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PLIOCENE BENTHIC FORAMINIFERA FROM THE ONTONG-JAVA 

PLATEAU (WESTERN EQUATORIAL PACIFIC OCEAN): 


FAUNAL RESPONSE TO CHANGING PALEOENVIRONMENTS 


J. OTTO R. HERMELIN 

Department of Geology, University of Stockholm, S-106 91 Stockholm, Sweden 

ABSTRACT 

The relative abundance of benthic foraminifera in teau area. Correspondence analysis shows that there 
Deep Sea Drilling Project Hole 586A (2,207 m) on the are three significantly different assemblages present. 
Ontong-Java Plateau in the western equatorial Pacific Alternation in dominance between the three assem
Ocean has been analyzed. The investigated sequence blages can be linked to major changes in the paleoen
represents the time interval between 1.9 and 5.0 Ma. vironment. 

The relative abundance patterns for various species, The benthic foraminiferal fauna contains 262 taxa 
composition of faunal assemblages and their variation assigned to 83 genera, of which 179 taxa have been 
through time, as well as sedimentological data has been illustrated and discussed in the taxonomic section. One 
used to develop a model for the paleoceanographic and genus, Siphoeggerella, is new. 
paleoenvironmental evolution of the Ontong-Java Pla-

INTRODUCTION 

Studies ofbenthic foraminifera have contributed sig
nificantly to paleoclimatic and paleoceanographic re
constructions (Streeter, 1973; Schnitker, 1974, 1979; 
Lohmann, 1978; Sen Gupta and others, 1982; Hodell 
and others, 1983; Hermelin, 1986). Although benthic 
foraminifera are rare (compared to planktonic shells) 
in most deep-sea samples, they are generally the only 
bottom living organisms found in significant numbers 
in deep-sea cores. The relative abundances of benthic 
foraminifera are often correlated to the substrate and 
to properties such as temperature, salinity, oxygen, nu
trients, carbonate saturation, but are relatively inde
pendent of the regional water depth (Said, 1953; Blanc
Vernet, 1958; Uchio, 1960; Lutze, 1962; Phleger and 
Bradshaw, 1966; Murray, 1969; Greiner, 1974). Ben
thic foraminifera are, therefore, particularly useful in 
reconstructions of conditions and changes of the deep 
water circulation. 

The species composition of benthic foraminiferal 
faunas is often found to be specific for principal water 
masses (Atlantic Ocean: Streeter, 1973; Schnitker, 1974, 
1980; Lohmann, 1978; Culver and Buzas, 1981, 1982; 
Weston, 1982; Weston and Murray, 1984; Norwegian-

Greenland Sea: Belanger and Streeter, 1980; Sejrup and 
others, 1981; Mackensen and others, 1985; Indian 
Ocean: Corliss, 1979; and Pacific Ocean: Smith, 1964; 
Ingle and others, 1980; Burke, 1981; Resig, 1981). 
Comparisons of the results of these and other studies 
are often hampered because (1) deep-sea benthic fo
raminiferal faunas are diverse, (2) many species occur 
in low abundancies, and (3) taxonomic confusion is 
severe. 

The primary objective of this study is to use the 
benthic foraminiferal assemblages for analysis of the 
paleoceanographic changes that occurred on the On
tong-Java Plateau during Pliocene times. A secondary 
objective is to record and illustrate, with scanning elec
tron photomicrography, the Pliocene benthic forami
nifera of this area. 

THE ONTONG-JAV A PLATEAU AREA 

The Ontong-Java Plateau is located in the western 
equatorial Pacific Ocean, east ofNew Guinea (Fig. lA). 
It is a shallow platform, about 1,600 km long and 800 
km wide, trending northwest-southeast. Seismic re
fraction has delineated an oceanic crustal thickness of 
continental magnitude, 35-42 km (Furumato and oth
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ers, 1976). Seismic reflection profiling shows that the 
sedimentary sequence is about 1.5 km thick, forming 
a more or less flat surface about 1,800 m below sea 
level (Furumato and others, 1976). Previous drilling 
reveals that the oldest sediments are of Aptian age 
(Scientific Party Leg 7, 1971; Scientific Party Leg 30, 
1975). Resig and others (1976) showed that the On
tong-Java Plateau has existed as a topographic high at 
least since late Eocene times. 

The subsurface water masses in the Ontong-Java 
Plateau area are as follows (modified after Wyrtki, 1962; 
Ried, 1965) (Fig. 2). 

(1) 	The flat, elevated surface of the Ontong-Java 
Plateau lies within the PIW (Pacific Intermediate 
Water) which ranges from 1,200 to 2,400 m 
depth. The oxygen content is low (2.76-3.94 mIl 
L), the temperature ranges from 1.9 to 3.9°C and 
the salinity from 34.58 to 34.650/00. 

(2) 	The upper slope of the plateau, between 2,500 
and 3,000 m depth is intersected by PDW (Pa
cific Deep Water) with a salinity maximum of 
34.740/00. The temperature ranges from 1.4 to 
1.9°C and the oxygen from 4.0 to 4.4 mIlL. 

(3) 	The lower part of the slope and the abyssal plain 
is bathed by PBW (Pacific Bottom Water) which 
is found below 3,000 m depth and is character
ized by low potential temperatures (1.5-1.7 5°C). 
The salinity is less than 34.700/00 and the oxygen 
ranges from 3.4 to 4.6 mIlL. 

The Ontong-Java Plateau is located well above the 
present CCD (Calcite Compensation Depth) and the 
present carbonate lysocline is calculated to intersect 
the lower part ofthe plateau at 3,400 to 3,600 m (Berger 
and others, 1977, 1982). The foraminiferal lysocline 
lies approximately at 3,000 m, which approximates 
the upper boundary for the PBW (Parker and Berger, 
1971). 

PREVIOUS WORK 

WESTERN EQUATORIAL PACIFIC 

Prior to the DSDP, our knowledge of deep-sea ben
thic foraminifera in the world ocean was primarily 

;, 

FIGURE I. A. Map of the equatorial and southern part of the 
western Pacific Ocean showing location of Ontong-lava Plateau 
(shaded rectangle). B. Enlargement of the shaded rectangle showing 
the location of Site 586 on the northeastern upper slope ofthe On
tong-Java Plateau. Bathymetric contours (in meters) from Kroenke 
(1972) are based on an assumed sound-velocity of 1,500 m/s- l and 
are not corrected for changes in the velocity. 
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FIGURE 2. Schematic southwest/northeast transect over the Ontong-Java Plateau showing the general stratification of the subsurface water 
masses in the area. PIW Pacific Intermediate Water. PDW = Pacific Deep Water, PBW = Pacific Bottom Water. 

limited to Holocene and Pleistocene assemblages be
cause of lack of older core material. Cushman con
tributed to our knowledge of the Holocene deep-water 
benthic foraminiferal fauna of the Pacific Ocean by his 
series of monographs of the foraminifera of the North 
Pacific Ocean (Cushman, 1910, 1911, 1913, 1914, 
1915, 19 I 7a), by a monograph of the foraminifera off 
the Philippine Islands (Cushman, 1921), and by his 
descriptions of the foraminifera of the Albatross Ex
pedition, 1899-1900 (Cushman, 1932a, 1933a, 1942). 
Cushman and his co-authors also published numerous 
papers concerning Holocene as well as older fossil as
semblages (the latter found in outcrops) from the Pa
cific region. 

Several DSDP sites have been drilled in the Pacific 
Ocean but there are only a few articles dealing with 
Neogene benthic deep-sea foraminifera from the cen
tral or western part of the Pacific (Central North Pa
cific: Douglas, 1973; Sea of Japan: Ingle, 1975; North
western Pacific: Butt, 1980; North Philippine Sea: 
Echols, 1980; Japan Trench: Keller, 1980; Thompson, 
1980; Central Equatorial Pacific Boersma, 1986; Ku
rihara and Kennett, 1986). 

ONTONG-JAvA PLATEAU 

The Recent benthic foraminiferal fauna of the On
tong-Java Plateau area has been studied by Culp (1977) 
and Burke (1981) who found that the distribution of 
benthic foraminifera is influenced by the topography 
of the area, the deep water masses, the lysocline, ter
rigenous input from the Solomon Islands (to the south
east of New Guinea), and the upwelling of deep water. 

The top of the plateau is characterized by a high 
relative abundance ofSiphouvigerina interrupta Uvi
gerina auberiana, this paper). This species is also pres
ent on the upper part of the slope, but in lower relative 

frequencies. It is absent on the lower part of the slope 
and on the abyssal plain. The species Astrononion stel
ligerum (=A. novozealandicum, this paper), Cibicides 
pseudoungerianus, and Hoeglundina elegans show 
similar distribution patterns. Other species common 
on the top of the plateau are Oridorsalis umbonatus 
and Pullenia bulloides. These two species also occur 
on the slope and on the abyssal plain. 

The slope is characterized by a high abundance of 
Pullenia bulloides. Species more or less restricted to 
the slope are Favocassidulina favus and Cassidulina 
subglobosa (=G/obocassidulina subglobosa, this paper). 
Epistominella exigua, Pullenia bulloides, Me/onts af
finis, and Afe/onts pompilioides are present on the slope 
as well as on the abyssal plain. 

The abyssal plain is strongly dominated by Nutta/
fides umbonifera (=Epistominella umbonifera, byoth
ers) and Epistominelia exigua. Additional species 
are P/anulina wuellerstorfi (=Cibicidoides wuellerstorfi, 
this paper), Melonis afjinis, Me/onis pompilioides, Or
idorsalis umbonatus, and Pullenia bulloides. 

The Miocene benthic foraminifera of the Ontong
Java Plateau have been studied at DSDP Site 289 
(Woodruff, 1979; Woodruff and Douglas, 1981). They 
compared the faunal changes in the benthic forami
niferal assemblages with fluctuations in the stable iso
tope record. According to their study the greatest fau
nal change is linked to an oxygen isotopic event which 
occurred during planktonic foraminiferal Zones N9 to 
Nil (15-13 Ma), followed by a short period ofstability 
and a second period offaunal change in the latest Mio
cene (Zones NI6 and N17; 10-5 Ma). This faunal 
change in the latest Miocene produced a benthic fo
raminiferal assemblage that, in terms of species com
position and relative abundance, is similar to the Ho
locene "top of plateau" assemblage described by Culp 
(1977) and Burke (1981), 
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MATERIAL AND METHODS 

MATERIAL 

Site 586 is located on the northeastern upper slope 
of the Ontong-Java Plateau (00029.84'S and 
1 58°28.89'E) at 2,207 m water depth (Fig. 1 B). Site 
586 is located within 2 km ofDSDP Site 289 (Andrews 
and others, 1975) and has been described by Moberley 
and others (1986). 

Because the Hydraulic Piston Corer (HPC) and the 
Extended Core Barrel (XCB) were used, the sedimen
tary sequences obtained were relatively continuous and 
virtually undisturbed. Hole 586A showed an excellent 
recovery (98.5%) from the top of the cored sequence 
(approximately the Pliocene/Pleistocene boundary) 
down through the latest Miocene. For this study, cores 
1 through 11 were sampled at approximately 1 m in
tervals (101 samples) throughout most of the Pliocene, 
corresponding to an average sample resolution of ap
proximately 0.03 Ma. 

METHODS 

Approximately 3 cc ofwet sample was first dried for 
about 5 hours at 80°C. The samples were then disin
tegrated in 3% Calgon solution and washed through a 
63 micrometer sieve. The <63 and >63 micrometer 
fractions were then dried separately. 

Coarse fraction percentages (for each sample) were 
determined by sieving through a series of sieves (500, 
250, 125, and 63 micrometer). The derived sediment 
coarse fraction percentages are shown in Figure 3 (63
125, 125-250, 250-500, and> 500 micrometers), and 
the cumulative percentages in Figure 4. The dry weight 
ofthe samples ranged from 0.7 gram to 3.4 gram with 
an average weight of 1.8 gram (Table 1). 

Benthic foraminifera were picked from the> 125 
micrometer fraction; the number of specimens per 
sample ranged from 33 to 352 (Table 1) with an average 
of 192 specimens per sample. 

The number of specimens of each benthic species 
were recorded as the percentage of the total benthic 
foraminiferal assemblage in each sample; these data 
are presented in Appendix I. 

CORRESPONDENCE ANALYSIS 

Correspondence analysis was performed in order to 
establish an understanding of the inter-species rela
tionships and the sample/species interrelationship. This 
multivariate statistical method can be regarded as a 
variety of principal component analysis in which the 
properties of both R-mode and Q-mode techniques 

are combined. By a special method of scaling, a si
multaneous representation of samples and variables 
on the same factorial axes can be obtained (David and 
others, 1974; Teil, 1975). The possibility of interpret
ing the sample points and the variable points in the 
same plane has obvious advantages and provides the 
following information: (1) nearby variable points will 
show the correlation between variables, (2) clusters of 
sample points will be interpreted as the result of the 
same process, or belonging to a specific group, (3) a 
cluster of sample points will be characterized by the 
variable points close to that cluster. 

In this study the program CORRES (originally writ
ten by J. E. Klovan and revised for processing on a 
micro-computer by B. Granlund, University of Stock
holm) was used. Although 272 taxa were initially rec
ognized, only 28 were considered at the first stage. 
These 28 species were the most common (each com
prising > 2% of the fauna in at least five samples) in 
the 101 samples. At a later stage, only the seven taxa 
that have specific bathymetric, bottom substrate, and/ 
or watermass preferences were considered. The final 
results of the two analyses were essentially the same. 
By eliminating the species that had no strongly doc
umented correlation to the bottom water properties, 
the noise in the analysis was considerably reduced and 
the factor assemblages retained the same composition. 

BATHYMETRIC ZoNAnON 

Several different systems for bathymetric zonation 
can be found in the literature. This may cause confu
sion because the abyssal zone is considered by some 
authors to begin at 1,850 m (e.g., Bandy, 1953), where
as others consider depths below 4,000 m as belonging 
to the abyssal zone (e.g., Ingle and others, 1980). In 
this study all references are recalculated to conform 
with the following bathymetric zonation (Fig. 5), ne
ritic zone (0-150 m), upper bathyal zone (150-500 m), 
upper middle bathyal zone (500-1,500 m), lower mid
dle bathyal zone (l,500-2,000 m), lower bathyal zone 
(2,000-4,000 m), and abyssal zone (below 4,000 m). 

AGE MODEL FOR DSDP HOLE 586A 

Five planktonic foraminiferal and five calcareous 
nannofossil biostratigraphic datum levels were deter
mined (Table 2) in order to establish an age model for 
the Pliocene interval of Hole 586A. 

PLANKTONIC FORAMINIFERA 

Planktonic foraminifera are abundant in the sedi
ments recovered from Hole 586A. They were studied 
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FIGURE 3. Plots of sediment coarse fraction percentages in Hole 586A. The ages are derived from Figure 6. 
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TABLE I. Total weight, number ofspecimens examined in the> 125 TABLE I. Continued. 
micron fraction, and the calculated number of specimens per gram 
dry sediment. Number of specimens

Interval Depth Weight 
Core Section (em) (m) (gram) 

Interval Depth Weight 100-101 103.90 1.8854 
Core Section (em) (m) (gram) 

6 50-51 104.90 1.8161 198 109.0 
1-2 39.31 2.6046 147 56.4 7 0-1 105.90 2.2767 275 120.8 

100-101 40.30 0.9061 177 193.3 8 I 50-51 107.00 2.0033 132 65.9 
2 50-51 41.30 1.0776 202 187.4 2 0-1 108.00 1.8667 240 128.6 

149-150 42.29 0.7127 129 181.0 100-101 109.00 1.6623 95 57.1 
3 100-101 43.30 LI775 178 151.2 3 50-51 110.00 1.7403 218 125.3 
4 50-51 44.30 I.I 154 122 109.4 4 0-1 111.00 1.4885 168 112.9 

149-150 45.29 1.3782 153 111.0 100-tOl 112.00 1.5553 167 107.4 
5 100-101 46.30 0.9506 187 196.7 5 50-51 113.00 1.7315 196 113.2 
6 50-51 47.30 0.7392 182 246.2 6 0-1 114.00 1.9587 173 88.3 

149-150 48.29 0.9209 341 370.3 100-101 115.00 2.0157 280 138.9 
2 I 50-51 49.40 1.8363 118 64.2 9 0-1 116.10 1.6521 155 93.8 

2 0-1 50.40 1.7184 33 19.2 100-101 117.10 1.8690 295 157.8 
3 50-51 52.40 1.8394 116 63.1 2 50-51 118.10 2.2437 131 58.4 

100-101 54.40 1.3482 139 103.1 3 0-1 119.10 2.0842 117 56.1 
5 50-51 55.40 1.6568 222 134.0 100-101 120.10 1.4979 237 158.2 
6 0-1 56.40 1.8912 167 88.3 4 50-51 121.10 1.1745 143 121.7 

100-tOl 57.40 2.0860 154 73.8 5 0-1 122.10 1.8094 74 40.9 
3 0-1 58.50 1.9198 139 72.4 tOO-101 123.10 1.4940 118 79.0 

100-101 59.50 1.8535 163 87.9 6 50-51 124.10 1.0971 92 83.9 
2 50-51 60.50 2.1091 310 147.0 7 0-1 125.20 2.0494 181 88.3 
3 1-2 61.51 1.5096 160 106.0 10 I 50-51 126.20 1.5840 131 82.7 

100-101 62.50 1.6894 196 116.0 2 0-1 127.20 1.0335 76 73.5 
4 50-51 36.50 1.9337 134 69.3 100-101 128.20 1.2707 62 48.8 
5 0-1 64.50 2.0173 128 63.4 3 50-51 129.20 1.0794 58 53.7 

100-101 65.50 1.4829 146 98.4 4 0-1 130.20 2.0439 60 29.3 
6 50-51 66.50 1.4865 166 111.7 100-101 131.20 1.4083 39 27.7 
7 0-1 67.50 1.9251 227 117.9 5 50-51 132.20 1.8183 95 52.2 

4 I 50-51 68.60 3.4206 241 70.4 6 0-1 133.20 1.9476 134 68.8 
2 0-1 69.60 1.6744 218 130.2 100-101 134.20 2.0330 82 40.3 

100-101 70.60 1.9042 289 151.8 II 0-1 135.30 1.8902 100 52.9 
3 50-51 71.60 1.2808 106 82.8 100-101 136.30 1.8841 76 40.3 
4 0-1 72.60 1.6517 199 120.5 2 50-51 137.30 2.2143 98 44.2 

100-101 73.60 2.0716 351 169.4 3 0-1 138.30 2.3439 115 49.1 
5 50-51 74.60 1.8699 210 112.3 100-101 139.30 1.6430 73 44.4 
6 0-1 75.60 1.2798 212 165.8 4 50-51 140.30 2.3735 133 56.0 

100-101 76.60 1.3530 145 107.2 5 0-1 141.30 2.6462 208 78.6 
5 0-1 77.70 1.2770 159 124.5 100-101 142.30 1.7707 75 42.3 

227 

100-101 78.70 1.2862 166 129.1 
2 50-51 79.70 1.4538 200 137.5 
3 1-2 80.71 1.2556 94 74.9 

100-101 81.71 1.7587 125 71.1 in the >63 micrometer fraction and the material shows 
4 50-51 82.70 1.1614 129 111.1 evidence of mechanical erosion by having a high per
5 0-1 83.70 1.7944 168 93.6 

100-101 84.70 1.9496 116 59.5 centage (> 50%) of fragmented tests. The LAD (Last 
6 50-51 85.70 1.4696 129 87.8 Appearance Datum) for Globoquadrina altispira oc
7 0-1 86.70 1.6797 247 147.1 curs in Section 586A-3-5 and represents an age of 2.9 

6 I 50-51 87.80 1.9912 188 94.4 
2 0-1 88.80 I.9543 210 107.4 Ma (Berggren and others, 1985). The characteristic 

100-101 89.80 1.6787 149 88.7 species Globigerinoides fistulosus appears for the first 
3 50-5\ 90.80 2.4559 317 129.1 time in Section 586A-3-6. This species is usually con
4 0-1 91.80 2.0738 222 107.0 

sidered to have a FAD (First Appearance Datum) that 100-101 92.80 1.3270 193 145.4 
5 50-51 93.80 1.6128 217 134.5 coincides with the LAD of G. altispira, but there are 
6 0-1 94.80 1.3900 203 146.0 reports showing that the range of G. altispira overlaps

100-101 95.80 1.6985 178 104.8 
with that of G. fistulosus (Keigwin, 1982; Hermelin, 7 0-1 96.90 1.8656 197 105.6 

100-101 97.90 1.4749 196 132.9 1986, 1987). The FAD of Globorotalia tosaensis was 
2 50-51 98.90 1.7814 172 96.5 found in Section 586A-4-3 and is dated at 3.1 Ma 
3 0-1 99.90 1.7125 282 164.7 

(Berggren and others, 1985). The change from sinistral 100-101 100.90 2.0111 227 112.9 
4 50-51 101.90 2.1594 288 133.4 to dextral coiling in Pulleniatina primalis is sharp and 
5 0-1 102.90 1.5362 161 104.8 occurs in the lower part of Section 586A-6-6. This 
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FIGURE 5. General bathymetric zonation used in this paper. All 
text references to depth limits and preferred habitats for different 
species have been recalculated to conform with this zonation. 

event is dated at 3.8 Ma (Berggren and others, 1985). 
The LAD ofPulleniatina spectabilis, which is restricted 
to the Indian and Pacific oceans, occurs in the lower 
part ofSection 586A-7 -5 and is dated at 3.9 Ma (Berg
gren and others, 1985). 

NANNOFOSSILS 

Sample 586A-l-1, 74-76 cm, is above the LAD of 
Discoaster brouweri, which is dated at 1.89 Ma (Back
man and Shackleton, 1983), whereas sample 586A-l
3, 74-76 cm is below the beginning of the acme-in
terval of Discoaster triradiatus, which is dated at 2.07 
Ma (Backman and Pestiaux, 1986). The LAD of Dis
coaster pentaradiatus occurs between Sections 586A
1-6 and 586A-2-1 and is dated between 2.35 and 2.40 
Ma (Backman and Shackleton, 1983). ReticuloJenestra 
pseudoumbilica occurs for the last time in Section 586A
6-1. This event is dated at 3.56 Ma (Backman and 
Shackleton, 1983). The species Ceratolithus rugosus 
evolved from Ceratolithus acutus and the datum level 
placed at the frequency crossover of these two taxa 
appears in Section 586A-1O-3 and is dated at4.57 Ma 
(Backman and Shackleton, 1983). 

SEDIMENTATION RATES 

The sedimentation rate curve outlined by the Ship
board Scientists Leg 89, Site 586 (see Moberly and 
others, 1986, p. 228, Fig. 10) has an offset of 5.1 m 
compared to the biostratigraphic events (see Moberly 
and others, 1986, p. 225, Fig. 8). The reason for this 
discrepancy is probably"... that prime data for Hole 
586 and 586A collected aboard ship may reflect the 
originally established water depths and sub-bottom 
depths and may be in error by 5.1 m in the sub-bottom 
depths" (Moberly and others, 1986, p. 216). To make 
a correction for this, 5.1 m was subtracted from each 
original sample depth. Thus, the top of core 1 is re
garded to represent a depth of 39.3 m below the sea
floor rather than the originally assumed 44.4 m. By 
using the planktonic foraminiferal and nannofossil da
tums presented above, a sedimentation rate model can 
be established for Hole 586A (Fig. 6). The sedimen
tation rate is extrapolated below 130 m and seems to 
be constant up to about 49 m, where a drastic decrease 
occurs. The sedimentation rate is approximately 3.75 
cm/kyr below this change at 49 m and approximately 
1.60 cm/kyr above the change. 

SIZE FRACTION ANALYSIS 

The sediments are composed mostly ofnannofossils 
with foraminifera as a minor component and are clas
sified as foraminifer-bearing nannofossil oozes. The 
coarse-fraction component (> 63 micrometers) is com
posed ofplanktonic foraminifera, whereas the fine frac
tion principally is composed of nannofossils and ju
venile foraminifera. Figures 3 and 4 demonstrate that 
both the fine and the coarse fractions are relatively 
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TABLE 2. Planktonic foraminiferal and nannofo.ssil events used to develop an age/depth model for Hole 586A. Information from Berggren 
and others (1986) was used for the foraminiferal ages. Backman and Shackleton's (1983) and Backman and Pesti.aux's (1986) data were used 
for nannofossil ages. 

Age Event Species Depth in hole 586A 

1.89 LAD Discoaster brouweri below 40.05 m 
2.07 Acme Discoaster triradiatus above 43 .05 m 

2.35-2.40 LAD Discoaster pentaradiatus 54.40 m 
2.90 LAD Globoquadrina altispira 64.50-65 .50 m 
2.90 FAD Globigerinoides fistulosus 66.50-67.50 m 
3.10 FAD Globorotalia tosaensis 74.60 m 
3.56 LAD Reticulofenestra pseudoumbilica 87.80 m 
3.80 S~D Pulleniatina primalis 95.80-96.90 m 
3.90 LAD Pulleniatina spectabilis 102.90-103.90 m 
4.60 Trans. Ceratolithus acutus/C. rugosus 129.10-130.20 m 

FAD = First Appearance Datum. 

LAD = Last Appearance Datum. 

Acme = first occurence of Acme-zone. 

S~D = shift in coiling direction from sinistral to dextral. 

Trans. = transition from species A to species B. 


;:'onstant throughout the sequence studied. The <63 
;nicrometer fraction fluctuates around 60% whereas 

·:be percentages for each of the 63-125, 125-250, and 
he 250-500 micrometer fractions vary between 10 and 
15%. There is a slight increase in the> 63 micrometer 
' action at about 100 m (3.8 Ma) to approximately 
-0%. The upper part of the sequence, above 100 m, is 
more variable than the lower part. This becomes es
pecially obvious in the 250-500 micrometer fraction 
;o,'here the relative percentage suddenly drops to about 
5% at 52.4 m (2.6 Ma), and increases to 20-25% in 
be uppermost 12 meters of the sequence. 

Fluctuations in coarse fraction properties can be in
erpreted as the result of one or more of the following 
onditions: (I) fluctuations in the size-selective dis

solution of biogenic carbonate, (2) fluctuations in the 
:ate of production and accumulation of nannofossils 
relative to those of foraminifera, (3) fluctuations in the 
mount of winnowing of fine grained biogenic com

;JOnents. 
Dissolution would tend to break down the forami

. feral test into smaller particles which would result 
:.n a decrease in coarse-fraction and an increase in fine
fraction. However, since Site 586 (2,207 m) is weU 
",bove the depth of the present carbonate lysocline of 
.., .-l00 to 3,600 m (Berger and others, 1982). The in
uence of dissolution has probably been small on the 

~uctuation of the coarse fraction. 
Depocenters of material that has been winnowed 

::-om other places would exhibit a coarse-fraction di
ted by the fine-fraction. Likewise, areas of high pri
ary production result in a larger flux of phytoplank

- 0 (nannofossils and diatoms) than zooplankton 
_ Ianktonic foraminifera and radiolarians) (Gardner 
- d others, 1986). Site 586 is presently located near 

the Equatorial Divergence, an area which might well 
have produced sediment with higher percentages of 
finer material relative to an area of low productivity. 

Variations in winnowing effects may also yield 
changes in the coarse-fraction content. In spite of the 
fact that the biostratigraphy suggests that the sequence 
studied is complete, minor erosional events may have 
occurred at Site 586 as suggested by Gardner and oth
ers (1986). 

THE PLIOCENE BENTHIC 

FORAMINIFERAL FAUNA 


ABUNDANCE 

The number of benthic foraminifera per gram sed
iment is presented in Figure 7. This number varies 
around 50 (±20) in the lower part of the investigated 
sequence. Above the 122 m level (-4.4 Ma) the num
ber of specimens increases to about 100 (±40). Pro
nounced fluctuations begin at about 51 m (- 2.4 Ma), 
with a low of 19 and a high of 370 specimens per gram 
of sediment. 

DIVERSITY 

The benthic foraminiferal fauna is highly diverse, 
generally between 35 and 60 taxa per sample are rec
ognized when 150 or more specimens were counted 
(see Fig. 8A). There is a strong correlation between the 
number of specimens examined and the number of 
taxa recognized. If species that are represented by sin
gle occurrences are excluded, the diversity decreases 
to between 15 and 30 taxa when 150 or more specimens 
\\ere counted (see Fig. 8B). 

The di versi ty through time is shown in Figure 7. The 
di \ ·ersi~· is around 30 for the lower part ofthe sequence 
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FIGURE 6. Age/depth relationships of planktonic foraminiferal and nannofossil datums in Hole 586A. For abbreviations see Table 2. 
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and increases to 40-45 at about 120 m and do not than 5% of the fauna. The most common agglutinated 

show any significant change above this level. The in species is Eggerella bradyi. 

crease of both the total number of specimens and di The most common species throughout the sequence 

versity at about 120 m (4.3-4.4 Ma) indicates a major is Uvigerina auberiana with a relative abundance rang

change in the benthic environment at Site 586. ing between 2.6% and 45.2%, averaging around 25% 


(Fig. 10). Short-term decreases in relative abundance 
occur around 130 m and between 55 and 49 m, the 

COMPOSITION 
latter coinciding with a peak in Uvigerina peregrina 

Several species and species groups are common (Fig. 10). Uvigerina peregrina is a species which oth
throughout the studied interval. These include Gloerwise is fairly uncommon, with relative abundances 
bocassidulina subglobosa, Melonis spp., Nuttallides of 5% or less in the upper part of the sequence and 
umbonifera, Oridorsalis umbonatus, Pullenia spp., and being absent below 120 m. Nuttallides umbonifera, with 
Uvigerina auberiana (Figs. 9, 10). Several species are a maximum abundance of 29% is a common species 
represented by single specimens and several genera in the interval 111-134 m. Above III m and below 
exhibit great taxonomic diversity (e.g., Fissurina). 134 m the relative abundance for this species averages 

Agglutinated taxa are rare, generally constituting less between 2 and 3%; above 51 m it is mostly absent. 
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RESULTS OF THE CORRESPONDENCE 

ANALYSIS 


THE "MOST COMMON SPECIES" ANALYSIS 


The correspondence analysis of the 28 most com
mon species (Table 3) show that the first two factors 
account for almost 31 % of the total variance (within 
these 28 species) (Table 4). Plots of the 28 species along 
the first two factors show that there are two species 
that stand out, Nuttallides umbonifera and Uvigerina 
peregrina (Fig. 11). The other species cluster in the 
middle, except for Fissurina sp. 26 which is found 
between the main cluster and U. peregrina (Fig. 11). 

THE "WATER MASS DEPENDENT 

SPECIES" ANALYSIS 


Using only those species that are presumed to be 
water mass dependent gives a result showing essen
tially the same pattern as the "most common species" 
analysis. The water mass dependent species included 
are Cibicidoides wuellerstorfi, Epistominella exigua, 
Globocassidulina subglobosa, Nuttallides umbonifera, 
Oridorsalis umbonatus, Pullenia bulloides, and Uvi
gerina peregrina. Their relative abundances are pre
sented in Figures 9 and 10. Recent studies show that 
some species (e.g., U. peregrina) are infaunal and hence 
are probably less directly influenced by the overlying 
water mass. Other species (e.g., c. wuellerstorfi) are 
epifaunal and are probably more influenced by the 
properties of the water mass (Corliss, 1985; Lutze and 
Thiel, 1987; Berger and Wefer, 1988). Further inves
tigations on the microhabitat of benthic foraminifera 
are needed to clarify the vertical microdistribution of 
different species as well as their relationship to the 
overlying water mass. This was outside the scope of 
the present study and the species included in this anal
ysis were those generally regarded as water mass de
pendent. 

In the correspondence analysis of the "water mass 
dependent species," the first two factors account for 
about 65% of the total variation (Table 5). The higher 
order factors account for 11 % or less of the total vari
ation and do not show any meaningful trends. Plots of 
the seven species along the first two factors show a 
clear separation into three "groups" (Fig. 12). Two of 
the groups contain single species, Nuttallides umbon
{fera in the upper left part of the plot, and Uvigerina 
peregrina in the upper right part of the plot. The third 
group (Assemblage A) contains Cibicidoides wueller
storfi, Epistominella exigua, Globocassidulina subglo
bosa, Oridorsalis umbonatus, and Pullenia bulloides. 

TABLE 3. List of the 28 benthic foraminiferal species used in the 
correspondence analysis. These species are included in the "most 
common species" analysis. 

Anomalinoides globulosus 
Astrononion novozealandicum 
Bulimina truncana 
Cibicides mundulus 
Cibicidoides bradyi 
Cibicidoides wuellerst(}~fi 
Eggerella bradyi 
Epistominella exigua 
Fissurina sp. 26 
Globocassidulina subglobosa 
Gyroidina neosoldanii 
Gyroidinoides altiformis 
Laticarinina halophora 
Alelonis barleeanum 
Me/onis pompilio ides 
Nuttallides umboni/era 
Oridorsalis umbonatus 
Pullenia bulloides 
Pullenia quinqueloba 
Pullenia sp. 1 
Pullenia sp. 3 
Pyrgo murrhina 
Pyrgo sp. I 
Sigmoitina edwardsi 
SipJwnodosaria abyssorum 
Sphaeroidina bulloides 
Uvigerina auberiana 
Uvigerina peregrina 

-------~ 

These species are grouped together in a dense cluster 
in the lower middle part of the plot. 

The factor loadings of the 101 sample levels along 
the first two factors show to what degree the three 
"groups" influence each sample (Table 6). The corre
spondence analysis reveals that the samples show a 
clear trend through time (Fig. 13). Below 110 m there 
is an alternation between a Nuttallides umbonifera
dominated fauna and Assemblage A, whereas the fauna 
above is dominated by Assemblage A or by an alter
nation between a Uvigerina peregrina-dominated fau
na and Assemblage A. The trend through time found 
in the samples is also shown in Figure 14 where the 
information from the correspondence analysis is in
serted on a time/sample depth axis. 

BENTHIC FORAMINIFERA AS WATER 

MASS INDICATORS 


WORLD OCEAN 


Generally, the species Nuttallides umbonifera has 
been associated with low temperature water masses 
and is most common on the sea floor between the 
lysocline and the CCD. Its upper depth limit varies in 
different oceans depending on the vertical water mass 
structure (Streeter, 1973). Thus, a Nuttallides umbon
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TABLE 4. Factor loadings of the first five factors with the percentage of the total variance explained for the 28 species included in the 
correspondence analysis. These 28 species are included in the "most common species" analysis. 

I 2 3 4 5 
Variance C'xplained 18.28 12.46 8,08 7,69 5.46 
Cumulative percentage 18,28 30,74 38,82 46,51 51.97 

Species 
----

Anomalinoides globulosus 0,079 -0.244 0.127 0,114 0.075 
Astrononion novozealandieum 0.203 0.077 0.329 -0.329 0.050 
Blilimina fruneana 0.074 -0.113 0.406 -0.069 0.765 
Cibieides mundulus -0.304 -0.Q38 0.338 0.278 -0.145 
Cibicidoides bradyi 0.138 0.249 0.343 1,048 0.181 
Cibicidoides wuellerstorfi -0.068 -0.100 -0.161 0.202 0.028 
Eggeref/a bradyi 0.008 0.028 0.158 -0.Ql5 -0,190 
EpislOminella exigua 0.267 0.039 -0.213 -0.419 -0,116 
Fissurina sp. 26 0.628 0.528 0.000 0.326 0.392 
Globoeassiduli na sUbglobosa 0.072 -0.025 0.073 0.237 -0.241 
Gyroidina neosoldanii -0.352 0.112 0.012 -0.017 0.403 
GyroidinOldes alt(formis -0.093 -0.060 -0.004 0.192 0.001 
Laticarinina halopllOra 0.Q31 0.100 0.291 0.405 -0.119 
lvlc/onis bar/eeanum 0.108 0.142 0.319 ~0.245 -0.214 
Me/onis pompilio ides 0.262 0.040 -0.126 -0.110 -0.363 
NUllalfides umbonifera - 1.011 0.629 -0.160 -0.087 0.048 
Oridorsalis umbonatus 0.172 0.087 0.128 0.020 0.007 
Pullenia bulloides 0.332 0.029 -0.Q38 -0.109 0.153 
Pu/lenia quinqueloba -0.046 0.066 0.070 -0.242 0.253 
Pullenia sp. I 0.048 0.002 0.005 -0.039 -0.046 
Pullenia sp. 3 -0.224 0.001 0.086 -0,128 0.135 
Pvrgo murrhina 0.268 0.254 -0.339 -00031 0.329 
Pyrgo sp, I 0.247 -0,334 0.016 -0.134 0.430 
Sigmoilina edwardsi 0.039 -0.046 -0.004 -0.041 -0,123 
Siphonodosaria abyssorum 0.058 -0.043 0.015 -0.429 0.400 
S"phaeroidina bulloides -0.304 0.058 0.238 -0.028 -0.210 
Ul'igerina auberiana -0.040 -0.243 -0.171 0.001 -0.003 
Urigerina peregrma 1.185 1.085 -0.527 0.151 0.028 

{[era assemblage is generally associated with the bot The variations in the faunal assemblages ofdeep and 
tom water mass of the oceans, usually AABW (Ant intermediate water masses of the oceans are greater 
arctic Bottom Water). During Neogene times, than those found in bottom water masses. However, 
Nuttallides umbon([era reaches high percentages in At different water masses can be characterized and dis
lantic and Pacific sites deeper than 3,000 m, but occurs criminated by the benthic foraminiferal faunas. The 
in low numbers, ifat all, at shallower depths (Woodruff, deep water masses of the different oceans overlying the 
1979; Tjalsma, 1983). The species that co-occur with bottom water mass usually contain a faunal assemblage 
Nuttallides umbon([era vary in the different oceans (Ta dominated by Epistominella exigua (Table 7). The 
ble 7). presence of an Epistominella exigua-dominated as-

TABLE 5. Factor loadings of the first five factors with the percentage of the total variance explained for the seven species included in the 
"water mass dependent species" correspondence analysis. 

I 2 4 5 
Variance explained 
Cumulative percentage 

42.45 
42.45 

22,77 
65,22 

8.98 
85,79 

7.61 
93.40 

Species 

Cibicidoides wuellerstorfi -0.006 -0.270 -0.310 0.310 -0.094 
Epistominella exiglla 0.241 -0.303 0.809 0.446 -0.038 
Globocassidulina subglobosa 0.134 -0.300 -0.278 -0.212 0.124 
Nuttallides IImbonifera -0.924 0.322 0.051 -0.012 0.048 
Oridorsalis umbonatus 0.188 -0.116 0.107 -0.260 -0.184 
Pullenia bulloides 0.390 -0.123 0.073 -0.056 0.633 
Uvigerina peregrina 0.961 1.091 -0.106 0.134 -0.056 
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FIRST FACTOR 
FIGURE II. Plot of the first two factors showing the distribution of the 28 most common species used in the "most common species" 

analysis. The benthic foraminiferal species are abbreviated as follows: A Anomalinoides globulosus; B = Astrononion novo::ealandicum; 
C = Bulimina rruncana; D = Cibicidoides bradyi; E = Cibicides mundulus; F = Eggerella brady;; G = Fissurina sp. 26; H = Gyroidina 
neosoldanii; I = Gyroidinoides altiformis; J = Laticarinina halophora; K = Alelonis barleeanum; L = Metonis pompilioides; M = Pullenia 
quinquetoba; N = Pullenia sp. I; 0 = Pullenia sp. 3; P = Pyrgo murrhina; Q = Pyrgo sp. I: R = Sigmoilina edwardsi; S = Siphonodosaria 
abyssorum; T = Sphaeroidina bulloides; U = Uvigerina auberiana. 

semblage may discriminate a warmer (1.5-2.0°C) and 
more saline deep water mass, often found immediately 
above the bottom water mass. 

