01985 Laticarinina
pauperata (Parker & Jones) — Kohl, p. 77, P1. 26:1. (11985
Laticarinina pauperata (Parker & Jones) — Thomas, PL
11:10. (31985 Laticarinina pauperata (Parker & Jones)
01986 Laticarinina pauperata (Parker & Jones) —
Belanger & Berggren, p. 338, Pl. 3:7a-b. (J1986 Lati-
carinina pauperata (Parker & Jones) — Morkhoven et al.,
pp- 89-90, PL 26:1a—c. (J1989 Laticarinina halophora
(Stache) — Hermelin, pp. 68—69. 11990 Laticarinina pau-
perata (Parker & Jones) — Mackensen et al., p. 252, Pl. 7:3.
001990 Laticarinina pauperata (Parker & Jones) — Ujiié, p.
33, Pl. 14:3a—c, 4a—c.

Description. — Test free, slightly trochoid, compressed,
biconvex to planoconvex in edge view, spiral side flat-
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tened and evolute, ventral side convex and involute. Sur-
rounded with a broad, thin, transparent keel. Sutures
radial, depressed on ventral side, flush on spiral side. Wall
calcareous, hyaline, smooth, finely perforate. Aperture on
the dorsal side at the inner margin of the last-formed
chamber.

Remarks. — The most distinctive characteristics of Lati-
carinina pauperata are the strongly compressed test and
broad, transparent keel.

Ecology. — According to Bandy & Rodolfo (1964) Lati-
carinina pauperata is a bathyal-abyssal taxon, which
occurs at different depths and in waters of markedly dis-
similar character in modern oceans. Its upper depth limit
is 1,600 m off southern California (Bandy 1963) and 300
m in the Gulfof Mexico (Parker 1954), where it is approx-
imately twice as abundant in the lower bathyal zone than
at middle and upper bathyal depths (Parker 1954; Pflum
& Frerichs 1976). This species is considered to be more
abundant in regions with high productivity (Woodruff
1985; Woodruff & Savin 1989). Burke et al. (1993)
reported that L. pauperata is more abundant during late
transitional time on the Ontong Java Plateau.

From laboratory studies, Weinberg (1991) reported
that L. pauperata moved in and out of the sediments, sug-
gesting that in nature this species may occupy a range of
depths within the sediment.

Distribution at Sites 502A and 503B. — Laticarinina  pau-
perata is a common species, which is represented in most
samples at both sites. Absolute abundances 0-29 individ-
uals per sample at Site 502A and 0-8 individuals per sam-
ple at Site 503B.

Family Planulinidae Bermudez, 1952
Genus Hyalinea Hofker, 1951

Hyalinea balthica (Schroeder, 1783)

Fig. 21D-E

Synonymy. — 01783 Nautilus balthicus — Schroeder, p. 20,
PL. 1:2. (11884 Operculina ammonoides Parker & Jones
(not Gronovius) — Brady, p. 745, Pl. 92:1-2. [(J1931
Anomalina balthica (Schroeder) — Cushman, pp. 108-
109, Pl 19:3a—c. 1951 Hyalinea balthica (Schroeder) —
Hofker, pp. 508-513:345-348. (J1952 Hofkerinella balth-
ica (Schroeder) — Bermudez, pp. 74-75. 01953 Anoma-
lina balthica (Schroeder) — Phleger et al., p. 48, Pl. 10:24—
25. 01960 Hyalinea balthica (Schroeder)— Barker, p. 230,
P1. 112:1-2. 0J1964 Hyalinea balthica (Schroeder) — Akers
& Dorman, pp. 38-39, Pl 10:18-19. (11964 Hyalinea
balthica (Schroeder) — Feyling—Hanssen, pp. 351-552, PL
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21:14-16. 11964 Hyalinea balthica (Schroeder) — Loe-
blich & Tappan, 1964, pp. C686—C687. (11978 Hyalinea
balthica (Schroeder) — Wright, p. 715, PL. 5:17. (11986
Hyalinea balthica (Schroeder) — Van Morkhoven et al.,
pp. 21-22, P1. 3:1-3. 01988 Hyalinea balthica (Schroeder)
—Loeblich & Tappan, p. 580, Pl. 632:5-8.[11991 Hyalinea
balthica (Schroeder) — Hermelin, pp. 244-251, PL. 1:1-16.

Description. — Test free, discoidal, slightly trochospiral to
nearly planispiral, semievolute on both sides; periphery
angled, with broad imperforate keel. Chambers about 8-
12 in the last whorl, umbilical margins with a small
umbilical flap or folium. Sutures radial, slightly curved,
thickened and elevated, nonperforate. Wall calcareous,
finely perforate, radial in structure, with septa and mar-
ginal keel nonperforate. Aperture a low equatorial and
interiomarginal arch with narrow bordering lip, a low slit
continuing laterally beneath the folium, apertures
remaining open for a few chambers before being closed by
lamellar thickening.

Remarks. — In Italy, H. balthica appeared at the base of the
Pleistocene and has been used there to distinguish marine
Pleistocene strata from older strata (Alliata 1946, 1947;
Coggi & Alliata 1950; Ilacqua 1956). The first recorded
occurrence of H. balthica is in the Caribbean (Bock 1970).
According to Bollietal. (1968), the first appearance of this
species was observed to coincide with the extinctions of
the calcareous nannofossils Discoaster brouweri and Coc-
colithus pelagicus, near the Pliocene—Pleistocene bound-
ary. A study by Hermelin (1991) in the northwest Arabian
Sea reveals that the first appearance of H. balthica was in
the early Pliocene, at about 5.0 Ma.

Ecology. — According to Ross (1984), this species is most
abundant in deep, cool water masses of the North Atlan-
tic, especially on the eastern side. It has not been reported
from Pleistocene sediments of the western Atlantic (Van
Morkhoven et al. 1986), nor from interglacial sediments
of the Gulf of Mexico and the Caribbean (Bock 1970).
Colom (1950) recorded it as abundant in the deepest
facies he examined, at 300-878 m depth of f the west coast
of Africa. Hyalinea balthica has been reported from deep,
cool waters of the Mediterranean. In the Norwegian
Channel (Northern North Sea), H. balthica occurs most
abundantly in sediments with a high content of organic
carbon (Qvale & van Weering 1985).

Distribution at Sites 502A and 503B. — Hyalinea balthica is
only found above 107.66 m at Site 502A and 88.41 m at
Site 503B. The species is very rare and exhibits scattered
occurrences below these levels, and absolute abundances
are less than 3 individuals per sample ,except for the sam-
ple from 48.80 m at Site 502A, where the absolute abun-
dance is 20.
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Family Epistomariidae Hofker, 1954
Genus Nuttallides Finlay, 1939

Nuttallides umbonifera (Cushman, 1933)

Fig. 21F-H

Synonymy. —(31933b Pulvinulinella umbonifera n.sp. —
Cushman, p. 90, PL 9:9a—c. (J1934 Eponides bradyi
sp.nov. — Earland, p. 187, PL 8:36-38. (11953 Epistom-
inella (?) umbonifera (Cushman) — Phleger et al., p. 43, PL
9:33-34. [J1960 Eponides bradyi Earland, 1934 — Barker,
p. 196, P1. 95:9-10. (11965 Nuttallides umboniferus (Cush-
man) — Todd, pp. 29-30, PL. 11:1. (J1971 Nuttallides
umbonifera (Cushman) — Echols, p. 166, Pl 14:5a—c.
01973 ?Epistominella umbonifera (Cushman) — Streeter,
p. 133. 01974 Osangularia umbonifera (Cushman) —
Schnitker, p. 385. (01975 Nuttallides umbonifer (Cush-
man) — Anderson, p. 88, Pl. 01976 Osangularia rugosa
(Phleger & Parker) — Pflum & Frerichs, Pl. 7:2—4. 8:14a—c.
01976 Nuttallides umbonifera (Cushman) — Resig, PL
3:6-7. 0J1978 “Epistominella” umbonifera (Cushman) —
Lohmann, p. 26, PL 3:1-6. (31979 Epistominella umbonif-
era (Cushman) — Corliss, p. 7, PL. 2:10-12. 31981 Nuttal-
lides umbonifera (Cushman) — Burke, Pl. 2:5-6. (11981
Osangularia rugosa (Phleger & Parker) — Cole, p. 114, PL
20:12-13. (31981 Nuttallides umbonifera (Cushman) —
Resig, Pl 6:13—15. [11984a Nuttallides umbonifera (Cush-
man) — Boersma, Pl. 6:6, Pl. 7:12. (J1985 Nuttallides
umbonifera (Cushman) — Hermelin & Scott, p. 214, PL
5:11-13. (31985 Nuttallides umbonifera (Cushman) —
Mead, pp. 230-232, Pl 2:6-7. (01985 Nuttallides umbon-
ifera (Cushman) — Thomas, Pl. 13:1-2. (01989 Nuttallides
umbonifera (Cushman) — Hermelin, p. 69, Pl. 12:15-17.
0J1990 Nuttallides umbonifer (Cushman) — Mackensen et
al., p. 252, Pl. 7:7-9. 01990 Nuttallides umbonifera (Cush-
man) — Thomas et al., Pl. 9:13-16.

Description. — Test free, biconvex with acute periphery
and narrow keel. Chambers distinct, 69 in the last whorl,
slightly increasing in size as added. Sutures broad and dis-
tinct, slightly curved backward. Wall calcareous, rough,
finely perforate. Aperture interiomarginal, starting
almost at umbilicus and extending nearly to the periph-
eral keel.

Remarks. — The genetic placement of this species is
unclear. Some workers refer this species to Nuttallides and
others to Epistominella. In this study, I have followed
Todd (1965) and placed this species in Nuttallides rather
than in Epistominella because of the position of the aper-
ture and the presence of an umbilical plug.
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Ecology. — Nuttallides umbonifera has previously been
taken to be an indicator of Antarctic Bottom Water
(AABW) in the Atlantic (Lohmann 1978), Pacific, and
Indian oceans (Corliss 1979). Nuttallides umbonifera is
reported from the lower bathyal and abyssal zones in the
Atlantic Ocean, whereas in the Pacific and Indian oceans
it dominates the fauna in areas of the coldest AABW
(Hermelin 1989). It has not been found in the Antarctic
or marginal seas, except at abyssal depth (Schnitker 1980;
Douglas & Woodruff 1981). Bremer & Lohmann (1982)
and Mackensen et al. (1990) reported this species in rela-
tion to corrosiveness of the bottom waters. Nuttallides
umbonifera, together with E. exigua, are two of the most
important deep- and bottom-water species of the Pacific
Ocean (Culp 1977; Walch 1978; Schnitker 1980; Herme-
lin 1989), whereas it occurs in low frequencies in both the
South China and Sulu Seas (Miao & Thunell 1993).

Recent studies by Gooday (1993) suggest that it might
be informative to compare the distribution of N. umbon-
ifera with that of E. exigua, a species which is largely con-
trolled by the presence of organic material on the sea
floor. Nuttallides umbonifera is usually more abundant in
areas with a minimal phytodetrial input (Gooday 1993),
for example in Northeast Atlantic south of 40°N (Weston
& Murray 1994), but it also occurs as far north as 55-57°N
(Lukashina 1988). At this latitude in the Northeast Atlan-
tic, the abundances of N. umbonifera are less than 5%
where E. exigua is abundant but reach 31-55% in the
Northwest Atlantic, where E. exigua is less common
(Gooday 1993). Nuttallides umbonifera and E. exigua also
co-occur in the Weddell Sea and South Atlantic, where N.
umbonifera is dominating below the lysocline and above
the CCD and E. exigua above the lysocline (Mackensen et
al. 1990, 1993). Futhermore, N. umbonifera is also found
to have a diet similar to E. exigua (Gooday 1993).

Therefore, it may be suggested that the main ecological
difference between these two species is that N. umbonifera
is a non-opportunist, able to survive, when necessary, on
a lower food supply than E. exigua (Gooday 1993). Also,
N. umbonifera has a relatively large, thick-walled test
(Mackensen et al. 1990), which suggests a slow rate of
growth compared with the small, thin-walled tests of E.
exigua. Thus, N. umbonifera may be outcompeted, or at
least numerically swamped, by fast-growing opportunists
such as E. exigua (Gooday 1993). Nuttallides umbonifera
may, therefore, have greater chance to grow vigorously
where food supply is reduced (Loubere 1991) or in car-
bonate-undersaturated bottom water (Bremer & Lohm-
ann 1982; Mackensen et al. 1990).

Distribution at Sites 502A and 503B. — Nuttallides umbon-
ifera is the most abundant species at both sites. It occurs
in most samples, absolute abundances being 0-266 indi-
viduals per sample at Site 502A and 0-58 at Site 503B.
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Fig. 22. Scale bar 100 um. CJA, B. Pleurostomella acuminata Cushman; A, Side view, Hole 502A, 98.81 m; B, Side view, Hole 5024, 98.81 m. OOC. Pleuros-
tomella alternans Schwager, Side view, Hole 503B, 52.47 m. OD. Pleurostomella brevis Schwager, Side view, Hole 502A, 100.73 m. OE. Pleurostomella
recens Dervieux, Side view, Hole 502A, 98.81 m. F. Pleurostomella subnodosa (Reuss), Side view, Hole 502A, 72.39 m. UG, H. Francesita advena (Cush-
man); G, Side view, Hole 5024, 70.42 m; H, Edge view, Hole 502A, 70.42 m. OI. Cassidulina carinata Silvestri, Side view, Hole 5024, 48.80 m. (JJ. Cas-
sidulina crassa d’Orbigny, Side view, Hole 5024, 41.62 m. UK, L. Globocassidulina subglobosa (Brady); K, Side view, Hole 503B, 38.13 m; L, Side view,
Hole 503B, 38.13 m.