At intermediate depths (above 3,000 m), along the 
lower part of the continental slope and the mid-Atlan
tic Ridge, the Atlantic Ocean is dominated by a fauna 
that shows a small but significant correlation with oxy
gen content. An increase in abundance of primarily 
Uvigerina spp., but also of Globocassidulina subglo
bosa, Hoeglundina elegans, and Ehrenbergina spp. is 
associated with lowered oxygen content (Lohmann, 
1978). The intermediate water mass ofthe Pacific Ocean 
shows a similar faunal pattern, although its structure 
is somewhat different with a thick oxygen minimum 
zone ranging from the shelf down to around 1,500 to 
1,800 m in the tropics and mid-latitudes of the eastern 

Pacific Ocean. In the southern hemisphere Antarctic 
Intermediate Water (AAIW) creates a shallow and a 
deep oxygen minimum layer (Ingle and others, 1980) 
which can be traced into the western equatorial Pacific 
Ocean where the deep oxygen minimum layer has its 
lower depth limit at about 2,400 m (Culp, 1977; Burke, 
1981). Higher abundance ofUvigerina peregrina is often 
inferred to be associated with glacial periods (Schnit
ker, 1974; Corliss, 1982) and/or increased organic car
bon content in the sediments (Douglas, 1981; Miller 
and Lohmann, 1982). The response of uvigerinids and 
associated species found in the intermediate waters 
suggests that the presence of a Uvigerina peregrina
dominated assemblage is associated with water masses 
of lowered oxygen content and with organic rich sed
iments (Lohmann, 1978; Streeter and Shackleton, 1979; 
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FIGURE 12. Plot of the first two factors showing the distribution of the seven species used in the "water mass dependent species" analysis. 

Schnitker, 1979; Douglas, 1981; Miller and Lohmann, 
1982). 

ONTONG-JAVA PLATEAU AREA 

A Nuttallides umbon(!era assemblage dominates the 
modern sea-floor below the lysocline (about 3,500 m) 
in the Ontong-Java Plateau area (Culp, 1977; Burke, 
1981) (Table 8). The species Epistominella exigua is 
an important subsidiary species in this assemblage. 

The interval between the top of the PDW (about 
2,500 m) and the lysocline is characterized by high 
relative abundance of Epistominella exigua, Globo
cassidulina subglobosa, and Pullenia bulloides (Table 
8), 

The deep oxygen minimum layer within the PIW of 
the western Pacific Ocean, which intersects the top of 
the plateau, occurs from 1,500 to 2,400 m and is char
acterized by a faunal assemblage dominated by Uvi
gerina auberiana (Culp, 1977; Burke, 1981). Subsid
iary species in this shallow portion are Astrononion 

novozealandicum, Cibicidoides pseudoungerianus, Or
idorsalis umbonatus, and Pullenia bulloides (Table 8). 

DISCUSSION 

THE BENTHIC FORAMINIFERAL ASSEMBLAGES AND 

THEIR ASSOCIATION WITH WATER MASSES 

Based on the information of environmental prefer
ences of various species in the modern ocean, the fol
lowing associations with subsurface water masses are 
assumed for the three different assemblages: 

(1) 	The Nuttallides umboni!era-dominated assem
blage appears to reflect the presence of a well
oxygenated water mass, undersaturated with 
respect to calcite, and with a low potential tem
perature. 

(2) Assemblage A 	(Cibicidoides wuellerstorfi. Epi
stominella exigua. Globocassidulina subglobosa, 
Oridorsalis umbonatus, and Pullenia bulloides) 
is similar to the present fauna on the Ontong
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FIGURE 13. Plot of the first two factors showing the distribution of samples. Numbers refer to stations as coded in Table 6. Open circles 

represent the species plotted in Figure 12. 

Java Plateau which is associated with the deep 
oxygen minimum layer of the PIW. This assem
blage is assumed, therefore, to reflect reduced 
oxygen content associated with episodes of up
welling. 

(3) 	The Uvigerina peregrina-dominated assemblage 
is considered to reflect episodes of further de
pletion in oxygen content due to intensified up
welling or to changes in the thermohaline cir
culation. 

CHANGES IN THE FAUNAL COMPOSITION: 


RESPONSES TO PALEOCLIMATIC AND 


PALEOCEANOGRAPHIC CHANGES 


A benthic foraminiferal fauna similar in its species 
composition and proportions to the modern fauna de
scribed by Culp (1977) and Burke (1981) became es
tablished on the Ontong-Java Plateau by latest Mio
cene time (Woodruff and Douglas, 1981). Prior to this 

time, during the early and middle Late Miocene (l0.5
6.5 Ma), the sedimentation rate at Site 586 was typical 
of carbonate platforms outside areas of high produc
tivity (Gardner and others, 1986). 

Between 6.2 and 4.9 Ma a general increase in the 
0180 values occurs which is interpreted to represent a 
major expansion of the Antarctic ice-cap (Shackleton 
and Kennett, 1975; Kennett, i 986; Elmstrom and 
Kennett, 1986). This would cause an intensified ocean
ic circulation (Savin and others, 1985) that effects the 
character ofthe surface as well as the intermediate and 
bottom water masses. During this period, inferred to 
be a period of glacial expansion, the bottom water 
probably became colder. A similar increase in 0180 
values during the Pleistocene is calculated to have low
ered the bottom water temperature 2-3°C on average 
(Chappell and Shackleton, 1986; Labeyrie and others, 
1987). Since O2 is more soluble in colder waters, the 
incorporation ofpolar surface waters into bottom water 
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during glacials would produce higher dissolved oxygen 
values for these waters. 

The appearance of the Nuttallides umbonifera-dom
inated assemblage at about 4.8 Ma on the Ontong-Java 
Plateau, as well as at other sites in the Pacific Ocean 
(Woodruff, 1985), can be explained in several different 
ways. (I) It could be due to greater production and 
thickening of the PBW layer. Higher dissolved oxygen 
values for the bottom water reduce the oxygen mini
mum zone and allow the cold-water species Nuttallides 
umbonifera to migrate upslope to depths around 2,200 
m (the water depth of Site 586). In order to cover this 
depth the PBW has to expand about 800 m upslope. 
An upslope migration ofNuttallides umbonifera during 
the Late Miocene is noted in other parts of the Pacific 
Ocean (Woodruff, 1985) and in the Atlantic Ocean (F. 
Woodruff, pers. comm., 1988). (2) An undifferentiated 
bottom/deep water mass could favor a shallower pres
ence ofNuttallides umbonifera. (3) A third explanation 
would be dissolution. This seems less likely as miliolids 
and other dissolution-prone species do not show any 
significant change in their relative abundance patterns 
during this time. (4) Another less likely explanation is 
a transitory shift in environmental preference of Nut
talides umbon(fera. 

At about 4.1 Ma the Nuttallides umbonifera-domi
nated assemblage is replaced by Assemblage A. This 
predates slightly an increase in the > 63 micrometer 
fraction (Fig. 5). The appearance ofAssemblage A cor
responds to a period of maximum sedimentation rates 
in other areas (the Colombia Basin, Scientific Party 
Leg 68, 1982; the Walvis Ridge area, Moore and oth
ers, 1983) and to a period ofmaximum carbonate mass 
accumulation rates for the Pacific Ocean (Davies and 
Worsley, 1981). The increase in the >63 micrometer 
fraction observed at Site 586 at about 4.0 Ma can have 
two explanations: (I) intensified winnowing where cur
rents, not strong enough to remove an entire biostrati
graphic zone, eroded and transported some but not all 
of the fine fraction; (2) better preservation (less frag
mentation) oflarger planktonic foraminifera. Both these 
explanations would explain an increase in the >63 
micrometer fraction without a significant change in 
sedimentation rate. Visual inspection of the samples 
does not support the preservation explanation. 

Assemblage A characterized the benthic foraminif
eral fauna during the middle Pliocene, between ap
proximately 4.1 and 3.3 Ma. Its composition is similar 
to the modern fauna on the Ontong-Java Plateau, and 
may therefore be associated with weak upwelling. 
Elmstrom and Kennett (1986) noted (1) a distinct in
crease in 15 180 of the planktonic foraminifera, (2) a 

WESTERN PACIFIC PLIOCENE BENTHIC FORAMINIFERA 

decrease in the gradients of Q"C and 15 18 0 between 
surface and intermediate water, and (3) a mixing of 
warm and cold water planktonic foraminiferal species 
during this period of time. This is normally an indi
cation ofseasonal upwelling (Thiede, 1983). These data 
and the presence of the benthic foraminiferal Assem
blage A suggest that Site 586 was bathed by PIW during 
the middle part of the Pliocene. 

At approximately 3.3-3.2 Ma, a faunal shift occurs 
from Assemblage A to a Uvigerina peregrina-domi
nated assemblage. This coincides with a decrease in 
the benthic 1) 180 recorded in the Pacific Ocean (Shack
leton and Opdyke, 1977; Keigwin, 1979; Prell, 1984; 
Elmstrom and Kennett, 1986), the South Atlantic 
(Weissert and others, 1984), the North Atlantic (Shack
leton and Cita, 1979), and the Mediterranean (Keigwin 
and Thunell, 1980). This shift is interpreted as a cool
ing of the bottom water mass (Prell, 1984, 1985). The 
planktonic foraminiferal record shows only a minor 
excursion in the I) 180 at this time (Prell, 1985) which 
suggests that a short event of ice growth may have 
occurred (Prell, 1984, 1985; Shackleton and others, 
1984) rather than the initiation oflarge-scale glaciation 
in the northern hemisphere. Further, the 3.2 Ma iso
topic event may be related more to bottom water pro
duction in the Antarctic region, as suggested by Back
man (1979), than to glaciation in the northern 
hemisphere. 

The presence of Uvigerina peregrina-dominated as
semblages is normally linked to oxygen-poor water 
masses and organic-rich sediments (Lohmann, 1978; 
Streeter and Shackleton, 1979; Schnitker, 1980; Doug
las, 1981). The organic carbon values at Site 586 in
crease from less than 0.0 I % to an average of about 
0.35% at about 3.3 Ma (Scientific Parties Legs 89 and 
90, 1986). Although the organic carbon content is rel
atively low, the increase at about 3.3 Ma is significant 
and may be an indication of increased upwelling which 
would favor the occurrence of an uvigerinid assem
blage. Further to the south, in the Lord Howe Rise 
region, a m: jor change in the benthic foraminiferal 
fauna occurs at about 3.2 Ma together with an increase 
in the abundance of uvigerinids (Boersma, 1986). The 
time interval where the Uvigerina peregrina-dominat
ed assemblage of Site 586 is present (3.3-2.4 Ma) is 
characterized by rapid fluctuations between this assem
blage and Assemblage A, although the former is pre
dominant. This coincides with an increase in the 
amount and variability of the coarse fraction, which 
may be explained by intensified winnowing at Site 586 
during the late Pliocene as suggested by Gardner and 
others (1986). 
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TABLE 6. Factor loadings of the first five factors with the percentage of the total variance explained for 101 analyzed samples from DSDP 
Hole 586A. 

l 
Variance explained 
Cumulative percentage 

42.45 
42.45 

7.6l 
93.40 

Depth incore(m) Code (in Fig, 13) 

39.31 0.853 0.631 -0.494 0.548 0.575 
40.30 2 0.374 -0.509 0.086 -0.045 0.419 
41.30 3 0.327 -0.562 -0.216 -0.001 0.440 
42,29 4 0.353 -0.515 0.225 -0.079 0.110 
43.30 5 0.288 -0.538 0.139 0.114 -0.190 
44.30 6 0.329 -0.532 -0.378 -0.203 0.457 
45.29 7 0.350 -0.579 0.640 0.315 -0.007 
46.30 8 0.380 -0.357 -0.060 0.026 0.045 
47.30 9 0.373 -0.499 0.462 -0.112 -0.007 
48.29 10 0.487 -0.162 0.412 0.011 -0.176 
49.40 11 0.543 -0.010 -0.144 0.081 0.037 
50.40 12 0.727 0.520 -0.293 -0.092 -0.441 
52.40 13 0.874 0.864 0.236 0.453 -0.057 
54.40 14 0.475 0.098 0.174 -0.334 0.213 
55.40 15 0.776 0.627 0.248 0.264 -0.046 
56.40 16 0.295 0.179 0.158 -0.003 0.314 
57.40 17 0.594 0.394 -0.106 -0.281 0.270 
58.50 18 0.446 0.403 0.074 0.163 0.060 
59.50 19 0.725 0.364 0.032 -0.329 -0.140 
60.50 20 0.402 0.222 0.162 -0.274 -0.099 
61.51 21 0.162 0.367 -0.093 -0.263 -0.173 
62.50 22 0.385 -0.044 0.715 -0.195 -0.281 
63.50 23 0.540 0.158 -0.110 -0.087 0.087 
64.50 24 0.518 0.490 -0.367 0.159 -0.089 
65.50 25 0.267 0.240 -0.088 -0.116 0.175 
66.50 26 0.523 0.289 0.020 -0.003 0.117 
67.50 27 0.711 0.717 0.218 0.001 0.004 
68.60 28 0.624 0.595 -0.040 -0.199 0.057 
69.60 29 0.380 0.058 0.151 -0.385 0.157 
70.60 30 0.136 -0.151 0.121 -0.165 0.387 
71.60 31 0.316 -0.283 -0.090 -0.251 0.228 
72.60 32 0.308 -0.384 0.225 -0.340 0.302 
73.60 33 0.688 0.398 -0.011 -0.134 -0.040 
74.60 34 0.730 0.761 -0.215 0.022 0.170 
75.60 35 0.296 0.005 0.092 -0.400 -0.127 
76.60 36 0.377 0.330 -0.196 -0.Q38 -0.221 
77.70 37 0.173 -0.495 -0.453 -0.467 0.329 
78.70 38 -0.049 -0.295 0.591 0.124 -0.079 
79.70 39 0.306 -0.421 0.741 0.157 0.346 
80.71 40 0.229 -0.471 0.152 0.427 0.294 
81.71 41 -0.070 -0.130 0.308 -0.409 0.155 
82.70 42 0.314 -0.586 0.418 0.542 0.051 
83.70 43 -0.012 -0.309 -0.006 -0.088 0.099 
84.70 44 -0.056 -0.254 -0.140 -0.078 -0.155 
85.70 45 0.388 0.310 -0.293 -0.043 -0.405 
86.70 46 0.399 0.037 -0.266 0.048 -0.217 
87.80 47 0.388 0.095 -0.183 0.049 -0.130 
88.80 48 0.246 -0.167 0.155 -0.342 -0.357 
89.80 49 0.108 -0.346 -0.098 0.081 0.580 
90.80 50 -0.045 -0.140 -0.162 0.020 0.402 
91.80 51 0.146 -0.442 -0.197 0.036 0.219 
92.80 52 0.246 -0.580 0.016 0.445 -0.164 
93.80 53 0.010 -0.347 -0.464 0.181 -0.343 
94.80 54 0.047 -0.218 -0.170 -0.340 -0.212 
95.80 55 0.096 -0.463 -0.448 -0.256 0.055 
96.90 56 0.045 -0.446 -0.341 -0.158 0.062 
97.90 57 0.250 -0.435 0.918 0.267 0.078 
98.90 58 -0.050 -0.406 0.031 0.406 -0.217 
99.90 59 0.101 0.073 -0.164 0.011 -0.335 

100.90 60 0.119 -0.444 -0.273 -0.185 -0.117 
101.90 61 -0.030 -0.323 0.064 -0.141 -0.220 
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Sample projections 

I 2 3 4 5 
Variance explained 42.45 22.77 11.59 8.98 7.61 
Cumulative percentage 42.45 65.22 76.81 85.79 93.40 

Depth in core (m) Code (in Fig. 13) 

102.90 62 0.131 -0.484 0.139 0.189 -0.047 
103.90 63 -0.002 -0.233 0.329 -0.457 -0.377 
104.90 64 -0.316 -0.153 0.113 0.055 -0.076 
105.90 65 -0.051 -0.319 -0.167 -0.097 -0.231 
107.00 66 -0.203 -0.202 -0.188 -0.092 -0.250 
108.00 67 -0.122 -0.190 -0.181 -0.086 -0.357 
109.00 68 -0.792 0.145 -0.143 -0.046 -0.121 
110.00 69 -0.858 0.233 -0.033 -0.219 -0.010 
111.00 70 -0.714 0.147 -0.034 -0.073 -0.176 
112.00 71 -0.566 0.030 0.161 -0.031 -0.087 
113.00 72 -0.552 0.159 0.083 -0.193 0.048 
114.00 73 -0.482 0.136 -0.052 -0.251 0.064 
115.00 74 -0.736 0.269 0.052 -0.063 0.349 
116.10 75 -0.643 0.202 0.276 -0.034 -0.040 
117.10 76 -0.465 0.655 -0.219 0.231 -0.011 
118.10 77 -0.139 0.401 -0.265 0.278 0.036 
119.10 78 -1.165 0.391 0.134 0.137 0.190 
120.10 79 -0.453 0.254 -0.011 -0.016 0.169 
121.10 80 -1.058 0.323 0.077 0.206 0.174 
122.10 81 -1.073 0.265 -0.242 0.339 -0.056 
123.10 82 -0.669 0.093 0.110 -0.148 -0.108 
124.10 83 -0.890 0.208 0.202 0.116 -0.044 
125.20 84 -1.064 0.353 0.093 0.020 0.193 
126.20 85 -0.390 -0.115 -0.271 -0.095 0.109 
127.20 86 -0.596 0.084 -0.063 -0.398 0.142 
128.20 87 -0.357 -0.087 -0.127 -0.030 -0.189 
129.20 88 -0.308 -0.018 0.096 -0.507 -0.089 
130.20 89 -0.574 -0.121 -0.497 0.195 -0.052 
131.20 90 -0.203 -0.134 0.477 -0.157 -0.441 
132.20 91 -0.855 0.177 0.180 0.091 -0.018 
133.20 92 -0.494 -0.108 0.095 0.121 -0.042 
134.20 93 -0.193 -0.272 0.156 0.464 -0.109 
135.30 94 0.253 -0.545 -0.254 0.020 -0.129 
136.30 95 0.026 -0.640 -0.745 0.445 -0.089 
137.30 96 0.126 -0.533 -0.366 0.142 0.281 
138.30 97 -0.056 -0.441 0.252 0.743 0.038 
139.30 98 -0.235 -0.239 -0.120 0.106 -0.043 
140.30 99 -0.080 -0.425 -0.031 0.454 -0.308 
141.30 100 -0.161 -0.306 -0.011 0.150 -0.314 
142.30 101 0.083 -0.521 -0.360 0.159 -0.355 

The reoccurrence of faunal Assemblage A as the 
dominant element at about 2.4 Ma coincides with (1) 
a major increase in the coarse size fraction, (2) a de
crease in sedimentation rate from 3.75 cm/kyr to 1.60 
cm/kyr, (3) a doubling of the number of specimens per 
gram sediment, and (4) an increase in 1) 180 values in 
both planktonic and benthic foraminifera in the world 
ocean (Shackleton and Opdyke, 1977; Shackleton and 
others, 1984; Prell, 1985). This change in the isotopic 
record is known to be related to increased continental 
ice volumes in the northern hemisphere. 

CONCLUSIONS 

1. Uvigerina auberiana is the most common species 
throughout the studied sequence. 

2. Nuttallides umbonifera shows high relative abun
dance between 4.8 and 4.1 Ma, whereas Uvigerina per
egrina exhibits scattered occurrences and low relative 
abundance up to 3.3 Ma where an increase in the rel
ative abundance takes place and persists up to 2.4 Ma. 

3. Correspondence analysis performed on seven 
species generally considered to be dependent upon the 
composition of the overlying water mass show that 
there has been a fluctuation in dominance between a 
Nuttallides umbonifera-dominated and a Uvigerina 
peregrina-dominated fauna and a faunal assemblage 
including Cibicidoides wuellerstorfi, Epistominella ex
igua, Globocassidulina subglobosa, Oridorsalis umbon
atus, and Pullenia bulloides (Assemblage A). 

4. The Nuttallides umbonifera-dominated fauna is 
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TABLE 7. Benthic foraminifera reported to be associated with different subsurface water masses in different oceans. Species names in bold 
represent dominant species. (Modified after Douglas and Woodruff, 1981.) 

Indian Ocean Atlantic Ocean Pacific Ocean 

Corliss, 1979 Streeter, 1973 Cu1p, 1977 
Schnitker, 1974 Walch, 1978 
Lohmann, 1980 Burke, 1981 
Streeter and Shackleton, 1979 

Intermediate water mass 

Deep water mass 
IBW 

>2,500 m 
Epistorninella exigua 
Uvigerina 

Bottom water mass 
AABW 
> 3,000-4,000 m 

Nuttallides umbonifera 
Cibicidoides wuellerstorfi 
Globocassidulina subglobosa 
Oridorsalis urnbonatus 

IW 
Uvigerina 

Hoeglundina elegans 

Ehrenbergina 


NADW 
> 500-2,000 m 

Epistominella exigua 
Cibicidoides wuellerstorfi 
Cibicidoides kullenbergi 
Globocassidulina subglobosa 

AABW 
>4,000 m 

Nuttallides umbonifera 
Oridorsalis urnbonatus 

PIW 
Uvigerina 

Hoeglundina elegans 

Gyroidina 

Ehrenbergina 


POW 
>2,500 m 

Epistominella exigua 
Pullenia 
Melonis 
F avocassidulina 
Nuttallides umbonifera 

PBW 
>3,500 m 

Nuttallides umbonifera 
Epistominella exigua 
Pullenia bulloides 
Cibicidoides wuellerstorfi 

believed to be associated with the bottom water mass 
of this area (PBW). On the basis ofthe correspondence 
analysis the PBW bathed Site 586 between 4.8 and 4.1 
Ma. 

5. The Uvigerina peregrina-dominated fauna is con
sidered to reflect episodes of more extensive oxygen 
depletion (compared to modern conditions) and/or in
creased organic carbon in the sediment. The results 
indicate that such conditions occurred during the in
terval 3.3-2.4 Ma. 

6. Assemblage A is in many respects similar to the 
modern fauna of the Ontong-Java Plateau and there
fore regarded as reflecting PIW. The benthic forami
niferal data suggest that PIW bathed Site 586 prior to 

4.8 Ma and in the intervals 4.1-3.3 Ma and 2.4-2.0 
Ma. 

7. Changes in the dominating faunal assemblage and 
thus in the dominating water mass type are found to 
be approximately coeval with levels of known paleo
climatic changes. 
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mass 

P1W (1,500-2,500 m) Uvigerina peregrina 

POW (2,500-3,500 m) Pullenia bulloides 

PBW (below 3,500 m) Nuttallides urnbonifera 

Astrononion novozealandicurn 
Cibicidoides pseudoungarianus 
Oridorsalis umbonatus 
Pullenia bulloides 
Epistominella exigua 
Globocassidulina subglobosa 
Oridorsalis urnbonatus 
Epistorninella exigua 
Pullenia bulloides 
Cibicidoides wuellerstorfi 
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TAXONOMIC NOTES ON 

SELECTED SPECIES 


The foraminiferal suprageneric classification used in 
this study conforms chiefly to that of Loeblich and 
Tappan (1964). Genera included herein and not found 
in the Treatise (Loeblich and Tappan, 1964) are: Ab
ditodentrix(Patterson, 1985), Francesita (Loeblich and 
Tappan, 1963), Globofissurella (Patterson, 1986), 
Rutherfordoides (McCulloch, 1981), and Siphoegger
ella new genus. 

The synonymies include references to original de
scriptions, name changes, and significant discussions. 
The synonyms are followed by a short description of 
the species, remarks on its taxonomic position, and 
information about its ecological preferences (e.g., depth, 
salinity, substrate) if available. Finally, the species dis
tribution in Hole 586A is presented, as well as its re
corded stratigraphic (Holocene through Miocene) and 
geographic distribution. Stratigraphic and geographic 
distributional data were gathered from several sources 
and are not claimed to be complete. 

Most of the species included in this section are il
lustrated by scanning electron micrographs and are 
presented in 17 plates arranged taxonomically as in the 
text. In addition, 26 unidentified and possibly new 
species of the genus Fissurina are illustrated by line 
drawings in Figures 15 and 16. 

The relative percentages for the 262 species are pre
sented in Appendix I. 

Order FORAMINIFERIDA Eichwald, 1830 

Suborder TEXTULARIINA Delage and Herouard, 


1896 

Superfamily LlTUOLACEA de Blainville, 1825 


Family LOFTUSIIDAE Brady, 1884 


Subfamily CYCLAMMININAE Marie, 1941 

Genus CYCLAMMINA Brady, 1879 


Cyciammina cancellata Brady 

PI. I, Fig. I 


Cyclammina cancellata BRADY, 1879, p. 62.-BRADY, 1884, p. 
351-353, pI. 37. figs. 8-16.-CUSHMAN, 1921. p. 84-85, pI. 
16, figs. la-b.-BARKER. 1960. p. 76. pI. 37, figs. 8-16.
AKERS and DORMAN. 1964, p. 32, pI. I, fig. I.-PFLUM 
and FRERICHS. 1976. pI. I. fig. I.-INGLE and others, 1980, 
p. 132, pI. 2, fIg. I.-THOMPSON, 1980. pI. 8, fig. IS.-COLE, 
1981. p. 32. pI. 5, fig. 2.-KOHL. 1985, p. 28. pI. 1, figs. 4a-{:. 

Description. Test free, large, planispiral. biconvex, 
involute, periphery rounded, subcircular in side view. 
Chambers slightly inflated, nine to 13 in the last whorl, 
gradually increasing in size, Sutures radial, slightly de
pressed. Wall finely agglutinated. Aperture multiple, 
consisting of an interiomarginal slit and a series of 
rounded pores scattered over the apertural face. 

Ecology. Cyclammina cancellata is found at middle 
and lower bathyal depth off Newfoundland (Cole, 1981). 
In the Gulf of Mexico, the upper depth limit for this 
species is close to the upper boundary of the upper 
middle bathyal zone (Pflum and Frerichs, 1976). Pflum 
and Frerichs (1976) recorded a size increase towards 
deeper water. 

Distribution in 586A. Cyclammina cancel/ala is a 
very rare species and occurs in only one sample (79,70 
m). 

Recorded Distribution. Cyclammina cancel/ala was 
described from the Holocene of the Atlantic and Pa
cific, Holocene: Atlantic (Brady, 1884), GulfofMexico 
(Pflum and Frerichs, 1976), Mediterranean (Brady, 
1884), Pacific (Brady, 1884; Cushman, 1921; Ingle and 
others, 1980). Pleistocene: Gulf of Mexico (Akers and 
Dorman, 1966). Pliocene: Mexico (Kohl, 1985), Pacific 
(Thompson, 1980). Miocene: Pacific (Thompson, 
1980). 

Family TEXTULARIIDAE Ehrenberg, 1838 

Subfamily SPIROPLECTAMMININAE Cushman, 


1927a 

Genus VULVULINA d'Orbigny, 1826 


Vulvulina spinosa Cushman 


Vulrulina spinosa CUSHMAN, 1927e. p. Ill, pI. 23, fig. 1. 
DOUGLAS, 1973. pI. 2. figs. 1-4.-MCDOUGALL, 1985, p. 
399, pI. I, fig. 2. 

Description. Test free, large. compressed. rhomboid 
in cross-section, biserial in early portion, later unise
rial, periphery acute. Chambers distinct, broad and 
low, curved downward with a projecting spine at the 
outer margin. Sutures depressed. Wall agglutinated, 
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relatively smooth, especially in the early portion. Ap
erture terminal, an elongate slit in the plane of 
compression. 

Remarks. Vulvulina miocenica Cushman (I 932b)dif
fers from Vulvulina spinosa in having raised rather 
than depressed sutures in the biserial portion of the 
test. Vulvulina jarvisi Cushman (193 2b), in turn, differs 
from V. spinosa in its lack of spines and in that the 
biserial portion of the test is flat sided rather than 
biconvex as in V. spinosa. 

Distribution in 586A. Only one broken specimen of 
Vulvulina spinosa was found at 81.70 m. 

Recorded Distribution. Vulvulina spinosa was de
scribed from the upper Eocene of Mexico. Pliocene: 
Pacific (McDougall, 1985). Miocene: Atlantic (Boers
ma, 1984a), Paciflc (Douglas, 1973; Resig, 1976; 
McDougall, 1985; Thompson, 1985), Guam (Todd, 
1966). 

Subfamily TEXTULARIINAE Ehrenberg, 1838 
Genus TEXTULARIA Defrance, in Blainville, 1824 

Textularia lythostrota (Schwager) 

PI. I, Figs. 2, 5 


Plecanium lythostrotum SCHWAGER, 1866, p. 194, pI. 4, figs. 4a--c. 
Textularia milletti CUSHMAN, 1911, p. 13, text-figs. 18-19. 
Textularia lythostrota (Schwager).-LALICKER and MCCUL

LOCH, 1940,p.131,p1.1S,figs.16a--c.-LEROY, 1964,p.17
18, pI. 16, fig. 16.-BOERSMA, 1984b, p, 663, pI. I, fig. 4. 
KOHL, 1985, p, 30, pI. 2, figs. 2a--c,-BOERSMA, 1986, p, 
990, pI. 3, figs. 8-9.-KURIHARA and KENNETT, 1986, pI. 
1, figs. 1-2. 

Description. Test free, compressed, biserial, some
what longer than broad, subrectangular in cross-sec
tion, periphery subacute. Chambers low and broad, 
upper margin of each chamber thickened so that the 
surface consists of raised ridges alternating with 
depressions. Sutures obscure, straight. Wall coarsely 
agglutinated, with a rough surface. Aperture a low, 
narrow opening in an indentation at the inner margin 
of the ultimate chamber. 

Remarks, Textularia lythostrota appears to be con
specific with Textularia bermudezi Cushman and Todd 
(1945), described from the Miocene of Jamaica, It is 
also closely related to, and may be con specific with, 
Textularia leuzingeri Cushman and Renz (1941), de
scribed from the Miocene ofVenezuela, and Textularia 
seligi Stuckey (1946), described from the Oligocene of 
Texas, even though the pinched periphery of those 
species in most cases is not present. I have in this study 
lumped all these intergrading forms under the older 
taxon, T. lythostrota. 

Distribution in 586A. Textularia lythostrota exhibits 
scattered occurrences below 88.80 m. 

Recorded Distribution. Textularia lythostrota was 
described from the Pliocene of Kar Nikobar, off Su
matra. Holocene: Pacific (Cushman, 1911; Lalicker and 
McCulloch, 1940). Pleistocene: Atlantic (Boersma, 
1984b), Pacific (Kurihara and Kennett, 1986). Plio
cene: Atlantic (Boersma, 1984b), Pacific (Boersma, 
1986; Kurihara and Kennett, 1986), Sumatra (Schwa
ger, 1866), Mexico (Kohl, 1985). Miocene: PacifIC 
(Boersma, 1986; Kurihara and Kennett, 1986), Oki
nawa (LeRoy, 1964). 

Textularia seeasensis Lalicker and McCulloch 

PI. 1, Figs. 3, 6 


Textularia secasensis LALICKER and MCCULLOCH, 1940, p, 141, 
pI. 16, figs, 24a--c.-SMITH, 1964, p, 28, pI. \, figs. Sa-b. 

Textularia candeiana (d'Orbigny),-SCHNITKER, 1971, p. 212, pI. 
1, figs. lOa-b (not Textularia candeiana d'Orbigny. 1839a). 

Description. Test free, subtriangular in front view, 
ovate in top view, peripheral margin subacute. Cham
bers numerous, much broader than high, inflated 
evenly. Sutures distinct, depressed, almost oblique to 
the mid-line. Wall coarsely agglutinated. Aperture a 
broad, low opening at the base of the inner margin of 
the ultimate chamber, in a shallow indentation. 

Remarks. Textularia secasensis differs from Textu
laria candeiana d'Orbigny (1839a), described from the 
Holocene ofthe Caribbean, in being distinctively ovate 
in cross-section. A closer investigation of earlier stud
ies would probably reveal that several ofthe specimens 
assigned to T. candeiana are ovate in cross-section and 
should therefore be referred to T. secasensis instead. 

Ecology. Textularia secasensis is very common in 
the neritic zone off the coasts of Central America (La
licker and McCulloch, 1940; Smith, 1964), California, 
western Mexico, and the Galapagos Islands (Lalicker 
and McCulloch, 1940). 

Distribution in 586A. Textularia secasensis is a rare 
species and has only scattered occurrences below 
88.80 m. 

Recorded Distribution. Textularia secasensis was de
scribed from the Holocene off the west coast ofMexico. 
Holocene: Pacific (Lalicker and McCulloch, 1940; 
Smith, 1964). 

Subfamily PSEUDOBOLIVINAE Wiesner, 1931 
Genus SIPHOTEXTULARIA Finlay, 1939a 

Siphotextularia eaten ata (Cushman) 

Textularia calenata CUSHMAN, 1911, p. 23, figs. 39-40.-CUSH
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MAN, 1921, p. 112, pI. 23, fig. 5.-CUSHMAN, 1922a, p. 12, 
pI. 6, fig. 3. 

Siphotextularia catenata (Cushman).-CORLISS, 1979, p. 5, pI. I, 
figs. 1-2.-BOERSMA, I 984b, pI. I, fig. 5.-MURRAY, 1984, 
pI. 3, figs. 8-9. 

Siphotextularia rolshauseni PHLEGER and PARKER, 1951, p. 4, 
pI. I, fIgS. 23-24a-b.-PHLEGER and others, 1953, p. 26, pI. 
5,fig. 7.-SCHNITKER, I97I,p.210,p.I,figs.15a-b.-COLE, 
1981, p. 36, pI. 5, fig. 7.-HERMELIN and SCOTT, 1985, p. 
217, pI. I, figs. 6a-7b. - KURIHARA and KENNETT 1986, pI. 
I, fig. 3. 

Description. Test free, elongate, biserial, rounded in 
end view, lobate periphery. Chambers globular, in· 
creasing in size rapidly. Sutures depressed. Wall coarsely 
agglutinated, finely perforate. Aperture subterminal, 
rounded, on a distinct neck, in the lower face of the 
ultimate chamber. 

Remarks. Phleger and Parker (1951) described Si· 
photextularia rolshauseni from the Gulf of Mexico. 
This species differs from Cushman's holotype of Tex
tularia catenata only in the size; the latter is signifi· 
cantly larger. I agree with Corliss (1979) that a differ· 
ence in size is not a valid speciflc taxonomic character. 
Therefore, S. rolshauseni should be regarded as ajunior 
synonym of S. catenata. 

It should be noted that several authors use the name 
S. catenata for specimens that do not agree with the 
original description. The type description stated that 
the aperture in the last· formed chamber is subterminal 
and rounded. 

Ecology. Pflum and Frerichs (1976) found that S. 
rolshauseni catenata) had its upper depth limits 
in the lower middle bathyal zone and ranged into abys· 
sal water depths in the Gulf of Mexico. In the Indian 
Ocean Corliss (1979) reported this species from the 
lower bathyal zone. 

Distribution in 586A. Siphotextularia catenata oc· 
curs in low relative frequencies throughout the se· 
quence. 

Recorded Distribution. Siphotextularia catenata was 
described from Holocene sediments from the western 
North Pacific. Holocene: Atlantic (Phleger and others, 
1953; Schnitker, 1971; Cole, 1981; HermelinandScott, 
1985), Gulf of Mexico (Pflum and Frerichs, 1976), 
Pacific (Cushman, 1911, 1921; Burke, 1981), Indian 
Ocean (Corliss, 1979). Pleistocene: Atlantic (Blanc
Vernet, 1983; Murray, 1984), Gulfof Mexico (Phleger 
and Parker, 1951; Akers and Dorman, 1964), Pacific 
(McDougall, 1985; Thomas, 1985; Kurihara and Ken· 
nett, 1986). Pliocene: Atlantic (BlancNernet, 1983; 
Boersma, 1984b; Murray, 1984), Pacific (Thomas, 
1985; Kurihara and Kennett, 1986). Miocene: Atlantic 
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(Murray, 1984), Pacific (Thomas, 1985; Kurihara and 
Kennett, 1986). 

Siphotextularia curta (Cushman) 

PI. 1, Fig. 4 


Textulariaj!intii Cushman var. curta CUSHMAN, 1922a, p. 14, pI. 
2, figs. 2-3. 

Siphotextularia curta (Cushman).-PHLEGER and others, 1953, p. 
26, pI. 5, figs. 5-6.-PARKER, 1954, p. 491, pI. 2, fig. 15.
SCHNITKER, 1971, p. 210, pI. I, figs. I4a-b.-KOHL, 1985, 
p. 31, pI. 3, figs. la-<:. 

Siphotextulariaflintii (Cushman) val'. pacifica LEROY, 1964, p. 18, 
pI. 2, figs. 3-4. 

Description. Test free, biserial, slightly longer than 
broad, periphery broadly rounded. Chambers increas· 
ing fairly rapidly in size as added, last chambers strong· 
ly inflated and globular. Sutures strongly depressed. 
Wall agglutinated, smooth, finely perforate. Aperture 
an elongate slit in the lower face of the ultimate cham
ber, bordered by a rim. 

Remarks. Siphotextularia curta differs from S. ca
tenata in its much smoother test, more globular cham
bers and elongate aperture perpendicular to the 
compression of the test. 

Ecology. In the GulfofMexico Siphotextularia curta 
is characteristic for the lower bathyal and abyssal zones 
(Pflum and Frerichs, 1976). 

Distribution in 586A. Siphotextularia curta occurs 
as a single specimen at 48.29 m. 

Recorded Distribution. Siphotextularia curta was de
scribed from the Holocene .::>fthe Caribbean. Holocene: 
Atlantic (Cushman, 1922a; Phleger and others, 1953; 
Schnitker, 1971), Caribbean (Cushman, 1922a), Gulf 
of Mexico (Parker, 1954; Pflum and Frerichs, 1976). 
Pleistocene: Atlantic (Phleger and others, 1953). Plio
cene: Atlantic (Hermelin, 1986), Mexico (Kohl, 1985), 
Okinawa (LeRoy, 1964). Miocene: Okinawa (LeRoy, 
1964). 

Siphotextularia sp. 1 

PI. 1, Figs. 7, 10 


Description. Test free, elongate, twisted, biserial, 
rounded in end view, lobate periphery. Chambers glob
ular. Sutures depressed. Wall finely agglutinated, finely 
perforate. Aperture subterminal, rounded, on a short 
neck. 

Remarks. Siphotextularia sp. 1 differs from S. ca
tenata in its more elongate and strongly twisted test, 
and finely agglutinated wall. 

Distribution in 586A. Siphotextularia sp. 1 occurs as 
a single specimen at 59.50 m. 
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Family TROCHAMMINIDAE Schwager, l877 

Subfamily TROCHAMMININAE Schwager, 1877 


Genus CYSTAMMINA Neumayr, 1889 


? Cystammina sp. I 

PI. I, Figs. 8, 11 


Description. Test free, trochoid, slightly compressed. 
Chambers few, the last three chambers almost entirely 
conceal the earlier ones. Sutures distinct, depressed. 
Wall very finely agglutinated, smooth, finely perforat
ed. Aperture rounded, in the junction of the three vis
ible chambers. 

Remarks. This species has in most respects the char
acters ofthe genus Cystammina except for the aperture 
which is rounded instead of being a slit in the face of 
the ultimate chamber. 

Distribution in 586A. This species is very rare and 
occurs as only a few specimens. 