Superfamily Cassidulinacea
d’Orbigny, 1839

Family Pleurostomellidae Reuss, 1860
Subfamily Pleurostimellinae Reuss, 1860

Genus Pleurostomella Reuss, 1860

Pleurostomella acuminata
Cushman, 1922

Fig. 22A-B

Synonymy. — 11922 Pleurostomella acuminata n.sp. —
Cushman, pp. 50-51, PL 19:6. (01953 Pleurostomella acu-
minata Cushman, 1922 — Phleger et al., p. 39, PL. 8:10-13.
J1960 Pleurostomella acuminata Cushman, 1922 -
Barker, p. 106, PL 51:22. 01978 Pleurostomella acuminata
Cushman, 1922 — Boltovskoy, Pl. 5:39-41. 01989 Pleuros-

tomella acuminata Cushman, 1922 — Hermelin, pp. 70—
71, Pl 13:1.

Description. — Test free, fusiform, elongate, biserial, usu-
ally widest below the middle. Sutures distinct, slightly
depressed. Wall calcareous, smooth, finely perforate.
Aperture terminal, almost vertical at the inner face of the
ultimate chamber, with a projecting hood.

Distribution at Sites 502A and 503B. — Pleurostomella acu-
minata is represented in most of the samples from both
sites, but usually in low abundances.

Pleurostomella alternans Schwager, 1866
Fig. 22C

Synonymy. —[11866 Pleurostomella alternans n.sp. -
Schwager, p. 238, Pl. 6:79. 01927 Pleurostomella alternans
Schwager, 1866 — Cushman & Harris, p. 129, P1. 25:7-8.
(01964 Pleurostomella alternans Schwager, 1866 — Leroy,
p. 36, PL. 5:5. J1966 Pleurostomella alternans Schwager,
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1866 — Todd, p. 29, PL. 12:14-15. (J1978 Pleurostomella
alternans Schwager, 1866 — Boltovskoy, Pl 5:43-44.
(01986  Pleurostomella alternans Schwager, 1866 -—
Boersma, Pl 5:6. (01989 Pleurostomella alternans Schwa-
ger, 1866 — Hermelin, p. 71.

Description. — Test free, biserial, elongate, widest at the
apertural end, tapering towards the initial end. Sutures
distinct, slightly depressed. Wall calcareous, smooth,
finely perforate. Aperture terminal, at the inner face of the
ultimate chamber, with a projecting hood.

Remarks. — Pleurostomella alternans has a more tapered
test than P. acuminata, with the widest part at the aper-
tural end.

Distribution at Sites 502A and 503B. — Pleurostomella
alternans is a rare species with scattered occurrences at
both Site 502A and Site 503B.

Pleurostomella brevis Schwager, 1866
Fig. 22D

Synonymy. — 1866 Pleurostomella brevis n.sp. — Schwa-
ger, p. 239, Pl 6:81. (11884 Pleurostomella brevis Schwa-
ger, 1866 — Brady, p. 411, PL. 51:20a-b. (01960 Pleurosto-
mella brevis Schwager, 1866 — Barker, p. 104, PL. 51:20a-b.
(01964 Pleurostomella brevis Schwager, 1866 — Leroy, p.
36, PL. 5:4. (J1986 Pleurostomella brevis Schwager, 1866 —
Belanger & Berggren, p. 340. [(J1989 Pleurostomella brevis
Schwager, 1866 — Hermelin, p. 71.

Description. — Test free, subcylindrical, broadest at the
middle of test, ovate in cross-section. Chambers strongly
embracing, the last chamber occupying more than half
the length of the test. Sutures slightly depressed. Wall cal-
careous, hyaline, smooth, finely perforate. Aperture a ver-
tical slit in the depressed face of the ultimate chamber.

Distribution at Sites 502A and 503B. — Pleurostomella
brevis is represented by a single specimen at Site 502A

(100.73 m). It is rare with scattered occurrences at Site
503B.

Pleurostomella recens Dervieux, 1899
Fig. 22E

Synonymy. —[11884 Pleurostomella rapa Guembel -
Brady, p. 411, Pl 51:21a-b. (01899 Pleurostomella rapa
Guembel var. recens Dervieux, p. 76. [11904b Ellipsopleu-
rostomella pleurostomella Silvestri, p. 8, Figs. 4-5. (01927¢
Pleurostomella rapa Guembel var. recens — Cushman p.
156, P1. 28:6a—b. (11927 Pleurostomella pleurostomella Sil-
vestri — Cushman & Harris, p. 130, P1. 25:13. (11936 Pleu-
rostomella bierigi n.sp. — Palmer & Bermudez, p. 294, Pl
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17:7-8. 31960 Pleurostomella rapa Guembel var. recens —
Barker, p. 104, PL. 51:21a-b. (01978 Pleurostomella bierigi
Palmer & Bermudez, 1936 — Boltovskoy, Pl. 5:45. (11989
Pleurostomella recens Dervieux — Hermelin, pp. 71-72, PL.
13:2.

Description. — Test free, small. Broadest in the middle of
test, apical end pointed. Chambers strongly embracing,
the ultimate chamber occupying most of the test. Sutures
slightly depressed. Wall calcareous, hyaline, smooth,
finely perforate. Aperture a vertical slit in the depressed
face of the ultimate chamber.

Remarks. — The apical end is more pointed and the cham-
bers are more embracing in Pleurostomella recens than in
P. brevis. According to Hermelin (1989), P. bierigi is
regarded as a junior synonym of P. recens.

Distribution at Sites 502A and 503B. — Pleurostomella
recens is rare with scattered occurrences at both investi-
gated sites.

Pleurostomella subnodosa (Reuss, 1845)
Fig. 22F

Synonymy. — 1845 Nodosaria nodosa — Reuss (part), p.
28, P1. 13:22.[01851b (part) Dentalina subnodosa (Reuss)
— Reuss, p. 24, PL. 1:9. (J1860 Pleurostomella subnodosa
(Reuss) — Reuss, p. 204, Pl. 8:2a—b. (11884 Pleurostomella
subnodosa (Reuss) — Brady, pp. 412-413, PL 52:12-13.
(01911 Pleurostomella subnodosa (Reuss) — Cushman, p.
51, Text-fig. 82. (J1960 Pleurostomella sp. — Barker, PL
52:12-13.011989 Pleurostomella subnodosa (Reuss) — Her-
melin, p. 72, PL. 13:7.

Description. — Test free, elongated, early biserial, later uni-
serial. Initial portion rounded, aperture portion subacute
in front view, circular in side view. Sutures slightly
depressed. Wall calcareous, hyaline, smooth, finely perfo-
rate. Aperture terminal, sinus broad with slight projec-
tions at each side.

Distribution at Sites 502A and 503B. — At Site 502A Pleu-
rostomella subnodosa is most abundant in the interval
between 119.33 and 122.32 m; in other intervals it is rare
with scattered occurrences. At Site 503B it is rare with few
occurrences.
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Family Caucasinidae Bykova, 1959
Subfamily Causasininae Bykova, 1959

Genus Francesita Loeblich &
Tappan, 1963

Francesita advena (Cushman, 1922)
Fig. 22G-H

Synonymy. — 131922 Virgulina (?) advena n.sp. — Cush-
man, p. 120, Pl. 25:1-3. [01937¢ Virgulina (?) advena
Cushman, 1922 — Cushman, p. 29, Pl. 4:29. 01953 Franc-
esita advena (Cushman) — Loeblich & Tappan, p. 215.
01953 Virgulina advena Cushman, 1922 — Phleger et al.,
p. 34, Pl 7:1-2. 0J1976 Francesita advena (Cushman) —
Pflum & Frerichs, Pl. 4:6-7. (01985 Francesita advena
(Cushman)— Thomas, p. 676, Pl. 2:8. (J1989 Francesita
advena (Cushman)— Hermelin, p. 72, Pl 13:8-10.

Description. — Test free, elongate, body subcylindrical
with broadly rounded base, circular to oval in cross-sec-
tion. Triserial in early stage, later biserial. Sutures slightly
depressed to flush. Wall calcareous, surface smooth, finely
perforate. Aperture an elongate slit extending from the
base of the final chamber up across the top, about half-
way down the opposite side, with one margin of the aper-
ture being curved inward and the opposite one projecting
abovelike a narrow hood.

Ecology. — According to Pflum & Frerichs (1976), Frances-
ita advena is the deepest-water ‘virgulinid’ index known,
and it has been found to be almost exclusively an abyssal
species in the Gulf of Mexico.

Distribution at Sites 502A and 503B. — Francesita advena
is a relatively common species with absolute abundances
of 0-6 individuals in each sample at Site 502A. It is rare
with few occurrences at Site 503B.

Family Cassidulinidae d’Orbigny, 1839
Genus Cassidulina d’Orbigny, 1826

Cassidulina carinata Silvestri, 1896
Fig. 221

Synonymy. — 11884 Cassidulina laevigata d’Orbigny —
Brady, pp. 428-429, Pl. 54:2-3. (J1896 Cassidulina laevi-
gata var. carinata n.sp. — Silvestri, p. 104, PL 2:10a—c.
01923 Cassidulina laevigata carinata n.sp. — Cushman, p.
124, PL. 25:6-7. 01950 Cassidulina neocarinata sp.nov. —
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Thalmann, p. 44. 01950 Cassidulina laevigata d’Orbigny
— Parr, p. 343. 01951 Cassidulina laevigata carinata —
Phleger & Parker, p. 27, Pl. 14:7a-b. (J1953 Cassidulina
carinata Silvestri — Phleger et al., p. 44, P1. 9:32,37.011962
Cassidulina laevigata d’Orbigny — McKnight, p. 127, PL
21:140a-b (not Cassidulina laevigata d’Orbigny 1826).
(01965 Cassidulina carinata Silvestri — Todd, pp. 40-41,
PlL. 17:4. 01980 Cassidulina carinata Silvestri — Bremer et
al., pp. 23-24, P1. 2:9-10. 81980 Cassidulina laevigata car-
inata Silvestri — Ingle et al., p. 131, PL. 6:5-8. (J1985 Cas-
sidulina neocarinata Thalmann, 1950 — Kohl, p. 86, PL
30:1. (11985 Cassidulina carinata Silvestri — Mead, p. 232,
Pl. 3:1a-3b.

Description. — Test free, compressed, small; chambers
biserially arranged and enrolled, tightly coiled. Chambers
elongate, about four pairs of chambers in the final whorl,
slightly inflated; periphery slightly lobulate in side view,
acute with a narrow keel. Sutures distinct, slightly
depressed. Wall calcareous, hyaline, smooth, coarsely per-
forate. Aperture an elongate broad slit parallel to the
periphery along the suture of the last chamber, with a
tooth.

Remarks. — Cassidulina carinata Silvestri has a broader
apertural face and tooth and a less compressed test than
Cassidulina neocarinata Thalmann and is more coarsely
perforate (Phleger et al. 1953). Phleger et al. (1953) also
pointed out that neither the aperture nor the apertural
face of C. carinata resembles that of C. laevigata
d’Orbigny, the type specimen of which has a more
rounded apertural face and a smallaperture. Mead (1985)
was of the opinion that the type specimen of C. laevigata
appears to have been a specimen with a broken final
chamber, so its apertural characteristics cannot be ascer-
tained. Todd (1965) concluded that these species overlap
in morphologic characteristics and that C. carinata and C.
neocarinata should be considered as synonyms. Eade
(1967) agreed with this opinion and stated that intraspe-
cific variation includes the characteristics used to separate
these two species. Rodrigues et al. (1980, PL. 5:2, 5, 8) illus-
trated a specimen of C. neocarinata, which is distinctly
different from C. carinata (their PL 5:1, 4, 7), and stated
that C. neocarinata does not have the broad flap charac-
teristic of C. carinata. However, the specimens from the
present study closely match C. carinata as described by
Phleger et al. (1953). They are generally small, narrow,
with an apertural tooth-plate, a narrow, nonpunctate
keel, and about 3.5-4 pairs of chambers per whorl.

Ecology. — The bathymetric distribution of this species is
primarily between 500 and 2500 m. It is cosmopolitan but
usually occurs in low abundances (Mead 1985). In the
South China Sea, Cassidulina dominates the fauna at
water depths between 1,700 and 2,800 m, where the
organic-carbon content of the sediment is high because of
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higher input of terrestrial organic carbon and higher sed-
imentation rates (Miao & Thunell 1993). Also, Cassid-
ulina is more abundant during glacial stage 2 than during
the Holocene in the South China Sea (Miao & Thunell
1996).

Distribution at Sites 502A and 503B. — Cassidulina  cari-
nata is a rare species with few occurrences at Site 502A. It
is absent at Site 503B.

Cassidulina crassa d’Orbigny, 1839

Fig. 22]

Synonymy. —[31839b  Cassidulina  crassa  n.sp. -
d’Orbigny, p. 56, Pl. 7:18-20. (J1884 Cassidulina crassa
d’Orbigny, 1839b — Brady, p. 429, Pl. 54:5. J1953 Cassid-
ulina crassa d’Orbigny, 1839b — Phleger et al., pp. 44-45,
Pl 10:1. (31958 Cassidulina crassa d’Orbigny, 1839b —
Norvang, PlL 8-9:20-25. [11978 Cassidulina crassa
d’Orbigny, 1839b — Wright, p. 712, Pl 3:11-12. (11986
Globocassidulina cf. G. crassa (d’Orbigny) — Belanger &
Berggren, p. 340.

Description. — Test closely coiled, lenticular or subglobu-
lar, only slightly compressed; periphery slightly lobate.
Chambers slightly depressed. Sutures distinct, slightly
curved, depressed. Wall calcareous, hyaline, smooth,
finely perforate. Aperture an elongate narrow slit parallel
to the periphery along the suture of the last chamber.

Remarks. — Cassidulina crassa differs from C. minuta
because it has a less compressed test. Also, the aperture of
C. minuta is more elongate than that of C. crassa.

Distribution at Sites 502A and 503B. — Cassidulina crassa
is a very rare species with a few occurrences above 68.42
m at Site 502A. It is absent at Site 503B.