Family ATAXOPHRAGMIIDAE Schwager, 1877 

Subfamily GLOBOTEXTULARIINAE Cushman, 


1927a 

Genus EGGERELLA Cushman, 1933d 


Eggerella hradyi (Cushman) 

Pi. 2, Figs. 1-2 


Verneuifina pygmaea (Egger).-BRADY, 1884, p. 385-386, pi. 47, 
figs. 4-7 (not Bulimina pygmaea Egger, 1857). 

Verneuilina bradyi CUSHMAN, 1911, p. 54-55, text-fIgS. 87a-b.
CUSHMAN, 1921, p. 141, pi. 27, fig. 4. 

Verneuilina bradyi ni/ens WIESNER, 1931, p. 99, pi. 13, figs. 1 54a-b. 
Eggerella bradyi var. nitens (Wiesner).-CUSHMAN, 1937a, p. 53, 

pI. 5, fig. 20. 
Eggerella bradyi (Cushman). -CUSHMAN, 1937b, p. 52, pI. 5, fig. 

19.-PHLEGER and PARKER, 1951, p. 6, pi. 3, figs. 1-2.
PHLEGER and others, 1953, p. 27, pI. 5, figs. 8-9.-BARKER, 
1960, p. 96, pI. 47, figs. 4-7.-LEROY, 1964, p. 18, pI. I, figs. 
13-14.-BOLTOVSKOY, 1978a, pI. 3, fig. 33.-CORLISS, 
1979, p. 5, pI. I, figs. 3-4.-KELLER, 1980, pi. I, fig. 8. 
BURKE, 1981, pI. I, fig. 6.-BOERSMA, 1984a, pI. 8, fig. 1. 
MURRAY, 1984, pI. I, figs. 20-21.-KOHL, 1985, p. 32, pI. 
3, fIg. 3.-MEAD, 1985, p. 225-226, pI. I. fIgS. la-b.-THOM
AS, 1985, p. 676, pI. I, fig. 4.-BOERSMA, 1986, pi. 10, figs. 
1-2. 

Eggerella nitens (Wiesner).-ECHOLS, 1971, p. 163. 
Eggerella bradyi bradyi (Cushman). - HERB, 1971, p. 296, pI. 12, 

fig. I. 

Description. Test free, conical, early stages trocho
spiral, later stages triserial, chambers increasing rap
idly in size as added. Wall smooth, finely agglutinated, 
finely perforate. Sutures distinct and depressed. Ap
erture a thin slit at the base of the junction between 
the ultimate chamber and the penultimate and ante
penultimate chambers. 

Remarks. The agglutinated test of Eggerella bradyi 

is composed ofcalcareous particles cemented together, 
which gives the surface a smooth and polished finish. 

Eggerella bradyi exhibits great variation, from con
ical forms [i.e., E. bradyi nitens (Wiesner)] where the 
size of the chambers increases rapidly, to more cylin
drical forms [i.e., E. bradyi bradyi (Cushman)]. Since 
these two forms seem to intergrade they are counted 
as one species in this study. Specimens referred to in 
the literature as E. propinqua (Brady) may also be in
cluded in the concept of E. bradyi. In this study only 
specimens with a triserial chamber-arrangement 
throughout are retained in E. bradyi. Specimens with 
a short biserial stage are referred to as E. bradyi trans. 
Karreriella bradyi (see discussion under that group). 

Ecology. Eggerella bradyi is a cosmopolitan species 
and is mostly found in waters of bathyal and abyssal 
depths of the world's oceans (Ingle and Keller, 1980). 
Pflum and Frerichs (1976) recorded an increase in size 
with increasing depth in the Gulf of Mexico. In the 
upper bathyal zone the maximum length was about 
300 micrometers which increased to about 1 mm in 
the middle and lower bathyal and abyssal zones. Mead 
(1985) found this species in increasing relative abun
dance (up to 10%) with increasing water depths in the 
lower middle and lower bathyal zones. Corliss (1979) 
found it in the lower bathyal zone in the Indian Ocean. 

Distribution in 586A. Eggerella bradyi is a common 
species that occurs at most levels. The relative abun
dance varies from 0.0 to 4.8%. 

Recorded Distribution. Eggerella bradyi was de
scribed from the Holocene of the Pacific. Holocene: 
Atlantic (Brady, 1884; Cushman, 1922a; Phleger and 
others, 1953; Boltovskoy, 1978b; Murray, 1984; Her
mehn and Scott, 1985; Mead, 1985), Gulf of Mexico 
(Phleger and Parker, 1951; Pflum and Frerichs, 1976), 
Mediterranean (Todd, 1965), Pacific (Brady, 1884; 
Cushman, 1911; Cushman, 1921; Ingle and others, 
1980; Burke, 1981), Indian Ocean (Boltovskoy, 1978a; 
Corliss, 1979), Antarctic Ocean (Brady, 1884; Parr, 
1950; Hornibrook, 1961; Bandy and Echols, 1964; 
Echols, 1971; Herb, 1971; Fillon, 1972). Pleistocene: 
Atlantic (Phleger and others, 1953; Blanc-Vernet, 
1983), Pacific (Resig, 1976; Keller, 1980; Thompson, 
1980; McDougall, 1985; Thomas, 1985). Pliocene: At
lantic (Boersma, 1984a, b; Murray, 1984; Hermelin, 
1986), Mexico (Kohl, 1985), Pacific (Cushman, 1911; 
Keller, 1980; Thompson, 1980; McDougall, 1985; 
Thomas, 1985; Boersma, 1986), Java (Saint-Marc and 
Suminta, 1979), Okinawa (LeRoy, 1964), Indian Ocean 
Boltovskoy, 1978a). Miocene: Atlantic (Boersma, 
1984a, b; Murray, 1984), Mediterranean (Colom, 1946), 
Pacific (Resig, 1976; Keller, 1980; Woodruff and 
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Douglas, 1981; McDougall, 1985; Thomas, 1985; 
Boersma, 1986), Guam (Todd, 1966), Java (Saint-Marc 
and Suminta, 1979), Okinawa (LeRoy, 1964), Indian 
Ocean (Boltovskoy, 1978a). 

Eggerella bradyi (Cushman) trans. 

Karreriella bradyi (Cushman) 


Remarks. Some authors have raised the question of 
whether or not Eggerella bradyi (Cushman) and Kar
reriella bradyi (Cushman) should synonymized (Phle
ger and others, 1953; Mead, 1985). There is a strong 
similarity between the two species and in my material 
there are several specimens that in their early stages 
are developed as typical E. bradyi while they in their 
later stages develop characteristics typical ofK. bradyi. 

Most authors have placed these "intermediate" forms 
in either E. bradyi or K. bradyi (e.g., Boersma, 1984b, 
Eggerella bradyi, pI. 1, fig. 7; Keller, 1980, Karreriella 
bradyi, pI. 2, fig. 9). In this study they were separated, 
when possible, from the typical representatives of the 
two species, and placed in the E. bradyi trans. K. bra
dyi-group. 

Bandy and Echols (1964) and Boltovskoy (1978b) 
suggested that E. bradyi and K. bradyi are different 
growth stages, or dimorphic forms, of the same species. 

Distribution in 586A. The Eggerella bradyi trans. 
Karreriella bradyi group exhibits scattered occurrences 
in the sequence. 

Genus KARRERIELLA Cushman, 1933a 

Karreriella bradyi (Cushman) 

Gaudryinapupoidesd'Orbigny.-BRADY, 1884, p. 378, pI. 46, figs. 
1-4 (not Gaudryina pupoides d'Orbigny, 1840). 

Gaudryina bradyi CUSHMAN, 1911, p. 67, text-figs. 107a-c.
CUSHMAN, 1921, p. 149, pI. 29, fig. 3.-CUSHMAN, 1932a, 
p. 13-14, pI. 3, figs. 8-9. 

Karreriella bradyi (Cushman). -CUSHMAN, 1937b, p. 135, pI. 16, 
figs. 6-1 I.-CUSHMAN and TODD, 1945, p. 8, pI. I, fig. 20.
BERMUDEZ, 1949, p. 89, pI. 5, fig. 11-16.-BARKER, 1960, 
p.94,pI.46,figs.I-4.-MURRAY,1971,p.47,pI.16,figs.l-
4.-BOLTOVSKOY, I 978a, pI. 4, figs. 28-29.-CORLISS, 1979, 
p. 5, pI. I, figs. 5-6.-COLE, 1981, p. 44, pI. 6, fig. 5.-HER
MELIN and SCOTT, 1985, p. 212, pI. I, fig. 8.-KOHL, 1985, 
p. 32, pI. 3, figs. 4-5.-MCDOUGALL, 1985, p. 394, pI. I, fig. 
4.-BOERSMA, 1986, pI. 10, fig. 5. 

Alvarezina bradyi (Cushman).-AKERS and DORMAN, 1964, p. 
20-21, pI. I, fig. 22. 

Karreriella aff. bradyi (Cushman).-BUTT, 1980, pI. 7, fig. 26. 
Kareriella bradyi (Cushman) [sic].-KELLER, 1980 (part), pI. I, fig. 

10 (not 9). 

Description. Test free, early portion trochospiral, lat
er stages biserial, eventually somewhat twisted, elon
gate, rounded in cross-section. Wall finely agglutinated, 
smooth, finely perforate. Sutures indistinct in early 

portion, distinct and depressed in the biserial portion. 
Aperture an elongate opening at terminal face of ul
timate chamber, parallel to suture, with a raised lip. 

Remarks. Parr (1950) and Phleger and others (1953) 
discussed the possibility that Eggerella bradyi (Cush
man) was a juvenile stage of this species. Ph1eger and 
others (1953) also noted that the two species had the 
same bathymetric range. Pflum and Frerichs (1976) 
also discussed the possibility of an intergradationa1 
series between K. bradyi and E. bradyi and found that 
the two species had their upper depth limits in the 
upper bathyal zone and ranged throughout all the deep
er water zones. For further discussion of the relation
ship between K. bradyi and E. bradyi see the discussion 
under the genus Eggerella. 

Ecology. Karreriella bradyi has a distribution similar 
to that of Eggerella bradyi with its upper depth limit 
in the lowermost neritic zone and occurrences through
out the bathyal and abyssal zones (Atlantic: Brady, 
1884; Gulf of Mexico: Pflum and Frerichs, 1976; Pa
cific: Brady, 1884). 

Distribution in 586A. Karreriella bradyi is a rare 
species that exhibits scattered occurrences below 
57.40 m. 

Recorded Distribution. Karreriella bradyi was de
scribed from the Holocene ofthe Atlantic and the Pa
cific. Holocene: Atlantic (Brady, 1884; Cushman, 
1937b; Murray, 1971; Cole, 1981; Hermelin and Scott, 
1985), Gulf of Mexico (Pflum and Frerichs, 1976), 
Pacific (Brady, 1884; Cushman, 1921, 1932a, 1937b; 
Douglas, 1973; Ingle and others, 1980; Burke, 1981), 
Indian Ocean (Boltovskoy, 1978a; Corliss, 1979), Ant
arctic Ocean (Parr, 1950). Pleistocene: Atlantic (Mur
ray, 1984), GulfofMexico (Akers and Dorman, 1964), 
Pacific (Douglas, 1973; Keller, 1980). Pliocene: Atlan
tic (Blanc-Vernet, 1983; Murray, 1984), Mexico (Kohl, 
1985), Spain (Cushman, 1937b), Pacific (Douglas, 1973; 
Butt, 1980; Keller, 1980; Thomas, 1985; Boersma, 
1986), New Guinea (Cushman, 1937b), Indian Ocean 
(Boltovskoy, 1978a). Miocene: Atlantic (Blanc-Vernet, 
1983; Boersma, 1984a; Murray, 1984; Hermelin, 1986), 
Caribbean (Cushman and Todd, 1945), Egypt (Cush
man, 1937b), Pacific (Cushman, 1937b; Resig, 1976; 
Butt, 1980; Keller, 1980; Woodruffand Douglas, 1981; 
McDougall, 1985; Thomas, 1985), Guam, (Todd, 
1966), Okinawa (LeRoy, 1964), Indian Ocean (Bol
tovskoy, 1978a). 

Genus SIPHOEGGERELLA new genus 

Type species. S. siphonella (Reuss). 
Description. Test trochospiral with three chambers 

to whorl in adult, basal part rounded. Wall aggluti
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nated. Aperture round, in terminal face of ultimate 
chamber, on a short distinct neck. 
~emarks. This genus resembles Eggerella in many 

of Its features except for the apertural characteristics. 

Siphoeggerella siphonella (Reuss) 

PI. 1, Figs. 9, 12 


Gaudryina siphonella REUSS, 1851a, p. 78. 
Description. Test free, conical, early stages trocho

~pir~l, l~ter stages triserial, chambers increasing rap
Idly In SIze as added. Wall smooth, finely agglutinated, 
finely perforate. Sutures distinct and depressed. Ap
erture rounded, on a distinct neck, in the lower face of 
the ultimate chamber, close to the junction between 
the ultimate chamber and the penultimate and ante
penultimate chambers. 

Remarks. Siphoeggerella siphonella is very close to 
E. bradyi except for the aperture which is small, round
ed and situated on a short neck. 

Distribution in 586A. Siphoeggerella siphonella is a 
rare species with few occurrences. 

Recorded Distribution. Siphoeggerella siphonella was 
described from the Miocene of Germany. Miocene: 
Germany (Reuss, 1851 a). 

Subfamily VERNEUILININAE Cushman, 1927a 
Genus VERNEUILINA d'Orbigny, 1839a 

Verneuilina sp. 1 

PI. 2, Fig. 3 


Description. Test free, short, triangular with flattened 
sides, subacute angles, slightly longer than broad, rap
~dly. increasing in width. Chambers rapidly increasing 
In SIze as added, the last three rounded. Sutures flush 
with surface in the early portion, depressed between 
the last formed chambers. Wall agglutinated. Aperture 
a rounded opening at the base of the ultimate chamber 
at the junction between the penultimate and antepen~ 
ultimate chambers. 

Remarks. Verneuilina sp. 1 resembles Verneuilina 
monmouthensis Olsson (1960) although the apertural 
characteristics differ. 

Distribution in 586A. Verneuilina sp. 1 occurs as one 
single specimen at 133.20 m. 

Subfamily VAL VULININAE Berthelin, 1880 
Genus MARTINOTTIELLA Cushman, 1933d 

Martinottiella communis (d'Orbigny) 

PI. 2, Figs. 5-6 


Clavulina communis D'ORBIGNY, 1826, p. 268, mod. no. 4. 
D'ORBIGNY, 1846, p. 196, pI. 12, figs. 1-2.-BRADY, 1884 

(part), p. 394, pI. 48, figs. 3-4, 6-8 (not 1-2, 5, 9-13).-CUSH
MAN, 1911, p. 72, text-figs. 115-117.-CUSHMAN, 1921, p. 
154, pI. 31, fig. I.-CUSHMAN, 1932a, p. 16, pI. 4, figs. 3a-b. 

Verneuilina communis (d'Orbigny).-]ONES and PARKER, 1860, 
p.303. 

Martinottiella communis (d'Orbigny).-CUSHMAN, 1933a, p. 37, 
pI. 4, figs. 6-8.-CUSHMAN, 1933d,p. 122, pI. 12, fig. 11.
ASANO, 1950, p. 3, figs. 16-17.-BARKER, 1960, p. 98, I. 48, 
figs. 3-4, 6-8.-INGLE and others, 1980, p. 140, pI. 4, fig. 14
15.-KELLER, 1980, pI. I, fig. 12.-THOMPSON, 1980, pI. 
8, fig. 9.-COLE, 1981, p. 45-46, pI. 17, fig. 24.-KOHL, 1985, 
p. 33, pI. 4, fig. 2.-BOERSMA, 1986, pI. 3, fig. 5. 

Listerella communis (d'Orbigny).-CUSHMAN, 1937b, p. 148, pI. 
17, figs. 4-9. 

Schenckiella communis (d'Orbigny).- THALMANN, 1942, p. 463.
LEROY, 1964, p. 19, pI. I, fig. 17. 

Martinottiella occidentalis (Cushman).-LEROY and LEVINSON 
1974, p. 6, pl. I, fig. 18 (not Clavulina occidentalis Cushman' 
I 922a). ' 

Martinotiella communis (d'Orbigny) [sicl.-BOERSMA, 1984b, pI. 
I, figs. 2-3. 

Description. Test free, elongate, early portion trocho
spiral, later triserial, quickly reduced to uniserial, 
chambers indistinct in early portion, more distinct in 
the uniserial portion. Sutures slightly depressed in later 
stages. Wall finely agglutinated, smooth, finely perfo
rate. Aperture rounded or slightly elliptical, on a short 
neck at the center of the ultimate chamber. 

Ecology. In the western Pacific Martinottiella com
munis is reported from the upper bathyal, shallow oxy
gen-minimum zone (Ingle and Keller, 1980). 

Distribution in 586A. Martinottiella communis is a 
rare species with scattered occurrences. 

Recorded Distribution. The type locality for Martin
ottiella communis was not designated. Holocene: At
lantic (Brady, 1884; Cole, 1981), GulfofMexico (Pflum 
and Frerichs, 1976), Caribbean (Brady, 1884), Pacific 
(Brady, 1884; Cushman, 1911, 1921, 1932a; Matoba, 
1976; Ingle and others, 1980), Antarctic Ocean (Brady, 
1884). Pleistocene: Atlantic (Blanc-Vernet, 1983), Gulf 
ofMexico (LeRoy and Levinson, 1974), Pacific (Keller, 
1980; Thompson, 1980). Pliocene: Atlantic (Boersma, 
1 984b), Europe (Cushman, 1937b), Mexico (Kohl, 
1985), Pacific (Keller, 1980; Thompson, 1980; Mc
Dougall, 1985; Thomas, 1985; Boersma, 1986), Oki
nawa (LeRoy, 1964). Miocene: Atlantic (Boersma, 
1 984b), Mediterranean (Colom, 1946), Europe (Cush
man, 1937b), Pacific (Keller, 1980; Thompson, 1980; 
McDougall, 1985; Thomas, 1985; Boersma, 1986), 
Okinawa (LeRoy, 1964). 

Martinottiella petrosa (Cushman and Bermudez) 

PI. 2, Fig. 7 


Listerella petrosa CUSHMAN and BERMUDEZ, 1937, p. 5-6, pI. 
I, figs. 24-26.-CUSHMAN, 1937a, p. 139, pI. 16, figs. 26-28. 
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Jlartinotliella petrosa (Cushman and Bermudez).-DOUGLAS, 
1973. pI. 3, fig. I. 

Schenckiella petrosa (Cushman and Bermudez).-MCDOUGALL, 
1985, p. 398 . 

.Ifaninolliella variabilis (Schwager).-BOERSMA, 1986, pI. 3, figs. 
6-7 (not Clavulina variabiUs Schwager, 1866). 

Description. Test free, elongate, triserial in early 
stages, later uniseriaL Chambers in the uniserial part 
ofequal size. Sutures indistinct, slightly depressed. Wall 
coarsely agglutinated. Aperture terminal, rounded. 

Distribution in 586A. Martinottiella petrosa is a rare 
species with few occurrences. 

Recorded Distribution. Martinottiella petrosa was 
described from the Eocene of Cuba. Pliocene: Pacific 
(Boersma, 1986). Miocene: Pacific (Douglas, 1973; Re
sig, 1976; Woodruff and Douglas, 1981; McDougall, 
1985; Thomas, 1985; Boersma, 1986). 

Suborder MILIOLINA Delage and Herouard, 1896 

Superfamily MILIOLACEA Ehrenberg, 1839 


Family NUBECULARIIDAE Jones, 1875 

Subfamily SPIROLOCULININAE Wiesner, 1920 


Genus SPIROLOCt.:LINA d'Orbigny, 1826 


Spiroloculina sp. 1 

PI. 2, Fig. 8 


Description. Test free, planispiral, slightly twisted, 
periphery rounded, fusiform in side view. Chambers 
tubular, broad, alternating in a single slightly twisted 
plane. Wall calcareous, smooth. Sutures distinct, de
pressed. Aperture terminal, slightly produced, with a 
short simple tooth at the inner margin. 

Distribution in 586A. Spiroloculina sp. 1 is a rare 
species with few occurrences. 

Subfamily OPHTHALMIDIINAE Wiesner, 1920 

Genus OPHTHALMIDIUM Kubler and Zwingli, 


1870 


Ophthalmidium pusillum (Earland) 

PI. 2, Fig. 10 


S'piroloculina lenuis (Cijiek).-BRADY. 1884 (part), p. 152-153, 
pI. 10, figs. 9-10 (not 7-8, lI)(not Quinqueloculina tenuis Czjzek, 
1848). 

Spirolocu/ina tenuissima Reuss. -CUSHMA~, 1917a, p. 32-33.
CUSHMAN, 1921, p. 400, pI. 84, fig. 2 (not Spiroloculina ten
uissima Reuss, 1867). 

Spiroloculina pusilla EARLAND, 1934, p. 47, pI. I, figs. 3-4. 
Spiroloculina sp. PHLEGER and others. 1953, p. 28, pI. 5, figs. 15

16. 
Spirophthalmidium pusHlum (Ear1and). - BARKER, 1960, p. 20, pI. 

10, figs. 9-10. 
Ophthalmidiurn pusillurn (Earland). LOEBLICH and TAPPAN, 1964, 

p. C448.-CORLISS, 1979, p. 5-6, pI. I, figs. 7-8.-COLE, 
1981, p. 48, pI. 9, fig. l.-RESIG, 1981, pI. 5. fig. 5.-HER

MELIN and SCOTT, 1985, p. 214, pI. I, fig. 10.-KURIHARA 
and KENNETT, 1986, pI. I, fig. 9. 

Description. Test free, planispiral, all chambers vis
ible, flat, periphery rounded, fusiform in side view, 
widest at middle of test. Chambers few, tubular, al
ternating in a single plane. Wall porcellaneous, thin, 
smooth. Sutures distinct. Aperture terminal, round, at 
end of last chamber which produces a neck. 

Distribution in 586A. Ophthalmidium pus ilium is a 
rare species with scattered occurrences. 

Recorded Distribution, Ophthalmidium pusillum was 
described from the Holocene of the Antarctic Ocean. 
Holocene: Atlantic (Brady, 1884; Phleger and others, 
1953; Cole, 1981; Hermelin and Scott, 1985), Pacific 
(Brady, 1884; Cushman, 1917a, 1921; Resig, 1981), 
Indian Ocean (Corliss, 1979), Antarctic Ocean (Ear
land, 1934). Pleistocene: Atlantic (Murray, 1984), Pa
cific (Resig, 1976; Thomas, 1985; Kurihara and Ken
nett, 1986). Pliocene: Atlantic (Murray, 1984; 
Hermelin, 1986), Pacific (Thomas, 1985; Kurihara and 
Kennett, 1986). Miocene: Atlantic (Murray, 1984), Pa
cific (Thomas, 1985). 

Family MlLIOLIDAE Ehrenberg, 1839 

Subfamily QUINQUELOCULININAE Cushman, 


1917a 

Genus QUINQt.:ELOCULINA d'Orbigny, 1826 


Quinqueloculina lamarckiana d'Orbigny 

PI. 2, Figs. 4, 9 


Quinqueloculina lamarckiana D'ORBIGNY, 1839a, p. 189, pI. II, 
figs. 14-15.-CUSHMAN. 1921, p. 418-420, pI. 87, figs. 2-3.
CUSHMAN, 1932a. p. 24-25, pI. 6, figs. 2a-c.-BARKER, 
1960, p. 10, pI. 5, figs. 7a-c, 12a-c.-SCHNITKER, 1971, p. 
208, pI. 2, figs. la-b. 

QuinqueloculinacuvierianaD'ORBIGNY, 1839a, p. 190, pI. II, figs. 
19-20. 

Quinqueloculina auberiana D'ORBIGNY, 1839a, p. 193, pI. 12, figs. 
1-3. 

Miliolina cuvieriana (d'Orbigny). - BRADY, 1884, p. 162, pI. 5, figs. 
12a-c. 

Description. Test free, fusiform, nearly as long as 
wide, chambers prominently triangular in cross-sec
tion, peripheral angles subacute. Sutures distinct, 
slightly depressed. Wall calcareous, porcellaneous, 
smooth, polished. Aperture elliptical, with a long nar
row tooth, on a short contracted neck. 

Remarks. D'Orbigny (1839a) described three almost 
identical quinqueloculine species from the Caribbean: 
Quinqueloculina lamarckiana, Q. cuvieriana, and Q. 
auberiana. I follow Cushman who placed Q. auberiana 
and Q. cuvieriana in synonomy of Q. lamarckiana 
(Cushman, I 922b). 
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Distribution in 586A. Quinqueloculina lamarckiana 
is a rare species although it appears in most samples 
between 70 and 100 m. 

Recorded Distribution. Quinqueloculina lamarck
iana was described from the Holocene off the islands 
ofCuba and Jamaica. Holocene: Atlantic (Brady, 1884; 
Schnitker, 1971), Caribbean (d'Orbigny, 1839a), Pa
cifk (Cushman, 1921, 1932a; Todd, 1966). Pleisto
cene: Pacific (McDougall. 1985). Pliocene: Pacific 
(McDougall, 1985; Thomas, 1985). Miocene: Pacific 
(McDougall, 1985; Thomas. 1985), Guam (Todd, 
1966). 

Quinqueloculina venusta Karrer 

PI. 2, Figs. 11, 14 


Quinqlle/oculina \'enllsta KARRER, 1868, p. 147. pI. 2, fig. 6. 
CUSHMAN, 1917a, p. 45-46, pI. II. figs. la-c.-CUSHMAN, 
1921, p. 420-421, pI. 91, figs. 2a-c.-PHLEGER and others, 
1953, p. 27. pI. 5. fIgs. 11-12.-BOLTOVSKOY. 1978a, pI. 6, 
figs. 32-33.-CORLISS. 1979, p. 6, pI. I, figs. 9-II.-KURI
HARA and KENNETT, 1986. pI. 1. figs. 14-15. 

!,filiotina venllsta (Karrer).-BRADY, 1884 (part), p. 162. pI. 5. figs. 
5a-c (not 7a-c). 

Quinque/oculina venusta Karrer ?-BARKER, 1960, p. 10, pI. 5. 
figs.5a-c. 

hi/ocu/ina sp. A BURKE, 1981. pI. I, figs. 7. 10-11. 

Description. Test free, fusiform, one and one-half as 
long as wide, prominently triangular in cross-section, 
peripheral angles bluntly angular. Sutures distinct, 
slightly depressed. Wall calcareous, porcellaneous, 
smooth. Aperture circular with a thickened lip and a 
short tooth, on a short contracted neck. 

Ecology. Corliss (1979) found Quinqueloculina ve
nusta in the lower bathyal zone of the Indian Ocean, 
whereas Burke (1981) reported it (as Triloculina sp. A) 
from abyssal depths at the Ontong-Java Plateau. 

Distribution in 586A. Quinqueloculina venusta is a 
rare species with scattered occurrences. 

Recorded Distribution. Quinqueloculina venusta was 
described from the Miocene of Romania. Holocene: 
Atlantic (Brady, 1884; Phleger and others, 1953; Her
melin and Scott, 1985), Gulf of Mexico (Pflum and 
Frerichs, 1976), Pacific (Cushman, 1917a; Parr, 1950; 
Burke, 1981), Indian Ocean (Corliss, 1979). Pleisto
cene: Atlantic (Phleger and others, 1953; Blanc-Vernet, 
1983), Pacific (Douglas, 1973; McDougall, 1985; 
Thomas, 1985; Kurihara and Kennett, 1986). Plio
cene: Atlantic (Blanc-Vernet, 1983), Pacific (Douglas, 
1973; McDougall, 1985; Thomas, 1985; Kurihara and 
Kennett, 1986), Indian Ocean (Boltovskoy, 1978a). 
Miocene: Romania (Karrer, 1868), Pacific (Douglas, 
1973; McDougall, 1985; Thomas, 1985; Kurihara and 
Kennett, 1986), Indian Ocean (Boltovskoy, 1978a). 

Genus PYRGO Defrance, in Blainville, 1824 

Pyrgo murrhina (Schwager) 

PI. 2, Figs. 12, 15-16 


Bi/oculina murrhina SCHWAGER, 1866, p. 203, pI. 4, figs. 15a
c.-CUSHMAN. 1917a. p. 75. pI. 28, figs. 3a-b, pI. 29, figs. 
la-c. 

Bi/oculina depressa d'Orbigny.-BRADY, 1884. p. 145-146, pI. 2. 
figs. 1 Sa-b. 

Biloculina depressa d'Orbigny vaL lIIurrhyna Schwager.-BRADY. 
1884, p. 146, pI. 2, figs. 10-11. 

Bi/ocu/ina bradyi FORNASINI. 1886. p. 261 (after Brady. 1884. pI. 
2. figs. 1 Sa-b). 

Pyrgo murrhina (Schwager).-CUSHMAN. 1929a, p. 71, pI. 19, figs. 
6a-b(afterBrady. 1884. pI. 2. figs. 15a-b).-CUSHMAN, 1932a, 
p. 64-65, pI. 15, figs. 1-3.-PHLEGER and PARKER, 1951, 
p. 7. pI. 3, Jig. II.-PHLEGER and others. 1953. p. 28-29. pI. 
5. figs. 22-24.-AKERS and DOR~AN, 1964, p. 49, pI. 3. figs. 
14-15.-LEROY, 1964, p. 21, pI. 12. figs. 32-33.-BOCK. 1971, 
p. 24, pI. 8. fig. 14.-LEROY and LEVINSON, 1974, p. 6, pl. 
2, fig. 5.-BOLTOVSKOY, 1978a, pI. 6. fig. 26.-CORLISS, 
1979, p. 6, pl. 1 figs. 15-18.-BOERS~A. 1984a, pI. 5, fig. 2, 
pI. 7, fig. 2.-MURRAY, 1984. pI. 3, fig. 4.-KOHL, 1985, p. 
35, pI. 5, fig. I.-THOMAS, 1985, pI. I. fig. 1O.-KliRIHARA 
and KENNETT. 1986, pI. 1, fig. 13.-MORKHOVEN and oth
ers, 1986. p. 50-52, pI. IS. figs. 1-2. 

Pyrgo mllrrhyna (Schwager).- BARKER, 1960, p. 4, pI. 2. figs. lO
ll, 15.-BURKE, 1981, pI. I. fig. 9.-COLE. 1981, p. 52-53, 
pI. 8, fig. 9.-RESIG. 1981, pI. 5. fig. 9. 

Description. Test free, inflated, subcircular in side 
view, subovate in cross-section with margin extended 
and carinate. Test biloculine, chambers inflated. Wall 
calcareous, porcellaneous, smooth, ornamented with a 
broad keel that extends completely about the periph
ery, but possessing a small sinus at posterior end, some
times with two projecting points, penultimate chamber 
may have a weak carina parallel to the keel. Aperture 
terminal, on a prominent tubular neck, round to ovate, 
with bifid tooth. 

Remarks. The sinus at the posterior end as well as 
the projecting points may be missing in some speci
mens as pointed out by Ph1eger and others (1953). 

Ecology. pyrgo murrhina is found in the lower mid
dle bathyal zone of the eastern North Pacific (Bandy 
and Amal, 1957). 

Distribution in 586A. Pyrgo murrhina is a common 
species with relative abundance of 0.0 to 6.2%. 

Recorded Distribution. Pyrgo murrhina was de
scribed from the Pliocene ofKar Nikobar, off Sumatra. 
It has a known stratigraphic range from middle Mio
cene through Pleistocene (Morkhoven and others, 
1986). Holocene: Atlantic (Brady, 1884; Cushman, 
I 929a; Phleger and others, 1953; Cole, 1981; Boersma, 
1984b; Hermelin and Scott, 1985; Mead, 1985), Gulf 
of Mexico (Phleger and Parker, 1951; Bock, 1971), 
Pacific (Brady, 1884; Cushman, 1917a, 1921, 1932; 
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Bandy and Arnal, 1957; Ingle and others, 1980; Burke, 
1981; Resig, 1981), Indian Ocean (Boltovskoy, 1978a; 
Corliss, 1979). Pleistocene: Atlantic (Murray, 1984; 
Phleger and others, 1953), Gulf of Mexico (Akers and 
Dorman, 1964; LeRoy and Levinson, 1974), Pacific 
(Douglas, 1973; Resig, 1976; McDougall, 1985; Thom
as, 1985; Kurihara and Kennett, 1986). Pliocene: At
lantic (Murray, 1984; Hermelin, 1986), Mexico (Kohl, 
1985), Pacific (Douglas, 1973; Thomas, 1985; Boers
ma, 1986; Kurihara and Kennett, 1986), Okinawa 
(LeRoy, 1964), Sumatra (Schwager, 1866), Indian 
Ocean (Boltovskoy, 1978a). Miocene: Atlantic (Mur
ray, 1984), Pacific (Douglas, 1973; Woodruff and 
Douglas, 1981; McDougall, 1985; Thomas, 1985; 
Boersma, 1984a, 1986; Kurihara and Kennett, 1986), 
Guam (Todd, 1966), Indian Ocean (Boltovskoy, 
1978a). 

Pyrgo cf. P. murrhina (Schwager) 

PI. 2, Fig. 16 


Description. Test free, inflated, subcircular in side 
view, subovate in cross-section with margin extended 
and carinate. Test biloculine, inflated, diameter ofpen
ultimate chamber about a third of that of the ultimate 
chamber. Wall calcareous, porcellaneous, smooth, or
namented with a very broad keel that extends com
pletely about the periphery. Aperture terminal, on a 
short tubular neck, round to ovate, with bifid tooth. 

Remarks. This form might belong to P. murrhina 
even though the increase in size between the penulti
mate and ultimate chambers usually is much smaller 
in P. murrhina. 

Distribution in 586A. Pyrgo cf. P. murrhina has the 
same distribution as P. murrhina although in lower 
relative frequencies. 

Pyrgo serrata (Bailey) 

Biloclilina scrrala BAILEY, 1861. p. 350, pI. 8, fig. E.-CUSHMAN, 
191 7a. p. 75-76, pI. 29, figs. 2a-c-CUSHMAN, 1921, p. 471, 
pI. 95, figs. 3a-b. 

Siloelllina depressa d'Orbigny var. serrata BRADY, 1884, p. 146, 
pI. 3, Ilgs. 3a-<:. 

pyrgo serrata (Bailey), - BARKER, 1960, p. 6, pI. 3, figs. 3a-<:. 
SCHNITKER, 1971, p. 208. pI. 3, fIgs. 4a-b.-BOLTOVSKOY, 
1978a. pI. 6, fig. 31. 

Pyrgo serrata (d'Orbigny).-BOERSMA, 1986, pI. 14. fIgs. 1-2. 

Description. Test free, inflated, almost circular in 
side view, subovate in cross-section. Test biloculine. 
Wall calcareous, porcellaneous, smooth, ornamented 
with a broad keel which is deeply serrate, serrations 
less deep toward the apertural end. Aperture terminal, 
rounded, on a short neck. 

Ecology. In the GulfofMexico pyrgo serrata is found 
in the upper middle bathyal zone (Pflum and Frerichs, 
1976). 

Distribution in 586A. Pyrgo serrata occurs in low 
frequencies in Hole 586A. 

Recorded distribution. pyrgo serrata was described 
from the Holocene of the western Atlantic. Holocene: 
Atlantic (Brady, 1884; Schnitker, 197 I), Gulf of Mex
ico (Pflum and Frerichs, 1976), Pacific (Brady, 1884; 
Cushman, 1917a, 1921; Ingle and others, 1980; Burke, 
1981). Pleistocene: Pacific (McDougall, 1985). Plio
cene: Pacific (Boersma, 1986), Java (Saint-Marc and 
Suminta, 1979). Miocene: Pacific (McDougall, 1985; 
Boersma, 1986), Java (Saint-Marc and Suminta, 1979), 
Indian Ocean (Boltovskoy, 1978a). 

pyrgo sp. 1 

PI. 3, Figs. 1-2 


Description. Test free, small, elongate, circular in 
cross-section, margin extended and rounded, with small 
sinus at the posterior end. Suture depressed. Wall cal
careous, porcellaneous, smooth, ornamented with two 
projecting points at each side of the sinus at the pos
terior end. Aperture terminal, round, on a prominent 
tubular neck, with a bifid tooth. 

Remarks, pyrgo sp. I resembles P. murrhina in many 
ways, but is smaller and has a more elongate test. Pyrgo 
sp. 1 may represent a juvenile stage of P. murrhina. 

Distribution in 586A. Pyrgo sp. I is a relatively com
mon species with relative abundances up to 2.7%. 

pyrgo sp. 2 
PI. 3, Fig. 3 

Description. Test free, rounded in side view and in 
cross-section, with a keel. Wall calcareous, porcellan
eous, ornamented with very fine longitudinal striae. 
Aperture terminal rounded, on a short neck, with a 
bifid tooth. 

Remarks. Pyrgo sp. 2 is close to Pyrgo comata (Bra
dy), but has a carinate periphery instead of a rounded 
periphery. 

Distribution in 586A. Pyrgo sp. 2 is represented by 
one specimen at 99.90 m, 

Genus SIGMOILINA Schlumberger, 1887 


Sigmoilina edwardsi (Schlumberger) 

PI. 3, Figs. 4-5, 9 


Planispirina edwardsi SCHLUMBERGER, 1887, p. 113. pI. 7, figs. 
15-18, text-fig, 8. 

Sigmoilina edwardsi (Schlumberger).-HERON-ALLEN and EAR
LAND, 1915, p. 584, pI. 45. figs. 19-21.-CUSHMAN, 1932a, 
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p. 45-46, pI. II, figs. 9a--c.-RESIG, 1981, pI. 5, fig. 10.
KURIHARA and KENNETT, 1986, pI. I, figs. 16-17. 

Description. Test free, slightly longer than broad, 
somewhat sigmoid in cross-section, periphery sub
acute. Sutures indistinct, flush with the surface. Wall 
calcareous, smooth, polished. Aperture rounded, with 
a small tooth. 

Remarks. Sigmoilina edwardsi seems to be a fragile 
species and often shows signs of erosion and fragmen
tation. 

Ecology. In the Albatross material from the Pacific 
Sigmoilina edwardsi was found only in the lower mid
dle and lower bathyal zones (Cushman, 1932a). 

Distribution in 586A. Sigmoilina edwardsi is a com
mon species occurring throughout the sequence with 
relative abundances of 0.0 to 4.6%. 

Recorded Distribution. Sigmoilina edwardsi was de
scribed from the Holocene at 4,000 to 5,000 m off the 
Canary Islands, eastern Atlantic Ocean. Holocene: At
lantic (Schlumberger, 1887), Pacific (Cushman, 1932a; 
Resig, 1981). Pleistocene: Pacific (Resig, 1976; Kuri
hara and Kennett, 1986). Pliocene: Pacific (Kurihara 
and Kennett, 1986). Miocene: Pacific (Woodruff and 
Douglas, 1981; Kurihara and Kennett, 1986). 

Genus SIGMOILOPSIS Finlay, 1947 

Sigmoilopsis schlumbergeri (Silvestri) 

Spiroioculina ceiala Costa.-BRADY, 1877, p. 534 (not Spirolo
culina celata Costa, 1855). 

Planispirina ceiata (Costa).-BRADY, 1884, p. 197-198, pI. 8, figs. 
1-4 (not Spiroloculina celata Costa, 1855). 

Sigmoilina celata (Costa).-CUSHMAN, 1917a, p. 61, pI. 24, fig. I 
(not Spiroloculina celala Costa, 1855). 