Genus Globocassidulina
Voloshinova, 1960

Globocassidulina subglobosa
(Brady, 1881)

Fig. 22K-L

Synonymy. —[11881 Cassidulina subglobosa n.sp. — Brady,
p. 60. (01884 Cassidulina subglobosa Brady, 1881 — Brady,
p. 430, PL. 54:17a—c. 1911 Cassidulina subglobosa Brady,
1881 — Cushman, p. 98, Text-fig. 152. J1921 Cassidulina
subglobosa Brady, 1881 — Cushman, pp. 171-172, P1. 32:2.
J1925b Cassidulina subglobosa Brady, 1881 — Cushman,
p. 54, Pl 8:48-50. (01941 Cassidulina subglobosa Brady,
1881 — Galloway & Heminway, p. 425, PL. 32:2a-b. (01945
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Cassidulina subglobosa Brady, 1881 — Cushman & Todd,
p. 61, PL. 10:8a—b. (J1951 Cassidulina subglobosa Brady,
1881 — Phleger & Parker, p. 27, Pl 14:11-12. 01953 Cas-
sidulina subglobosa Brady, 1881 — Phleger et al., p. 45, P1.
10:4. (01964 Islandiella subglobosa (Brady) Akers & Dor-
man, p. 39, PL. 11:19. (J1966 Globocassidulina subglobosa
(Brady) — Belford, p. 149, PL. 25:11-16, Text-figs. 17:1-7;
18:1-4. 01971 Islandiella subglobosa (Brady) — Schnitker,
p. 204, PL 5:la—c. (J1978 Cassidulina subglobosa subglo-
bosa Brady — Boltovskoy, p. 155, P1. 2:34. (01978 Globocas-
sidulina subglobosa (Brady) — Lohmann, p. 26, PL. 2:8-9.
01979 Globocassidulina subglobosa (Brady) — Corliss, p. 8,
PI. 3:12-13. 01980 Cassidulina subglobosa Brady, 1881 —
Butt, Pl 2:11. 0J1980 Cassidulina subglobosa subglobosa
Brady — Ingle et al., p. 132, PL. 1:13-14.001981 Cassidulina
subglobosa Brady, 1881 — Resig, P1. 7:7. (01985 Globocas-
sidulina subglobosa (Brady) — Kohl, p. 88, Pl. 30:3-4.
01985 Globocassidulina subglobosa (Brady) — Mead, p.
232, 234, PL 3:8. 0J1985 Globocassidulina subglobosa
(Brady) — Thomas, Pl. 7:4. 01986 Globocassidulina sub-
globosa (Brady) — Kurihara & Kennett, P1. 5:4-8. [J1989
Globocassidulina subglobosa (Brady) — Hermelin, pp. 74—
75. 01990 Globocassidulina subglobosa (Brady) — Ujiié,
pp- 39-40, PL. 21:4, 5a-b; 6a-b; 7a-b; PL. 22:1a-b.

Description. — Test free, subglobular in side view, coiled
biserially, ovate in transverse section. Chambers inflated,
4-5 pairs in last whorl, increasing gradually in size as
added. Sutures narrow, distinct, smooth, slightly curved.
Wall calcareous, hyaline, smooth, finely perforate. Aper-
ture narrow, in a depression of the apertural face, varying
in shape from a straight, narrow slit to a chevron-shaped
opening, with a lip attached to the outer margin; tooth-
plate formed by infolding of apertural face.

Ecology. — Globocassidulina subglobosa is a cosmopolitan
species present over a wide bathymetric range and in a
number of different water masses. It has been stated to be
an indicator for NADW in the North Atlantic (Streeter
1973; Lohmann 1978; Schnitker 1979; Hermelin 1986). It
has also been found to be a dominant form in the MOW
(Mediterranean Outflow Water) (Murray 1991) and was
considered a typical species of ‘warm AABW’ in the
Indian Ocean (Corliss 1979). In the Gulf of Mexico, G.
subglobosa occurs in the upper bathyal zone (Pflum & Fre-
richs 1976). According to Corliss (1985, 1991) and Corliss
& Chen (1988), G. subglobosa may be characterized as a
shallow-infaunal species. It is considered to thrive in sed-
iments with high organic-carbon contents and can toler-
ate low dissolved-oxygen concentration (Ingle et al. 1980;
Miller & Lohmann 1982; Corliss & Chen 1988). In the
South China Sea and Sulu Sea, G. subglobosa is found
within the oxygen minimum zone of each basin where the
organic-carbon content of the sediment is highest and the
oxygen penetration depth is shallowest (Miao & Thunell
1993). However, Loubere & Banonis (1987) and Burke et
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Fig. 23. Scale bar 100 um. CJA. Rutherfordoides bradyi (Cushman), Side view, Hole 502A, 91.85 m. OJB. Rutherfordoides tenuis (Phleger & Parker), Side
view, Hole 5024, 109.51 m. OC. Chilostomella oolina Schwager, Side view, Hole 5024, 100.73 m. OD. Allomorphina pacifica Cushman & Todd, Ventral
view, Hole 503B, 72.03 m. OE-G. Nonion germanicum (Ehrenberg); E, Side view, Hole 502A, 76.72 m; F, Edge view, Hole 5024, 76.72 m; G, Opposite
side view, Hole 5024, 76.72 m. OH-]. Pullenia bulloides (d’Orbigny); H, Side view, Hole 5024, 65.51 m; I, Edge view, Hole 502A, 71.42 m; ] Opposite
side view, Hole 502A, 65.51 m. UK, L. Pullenia quinqueloculina (Reuss); K, Edge view, Hole 5024, 110.47 m; L, Side view, Hole 5024, 110.47 m.

al. (1993) reported from studies in the eastern and west-
ern equatorial Pacific that G. subglobosa may be related to
environment with low productivity in the surface area
and thereby low flux of organic matter to the sea-floor.
Miao & Thunell (1996) found that G. subglobosa is absent
at the end of glacial stage 2 and is present in low abun-
dances (<5%) during the Holocene in the Sulu Sea,
whereas it is abundant only in the late Holocene in the
South China Sea.

Distribution at Sites 502A and 503B. — Globocassidulina
subglobosa is a relatively common species at both sites.
Absolute abundances 0-33 individuals per sample at Site
502A and 0-13 at Site 503B.

Genus Rutherfordoides McCulloch, 1981

Rutherfordoides bradyi (Cushman, 1922)

Fig. 23A

Synonymy. — 11922 Virgulina bradyi n.sp. — Cushman, p.
115, PL. 24:1. 01937¢ Virgulina bradyi Cushman, 1922 —
Cushman, p. 29, Pl 5:1a—c. (01953 Virgulina bradyi Cush-
man, 1922 — Phleger et al., p. 34, Pl. 7:4-5. (J1960 Vir-
gulina bradyi Cushman, 1922 — Barker, p. 106, PL. 52:9a—
c. J1989 Rutherfordoides bradyi (Cushman) — Hermelin,
pp. 75-76, PL. 14:7-8.
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Description. — Test free, slender, circular to ovate in trans-
verse section, early portion coiled; chambers biserially
enrolled, later portion uncoiled. Chambers distinct,
slightly inflated, increasing gradually in size. Sutures dis-
tinct, flush with surface. Wall calcareous, hyaline,
smooth, perforated by small, narrow pores. Aperture a
narrow loop in a depression along the suture, extending
from base of ultimate chamber to apex of test.

Remarks. — Rutherfordoides bradyi is similar to R. tenuis,
but the test is more slender.

Distribution at Sites 502A and 503B. — Rutherfordoides
bradyi is a very rare species with few occurrences at both
investigated sites.

Rutherfordoides tenuis (Phleger &
Parker, 1951)

Fig. 23B

Synonymy. — 31951 Cassidulinoides tenuis n.sp. — Phleger
& Parker, p. 27, Pl. 14:14-17. (31958 Cassidulinoides ten-
uis Phleger & Parker, 1951 — Parker, p. 272, P1. 4:18-19.
01963 Cassidulinoides tenuis Phleger & Parker, 1951 —
Matsunaga, Pl 49:6a-b. (01964 Cassidulinoides tenuis
Phleger & Parker, 1951 — Leroy, p. 41, Pl 12:1-2. (01978
Cassidulinoides tenuis Phleger & Parker, 1951 — Boltov-
skoy, Pl. 3:2. (31985 Rutherfordoides tenuis (Phleger &
Parker) — Kohl, pp. 89-90, Pl 18:5a—f. (J1989 Rutherfor-
doides tenuis (Phleger & Parker) — Hermelin, p. 75, PL
14:3-4.

Description. — Test free, elongate; length 2.5 times the
width, early portion coiled; chambers biserially enrolled,
later portion uncoiled, circular to ovate in transverse sec-
tion. Chambers distinct, slightly inflated, increasing grad-
ually in size. Sutures distinct, slightly depressed. Wall cal-
careous, hyaline, smooth, perforated with small, narrow
pores. Aperture an elongate opening in a depression,
extending from base of ultimate chamber to a point near
the apex of test.

Remarks. — Rutherfordoides tenuis differs from R. bradyi in
its rounded cross-section and more elongate shape.

Ecology. — Rutherfordoides tenuis has been found in the
upper bathyal zone off western Central America (Smith
1964).

Distribution at Sites 502A and 503B. — Rutherfordoides
tenuis is a very rare species with few occurrences at both
Site 502 and Site 503.
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Superfamily Nonionacea Schultze, 1854
Family Nonionidae Schultze, 1854
Subfamily Chilostomellinae Brady, 1881

Genus Chilostomella Reuss in
Czjzek, 1849

Chilostomella oolina Schwager, 1878
Fig. 23C

Synonymy. — 1878 Chilostomella oolina n.sp. — Schwa-
ger, p. 527, PL. 1:16. 01926a Chilostomella oolina Schwa-
ger, 1878 — Cushman, p. 74, Pl. 11:3-10. (J1953 Chilosto-
mella oolina Schwager, 1878 — Phleger et al., p. 47, PL
10:18. 0J1960 Chilostomella oolina Schwager, 1878 —
Barker, p. 112, Pl 55:12-14, 17-18. (J1971 Chilostomella
oolina Schwager, 1878 — Schnitker, p. 196, Pl. 10:3a-b.
(J1980 Chilostomella oolina Schwager, 1878 — Ingle et al.,
p. 132, Pl 6:9-10. (J1986 Chilostomella oolina Schwager,
1878 — Kurihara & Kennett, Pl. 6:10. (11989 Chilostomella
oolina Schwager, 1878 — Hermelin, p. 76, Pl 14:5. (1990
Chilostomella oolina Schwager, 1878 — Thomas et al., PL.
7:9. 031990 Chilostomella oolina Schwager, 1878 — Ujiié, p.
41, PL. 22:5-6.

Description. — Test free, elongate, about three times as
long as broad, both ends broadly rounded, sides nearly
parallel. Ultimate chamber comprises more than half of
the test. Wall calcareous, hyaline, thin, translucent, finely
perforated. Aperture a narrow, curved slit at the suture
between the ultimate and penultimate chambers.

Ecology. — According to Pflum & Frerichs (1976), the size
of C. oolina increases with increasing water depth, from
about 0.4 mm near itsupper depth limit in the lower ner-
itic zone to approximately 0.6 mm in the lower middle
and lower bathyal and abyssal zones in the Gulf of Mex-
ico. Previous studies have classified Chilostomella as an
infaunal taxon (Corliss 1985; Corliss & Fois 1990)
adapted to low oxygen conditions (e.g., Corliss 1985;
Mackensen & Douglas 1989). According to Corliss
(1991), C. oolina is a deep-infaunal species, extending to
sediment depths below 4 cm in the North Atlantic. It can
alsolive at shallower depths in the sediment depending on
environmental conditions (Rathburn & Corliss 1994).
Rathburn & Corliss (1994) suggested that Chilostomella is
adapted to take advantage of subsurface accumulations of
labile organic carbon, even in deep turbiditic sediments.
Miao & Thunell (in press) found that C. oolina has its
highest abundance in the middle Holocene (17%) in the
South China Sea.
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Distribution at Sites 502A and 503B. — Chilostomella
oolina is a rare species with scattered occurrences at both
Site 502A and Site 503B.

Genus Allomorphina Reuss, in
Czjzek, 1849

Allomorphina pacifica Cushman &
Todd, 1949

Fig. 23D

Synonymy. — (11884 Allomorphina trigona (Reuss) —
Brady, p. 438, Pl 55:24-26. (31914 Allomorphina trigona
(Reuss) — Cushman, p. 3, PL. 1:6-8.[01925a Allomorphina
trigona (Reuss) — Cushman, p. 133, Pl. 17:2. (01944 Val-
vulineria aff. allomorphinoides (Reuss) — Leroy, p. 87, PL
3:21-23.001949 Allomorphina pacifica sp.nov. — Cushman
& Todd, pp. 68-69, Pl 12:6-9. (01951 Allomorphina
pacificanom.nov. — Hofker, p. 138:86a—f. (11960 Allomor-
phina pacifica Cushman & Todd, 1951 — Barker, p. 112, P1.
55:24-26. 01978 Allomorphina pacifica Cushman &
Todd, 1951 — Boltovskoy, Pl 1:1. (01980 Valvulineria sp.
Butt, Pl. 6:19-20. J1986 Allomorphina pacifica Cushman
& Todd, 1951 — Kurihara & Kennett, Pl. 6:9. (01989 Allo-
morphina pacifica Cushman & Todd, 1951 — Hermelin, p.
76, PL. 14:1-2. (31990 Allomorphina pacifica Cushman &
Todd, 1951 — Ujiié, p. 41, PL 22:7-11.

Description. — Test free, trochospiral, involute, ovate in
side view and in transverse section. Sutures distinct,
slightly depressed. Wall calcareous, hyaline, smooth.
Aperture a low, narrow opening at the sides of a V-shaped
lip, edge of lip saw- toothed.

Remarks. — According to Hermelin (1989), A. pacifica is
probably restricted to the Pacific Ocean.

Distribution at Sites 502A and 503B. — Allomorphina
pacifica is represented by only one specimen at Site 503B
(72.03 m).

Subfamily Nonoininae Schultze, 1854
Genus Nonion de Montfort, 1808

Nonion germanicum (Erhenberg, 1840)
Fig. 23E-G

Synonymy. — 1840 Nonionina germanica n.sp. — Ehren-
berg, p. 23. 11953 Nonion germanicum (Erhenberg) —
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Phleger et al., p. 30, P1. 6:6. J1979 Nonion germanicum
(Erhenberg) — Corliss, p. 8, P1. 3:14-15.

Description. — Test free, planispiral, involute, periphery
rounded. Chambers distinct, usually about eight in the
last whorl, increasing rapidly in size. Sutures gently
curved, flush with surface. Wall calcareous, hyaline,
smooth; the umbilicus is closed and surrounded by clear
calcite. The periphery of the early chambers is more acute
than with the later chambers, and the chambers also rap-
idly increase in size. Aperture an interiomarginal slit that
extends to umbilicus on both sides.

Ecology. — Nonion germanicum is generally considered a
bathyal species. In the Indian Ocean it is found in the
bathyal zone and down into the abyssal zone (Corliss,
1979).

Distribution at Sites 502A and 503B. — Nonion — germani-
cum is a relatively common species at Site 502A. In con-
trast, it has more scattered occurrences at Site 503B.

Genus Astrononion Cushman &
Edwards, 1937

Astrononion gallowayi Loeblich &
Tappan, 1953

Synonymy. — 11937 Astrononion australe n.sp. — Cush-
man & Edwards, pp. 33-34, Pl. 3:13-14. [J1939a Astrono-
nion australe Cushman & Edwards, 1937 — Cushman, pp.
37-38, Pl. 10:7-8. (11937 Astrononion sidebottomi n.sp. —
Cushman & Edwards, pp. 31-32, PL. 3:8. (01937 Astrono-
nion stellatum n.sp. — Cushman & Edwards, p. 32, P1. 3:9—
11. 01937 Astrononion tumidum n.sp. — Cushman &
Edwards, p. 33, PL 3:17. (01937 Astrononion viragoense
n.sp. — Cushman & Edwards, pp. 32-33, P1. 3:12.[11939a
Astrononion sidebottomi Cushman & Edwards, 1937 —
Cushman, p. 36, Pl 10:2. (11939a Astrononion stellatum
Cushman & Edwards, 1937 — Cushman, p. 36, Pl. 10:3-5.
(01939a Astrononion tumidum Cushman & Edwards,
1937 — Cushman, p. 37, PL. 10:11. (J1939a Astrononion
viragoense Cushman & Edwards, 1937 — Cushman, p. 36,
Pl. 10:6. 0J1953 Astrononion gallowayi nom.nov. — Loe-
blich & Tappan, p. 90, PL. 17:4-7. (01964 Astrononion gal-
lowayi Loeblich & Tappan, 1953 — Feyling—Hanssen, p.
332, Pl. 18:4. (J1971 Astrononion stellatum Cushman &
Edwards, 1937 — Schnitker, p. 193, Pl 10:7a-b (not Non-
ionina stellata Terquem, 1882). (11981 Astrononion gallo-
wayi Loeblich & Tappan, 1953 — Cole, p. 109, PL 13:6.
01985 Astrononion gallowayi Loeblich & Tappan, 1953 —
Hermelin & Scott, p. 203, Pl. 5:1a—c. (J1985 Astrononion
gallowayi Loeblich & Tappan, 1953 —Kohl, p. 91, P1. 32:1.
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(J1989 Astrononion gallowayi Loeblich & Tappan, 1953 —
Hermelin, p. 77.[31990 Astrononion gallowayi Loeblich &
Tappan, 1953 — Thomas et al., p. 226.

Description. — Test free, planispiral and involute, com-
pressed, umbilical area concave, periphery rounded.
Chambers distinct, 9-10 in final whorl, increasing gradu-
ally in size, strongly inflated. Sutures depressed. Wall cal-
careous, smooth, finely perforated. Aperture a low arch at
the base of the final chamber, supplementary aperture at
outer posterior margin of each supplementary chamber.

Distribution at Sites 502A and 503B. — Astrononion gallo-
wayi is represented by a single specimen at Site 503B
(38.13 m).

Genus Florilus Montfort, 1808

Florilus atlanticus (Cushman, 1947)

Synonymy. —11947 Nonionella atlantica n.sp. — Cush-
man, p. 90, PL. 20:4-5. 01951 Nonionella atlantica Cush-
man, 1947 — Phleger & Parker (part), p. 11, PL. 5:21a-b,
22a-b (not PL 5:23a-b). (J1953 Nomnionella atlantica
Cushman, 1947 — Phleger et al., p. 31, Pl 6:9-10. (1954
Nonionella atlantica Cushman, 1947 — Parker, p. 507, PL
6:6—7.001957 Nonionella atlantica Cushman, 1947 — Todd
& Bronnimann, p. 32, PL. 5:30-31. (31961 Pseudononion
atlantica (Cushman) — Andersen, p. 84, Pl. 18:1a-b, 2a—c.
001964 Florilus atlanticus (Cushman) Akers & Dorman, p.
34, PL. 6:26-27. (01976 Nonionella atlantica Cushman,
1947 — Hansen & Lykke—Andersen, p. 23, Pl 21:9-12.
(01985 Florilus atlanticus (Cushman)— Kohl, p. 91, PL
32:2. 1990 Nonionella atlantica Cushman, 1947 — Tho-
mas et al., p. 227.

Description. — Test free, compressed, asymmetrical; dorsal
side showing earlier coils, which are covered on the ven-
tral side; periphery rounded, umbilical region on ventral
side slightly depressed. Chambers distinct, inflated, 9-11
in the last whorl, increasing rapidly in size as added.
Sutures distinct, slightly depressed, curved. Wall calcare-
ous, hyaline, smooth, finely perforate. Aperture a narrow,
interiomarginal, equatorial opening.

Distribution at Sites 502A and 503B. — Florilus  atlanticus
is a rare species with scattered occurrences at Site 502A. It
is absent at Site 503B.
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Genus Pullenia Parker & Jones, in
Carpenter, Parker & Jones, 1862

Pullenia bulloides (d’Orbigny, 1846)

Fig. 23H-]

Synonymy. —[11846 Nonionina bulloides d’Orbigny —
d’Orbigny, p. 107, PL 5:9-10. J1862 Pullenia sphaeroides
Parker & Jones, in Carpenter — Parker & Jones, p. 184, PL
12:12. 31866 Pullenia bulloides (d’Orbigny) — Reuss, p.
150. (01884 Pullenia sphaeroides (d’Orbigny) — Brady, pp.
615-616, Pl 84:12-13. [J1943 Pullenia bulloides
(d’Orbigny) — Cushman & Todd, pp. 13-14, PL 2:15-18.
(01953 Pullenia bulloides (d’Orbigny) — Phleger et al., p.
47, PL. 10:19. (31960 Pullenia bulloides (d’Orbigny) —
Barker, p. 174, 0J1964 Pullenia bulloides (d’Orbigny) —
Akers & Dorman, p. 49, P1. 11:11-12. (01964 Pullenia bul-
loides (d’Orbigny) — Leroy, p. 41, PL. 10:30-31. (J1964
Pullenia miocenica Kleinpell — Leroy, p. 41, Pl. 10:26—
27.PL. 84:12-13. 0J1973 Pullenia bulloides (d’Orbigny) —
Douglas, PL. 8:1-2. (J1978 Pullenia bulloides (d’Orbigny)
— Boltovskoy, Pl 6:12. 01978 Pullenia bulloides
(d’Orbigny) — Lohmann, p. 26, PL. 1:10-11. (31979 Pulle-
nia bulloides (d’Orbigny) — Corliss, p. 8, PL. 4:1-2. (J1981
Pullenia bulloides (d’Orbigny) — Burke, PL. 3:5-6. [J1981
Pullenia bulloides (d’Orbigny) — Cole, p. 111, PL 14:5.
01981 Pullenia bulloides (d’Orbigny) — Resig, P1. 7:13.
(01984 Pullenia bulloides (d’Orbigny) — Murray, PI. 2:19—
20. 01985 Pullenia bulloides (d’Orbigny) — Hermelin &
Scott, p. 216, PL 5:3-4. 01985 Pullenia bulloides
(d’Orbigny) — Kohl, pp. 92-93, Pl 32:5. (31985 Pullenia
bulloides (d’Orbigny) — Mead, 1985, p. 236, P1. 4:6. [(J1986
Pullenia bulloides (d’Orbigny) — Kurihara & Kennett, Pl.
6:5—6. (11989 Pullenia bulloides (d’Orbigny) — Hermelin,
pp. 78-79, PL 15:4-5. [J1990 Pullenia bulloides
(d’Orbigny) — Thomas et al., Pl. 7:10, Pl 10:15. (J1991
Pullenia bulloides (d’Orbigny) — Scott & Vilks, p. 32.

Description. — Test free, planispiral, involute, sphaeroidal,
circular in side view, ovate in apertural view. Chambers
distinct, inflated, 4-5 in the last whorl. Sutures distinct,
radial, flush with surface. Wall calcareous, hyaline,
smooth, finely perforate. Aperture a narrow interiomar-
ginal slit extending from one umbilicus to the other, with
a thin lip.

Remarks. — Pullenia bulloides is characterized by a sphe-
roid, smooth outline and usually 4-4.5 chambers.

Ecology. — Pullenia bulloides is the most common pullenid
in the deep-sea (Corliss 1979). Smith (1964) and Ingle &
Keller (1980) reported this species from the lower middle
bathyal zone in the Pacific, and Pflum & Frerichs (1976)
reported it from the neritic zone down into the abyssal
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zone in the Gulf of Mexico. In the southeast Indian
Ocean, P. bulloides is an important deep-sea foraminifer
and is found at 2,500-4,600 m (Corliss 1979). In the Nor-
wegian Sea off southwest Norway, P. bulloides has been
found abundant at water depths between 1,000 and 1,400
m, where the slope is covered by organic-rich terri-
geneous mud (Mackensen et al. 1985). In the Sulu Sea,
Rathburn & Corliss (1994) found this shallow infaunal
species down to 2 cm, with a maximum at 1.5 cm. Accord-
ing to Burke et al. (1993), P. bulloides may be associated
with areas of low productivity in the surface water and,
therefore, low flux of organic matter to the sea-floor,
whereas Mackensen et al. (1985) reported P. bulloides to
be more abundant in regions with high productivity in
the surface water. It is also abundant in postglacial sedi-
ments on the Ontong Java Plateau (Burke et al. 1993).

Distribution at Sites 502A and 503B. — Pullenia bulloides is
a common species at both sites, showing absolute abun-
dances of 0-11 individuals per sampleat Site 502A and 0—
10 at Site 503B.

Pullenia quinqueloba (Reuss, 1851a)

Fig. 23K-L

Synonymy.—[11851a Nonionina quinqueloba Reuss, p. 71,
Pl. 5:31a-b. 01880 Pullenia compressa n.sp. — Seguenza, p.
307, Pl. 17:14. 01943 Pullenia quinqueloba Reuss — Cush-
man & Todd, p. 10, Pls. 2:5; 3:8. (01951 Pullenia quinque-
loba Reuss — Marks, p. 69, PL. 7:19a-b. (J1957 Pullenia
quinqueloba Reuss — Agip Mineraria, Pl. 44:10. (01958
Pullenia quinqueloba Reuss — Becker & Dusenbury, p. 27,
PL. 6:3a—b. 1J1959 Pullenia quinqueloba Reuss — Dieci, p.
87, Pl 7:7a-b. 01971 Pullenia quinqueloba Reuss —
Schnitker, p. 206, Pl 10:11a-b. (J1985 Pullenia quinque-
loba Reuss—Kohl, p. 93, Pl. 32:6. (J1985 Pullenia quinque-
loba Reuss — Thomas, Pl. 4:2. 01990 Pullenia quinqueloba
Reuss — Thomas et al., PL. 7:1; pl. 10:19. 101990 Pullenia
quinqueloba Reuss — Ujiié, p. 43, Pl. 24:1a-b, 2, 3a-b, 4, 5.

Description. — Test free, planispiral, involute, compressed,
slightly lobate, rounded to subrounded in side view.
Chambers distinct, usually four to five in the last whorl,
gradually increasing in size as added. Sutures distinct,
slightly depressed, nearly radial. Wall calcareous, hyaline,
smooth, finely perforate. Aperture a narrow interiomar-
ginal slit extending to the umbilicus on either side, with a

lip.
Remarks. — Pullenia quinqueloba is marked by a flattened
test with lobate periphery, and usually 5-5.5 chambers.

Distribution at Sites 502A and 503B. — Pullenia  quinque-
loba is a common species at Site 502A, with relative abun-
dances of 0-5%. It is rare with scattered occurrences at
Site 503B.
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Pullenia subcarinata (d’Orbigny, 1839)

Fig. 24A—C

Synonymy.—U01839a Nonionina subcarinata n.sp. -
d’Orbigny, p. 28, PL. 5:23-24. (11932 Pullenia subcarinata
(d’Orbigny) — Heron-Allen & Earland, pp. 403-404, Pl
13:14-18. 01960 Pullenia subcarinata (d’Orbigny) —
Barker, p. 174, Pl 84:14-15.

Description. — Test free, planispiral, involute, compressed,
periphery rounded or subrounded. Chambers distinct, 4—
6 in the last whorl, increasing in size as added. Sutures dis-
tinct, slightly depressed. Wall calcareous, hyaline,
smooth, finely perforate. Aperture a narrow interiomar-
ginal slit that extending from one umbilicus to the other,
with a lip.

Remarks. — P. subcarinata (d’Orbigny) differs from P.
quinqueloba in possessing six chambers in the last whorl
and a more inflated test.

Ecology. — Pullenia subcarinata has been reported from
the upper middle bathyal zone of the Pacific Ocean (Ingle
1980) and the Gulf of Mexico (Pflum & Frerichs 1976).
On the Ontong Java Plateau, P. subcarinata is found to be
more abundant during postglacials (Burke et al. 1993).