Sigmoilina schlumbergeri SILVESTRI, 1904a, p. 267, 269, pI. 7, 
figs. 12-14, p. 481-482, text-figs. 6-7.-CUSHMAN and TODD, 
1945, p. II, pI. 2, fig. 3.-PHLEGER and others, 1953, p. 28, 
pI. 5, fig. 17.-BOCK, 1971, p. 25, pI. 9, figs. 1-2.-BOLTOV
SKOY, 1978a, pI. 7, figs. 5-6. - BOERSMA, I 984b, pI. I, 
fig. 8. 

Sigmoilopsis schlumbergeri (Silvestri). - FINLAY, 1947, p. 270.
BARKER, 1960, p. 16, pI. 8, figs. 1-4.-BOCK, 1971, p. 25, 
pI. 9, figs. J-2.-COLE, 1981, p. 55, pI. 10, fig. I.-BOERSMA, 
1984a, pI. 8, fig. 2.-HERMELIN and SCOTT, 1985, p. 217, 
p. 2, fig. 6.-KOHL, 1985, p. 36, pI. 5, fig. 6.-BOERSMA, 
1986, pI. 14, figs. 1-2.-KURIHARA and KENNETT, 1986, 
pI. I, figs. 11-12.-MORKHOVEN and others, 1986, p. 57-59, 
pI. 18, figs. I a-e. 

Description. Test free, elongate, ovate in side view, 
subtriangular in cross-section. Chambers indistinct, in
flated, slightly more than 1800 apart, forming a sig
moidal curve when seen in cross-section. Sutures in
distinct. Wall finely agglutinated. Aperture terminal, 
rounded, on a short neck, with a bifid tooth, and a lip. 

Ecology. Phleger (1951) and Pflum and Frerichs 

(1976) found that Sigmoilopsis schlumbergeri ranges 
from the upper neritic zone down to the upper middle 
bathyal zone in the Gulfof Mexico, although it occurs 
in greatest abundances in the upper part of the upper 
middle bathyal zone (Phleger, 1951). 

Distribution in 586A. Sigmoilopsis schlumbergeri is 
a rare species with scattered occurrences. 

Recorded Distribution. Sigmoilopsis schlumbergeri 
was described from Holocene sediment at 600-1,200 
m in the Gulf of Gascony, France. The species has a 
known stratigraphic range from the lower middle Mio
cene through Quaternary (Morkhoven, 1981). Holo
cene: Atlantic (Brady, 1884; Cushman, 1917a; Phleger 
and others, 1953; Cole, 1981; Hermelin and Scott, 
1985), Gulf of Mexico (Phleger, 1951; Bock, 1971; 
Pflum and Frerichs, 1976), Pacific (Brady, 1884; Cush
man, 1921; Burke, 1981), Indian Ocean (Brady, 1884), 
Antarctic Ocean (Brady, 1884). Pleistocene: Atlantic 
(Phleger and others, 1953; Blanc-Vernet, 1983; Boers
ma, 1984b; Murray, 1984), Gulfof Mexico (Akers and 
Dorman, 1964), Pacific (Kurihara and Kennett, 1986). 
Pliocene: Atlantic (B1anc-Vernet, 1983; Boersma, 
1984a, b; Murray, 1984; Hermelin, 1986), Jamaica 
(Cushman and Todd, 1945), Mexico (Kohl, 1985), Pa
cific (Boersma, 1986; Kurihara and Kennett, 1986), 
Java (Saint-Marc and Suminta, 1979), Okinawa 
(LeRoy, 1964), Indian Ocean (Boltovskoy, 1978a). 
Miocene: Atlantic (Boersma, 1984b; Murray, 1984), 
Jamaica (Cushman and Todd, 1945), Pacific (Boersma, 
1986; Kurihara and Kennett, 1986), Java (Saint-Marc 
and Suminta, 1979), Okinawa (LeRoy, 1964). 

Genus TRILOCULINA d'Orbigny, 1826 

Triloculina tricarinata d'Orbigny 

PI. 3, Figs. 6-7 


Triloculina tricarinata D'ORBIGNY. 1826, p. 299, no. 7, mod. no. 
94.-CUSHMAN, 1917a, p. 66, pI. 25, figs. 1-2.-CUSHMAN, 
1932a, p. 59-60, pI. 13, figs. 3a-b.-PHLEGER and others, 
1953, p. 28, pI. 5, fig. 21.-CUSHMAN and others, 1954, p. 
340, pI. 85, figs. 15-16.-BARKER, 1960, p. 6, pI. 3, figs. 17a
b.-AKERS and DORMAN, 1964, p. 57. pI. 3, fig. 21.-FEY
LING-HANSSEN, 1964, p. 258, pI. 6, figs. 7-8.-LEROY, 1964, 
p. 20, pI. 3, figs. 32-33.-BOCK, 1971, p. 28, pI. 12, figs. 1
2.-SCHNITKER, 1971, p. 212, pI. 3, fig. 10.-COLE, 1981, 
p. 55, pI. 10, fig. 2.-HERMELIN and SCOTT, 1985, p. 218, 
p!. 2, fig. 7. 

A1iliolina tricarinata BRADY, 1884, p. 165, pI. 3, figs. l7a-b. 
Triloculina tricarinata d'Orbigny var. convexa CUSHMAN, 1921, 

p. 456, fig. 37. 

Description. Test free, slightly longer than broad, 
strongly triangular in apertura1 view, three chambers 
visible, sides straight or slightly concave. Sutures dis
tinct, slightly depressed. Wall calcareous, opaque, 
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smooth. Aperture rounded, with a small bifid tooth. 
Distribution in 586A. Triloculina tricarinata is a rare 

species with a few occurrences below 62 m. 
Recorded Distribution. Triloculina tricarinata was 

described from the Holocene of the Red Sea. Age not 
determined: Australia (Brady, 1884; Barker, 1960). 
Holocene: Atlantic (Phleger and others, 1953; Schnit
ker, 1971; Hermelin and Scott, 1985), Norway (Fey
ling-Hanssen, 1964), Gulf of Mexico (Bock, 1971; 
Pflum and Frerichs, 1976), Red Sea (d'Orbigny, 1826), 
Pacific (Cushman, 191 7 a, 1921, 193 2a; Cushman and 
others, 1954; Smith, 1964; Todd, 1966; Burke, 1981), 
Indian Ocean (Todd, 1950). Pleistocene: Gulf of Mex
ico (Akers and Dorman, 1964), Pacific (Kurihara and 
Kennett, 1986). Pliocene: Pacific (Kurihara and Ken
nett, 1986), Okinawa (LeRoy, 1964). Miocene: Oki
nawa (LeRoy, 1964). 

Triloculina trigonula (Lamarck) 

PI. 3, Fig. 8 


Miliolites trigonula LAMARCK. 1804, p. 351, no. 3. 

Triloculina trigonula (Lamarck).-D'ORBIGNY, 1826, p. 299, pI. 


16, figs. 5-9, mod. no. 93.-CUSHMAN, 1917a, p. 65, pI. 25, 
figs. 3a-b.-CUSHMAN, 1932a, p. 56-57, pI. 13, figs. la-b.
CUSHMAN and others, 1954, p. 340, pI. 85, fig. 18.-BARK
ER, 1960, p. 6, pI. 3, figs. 15-16.-AKERS and DORMAN, 
1964, p. 57, pI. 3, figs. 19-20. - LEROY, 1964, p. 20-21, pI. 
16, figs. 30-3 I.-BOCK, 1971, p. 28-29, pI. 12, figs. 3-4.
SCHNITKER, 1971, p. 212, pI. 3, figs. I la-b. 

J1iliolina trigonula (Lamarck). - WILLIAMSON, 1858, p. 83, pI. 7, 
figs. 180-182.-BRADY, 1884 (part), p. 164, pI. 3, figs. 15-16 
(not 14). 

Description. Test free, slightly longer than broad, 
periphery broadly convex, triangular in apertural view, 
three chambers visible, sides convex, angles rounded. 
Sutures distinct, slightly depressed. Wall calcareous, 
smooth. Aperture rounded, with a bifid tooth. 

Ecology. Triloculina trigonula is found in the lower 
bathyal zone in the eastern Pacific Ocean (Ingle and 
others, 1980), whereas in the Florida Keys (Bock, 1971) 
and the Gulf of California (Bandy, 1961) it is present 
in the neritic zone. 

Distribution in 586A. Triloculina trigonula is a very 
rare species. 

Recorded Distribution. Triloculina trigonula was de
scribed from the Eocene of France. Holocene: Atlantic 
(Williamson, 1858; Brady, 1884; Schnitker, 1971; Her
melin and Scott, 1985), Gulf of Mexico (Bock, 1971; 
Pflum and Frerichs, 1976), Pacific (Cushman, 1917a, 
1921, 1932a; Parr, 1950; Cushman and others, 1954; 
Todd, 1966; Ingle and others, 1980), GulfofCalifornia 
(Bandy, 1961), Indian Ocean (Parr, 1950). Pleistocene: 
Gulf of Mexico (Akers and Dorman, 1964), Pacific 

(Thomas, 1985). Pliocene: Okinawa (LeRoy, 1964). 
Miocene: Pacific (Thomas, 1985). 

Triloculina sp. 1 

PI. 3, Figs. 10-11 


Description. Test free, elongate, about three times as 
long as wide, rounded triangular in cross-section, three 
chambers visible. Sutures distinct, almost flush with 
the surface. Wall calcareous, porcellaneous, smooth. 
Aperture round, with a narrow tooth. 

Distribution in 586A. Triloculina sp. 1 is a rare species 
with scattered occurrences. 

Suborder ROTALIINA Delage and Herouard, 1896 

Superfamily NODOSARIACEA Ehrenberg, 1838 


Family NODOSARIIDAE Ehrenberg, 1838 

Subfamily NODOSARIINAE Ehrenberg, 1838 

Genus CHRYSALOGONIUM Schubert, 1907 


Chrysalogonium lanceolum Cushman and Jarvis 

PI. 3, Figs. 12-13 


Chrysalogoniurn lanceolurn CUSHMAN and JARVIS, 1934, p. 75, 
pI. 10, fig. 16. 

Description. Test free, very elongate, gradually ta
pering, widest close to the apertural end, slender, often 
slightly arcuate. Chambers numerous, gradually in
creasing in length as added. Sutures distinct, slightly 
depressed. Wall calcareous, smooth. Aperture termi
nal, cone-shaped, appears at first to be radiate but in 
between the ridges is a series of rounded or slightly 
elongate pores. 

Distribution in 586A. Chrysalogonium lanceolum is 
a rare species with scattered occurrences. 

Recorded Distribution. Chrysalogonium lanceolum 
was described from the lower Miocene of Trinidad. 
Pliocene: Pacific (Douglas, 1973; McDougall, 1985). 
Miocene: Pacific (Douglas, 1973; McDougall, 1985), 
Trinidad (Cushman and Jarvis, 1934). 

Chrysalogonium longicostatum Cushman and Jarvis 
PI. 3, Figs. 14-15 

Chrysalogoniurn longicostaturn CUSHMAN and JARVIS, 1934, p. 
74, pI. 10, figs. 12a-b. 

Description. Test free, elongate. Chambers distinct, 
sutures slightly depressed. Wall calcareous, ornament
ed with longitudinal costae continuing over nearly the 
entire test, the striation is slightly twisted. Aperture 
consisting of a definite sieve plate composed of con
centric rings ofrounded or slightly polygonal openings. 

Remarks. Chrysalogonium longicostatum differs 
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from C. tenuicostatum in having fewer and more raised 
costae. 

Distribution in 586A. Chrysalogonium longicosta
tum is a very rare species with scattered occurrences. 

Recorded Distribution. Chrysalogonium longicosta
tum was described from the lower Miocene of Trini· 
dad. Miocene: Pacific (Douglas, 1973; McDougall, 
1985), Trinidad (Cushman and Jarvis, 1934). 

Chrysa)ogonium tenuicostatum Cushman and 

Bermudez 


PI. 3, Figs. 16-18 


ChlJ'salogonium tenuicostatum CUSHMAN and BERMUDEZ, 1936, 
p. 27-28, pI. 5, figs. 3-5. 

Chrvsalogonium equiset{formis (Schwager).-BOERSMA, 1986, pI. 
9, figs. 1-3 (not Nodosaria equiset(formis Schwager, 1866). 

Description. Test free, elongate, very slightly taper
ing, straight. Chambers increasing gradually in length 
as added, sides slightly convex. Sutures limbate, slight
ly depressed. Wall calcareous, ornamented with nu
merous fine longitudinal costae, slightly spiral. Aper· 
ture terminal, a very fine circular sieve plate with many 
openings. 

Remarks. Macrospheric as well as microspheric 
forms are present in this material. The proloculus of 
the macrospheric forms is often as wide as the later 
chambers whereas the microspheric forms have a very 
small proloculus and the width of the chambers grad
ually increases towards the aperture. C. tenuicostatum 
somewhat resembles C. longicostatum but is more fine· 
ly costate and has much coarser apertural openings. 

Distribution in 586A. Chrysalogonium tenuicosta
tum is the most common member of this genus and 
appears at most levels in relatively low frequencies. 

Recorded Distribution. Chrysa!ogonium tenuicosta
tum was described from the Eocene ofCuba. Pliocene: 
Pacific (Thomas, 1985; Boersma, 1986). Miocene: Pa
cific (Douglas, 1973; McDougall, 1985; Thomas, 1985; 
Boersma, 1986). 

Genus DENTALINA Risso, 1826 

Dentalina communis d'Orbigny 

PI. 4, Figs. 1-2 


Nodosaria (Dentalina) communis D'ORBIGNY, 1826, p. 254, no. 
35. 

Dentalina communis d'Orbigny.-D'ORBIGNY, 1840, p. 13, pI. I, 
fig. 4.-BARKER, 1960, p. 130, pI. 62, figs. 21-22.-AKERS 
and DORMAN, 1964, p. 32, pI. 6, fig. 12.-LEROY, 1964, p. 
23, pI. IS, fig. 28.-TODD, 1966, p. 26, pI. 12, fig. I.-BOCK, 
1971, p. 38-39, pI. 14, figs. 16-17.-SCHNITKER, 1971, p. 
196, pI. 3, figs. 20a-b.-BOLTOVSKOY, 1978a, pI. 3, fig. 23.
KOHL, 1985, p. 39, pI. 7, figs. 3-5. 

Nodosaria (D.) communis d'Orbigny. - BRADY, 1884 (part), p. 504
505, pI. 62, figs. 21-22 (not 19-20). 

Nodosaria communis d'Orbigny.-CUSHMAN, 1913, p. 54, pI. 28, 
figs. 1-2.-CUSHMAN, 1921, p. 192-193, pI. 34, fig. 7. 
CUSHMAN, 1923, p. 75, pI. 12, figs. 3--4,15-17. 

Description. Test free, elongate, uniserial, slightly 
curved, circular in cross-section. Chambers increasing 
gradually in size, early chambers subglobuJar, later 
chambers inflated. Sutures oblique, slightly depressed 
in later portion oftest. Wall calcareous, hyaline, smooth, 
finely perforate, often ornamented with an initial spine. 
Aperture terminal, radiate. 

Distribution in 586A. Dentalina communis is a very 
rare species with scattered occurrences. 

Recorded Distribution. Dentalina communis was de
scribed from the Holocene of the Adriatic Sea. Ho
locene: Atlantic (Brady, 1884; Schnitker, 1971; Cole, 
1981; Hermelin and Scott, 1985), GulfofMexico (Bock, 
1971; Pflum and Frerichs, 1976), Mediterranean 
(d'Orbigny, 1826), Pacific (Brady, 1884; Cushman, 
1921; Ingle and others, 1980; Burke, 1981), Indian 
Ocean (Boltovskoy, 1978a). Pleistocene: Gulf of Mex· 
ico (Akers and Dorman, 1964), Pacific (Thomas, 1985). 
Pliocene: Mexico (Kohl, 1985), Pacific (Thomas, 1985), 
Okinawa (LeRoy, 1964), Indian Ocean (Boltovskoy, 
1978a). Miocene: Pacific (Thomas, 1985), Guam (Todd, 
1966), Okinawa (LeRoy, 1964), Indian Ocean (Bol
tovskoy, 1978a). 

Dentalina cf. D. communis 

PI. 4, Fig. 3 


Description. Test free, elongate, uniserial, slightly 
curved, compressed laterally. Chambers almost equal 
in size throughout. Sutures oblique, mostly flush with 
surface. Wall calcareous, hyaline, smooth, finely per
forate, often ornamented with an initial spine. Aper
ture terminal, radiate. 

Remarks. Differs from D. communis in its less curved 
and laterally more compressed test. 

Distribution in 586A. Dentalina cf. D. communis is 
a very rare species. 

Dentalina intorta (Dervieux) 

PI. 4, Fig. 4 


Nodosaria intorta DERVIEUX, 1894, p. 610, pI. 5, figs. 32-34. 
Dentalina intorfa (Dervieux). - BARKER, 1960, p. 132, pI. 62, figs. 

27-31.- BOL TOVSKOY, 1978a, pI. 3, fig. 25. 

Description. Test free, elongate, uniserial, with one 
side more or less straight and the other curved, widest 
at the middle, tapering towards the initial as well as 
the apertural end, last chamber making up nearly half 
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of test. Sutures distinct, flush with surface. Wall cal
careous, hyaline, smooth. Aperture terminal, radiate. 

Distribution in 586A. Dentalina intorta is a very rare 
species. 

Recorded Distribution. Dentalina intorta was de
scribed from the Tertiary of Italy. Holocene: Gulf of 
Mexico (Pflum and Frerichs, 1976). Pleistocene: Pa
cific (McDougall, 1985; Thomas, 1985). Pliocene: At
lantic (Blanc-Vernet, 1983), Pacific (Thomas, 1985). 
Miocene: Pacific (McDougall, 1985; Thomas, 1985), 
Indian Ocean (Boltovskoy, 1978a). 

Genus LAGENA Walker and Jacob, 1798 

Lagena advena Cushman 

PI. 4, Fig. 5 


Lagena striata (d'Orbigny).-BRADY, 1884 (part), p. 460, pI. 57, 
fig. 30 (not 22, 24, 28-29) (not Oolina striata d'Orbigny, 1839b). 

Lagena striata (d'Orbigny) var. haidingeri Czjzek.-CUSHMAN, 
1913, p. 19-20, pI. 7, figs. 6a-b (not Oolina haidingeri Czjzek, 
1848). 

Lagena advena CUSHMAN, 1923, p. 6, pI. I, fig. 4.-BARKER, 
1960 (part), p. 118, pI. 57, fig. 30 (not 29). -LEROY, 1964, p. 
26, pI. I, fig. I.-BOLTOVSKOY and DE KAHN, 1982, p. 
433, pI. 8, figs. 17-19. 

Description. Test free, unilocular, rounded with sub
conical neck. Wall calcareous, hyaline, body orna
mented with numerous fine costae, running from the 
basal end to the neck, basal part also ornamented with 
irregularly arranged short spines, apertural neck or
namented with several broad costae. Aperture termi
nal, on a conical neck. 

Distribution in 586A. Lagena advena is a very rare 
species with only three occurrences. 

Recorded Distribution. Lagena advena was described 
from the Holocene of the Caribbean Sea. Holocene: 
Atlantic (Brady, 1884), Caribbean (Cushman, 1923), 
Pacific (Cushman, 1913, 1921). Pleistocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982), Okinawa (LeRoy, 
1964). 

Lagena alticostata Cushman 

PI. 4, Fig. 6 


Lagena sulcata (Walker and Jacob) var. alticostata CUSHMAN, 
1913, p. 23, pI. 9, figs. 5a-b.-BOLTOVSKOYand DE KAHN, 
1982, p. 440, pI. II, figs. 10-11. 

Description. Test free, unilocular, subglobular. Wall 
calcareous, hyaline, finely perforate, ornamented with 
a few prominent primary costae running from the base 
of the test to the aperture, between these are finer sec

ondary costae, running only to the base of the neck. 
Aperture terminal, rounded, on a neck. 

Distribution in 586A. Lagena alticostata is a rare 
species with few occurrences. 

Recorded Distribution. Lagena alticostata was de
scribed from the Holocene of the coast of Guam. Ho
locene: Pacific (Cushman, 1913). Pleistocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982). 

Lagena biarritzensis Hagn 

PI. 4, Fig. 7 


Lagena striato-punctata Parker and Jones var. caudata HALK
YARD, 1919, p. 59, pI. 3, figs. 12a-b. 

Lagena biarritzensis HAGN, 1956, p. 142, pI. 10, fig. 21. 

Description. Test free, unilocular, pyriform, circular 
in cross-section. Wall calcareous, hyaline, finely per
forated, ornamented with several longitudinal costae 
that are prolonged as spines below the base of the test 
which is further ornamented with a basal spine. In 
between the basal spine and the outer spines there are 
long tube-like spines. Aperture terminal, round, at the 
end of a slender neck. 

Distribution in 586A. Lagena biarritzensis is repre
sented by a single specimen at 135.30 m. 

Recorded Distribution. Lagena biarritzensis was de
scribed from the Eocene of southern France. 

Lagena feildeniana Brady 

PI. 4, Fig. 8 


Lagenafeildeniana BRADY, 1878. p. 434, pI. 20, fig. 4.-BRADY, 
1884, p. 469, pI. 58, figs. 38-39.-CUSHMAN, 1913, p. 29, pI. 
15. figs. 1-2.-BARKER, 1960, p. 120, pI. 58, figs. 38-39. 

Description. Test free, unilocular, elongate, rounded 
base, tapering towards the aperture. Wall calcareous, 
hyaline, ornamented with numerous longitudinal cos
tae, furrows between costae perforated, costae ending 
in short spines at the basal part. Aperture terminal. 

Distribution in 586A. Lagena feildeniana is a very 
rare species. 

Recorded Distribution. Lagena feildeniana was de
scribed from the Holocene of the Arctic Ocean. Ho
locene: Atlantic (Brady, 1884), Pacific (Brady, 1884; 
Cushman, 1913), Arctic Ocean (Brady, 1878). 

Lagena hispida Reuss 

PI. 4, Figs. 9-10 


Lagena hispida REUSS, 1863a, p. 335, pI. 6, figs. 77-79.-BRADY, 
1884, p. 459, pI. 57, figs. 1-4.-CUSHMAN, 1913, p. 13, pI. 
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4, figs. 4-5, pI. 5, fig. I.-BARKER, 1960, p. 116, pI. 57, figs. 
1-4. 

Description. Test free, unilocular, body globular with 
a short neck. Wall calcareous, hyaline, finely perforate, 
body and neck ornamented with short spines, closely 
set. Aperture terminal, round, at the end of the neck. 

Remarks. Lagena hispida differs from L. hispidula 
by its more globular body and coarser spines. 

Distribution in 586A. Lagena hispida is very rare. 
Recorded Distribution. Lagena hispida was described 

from the Oligocene of Germany. Holocene: Atlantic 
(Brady, 1884), Pacific (Brady, 1884; Cushman, 1913, 
1921). Pleistocene: Pacific (McDougall, 1985). Plio
cene: Pacific (McDougall, 1985). Miocene: Pacific 
(McDougall, 1985). 

Lagena hispidula Cushman 

PI. 4, Fig. II 


Lagena /aevis(Montagu).-BRADY, 1884 (part). p. 455-456, pI. 56, 
figs. 10-11 (not 7-9. 12-14. 30)(not Vennicu/um /aeve Montagu, 
1803). 

Lagena hispidu/a CUSHMAN, 1913. p. 14, pI. 5, figs. 2-3.-CUSH
MAN and MCCULLOCH. 1950. p. 339, pI. 45. figs. 8-10.
BARKER, 1960, p. 114. pI. 56, fig. IO-ll.-BOLTOVSKOY 
and DE KAHN. 1982, p. 437, pI. 9, figs. 26-28. 

Description. Test free, unilocular, rounded to ovate 
body, with long apertural neck. Wall calcareous, hya
line, finely perforate, body ornamented with very fine 
spines while apertural neck is smooth. Aperture ter
minal, round at end of a long slender neck. 

Remarks. Lagena hispidula differs from L. hispida 
in having a flask-shaped test rather than rounded and 
in having finer spines. 

Distribution in 586A. Lagena hispidula is a rare 
species with few occurrences. 

Recorded Distribution. Lagena hispidula was de
scribed from the Holocene ofthe western Pacific Ocean. 
Holocene: Pacific (Brady, 1884; Cushman, 1913; 
Cushman and McCulloch, 1950; Ingle and others, 
1980), Antarctic Ocean (Parr, 1950). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982), Mexico (Kohl, 1985). 
Miocene: Atlantic (Boltovskoy and de Kahn, 1982). 

Lagena meridionalis Wiesner 

PI. 4, Fig. 12 


Lagena gracilis Williamson.-BRADY. 1884 (part), p. 445-446, pI. 
58. fig. 19 (not 2-3, 7-10, 22-24). 

La!?ena gracilis Williamson var. meridionalis WIESNER, 1931, p. 
117, pI. 18. fig. 211. 

La!?ena meridionalis Wiesner. - LOEBLICH and TAPPAN, I953, 
p. 59.-BARKER, 1960. p. 119. pI. 58, fig. 19.-BOLTOV
SKOYand De KAHN, 1982, p. 437, pI. 10, figs. 3-4. 

Oolina graci/is Williamson var. meridionalis (Wiesner).-LEROY, 
1964, p. 26-27, pI. 13, fig. 37. 

Description. Test free, unilocular, elongate, circular 
in cross-section, both apertural and basal ends very 
pointed. Wall calcareous, hyaline, finely perforate, or
namented 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 be
tween the primary costae. Aperture terminal. 

Distribution in 586A. Lagena meridionalis is a very 
rare species with few occurrences. 

Recorded Distribution. Lagena meridionalis was de
scribed from the Holocene of the Antarctic Ocean. 
Holocene: Pacific (Brady, 1884), Antarctic Ocean (Parr, 
1950; Loeblich and Tappan, 1953), Arctic Ocean 
(Wiesner, 1931). Pliocene: Atlantic (Bo!tovskoy and 
de Kahn, 1982), Okinawa (LeRoy, 1964). Miocene: 
Atlantic (Boltovskoy and de Kahn, 1982), Okinawa 
(LeRoy, 1964). 

Lagena paradoxa Sidebottom 

PI. 4, Fig. 13 


Lagenafoleo/ala Reuss var. paradoxa SIDEBOTTOM, 1912, p. 395, 
pI. 16, flgs. 22-23.-CUSHMAN, 1913, p. 18, pI. 15, figs. 3a-b. 

Sipho/agena paradoxa (Sidebottom).-BOLTOVSKOY and DE 
KAHN, 1982, p. 447. pI. 15, figs. 23-26. 

Description. Test free, unilocular, elongate, rounded 
base, tapering towards the apertural end, with a short 
neck. Wall calcareous, hyaline, ornamented with lon
gitudinal costae running the entire length of the test, 
fine crossbars between the costae give the test a retic
ulate pattern. Aperture terminal, at the end of a short 
neck. 

Remarks. The outer wall of Lagena paradoxa shows 
a tendency to disintegrate or flake off, leaving the inner 
wall of the test exposed. 

Distribution in 586A. Lagena paradoxa is a rare 
species with scattered occurrences. 

Recorded Distribution. Lagena paradoxa was de
scribed from the Holocene of the southwest Pacific 
Ocean. Holocene: Pacific (Sidebottom, 1912; Cush
man, 1913). Pliocene: Atlantic (Boltovskoy and de 
Kahn, 1982). Miocene: Atlantic (Boltovskoy and de 
Kahn, 1982). 

Lagena stelligera Brady 

Lagena slelligera BRADY, 1881, p. 60.-BRADY, 1884, p. 466, pI. 
5, figs. 35-36.-SIDEBOTTOM. 1912, p. 391. pI. 15, figs. 28
29, pI. 16. figs. 1-4.-BARKER. 1960. p. 119, pI. 57, figs. 35
36. 

Description. Test free, unilocular, pyriform, broadest 
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near the middle, tapering towards the truncate base 
and the pointed apertural end. Wall calcareous, hya
line, finely perforate, ornamented at the base with a 
raised circular rim from which radiate six to 12 short 
costae extending a short distance up the basal portion 
of the test. Aperture terminal, at the end of a neck. 

Distribution in 586A. Lagena stelligera occurs at low 
frequencies throughout the sequence. 

Recorded Distribution. Lagena stelligera was de
scribed from the Holocene of the Pacific Ocean. Ho
locene: Pacific (Brady, 1881, 1884; Sidebottom, 1912). 

Lagena striata (d'Orbigny) 

PI. 4, Fig. 14 


Oolina striata D'ORBIGNY, 1839b, p. 21, pI. 5, fig. 12. 

Lagena striata (d'Orbigny).-REUSS, 1863a, p. 327, pI. 3, figs. 44

45, pI. 4, figs. 46-47.-BRADY, 1884 (pan), p. 460, pI. 57, figs. 
22,24 (not 28-30).-CUSHMAN, 1913, p. 19, pI. 7, figs. 4
5.-BARKER, 1960, p. 118, pI. 57, figs. 22, 24.-AKERS and 
DORMAN, 1964, p. 40, pI. 6, fig. I I.-SCHNITKER, 1971, 
p. 204, pI. 4, fig. 3. 

Lagena striata (d'Orbigny) f. typica BOLTOVSKOY and DE KAHN, 
1982, p. 439, pI. 10, fig. 35, pI. 11, fig. I. 

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

Distribution in 586A. Lagena striata is a rare species 
with few occurrences. 

Recorded Distribution. Lagena striata was described 
from the Holocene off the Falkland Islands, southern 
Pacific Ocean. Holocene: Atlantic (Schnitker, 1971), 
Caribbean (Bock, 1971), Pacific (d'Orbigny, 1839b; 
Brady, 1884; Cushman, 1913, 1921; Ingle and others, 
1980). Pleistocene: Atlantic (Boltovskoy and de Kahn, 
1982), Gulf of Mexico (Akers and Dorman, 1964), 
Pacific (Keller, 1980; McDougall, 1985). Pliocene: Pa
cific (McDougall, 1985). Miocene: Pacific (McDougall, 
1985). 

Lagena tubulata Sidebottom 

PI. 4, Fig. 15 


Lagena hispida Reuss vaL tubulata SIDEBOTTOM, 1912, p. 385, 
pI. 15, figs. 3-5. 

Description. Test free, unilocular, body spherical, very 
long cylindrical neck. Wall calcareous, hyaline, body 
ornamented with long delicate spines as well as long 
tubular ones, the neck has shorter spines. Aperture 
terminal, with a flaring lip, at the end ofa long slender 
neck. 

Distribution in 586A. Lagena tubulata is represented 
by one single specimen at 110.00 m. 

Recorded Distribution. Lagena tubulata was de
scribed from the Holocene of the southwest Pacific 
Ocean. Holocene: Pacific (Sidebottom, 1912; Cush
man, 1921). 

Lagena sp. I 

PI. 4, Fig. 16 


Description. Test free, unilocular, with four wide cos
tae running from the very basal part of the test along 
the test and the neck, body ornamented with four ad
ditional costae. Wall calcareous, hyaline. Aperture ter
minal, at the end of neck. 

Distribution in 586A. Lagena sp. I is a rare species 
with few occurrences. 

Lagena sp. 2 

PI. 4, Fig. 17 


Description. Test free, unilocular, fusiform, base 
rounded, tapering towards the apertural end. Wall cal
careous, hyaline, ornamented with several delicate cos
tae. Aperture terminal on a very short neck. 

Distribution in 586A. Lagena sp. 2 is a rare species 
with few occurrences. 

Lagena sp. 3 

PI. 4, Fig. 18 


Description. Test free, unilocular, rounded to elon
gate. Wall calcareous, hyaline, ornamented with four 
prominent costae originating at the base and merging 
into a collar at the base of the neck, two or three in
tervening costae terminate below the collar. Aperture 
terminal, at the end of a short neck. 

Distribution in 586A. Lagena sp. 3 is a rare species. 

Lagena sp. 4 

PI. 4, Fig. 19 


Description. Test free, teardrop-shaped. Wall cal
careous, hyaline, ornamented with four or five prom
inent costae which are very wide at the base and run 
up to the first collar at the base of the neck. In between 
is one secondary costa running from the base to the 
collar. In between these and the prominent costae are 
narrower and shorter costae. Aperture terminal at the 
end of a neck which is ornamented with two distinct 
collars. 

Distribution in 586A. Lagena sp. 4 is a rare species 
with few occurrences. 
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Genus ORTHOMORPHINA Stainforth, 1952 

Orthomorphina challengeriana (Thalmann) 

PI. 4, Fig. 20 


Nodosaria perversa Schwager.-BRADY, 1884, p. 512, pI. 64, figs. 
25-27.-CUSHMAN. 1921, p. 208, pI. 37, fig. 2 (not Nodosaria 
penwsa Schwager, 1866). 

Nodof(enerina challengeriana THALMAl\"N, 1937, p. 341. 
Orthomorphina challengeriana (Thalmann). -STAINFORTH, 1952, 

p. 8, text-fig. I, Jig. 10.-BARKER. 1960, p. 136, pI. 64, figs. 
25-27.-LEROY, 1964, p. 29. p1. 15, fig. 26.-BOLTOVSKOY, 
1978a, pI. 5, figs. 16-17. 

Description. Test free, uniserial, straight, chambers 
inflated. Sutures distinct. Wall calcareous, perforate, 
ornamented with numerous longitudinal costae. Ap
erture terminal, central, rounded, on a short neck, with 
a rim. 

Distribution in 586A. Orthomorphina challengeriana 
is a rare species with scattered occurrences, all below 
59.50 m. 

Recorded Distribution. Orthomorphina challenger
iana was described from the Holocene off the Ki Is
lands, south-west of Papua, southern Pacific. Holo
cene: Pacific (Brady, 1884; Cushman, 1921). Pliocene: 
Atlantic (Hermelin, 1986), Okinawa (LeRoy, 1964), 
Indian Ocean (Boltovskoy, 1978a). Miocene: Okinawa 
(LeRoy, 1964), Indian Ocean (Boltovskoy, 1 978a). 

Orthomorphina jedlitschkai (Thalmann) 

Nodosaria radicu/a var. annu/ata (Tcrquem and Berthelin).-BRA
DY, 1884, p. 496, pI. 62, Jigs. 1-2 (not G/andulina annulara 
Terquem and Berthelin, 1875). 

Nodogenerina jedlitschkai THALMANN, 1937, p. 341. 
Orthomorphinajedlirschkai (Thalmann).-STAINFORTH, 1952, p. 

8-9, text-Jig. I, fig. V.-BARKER, 1960. p. 130, pI. 62, figs. 
1-2. 

Description. Test free, uniserial, straight, chambers 
inflated, often widest in the middle of the test. Cham
bers distinct, sudden changes in the size of the cham
bers occur. Wall calcareous, smooth, finely perforate. 
Aperture terminal, rounded. 

Distribution in 586A. Orthomorphina jedlitschkai is 
a rare species with scattered occurrences. 

Recorded Distribution. Orthomorphina jedlitschkai 
was described from the Holocene off the Ki Islands, 
south-west of Papua, southern Pacific. Holocene: Pa
cific (Brady, 1884). Pliocene: Atlantic (Hermelin, 1986). 
Miocene: Pacific (Woodruff and Douglas, 1981). 

Orthomorphina sp. I 

PI. 5, Figs. 1-3 


Description. Test free, uniserial. Chambers inflated, 
distinct, sudden changes in the size of the chambers 

occur. Wall calcareous, finely perforate, ornamented 
with short spines. Aperture terminal, rounded. 

Distribution in 586A. Orthomorphina sp. I is a rare 
species with scattered occurrences. 

Genus PSEUDONODOSARIA Boomgaart, 1949 

Pseudonodosaria sp. I 

Pl. 5, Figs. 4, 9 


Description. Test free, uniserial, rectilinear through
out. Chambers strongly embracing, last chamber makes 
up more than half the test. Sutures horizontal, slightly 
depressed. Wall calcareous, smooth, finely perforate. 
Aperture terminal, radiate. 

Distribution in 586A. Pseudonodosaria sp. I is a very 
rare species with few occurrences. 

Family V AGINULINIDAE Reuss, 1860 

Subfamily LENTICULININAE Chapman, Parr, and 


Collins, 1934 

Genus LENTICULINA Lamarck, 1804 


Lenticulina atlantica (Barker) 

PI. 5, Figs. 5-6 


Crzsrellaria /ucida CUSHMAN, 1923. p. III, pI. 30, fig. 2. 
Robll/us at/anticus BARKER. 1960, p. 144, pI. 69. figs. 10-12. 
Lenticulina atlantica (BarkerJ.-AKERS and DORMAN, 1964, p. 

40, pI. 4, figs. 13-14.-KOHL, 1985, p. 46-47, pI. 10, figs. 1-2. 

Description. Test free, planispiral, involute, circular 
in side view, biconvex in cross-section, periphery with 
a keeL Sutures distinct, slightly curved. Wall calcar
eous, hyaline, smooth, finely perforate. Aperture ra
diate, at peripheral angle, with a vertical robuline slit 
extending downward in the apertural face. 

Remarks. Cristellaria /ucida (Cushman, 1923) is a 
secondary homonym to Robulina /ucida Seguenza, 
1880. Barker (1960) proposed the name Robulus at
/anticus for C. lucida. 

Distribution in 586A. Lenticulina atlantica is rep
resented by scattered occurrences above 100 m. 

Recorded Distribution. Lenticulina atlantica was de
scribed from the Holocene of the Atlantic Ocean. Ho
locene: Atlantic (Brady, 1884; Cushman, 1923). Pleis
tocene: Gulf of Mexico (Akers and Dorman, 1964). 
Miocene: Mexico (Kohl, 1985). 

Lenticulina convergens (Bornemann) 

PI. 5, Figs. 7-8 


CriSfellaria converf(ens BORNEMANN, 1855, p. 327, pI. 13, figs. 
16-17.-BRADY, 1884, p. 546. pI. 69, figs. 6-7. 

Lellticulina cOllrergens (Bornemann).-BARKER, 1960, p. 144, pI. 
69, figs. 6-7. 
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Description. Test free, planispiral, involute, circular 
in side view, biconvex in cross-section, periphery sub
acute. Sutures distinct, flush with surface, slightly 
curved. Wall calcareous, hyaline, smooth, finely per
forate. Aperture radiate, at peripheral angle, with a 
vertical robuline slit extending downward on the aper
tural face. 

Distribution in 586A. Lenticulina convergens is a rare 
species with scattered occurrences. 

Recorded Distribution. Lenticulina convergens was 
described from the Oligocene of Germany. Holocene: 
Atlantic (Brady, 1884), Pacific (Brady, 1884; Ingle and 
others, 1980). Miocene: Pacific (McDougall, 1985). 

Family POLYMORPHINIDAE d'Orbigny, l839a 
Subfamily POLYMORPHININAE d'Orbigny, 1839a 

Polymorphinidae, formae fistulosae 

PI. 5, Figs. 10-11 


Description. Test free, elongate, "wild-growing" form. 
Wall calcareous, hyaline, densely ornamented with 
short spines. Aperture mUltiple, rounded, on short necks 
irregularly located on ultimate chamber. 

Distribution in 586A. This form is represented by 
scattered occurrences. 

Genus POLYMORPHINA d'Orbigny, 1826 

? Polymorphina sp. I 
PI. 5, Fig. 12 

Description. Test free, elongate, somewhat com
pressed. Chambers biserially arranged. Wall calcar
eous, hyaline, finely perforate. Aperture terminal and 
rounded. 

Remarks. ? Polymorphina sp. 1 differs from the ge
nus Po(vmorphina in having a simple aperture rather 
than a radiate aperture. I believe that this form can be 
characterized as a "wild-growing" form of this genus. 

Distribution in 586A. ? Polymorph ina sp. 1 is a rare 
species. 

Genus PYRULINA d'Orbigny, l839a 


Pyrulina gutta d'Orbigny 

PI. 5, Fig. 13 


Polymorphina (Pyruline) gutta D'ORBIGNY, 1826, p. 267. 

Description. Test free, fusiform, early chambers ar
ranged in spiral series approximately 1200 apart, later 
chambers biserial. Wall calcareous, hyaline. Sutures 
flush with surface. Aperture radiate. 

Distribution in 586A. Pyrulina gutta is represented 
by scattered occurrences. 

Recorded Distribution. Pyrulina gutta was originally 
described from the Pliocene of Italy. Pliocene: Italy 
(d'Orbigny, 1826). 

Genus PYRULINOIDES Marie, 1941 


Pyrulinoides sp. I 

PI. 5, Fig. 14 


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

Distribution in 586A. pyrulinoides sp. 1 is repre
sented by scattered occurrences. 

Pyrulinoides sp. 2 

PI. 5, Fig. 15 


Description. Test free, elongate, acuminate towards 
both extremities, slightly compressed. Chambers bi
serially arranged. Wall calcareous, hyaline. Sutures flush 
with surface. Aperture radiate. 

Remarks. Pyrulinoides sp. 2 differs from P. sp. I in 
being much wider and not having parallel sides. 

Distribution in 586A. pyrulinoides sp. 2 is a rare 
species. 

Family GLANDULINIDAE Reuss, 1860 

Subfamily OOLININAE Loeblich and Tappan, 1961 


Genus FISSURINA Reuss, 1850 


Fissurina annectens (Burrows and Holland) 

PI. 5, Figs. 18-19 


Lagena quadricoSlu/ala Rcuss.-BRADY. 1884 (part), p. 486, pI. 
59, fig. 15 (not 7).-CUSHMAN. 1913. p. 35-36, pI. 14. fig. I 
(not Lagena quadricoslUlafa Reuss. 1870). 

Lagena annectens BURROWS and HOLLAND in JONES. 1895. 
p. 203, pl. 7, figs. 11 a-b. 

Fissurina annectens (Burrows and Holland).-BARKER, 1960. p. 
122. pI. 59, fig. 15. 

Fissurina annectens annectens (Burrows and Holland). - BOL TOV
SKOY and DE KAHN, 1982, p. 422, pI. I. figs. 14-15. 

Description. Test free, unilocular, pyriform, com
pressed, each face of the test ornamented with two 
narrow curved bands, parallel with the margins and 
flush with the surface. Wall calcareous, hyaline, smooth, 
finely perforate. Aperture terminal, ovate, parallel to 
compression. 

Remarks. The ornamentation is due to structural 
differences in the test and can be distinctly seen under 
the light-microscope, and less distinctly in SEM. 
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Distribution in 586A. Fissurina annectens occurs in 
the upper part of the sequence. 

Recorded Distribution. Fissurina annectens was de
scribed from the early Pliocene of England. Holocene: 
Atlantic (Cole, 1981), Pacific (Brady, 1884; Cushman, 
1913; Ingle and others, 1980; Boltovskoy and de Kahn, 
1982), Indian Ocean (Corliss, 179), Antarctic Ocean 
(Parr, 1950). Pleistocene: Atlantic (Boltovskoy and de 
Kahn, 1982). Pliocene: Atlantic (Boltovskoy and de 
Kahn, 1982), England (Jones, 1895). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982). 

Fissurina arcuata (Sidebottom) 

PI. 6, Fig. I 


Lagena auriculataBrady vaL arcuata SIDEBOTTOM, 1912, p. 421, 
pI. 20, figs. 19-20. 

Description. Test free, unilocular, pyriform, com
pressed, two tubes at the base ofthe test, apertural end 
pointed. Wall calcareous, hyaline, finely perforate, bas
al part ornamented with longitudinal costae-within
costae forming a semi-circle. Aperture terminal, 
rounded. 

Distribution in 586A. Fissurina arcuata is a very rare 
species and exhibits scattered occurrences. 

Recorded Distributon. Fissurina arcuata was de
scribed from the Holocene of the southwest Pacific 
Ocean. Holocene: Pacific (Sidebottom, 1912). 

Fissurina auriculata (Brady) 

PI. 6, Figs. 2-3 


Lagena auriculata BRADY, 1881, p. 61. - BRADY, 1884 (part), p. 
487, pI. 60, fig. 29 (not 31, 33). 

Fissurina auriculata (Brady).-BARKER, 1960, p. 126, pI. 60, fig. 
29. 

Fissurina auriculata auriculata (Brady).-BOLTOVSKOY and DE 
KAHN, 1982, p. 423, pI. I, figs. 23-26. 

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

Distribution in 586A. Fissurina auriculata is a very 
rare species with only a few occurrences. 

Recorded Distribution. Fissurina auriculata was de
scribed from the Holocene of the South Pacific. Ho
locene: Atlantic (Boltovskoy and de Kahn, 1982), Pa
cific (Brady, 1881, 1884). Pleistocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982). 

Fissurina cf. F. capillosa Schwager 

PI. 6, Figs. 4-5 


Fissurina capillosa (Schwager).-BOERSMA, 1986, p. 1019, pI. 4, 
figs. 6-7. 

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, cen
tral body has longitudinal striae. Aperture terminal, 
rounded. 

Remarks. These specimens ofFissurina capillosa dif
fer from those figured by Boersma (1986) in having 
ornamentation along the entire margin of the central 
body. The wide keel is very delicate and therefore often 
broken. 

Distribution in 586A. Fissurina cf. F. capillosa is a 
rare species with few occurrences. 

Recorded Distribution. Fissurina capillosa was de
scribed from the Pliocene ofKar Nikobar, offSumatra. 
Pliocene: Pacific (Boersma, 1986), Sumatra (Schwager, 
1866). Miocene: Pacific (Boersma, 1986). 

Fissurina castrensis (Schwager) 

PI. 6, Figs. 6-7 


Lagena castrensis SCHWAGER, 1866, p. 208, pI. 5, fig. 22. 

Description. Test free, unilocular, central body cir
cular, compressed, apertural end produced, three par
allel keels encircle the test, median keel with short 
spines in the basal part. Wall calcareous, hyaline, finely 
perforate, central body ornamented with blunt spines. 
Aperture terminal, round, on a short ornamented neck. 

Distribution in 586A. Fissurina castrensis is a very 
rare species with scattered occurrences. 

Recorded Distribution. Fissurina castrensis was de
scribed from the Pliocene ofKar Nikobar, off Sumatra. 
Pliocene: Sumatra (Schwager, 1866). 

Fissurina clathrata (Brady) 

PI. 6, Figs. 8-9 


Lagena clalhrala BRADY, 1884, p. 484, pI. 60, fig. 4. 

Lagena orbignyana (Seguenza) var. clathrata Brady.-MILLETT, 


1901, p. 628, pI. 14, fig. 23. -CUSHMAN, 1913, p. 44, pI. II, 
fig. 4.-CUSHMAN, 1933c, p. 28, pI. 7, figs. 6, 7? 

Fissurina clathrata (Brady). - PARR, 1950, p. 310. - BARKER, 1960, 
p. 124, pI. 60, fig. 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, 
thickening toward the apertural end and forming a 
bulbous structure. Wall calcareous, hyaline, smooth, 
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finely perforate, central body ornamented with longi
tudinal costae. 

Remarks. Some authors regard Fissurina clathrata 
as a variety of Fissurina orbignyana (Seguenza). 

Distribution in 586A. Fissurina clathrata is a rare 
species with scattered occurrences throughout the se
quence. 

Recorded Distribution. Fissurina clathrata was de
scribed from the Holocene of the central Pacific. Ho
locene: Pacific (Brady, 1884; Cushman, 1913, 1933c). 

Fissurina crebra (Matthes) 
PI. 6, Figs. 11-12 

Lagena acula (Reuss).-BRADY, 1884, p. 474, pI. 59, figs. 6a-b. 
Lagena crebra MATTHES, 1939, p. 72, pI. 5, figs. 66-70. 
Fissurina crebra (Matthes).-BARKER. 1960, p. 122, pI. 59, figs. 

6a-b.-BOLTOVSKOY and DE KAHN, 1982, p. 424, pI. 2, 
figs. 17-20. 

Description. Test free, unilocular, compressed, ovate 
in side view, slightly produced apertural end, periphery 
with a narrow keel, pointed base. Wall calcareous, hya
line, smooth, finely perforate. Aperture terminal, el
liptical, at end of short neck. 

Remarks, Fissurina crebra resembles in many fea
tures Fissurina sp. 2 but has a smooth, unornamented 
neck. 

Distribution in 586A, Fissurina crebra is one of the 
most frequent species of this genus, with relative fre
quencies up to 3,7%. This species occurs throughout 
the studied sequence. 

Recorded Distribution. Fissurina crebra was de
scribed from the Miocene of Germany. Holocene: At
lantic (Brady, 1884; Cole, 1981), Pacific (Brady, 1884), 
Indian Ocean (Corliss, 1979). Pleistocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982), Germany (Matthes, 
1939). 

Fissurina duplicata (Sidebottom) 
PI. 6, Fig. 10 

Lagena auriculata Brady vaT. duplicala SIDEBOTTOM, 1912, p. 
422, pI. 20, figs. 23a-b.-CUSHMAN. 1933c. p. 22-23, pI. 5, 
figs. 3a-b. 

Description. Test free, unilocular, pyriform, central 
body rounded, compressed, the apertura1 end is point
ed and has a hood-like structure, four rounded tubes 
at the base of the test, two on either side of the mid
line. Wall calcareous, hyaline, smooth except for the 
basal part which sometimes has a fine striate orna
mentation, finely perforate. Aperture terminal, round
ed. 

Distribution in 586A. Fissurina duplicata is a rare 
species with scattered occurrences. 

Recorded Distribution. Fissurina duplicata was de
scribed from the Holocene of the southwest Pacific 
Ocean. Holocene: Pacific (Sidebottom, 1912; Cush
man, 1933c). 

Fissurina echigoensis (Asano and Inomata) 

PI. 6, Figs. 13-14 


Entosolenia echigoensis ASANO and INOMATA in ASANO, 1952, 
p. 7, text-figs. 35-36. 

Fissurina echigoensis (Asano and Inomata) vaT. - LEROY, 1964, p. 
32, pI. 13, figs. 9-10. 

Description. Test free, unilocular, roundly triangular 
in front view, compressed, apertural end bluntly point
ed, basal end broad, surrounded by a broad and low 
oval costa. Wall calcareous, hyaline, smooth, finely 
perforate. Aperture terminal, elliptical, with an ento
solen ian tube. 

Distribution in 586A. Fissurina echigoensis is a very 
rare species with scattered occurrences. 

Recorded Distribution. Fissurina echigoensis was de
scribed from the Pliocene of Japan. Pliocene: Japan 
(Asano, 1952). Miocene: Okinawa (LeRoy, 1964). 

Fissurina fimbriata (Brady) 

PI. 6, Figs. 15-16 


Lagenajimbriala BRADY, 1881. p. 6l.-BRADY, 1884, p. 486
487, pI. 60, figs. 26-28.-CUSHMAN, 1913. p. 30, pI. 14, 
fig. 8. 

Lagena (Entosolenia) fimbriata Brady. - WIESNER, 1931, p. 122, 
pI. 19, fig. 232. 

Fissurina/imbriala (Brady). - PARR, 1950. p. 307. - BARKER 1960, 
p. 126, pI. 60, figs. 16-28. 

Fissurina./imbriata (Brady) f. lypica BOLTOVSKOYand DE KAHN, 
1982, p. 425, pI. 3, figs. 13-14. 

Description. Test free, unilocular, pyriform, round
ed, broad at the base, slightly compressed, a thin ver
tical structure, often with a very fine longitudinal stria
tion, encircles the oval base. Aperture terminal, 
rounded. 

Distribution in 586A. Fissurina fimbriata is a rare 
species that occurs in many samples but in low fre
quencies. 

Recorded Distribution. Fissurina fimbriata was de
scribed from the Holocene of the Pacific. Holocene: 
Atlantic (Brady, 1884; Cole, 1981), Pacific (Brady, 
1881, 1884; Cushman, 1913; Ingle and others, 1980), 
Indian Ocean (Corliss, 1979), Antarctic Ocean (Brady, 
1884; Wiesner, 1931; Parr, 1950). Pleistocene: Atlantic 
(Bo1tovskoy and de Kahn, 1982). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982). 
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Fissurina kerguelen ens is Parr 

PI. 6, Figs. 17-18 


Lagena staphyllearia (Schwager).-BRADY, 1884, p. 474, pI. 59, 
figs. 8-1 I.-CUSHMAN, 1913, p. 31, pI. 17, figs. 3a-b (not 
Fissurina staphyllearia Schwager, 1866). 

Fissurina kerguelenensis PARR, 1950, p. 305, pI. 8, figs. 7a-b.
BARKER, 1960, p. 122, pI. 59, figs. 8-11. 

Fissurina staphyllearia staphyllearia (Schwager). - BOL TOVSKOY 
and DE KAHN, 1982. p. 431. pI. 7. figs. 13-14 (not Fissurina 
staphyllearia Schwager. 1866). 

Description. Test free, unilocular, compressed, 
rounded in side view, slightly produced apertural end, 
a keel extends around the test, three to ten spines at 
the basal part of the test. Wall calcareous, hyaline, 
smooth, finely perforate, transparent. Aperture a nar
row slit in the plane of compression. 

Remarks. Most specimens ofFissurina kerguelenen
sis have three symmetrically arranged spines but there 
are others which have more and irregularly arranged 
spines. In this study I have placed all of these forms 
within F. kerguelenensis. 

Distribution in 586A. Fissurina kerguelenensis is a 
rare species with scattered occurrences. 

Recorded Distribution. Fissurina kerguelenensis was 
described from the Holocene off Kerguelen Island, 
South Pacific. Holocene: Atlantic (Brady, 1884; Bol
tovskoy and de Kahn, 1982; Cole, 1981), Pacific (Bra
dy, 1884; Cushman, 1913), Antarctic Ocean (Brady, 
1884; Parr, 1950). Pleistocene: Atlantic (B01tovskoy 
and de Kahn, 1982). Pliocene: Atlantic (Boltovskoy 
and de Kahn, 1982). Miocene: Atlantic (Boltovskoy 
and de Kahn, 1982). 

Fissurina marginata (Montagu) 

PI. 7, Figs. 1-2 


Serpu/a (Lagena) marginata WALKER and BOYS. 1784, p. 2, pI. 
I. fIg. 7 [nomen nudum]. 

Vermieulum marginalum MONTAGU. 1803. p. 524. 
Lagena marginata (Walker and Boys) [sic].-BRADY. 1884 (pan). 

p. 476-477, pI. 59, figs. 21-22 (not 23).-CUSHMAN, 1913. 
p. 37-38, pI. 22. figs. 1-7. 

Fissurina marginata (Walker and Boys) [sicJ.-GALLOWAY and 
HEMfNWAY. 1941. p. 353, pI. II, figs. 4a-b.-FEYLING
HANSSEN, 1964, p. 315. pI. 15, fig. 22. 

El1Iosolenia marginata (Montagu?).-CUSHMAN, 1948, p. 65. pI. 
17, fig. 7. 

Elllosalenia submarginata BOOMGAART, 1949. p. 107, pI. 9, 
fig. 7. 

Fissurina submarginata (Boomgaart). - BARKER, 1960, p. 124, pI. 
59, figs. 21-22.-BOCK. 1971, p. 43-44, pI. 16. figs. 5-6. 

Fissllrina marginata (Montagu).-LOEBLICH and TAPPAN, 1953, 
p. 77, pI. 14. figs. 6-9.-HERMELIN and SCOTT. 1985, p. 
208. pI. 2. fig. 17.-KOHL. 1985. p. 55-56, pI. 15, fig. 5 (not 
Fissurina marginata Seguenza, 1862a). 

Fissurina marginata marginata (Montagu).-BOLTOVSKOY and 
DE KAHN, 1982, p. 427. pI. 5, figs. 1-3. 

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 ofcentral body down 
to basal part of test. Wall calcareous. hyaline smooth 
finely perforate. Aperture terminal, ~n sh~rt neck: 
rounded. 

Remarks. Fissurina marginata has wrongly been ac
credited to Walker and Boys (1784) by many authors. 
Since Walker and Boys (1784) did not follow the con
vention of binominal nomenclature, their specific 
names should be rejected (ICZN, 1959). Montagu de
scribed the specimen figured by Walker and Boys in 
1803. 

Distribution in 586A. Fissurina marginata occurs in 
most samples but in relatively low frequencies. 

Recorded Distribution. Fissurina marginala was de
scribed from the Holocene ofthe North Sea. Holocene: 
Atlantic (Montagu, 1803; Brady, 1884; Cole, 1981: 
Boltovskoy and de Kahn, 1982; Hermelin and Scott, 
1985), Gulf of Mexico (Bock, 197 I), Pacific (Brady, 
1884; Cushman, 1913, 1921, 1933c; Ingle and others, 
1980), Arctic Ocean (Brady, 1884; Cushman, 1948; 
Loeblich and Tappan, 1953), Antarctic Ocean (Brady, 
1884; Parr, 1950). Pleistocene: Atlantic (Boltovskoy 
and de Kahn, 1982), Norway (Feyling-Hanssen, 1964). 
Pliocene: Atlantic (Boltovskoy and de Kahn, 1982), 
Mexico (Kohl, 1985). Miocene: Atlantic (Boltovskoy 
and de Kahn, 1982), Puerto Rico (Galloway and Hem
inway,1941) 

Fissurina palliolata (Earl and) 

PI. 7, Figs. 3-4 


Lagena pallia/ala EARLAND, 1934, p. 158, pI. 7, figs. 5-6. 
Fissurina pallia/ala (Earland).-BOLTOVSKOY and DE KAHN, 

1982, p. 429. pI. 5, figs. 24-26. 

Description. Test free, unilocular, pyriform, central 
body slightly compressed, peripheral keel thickening 
toward the apertural end producing a bulbous struc
ture; basal part of central body ornamented with con
centric ridges. Wall calcareous, hyaline, smooth, finely 
perforate. Aperture terminal, rounded. 

Distribution in 586A. Fissurina palliolala is a very 
rare species with scattered occurrences. 

Recorded Distribution. Fissurina palliolata was de
scribed from the Holocene of Drake Strait, Antarctic 
Ocean. Holocene: Atlantic (Boltovskoy and de Kahn, 
1982), Antarctic Ocean (Earland, 1934). Pleistocene: 
Atlantic (Boltovskoy and de Kahn, 1982). Pliocene: 
Atlantic (Boltovskoy and de Kahn, 1982), Miocene: 
Atlantic (Boltovskoy and de Kahn, 1982). 
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Fissurina revertens (Heron-Allen and Earland) 

PI. 7, Fig. 5 


Lagena rever/ens HERON-ALLEN and EARLAND, 1932, p. 380, 
pI. II, figs. 23-28. 

Fissurina rever/ens (Heron-Allen and Earland).-PARR, 1950, p. 
308. 

Description. Test free, unilocular, pyriform, com
pressed, body rounded, short compressed apertural 
neck, two parallel keels encircle the test except for the 
aperture. Wall calcareous, hyaline, smooth. Aperture 
terminal, rounded. 

Remarks. There are other descriptions of fissurinids 
with a double-keel which might be regarded as junior 
synonyms for F. revertens, for example, Fissurina pla
nata (Matthes) and Fissurina circumfossa (Buchner) 
are both described from Europe from Holocene and 
Miocene sediments respectively. 

Distribution in 586A. Fissurina revertens is a rare 
species with scattered occurrences. 

Recorded Distribution. Fissurina revertens was de
scribed from the Holocene off the Falkland Islands in 
the South Atlantic. Holocene: Atlantic (Heron-Allen 
and Earland, 1932), Antarctic Ocean (Parr, 1950). 

Fissurina selseyensis (Heron-Allen and Earland) 
PI. 7, Fig. 6 

Lagena orbignyana (Seguenza) vaL selseyensis HERON-ALLEN and 
EARLAND. 1909, p. 426. pI. 17, figs. 1-2. 

Description. Test free, unilocular, elongate, central 
body ovate, compressed, several raised edges encircle 
the test with a carinate keel in the middle, apertural 
end slightly produced. Wall calcareous, smooth, finely 
perforate. Aperture, terminal, slightly ovate. 

Distribution in 586A. Fissurina selseyensis is present 
only at 113.0 m. 

Recorded Distribution. Fissurina selseyensis was de
scribed as "fossil" from Sussex, England. 

Fissurina seminiformis (Schwager) 

PI. 7, Fig. 7 


Lagena semill{formis SCHWAGER, 1866, p. 208, pI. 5, figs. 21a
b.-BRADY, 1884, p. 478, pI. 59, figs. 28-30. 

Fissuri na seminiformis (Schwager). - BARKER, 1960, p. 124, pI. 59, 
figs. 28-30.-BOLTOVSKOY and DE KAHN, 1982, p. 431, 
pI. 7, fig. I. 

Description. Test free, unilocular, central body 
rounded, compressed, a wide wing-like keel encircles 
the central body from the apertural end of the long 
neck down to the basal end where it is extended into 
two spine-like structures, separated by a deep basal 

depression. Wall calcareous, hyaline, smooth, finely 
perforate. Aperture terminal, rounded, on a long tu
bular neck. 

Distribution in 586A. Fissurina semimjormis is rep
resented by one specimen at 119.10 m. 

Recorded Distribution. Fissurina seminijormis was 
described from the Pliocene of Kar Nikobar, off Su
matra. Holocene: Atlantic (Boltovskoy and de Kahn, 
1982), Pacific (Brady, 1884). Pleistocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982), Sumatra (Schwager, 
1866). Miocene: Atlantic (Boltovskoy and de Kahn, 
1982). 

Fissurina separans Sidebottom 

PI. 7, Figs. 8-9 


Lagena alveola/a Brady vaL separans SIDEBOTTOM, 1912, p. 425, 
pI. 21, figs. 5a-b. 

Fissurina separans (Sidebottom).-BOLTOVSKOY and DE KAHN, 
1982, p. 430, pI. 6, figs. 28-29. 

Description. Test free, unilocular, almost circular in 
outline, compressed, four separate narrow tubular wings 
at the base, two on either side. Wall calcareous, hyaline, 
smooth, finely perforate, Aperture terminal, rounded. 

Distribution in 586A. Fissurina separans is a very 
rare speeies with few occurrences. 

Recorded Distribution. Fissurina separans was de
scribed from the Holocene of the southwestern South 
Pacific. Holocene: Atlantic (Boltovskoy and de Kahn, 
1982), Pacific (Sidebottom, 1912). Pleistocene: Atlan
tic (Boltovskoy and de Kahn, 1982). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Miocene: Atlantic 
(Boltovskoy and de K.ahn, 1982). 

Fissurina wiesneri Barker 

PI. 7, Fig. 10 


Lagena marginata (Walker and Boys).-BRADY, 1884 (part), p. 
476-478, pI. 59, fig. 23 (not 21-22)(not Serpula (Lagena) mar
ginala Walker and Boys, 1784). 

Lagena (Emosolenia) marginala (Montagu) var. carinata WIES
NER, 1931, p. 121. 

Fissurina wiesneri BARKER, 1960, p. 124, pI. 59, fig. 23. 

Description. Test free, unilocular, central body round, 
compressed, a very wide keel encircles the test. Wall 
calcareous, hyaline, smooth, finely perforate. Aperture 
terminal, rounded, on a neck as long as the keel is 
wide. 

Remarks. Fissurina wiesneri is characterized by its 
very wide keel, almost as wide as the diameter of the 
central body. 

Distribution in 586A. Fissurina wiesneri is a species 
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bbb 
FIGURE 15. Drawings of Fissurina sp. 1-15; a , represents the side view and b, represents the edge view. The drawings are compilations of 

several specimens and are not, therefore, drawn to scale. Figure 15.1 = Fissurina sp. I , 15.2 = Fissurina sp. 2, etc. 
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with scattered occurrences throughout the studied se
quence. 

Recorded Distribution. Fissurina wiesneri was de
scribed from the Holocene of the South Pacific. Ho
locene: Pacific (Brady, 1884). 

Fissurina sp. 1 

PI. 7, Fig. II; Fig. IS. la-b 


Description. Test free, unilocular, pyriform, com
pressed, may have a pointed base. Wall calcareous, 
hyaline. smooth, finely perforate. Aperture terminal, 
rounded, on a short neck. 

Dis(ribution in 586A. Fissurina sp. 1 is a rare species 
and occurs throughout the sequence. 

Fissurina sp. 2 

PI. 7, Fig. 12; Fig. 15. 2a-b 


Description. Test free, unilocular, compressed, ovate 
in side view, slightly produced apertural end, may have 
a narrow peripheral keel, small spine at basal end. Wall 
calcareous, hyaline, smooth, finely perforate. Aperture 
terminal, rounded, on a short neck, apertural neck has 
two costae on each side extending down to the upper 
part of the central body. 

Remarks. Fissllrina sp. 2 is a very similar to F. crebra 
except for the costae at the apertural neck. 

Distribution in 586A. Fissurina sp. 2 is a rare species 
that occurs in the uppermost part of the studied se
quence and below 107.00 m. 

Fissurina sp. 3 

PI. 7, Fig. 13; Fig. 15. 3a-b 


Description. Test free, unilocular, pyriform, rounded 
in side view, compressed in edge view, test encircled 
by a narrow keel that widens at the apertural end pro
ducing a hood-like structure, keel jagged in the basal 
portion of thc test. Wall calcareous, hyaline, smooth 
except for the basal part of the central body which has 
a coarser texture, finely perforate. Aperture terminal, 
rounded. 

Distribution in 586A. Fissurina sp. 3 is rare and oc
curs only in the upper part of the scquence. 

Fissurina sp. 4 

PI. 7, Fig. 14; Fig. 15. 4a-b 


Description. Test free, unilocular, pyriform, slightly 
compressed, with a narrow groove along the lower part 
of the periphery. Wall calcareous, hyaline, smooth, 
finely perforate. Aperture terminal, ovate. 

Distribution in 586A. Fissurina sp. 4 is represented 
by a single specimen found at 60.50 m. 

Fissurina sp. 5 

PI. 7, Figs. 15-16; Fig. IS. 5a-b 


Description. Test free, unilocular, pyriform, slightly 
depressed, two deep and wide grooves run along the 
basal portion ofthe test. Wall calcareous, hyaline, fine
ly perforate except for the basal part which has a fine 
reticulate pattern. Aperture terminal, round. 

Distribution in 586A. Fissurina sp. 5 is represented 
by a single specimen at 109.00 m. 

Fissurina sp. 6 

PI. 8, Figs. 1-2; Fig. IS. 6a-b 


'! Lagena quadricostulata Reuss.-BRADY, 1884 (part), p. 486, pI. 
59, fig, 7 (not IS) (not Lagena quadricostulata Reuss, 1870). 

? Fissurina annectens {Burrows and Holland).-BARKER, 1960 
(part), p. 122, pi. 59, fig. 7 (not IS) (not Lagena annectens 
Burrows and Holland, in Jones, 1895). 

Description. Test free, unilocular, ovate in side view, 
compressed, widest at middle of test, narrow keel on 
the lower half of the test, depressions at both sides of 
the keel produce four furrows extending from the short 
basal spine halfway to the aperture. Wall calcareous, 
smooth, finely perforate. Aperture terminal, rounded. 

Remarks. These specimens are very close to the fig
ure given by Brady (1884). 

Distribution in 586A. Fissurina sp. 6 is a rare species 
with scattered occurrences. 

Recorded Distribution. Brady (1884) recorded this 
species from the Holocene of the South Atlantic, Ho
locene: Atlantic (Brady, 1884). 

Fissurina sp. 7 

PI. 8, Fig. 5; Fig. 15. 7a-b 


Description. Test free, unilocular, elongate, slightly 
compressed, two very short tubes on each side of the 
base which is slightly pointed. Wall calcareous, hya
line, smooth, finely perforate. Aperture terminal, 
rounded, with an entosolenian tube. 

Distribution in 586A. Fissurina sp. 7 is a rare species 
with scattered occurrences. 

Fissurina sp. 8 

PI. 8, Figs. 3-4; Fig. IS. 8a-b 


Description. Test free, unilocular, pyriform, very 
compressed, almost concave sides, a double keel en
circles the test. Wall calcareous, hyaline, smooth, finely 
perforate. Aperture terminal, round. 

Distribution in 586A. Fissurina sp. 8 is represented 
by scattered occurrences. 
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Fissurina sp. 9 

PI. 8, Figs. 6-7; Fig. 15. 9a-b 


Description. Test free, unilocular, pyriform, lensoi
dal in side view, a tubular vertical structure encircles 
the base of the test. Wall calcareous, hyaline, smooth, 
finely perforate. Aperture terminal, rounded. 

Remarks. Fissurina sp. 9 is similar to F. fimbriata 
but the test is more elongate and the vertical structure 
is more compressed. 

Distribution in 586A. Fissurina sp. 9 is a rare species 
with scattered occurrences. 

Fissurina sp. 10 

PI. 8, Figs. 8-9; Fig 15. lOa-b 


Description. Test free, unilocular, elongate, com
pressed, tapering towards the apertural end, truncated 
at the basal end, basal part with a tubular structure 
producing a basal depression at either side of the me
dian keel, median keel with jagged margin. Wall cal
careous, hyaline, smooth, finely perforate. Aperture 
terminal, rounded. 

Remarks. Fissurina sp. 10 differs from Fissurina al
veolata plebia (Cushman) in being more elongate and 
having a wider keel and wider vertical tubular struc
ture. 

Distribution in 586A. Fissurina sp. lOis a rare species 
with scattered occurrences. 

Fissurina sp. II 

PI. 8, Fig. 10; Fig. 15. II a-b 


Description. Test free, unilocular, pyriform, com
pressed, basal end broad and encircled by a number 
of equally spaced spines. Wall calcareous, hyaline, 
smooth, fmely perforate. Aperture terminal, rounded. 

Remarks. Fissurina sp. II differs from F. fimbriata 
in having jagged basal spines. 

Distribution in 586A. Fissurina sp. 11 is a rare species 
with scattered occurrences. 

Fissurina sp. 12 

PI. 8, Figs. 11-12; Fig. 15. 12a-b 


Description. Test free, unilocular, elongate, broadest 
at the base, compressed, a vertical structure encircles 
the oval base, this basal structure consists of longitu
dinal tubes equally arranged. Wall calcareous, hyaline, 
smooth, finely perforate. Aperture terminal, rounded. 

Remarks. Fissurina sp. 12 differs from F. fimbriata 
in having a vertical "wing" consisting of narrow tubes 
rather than a thin calcitic carina. 

Distribution in 586A. Fissurina sp. 12 is a rare species 
with scattered occurrences. 

Fissurina sp. 13 

PI. 8, Fig. 13; Fig. 15. 13a-b 


Description. Test free, unilocular, large, slightly ovate, 
compressed, a broad rim with a keel encircles the test. 
Wall calcareous, hyaline, smooth, finely perforate, pe
ripheral keel with a fine radiate striation. Aperture ter
minal, rounded. 

Distribution in 586A. Fissurina sp. 13 is a rare species 
with scattered occurrences. 

Fissurina sp. 14 

PI. 8, Figs. 14-15; Fig. 15. 14a-b 


Description. Test free, unilocular, pyriform, globular 
central body, apertural end produced, three almost par
allel keels encircle the test. Wall calcareous, hyaline, 
smooth, finely perforate, a fine striation may be present 
at the apertural end. Aperture terminal, rounded. 

Distribution in 586A. Fissurina sp. 14 is a species 
with low relative abundance and scattered occurrences. 

Fissurina sp. IS 

PI. 8, Fig. 16; Fig. 15. 15a-b 


Lagena orbignyana (Seguenza) var.-BRADY, 1884. p. 484-485, 
pI. 59, fig. 20. 

Fissuri na orbignyana Seguenza vaL - BARKER, 1960 (part), p. 124, 
pI. 59, fig. 20 (not 18). 

Description. Test free, unilocular, round, com
pressed, wide rim encircles the test, ornamented with 
a striate "wing" on each side of the mid-line. Wall 
calcareous, hyaline, smooth, perforate. Aperture ter
minal, rounded. 

Distribution in 586A. Fissurina sp. 15 occurs above 
81.70 m with low relative frequencies. 

Fissurina sp. 16 

PI. 8, Figs. 17-18; Fig. 16. 16a-b 


Description. Test free, unilocular, circular, com
pressed, a triple-keel encircles the test. Wall calcareous, 
hyaline, smooth, finely perforate. Aperture terminal 
on a short neck with several collars, rounded. 

Distribution in 586A. Fissurina sp. 16 is a rare species 
with scattered occurrences. 

Fissurina sp. 17 

PI. 9, Figs. 1-2; Fig. 16. 17a-b 


Description. Test free, unilocular, pyriform, com
pressed, round central body, wide peripheral keel en
circles the test, keel jagged in the basal portion, thick
ening towards the apertural end forming a bulbous 
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16a 17a b 

19a b b 

'" ' b 24a b 

2Sa 26a 
FIGURE 16, Drawings of FissurinG sp, 16-26; a , represents the side view and b, representS the edge v iew, The drawings are compilations 

of several specimens and are not, therefore , drawn to scale, Figure 16,1 6 = Fissurina sp, 16 , 16.17 = Fissurina sp, 17 , etc. 

structure, one secondary keel on each side also encircles 
the test. Wall calcareous, hyaline, smooth, finely per
forate , lower part of central body with irregular costae 
and very fine spines which also occur between the me
dian keel and the secondary keels. Aperture terminal, 
rounded. 

Distribution in 586A. Fissurina sp. 17 is a rare species 
with scattered occurrences. 

Fissurina sp, 18 
PI. 9, Figs, 3-4; Fig, 16. 18a-b 

Description. Test free , unilocular, pyriform, com
pressed , four narrow grooves at the basal part, two on 

each side of the median line. Wall calcareous, hyaline, 
finely perforate, central body ornamented with fine 
longitudinal costae. Aperture terminal, rounded. 

Dist ribwion in 586A. Fissuri na sp. 18 is a rare species 
wi th sca ttered occurrences. 

Fissurina sp, 19 

PI. 9, Fig. 5; Fig 16. 19a-b 


Description, Test free, unilocular, elongate, slightly 
depressed, a keel encircles the test Wall calcareous, 
hyaline, finely perforate, central body ornamented with 
longitudinal costae, of which two on each side extend 
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along the apertural neck. Aperture terminal, round, on 
a long neck. 

Distribution in 586A. Fissurina sp. 19 is represented 
by a single specimen at 115.00 m. 

Fissurina sp. 20 

PI. 9, Fig. 6; Fig. 16. 20a-b 


Description. Test free, unilocular, pyriform, slightly 
compressed, with a narrow keel in the lower half of 
the test, lower quarter with fine striae. Wall calcareous, 
hyaline, smooth, finely perforate. Aperture terminal, 
rounded, on a slightly produced neck. 

Distribution in 586A. Fissurina sp. 20 is a rare species 
with scattered occurrences. 

Fissurina sp. 21 

PI. 9, Fig. 7; Fig. 16. 2la-b 


Description. Test free, unilocular, central body glob
ular, a wide keel encircles the test, apertural end point
ed, four very narrow tubes at the base of the test, two 
on either side of the keel. Wall calcareous, hyaline, 
finely perforate, central body ornamented with fine 
longitudinal costae. Aperture terminal, on a very long 
tubular neck. 

Distribution in 586A. Fissurina sp. 21 is represented 
by one specimen at 87.80 m. 

Fissurina sp. 22 

PI. 9, Figs. 8-9; Fig. 16. 22a-b 


Description. Test free, unilocular, compressed, elon
gate, base rounded, central body ovate, seven keels 
encircle the test, the median one broadens above the 
midpoint and produces a bulbous structure at the aper
tural end. Wall calcareous, hyaline, smooth, finely per
forate. Aperture terminal, rounded, on a short neck. 

Distribution in 586A. Fissurina sp. 22 is a rare species 
with scattered occurrences. 

Fissurina sp. 23 

PI. 9, Fig. 10; Fig. 16. 23a-b 


Description. Test free, unilocular, pyriform, slightly 
compressed, three wide parallel keels encircle the test, 
the median one widens to a hood-like structure at the 
apertural end, at the base it is developed into a double
keel, the secondary keels have discontinuities in the 
basal part. Wall calcareous, hyaline, smooth, finely per
forate. Aperture terminal, rounded, on a slightly pro
duced neck, with an entosolenian tube extending along 
the side to about halfway down the test. 

Distribution in 586A. Fissurina sp. 23 is represented 
by one single specimen at 58.50 m. 

Fissurina sp. 24 

PI. 9, Figs. 11-12; Fig. 16. 24a-b 


Lagena formosa Schwager. - BRADY. 1884 (part), p. 480, pI. 60. 
figs. 18-19 (not 8. 10. 17, 20) (not Lagena formosa Schwager, 
1866). 

Fissurina sp. BARKER, 1960. p. 126, pI. 60, figs. 18-19. 

Description. Test free, unilocular, pyriform, com
pressed, ovate central body, very wide peripheral keel. 
Wall calcareous, finely perforate, inner part of keel 
ornamented with a reticulate pattern, central body 
smooth. Aperture terminal, rounded, on a long neck. 

Remarks. Fissurina sp. 24 differs from F. comata in 
having a smooth rather than striate central body. 

Distribution in 586A. Fissurina sp. 24 is a very rare 
species with few occurrences. 

Fissurina sp. 25 

PI. 9, Figs. 13-14; Fig. 16. 25a-b 


Description. Test free, unilocular, central body slightly 
pyriform, compressed. wide keel encircles the test ex
cept for the very basal part where the keel transforms 
into narrow tubular processes, keel widens at the aper
tural end. Wall calcareous, hyaline, smooth, finely per
forate. Aperture terminal, rounded, on a neck as long 
as the keel is wide, with an entosolenian tube along 
the side of the central body. 

Distribution in 586A. Fissurina sp. 25 is rare and has 
scattered occurrences. 

Fissurina sp. 26 

PI. 9, Figs. 15-16; Fig. 16. 26a-b 


Description. Test free, unilocular, pyriform, com
pressed, round central body, wide peripheral keel en
circles the test, keel thin and often broken at base, 
thickening towards the apertural end forming a bul
bous structure, two lens-shaped tubular processes on 
each side at the base of the test, one secondary keel on 
each side also encircles the test. Wall calcareous, hya
line, smooth, finely perforate. Aperture terminal, 
rounded. 

Remarks. F;ssurina sp. 26 shows similarities with 
the species Fissurina walleriana (Wright) figured by 
Boltovskoy and de Kahn (1982), although their spec
imens display fewer costae in the plane ofcompression. 

Distribution in 586A. F;ssurina sp. 26 is one of the 
most common fissurinids and it occurs throughout the 
studied sequence. 

Genus GLOBOFISSURELI"A Patterson, 1986 

The genus Globo/lssurella was established by Pat
terson (1986) and differs from Fissurina Reuss in hav
ing a costate test. 
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Globofissurella quadricarinata (Sidebottom) 

PI. 9, Fig. 18 


Lagena staphy/learia (Schwager) var. quadriearinata SIDEBOT· 
TOM, 1912, p. 404, pI. 21, fig. 16. 

Fissurina staphyllearia quadriearinala (Sidebottom).- BOLTOV
SKOY and DE KAHN, 1982, p. 431, pI. 7, fig. 15. 

Description. Test free, unilocular, globular, slightly 
compressed, costate with four "wings" oblique to each 
other, the "wings" widen towards the basal part. Wall 
calcareous, hyaline, smooth, finely perforate. Aperture 
terminal, rounded. 