Distribution at Sites 502A and 503B. — Pullenia  subcari-
nata is rare with scattered occurrences at Site 503B. It
occurs in most samples at Site 502A with relative abun-
dances of 0-3%.

Family Alabaminidae Hofker, 1951
Genus Gyroidina d’Orbigny, 1826

Gyroidina altiformis Stewart &
Stewart, 1930

Fig. 24D-F

Synonymy. — 11930 Gyroidina soldanii d’Orbigny var.
altiformis Stewart & Stewart, p. 67, Pl. 9:2a—c. [J1949
Gyroidina neosoldanii Brotzen var. acuta — Boomgaart, p.
125, PL. 14:1a—c. J1954 Gyroidina soldanii d’Orbigny var.
altiformis — Parker, p. 527, Pl. 9:7-9. (01964 Gyroidina
altiformis Stewart & Stewart — Leroy, p. 37, Pl 7:7-9.
01966 Gyroidina acuta Boomgaart — Belford, p. 165, 167,
Pl. 28:1-9, Text-fig. 21:6-7. 01976 Gyroidina altiformis
acuta Boomgaart — Pflum & Frerichs, Pl 4:8-9, PL 5:1.
01978 Gyroidina altiformis Stewart & Stewart — Wright,
p. 714, PL 5:1-3. (J1980 Gyroidina altiformis Stewart &
Stewart— Ingle et al, p. 138, PL 7:5-6. (01985 Gyroidi-
noides altiformis (Stewart & Stewart) — Kohl, pp. 95-96,
Pl. 34:3a—c. 31985 Gyroidinoides acutus (Boomgaart) —
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Fig. 24. Scale bar 100 um. JA-C. Pullenia subcarinata (d’Orbigny); A, Side view, Hole 5024, 116.52 m; B, Edge view, Hole 502A, 116.52 m; C, Opposite
side view, Hole 5024, 113.42 m. JD-F. Gyroidina altiformis Stewart & Stewart; D, Spiral view, Hole 5024, 41.62 m; E, Edge view, Hole 502A, 41.62 m;
F, Umbilical view, Hole 5024, 106.53. O0G-1. Gyroidina neosoldanii Brotzen; G, Spiral view, Hole 502A, 94.77 m; H, Edge view, Hole 5024, 94.77 m; |
Umbilical view, Hole 502A, 103.63 m. (J-L. Oridorsalis umbonatus (Reuss); J, Spiral side, Hole 502A, 111.48 m; K, Edge view, Hole 502A, 111.48 m; L,
Umbilical view, Hole 502A, 111.48 m.

Thomas, p. 676, PL. 6:4—6. 01986 Gyroidina acuta Boom-
gaart — Kurihara & Kennett, Pl. 7:7. (01989 Gyroidina alti-
formis Stewart & Stewart — Hermelin, p. 81, PL. 15:13-15.

Description. — Test free, trochospiral, planoconvex, spiral
side flat to slightly convex, umbilical side convex with
deep umbilicus. Circular in outline, peripheral edge sub-
acute. Seven to ten chambers in the final whorl. Sutures
distinct, limbate, slightly depressed and radial on the
umbilical side, raised and oblique on the spiral side. Wall
calcareous, hyaline, smooth, finely perforate. Aperture a
low interiomarginal slit extending from periphery to
umbilicus.

Remarks. — Gyroidina altiformis differs from Gyroidina
neosoldanii in having raised, oblique sutures on the spiral
side rather than flush, radial sutures.

Ecology. — Smith (1964) reported G. altiformis from the
lower bathyal zone of f the west coast of America, whereas
Ingle et al. (1980) and Ingle (1980) observed it in the
upper middle bathyal zone. Gyroidina altiformis is found
to be more abundant during glacials than during intergla-
cials on the Ontong Java Plateau (Burke et al. 1993).

Distribution at Sites 502A and 503B. — Gyroidina  altifor-
mis is a rare species with scattered occurrences at both Site
502A and Site 503B.
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Gyroidina neosoldanii Brotzen, 1936
Fig. 24G-1

Synonymy. — 01826 Gyroidina soldanii n.sp. — d’Orbigny,
p. 278, modeles no. 36. J1936 Gyroidina neosoldanii
sp.nov. — Brotzen, p. 158. 01953 Gyroidina soldanii
d’Orbigny, 1826 — Phleger et al., p. 41, PL 9:1-2. 11960
Gyroidina neosoldanii Brotzen, 1936 — Barker, p. 220, PL
107:6-7. 01964 Gyroidina neosoldanii Brotzen, 1936 —
Leroy, p. 37, PL 7:4-6. 001965 Gyroidina soldanii
d’Orbigny, 1826 — Todd, p. 19, PL. 6:4. (01978 Gyroidi-
noides soldanii (Brotzen) — Lohmann, p. 29, Pl 1:1-3.
01979 Gyroidinoides soldanii (Brotzen)- Corliss, p. 9, P1.
5:4-6. 01980 Gyroidina neosoldanii Brotzen [sic] — Ingle
et al., p. 138, PL. 7:10-11. J1981 Gyroidina neosoldanii
Brotzen, 1936 — Resig, Pl 8:5. (01985 Gyroidina soldanii
d’Orbigny, 1826 — Hermelin & Scott, p. 220, Pl 5:6-8.
01989 Gyroidina neosoldanii Brotzen, 1936 — Hermelin,
p. 81, Pl 15:16-18. (11990 Gyroidina soldanii d’Orbigny,
1826 — Thomas et al., Pl 10:22. (11990 Gyroidinoides sol-
danii (Brotzen) — Ujiié, p. 45, PL 25:1a—c, 2, 3a—c, 4a—c,
5a-c.

Description. — Test free, trochospiral, spiral side slightly
convex, umbilical side strongly convex. Chambers have
umbilical shoulders. Sutures distinct, radial or pointing
slightly backwards, slightly depressed. Wall calcareous,
perforate, granular in structure. Aperture a low interi-
omarginal slit in the middle of the apertural face and
opening into the wide umbilicus.

Distribution at Sites 502A and 503B. — Gyroidina neosol-
danii is a common species at both investigated sites with
absolute abundances in the range of 0-18 individuals in
each sample at Site 502A and 0-8 at Site 503B.

Genus Oridorsalis Andersen, 1961

Oridorsalis umbonatus (Reuss)
Fig. 24)-L

Synonymy. — 11884 Truncatulina tenera n.sp. — Brady, p.
665, Pl. 95:11. (01937 Eponides umbonatus (Reuss) —
Chapman & Parr, p. 108. (01949 Eponides umbonatus
(Reuss) — Bermudez, p. 249, PL 17:22-24. (1951 Gyroi-
dina tenera (Brady) — Hofker, p. 403, Text-figs. 279-280.
0J1952 Eponides umbonatus (Reuss) — Parker, p. 419, Pl.
6:13. 1J1953 Eponides umbonatus (Reuss) — Phleger et al.,
p- 42, Pl 9:9-10. (31954 Eponides tenera (Brady) — Cush-
man et al., p. 359, PL. 89:20. 01954 Pseudoe ponides tenera
(Brady) — Parker, p. 530, PL. 9:20-21. (J1958 Pseudoe-
ponides umbonatus (Reuss) — Parker, p. 267, P1. 3:30-32.
J1960 Eponides (?) tenera (Brady) — Barker, p. 196, Pl
95:11a—c. 01960 Eponides umbonatus (Reuss) — Barker, p.
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216, Pl 105:2a—c. 01964 Pseudoeponides umbonatus
(Reuss) — Leroy, p. 39, Pl. 7:33-38. 01964 Pseudoe ponides
umbonatus (Reuss) — Smith, p. 43, Pl. 4:8a—c. (J1965 Ori-
dorsalis umbonatus (Reuss) — Todd., p. 23, PL 6:2. (1966
Oridorsalis umbonatus (Reuss) — Belford, pp. 172-173, PL
30:1-6. Text-figs. 22:4-5. (J1966 Pseudoeponides umbon-
atus (Reuss) — Belford, p. 172, PL. 30:1-6. (01966 Oridor-
salis umbonatus (Reuss) — Todd, 1966, p. 29, PL 6:5; PL
13:5. 01971 Oridorsalis tenera (Brady) — Echols, p. 166,
Pl. 15:3a-b. (01971 Eponides tener tener (Brady) — Herb, p.
298. 1973 Oridorsalis umbonatus (Reuss) — Douglas, Pl
13:1-6, Pl. 24:9-12. (01976 Oridorsalis tener umbonatus
(Reuss) — Pflum & Frerichs, p. 108, Pl. 6:5-7. (11978
01976 Oridorsalis tener tener (Brady) — Pflum & Frerichs,
PL. 6:2—4. (01978 Oridorsalis umbonatus (Reuss) — Bol-
tovskoy, Pl. 5:5-6. (01978 Oridorsalis tener (Brady) —
Lohmann, p. 26, Pl 4:5-7. 01978 Oridorsalis umbonatus
(Reuss) — Lohmann, p. 26, Pl. 4:1-3. 01979 Oridorsalis
tener (Brady) — Corliss, p. 9, PL. 4:10-15. 101980 Oridorsa-
lis umbonatus (Reuss) — Butt, Pl. 7:15, P1. 7:21. 11980 Ori-
dorsalis tener (Brady) — Ingle et al, p. 142, PL. 5:5-6.
(11981 Oridorsalis umbonatus (Reuss) —Burke, P1. 3:9-10.
1981 Oridorsalis umbonatus (Reuss) — Cole, p. 113, Pl.
14:8. 01981 Oridorsalis umbonatus (Reuss) — Resig, Pl
8:8. [11984b Oridorsalis umbonatus (Reuss) — Boersma,
Pl 4:10-13. (J1985 Oridorsalis umbonatus (Reuss) — Her-
melin & Scott, p. 214, PL 5:10. 1985 Oridorsalis umbon-
atus (Reuss) — Kohl, p. 95, P1. 33:6; P1. 34:1-2. (J1985 Ori-
dorsalis umbonatus (Reuss) — McDougall, p. 396, Pl. 6:11.
001985 Oridorsalis umbonatus (Reuss) — Mead, p. 237, PL
5:8a—13. (11986 Oridorsalis umbonatus (Reuss) — Kuri-
hara & Kennett, Pl. 6:11-13. (01989 Oridorsalis umbona-
tus (Reuss) — Hermelin, pp. 81-83, PL. 16:1-5. 01990 Ori-
dorsalis umbonatus (Reuss) — Schroder-Adams et al., p.
34,Pl. 8:13. J1990 Oridorsalis tenera (Brady) — Thomas et
al., P1. 10:20-21. J1990 Oridorsalis umbonatus (Reuss) —
Thomas et al., p. 227. 01990 Oridorsalis umbonatus
(Reuss) — Ujiié, p. 48, Pl. 28:1a—c, 2a—c, 5a—c, 6; Text-fig.
4. 01991 Oridorsalis umbonatus (Reuss) — Scott & Vilks,
p. 32, Pl. 4:4-5.

Description. — Test free, trochospiral, biconvex, periph-
eral margin carinate with a distinct keel, circular in side
view. All chambers visible on spiral side, increasing grad-
ually as added. Sutures radial and slightly curved on spiral
side, strongly sinusoidal on umbilical side. Wall calcare-
ous, hyaline, smooth, finely perforate. Aperture an interi-
omarginal slit extending from the umbilical area to the
periphery, supplementary apertures on the spiralside at
proximal end of the sutures of the last-formed chambers,
similar apertures on the umbilical side are located along
the suture between ultimate and penultimate chambers.

Remarks. — The morphological differences between Ori-
dorsalis umbonatus and Oridorsalis tener are almost negli-
gible. Oridosalis umbonatus has straight sutures on the
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spiral side, chambers of equal size in the last whorl, and a
trochoidal cross-sectional outline, whereas O. tener has
curved sutures, more rapid whorl expansion, and a more
compressed outline (Lohmann, 1978; Corliss, 1979;
Mead, 1985). I do not regard these forms as distinct spe-
ciesand therefore include O. tener in the synonymy of O.
umbonatus. Hermelin (1989) contains a more extensive
discussion of the O. umbonatus — O. tener group.

Ecology. — Oridorsalis umbonatus is an important cosmo-
politan species of lower bathyal and abyssal faunas in the
Indian Ocean (Corliss 1979), the Atlantic Ocean (Streeter
1973; Lohmann 1978; Streeter & Shackleton 1979), and
the Antarctic (Uchio 1960) and is often associated with
AABW (Corliss 1979). According to Mead (1985), this
species occurs persistently in low abundances throughout
the world’s oceans, at 42—-4,800 m depth. From surface
sediments and piston cores in the Sulu Sea, Linsley et al.
(1985) found that O. umbonatus is the most abundant
species between 1,600 and 4,000 m water depth. Miao &
Thunell (1993) found O. umbonatus abundant in the Sulu
Sea at depths below 3,000 m and in sediment associated
with relatively low organic-carbon content and deep pore
water oxygen-penetration depths. Oridorsalis umbonatus
is not found as an important species in the lower bathyal
and abyssal faunas of either Pacific Ocean (Culp 1977) or
the South China Sea (Miao & Thunell 1993), where the
dominant species are agglutinated or dissolution-resist-
ant hyaline forms. Oridorsalis umbonatus has been
reported to prefer well-oxygenated, low-organic-carbon
environments associated with regions of low surface pro-
ductivity (Mackensen et al. 1985; Burke et al. 1993),
whereas Woodruff (1985) and Woodruff & Savin (1989)
found that O. umbonatus is more related to regions with
high productivity in the surface area. However, observa-
tions by Rathburn & Corliss (1994) from the Sulu Sea
indicate that O. umbonatus can be found in relatively low
oxygen concentrations in sediments encompassing a wide
range of organic-carbon values. Corliss & Chen (1988)
listed this species as an epifaunal form, buta more recent
study from the Sulu Sea by Rathburn & Corliss (1994)
indicates that O. umbonatus should be categorized as a
transitional infaunal species with distribution extending
from 0 to 4-4.5 cm depth in the sediment.