Distribution in 586A. Globofissurella quadricarinata 
is represented by one specimen at 73.60 m. 

Recorded Distribution. Globofissurella quadricari
nata was described from the Holocene of the Pacific. 
Holocene: Atlantic (Boltovskoy and de Kahn, 1982), 
Pacific (Sidebottom, 1912). Pleistocene: Atlantic (Bol
tovskoy and de Kahn, 1982). Pliocene: Atlantic (Bol
tovskoy and de Kahn, 1982). 

Globofissurella sp. 1 

PI. 9, Fig. 17 


Lagena multicostata (Karrer).-BRADY, 1884, p. 466, pI. 61, figs. 
4a-b (not Fissurina multicostata Karrer, 1877). 

Oolina mullieos/ata (Karrer).-BARKER, 1960, p. 127, pI. 61, figs. 
4a-b. 

Description. Test free, unilocular, slightly com
pressed in cross-section, circular in side-view, with a 
slightly produced apertural neck. Wall calcareous, hya
line, ornamented with delicate costae, originating in 
an apical ring, one keel-like costa extends all the way 
around the periphery to the aperture, one pair of di
chotomically branching costae run about half the dis
tance to the aperture on each side. Aperture terminal, 
round. in an ovate depression. 

Remarks. Brady (1884) synonymized Fissurina bouei 
Karrer and Fissurina multicostata Karrer with the 
specimens that he found in the South Atlantic. It is 
doubtful whether the specimen figured by Brady is 
conspecific with the two species described by Karrer 
(1877) even though he noted (Brady, 1884, p. 466) that 
"In one ofthe shells the costae are numerous and some 
of them bifurcated; in the other they are fewer in num
ber and are all in the normal unbranched condition." 
My specimens agree well with Brady's figure and ex
hibit the same distinct branching ornamentation. 

Distribution in 586A. Globofissurella sp. 1 is repre
sented by a single specimen at 41.30 m. 

Recorded distribution. Brady (1884) found his spec
imens in the Holocene ofthe South Atlantic. Holocene: 
Atlantic (Brady, 1884). 

WESTERN PACIFIC PLIOCENE BENTHIC FORAMINIFERA 

Genus OOLINA d'Orbigny, 1839b 

In this study the classification proposed by Parr 
(1947) is used, in which the genus OoUna is charac
terized by an entosolenian tube and a circular cross
section. It mayor may not have an apertural neck. 

Oolina alifera (Reuss) 

PI. 10, Fig. I 


Lagena alifera REUSS, 1870, p. 467, text-figs. 15-16,21-22. 
Oolinacf. alifera (Reuss).-KOHL, 1985, p. 57, pI. 16, fig. 2. 

Description. Test free, unilocular, circular in cross
section. Wall calcareous, hyaline, ornamented with five 
to six prominent longitudinal costae, originating at a 
ring at the base and merging into a collar, one or two 
intervening costae also originating at the basal ring but 
terminating below the collar. Aperture terminal, round, 
on a short neck that projects from the collar, with a 
short entosolenian tube projecting into the chamber. 

Remarks. Some of the specimens from this study 
differ from the original description ofOoUna alifera in 
having more costae, twelve to fifteen rather than eight 
to nine. They resemble the form O. cf. alifera described 
by Kohl (1985), although the intervening costae are 
connected to the basal ring rather than terminating 
before reaching the ring. 

Distribution in 586A. Oolina alifera is a rare species 
with scattered occurrences. 

Recorded Distribution. OoUna alifera was described 
from the middle Oligocene of Germany. Pliocene: 
Mexico (Kohl, 1985). 

Oolina desmophora (Jones) 

PI. 10, Figs. 2-3 


Lagena vulgaris Williamson vaT. desmophora JONES, 1874, p. 54, 
pI. 19, figs. 23-24. 

Lagena desmophora Jones.- BRADY, 1884, p. 468-469, pI. 58, figs. 
42-43.-CUSHMAN, 1921, p. 27. pI. 12, figs. 5a-b, pI. 13, figs. 
3a-b.-BOLTOVSKOYand DE K..AHN, 1982. p. 434, pI. 9, 
figs. 1-3. 

Oalina desmophora (Jones).-BARKER, 1960, p. 120, pI. 58, figs. 
42-43. 

Description. Test free, unilocular, pyriform, circular 
in cross-section. Wall calcareous, hyaline, ornamented 
with five to seven longitudinal costae with depressions 
at regular intervals in the lower one-half of the test, in 
between is a secondary costa which often branches into 
two. Aperture terminal, round, on a long neck, with 
an entosolenian tube. 

Remarks. These specimens, as well as the ones fig
ured by Brady (1884), differ from the original figures 
of Oolina desmophora given by Jones (1874) in having 
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the depressions in the costae restricted to the lower 
one-half or two-thirds of the test rather than passing 
from the base to the neck. They also differ from the 
original description of O. desmophora in lacking the 
transverse crossbars between the costae. 

Distribution in 586A. Oolina desmophora is a rare 
species with few occurrences. 

Recorded Distribution. Oolina desmophora was de
scribed from the Holocene of the Java Sea. Holocene: 
Atlantic (Brady, 1884; BoItovskoy and de Kahn, 1982), 
Pacific (Jones, 1874; Brady, 1884; Cushman 1921). 
Pleistocene: Atlantic (BoItovskoy and de Kahn, 1982). 
Pliocene: Atlantic (Boltovskoy and de Kahn, 1982). 
Miocene: Atlantic (Boltovskoy and de Kahn, 1982). 

Oolina globosa (Montagu) 

PI. 10, Fig. 4 


Serpula (Lagena) laeris globosa WALKER and BOYS, 1784, p. 3, 
pI. I, fig. 8. 

Vermiculum globosum MONTAGU. 1803. p. 523. 
Lagenaglobosa (Montagu).-CUSHMAN, 1913, p. 3, pI. 4, figs. 2a

b.-CUSHMAN. 1923, p. 20, pI. 4, figs. 1-2. 
Oolina globosa (Montagu). - PARR, 1950, p. 302. - BARKER, 1960. 

p. 114, pI. 56, figs. 1-3,-COLE, 1981, p. 75-76, pI. 19, fig. 8. 
Oolina globosa CV1ontagu) f. Iypica BOL TOVSKOY and DE KAHN, 

1982. p. 442, pI. 12, figs. 16-18. 

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

Rernarks. The name given by Walker and Boys (1784) 
is regarded as nomen nudem. 

Distribution in 586A. OoUna globosa is represented 
by scattered occurrences throughout the studied se
quence. 

Recorded Distribution. OoUna globosa was described 
from the Holocene ofSandwich in Kent, England. Ho
locene: Atlantic (Cushman, 1923; Cole, 1981; BoItov
skoy and de Kahn, 1982), England (Montagu, 1803), 
Pacifie (Brady, 1884; Cushman, 1913, 1921; Ingle and 
others, 1980), Antarctic Ocean (Parr, 1950). Pleisto
cene: Atlantic (Boltovskoy and de Kahn, 1982), Pacific 
(Keller, 1980). Pliocene: Atlantic (Boltovskoy and de 
Kahn, 1982), Pacific (Keller, 1980). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982), Pacific (Keller, 1980). 

Oolina hexagona (Williamson) 

PI. 10, Fig. 5 


Enlosolenia squamosa (Montagu) var. hexagona WILLIAMSON, 
1848, p. 20, pI. 2, fig. 23. 

Lagena hexagona (Williamson). - BRADY. 1884, p. 472, pI. 58, figs. 
32-33. -CUSHMAN. 1913, p, 17, pI. 6, figs. 2-3. 

Oolina hexagona (Williamson).-PARR, 1950, p. 304.-LOE
BUCH and TAPPAN, 1953, p. 69, pI. 14, figs. 1-3.-BARKER, 
1960, p. 120. pI. 58, figs. 32-33.-AKERS and DORMAN, 
1964, p. 46, pI. 6, fig. 8.-HERMELIN and SCOTT, 1985, p. 
214. pI. 2, fig. 10. 

Description. Test free, unilocular, subglobular, cir
cular in cross-section. Wall calcareous, hyaline, orna
mented with a reticulate pattern of raised hexagonal 
cells arranged in a honeycomb pattern. Aperture ter
minal, rounded, on a short neck, with a narrow internal 
tube. 

Distribution in 586A. OoUna hexagona is a rare 
species with few occurrences. 

Recorded Distribution. Oolina hexagona was origi
nally described from the Holocene ofthe eastern North 
Atlantic. Holocene: Atlantic (Cole, 1981; Hermelin and 
Scott, 1985), Pacific (Brady, 1884; Cushman, 1913; 
Ingle and others, 1980), Antarctic Ocean (Parr, 1950), 
Arctic Ocean (Loeblich and Tappan, 1953). Pleisto
cene: Gulf of Mexico (Akers and Dorman, 1964), Pa
cific (Keller, 1980). 

Oolina melo d'Orbigny 

Dolin a melo D'ORBIGNY. 1839b, p. 20, pI. 5, fig. 9.-LOEBUCH 
and TAPPAN. 1953. p. 7 L pI. 12, figs. 8-15.-BARKER, 1960, 
p. 120, pI. 58, figs. 28-3 I.-SCHNITKER, 1971, p. 206, pI. 4, 
fig.13.-HERMELINandSCOTT.1985,p.214,pI.2,fig.IL 

Entosolenia squamosa (Montagu) var. scalariformis WILLIAM
SON, 1858, p. 13, pI. I, fig. 30. 

Lagena squamosa (Montagu).-BRADY, 1884, p. 471, pI. 58, figs. 
28-3 I.-CUSHMAN. 1913. p. 16. pI. 6, figs. la-b (not Ver
miculum squamosum Montagu, 1803). 

Lagena calenulata (Williamson).-CUSHMAN. 1913, p. 18. pI. 7, 
figs. 1-2 (not Entosolenia squamosa Montagu var. catenulala 
Williamson, 1858). 

Lagena hexagona 	(Williamson) var. scalariJormis (Williamson). 
CUSHMAN, 1913, p. 17, pI. 6, Jig. 4. 

Lagena melo (d'Orbigny).-HERON-ALLEN and EARLAND, 1932, 
p. 370, pI. 10, figs. 25-27. 

Description. Test free, unilocular, oval in side view, 
circular in cross-section. Wall calcareous, hyaline, or
namented with longitudinal costae running from the 
base to the apertural end, in between and perpendicular 
to these costae are raised ridges which give the test a 
reticulate pattern of rectangular cells arranged in ver
tical rows. Aperture terminal, rounded, at end of a 
short neck, with a short internal tube. 

Distribution in 586A. OoUna melo is a very rare 
species with few occurrences. 

Recorded Distribution. OoUna melo was described 
from the Holocene off the Falkland Islands, South At
lantic. Holocene: Atlantic (Williamson, 1858; Schnit
ker, 1971; Cole, 1981; Hermelin and Scott, 1985), Pa
cific (d'Orbigny, 1839b; Brady, 1884; Cushman, 1913, 
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1921), Antarctic Ocean (Heron-Allen and Earland, 
1932; Parr, 1950), Arctic Ocean (Loeblich and Tappan, 
1953). Pleistocene: Pacific (McDougall, 1985). 

Oolina setosa (Earland) 

PI. 10, Fig. 6 


Lagena longispina BRADY, 1881, p. 61.-BRADY, 1884 (part), p. 
454, pI. 56, figs. 33-35 (not pI. 56, fig. 36 or pI. 59, figs. 13
14). 

Lagena globosa (Montagu) var. setosa EA.RLAND, 1934, p. 150, pI. 
6, fig. 52. 

OoUna globosa (Montagu) var. selosa (Eariand). - BARKER, 1960, 
p. 116, pI. 56, figs. 33-35.-BOLTOVSKOY and DE KAHN, 
1982, p. 442, pI. 12, fig. 19. 

~o/ina globosa (Montagu) var. setesa [sic] (Earland). - LEROY, 1964, 
p. 26, pI. 13, fig. 44. 

Oolina setosa (Earland).-KOHL, 1985, p. 58, pl. 16, fig. 6. 

Description. Test free, unilocular, circular to ovate 
in side view, circular in cross-section, Wall calcareous, 
hyaline, smooth, the basal part of the test is covered 
by irregularly arranged short spines. Aperture terminal, 
slightly elliptical, with a short entosolenian tube that 
extends into the chamber. 

Distribution in 586A. Oolina setosa is a very rare 
species with scattered occurrences. 

Recorded Distribution. Oolina setosa was described 
from the Holocene of the Antarctic Ocean. Holocene: 
Atlantic (Brady, 1884; Boltovskoy and de Kahn, 1982), 
Pacific (Brady, 1884), Antarctic Ocean (Earl and, 1934; 
Brady, 1884). Pleistocene: Atlantic (Boltovskoy and de 
Kahn, 1982). Pliocene: Atlantic (Boltovskoy and de 
Kahn, 1982), Mexico (Kohl, 1985). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982), Okinawa (LeRoy, 
1964). 

Genus PARAFISSURlNA Parr, 1947 


Parafissurina cf. P. arctica Green 

PI. 10, Fig. 7 


Parafissurina arctiea GREEN, 1959, p. 76, 78, pI. I, figs. 2a-b.
COLE, 1981, p. 85, pI. 19, fig. 34. 

Description. Test free, unilocular, rounded in side 
view, slightly compressed. Wall calcareous, hyaline, 
smooth, finely perforate, ornamented with spines along 
the plane of compression. Aperture hooded, with an 
entosolenian tube extending down to the bottom ofthe 
test, following the dorsal wall. 

Remarks. This specimen differs from Parafissurina 
arctica as described by Green (1959) by its lack of a 
peripheral keel and in that the entosolenian tube ends 
at the bottom of the test rather than extending up on 
the opposite wall. 

Distribution in 586A. Parafissurina cf. P. arctica is 
represented by a single specimen at 59.50 m. 

Recorded Distribution. Parallssurina arctica was de
scribed from the Holocene of the Arctic Ocean. Ho
locene: Atlantic (Cole, 1981), Arctic Ocean (Green, 
1959). 

Parafissurina sublata Parr 

PI. 10, Fig. 8 


Para/issurina sublala PARR, 1950, p. 319, pI. 10, figs. Ila-c. 
BOLTOVSKOY and DE KAHN, 1982, p. 446, pI. IS, fig. 5. 

Description. Test free, unilocular, rounded, com
pressed in cross-section, with a narrow peripheral keel. 
Wall calcareous, hyaline, smooth. Aperture hooded, 
with an entosolenian tube which extends to the base 
of the test along the center of the rear wall. 

Distribution in 586A. Parafissurina sublata is a rare 
species with few occurrences. 

Recorded Distribution. Parafissurina sub/ata was de
scribed from the Holocene of the Tasman Sea. Holo
cene: Atlantic (Boltovskoy and de Kahn, 1982), Pacific 
(Parr, 1950). 

Parafissurina tectulostoma Loeblich and Tappan 
PI. 10, Fig. 9 

Parafissurina [eetulostoma LOEBLICH and TAPPAN, 1953, p. 81, 
p1. 14, figs. 17a-{:.-COLE, 1981, p. 85, pI. 19, fig. 36.-BOL
TOVSKOY and DE KAHN, 1982, p. 446, pI. 15, figs. 8-9. 

Description. Test free, unilocular, elongate, round in 
cross-section, slightly pointed base, widest below the 
middle of the test. Wall calcareous, hyaline, smooth, 
Aperture hooded, with an entosolenian tube extending 
down the rear wall to about one-half the length of the 
test. 

Ecology. Cole (1981) found Parafissurina tectulo
stoma in the middle and lower bathyal zones off New
foundland where it was the most common species of 
Parafissuri na. 

Distribution in 586A. Parafissurina tectulostoma is 
a rare species with occurrences below 61 m. 

Recorded Distribution. Parafissurina tectulostoma 
was described from the Holocene off Baffin Island, 
Arctic Ocean. Holocene: Atlantic (Cole, 1981), Arctic 
Ocean (Loeblich and Tappan, 1953). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982). 

Parafissurina tricarinata Parr 

PI. 10, Fig. 10 


Para/issurina tricarinata PARR, 1950, p. 319, 320, pI. 10, figs. 16
18. 
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Description. Test free, unilocular, pyriform, com
pressed, central body encircled by a keel. Wall calcar
eous, smooth, finely perforate, two additional keels on 
the lower half of the test, one on either side. Aperture 
terminal, slit-like, slightly curved to one side and with 
a raised lip on either edge, lip on one side slightly higher 
than the other, with short entosolenian tube. 

Distribution in 586A. Parafissurina tricarinata is rep
resented by one single specimen at 101.90 m. 

Recorded Distribution. Parafissurina tricarinata was 
described from the Holocene of the Tasman Sea. Ho
locene: Pacific (Parr, 1950). 

Parafissurina uncifera (Buchner) 

PI. 10, Figs. 12-13 


Lagena unci{era BUCHNER, 1940, p. 531, pI. 26, figs. 554-555. 
Parafissurina unc(fera (Buchner).-BOLTOVSKOY and DE KAHN, 

1982, p. 446, pI. 15, figs. 10-11. 

Description. Test free, unilocular, globular. Wall cal
careous, hyaline, smooth, thick. Aperture rounded, with 
a raised rim which is higher on one side, with a short 
free entosolenian tube, attached to the rear wall only 
at the very end. 

Distribution in 586A. Parafissurina uncifera is a rare 
species with few occurrences. 

Recorded Distribution. Parafissurina uncifera was 
described from the Holocene of the Mediterranean. 
Holocene: Atlantic (Boltovskoy and de Kahn, 1982), 
Mediterranean (Buchner, 1940). Pleistocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Pliocene: Atlantic 
(Boltovskoy and de Kahn, 1982). Miocene: Atlantic 
(Boltovskoy and de Kahn, 1982). 

Parafissurina sp. 1 

PI. 10, Fig. 11 


Description. Test free, unilocular, elongate, com
pressed in cross-section, rounded base, widest below 
the middle of the test. 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. tectu
lostoma in being compressed in cross-section rather 
than round, 

Distribution in 586A. Para./issurina sp. I is a rare 
species with few occurrences. 

Parafissurina sp. 2 

PI. 10, Fig. 14 


Description. Test free, unilocular, pyriform, de
pressed in cross-section. Wall calcareous, hyaline, 

smooth. Aperture hooded, with an entosolenian tube 
that extends down the rear wall to three-quarters or 
more of the length of the test. 

Remarks. Para./issurina sp. 2 differs from P. sp. I in 
being relatively shorter and having a longer en to solen
ian tube. 

Distribution in 586A. Para./issurina sp. 2 is one of 
the most common parafissurinids in the studied se
quence although the relative frequency never exceeds 
2.8%. 

Superfamily BULIMINACEA Jones, 1875 

Family TURRIUNIDAE Cushman, 1927a 


Subfamily TURRILININAE Cushman, 1927a 

Genus BUUMINOIDES Cushman, 1911 


Buliminoides sp. 1 

PI. 10, Fig. 15 


Description. Test free, elongate, early chambers a low 
trochospiral coil, then spire increasing rapidly in height 
with coiling around an open umbilicus, septal walls 
partially resorbed internally so that chambers open 
into umbilical hollow. Sutures indistinct. Wall calcar
eous, ornamented with numerous short spines, except 
for the ultimate part which is smooth. Aperture um
bilical, large. 

Distribution in 586A. Buliminoides sp. I is repre
sented by one single specimen at 63.50 m. 

Family SPHAEROIDINIDAE Cushman, 1927a 
Genus SPHAEROIDINA d'Orbigny, 1826 

Sphaeroidina bulloides d'Orbigny 

PI. 5, Figs. 16-17 


Sphaeroidina bulloides D'ORBIGNY, 1826, p. 267, no. 1, mod. no. 
65.-BRADY, 1884 (part), p. 620, pI. 84, figs. 1-21, 5 (not 3
4, 6-7).-CUSHMAN, 1914, p. 18, pI. 10, fig. 7, pI. 12, figs. 
la-b.-CUSHMAN, 1924a,p. 36, pI. 7,figs.I-6.-CUSHMAN 
and TODD, 1945, p. 65, pI. II, fig. 9.-PHLEGER and others, 
1953, p. IO-ll, pI. 1, fig. 5.-BARKER, 1960 (part), p. 174, pI. 
84, figs. 1-21, 5 (not 3-4, 6-7).-AKERS and DORMAN, 1964, 
p. 54, pI. II, figs. 9-1 I.-LEROY, 1964, p. 41, pI. 16, figs. 2i 
22.-SCHNITKER, 1971, p. 210, pI. 4, fig. 18.-LEROY and 
LEVINSON, 1974, p, 8, pI. 5, fig. 2.-BOLTOVSKOY, 1978a, 
pI. 7, fig. II.-LOHMANN, 1978. p. 26, pI. 4, fig. 4.-COR
LISS, 1979. p. 7, pI. 2, figs. 1-2.-THOMPSON, 1980, pI. 6, 
fig. 5.-MURRAY, 1984, pI. 3, figs. IO-II.-KOHL, 1985, p. 
59-60, pI. 14, fig. 6.-MCDOUGALL, 1985, p. 398, pI. 3, fig. 
2.-MEAD, 1985,p. 228, pI. I, fig. 2.-KURIHARAand KEN
NETT, 1986, pI. 2, fig. l.-MORKHOVEN and others, 1986, 
p. 80-83, pI. 23, figs. 1-2. 

Description. Test free, subglobular, trochospiral in 
early stages, streptospiral in later, chambers increasing 
rapidly in size as added, embracing most of the pre
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ceding ones, ultimate chamber comprising most of the 
test. Sutures distinct, depressed. Wall calcareous, hya
line, very smooth, finely perforate. Aperture interio
marginal, a crescentic slit at basal margin of the ulti
mate chamber, surrounded by a narrow lip, almost 
closed by a tooth. 

Remarks. Sphaeroidina bulloides is a long-ranging, 
morphologically variable form. Bolbodium sphaerula 
Ehrenberg (Recent, northeastern Atlantic), Sexloculina 
haueri Czjzek (Tertiary, Vienna Basin), Sphaeroidina 
austriaca d'Orbigny (Tertiary, Vienna Basin), S. cip
erana Cushman and Todd (Oligocene, Trinidad), S. 
compacta Cushman and Todd (Recent, Yucatan Chan
nel), S. compressa Cushman and Todd (Recent, south
ern Pacific), S. japonica Asano (Miocene, Japan), and 
S. nitida Cushman and Todd (Recent, Philippines) are 
all probably junior synonyms. 

Ecology. Pflum and Frerichs (1976) noted a minor 
size increase ofS. bulloides with increasing water depth 
in the Gulf of Mexico, increasing from a size of less 
than 500 ttm in the neritic zone to about I mm in the 
lower bathyal and abyssal zones. In the Pacific it is 
found in the lower middle bathyal zone (Ingle, 1980). 

Distribution in 586A. Sphaeroidina bulloides is a 
common species that occurs below 59.50 m with rel
ative abundances up to 4.1 %. 

Recorded Distribution. Sphaeroidina bulloides was 
described from the Holocene and as fossil from the 
Adriatic Sea and Italy. Its known stratigraphic range 
is from middle Oligocene through Quaternary (Mork
hoven and others, 1986). Holocene: Atlantic (Brady, 
1884; Phleger and others, 1953; Schnitker, 1971; Loh
mann, 1978; Mead, 1985), Pacific (Brady, 1884; Cush
man, 1914, 1921; Todd, 1966; Ingle and others, 1980), 
Indian Ocean (Brady, 1884; Boltovskoy, 1978a; Cor
liss, 1979), Antarctic Ocean (Brady, 1884). Pleistocene: 
Atlantic (Blanc-Vernet, 1983; Boersma, 1984b; Mur
ray, 1984), Gulf of Mexico (Akers and Dorman, 1964; 
LeRoy and Levinson, 1974), Pacific (Resig, 1976; Kel
ler, 1980; Thompson, 1980; McDougall, 1985; Tho
mas, 1985; Kurihara and Kennett, 1986). Pliocene: 
Atlantic (Blanc-Vernet, 1983; Boersma, 1984b; Mur
ray, 1984), Mexico (Kohl, 1985), Pacific (Butt, 1980; 
Keller, 1980; Thompson, 1980; McDougall, 1985; 
Thomas, 1985; Boersma, 1986; Kurihara and Kennett, 
1986), Java (Saint-Marc and Suminta, 1979), Okinawa 
(LeRoy, 1964), Indian Occan (Boltovskoy, 1978a). 
Mioccne: Atlantic (Boersma, 1984b; Murray, 1984), 
Caribbean (Cushman and Todd, 1945), Pacific (Resig, 
1976; Butt, 1980; Keller, 1980; Woodruffand Douglas, 
1981; McDougall, 1985; Thomas, 1985; Boersma, 
1986; Kurihara and Kennett, 1986), Guam (Todd, 

1966), Java (Saint-Marc and Suminta, 1979), Okinawa 
(LeRoy, 1964), Indian Ocean (Boltovskoy, 1978a). 

Family BOLIVINITIDAE Cushman, 1927a 

Genus ABDITODENTRIX Patterson, 1985 

The genus Abditodentrix was established by Patter
son (1985) and differs from the genus Bolivina in its 
ornamentation. Bolivina is either smooth, striate, or 
costate, whereas Abditodentrix has a complex network 
of elevated reticulations that are somewhat indepen
dent of individual chambers. Abditodentrix also has a 
more truncate margin than Bolivina. 

Abditodentrix asketocomptella Patterson 

PI. 10, Fig. 16 


Abditodentrix asketocomptella PATTERSON, 1985, p. 140, pI. I, 
figs. 1-9. 

Description. Test free, biserial, elongate, twice as long 
as broad, slightly compressed, rectangular in section. 
Chambers distinct, somewhat inflated, ornamented 
with a network of elevated reticulations, with deep 
excavations in between. Sutures distinct. depressed. 
Wall calcareous, coarsely perforate. Aperture, an elon
gate loop extending from the base of the ultimate 
chamber to the apex, enfolded internally. 

Distribution in 586A. Abditodentrix asketocomptella 
is a rare species with scattered occurrences. 

Recorded Distribution. Abditodentrix asketocomp
tella was described from late Neogene sediments from 
the Rio Grande Rise in the southwest Atlantic. Ho
locene: Atlantic (Patterson, 1985). Pleistocene: Atlan
tic (Patterson, 1985). Miocene: Atlantic (Patterson, 
1985). 

Genus BOLIVINA d'Orbigny, 1839b 

Bolivina pusilla Schwager 

Bolivinapusilla SCHWAGER, 1866, p. 254, pI. 7, fig. 101.~CUSH
MAN, 1911, p. 41, figs. 67a-b.-CUSHMAN, 1937c, p. 114, 
pI. 14, figs. 8-9.-PHLEGER and others, 1953, p. 36-37, pI. 7, 
fig. 23.~BOLTOVSKOY, 1978a, pl. I, figs. 16-18.~KURI
HARA and KENNETT, 1986, pI. 2, figs. 1-8. 

Brizalina pusilla (Schwager).- BOERSMA, 1986, p. 988, pI. 4, figs. 
1-2. 

Description. Test free, biserial, elongate, often more 
than three times as long as wide, widest near the aper
tural end, chambers distinct. Sutures indistinct, slightly 
depressed. Wall calcareous, finely perforated, orna
mented with numerous fine longitudinal costae, the 
last-formed chambers are often smooth. Aperture an 
elongate loop extending from the base ofthe last-formed 
chamber to apex, with a distinct toothplate. 
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Ecology. This species occurs in the lower middle and 
lower bathyal zones in the Gulf of Mexico (Pflum and 
Frerichs, 1976). 

Distribution in 586A. Bolivina pusilla is a rare species 
with scattered occurrences. 

Recorded Distribution. Bolivina pusilla was de
scribed from the upper Tertiary ofKar Nikobar, India. 
Holocene: Atlantic (Phleger and others, 1953), Gulf of 
Mexico (Pflum and Frerichs, 1976), Pacific (Cushman, 
1911 , 1921), Indian Ocean (Boltovskoy, 1978a). Pleis
tocene: Pacific (Kurihara and Kennett, 1986). Pliocene: 
Pacific (Boersma, 1986; Kurihara and Kennett, 1986), 
Indian Ocean (Boltovskoy, I 978a). Miocene: Pacific 
(Todd, 1966; Boersma, 1986; Kurihara and Kennett, 
1986), Indian Ocean (BoItovskoy, 1978a). 

Bolivina seminuda Cushman 

PI. 10, Figs. 17-18 


Bo/ilina seminuda CUSHMAN , 1911 , p. 34 , text-fig. 55 .-HADA, 
193: . p. 132, text-fig. 89 .-CUSHMAt'l , 1937c, p. 142, pI. 18, 
figs. 13-15.-CUSHMAN, 1942, p. 26, pI. 7, fig. 6.-CUSH
MAN and MCCULLOCH, 1942, p. 210, pI. 25, fig. 14.-SMITH, 
1963, p. 15-16, pI. 29, figs. 1-7.-INGLE and others, 1980, p. 
131, pI. I, fig. 5.-RESIG, 1981, pI. 5, fig. 14.-KURIHARA 
and KENNETT, 1986, p1.2, figs. 9-10. 

Bolivina pseudopunctata HOGLUND, 1947, p. 273-274, pI. 24, fig. 
5, pI. 32, figs. 23-24, text-figs. 280-281, 287.-PHLEGER and 
others, 1953, p. 36, pI. 7, figs. 20-21. 

Description. Test free, biserial, elongate, slightly 
compressed, apical end rounded. Chambers distinct. 
Sutures distinct, depressed. Wall calcareous, hyaline, 
upper part of each chamber smooth, whereas lower 
two-thirds are coarsely perforate. Aperture oval, ex
tending from base of ultimate chamber to a terminal 
position. 

Remarks. Hoglund (1947) described an Atlantic 
species, Bolivina pseudopunctata, that in most respects 
appears to be a junior synonym for B. seminuda. It 
appears that B. seminuda and B. pseudopunctata are 
virtually identical except for their reported geograph
ical distribution; B. seminuda is reported mostly from 
the Pacific whereas B. pseudopunctata is reported 
mostly from the Atlantic. This supports a synonymi
zation of the two forms. 

Ecology. Bolivina seminuda is reported from the 
middle and lower bathyal zones off the west coast of 
Central America (Smith, 1963, 1964). Bandy (1961) 
reported this species in the neritic through the lower 
bathyal zones in the Gulf of California. 

Distribution in 586A. Bolivina seminuda is a species 
that appears in low relative frequencies throughout the 
studied sequence. 

Recorded Distribution. BolMna seminuda was de
scribed from the Holocene oflhe Bering Sea. Holocene: 
Atlantic (Hoglund, 194 : Phleger and others, 1953), 
Pacific (Cushman, 19 1L 1937c, 1942; Hada, 1931; 
Smith, 1963, 1964; Ingle and others, 1980). Pleisto
cene: Atlantic (Blanc-Vernet , 1983), Pacific (Mc
Dougall , 1985; Kurihara and Kennett, 1986). Pliocene: 
Atlantic (Blanc-Vernet, 1983), Pacific (Keller, 1980; 
McDougall, 1985; Kurihara and Kennett, 1986). Mio
cene: Pacific (Burke, 1981 ; Resig, 1981; McDougall, 
1986; Kurihara and Kennett, 1986). 

Genus RECTOBOLIVINA Cushman, 1927a 


Rectobolivina raphana (Parker and Jones) 

PI. 11, Fig. 1 


Uvigerina (Sagrina) raphanus PARKER and JONES, 1865, p. 364, 
pI.18,figs.16-17. 

Siphogenerina costata SCHLUMBERGER, 1883, p. 118, fig. 13. 
Sagrina raphanus Parker and Jones.-BRADY, 1884, p. 585 , pI. 75 , 

figs. 21-24. 
Siphogenerina raphanus (Parker and Jones).-CUSHMAN, 1913, 

p. 108, pI. 46, figs. 1-5.-BERMUDEZ, 1949, p. 222, pI. 14, 
fig. 18.-AKERS and DORMAN, 1964, p. 53, pI. 9, fig. 25 . 
LEROY, 1964, p. 35, pI. 3, fig. 35 , pI. 16, fig. 9. 

Siphogenerina raphan us (Parker and Jones) var. costulata CUSH
MAN, 1917b, p. 662.-CUSHMAN, 1921, p. 281-282, pI. 56, 
fig. 6. 

Siphogenerina raphana (Parker and Jones).-CUSHMAN, 1942, p. 
55, pI. IS, figs. 6-9. 

Reclobolivina raphana (Parker and Jones).-LOEBLICH and TAP
PAN, 1964, p. C553 , text-fig. 438, figs. 9-11. 

Description. Test free, elongate, uniserial, circular in 
cross-section. Chambers inflated. Sutures depressed. 
Wall calcareous, finely perforate, ornamented with lon
gitudinal costae running from the apertural face down 
to the initial spine. Aperture terminal , rounded. 

Distribution in 586A . Rectobolivina raphana is a rare 
species with few occurrences. 

Recorded Distribution. Rectobolivina raphana was 
described from the Holocene but no type locality was 
designated. Holocene: Pacific (Brady, 1884; Cushman, 
1913; Cushman, 1921; Todd, 1966), Indian Ocean 
(Loeblich and Tappan, 1964). Pleistocene: Gulf of 
Mexico (Akers and Dorman, 1964). Pliocene: Okinawa 
(LeRoy, 1964). Miocene: Dominican Republic (Ber
mudez, 1949), Okinawa (LeRoy, 1964). 

Family EOUVIGERINIDAE Cushman, 1927a 

Genus SIPHONODOSARIA Silvestri, 1924 

Considerable confusion exists in the nomenclature 
of uniserial calcareous foraminifera. I have followed 
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Loeblich and Tappan (1964) in this case and separated 
uniserial eouvigerinids into different genera depending 
on the shape ofthe phialine lip and the apertural tooth. 
Siphonodosaria Silvestri (1924) is here restricted to 
forms that have a neck bordered with a dentate phia
line lip and a distinct bifid tooth. Stilostomella Guppy 
(1894) is here separated from Siponodosaria in having 
a single tooth or just a slight indentation ofthe phialine 
lip. 

Siphonodosaria abyssorum (Brady) 

PI. 11, Figs. 2-5 


;Vodosariaabyssorum BRADY, 1881, p. 63.-GUPPY, 1904, p. 12, 
pI. I, figs. 10-11. 

Nodosaria (?) abl'ssorum Brady.-BRADY, 1884, p. 504, pI. 63, figs. 
8-9. 

Siphonodosariaabyssorum (Brady).-CUSHMAN, 1927a, p. 69, pI. 
14, 	 fig. 20.-STAINFORTH, 1952, p. II, pI. I, figs. a-b. 
DOUGLAS, 1973, pI. 5, fig. 1I. 

Sagrinnodosaria abyssorum (Brady).-JEDLITSCHKA, 1931, p. 125, 
pI. 126, figs. 24-25. 

Ellipsonodosaria nuttalli CUSHMAN and JARVIS. 1934, p. 72, pI. 
10. figs. 6a-b. 

Stifostomella abyssorum 	(Brady).-BOLTOVSKOY, 1978a, pI. 7, 
fig. 16. 

Description. Test free, uniserial, straight, large. 
Chambers subglobose, often somewhat uneven both 
in size and shape, proloculus is often the largest cham
ber. Wall calcareous, opaque, smooth, thick, several 
large, stout spines on basal part ofpro loculus. Aperture 
terminal, situated on a short neck, with a wide phialine 
lip and a bifid tooth. 

Remarks. The species named Ellipsonodosaria nut
talli by Cushman and Jarvis is regarded as a junior 
synonym to Siphonodosaria abyssorum (Brady) even 
though they stated (Cushman and Jarvis, 1934, p. 72) 
that "the apertural characteristics ofour material seem 
to be very different from that figured by Brady." The 
main difference is in the degree of development of the 
collar, which I do not consider to justify a change of 
genus. 

Distribution in 586A. Siphonodosaria abyssorum is 
a common species between 58 and 133 m where it has 
a relative abundance of up to 7.0%. 

Recorded Distribution. Siphonodosaria abyssorum 
was described from the Holocene of the South Pacific. 
Holocene: Pacific (Brady, 1881, 1884). Pliocene: At
lantic (Blanc-Vernet, 1983), Indian Ocean (Boltov
skoy, 1978a). Miocene: Trinidad (Guppy, 1904; Cush
man and Jarvis, 1934), Pacific (Douglas, 1973; Resig, 
1976; Woodruff and Douglas, 1981; McDougall, 1985; 
Thomas, 1985), Indian Ocean (Boltovskoy, I 978a). 

WESTERN PACIFIC PLIOCENE BENTHIC FORAMINIFERA 

Siphonodosaria consobrina (d'Orbigny) 

PI. II, Figs. 6-7 


Dentalina consobrina D'ORBIG~Y, 1846, p. 46, pI. 2, figs. 1-3. 
Nodosaria (D.) consobrina (d'Orbigny).-BRADY, 1884, p. 501, pI. 

62 figs. 23-24. 
Nodogenerina consobrina (d'Orbigny).-MARKS, 1951, p. 55. 
Siphonodosaria consobrina (d'Orbigny).-STAI~FORTH, 1952, p. 

12. 
StifoslOmel/a consobrina (d'Orbigny). - BARKER, 1960, p. 130, pI. 

62, figs. 23-24. - BOERSMA, 1986, pI. 13, figs. 4-5. 

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

Distribution in 586A. Siphonodosaria consobrina is 
a rare species with scattered occurrences. 

Recorded Distribution. Siphonodosaria consobrina 
was described from the Miocene of the Vienna Basin, 
Austria. Holocene: Pacific (Brady, 1884). Miocene: 
Central Europe (d'Orbigny, 1846; Marks, 1951), Pa
cific (Boersma, 1986). 

Siphonodosaria lepidula (Schwager) 

PI. 11, Figs. 8-9 


Nodosaria lepidula SCHWAGER, 1866. p. 210, pI. 5, figs. 27-28.
CUSHMAN, 1921, p. 203. pI. 36, fig. 6. 

Nodosaria monilis SILVESTRI, 1872, p. 71, pI. 8, figs. 173-183. 
Sagrina virgula BRADY, 1879, p. 61, pI. 8, figs. 19-21.-BRADY, 

1884 (part), p. 583, pI. 76, figs. 9?, 10 (not 4-8). 
Nodosaria lepidula Schwagcr vaL hispidula CUSHMAN, 1917b, p. 

654.-CUSHMAN, 1921, p. 203-204, pI. 36, fig. 7. 
Nodosaria antillea CUSHMAN, 1923, p. 91, pI. 14, fig. 9. 
Nodogenerina lepidula (Schwagcr).-CUSHMAN, 1934, p. 122, pI. 

14, figs. 15-16. 
Ellipsonodosaria lepidula (Schwager).-CUSHMAN, 1939b, p. 150. 
Siphonodosaria lepidula (Schwager). - THALMAN~, 1950, p. 12.

CUSHMA~ and others, 1954, p. 356, pI. 88, figs. 27-28. 
Stilostomella antillea (Cushman). ~BARKER, 1960, p. 158, pI. 76, 

figs.9?, 10.-SCHNITKER, 1971, p. 212, pI. 5, figs. 3a-b.
HERMELI~ and SCOTT. 1985, p. 217, pI. 5, fig. 5. 

Stilostomella lepidula (Schwager).-KELLER, 1980, pI. I, fig. 7. 
BOERSMA, 1984a, pI. 7. fig. 9. - BOERSMA, 1984b. pI. 2, figs. 
13-14.~KOHL, 1985, p. 64-65, pI. 19. figs. 4a-d.-THOMAS, 
1985, p. 678, pI. 14, fig. 8.-BOERSMA, 1986, p. 990, pI. 16, 
fIgs. 1-2. 

Stilostomella lepidula (Schwager) trans. Siphonodosaria insecta 
(Schwager).-BOERSMA, 1986, p. 990, pI. 16, figs. 3-4. 

Siphonodosaria insecta (Schwagcr}.-BOERSMA, 1986, p. 990, pI. 
16, figs. 5-6. 

Description. Test free, uniserial, slender, initial end 
rounded, sometimes with a short spine. Chambers sub
globular, increasing in size as added, often embracing 
in early portion of test, more remote in the later por
tion. Sutures distinct, depressed. Wall calcareous, hya
line, finely perforate, fine spines encircle the lower por
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tion ofeach chamber in one or more rows, upper portion 
of the chambers covered with very fine spines. Aper
ture terminal, on a distinct neck, which is ornamented 
with a collar of short spines, aT-shaped tooth projects 
into the apertural opening from the phi aline lip. 

Remarks. Siphonodosaria lepidula exhibits great 
variation in the degree of spinosity and in the degree 
of alignment of the spines. Due to these reasons many 
different names, specific as well as generic, have been 
assigned to this species. Several species should prob
ably be regarded as junior synonyms of S. lepidula, 
e.g., Siphonodosaria recta (Palmer and Bermudez), Si
phonodosaria paucistriata (Galloway and Morrey), Si
phonodosaria ketienziensis (Ishizaki), and Siphono
dosaria helenae (Samoilova). 

Ecology. Ingle (1980) found this species in the lower 
middle bathyal zone of the eastern Pacific. 

Distribution in 586A. Siphonodosaria lepidula ap
pears in low frequencies throughout the studied se
quence. 

Recorded Distribution. Siphonodosaria lepidula was 
described from the Pliocene of Kar Nikobar, off Su
matra. Holocene: Atlantic (Brady, 1879, 1884; Cush
man, 1923; Schnitker, 1971; Hermelin and Scott, 1985), 
Pacific (Brady, 1879, 1884; Cushman, 1921, 1934; 
Cushman and others, 1954; Burke, 1981), Okinawa 
(LeRoy, 1964). Pleistocene: Atlantic (Blanc-Vernet, 
1983; Boersma, 1 984b), Pacific (Keller, 1980; Thomas, 
1985). Pliocene: Atlantic (Blanc-Vernet, 1983; Boers
ma, 1984a, b), Mexico (Kohl, 1985), Pacific (Keller, 
1980; McDougall, 1985; Thomas, 1985; Boersma, 
1986), Java (Saint-Marc and Suminta, 1979), Sumatra 
(Schwager, 1866). Miocene: Atlantic (Boersma, 1984a, 
b), Pacific (Douglas, 1973; McDougall, 1985; Thomas, 
1985), Java (Saint-Marc and Suminta, 1979). 

Siphonodosaria sp. 1 

PI. 11, Figs. 10-12 


Description. Test free, uniserial, initial end rounded. 
Chambers subglobular, increasing in size as added, often 
strongly embracing in early portion of test. Sutures 
distinct, depressed. Wall calcareous, hyaline, finely 
perforate, very long and fine spines encircle the lower 
portion of each chamber. In well-preserved specimens 
the spines can be one and one-halftimes as long as the 
chambers, the upper portion of the chambers is cov
ered with fine spines. Aperture terminal, on a distinct 
neck, which is ornamented with a collar ofshort spines, 
a club-formed tooth projects into the apertural opening 
from the dentate phi aline lip. 

Remarks. Siphonodosaria sp. 1 differs from S. lep
idula in its more embracing chambers and strongly 

developed spines that cover the lower part of the last
formed chambers. 

Distribution in 586A. Siphonodosaria sp. 1 is a rare 
species with few occurrences. 

Siphonodosaria sp. 2 

PI. I I, Figs. 13-14 


Description. Test free, uniserial, initial end pointed. 
Chambers subglobular, increasing in size as added, often 
strongly embracing in early portion of test. Sutures 
distinct, depressed in later stages. Wall calcareous, hya
line, finely perforate, small spines cover the later cham
bers. Earlier chambers ornamented with low irregular 
costae. Aperture terminal, on a distinct neck, which is 
ornamented with a collar ofshort spines, a club-formed 
tooth projects into the apertural opening from the den
tate phialine lip. 

Remarks. Siphonodosaria sp. 2 differs from S. sp. 1 
in its less spinose test and costate early portion of the 
test. 

Distribution in 586A. Siphonodosaria sp. 2 is a rare 
species with few occurrences. 

Siphonodosaria sp. 3 

PI. 11, Figs. 1 5, 19 


Description. Test free, uniserial, initial end pointed. 
Chambers subglobular, increasing in size as added, often 
strongly embracing in early portion of test. Sutures 
distinct, depressed in later stages. Wall calcareous, hya
line, finely perforate, small spines cover the later cham
bers. Earlier chambers ornamented with high straight 
costae running from the initial part to the base of the 
penultimate chamber. Aperture terminal, on a distinct 
neck, which is ornamented with an irregular collar, a 
club-formed tooth projects into the apertural opening 
from the dentate phialine lip. 

Remarks. Siphonodosaria sp. 3 differs from S. sp. 2 
in its high and thin costae in the initial portion of the 
test. 

Distribution in 586A. Siphonodosaria sp. 3 is a rare 
species with few occurrences. 

Family BULIMINIDAE Jones, 1875 

Subfamily BULIMININAE Jones, 1875 


Genus BULIMINA d'Orbigny, 1826 


Bulimina fijiensis Cushman 

PI. 11, Fig. 18 


Bulimina jijiensis CUSHMAN, 1933b, p. 79, pi. 8, figs. 7a-<:-.
CUSHMAN and PARKER, 1940, p. 17, pI. 3, figs. 15-16.
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CUSHMAN, 1942, p. 11-12, pI. 3, figs. 10-1 I.-CUSHMAN 
and PARKER, 1947, p. 127, pI. 29, figs. 14-15. 

Description. Test free, triserial, small, stout, slightly 
longer than broad, rounded in cross-section. Chambers 
inflated, globular, increasing rapidly in size as added. 
Sutures distinct, slightly depressed. Wall calcareous, 
coarsely perforate. Aperture loop-shaped, close to the 
junction between the penultimate and antepenultimate 
chambers and extending to the apex of the test. 

Distribution in 586A. Bulimina .fijiensis is a rare 
species with scattered occurrences. 

Recorded Distribution. Bulimina fijiensis was de
scribed from shallow water (22 m) off Nairari, Fiji. 
Holocene: Pacific (Chushman, 1933b). 

Bulimina mexicana Cushman 

PI. 11, Fig. 16 


Bulimina il1jlata Seguenza.-BRADY, 1884, p. 406-407, pI. 51, figs. 
10-13 (not Bulimina injlata Seguenza, 1862b). 

Bulimina injlata Seguenza val'. mexicana CUSHMAN, 1922a, p. 
95, pI. 21, fig. 2. 

Bulimina striata d'Orbigny var. mexicana CUSHMAN in CUSH
MAN and PARKER, 1940, p. 16, pI. 3, fig. 9.-CUSHMAN 
and TODD, 1945, p. 40, pI. 6, fig. IO.-CUSHMAN and PAR
KER, 1947, p. 119, pI. 28, fig. 4.-PHLEGER and PARKER, 
1951, p. 16, pI. 7, figs. 26, 32.-BANDY, 1953, p. 176, pI. 24, 
fig. 13.-RESIG, 1981, pI. I, fig. 12. 

Bulimina mexicana Cushman. - PHLEGER and others, 1953, p. 33, 
pI. 6, fig. 27.-MCDOUGALL, 1985, p. 391, pI. 3, fig. 14.
MORKHOVEN and others, 1986, p. 59-62, pI. 19, figs. 1-4. 

~ Bulimina striata d'Orbigny var. me.'<icana Cushman.-BARKER, 
1960, p. 104, pI. 51, figs. 10, 12. 

? Bulimina costata d'Orbigny.-BARKER, 1960, p. 104, pl. 51, figs. 
11, 13. 

Bulimina striata mexicana Cushman.-AKERS and DORMAN, 
1964, p. 29, pI. 7, fig. 15.-BOERSMA, 1984b, p. 663, pI. 2, 
figs. 11-12.-KOHL, 1985, p. 67, pI. 20, figs. 4a~. 

Bulimina striata mexicana Cushman and Parker [sic].- INGLE and 
others, 1980, p. 131. pI. 4, fig. 4. 

Description. Test free, triserial, conical in outline, 
widest across the last-formed whorl. Chambers inflat
ed, increasing in size as added, slightly overhanging 
the previous ones. Sutures distinct in the last whorl, 
depressed, obscured in the earlier whorls by the over
lapping chambers. Wall calcareous, hyaline, orna
mented with thick costae on lower half of each cham
ber, extending downward across the sutures ofprevious 
chambers forming spines at the chamber margins, fine
ly perforated in the troughs between costae, often with 
a prominent spine in the initial part. Aperture an elon
gate narrow loop extending from the junction of the 
penultimate and antepenultimate chambers to the apex 
of the test, with a lip surrounding the margin of the 
opening. 

Remarks. Bulimina mexicana was originally de
scribed by Cushman (1922a) as a variety of Bulimina 
inflata Seguenza, but has generally been regarded as a 
variety of Bulimina striata d'Orbigny. B. striata differs 
from B. in/lata in that the costae usually are cut offat 
the sutures which gives a collared effect to the test, 
whereas in B. inf/ata the costae often cross the sutures. 
In addition to this feature, B. striata has a prominent 
spine on the initial end (Cushman and Parker, 1940). 
These characteristics are present in Cushman's variety 
but it differs from B. striata in having costae that ter
minate in short spines at the chamber margins. I have 
considered this form to be a separate taxon, B. mex
icana. A closer study would probably reveal that sev
eral of the reports of B. inflata and B. striata from the 
Atlantic and the Pacific Ocean should be assigned to 
B. 	mexicana. 

It should also be noted that species such as B. bleeck
eri Hedberg, B. costata d'Orbigny, B. inflata Seguenza 
var. renzi Drooger, B. macilenta Cushman and Palmer, 
B. nipponica Asano, and B. subacuminata Cushman 
and Stewart are very similar and difficult to separate 
from B. mexicana. The differences between these 
species appears to be in the quantity and development 
of costae and the presence or absence of spines. 

Ecology. In the Gulf of Mexico as well as in the 
eastern Pacific Bulimina mexicana is reported from 
the upper and the upper middle bathyal zones (Pflum 
and Frerichs, 1976; Ingle and Keller, 1980), although 
Smith (1964) found that this species occurs no shal
lower than the lower middle bathyal zone off the west 
coast of Central America. Bandy (1961) reported this 
species as dominant and representative of the upper 
part of the upper middle bathyal zone in the Gulf of 
Mexico. 

Distribution in 586A. Bulimina mexicana is a rare 
species with few occurrences. 

Recorded Distribution. Bulimina mexicana was de
scribed from the Holocene of the Gulf of Mexico. Its 
known stratigraphic range is from early Miocene 
through Pleistocene (Morkhoven and others, 1986). 
Holocene: Atlantic (Phleger and others, 1953), Gulf of 
Mexico (Cushman, 1922a; Cushman and Parker, 1940; 
Phleger and Parker, 1951; Pflum and Frerichs, 1976), 
Pacific (Smith, 1964; Resig, 1981). Pleistocene: Atlan
tic (Boersma, 1984b), Gulf of Mexico (Akers and Dor
man, 1964), Pacific (McDougall, 1985). Pliocene: At
lantic (Boersma, 1984b), Jamaica (Cushman and Todd, 
1945), Mexico (Kohl, 1985), Pacific (McDougall, 1985). 
Miocene: Atlantic (Boersma, 1984a, b), Jamaica 
(Cushman and Todd, 1945), Pacific (McDougall, 1985). 
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Bulimina truncana Guembel 

PI. 12, Figs. 1-3 


Bulimina Irucana GUEMBEL, 1868, p. 644, pI. 2, figs. 77a-b.
HANTKEN. 1875, p. 61, pI. 7, fIg. 5.-CUSHMAN and PAR
KER, 1937. p. 66, pI. 9, fig. 3.-CUSHMAN and PARKER, 
1947, p. 89, pI. 21, fIgs. 7-8.-BOERSMA, 1986, p. 988, pI. 5, 
tlgs. 2-5. 

Description. Test free, triserial, widest near the aper
tural end, initial end pointed, circular in cross-section, 
chambers slightly inflated. Sutures indistinct, slightly 
depressed. Wall calcareous, hyaline, coarsely perforat
ed, ornamented with 10-14 straight longitudinal costae 
running from the initial end to the base of the last
formed chamber, often with a basal spine. Aperture 
an elongate slit with a toothplate located in a depres
sion in the inner margin of the ultimate chamber. 

Rernarks. This species exhibits great variability in 
the number of costae, their height, their orientation 
relative to the test axis, and the number of smooth 
chambers at the apertural end. This has resulted in a 
large number of names in the literature: small forms 
with few (10-12) costae which begin almost at the ap
erture have been called Bulimina rostrata Brady; forms 
with numerous (> IS), slightly wave-shaped costae 
which do not cover the two or three last-formed cham
bers are usually called Bulimina alazanensis Cushman. 
Bulimina truncana as it was described by Cushman 
and Parker (1937) is close to B. alazanensis but with 
fewer and more straight costae which end at the base 
of the smooth ultimate chamber. My specimens are 
similar to the description of B. truncana and this older 
taxon is therefore used. 

Distribution in 586A. Bulimina truncana is a com
mon species with relative abundances up to 10.4%. 

Recorded Distribution. Bulimina truncana was de
scribed from the Eocene of Hungary. Pliocene: Pacific 
(Boersma 1986). Miocene: Pacific (Boersma 1986). 

Bulimina yonabaruensis LeRoy 

PI. I I, Fig. I 7 


Bulimina ),onabaruensis LEROY. 1964, p. 30, pI. 11. fig. 1. Bulimina 
atf. pyrula spinescens Brady.-BUTT. 1980. pI. 8. fig. 22. pI. 9, 
fig. 30. 

Description. Test free, about twice as long as broad, 
last three or four chambers making up three-fourths 
ofthe test. Sutures distinct, depressed. Wall calcareous, 
hyaline, smooth, finely perforate, ornamented with mi
nute spines on the lower margins of the chambers, 
Aperture, a narrow loop along the suture, extending 
from the base of the ultimate chamber to the apex of 
the test. 

Distribution in 586A. Bulimina yonabaruensis is rep
resented by two specimens at 92.8 m. 

Recorded Distribution. Bulilnina yonabaruensis was 
described from the upper Miocene of Okinawa. Pleis
tocene: Pacific (Butt, 1980). Miocene: Okinawa (LeRoy, 
1964). 

Family UVIGERINIDAE Haeckel, 1894 

Genus UVIGERINA d'Orbigny, 1826 


There are three main groups of uvigerinids: smooth 
or finely pitted forms, coarsely spinose forms, and cos
tate forms. The two latter intergrade with each other 
and display an ornamentation varying from straight 
longitudal costae to aligned spines. Several authors have 
used the type and degree of ornamentation for taxo
nomic purposes. For an extensive guide to Neogene 
uvigerinids see Boersma (l984c), 

Because ofthe current differences in criteria used for 
identification of the various uvigerinids, in this study 
a very broad concept of the different species has been 
used where U. auberiana contains finely pitted forms, 
U. hispida coarsely hispid forms, and U. peregrina most 
forms with a costate and/or aligned hispid ornamen
tation. This broad concept should be kept in mind 
when comparing the results with other studies. 

Uvigerina auberiana d'Orbigny 

PI. 12, Figs. 4-5 


Urigerina al/beriana D'ORBIGNY, 1839a, p. 106, pI. 2, figs. 23
24.-CUSHMAN, 1923, p. 163. pI. 42, figs. 3-4.-PHLEGER 
and others, 1953, p. 37. pI. 7. figs. 30-35.-LEROY and LEV
INSON, 1974. p. 9, pI. 5, fig. 12.-LOHMANN. 1978, p. 26, 
pI. 4, tlg. 16.-INGLE and others 1980. pI. 6, fig. I.-RESIG, 
1981. pI. 2, fig. 2.-BOERSMA, 1984a. pI. 7, fig. 8.-BOERS
MA. 1984b, pI. 3, fig. 4.-HERMELIN and SCOTT, 1985, p. 
218, pI. 3, fig, 8. - BOERSMA, 1986. pI. 20, fig. I. 

Uvigerina proboscidea SCHWAGER, 1866. p. 250, pI. 7, fig. 96.
CUSHMAN. 1913. p. 94. pI. 42. tlgs. 2a-b.-CUSHMAN. 1942, 
p. 49-50, pI. 14, figs. 1-4.-CUSHMAN and TODD, 1945, p. 
50, pI. 7, figs. 28a-b.-LEROY, 1964, p. 35, pI. 16, fig. 8. 
DOUGLAS, 1973, pI. 8, fig. 8.-BOLTOVSKOY, 1978a, pI. 8, 
figs. 22-23.-BOERSMA. 1984a, pI. 8, fig. 3.-BOERSMA, 
1984b. pI. 3. figs. 5, 8.-BOERSMA, 1986, pI. 20, fig. 2. 
KURIHARA and KENNETT. 1986, pI. 3, fig. 6. 

Ul'igerina proboscidea Schwager var. vadescens CUSHMAN, 1933b, 
p. 85. pI. 8, figs. 14-15.-CUSHMAN, 1942, p. 50-51, pI. 14, 
figs. 5-9.-LEROY, 1964, p. 35, pI. 3. fig. 38. 

Uvigerina ampullacea Brady.-CUSHMAN, 1913. p. 102, pI. 42, 
figs. 3a-b.-CUSHMAN. 1921, p. 274-275, pI. 55, fig. 7. 
CUSHMAN, 1942. p. 46-48, pI. 13, fIgs. 2-6. 

Uvigerina vadescens(Cushman).-DOUGLAS, 1973, pI. 8, fig. 7. 
Siphouvigerina inlerrupla (Brady).- BURKE, 1981, pI. I, fig. 16 (not 

Uvigerina inlerrupla Brady. 1879). 
Siphouvigerina auberiana (d'Orbigny).- KOHL, 1985, p. 70-71, pI. 

22, figs. 7-8, pI. 23, fig. I. 
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Description. Test free, initial part triserial, later 
twisted biserial, circular in cross-section, about twice 
as long as wide, widest in middle or below, initial end 
blunt, sometimes with small spine, tapering towards 
the apertural neck. Aperture terminal, at end of a long 
neck with a distinct collar. Wall calcareous, hyaline, 
finely perforate, ornamented with small spines ran
domly distributed over the test. 

Remarks. Numerous small, finely pitted uvigerinid 
species have been described in the literature and many 
of them seem to be conspecific with U. auberiana and 
are therefore regarded as junior synonyms to this 
species. Boltovskoy (1978a) described several variants 
of what he called U. proboscidea. In addition to the 
speeies in the synonymy above, some other species 
might after further investigation be regarded as junior 
synonyms of U. auberiana. e.g., Uvigerina asperula 
Cijzek, Uvigerina interrupta Brady and Uvigerina sen
licosa Cushman. The species figured by Burke (1981) 
as Siphouvigerina interrupta (Brady) is regarded as syn
onymous with U. a uberiana. 

In my material there are several specimens belonging 
to U. auberiana that exhibit dual apertures, either lo
cated on the ultimate chamber or on dual ultimate 
chambers. 

Ecology. In the Gulf of Mexico, U. auberiana has a 
bathymetric range of from the lower neritic zone to the 
upper middle bathyal zone (Pflum and Frerichs, 1976). 
Smith (1964) reported this species from the upper mid
dle to lower bathyal zones off the west coast of Central 
America, whereas Boltovskoy (I 978a, p. 171) de
scribed finely hispid uvigerinids as "common dwellers 
of great depths in the Recent and Neogene oceans." 

Distribution in 586A. Uvigerina auberiana is by far 
the most abundant species in this material. It occurs 
in all samples and the relative abundance varies from 
2.6 to 45.2%. 

Recorded Distribution. Uvigerina auberiana was de
scribed from the Holocene of the Caribbean Sea. The 
known stratigraphic range of U. auberiana s.s. is from 
the middle Oligocene to the Recent. Holocene: Atlantic 
(Cushman, 1923; Phleger and others, 1953; Lohmann, 
1978; Hermelin and Scott, 1985), Pacific (Cushman, 
1913,1921, 1933b, 1942; Smith, 1964; Ingle and oth
ers, 1980; Burke, 1981; Resig, 1981), Guam (Todd, 
1966), Indian Ocean (Boltovskoy, 1978a). Pleistocene: 
Atlantic (Boersma, 1984b), GulfofMexico (LeRoy and 
Levinson, 1974), Pacific (Douglas, 1973). Pliocene: At
lantic (Boersma, 1984a, b; Hermelin, 1986), Mexico 
(Kohl, 1985), Pacific (Douglas, 1973; Boersma, 1986; 
Kurihara and Kennett, 1986), Okinawa (LeRoy, 1964), 
Indian Ocean (Boltovskoy, 1978a). Miocene: Atlantic 

(Boersma, 1984a, b; Murray, 1984), Jamaica (Cush
man and Todd, 1945), Pacific (Boersma. 1986; Kuri
hara and Kennett, 1986), Guam (Todd, 1966), Oki
nawa (LeRoy, 1964), Indian Ocean (Boltovskoy, 
I 978a). 

Uvigerina hispida Schwager 

(/vigerina hispida SCHWAGER, 1866, p. 249, pI. 7, fig. 9S,-LE
ROY, 1941, p. 82, pI. 2, fig. IS.-LEROY, 1964, p, 34, pI. 4, 
figs. 2-3,-LEROY and LEVINSON, 1974, p. 10, pI. 5, figs. 
16-17,-PFLUM and FRERICHS, 1976, pI. 8, figs, 8-10.
BOLTOVSKOY. 1978a, pI. 8, figs. 12-16.-INGLEand others, 
1980, pI. 8, fig. 8.-BOERSMA, 1984a, pI. 5, fig. 3.-BOERS
MA, 1984b, pI. 3, figs. 6-7.-BOERSMA, 1986, pI. 20. figs, 5
6.-KURIHARA and KENNETT, 1986. pI. 3, figs, 7-8.
MORKHOVEN and others, 1986, p. 62-64, pI. 20, figs. 1-4. 

Euurigerina hispida (Schwager).- BELFORD. 1966. p. 78. pI. 7. figs. 
14-16. 

Description. Test free, triserial, elongate, one-and
one-half to two-and-one-half times as long as wide, 
initial end blunt. Sutures indistinct, depressed. Wall 
calcareous, perforate, ornamented with very coarse 
spines. Aperture terminal, on a short neck, with a phia
line lip. 

Remarks. Uvigerina hispida is an easily recognized 
species because of its very coarse, non-aligned spines. 
Some specimens that have been referred to Uvigerina 
aculeata d'Orbigny may belong in U. hispida. 

Eco!ogv, In the Gulf of Mexico, U. hispida has a 
depth range from the abyssal zone to the top of the 
lower middle bathyal zone (Pflum and Frerichs, 1976). 
In the Gulf of California, this species is representative 
of the upper part of the upper middle bathyal zone 
(Bandy, 1961). 

Distribution in 586A. Uvigerina hispida is a species 
with very scattered occurrences and a relative abun
dance of up to 3.5%, 

Recorded Distribution. Uvigerina hispida was de
scribed from the middle Pliocene of Kar Nikobar, off 
Sumatra. The known stratigraphic range of U. hispida 
s.s. is from the middle Miocene to the Recent (Boers
ma, 1984c), Holocene: Pacific (Ingle and others, 1980), 
Gulf of Mexico (Pflum and Frerichs, 1976), Pleisto
cene: Atlantic (Boersma, 1984b), Gulf of Mexico 
(LeRoy and Levinson, 1974), Pliocene: Atlantic 
(Boersma, 1984a, b; Hermelin, 1986), Pacific (Boers
ma, 1986; Kurihara and Kennett, 1986), Java (Saint
Marc and Suminta, 1979), Okinawa (LeRoy, 1964), 
Sumatra (Schwager, 1866), Miocene: Atlantic (Boers
ma, 1984b), Pacific (Boersma, 1986; Kurihara and 
Kennett, 1986), Java (Saint-Marc and Suminta, 1979), 
Okinawa (LeRoy, 1964), Indian Ocean (Boltovskoy, 
1978a). 
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Uvigerina peregrina Cushman 

PI. 12, Figs. 6-8 


Uvigerina bradyana FORNASINI, 1900, p. 390, text-fig. 40.
BARKER, 1960, p. 156, pI. 74. figs. 24-26. 

Uvigerina peregrina CUSHMAN, 1923, p. 166, pI. 42, figs. 7-10.
GALLOWAY and WISSLER, 1927, p. 76, pI. 12, figs. 1, 2a
b.-AKERS and DORMAN, 1964, p. 58, pI. 9, fig. 26.-SMITH, 
1964, p. 84. pI. 2, figs. 15-16.-MURRAY, 1971, p. 121, pJ. 
50. figs. 1-7.-DOUGLAS, 1973, pI. 8, figs. 4-6, 9.-LEROY 
and LEVINSON, 1974, p. 10. pI. 5. fig. 18.-BOLTOVSKOY, 
1978a. pI. 8, figs. 4-5.-LOHMANN, 1978. p. 26, p. 4, figs. 
14-15.-COLE. 1981, p. 92, pI. 10, fig. 9.-BOERSMA, 1984a, 
pI. 7, fig. 6.-BOERSMA, 1984b, pI. 3. fig. 3.-HERMELIN 
and SCOTT, 1985, p. 218, pI. 3, fig. 10. - KOHL, 1985, p. 73
74. pI. 24, fig. 7.-MEAD, 1985, p. 229, pI. 1, figs. 7-10.
KURIHARA and KENNETT. 1986, pI. 3. figs. 1-3. 

Uvigerina mediterranea HOFKER, 1932, p. 118, text-figs. 32a-g. 
Uvigerina canariensis d'Orbigny var. ~pinulosa HADLEY, 1934, p. 

18, pI. 2, fig. 17. 
Hopkinsina bortotara FINLAY. 1939b, p. 104, pI. 12, figs. 22-24. 
Uvigerina interrupta-costata LEROY, 1944, p. 31, pI. 8, fig. 44.

BOERSMA. 1986, p. 990, pI. 20, fig. 7. 
Uvigerina hispido-costata CUSHMAN and TODD, 1945, p. 51, pI. 

7, figs. 27, 31.-LEROY, 1964, p. 35, pI. 16, fig. 7.-BOERS
MA, 1984a, pI. 7, fig. 7.-BOERSMA, 1986, pI. 20, figs. 3-4. 

Uvigerina peregrina Cushman var. dirupta TODD in CUSHMAN 
andMCCULLOCH,1948. p. 267, pI. 34, fig. 3.-LEROY,1964, 
p. 34. pI. 4, fig. 4.-PFLUM and FRERICHS, 1976, pI. 8, figs. 
4-5.-INGLE and others, 1980, pI. 5, figs. 16-17. 

Uvigerina spinulosa (Hadley).-DOUGLAS, 1973, pI. 8, fig. 11.
BOERSMA, 1984a, pI. 3. fig. 9. 

Uvigerina dirupta Cushman and Todd [sic].-BOERSMA, 1986, pI. 
19, figs. 3-4. 

Uvigeri na hollicki THALMANN. 1950, p. 45. - PHLEGER and oth
ers, 1953, pI. 8, fig. I. 

Uvigerina bassensis PARR, 1950, p. 340-341, pI. 12, figs. 19-20. 
Euvigerina peregrina (Cushman).- HOFKER, 1951, p. 219-226.

HOFKER. I 956b, p. 82-84, pl. 9, figs. 14-19.-BARKER, 1960, 
p. 154, pI. 74, figs. 11-12. 

Uvigerina peregrina Cushman var. mediterranea Hofker. - PFLUM 
and FRERICHS, 1976, pI. 8, fig. I. 

Uvigerina peregrina Cushman var. peregrina Cushman.-PFLUM 
and FRERICHS, 1976, pI. 8. figs. 2-3. 

Uvigerina peregrina var. A. - INGLE and others, 1980, pI. 3, fig. 6. 
Uvigerina peregrina sp. B.-INGLE and others, 1980, p. 146, pI. 5, 

figs. 14-15. 
Uvigerina bortotara (Finlay).-BOERSMA, 1986, p. 990, pI. 19, 

fig. 6. 

Description. Test free, triserial, elongate, one-and
one-half to two times as long as wide, widest portion 
above the middle. Sutures indistinct, depressed. Wall 
calcareous, perforated, ornamented by numerous blade
like costae on each chamber, costae do not continue 
from one chamber to another. Aperture terminal, on 
a short neck, with a phialine lip. 

Remarks. Some workers separate various species of 
Uvigerina and subspecies of U. peregrina on the basis 
of the portion of hispid or costate covering of the test. 
In addition to this the geographic distribution has "cre

ated" some species, for example, U. bortotara (Finlay) 
in the Pacific, U. hollicki Thalmann in the North At
lantic, and U. mediterranea Hofker in the Mediterra
nean. Today many workers recognize most of the mor
phologic variability in U. peregrina as due to 
ecophenotypic variation. The concept of U. peregrina 
used herein includes most uvigerinids with a costate 
and/or aligned hispid ornamentation. 

Ecology. In the Gulf of Mexico, the costate form has 
a depth range from the lower neritic zone to the upper 
middle bathyal zone, whereas the more hispido-costate 
forms have upper depth limits within the upper middle 
bathyal zone and lower limits in the upper abyssal zone 
(Pflum and Frerichs, 1976). Mead (1985) found this 
species to be common in the lower bathyal zone of the 
South Atlantic. In the Gulf of California, U. peregrina 
is found mostly in the bathyal zone (Matoba and Ya
maguchi, 1982). Off the west coast ofCentral America, 
it is found in the middle bathyal zone (Smith, 1964). 
Uvigerina peregrina is a dominant member of many 
faunas typically signifying upper North Atlantic Deep 
Water, Circum Polar Water, and Intermediate Bottom 
Water, lowered oxygen content, and high temperature 
and salinity (Streeter, 1973; Lohmann, 1978; Corliss, 
1979; Schnitker, 1979, 1980). 

Distribution in 586A. Uvigerina peregrina is a com
mon species that occurs mainly above 120 m. The 
highest relative abundance is 17.2% which is at the 
level where U. auberiana exhibits its lowest relative 
abundance. 

Recorded Distribution. Uvigerina peregrina was de
scribed from the Holocene of the Atlantic. The known 
stratigraphic range of U. peregrina s.s. is from the mid
dle Pliocene to the Holocene (Boersma, 1984c), but 
since a wider concept of the species is used here the 
first occurrence probably goes back to the Oligocene. 
Holocene: Atlantic (Brady, 1884; Cushman, 1923; 
Murray, 1971; Lohmann, 1978; Cole, 1981; Hermelin 
and Scott, 1985; Mead, 1985), Caribbean (Brady, 1884; 
Hofker, 1956b), GulfofMexico (Wright and Hay, 1971; 
Pflum and Frerichs, 1976), Mediterranean (Fornasini, 
1900; Hofker, 1932), Pacific (Brady, 1884; Matoba, 
1976; Ingle and others, 1980), Indian Ocean (Boltov
skoy, 1978a). Pleistocene: Atlantic (Blanc-Vernet, 1983; 
Boersma, 1 984b; Murray, 1984), GulfofMexico (Akers 
and Dorman, 1964), California (Galloway and Wissler, 
1927), Pacific (Douglas, 1973; Kurihara and Kennett, 
1986). Pliocene: Atlantic (Blanc-Vernet, 1983; Boers
ma, 1984a, b; Murray, 1984; Hermelin, 1986), Mexico 
(Kohl, 1985), Pacific (Douglas, 1973; Boersma, 1986; 
Kurihara and Kennett, 1986), Java (Saint-Marc and 
Suminta, 1979), Okinawa (LeRoy, 1964), Indian Ocean 
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(Boltovskoy, 1978a). Miocene: Atlantic (Boersma, 
1984a, b; Murray, 1984), Jamaica (Cushman and Todd, 
1945), Pacific (Douglas, 1973; Boersma, 1986; Kuri
hara and Kennett, 1986), Java (Saint-Marc and Sum
inta, 1979), Okinawa (LeRoy, 1964), Sumatra (LeRoy, 
1944), Indian Ocean (Boltovskoy, 1978a). 

Superfamily DISCORBACEA Ehrenberg, 1838 

Family DISCORBIDAE Ehrenberg, 1838 


Subfamily DISCORBINAE Ehrenberg, 1838 

Genus DISCORBINELLA Cushman and Martin, 1935 


Discorbinella bertheloti (d'Orbigny) 

PI. 12, Figs. 9-10 


Rosalina bertheloti D'ORBIGNY, 1839c, p. 135, pI. I, figs. 28-30. 
Discorbina bertheloti (d'Orbigny).- BRADY, 1884 (part). p. 650

651, pi. 89, figs. 11-12 (not 10). 
Discorbis bertheloti (d'Orbigny).-CUSHMAN. 1915, p. 20, pi. 7, 

fig. 3, text-fig. 23.-CUSHMAN, 1921, p. 305-306, pI. 59, figs. 
la-c.-PHLEGERand PARKER, 1951, p. 20, pi. 10, figs. 17
19.-PHLEGERand others. 1953. p. 39, p. 8, figs. 15a-b. 

Rosalina bertheloti d'Orbigny.-PARKER. 1954. p. 523, pi. 8. figs. 
22-23. 

Discopu/vinulina bertheloti (d'Orbigny). - HOFKER. 1956b, p. 184, 
pI. 27, figs. 22-25, pi. 28, fig. I.-BARKER, 1960, p. 184, pI. 
89, figs. 11-12. 

Discorbinella bertheloti (d'Orbigny).-LOEBLICH and TAPPAN, 
1964, p. C575, text-fig. 453, figs. 3a-b.-BELFORD, 1966, p. 
90-91, pI. 12, figs. 15-22, text-fig. 8:1-2, 9:1-2.-LECALVEZ, 
1974, p, 59-60, pI. 14, fig. 2.-SCHNITKER, 1971, p. 196. pI. 
5, figs. 17a-c.-HERMELIN and SCOTT, 1985, p. 206, pI. 3. 
figs. 14-15. 

Description. Test free, trochospiral, compressed, 
concavo-convex, spiral side convex, nearly involute, 
umbilical side slightly concave, umbilicate but nearly 
involute, periphery keeled. Sutures distinct, curved, 
slightly depressed. Wall calcareous, hyaline, smooth, 
finely perforate. Aperture an interiomarginal arch, sup
plementary openings formed by overlapping of um
bilical chamber flaps. 

Remarks. As stated by Barker (1960), the species 
Discorbinella subbertheloti proposed by Cushman 
(l924b) is very close to Discorbinella bertheloti and 
might be considered a junior synonym ofD. bertheloti. 
D. bertheloti differs from D. floridensis (Cushman) in 
having a greater number of chambers (six to eight) in 
the last whorl, D. floridensis has only four to five. 

Ecology. Discorbinella bertheloti is found in the ne
ritic zone of the Atlantic Ocean (Phleger and others, 
1953, Schnitker, 1971). 

Distribution in 586A. Discorbinella bertheloti is a 
very rare species with scattered occurrences above 
90 m. 

Recorded Distribution. Discorbinella bertheloti was 
described from the Holocene of Teneriffe in the Ca

naries. Holocene: Atlantic (d'Orbigny, 1839c; Brady, 
1884; Phlegerand others, 1953; Schnitker, 1971; Her
melin and Scott, 1985), Gulf of Mexico (Phleger and 
Parker, 1951; Parker, 1954), Mediterranean (Brady, 
1884), Pacific (Brady, 1884; Cushman, 1915, 1921), 
Arctic Ocean (Brady, 1884). Pleistocene: Pacific (Ku
rihara and Kennett, 1986). Pliocene: Pacific (Kurihara 
and Kennett, 1986). Pliocene: Pacific (Kurihara and 
Kennett, 1986), Papua-New Guinea (Belford, 1966). 
Miocene: Pacific (Kurihara and Kennett, 1986), Pa
pua-New Guinea (Belford, 1966). 

Genus EPISTOMINELLA Husezima and Maruhasi, 
1944 

Epistominella exigua (Brady) 
Puh-inulina exigua BRADY, 1884, p. 696, pI. 103, figs. 13-14.

CUSHMAN, 1921, p. 340, pI. 68, figs. 3a-c, 
Pulvinulinella exigua (Brady).-WIESNER, 1931, p. 121.-PARR, 

1950, p. 361. 
Pseudoparrella exigua (Brady).-CUSHMAN and PARKER, 1931, 

p. 21.-PHLEGER and PARKER, 195 L p. 28, pi. 15, figs. 6a
b,7a-b. 

Eponides exigua (Brady).-CUSHMAN, 1931a, p. 44-45, pI. 10, 
figs. 1-2. 

Eponides exiguus (Brady).-CHAPMAN and PARR, 1937, p. 107. 
Epistominella exigua (Brady). - PHLEGER and others, 1953, p. 43, 

pI. 9, figs. 35-36.-PARKER, 1954, p. 533, pI. 10, figs. 22
25.-BARKER, 1960, p, 212, pI. 103, figs. 13-14.-SMITH, 
1964, p. 43, pI. 4, figs. 6a-b.-TODD, 1965, p. 30-31, pI. 10, 
fig. I.-RESIG, 1976, pI. 3, fig. I.-BOLTOVSKOY, 1978a, pI. 
3, figs, 37-38.-CORLISS, 1979, p. 7, pI. 2, figs, 7-9.-BURKE. 
1981, pI. 2, fIgS. 1-2.-COLE, 1981, p, 95, pI. II, fig, 2. 
RESIG, 1981, pI. 6, figs. 6-7.-MURRAY, 1984, pI. 2, figs. 1
2.-HERMELIN and SCOTT, 1985, p. 208, p,4, fig. I.-MEAD, 
1985, p. 230, pI. 2, figs. 1-4.-KURIHARA and KENNETT. 
1986, pI. 3, figs. 10-12. 

Description. Test free, trochospiral, all chambers vis
ible on spiral side, only those oflast whorl on umbilical 
side. Sutures flush with surface, oblique on spiral side, 
nearly radial on umbilical side. Wall calcareous, hya
line, smooth, finely perforate. Aperture an elongate 
vertical slit, parallel to the periphery. 

Remarks. Epistominella exigua is a relatively small 
species. Hence, E. exigua is often excluded or under
represented in studies that use the> 125 ~m or larger 
size fraction (for detailed discussion see Hermelin, 
1986). E. exigua differs from Epistominella vitrea Par
ker in having 5 to 51f2 instead of 6 to 61!2 chambers per 
whorl and a more angled periphery. 

Ecology. Schnitker (1980) considered Epistominella 
exigua as an "index species" characterizing ABW and 
the lower NADW. 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. Bandy (1961) found this species 
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in the upper middle bathyal zone in the Gulf of Cal
ifornia, with abundances up to 22% of the total fauna. 

Distribution in 586A. Epistominella exigua is a com
mon species that occurs in most samples with a relative 
abundance of up to 6.9%. 