Distribution at Sites 502A and 503B. — Oridorsalis umbon-
atus is one of the most common species at both sites.

Absolute abundances are 0-47 individuals per sample at
Site 502A and 0-26 at Site 503B.
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Family Osangulariidae Loeblich &
Tappan, 1964

Genus Gyroidinoides Brotzen, 1942

Gyroidinoides lamarckianus, 1839
Fig. 25A-C

Synonymy. —[01839¢  Rotalina lamarckiana n.sp. -
d’Orbigny, p. 131, Pl 2:13-15. 01953 Gyroidina lamarck-
iana (d’Orbigny) — Phleger et al., p. 41, Pl. 8:33-34.0J1974
Gyroidina lamarckiana (d’Orbigny)— LeCalvez, p. 72, 74,
Pl 17:1-3. 001976 Gyroidina orbicularis d’Orbigny —
Pflum & Frerichs, Pl 5:5-7 (not Gyroidina orbicularis
d’Orbigny, 1826). [1978 Gyroidina lamarckiana
(d’Orbigny) — Boltovskoy, Pl. 4:14-15. (1979 Gyroidi-
noides orbicularis (d’Orbigny) — Corliss, p. 9, PL. 5:1-3
(not Gyroidina orbicularis d’Orbigny, 1826).0J1981
Gyroidina lamarckiana (d’Orbigny)- Burke, Pl 3:7-8.
01981 Gyroidina lamarckiana (d’Orbigny) — Resig, PL
8:1-2. 1985 Gyroidinoides sp. A. Mead, p. 238, P1. 5:1-3.
01985 Gyroidinoides lamarckianus (d’Orbigny) — Tho-
mas, p. 677, Pl. 5:1-2. (1989 Gyroidinoides lamarckianus
(d’Orbigny) — Hermelin, p. 83, PL. 16:6, 10.

Description. — Test free, trochospiral, spiral side flat,
umbilical side strongly convex, circular in outline,
periphery rounded. Chambers indistinct, all visible on the
spiral side. Sutures flush with surface, radial on spiral and
umbilical side. Wall calcareous, hyaline, smooth, finely
perforate. Aperture an interiomarginal slit in the aper-
tural face midway between the periphery and umbilicus.

Remarks. — According to Hermelin (1989), the forms
referred to as Gyroidina orbicularis by Phleger et al.
(1953), Pflum & Frerichs (1976), and Corliss (1979) are
probably representatives of this species.

Ecology. — According to Rathburn & Corliss (1994), the
genus Gyroidinoides has intragenetic differences in the test
morphology that include the variable distribution of
pores over the umbilical side of the test, rounded periph-
eries, and variable spire height. Gyroidinoides is also
related to infaunal or transitional (0—4 cm) microhabitat
preference.

Distribution at Sites 502A and 503B. — Gyroidinoides
lamarckiana is a common species at both sites. Absolute
abundances are 0-9 individuals per sample at Site 502A
and 0-7 at Site 503B.
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Gyroidinoides orbicularis
(d’Orbigny, 1826)
Fig. 25D-E

Synonymy. — 1826 Gyroidina orbicularis n.sp. — d’Or-
bigny, p. 278, no. 1, modeles no. 13. 01953 Gyroidina or-
bicularis d’Orbigny, 1826 — Phleger et al., p. 41, P1. 8:35—
36. 01976 Gyroidina orbicularis d’Orbigny, 1826 — Pflum
& Frerichs, p. 118, Pl. 5:5-7. (J1979 Gyroidina orbicularis
d’Orbigny, 1826 — Corliss, p. 9, PL. 5:1-3. 1989 Gyroidi-
noides orbicularis (d’Orbigny) — Hermelin, pp. 83-84, Pl
16:7-9.

Description. — Test free, trochoid, unequally biconvex;
spiral side slightly convex, umbilical side strongly convex
with slight depression, circular in outline. Chambers dis-
tinct, 8—12 in the last whorl, all visible on the spiral side.
Sutures distinct, flush with surface, radial on spiral and
umbilical sides. Wall calcareous, smooth, hyaline, finely
perforate. Aperture an interiomarginal slit in the aper-
tural face midway between the periphery and umbilicus,
with a narrow lip.

Ecology. — In the Gulf of Mexico, Pflum & Frerichs (1976)
reported that the bathymetric range of this species was
from the upper depth limit of the upper bathyal zone
down into abyssal depths, whereas it is found in the lower
bathyal and abyssal zones of the Indian Ocean (Corliss
1979). Gyroidinoides orbicularis was also found in the
lower bathyal zone off New Foundland (Cole 1981). It is
reported by Schnitker (1980) from neritic depths on the
North Carolina continental shelf.

Distribution at Sites 502A and 503B. — Gyroidinoides orbi-
cularis is a relatively common species with abundances
of 0-24 individuals per sample at Site 502A and 0-11 at
Site 503B.

Fig. 25. Scale bar 100 um. OA-C. Gyroidinoides lamarckianus
(d’Orbigny); A, Spiral view, Hole 5024, 98.81 m; B, Edge view, Hole
5024, 103.63 m; C, Umbilical view, Hole 502A, 98.81 m. 0D, E. Gyroid-
inoides orbicularis (d’Orbigny); D, Spiral view, Hole 502A, 114.45 m; JE
Umbilical view, Hole 5024, 128.36 m. OF, G. Anomalinoides globulosus
(Chapman & Parr); F, Umbilical view, Hole 502A, 64.51 m; G, Edge
view, Hole 502A, 50.43 m. OH-J, Cibicidoides bradyi (Trauth); H,
Umbilical view, Hole 5024, 88.84 m; I, Edge view, Hole 5024, 110.47 m;
], Spiral view, Hole 502, 88.84 m.
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Family Anomalinidae Cushman, 1927
Subfamily Anomalininae Cushman, 1927

Genus Anomalinoides Brotzen, 1942

Anomalinoides globulosus (Chapman &
Parr, 1937)

Fig. 25F-G

Synonymy. — 1937 Anomalina globulosa sp.nov. — Chap-
man & Parr, p. 117, Pl. 9:27. (01953 Anomalina sp.
Phleger et al., p. 48, PL. 10:26-28. (J1960 Anomalina glob-
ulosa Chapman & Parr, 1937 — Barker, p. 194, Pl. 19:4-5.
01976 Anomalinoides sp. 1 Douglas — Resig, Pl 4:10-11.
1978 Anomalinoides sp. — Lohmann, PlL. 2:13-15.[11981
Anomalina globulosa Chapman & Parr, 1937 — Resig, PL
8:11-12. (11985 Anomalina globulosa Chapman & Parr,
1937 — Hermelin & Scott, p. 203, PL. 6:1-2. (11985 Anom-
alinoides globulosus (Chapman & Parr) — Thomas, PL
12:6-7. 01986 Anomalinoides globulosa (Chapman &
Parr) — Boersma, Pl. 2:1-3. (01986 Anomalinoides globulo-
sus (Chapman & Parr) — Kurihara & Kennett, Pl. 9:9.
001986 Anomalinoides globulosus (Chapman & Parr) —
Van Morkhoven et al., pp. 36-38, PL. 9:1-3. 1989 Anom-
alinoides globulosus (Chapman & Parr) — Hermelin, pp.
84-85, PL. 17:1; 5.

Description. — Test free, trochospiral, periphery rounded;
spiral side strongly convex, umbilicus depressed. Cham-
bers distinctly globular. Sutures depressed and slightly
curved backwards. Wall coarsely perforated, giving test a
rough appearance, especially on central parts. Aperture a
low interiomarginal slit which begins at near the mid-
point of the periphery and extends into the umbilicus,
with a narrow lip.

Ecology. — According to Berggren et al. (1976) and Pflum
& Frerichs (1976) Anomalinoides globulosus is a cosmo-
politan species and is common from the middle bathyal to
abyssal water depths.

Distribution at Sites 502A and 503B. — Anomalinoides glo-
bulosus is a rare species with scattered occurrences at both
investigated sites.
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Genus Cibicidoides Thalmann, 1939

Cibicidoides bradyi (Trauth, 1918)

Fig. 25H-]

Synonymy. —[01918  Truncatulina bradyi sp.nov. -
Trauth, p. 235. 01942 Cibicides bradyi (Trauth) — Thal-
mann, p. 464. (01951 Cibicides hyalina Hofker, p. 359,
Figs. 244-245. 01960 Cibicides bradyi (Trauth) — Barker,
p. 196, Pl. 95:5a—c. (01964 Eponides hyalinus (Hofker) —
Leroy, p. 37, PL 7:24-26. (J1966 Parelloides bradyi
(Trauth) — Belford,pp 100- 102, Pl 11:10-19. (J1971
Cibicides bradyi (Trauth) — Schnitker, p. 196, Pl. 10:12a—
¢. 01976 Cibicides bradyi (Trauth) — Pflum & Frerichs, PL
3:6-7. (01978 Cibicides bradyi (Trauth)- Boltovskoy, Pl
3:6-8.

Description. —Test free, biconvex, periphery broadly
rounded, 4-5 whorls visible on the spiral side, 9-11 cham-
bers in the final whorl. Sutures slightly depressed. Wall
calcareous, spiral side coarsely perforate, finely perforate
on umbilical side. Aperture small and peripheral.

Remarks. — Cibicidoides bradyi is similar to C. robertsoni-
anus but has a smaller size and lacks both an angular
periphery and an imperforate keel. In addition, this spe-
cies differs morphologically from many Cibicidoides spe-
ciesinthatthe periphery is rounded and the testmay have
a high spire with pores extending over most of the surface.

Ecology. — Cibicidoides bradyi is reported to be cosmopol-
itan deep-sea species (Uchio 1960; Streeter 1973; Lohm-
ann 1978; Corliss 1979; Streeter & Shackleton 1979; Burke
etal. 1993; Miao & Thunell 1996). In the southeast Indian
Ocean, C. bradyi is an uncommon species found between
2,500 and 4,600 m (Corliss 1979). Cibicidoides bradyi has
its upper depth limit in the upper middle bathyal zone in
the western Pacific Ocean (Ingle & Keller 1980) and in the
Gulf of Mexico (Pflum & Frerichs 1976). According to
Corliss (1991), C. bradyi is an intermediate infaunal taxon
(1-4 cm). A more recent study by Rathburn & Corliss
(1994) from the Sulu Sea indicate that C. bradyi lives
between 0 and 3 cm and is not restricted to the surface. In
the Sulu Sea, C. bradyi increases in percentage with
increasing water depth and decreasing organic-carbon
values, which indicates that this species is able to make use
oflimited or alternate food resources (Rathburn & Corliss
1994). Miao & Thunell (1996) found that C. bradyi
increased in abundance during glacial conditions in the
Sulu Sea.

Distribution at Sites 502A and 503B. — Cibicidoides bradyi
is a relative common species at Site 503B with absolute
abundances of 0-9 individuals in each sample. Its distri-
bution is more scattered at Site 503B.
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Fig. 26. Scale bar 100 um. OA-C. Cibicidoides kullenbergi Parker; A, Spiral view, Hole 503B, 78.45 m; B, Edge view, Hole 503B, 104.54 m; C, Umbilical
view, Hole 503B, 104.54 m. OD-F. Cibicidoides lobatulus (Walker & Jacob); D, Spiral view, Hole 5024, 91.85 m; E, Edge view, Hole 5024, 77.69 m; F,
Umbilical view, Hole 5024, 77.69 m. OG-1. Cibicidoides mundulus (Bradyi, Parker & Jones); G, Spiral view, Hole 502A, 128.36 m; H, Edge view, Hole
502A, 128.36 m; I, Umbilical view, Hole 502A, 110.47 m. OJ-L. Cibicidoides robertsonianus (Brady); J, Spiral view, Hole 502A, 110.47 m; K, Edge view,
Hole 502A, 110.47 m; L, Umbilical view, Hole 502A, 110.47 m.

Cibicidoides kullenbergi (Parker, 1953)

Fig. 26A-C

Synonymy. — 11953 Cibicides kullenbergi n.sp — Parker in
Phleger et al., p. 49, Pl 11:7-8. 01978 Cibicides kullenbergi
Parker in Phleger et al., 1953 — Boltovskoy, Pl. 3:9-12.
(01978 Cibicidoides kullenbergi (Parker) — Lohmann, p.
29, P1. 2:5-7. 001978 Cibicidoides kullenbergi (Parker) —
Wright, p. 713, Pl. 4:5-7. 31979 Cibicidoides kullenbergi
(Parker) — Corliss, p. 10, Pl. 3:4-6. (01981 Cibicidoides
kullenbergi (Parker) — Corliss & Honjo, p. 359, Pl. 2:1-16.

01985 Cibicidoides kullenbergi (Parker) — Thomas, pp.
675-676, Pl. 8:1-2. (31978 Cibicidoides cf. C. kullenbergi
(Parker) — Wright, p. 713, PL. 4:8. 0J1985 Cibicidoides cf.
C. kullenbergi (Parker) — Mead, p. 242, Pl. 6:6a-7b.

Description. — Test free, trochospiral, biconvex, com-
posed of three whorls, periphery acute with a distinct,
narrow keel. Chambers distinct, 11-14 in the last-formed
whorl, increasing slowly in size, if at all, producing a cir-
cular outline with all chambers visible on spiral side.
Sutures thin and flush with surface on both sides, curved.
Wall calcareous, hyaline, smooth, finely perforate on the
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involute side, with large punctae rather widely spaced on
each chamber on the evolute side. Aperture an interi-
omarginal equatorial arch, extending along the spiral
sutures.

Remarks. — It has been debated whether C. kullenbergi
(Parker) is a junior synonym of Cibicidoides mundulus
(e.g., Van Morkhoven et al. 1986; Hermelin 1989). Several
authors (e.g., Lohmann 1978; Wright 1978; Corliss 1979;
Mead 1985) report an intermediate form between C. kul-
lenbergi and Cibicidoides wuellerstorfi, which is found
occasionally in deeper waters (about 4,000 m). The inter-
mediate form differs from C. kullenbergi because it has
only 7-9 chambers in the last whorl and a much less dis-
tinct or nonexistent keel. No umbilical plug exists in the
intermediate form, which is characteristic for C. kullen-
bergi, while it is in all other respects clearly related to C.
kullenbergi. Wright (1978) considered this form to be
similar to Cibicidoides robertsonianus with regard to the
shape and arrangement of the chambers but in other
respects similar to C. kullenbergi. As a consequence, he
named it Cibicidoides cf. C. kullenbergi. Lohmann (1978)
regarded these intermediate forms as C. kullenbergi, while
Corliss (1979) assumed that they represent ecopheno-
typic variation and referred them to C. wuellerstorfi. Tho-
mas (1985) concluded that C. kullenbergi is closely related
to C. mundulus, but referred her specimens to C. kullen-
bergi if they had a keel and if the sutures on the involute
side are curved strongly and thus join the keel tangen-
tially. Generally, C. kullenbergi has more chambers per
whorl (about 13) than the other Cibicidoides species (9-
11) (Thomas 1985). Hermelin (1989) included Cibici-
doides kullenbergi in C. mundulus. On the basis of the
present investigation, I have found C. kullenbergi to be
sufficiently different from C. wuellerstorfi and C. mundu-
lus to warrant its recognition as a separate species.

Ecology. — Cibicidoides kullenbergi is regarded as an indi-
cator species of NADW in the Atlantic (Lohmann 1978).
According to Pflum & Frerichs (1976), C. kullenbergi has
its upper depth limits within the middle bathyal in the
Gulf of Mexico. According to Corliss (1985, 1991) and
Corliss & Chen (1988), C. kullenbergi is characterized as
epifaunal and has its abundance maxima in the 0-1 ¢cm
interval. In the equatorial Pacific Ocean, Burke et al.
(1993) reported that C. kullenbergi may prefer environ-
ment with low productivity.

Distribution at Sites 502A and 503B. — Cibicidoides kullen-
bergi is a common species with absolute abundances of 0—
27 individuals per sample at Site 502A and 0-13 at Site
503B.
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Cibicidoides lobatulus (Walker &
Jacob, 1798)

Fig. 26D-F

Synonymy. — 01798 Nautilus lobatulus sp.nov. — Walker
& Jacob, p. 642, Pl 14:36. (11884 Truncatulina lobatula
(Walker & Jacob) — Brady, p. 660, PL 92:10, P1. 93:1, 4-5,
Pl. 115:4-5. 01953 Cibicides lobatulus (Walker & Parker)
— Phleger et al., p. 49, P1. 11:9, 14. (11960 Cibicides lobatu-
lus (Walker & Parker) — Barker, p. 190, P1. 92:10, p. 192,
Pl. 93:1; 4-5, p. 238, PL. 115:4-5. 01969 Cibicides lobatu-
lus (Walker & Parker) — Vilks, p. 50, P1. 3:17a-b. (01978
Cibicides lobatulus (Walker & Parker) — Wright, p. 713.
01979 Cibicides lobatulus (Walker & Parker) — Corliss, p.
10, P1. 3:7-9. 1990 Cibicides lobatulus (Walker & Parker)
— Schroder-Adams et al., p. 24. (11990 Cibicides lobatulus
(Walker & Parker) — Thomas et al., Pl. 10:4. (01991 Cibi-
cides lobatulus (Walker & Parker) — Scott & Vilks, p. 28.

Description. — Test free, trochospiral, biconvex. Cham-
bers distinct, lobe-shaped, irregularly shaped in some
specimens, 8-10 in the final whorl, increasing rapidly in
size, all chambers visible on spiral side. Sutures distinct,
slightly curved, flush with surface. Wall calcareous, hya-
line, smooth, coarsely perforate on spiral side, umbilical
side imperforate. Aperture an interiomaginal arch with
lip, continuing along the spiral suture.

Remarks. — Cibicidoides lobatulus generally has a small test
with chambers that rapidly increase in size. It is assigned
to Cibicidoides because of its weakly biconvex test and the
presence of pores on the spiral side. In some specimens,
the lobe-shaped chambers are irregularly shaped.

Ecology. — Cibicidoides lobatulus is found in the intertidal
zones in the Gulf of Mexico as well as in many other areas
(Pflum & Frerichs 1976). In the southeast Indian Ocean,
C. lobatulus is found in low frequences at 2,500-3,800 m
(Corliss 1979).

Distribution at Sites 502A and 503B. — Cibicidoides lobat-
ulus is rare with scattered occurrences at Site 502A. It is
absent at Site 503B.

Cibicidoides mundulus (Brady, Parker &
Jones, 1888)

Fig. 26G-1

Synonymy. — 1888 Truncatulina mundula n.sp. — Brady,
Parker & Jones, p. 228, Pl. 45:25. 01960 Cibicidoides mun-
dulus (Brady, Parker & Jones) — Barker, p. 196, P1. 95:6a—
c. 01981 Cibicidoides mundulus (Brady, Parker & Jones)
—Resig, P1. 8:15, 18. 1985 Cibicidoides mundulus (Brady,
Parker & Jones) — Thomas, Pl. 8:5-6. (11986 Cibicidoides
mundulus (Brady, Parker & Jones) —Kurihara & Kennett,
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Pl. 8:7-9. 01986 Cibicidoides mundulus (Brady, Parker &
Jones) — Van Morkhoven et al., pp. 65-67, Pl. 21:la—c.
J1989 Cibicidoides mundulus (Brady, Parker & Jones) —
Hermelin, p. 86, Pl. 17:9-11. (1990 Cibicidoides mundu-
lus (Brady, Parker & Jones) — Ujiié, pp. 51-52, P1. 30:1a—
c, 2a—c, 3a—c.

Description. — Test free, trochospiral, biconvex, periphery
angular with a narrow, thickened keel. Chambers distinct,
increasing gradually in size as added, all chambers visible
on the spiral side, 9-12 in the last whorl. Sutures slightly
curved on the umbilical side, oblique on the spiral side.
Wall calcareous, hyaline, smooth, coarsely perforate.
Aperture an interiomarginal equatorial arch, extending
along the spiral suture the length of one or two chambers.

Ecology. — Rathburn & Corliss (1994) reported that C.
mundulus shows differences between the adult and juve-
nile assemblages in the Sulu Sea, where adultslive prima-
rily in the 0-1 cm depth interval and juveniles in deeper
(1.5-6 cm) sediments. According to Rathburn & Corliss
(1994), this pattern may reflect microhabitat differences
between adults and juveniles for this species.

Distribution at Sites 502A and 503B. — Cibicidoides mun-
dulus is a relatively common species at Site 502A, where
absolute abundances fluctuate between 0 and 24 individ-
uals per sample. It is rare with scattered occurrences at
Site 503B.

Cibicidoides robertsonianus (Brady, 1884)

Fig. 26]-L

Synonymy. — 1884 Truncatulina robertsoniana n.sp. —
Brady, p. 664, Pl 95:4. (11931 Cibicides robertsoniana
(Brady) — Cushman, p. 121, Pl. 23:6a—c. (1951 Cibicides
robertsoniana (Brady) — Phleger & Parker, p. 31, PL
16:10a-b, 11a-b, 12a-b, 13a-b. (11953 Cibicides robertso-
nianus (Brady) — Phleger et al., p. 50, Pl. 11:15-17. 11954
Cibicides robertsoniana (Brady) — Parker, p. 543, P1. 13:2,
5. 01957 Cibicides robertsoniana (Brady) — Agip Miner-
aria, Pl. 52:3a—c. J1976 Cibicidoides robertsonianus
(Brady) — Pflum & Frerichs, Pl. 3:3-5. (J1976 Cibicides
robertsoniana (Brady) — Todd & Low, p. 22, Pl 8:2a—c.
(01985 Cibicidoides robertsonianus (Brady) — Thomas, PL
10:5-6. 1J1986 Cibicidoides robertsonianus (Brady) — Van
Morkhoven et al., pp. 41-43, PL 11:1a—c. (J1989 Cibici-
doides robertsonianus (Brady) — Hermelin, pp. 86—87.

Description. — Test  free, trochospiral, plano-convex;
peripheral margin rounded. Chambers increasing gradu-
ally in size as added; all chambers visible on the spiral side,
almost involute on the umbilical side. Sutures distinct,
slightly curved, flush with surface. Wall calcareous, hya-
line, smooth; spiral side coarsely perforate, umbilical side
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imperforate. Aperture an interiomarginal arch with a dis-
tinct lip, extending along the spiral suture.

Remarks. — Cibicidoides robertsonianus has a larger test,
less rounded periphery, and imperforate umbilical side
compared to Cibicidoides bradyi.

Ecology. — In the Gulf of Mexico, Cibicidoides robertsoni-
anus is found to have the same upper depth limit as Cibi-
cidoides bradyi, which is near the upper boundary of the
upper middle bathyal zone (Pflum & Frerichs 1976). Cibi-
cidoides robertsonianus is characterized as epifaunal and
has its abundance maxima in the 0—1 cm interval (Corliss
1985, 1991; Corliss & Chen 1988).

Distribution at Sites 502A and 503B. — Cibicidoides robert-
sonianus is a relatively common species at Site 502A with
relative abundances 0-27 individuals per sample. It
exhibits more scattered occurrences at Site 503B.

Cibicidoides wuellerstorfi
(Schwager, 1866)

Fig. 27A-C

Synonymy. — 11866 Anomalina wiillerstorfi n.sp. -
Schwager, p. 258, Pl. 7:105-107. (J1884 Truncatulina
wuellerstorfi (Schwager) — Brady, p. 662, Pl. 93:8-9.
01915 Truncatulina wuellerstorfi (Schwager) — Cushman,
p. 34, PL 12:3a—c. 01921 Truncatulina wuellerstorfi
(Schwager) — Cushman, pp. 314-315, Pl. 64:1a—c.[11929b
Planulina wuellerstorfi (Schwager) — Cushman, p. 104, P1.
15:1-2. 001953 Planulina wuellerstorfi (Schwager) Phleger
et al, p. 49, PL 11:1-2. (01958 Cibicides wuellerstorfi
(Schwager) — Parker, p. 275, Pl. 4:41-42.[J1960 Planulina
wuellerstorfi (Schwager) — Barker, p. 192, Pl 93:9a—c.
J1964 Cibicides wuellerstorfi (Schwager) — Akers & Dor-
man, pp. 31-32, PL. 15:16-17. (01964 Cibicides wueller-
storfi (Schwager) — Leroy, p. 45, PL. 8:25-26. (J1964 Cibi-
cidoides wuellerstorfi (Schwager) — Parker, pp. 624-625,
Pl. 100:29. 0J1965 Planulina wuellerstorfi (Schwager) —
Todd, p. 51, PL 23:3-5. (01966 Planulina wuellerstorfi
(Schwager) — Belford, pp. 120-121, PL 20:1-6. (01973
Cibicides wuellerstorfi (Schwager) — Douglas, P1. 18:7-9,
Pl. 25:15-16. 01976 Cibicides wuellerstorfi (Schwager) —
Pflum & Frerichs, Pl 4:2-4. 0J1978 Cibicides wuellerstorfi
(Schwager) — Boltovskoy, PL 3:19-21. (11978 Planulina
wuellerstorfi (Schwager) — Lohmann, p. 26, PL. 2:1-3.
001979 Planulina wuellerstorfi (Schwager) — Corliss, pp. 7—
8, Pl. 2:13-16. 01981 Planulina wuellerstorfi (Schwager) —
Cole, p. 103, PL 12:9. (01981 Cibicidoides wuellerstorfi
(Schwager) — Resig, Pl 8:16-17. 11984 Planulina wueller-
storfi (Schwager) — Murray, Pl. 2:16-18. 01985 Planulina
wuellerstorfi (Schwager) — Hermelin & Scott, p. 216, Pl
4:12-13. 31985 Cibicidoides wuellerstorfi (Schwager) —
Mead, p. 240, Pl 6:1a-2. (01985 Cibicidoides wuellerstorfi
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Fig. 27. Scale bar 100 pm. CJA-C. Cibicidoides wuellerstorfi (Schwager); A, Spiral view, Hole 5024, 104.54 m; B, Edge view, Hole 5024, 104.54 m; C,
Umbilical view, Hole 502A, 104.54 m. OOD—F. Melonis affinis (Reuss); D, Side view, Hole 5024, 97.80 m; E, Edge view, Hole 5024, 97.80 m; F, Opposite
side view, Hole 503B, 58.00 m. LIG-1. Melonis barleeanum (Williamson); G, Side view, Hole 5024, 105.58 m; H, Edge view, Hole 5024, 105.58 m; I,
Opposite side view, Hole 5024, 105.58 m. (JJ-L. Melonis pompilioides (Fichtel & Moll); ], Side view, Hole 502A, 65.51 m; K, Edge view, Hole 5024, 65.51
m; L, Opposite side view, Hole 5024, 65.51 m.

(Schwager) — Thomas, PL. 11:1-4. (11986 Cibicidoides
wuellerstorfi (Schwager) — Kurihara & Kennett, Pl 9:4-6.
(01986  Planulina  wuellerstorfi  (Schwager) — Van
Morkhoven et al., pp. 48-50, PL. 14:1-2. (11989 Cibici-
doides wuellerstorfi (Schwager) — Hermelin, p. 87. (11990
Cibicidoides wuellerstorfi (Schwager) — Thomas et al., Pl
4:9; Pl. 7:5.

Description. — Test free, plano-convex; periphery with a
distinct keel. Sutures strongly recurved on both sides.
Wall calcareous, coarsely and densely perforate. Aperture
a low arch at the base of the final chamber.

Remarks. — Cibicidoides wuellerstorfi has commonly been
placed in to the genus Planulina. I share the standpoint of

Loeblich & Tappan (1964), who concluded that this
foraminifer belongs to the genus Cibicidoides. This species
has a plano-convex test, where the sutures are strongly
curved on the evolute side.

Ecology. — Cibicidoides wuellerstorfi is an important deep-
sea species; it is cosmopolitan and most abundantat bath-
yal to abyssal depth. It has previously been interpreted as
an indicator of NADW (Uchio, 1960; Lohmann, 1978;
Schnitker, 1980; Hermelin, 1989, among others). Accord-
ing to Mackensen et al. (1985), C. wuellerstorfi lives pre-
dominantly at 2,000-3,000 m water depth, is adapted to
deep-sea environments with relatively high food supply,
and tolerates relatively low oxygen contents of the inter-
stitial water. Cibicidoides wuellerstorfi has been found in
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the upper 1 cm in the Atlantic (Corliss 1985, 1991) as well
in the Sulu Sea (Rathburn & Corliss 1994). According to
Lutze & Thiel (1989), C. wuellerstorfi prefers a microhab-
itat elevated above the sediment—water interface. This
microhabitat preference manifests itself in isotopic signa-
tures of C. wuellerstorfi that are closely correlated with
those of overlying bottom-waters (Belanger et al. 1981;
Graham et al. 1981; Zahn et al. 1986; and Grossman,
1987). Miao & Thunell (1993) found C. wuellerstorfi to be
abundant at 1,500-3,200 m water depths in the South
China Sea and at 1,000—2,200 m in the Sulu Sea. In the
western Pacific, C. wuellerstorfi is abundant below 3,500
m and associated with Pacific Deep Water (PDW) (Culp
1977; Walch 1978). There are conflicting reports whether
the abundance of C. wuellerstorfi related to regions with
high or low productivity; it has been found to become rel-
atively more abundant in sediments with high organic-
carbon content (Boersma 1985; Mackensen et al. 1985;
Woodruff & Savin 1989; Loubere 1991) buthas also been
reported to respond positively to low organic-carbon
environments by (Altenbach 1985; Caralp 1988; Lutze &
Thiel 1989; and Burke et al. 1993). Cibicidoides wueller-
storfi is abundant at 1,500-3,200 m water depths in the
South China Sea, and at 1,000-2,200 m in the Sulu Sea
(Miao & Thunell 1993). In the western Pacific, C. wueller-
storfi is abundant below 3,500 m and associated with
Pacific Deep Water (Culp 1977; Walch 1978).

Distribution at Sites 502A and 503B. — Cibicidoides wuel-
lerstorfi is a common species at both sites, with absolute
abundances of 0-155 individuals per sample at Site 502A
and 0-21 at Site 503B.

Genus Melonis de Montfort, 1808

Melonis affinis (Reuss, 1851)

Fig. 27D—F

Synonymy. —[1851a Nonionina affinis n.sp. — Reuss, p.
72, Pl. 5:32a-b. (J1858 Nonionina barleeana sp.nov. —
Williamson, p. 32, Pl 3:68—69. (01880 Nonionina formosa
n.sp. — Seguenza, p. 63, Pl. 7:6. 01930 Nonion planatum
sp.nov. — Cushman & Thomas, p. 37, Pl 3:5. (J1936b
Nonion nicobarensis n.sp. — Cushman, p. 67, PL. 12:9a-b.
01948 Nonion affine (Reuss) — Renz, p. 148, PL 6:3a-b.
01960 Nonion parkerae n.sp. — Uchio, p. 60, PL 4:9-10.
[J1964 Nonion affine (Reuss) — Smith, p. 41, Pl. 4:1a-b.
01966 Melonis affinis (Reuss) — Belford, p. 184, Pl 31:1-
4. [J1978 Nonion affine (Reuss) — Boltovskoy, p. 162, P1.
Pl. 5:1-2. 31985 Melonis affinis (Reuss) — Kohl, p. 100, P1.
36:4a—d.

Description. — Test free, planispiral, biconvex, com-
pressed; periphery rounded, nearly circular in side view.
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Chambers distinct, 10-11 in the last whorl, gradually
increasing in size as added. Sutures limbate, flush with
surface, gently curved, fused into an imperforate ring
around the umbilicus. Wall calcareous, hyaline, smooth,
coarsely perforate, except for the imperforate umbilical
rim, umbilical flaps, and apertural face. Aperture a low-
arched interiomarginal equatorial slit, extending laterally
from one umbilicus to the other.

Remarks. — The topotypes of Melonis affinis from the
Eocene of Germany were examined by Boltovskoy (1958).
He noted that there were 10-11 chambers in the last
whorl and that the sutures were limbate and became
wider near the umbilicus, where they formed a ‘circle of
varying size at the circumference’. These observations
broadened the description of Reuss (1851) and support
the inclusion of many additional species in the synonymy
of M. affinis.

Ecology. — Melonis affinis is a transitional infaunal taxon
with a distribution from 0 to 4 cm (Rathburn & Corliss
1994). In the South China Sea, M. affinis has been found
to be abundant at water depths shallower than 1,500 m,
and it is also common between 2,500 m and 3,500 m
(Miao & Thunell 1993).

Distribution at Sites 502A and 503B. — Melonis affinis is a
relatively common species at Site 502A, with absolute
abundances between 0 and 31 individuals in each sample.
It is rare with scattered occurrences at Site 503B.

Melonis barleeanum (Williamson, 1858)
Fig. 27G-1

Synonymy. — 11858 Nonionina barleeana n.sp. — William-
son, p. 32, PL. 3:68-69. (J1884 Nonionina umbilicatula
(Montagu) — Brady, p. 726, P1. 109:8-9. 1914 Nonionina
umbilicatula (Montagu) — Cushman, pp. 24-25, Pl. 17:1.
[J1930 Nonion barleeanum (Williamson) — Cushman, p.
11, PL. 4:5. (01939 Nonion barleeanum (Williamson) —
Cushman, p. 23, PL 6:11. (1952 Nonion barleeanum
(Williamson) — Phleger, p. 85, P1. 14:6. (J1952 Anomali-
noides barleeanum (Willilamson) var. zaandamae
Voorthuysen, p. 681. [J1953 Nonion zaandamae
(Voorthuysen) — Loeblich & Tappan, p. 87, PL. 16:11-12.
1953 Nonion barleeanum (Williamson) — Phleger et al.,
p- 30, Pl 6:4. 01960 Gavelinonion barleeanum (William-
son) — Barker, p. 224, P1. 109:8-9. 01964 Melonis zaanda-
mai [sic] (Williamson) — Loeblich & Tappan, p. C761-
C763.1976 Melonis barleeanus (Williamson) — Pflum &
Frerichs, PL. 7:5-6. (11978 Melonis barleeanum (William-
son) — Wright, p. 715, PL. 6:4. 01979 Melonis barleeanum
(Williamson) — Corliss, p. 10, 12, P1. 5:7-8. (11980 Melo-
nis barleeanum (Williamson) — Thompson, Pl 7:4a-b.
[11984b Nonion barleanum [sic] (Williamson) — Boersma,
Pl 3:11-13. (J1984 Melonis barleeanus (Williamson) —
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Murray, Pl. 2:8-9. (01985 Nonion barleeanum (William-
son) — Hermelin & Scott, p. 212, 214, PL. 5:2. (01985 Mel-
onis barleeanus (Williamson) — Thomas, Pl. 12:3. (11986
Melonis barleeanum (Williamson) — Kurihara & Kennett,
Pl 9:10-11. (01989 Melonis barleeanum (Williamson) —
Hermelin, p. 88, PL 17:12. (J1990 Melonis barleeanum
(Williamson) — Thomas et al., P1. 10:12. [J1990 Melonis
barleeanum (Williamson) — Ujiié, p. 52, PL 29%:4a-c.
(01991 Nonion barleeanum (Williamson) — Scott & Vilks,
p. 30, PL. 4:6-7.

Description. — Test free, planispiral, involute, compressed,
deeply biumbilicate, periphery rounded. Chambers dis-
tinct, usually more than ten in the final whorl. Sutures
gently curved, flush with surface. Wall calcareous, hya-
line, smooth, coarsely perforate, except for the apertural
face. Aperture an interiomarginal slit that extends to
umbilicus on both sides.

Remarks. — Several authors have placed this species in the
genus Nonion, but due to the fact that the umbilical
region is open rather than closed, it has been retained here
in genus Melonis. Melonis barleeanum is similar to M.
pompilioides, but is more compressed and more finely
perforate.

Ecology. — Pflum & Frerichs (1976) found this species in
the neritic zone and into the middle bathyal zone in the
Gulf of Mexico. Melonis barleeanum prefers a fine-
grained substrate with a rather high organic-carbon con-
tent (Qvale & van Weering 1985). It is generally consid-
ered as a bathyal and infaunal species (Corliss and Chen
19838).

Distribution at Sites 502A and 503B. — Melonis  barleea-
num is a relatively common species at Site 502A with
absolute abundances between 0 and 23 individuals in each
sample. It has more scattered occurrences at Site 503B.

Melonis pompilioides (Fichtel &
Moll, 1798)

Fig. 27)-L

Synonymy. — 01798 Nautilus pompilioides n.sp. — Fichtel
& Moll, p. 31, Pl. 2:A—C. 31826 Nonionina umbilicatulata
n.sp. — d’Orbigny, p. 293, Pl 15:10-12. (11826 Nonionina
pompilioides (Fichtel & Moll) — d’Orbigny, p. 294, no. 15.
(01884 Nonionina pompilioides (Fichtel & Moll) — Brady,
p. 727, Pl 109:10-11. 31914 Nomnionina pompilioides
(Fichtel & Moll) — Cushman, pp. 25-26, PL 17:2. (J1930
Nonion pompilioides (Fichtel & Moll) — Cushman, p. 4, PL
1:7-11, PL 2:1-2. (31946 Nonion pompilioides (Fichtel &
Moll) — Cushman, p. 6, Pl 1:1-2. 01951 Nonion pompil-
ioides (Fichtel & Moll) — Phleger & Parker, p. 11, PL. 5:19—
20. 01953 Nonion pompilioides (Fichtel & Moll) — Phleger
et al., p. 30, Pl. 6:7-8. 01958 Melonis pompilioides (Fichtel
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& Moll) — Voloshinova, p. 158, P1. 3:8-9. (11958 Melonis
sphaeroides n.sp. —Voloshinova, p. 153, Pl. 3:1a-b. (11960
Nonion (?) pompilioides (Fichtel & Moll) — Barker, p. 224,
Pl. 109:10-11. [J1966 Melonis pompilioides (Fichtel &
Moll) — Belford, pp. 183-184, PI. 30:17-20. 01973 Melo-
nis pompilioides (Fichtel & Moll) — Douglas, Pl. 9:8-9.
01976 Melonis pompilioides (Fichtel & Moll) — Pflum &
Frerichs, Pl. 7:7-8. 01978 Nonion pompilioides (Fichtel &
Moll) — Boltovskoy, Pl 5:3a-b. (11978 Melonis pompilio-
ides (Fichtel & Moll) — Lohmann, p. 29, PL 1:12-13.
(01979 Melonis pompilioides (Fichtel & Moll) — Corliss, p.
12, PL 5:9-10. (11980 Melonis pompilioides (Fichtel &
Moll) — Ingle et al., P1. 9:14-15. 01980 Melonis pompilio-
ides (Fichtel & Moll) — Keller, 1980, PL 3:11-12. (11980
Melonis pompilioides (Fichtel & Moll) — Thompson, Pl.
7:4a-b. (11984 Melonis pompilioides (Fichtel & Moll)-
Murray, Pl. 2:10-11. (31985 Melonis pompilioides (Fichtel
& Moll)- Hermelin & Scott, p. 212, P1. 6:5. 11985 Melonis
sphaeroides Voloshinova, 1958 — Mead, p. 242, 244, Pl
7:3a-b. (11985 Melonis pompilioides (Fichtel & Moll) —
Thomas, 1985, PL 12:1-2. (01986 Melonis pompilioides
(Fichtel & Moll) — Kurihara & Kennett, Pl. 9:7-8. (11986
Melonis pompilioides (Fichtel & Moll) — Van Morkhoven
et al., pp. 72-80, Pl. 23A:1-2, P1. 23C:1a-d; PL. 23D:1a-d;
Pl. 23e;1a—c. (11989 Melonis pompilioides (Fichtel & Moll)
—Hermelin, pp. 88-89,Pl. 17:13-14. 01990 Melonis pom-
pilioides (Fichtel & Moll) — Thomas et al., P1. 10:16.

Description. — Test free, planispiral, involute, periphery
broadly rounded; eight to ten chambers in the final whorl.
Wall calcareous, hyaline, smooth, coarsely perforate.
Sutures slightly curved, flush with surface. Aperture a low
arch that extends to umbilicus on both sides.

Remarks. — Melonis pompilioides is a cosmopolitan,
deeper-water species, which has been widely recorded in
the literature. It has been referred to the genera Nonion
and Melonis under many species names: M. soldanii
(d’Orbigny), M. sphaeroides (Voloshinova), Nonionina
umbilicatula d’Orbigny, and Nonion halkyardi Cushman.
I have followed Hermelin’s (1989) proposal that these
various forms represent ecophenotypic variants that
should be regarded as junior synonyms of M. pompilio-
ides.

Ecology. — Melonis pompilioides is found in the bathyal
zone of the Gulf of Mexico (Pflum & Frerichs 1976). Ingle
(1980) and Ingle & Keller (1980) observed this species in
the lower bathyal zone in the eastern Pacific. On the
Ontong Java Plateau, this species is abundant during
Pliocene, with a relative abundance up to 7.1% (Hermelin
1989), and it is also abundant during glacials (Burke et al.
1993).

Distribution at Sites 502A and 503B. — Melonis pompilio-
ides is an abundant species, especially above 83.03 m, at
Site 502A. It isabundantdown to approximately 72.03 m
at Site 503B.
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Appendix
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Census data for the benthic foraminifer species in the >125 um fraction from Hole 502A and Hole 503. Abundances are expressed as total number of

benthic foraminifer fauna in each sample.
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