Recorded Distribut ion. Epistominella exigua was de
scribed from the Holocene of the Atlantic. Holocene: 
Atlantic (Brady, 1884; Phleger and others, 1953; 
Schnitker, 1980; Hermelin and Scott, 1985; Mead, 
1985), Gulf of Mexico (Pflum and Frerichs, 1976), 
Pacific (Brady, 1884; Cushman, 1921; Smith, 1964; 
Todd, 1965; Ingle and others, 1980; Burke, 1981; Re
sig, 1981), Indian Ocean (BoItovskoy, 1978a; Corliss, 
1979), Antarctic Ocean (Brady, 1884; Earland, 1934; 
Chapman and Parr, 1937; Parr, 1950). Pleistocenc: 
Atlantic (Blanc-Vernet, 1983; Murray, 1984), Pacific 
(Resig, 1976; McDougall, 1985; Thomas, 1985; Ku
rihara and Kennett, 1986). Pliocene: Atlantic (Murray, 
1984), Pacific (Resig, 1976; Thomas, 1985; Boersma, 
1986; Kurihara and Kennett, 1986), Indian Ocean 
(Boltovskoy, 1978a). Miocene: Atlantic (Murray, 1984), 
Pacific (Resig, 1976; Woodruff and Douglas, 1981; 
McDougall, 1985; Thomas, 1985; Kurihara and Ken
nett, 1986), Indian Ocean (Boltovskoy, 1978a). 

Genus GA VELINOPSIS Hofker, 1951 


Gavelinopsis lobatulus (Parr) 

PI. 12, Figs. 11-13 


Discorbina isabelleana (d'Orbigny). - BRADY, 1884, p. 646, pI. 88, 
figs. Ia--<: (not Rosalina isabelleana d'Orbigny, 1839b). 

Discorbis lobatulus PARR, 1950, p. 354, pI. 13, figs. 23-25. 
Gavelinopsis lobatulus (Parr).- BARKER, 1960, p. 182, pI. 88, figs. 

1a--<:.-BOLTOVSKOY,1978a,p1.4,figs.12-13.-BUTT,1980, 
pI. 6, figs. 21-22. 

Description. Test free, trochospiral, biconvex, pe
riphery keeled and slightly lobate. All chambers visible 
on spiral side, but only those of the last whorl on the 
more or less flat umbilical side. Prominient umbilical 
plug in center of umbilical side. Sutures curved back
ward at spiral side, nearly radial and slightly depressed 
on umbilical side. Wall calcareous, hyaline, finely per
forate. Aperture a low interiomarginal slit a short dis
tance from periphery on umbilical side, with a narrow 
lip. 

Distribution in 586A. Gavelinopsis lobatulus is a rare 
species with scattered occurrences. 

Recorded Distribution. Gavelinopsis lobatulus was 
described from the Holocene off the coast ofTasmania. 
Holocene: Pacific (Brady, 1884; Parr, 1950). Pliocene: 
Pacific (Kurihara and Kennett, 1986), Indian Ocean 

(Boltovskoy, 1978a). Miocene: Pacific (Butt, 1980; Ku
rihara and Kennett, 1986). 

Family GLABRATELLIDAE Loeblich and Tappan, 

1964 


Genus HERONALLENIA Chapman and Parr, 1931 


Heronallenia lingulata (Burrows and Holland) 

PI. 12, Figs. 14, 18 


Discorbina biconcava Parker and Jones.- BRADY, 1884 (part), p. 
653. pI. 91, figs. 3a--<: (not 2a--<:) (not Discorbina biconcava Parker 
and Jones, 1865). 

Discorbina lingulata BURROWS and HOLLAND in JONES, 1895, 
pI. 7, figs. 33a--<:. 

H el'Onallenia wilsoni (Heron-Allen and Earland). - HERMELIN and 
SCOTT, 1985, p. 210, pI. 6, fig. 8 (not Discorbina wi/soni Heron
Allen and Earland, 1922). 

Herona//enia lingulata 	(Burrows and Holland).-CHAPMAN and 
PARR, 1931, p. 236.-BARKER, 1960, p. 188, pI. 91, figs. 3a
c.-RESIG. 1976, pI. 3, figs. 4-5.- THOMAS, 1985, p. 677, pI. 
13, fig. 7. 

Description. Test free, trochospiral, flat or concavo
convex, periphery carinate. Sutures more or less lim
bate on the spiral side. Wall calcareous, finely perfo
rate, the umbilical side has a radially striate ornament 
converging upon the aperture. Aperture a strongly re
flected or arched opening towards the inner edge ofthe 
ultimate chamber on the umbilical side. 

Distribution in 586A. Heronallenia Ungulata is a very 
rare species with scattered occurrences. 

Recorded Distribution. Heronallenia lingulata was 
described from the Pliocene of England. Holocene: At
lantic (Herrnelin and Scott, 1985), Pacific (Brady, 1884). 
Pleistocene: Pacific (Thomas, 1985). Pliocene: England 
(Jones, 1895). Miocene: Pacific (Resig, 1976; Thomas, 
1985). 

Family LA TICARININIDAE Hofker, 1951 

Genus LATICARININA Galloway and 


Wissler, 1927 


Laticarinina halophora (Stach e) 


Robulina halophora STACHE, 1864, p. 248, 250, pI. 23, figs. 28
29. 

Pulvinulina repanda var. menardii subvar. pauperata PARKER and 
JONES, 1865, p. 395, pI. 16, figs. 50, 5 la-b. 

Pel/alispira pauperala (Parker and Jones).-CUSHMAN, 1927b, p. 
114, pI. 6, fig. 13. 

Pulvinulina pauperata (Parker and Jones).-CUSHMAN, 1931a, p. 
114, pI. 20, figs. 4a--<:, pI. 21, figs. I a--<:. 

Laticarinina halophora (Stache). - FINLAY, 1940, p. 467-468.
BARKER, 1960, p. 214, pI. 104, figs. 3-1 I.-COLE, 1981, p. 
115, pI. 14, fig. 9.-HERMELIN and SCOTT, 1985, p. 212, pI. 
4, figs. 2-3. 

Latiearinina pauperata (Parker and Jones).-CUSHMAN and 
TODD, 1942. p. 15, pI. 4, figs. 1-6.-LEROY, 1964, p. 44, pI. 
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9, fig. 25.-PFLUM and FRERICHS, 1976, pI. 1. fig. 10,
Bl!RKE. 1981, pI. 2, fig. 3.-KOHL. 1985, p. 77, pI. 26, fig, 
1.- THOMAS, 1985, pI. 1I, fig. 10. 

Description. Test free, slightly trochoid, compressed, 
biconvex to planoconvex in edge view, periphery with 
broad thin transluctant keel. Wall calcareous, hyaline, 
finely perforate. Aperture interiomarginal, umbilical
extraumbilical with a distinct lip. 

Remarks. This species is commonly called Laticar
inina pauperata (Parker and Jones. 1865), although 
Brady indicated the Stache's species, named one year 
earlier (1864), was identical (Barker, 1960). The name 
L. halophora, therefore, is used here. 

Distribution in 586A. Laticarinina halophora is a 
relatively common species with relative abundances 
up to 9.2%. 

Recorded Distribution. Laticarinina halophora was 
originally described from the Holocene of the western 
South Pacific Ocean. Holocene: Atlantic (Cushman, 
1931; Phleger and others, 1953; Barker, 1960; Cole, 
1981; Hermelin and Scott, 1985; Mead, 1985), Gulf 
of Mexico (Phleger and Parker, 1951; Pflum and Frer
ichs, 1976), Pacific (Cushman, 1915,1921, 1927b; In
gle and others, 1980; Burke. 1981), Antarctic Ocean 
(Barker, 1960). Pleistocene: Pacific (Douglas, 1973; 
Thomas, 1985). Pliocene: Atlantic (Murray, 1984), 
Mexico (Kohl, 1985), Pacific (Douglas, 1973; Thomas, 
1985; Boersma, 1986; Kurihara and Kennett, 1986), 
Okinawa (LeRoy, 1964). Miocene: Atlantic (Murray, 
1984), Pacific (Douglas. 1973; Woodruff and Douglas, 
198\; Thomas, 1985; Boersma, 1986; Kurihara and 
Kennett, 1986), Guam (Todd, 1966), Okinawa (Le
Roy, 1964). 

Family EPISTOMARIIDAE Hofker, 1954 

Genus NUTTALLIDES Finlay, 1939a 


Nuttallides umbonifera (Cushman) 

PI. 12, Figs. 1 5-17 


TruncalUlina pygmaea Hantken.-BRADY, 1884, p. 666. pI. 95, 
I\gs. 9-10 (not Trunca/ulina pygmaca Hantkcn, 1875). 

PlIlvinulina IImbon(fera Cl!SHMAN, 1933b, p. 90, pI. 9, figs. 9a-c 
Eponides bradyi EARLAND. 1934, p. 187. pI. 8, figs. 36-38.

BARKER. 1960, p. 196, pI. 95, figs. 9-10. 
Epis/ominel/a (?) umbon(fera (Cushman).- PHLEGER and others, 

1953, p. 43, pI. 9, figs. 33-34. 
NUl/aI/ides umhon(ferus (Cushman). - TODD, 1965, p. 29-30, pI. 

11. I\g. I. 
Nw/allides umhonifera (Cushman).-ECHOLS. \971, p. 166. pI. 14. 

I\gs. 5a-c.-RESIG. 1976. pI. 3. figs. 6-7.-BURKE, 1981, pI. 
2, figs. 5-Q.-RESIG, 1981, pI. 6. figs. 13-IS.-BOERSMA, 
1984a, pI. 6. fig. 6. pI. 7. fig. 12.-HERMELIN and SCOTT. 
1985, p. 214. pI. 5, figs, 11-13.-MEAD, 1985, p. 230-232, pI. 
2, figs. 6-7.-THOMAS, 1985, pI. 13. figs. 1-2. 

~ Epis/ominella umbon((era (Cushman). -STREETER, 1973, p. 133. 

Osallgu/aria umhoni(era (C'ushman).-SCHNITKER. 1974. p. 385. 
Vllllallides IImhoni(er (CushmanJ.-ANDERSON, 1975, p. 90, pI. 

8, ligs. 14a-c. 
Osangll/aria rugosa (Ph1egcr and Parker). - PFLl!M and FRER

ICHS. 1976. pI. 7, figs. 2-4.-COLE, 1981, p. 114, pI. 20, figs. 
12-13. 

"/cpis/ominella" umhoni(era (Cushman). - LOHMANN, 1978, p. 26, 
pI. 3, figs. 1-6. 

/,'pisiominella wnhonifera (Cushmanj.-CORLISS, 1979. p. 7, pI. 
2, Ilgs. 10-12. 

Description. Test free, biconvex, ventral side often 
more strongly convex than the dorsal, often with um
bilical plug, periphery acute, Chambers distinct, be
tween six and nine in the last whorl, increasing slightly 
in size as added. Sutures distinct, slightly curved back
ward on the ventral side and more strongly on the 
dorsal. Wall calcareous, rough, finely perforate. Ap
erture interiomarginal, starting at the umbilical plug 
and extending nearly to the periphery. 

Remarks. There is some uncertainty about the ge
neric position of this species. I have followed Todd 
(1965) who placed it in Nuttallides rather than in Epi
stominella because of its umbilical plug and position 
of the aperture. 

Ecology. Nuttallides umbon!fera is regarded as an 
indicator of AABW in the Atlantic (Lohmann, 1978) 
Pacific, and Indian Oceans (Corliss, 1979). In the At
lantic Ocean, N. umbon(fera occurs in the lower bathy
al and abyssal zones whereas in the Pacific and Indian 
Oceans, it dominates the fauna where the coldest 
AABW occurs. N umbon!fera has not been reported 
from the Antarctic Ocean except at abyssal depths 
(Douglas and Woodruff, 1981). 

Distribution in 586A. Nuttallides umbonifera is a fre
quent species below 52 m (0.5 to 5.0% of the total 
benthic foraminiferal fauna), especially in the interval 
110 to 135 m (6.9 to 29.3% of the fauna). 

Recorded Distribution. Nuttallides umbonifera was 
described from the Holocene off Paumotu Islands, 
Central Pacific. Holocene: Atlantic (Brady, 1884; Phle
ger and others, 1953; Streeter, 1973; Lohmann, 1978; 
Cole, 1981; Hermelin and Scott, 1985; Mead, 1985), 
Gulf of Mexico (Pflum and Frerichs, 1976), Pacific 
(Cushman, 1933b; Todd, 1965; Burke, 1981; Resig, 
1981), Antarctic Ocean (Anderson, 1975), Indian Ocean 
(Corliss, 1979). Pleistocene: Pacific (Resig, 1976; 
Thomas, 1985; Kurihara and Kennett, 1986). Plio
cene: Atlantic (Boersma, 1984a), Pacific (Thomas, 
1985; Boersma, 1986; Kurihara and Kennett, 1986). 
Miocene: Atlantic (Boersma, 1984a), Pacific (Resig, 
1976; Woodruff and Douglas, 1981; McDougall, 1985; 
Thomas, 1985; Boersma, 1986; Kurihara and Kennett, 
1986). 
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Superfamily CASSIDULINACEA d'Orbigny, l839b 

Family PLEUROSTOMELLIDAE Reuss, 1860 


Subfamily PLEUROSTOMELLINAE Reuss, 1860 

Genus ELLIPSOGLANDULINA Silvestri, 1900b 


Ellipsoglandulina laevigata Silvestri 

E/lipsoglandulina laevigata SILVESTRI, 1900a, p. 5, pI. I, figs. 3
10, 12-13.-SILVESTRI, 1900b, p. 219. 

Description. Test free, elongate, uniserial, with 
strongly overlapping chambers, tapering base. Wall 
calcareous, smooth. Sutures distinct. Aperture termi
nal, semilunate, with an internal entosolenian tube. 

Distribution in 586A. Ellipsoglandulina laevigata is 
a rare species with scattered occurrences. 

Recorded Distribution. Ellipsoglandulina laevigata 
was described from the Pliocene/Miocene of Italy. 
Pliocene: Italy (Silvestri, 1900a, b). Miocene: Italy (Sil
vestri, 1900a, b), Pacific (Thomas, 1985). 

Genus ELLIPSOIDELLA Heron-Allen and Earland, 
1910 

Ellipsoidella cf. E. pleurostomelloides 

Heron-Allen and Earland 


Ellipsoidella pleurostomelloides HERON-ALLEN and EARLAND, 
191O,p.413,415,pl.lO,figs.I-II,pl.lI,figs.I-2. 

Description. Test free, elongate, chambers cuneate and 
biserially arranged in early portion, later becoming less 
closely appressed and uniserial, but wedge-shaped and 
alternating. Later portion often rectilinear. Sutures de
pressed. Wall calcareous, smooth, finely perforate. Ap
erture terminal, an arched slit with overhanging lip. 

Remarks. My material is close to Ellipsoidella pleu
rostomelloides but does not exhibit distinct depression 
of the sutures. 

Distribution in 586A. Ellipsoidella cf. E. pleurosto
melloides is a rare species with scattered occurrences 
below 98 m. 

Recorded Distribution. Ellipsoidella pleurostomel
loides was described from the upper Cretaceous of En
gland. 

Genus ELLIPSOIDINA Seguenza, 1859 

Ellipsoidina ellipsoides Seguenza, emend. Brady 

Ellipsoidina ellipsoides SEGUENZA, 1859, p. 12, pI. I, figs. 1-3.
SEGUENZA, 1880, p. 226. 

Ellipsoidina ellipsoides Seguenza.-BRADY, 1868 (emend.), p. 338, 
pI. 13, figs. 1-12. 

Description. Test free, ovate, with completely en
veloping uniserial chambers each attached to preceding 

ones at the base. Wall calcareous, smooth, finely per
forate. Aperture terminal, small, semilunate. 

Remarks. The genus Ellipsoidina differs from Ellip
soglandulina in being completely involute. 

Distribution in 586A. Ellipsoidina ellipsoides is a very 
rare species with few occurrences. 

Recorded Distribution. Ellipsoidina ellipsoides was 
described from the Miocene of Sicily. Pleistocene: At
lantic (Blanc-Vernet, 1983). Pliocene: Atlantic (Blanc
Vernet, 1983). Miocene: Italy (Seguenza, 1859). 

Genus ELLIPSOPOLYMORPHINA Silvestri, 190 I 

Ellipsopolymorphina sp. 1 

Description. Test free. elongate, ovate, early stage 
biserial, later uniserial, strongly overlapping chambers. 
Sutures slightly depressed. Wall calcareous, smooth. 
Aperture terminal, semi-lunate, with internal tube con
necting apertures of adjacent chambers. 

Remarks, My specimens differ from Ellipsopoly
morphina schlichti (Silvestri) in having a rounded rath
er than pointed apertural end. 

Distribution in 586A. Ellipsopolymorphina sp. 1 is a 
very rare speces with few occurrences. 

Genus NODOSARELLA Rzehak, 1895 

Nodosarella advena Cushman and Siegfus 


Nodosarella advena CUSHMAN and SIEGFUS, 1939, p. 30, pI. 6, 
figs. 19-20. 

Description. Test free, elongate, straight, uniserial, 
may show traces of biserial condition in the earliest 
portions, circular in cross-section. Sutures slightly de
pressed, almost flush with surface in early portion. Wall 
calcareous, smooth. Aperture terminal, a narrow elon
gate slit, slightly curved, with a distinct lip. 

Distribution in 586A. Nodosarella advena is a rare 
species with scattered occurrences below 56 m. 

Recorded Distribution. Nodosarella advena was de
scribed from the Eocene of California. 

Genus PLEUROSTOMELLA Reuss, 1860 

Pleurostomella acuminata Cushman 

PI. 13, Fig. 1 


Pleurostomella alternans Schwager.-BRADY, 1884 (part), p. 412, 
pI. 51. fig. 22 (not 23) (not Pleurostomella alternans Schwager, 
1866). 

Pleurostomella acuminata CUSHMAN, 1922a, p. 50-51, pI. 19, fig, 
6.-PHLEGER and others, 1953, p. 39, pI. 8, figs. 10-13,
BARKER. 1960, p. 106, pI. 51, fig. 22, BOLTOVSKOY, 1978a, 
pI. 5, figs. 39-41. 
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Description. Test free, subcylindrical or fusiform, 
elongate, biserial, often widest below the middle, initial 
end pointed, apertural end rounded in front view, acute 
and tapering in side view. Sutures distinct, slightly de
pressed. Wall calcareous, smooth, finely perforate. Ap
erture terminal, almost vertical at the inner face of the 
ultimate chamber, with a projecting hood, two up
wardly projecting teeth in aperture. 

Distribution in 586A. Pleurostomella acuminata has 
scattered occurrences between 127 and 60 m. 

Remarks. Pleurostomella acuminata differs from P. 
alternans in being widest at the apical end rather than 
at the middle of the test. 

Recorded Distribution. Pleurostomella acuminata was 
described from the Holocene of the Caribbean. Ho
locene: Atlantic (Phleger and others, 1953), Caribbean 
(Cushman, 1 922a), Pacific (Brady, 1884). Pleistocene: 
Atlantic (Blanc-Vernet, 1983). Pliocene: Atlantic 
(Blanc-Vernet, 1983; Hermelin, 1986), Pacific (Tho
mas, 1985), Indian Ocean (Boltovskoy, 1978a). Mio
cene: Pacific (Woodruff and Douglas, 1981; Thomas, 
1985), Indian Ocean (Boltovskoy, 1978a). 

Pleurostomella alternans Schwager 

Pleurostomella alternans SCHWAGER, 1866, p. 238, pI. 6, figs. 79
80.-CUSHMAN and HARRIS, 1927, p. 129, pI. 25, figs. 7
8.-LEROY, 1964, p. 36, pI. 5, fig. 5.-TODD. 1966, p. 29, pI. 
12, figs. 14-15.-BOLTOVSKOY, 1978a, pI. 5, figs. 43-44.
BOERSMA, 1986. pI. 5, fig. 6. 

Description. Test free, biserial, elongate, tapering to
wards the initial end, widest at the apertural end. Su
tures distinct, slightly depressed. Wall calcareous, 
smooth, finely perforate. Aperture terminal, at the in
ner face of the ultimate chamber, with projecting hood 
an two upwardly projecting teeth. 

Distribution in 586A. Pleurostomella alternans is a 
rare species with scattered occurrences. 

Remarks. Pleurostomella alternans differs from P. 
acuminata in having a more tapering test with the 
widest part at the apertural end. 

Recorded Distribution. Pleurostomella alternans was 
described from the Pliocene of Kar Nikobar, off Su
matra. Pleistocene: Atlantic (Blanc-Vernet, 1983), Pa
cific (McDougall, 1985). Pliocene: Atlantic (Blanc-Ver
net, 1983), Pacific (McDougall, 1985; Thomas, 1985; 
Boersma, 1986), Java (Saint-Marc and Suminta, 1979), 
Okinawa (LeRoy, 1964) New Guinea (Cushman and 
Harris, 1927), Sumatra (Schwager, 1866), Indian Ocean 
(Boltovskoy, 1978a). Miocene: Pacific (Resig, 1976; 
Woodruff and Douglas, 1981; McDougall, 1985; 
Thomas, 1985; Boersma, 1986), Guam (Todd, 1966), 

Okinawa (LeRoy, 1964), Indian Ocean (Boltovskoy, 
1978a). 

Pleurostomella brevis Schwager 

Pleurostomella brevis SCHWAGER. 1866, p. 239, pI. 6, fig. 81.
BRADY, 1884. p. 411, pl. 51, figs. 20a-b.-BARKER, 1960, 
p. 104, pI. 51, figs. 20a-b.-LEROY, 1964, p. 36, pI. 5, fig. 4. 

Description. Test free, subcylindrical. Maximum 
width at middle of test, apical end rounded. Chambers 
strongly embracing, the final chamber occupying more 
than half the length of the test. Sutures slightly de
pressed. Wall calcareous, hyaline, smooth, finely per
forate. Aperture a vertical slit in the depressed face of 
the ultimate chamber. 

Distribution in 586A. Pleurostomella brevis is a rare 
species with few occurrences. 

Recorded Distribution. Pleurostomella brevis was de
scribed from the Pliocene ofKar Nikobar, off Sumatra. 
Holocene: Atlantic (Hermelin and Scott, 1985), Pacific 
(Brady, 1884; Burke, 1981). Pleistocene: Atlantic 
(Blanc-Vernet, 1983), Pacific (McDougall, 1985). Plio
cene: Atlantic (Hermelin, 1986), Pacific (McDougall, 
1985), Java (Saint-Marc and Suminta, 1979), Okinawa 
(LeRoy, 1964), Sumatra (Schwager, 1866). Miocene: 
Pacific (Resig, 1976; McDougall, 1985), Java (Saint
Marc and Suminta, 1979), Okinawa (LeRoy, 1964), 
Guam (Todd, 1966). 

Pleurostomella recens Dervieux 

PI. 13, Fig. 2 


Pleurostomella rapa Guembet.-BRADY, 1884, p. 411. pI. 51, figs. 
21 a-b. 

Pleurostomella rapa Guembel var. recens DERVIEUX, 1899, p. 
76.-CUSHMAN, 1927d, p. 156, pI. 28, figs. 6a-b.-BARKER, 
1960, p. 104, pI. 51, figs. 2la-b. 

Ellipsopleurostomella pleurostomella SILVESTRI, 1904b, p. 8, figs. 
4-5. 

PleuroslOmella pleuroSlOmella SilvestrL-CUSHMAN and HAR
RIS, 1927, p. 130. pI. 25, fig. 13. 

Pleurostomella bierigi PALMER and BERMUDEZ. 1936, p. 294, 
pI. 17, figs. 7-8. - BOL TOVSKOY, 1978a. pI. 5. fig. 45. 

Description. Test free, small. Widest in the middle 
of test, apical end pointed. Chambers strongly em
bracing, the ultimate chamber occupying most of the 
test. Sutures slightly depressed. Wall calcareous, hya
line, smooth, finely perforate. Aperture a vertical slit 
in the depressed face of the ultimate chamber. 

Remarks. Pleurostomella recens differs from P. 
brevis in the distinctly pointed apical end and the much 
more embracing chambers. P. bierigi is regarded as a 
junior synonym to P. recens. 
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Distribution in 586A. Pleurostomella recens is a rare 
species with few occurrences. 

Recorded Distribution. Pleurostomella recens was de
scribed from the Tertiary of Italy. Holocene: Pacific 
(Brady, 1884; Burke, 1981). Pleistocene: Pacific 
(McDougall, 1985). Pliocene: Pacific (McDougall, 
1985). Miocene: Italy (Silvestri 1904b), Pacific (Wood
ruff and Douglas, 1981; McDougall, 1985), Indian 
Ocean (Boltovskoy, I 978a). 

Pleurostomella subnodosa (Reuss) 

PI. 13, Fig. 7 


Nodosaria nodosa REUSS, 1845 (part), p. 28, pI. 13, fig. 22. 
Dentalina subnodosa (Reuss).-REUSS, 1851b (part), p. 24, pI. I, 

fig. 9. 
Pleurostomella subnodosa (Reuss). -REUSS, 1860, p. 204, pI. 8, figs. 

2a-b.-BRADY, 1884, p. 412-413, pl.52, figs. 12-13.-CUSH
MAN, 1911, p. 51, text-jig. 82. 

Pleurostomellina sp. BARKER, 1960, pI. 52, figs. 12-13. 

Description. Test free, elongated, initially biserial, 
later uniserial. Initial end rounded, apertural end sub
acute in front view, rounded in side view. Chambers 
wedge-shaped, alternating from side to side as added. 
Sutures slightly depressed. Wall calcareous, hyaline, 
smooth, finely perforate. Aperture terminal, sinus broad 
with slight projections at each side. 

Distribution in 586A. Pleurostomella subnodosa is a 
rare species with scattered occurrences. 

Recorded Distribution. Pleurostomella subnodosa was 
originally described from the upper Cretaceous of Eu
rope. Holocene: Atlantic (Brady, 1884), Pacific (Brady, 
1884; Cushman, 1911, 1921). 

Pleurostomella sp. 1 

PI. I 3, Figs. 3-4 


Description. Test free, globular, initial chambers very 
small, penultimate chamber large and globular, ulti
mate chamber pyriform, compressed. Sutures very de
pressed. Wall calcareous, hyaline, smooth, finely per
forate. Aperture terminal, small, on an almost neck
like protrusion of the ultimate chamber. 

Remarks. Pleurostomella sp. 1 is very characteristic 
with its small initial chambers, large globular penul
timate chamber and very depressed sutures. 

Distribution in 586A. Pleurostomella sp. I is a rare 
species with scattered occurrences. 

Pleurostomella sp. 2 

Pl. 13, Figs. 5-6 


Description. Test free, pyriform, extremely embrac
ing chambers, the ultimate chamber comprises more 

than four-fifths of the test, the penultimate chamber is 
only visible as a long narrow slit extending from the 
apical part to the aperture. Wall calcareous, hyaline, 
smooth, finely perforate. Sutures flush with the surface. 
Aperture terminal, small, with two small projecting 
teeth. 

Distribution in 586A. Pleurostomella sp. 2 is a very 
rare species with scattered occurrences. 

Family CAUCASINIDAE Bykova, 1959 

Subfamily CAUSASININAE Bykova, 1959 


Genus FRANCESITA Loeblich and Tappan, 1963 


Francesita advena (Cushman) 

PI. 13, Figs. 8-10 


Virgulina (?) advena CUSHMAN, 1922a, p. 120-121, pI. 25, figs. 
1-3.-CUSHMAN, 1937c, p. 29. pI. 4, lig. 29. 

Virgulina advena Cushman.-PHLEGER and others, 1953, p. 34, 
pI. 7, ligs. 1-2. 

Francesita advena (Cushman).-LOEBLICH and TAPPAN, 1953, 
p. 215-PFLUM and FRERICHS, 1976, pI. 4, ligs. 6-7.-BOL
TOVSKOY, 1978a, pI. 6,ligs. 6-8.- THOMAS, 1985, p. 676, 
pI. 2, fig. 8. 

Description. Test free, elongate, tapering, widest near 
the apertural end, rounded in cross-section, initial end 
bluntly rounded. Chambers triserially arranged in the 
early stage, later biserial. Sutures slightly depressed. 
Wall calcareous, smooth, finely perforate, pores dom
inately aligned in longitudinal rows. Aperture an elon
gate slit extending from the base of the final chamber 
across the top, about half the distance down the op
posite side, with one margin of the aperture recurved 
and the opposite margin projecting slightly above in a 
hooded fashion. 

Ecology. Pflum and Frerichs reported this species 
from abyssal depths in the Gulf of Mexico. 

Distribution in 586A. -Francesita advena is a rare 
species with scattered occurrences. 

Recorded Distribution. Francesita advena was de
scribed from the Holocene of the Atlantic. Holocene: 
Atlantic (Cushman, 1922; Phleger and others, 1953), 
Gulf of Mexico (Pflum and Frerichs, 1976), Indian 
Ocean (Boltovskoy, 1978a). Pleistocene: Atlantic 
(Phleger and others, 1953; Blanc-Vernet, 1983; Mur
ray, 1984), Pacific (Thomas, 1985; Kurihara and Ken
nett, 1986). Pliocene: Atlantic (Murray, 1984), Pacific 
(Thomas, 1985; Kurihara and Kennett, 1986). Mio
cene: Pacific (Woodruff and Douglas, 1981; Thomas, 
1985; Kurihara and Kennett, 1986), Indian Ocean 
(Boltovskoy, 1978a). 
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Family CASSIDULINIDAE d'Orbigny, 1839a 

Genus EHRENBERGINA Reuss, 1850 


Ehrenbergina albatrossi Cushman 

PI. 13, Fig. 11 


Ehrenbergina albatrossi CUSHMAN, 1933b, p, 94, pI. 10, figs. 8a
b. TODD, 1965, p. 47, pI. 21, figs. 2-3.-TODD, 1966, p. 27, 
pI. 15, fig. 2. 

Description. Test free, biserial, enrolled initially and 
then uncoiling, compressed perpendicular to the plane 
ofcoiling, early part rounded with numerous irregular 
spines, later part subtriangular in cross-section, dorsal 
side slightly convex, periphery carinate with spines at 
the end of each chamber. Sutures limbate, slightly de
pressed. Wall smooth and finely perforate. Aperture 
an elongate slit parallel to the dorsal side, with a thin 
lip. 

Remarks. The specimen that Kurihara and Kennett 
(1986, pI. 6, fig. 4) referred to as Ehrenbergina sp. 
seems to belong to E. albatrossi although it does not 
exhibit the coarse irregular spines on the early rounded 
part. 

Distribution in 586A. Ehrenbergina albatrossi is a 
rare species with scattered occurrences. 

Recorded Distribution. Ehrenbergina albatrossi was 
described from the Holocene of the North Pacific. Ho
locene: Pacific (Cushman, 1933b; Todd, 1965; Burke, 
1981). Pliocene: Pacific (Kurihara and Kennett, 1986, 
see under Remarks). Miocene: Pacific (Todd, 1966; 
Kurihara and Kennett, 1986, see under Remarks). 

Ehrenbergina trigona Goes 

PI. 13, Fig. 13 


Textularia triquetra on Munster,-GOES, 1882, p. 83, pI. 6, figs. 
183-184 (not Textularia triquetra von Munster, in Roemer, 
1838). 

Ehrenbergina serrata Reuss,-BRADY, 1884 (pan), p, 434, pI. 55, 
figs. 2-3, 5 (not 4,6-7) (not Ehrenbergina serrata Reuss, 1850). 

Ehrenbergina serrata Reuss vaL trigona GOES, 1896, p, 49, 
Ehrenbergina bradyiCUSHMAN, 1922a, p. 134-135, p, 26, fig. 5, 

CUSHMAN, 1927c, p, 5, pI. 2, fIgS, la-<:.-MCDOUGALL, 
1985, pI. 6, fig, 8, 

Ehrenbergina trigona Goes.- PHLEGER and others, 1953, p. 46, 
pI. 10, figs, 12-13.-CORLISS, 1979, p. 8, pI. 3, figs, 10-11.
MURRAY, 1984, pI. I, fig. 23.-HERMELIN and SCOTT, 
1985, p, 206, 208, p. 4, figs. 15-16,-MEAD, 1985, p. 232, pI. 
3, figs, 4-7. 

Description. Test free, biserial, trigonal in front view, 
enrolled initially and then uncoiling, slightly com
pressed perpendicular to the plane ofcoiling, later part 
triangular or sub triangular in cross-section, dorsal side 
slightly convex, ventral side has a median furrow with 

a series of fine spines at the inner angles of the cham
bers. Periphery carinate with spines at the end of each 
chamber. Sutures limbate, flush with surface in the 
early part of the test, slightly depressed in the later part 
of the test. Wall smooth and finely perforate. Aperture 
an elongate slit parallel to the dorsal side, with a thin 
lip. 

Distribution in 586A. Ehrenbergina trigona is a very 
rare species with few occurrences. 

Recorded Distribution. Ehrenbergina trigona was de
scribed from the Holocene ofthe Caribbean. Holocene: 
Atlantic (Cushman, 1922; Hermelin and Scott, 1985; 
Mead, 1985), Caribbean (Goes, 1882), Pacific (Brady, 
1884; Goes, 1896; Ingle and others, 1980; Thompson, 
1980; Burke, 1981), Indian Ocean (Corliss, 1979). 
Pleistocene: Atlantic (Phleger and others, 1953), Pa
cific (Resig, 1976; McDougall, 1985). Pliocene: Atlan
tic (Murray, 1984; Hermelin, 1986). Miocene: Atlantic 
(Murray, 1984), Pacific (Woodruff and Douglas, 1981; 
McDougall, 1985). 

Ehrenbergina undulata Parker 

PI. 1 3, Fig. 12 


Ehrenbergina serrata Reuss.-BRADY, 1884 (pan), p, 434, pI. 55, 
figs. 4, 6-7 (not 2-3, 5).-MURRAY, 1984, pI. I, fig. 22 (not 
Ehrenbergina serrala Reuss, 1850). 

Ehrenbergina trigona Goes,-CUSHMAN, 1922a, p. 135, pI. 26, 
fig. 4.-CUSHMAN, 1927c, p. 6, pI. 2, fig, 3 (not Ehrenbergina 
trigona Goes, \896), 

Ehrenbergina pacifica CUSHMAN, 1927c, p, 5-6, pI. 2, fIgS, 2a
c.-BARKER, 1960. p, 122. pI. 55, figs. 4, 6-7. 

Ehrenbergina undulata PARKER in PHLEGER and others, 1953, 
p. 46-47, pI. 10, figs, 14-16.-GIANELLI and others, 1968, pI. 
2, figs, la-b,-NISHIMURA and others, 1977, pI. 4, figs, 1
2.-KOHL, 1985, p. 87, pI. 31, fig. 3. 

Ehrenbergina sp, LOHMANN. 1978, pI. 2, figs, 16-17. 
Ehrenbergina cornpressa Cushman.-KELLER, 1980, pI. 2, fig, 4 

(not Ehrenbergina cornpressa Cushman, 1927b). 

Description. Test free, biserial, trigonal in front view, 
enrolled initially and then uncoiling, compressed per
pendicular to the plane of coiling, later part triangular 
or subtriangular in cross-section, dorsal side slightly 
convex, ventral side has a very narrow central furrow 
formed by the carinated margins of the chambers 
merging into a single keel, periphery carinate with spines 
at the end ofeach chamber. Sutures limbate, flush with 
surface in the early part of the test, slightly depressed 
in the later part of the test. Wall smooth and finely 
perforate. Aperture an elongate slit parallel to the dor
sal side, with a thin lip. 

Remarks. Ehrenbergina undulata differs from E. tri
gona in not having the deep, rather broad central fur
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row on the ventral side. LeRoy (1964) reported E. 
bradyi Cushman trigona Goes) from the upper 
Miocene of Okinawa, but the figured specimens more 
closely resemble E. undulata. 

Distribution in 586A. Ehrenbergina undulata is a 
rare species with scattered occurrences. 

Recorded Distribution. Ehrenbergina undulata was 
described from the Pleistocene of the North Atlantic. 
Holocene: Atlantic (Lohmann, 1978), Gulf of Mexico 
(Pflum and Frerichs, 1976), Pacific (Brady, 1884; Ingle 
and others, 1980). Pleistocene: Atlantic (Phleger and 
others, 1953), Pacific (Keller, 1980). Pliocene: Atlantic 
(Murray, 1984), Italy, (Gianelli and others, 1968), 
Mexico (Kohl, 1985), Pacific (Nishimura and others, 
1977; Keller, 1980). Miocene: Atlantic (Murray, 1984), 
Pacific (Keller, 1980), Okinawa (LeRoy, 1964, see un
der Remarks). 

Genus FAVOCASSIDULINA Loeblich and Tappan, 
1957 

Favocassidulina favus (Brady) 

PI. I 3, Figs. 14, 1 7 


Pulvinulinafavus BRADY, 1877, p. 535.-BRADY, 1884, p. 701, 
pI. 104, figs. 12-16. 

Cassidulinafavus (Brady).-CUSHMAN. 1926b, p. 70-71. 
Cassidulina sp. 2 PHLEGER and others, 1953, p. 45-46, pI. 10, figs. 

8-9. 
Favocassidulinafavus (Brady).-LOEBUCH and TAPPAN, 1957, 

p. 230. pI. 73, figs. 7-1 I.-BARKER, 1960, p. 214, pI. 104, figs. 
12-16.-BELFORD, 1966, p. 145-146, pI. 26, figs. 28-31, text
fig. 18:6.-DOUGLAS, 1973, pI. 6, figs. 4-5.-BOLTOV
SKOY, 1978a, pI. 4, fig. 20.-NOMURA, 1984, p. 94-98, pI. 
I, figs. 1-10. pI. 2, figs. 1-8.-BURKE, 1981, pI. 3, figs. 3-4.
RESIG, 1981, pI. 7, fig. 8.-KURIHARAand KENNETT, 1986, 
pI. 6, figs. 1-2. 

Description. Test free, lenticular, periphery acute, 
biconvex. The spiral chamber arrangement is con
cealed by the honeycomb-like secondary ornamenta
tion which covers the entire test, except for the aper
ture. Aperture elongate, a slightly curved slit, parallel 
to margin of chamber, bordered by a narrow lip. 

Ecology. Favocassidulinafavus seems to be restricted 
to the Pacific. The only report outside this area that 
has come to my attention is by Phleger and others 
(1953) who found this species at two equatorial sites 
in the mid-Atlantic. Cushman (1915) reported this 
species as widely distributed in the western Pacific and 
most common at depths between 2,700 m and 3,600 m. 

Distribution in 586A. Favocassidulinafavus is a rare 
species that occurs in the upper part of the sequence. 

Recorded Distribution. Favocassidulinafavus was de

scribed from the Holocene of the Pacific. Holocene: 
Pacific (Brady, 1877, 1884; Cushman, 1915; Burke, 
1981; Resig, 1981; Nomura, 1984). Pleistocene: Pacific 
(Douglas, 1973; Kurihara and Kennett, 1986). Plio
cene: Pacific (Douglas, 1973; Kurihara and Kennett, 
1986; Boersma, 1986). Miocene: Atlantic (Phleger and 
others, 1953), Pacific (Douglas, 1973; Woodruff and 
Douglas, 1981; Thomas, 1985; Boersma, 1986), Pa
pua-New Guinea (Belford, 1966), Indian Ocean (Bol
tovskoy, 1978a). 

Genus GLOBOCASSIDULINA Voloshinova, 1960 

Globocassidulina decorata Sidebottom 

PI. 13, Figs. 15-16 


Cassidulina decorata SIDEBOTTOM, 1910, p. 107, pI. 4, figs. 2a
c.-CUSHMAN, 1925b, p. 53, pI. 8, figs. 20-22. 

Globocassidulina decorata (Sidebottom).- THOMAS, 1985, p. 676, 
pI. 7, fig. 5. 

Description. Test free, broadly rounded, only slightly 
compressed, periphery slightly lobate. Chambers 
slightly inflated. Sutures indistinct, curved, slightly de
pressed. Wall calcareous, hyaline, ornamented with a 
network of irregular costae, somewhat independent of 
the chambers, later portion smooth. Aperture an elon
gate slit perpendicular to the suture between the ulti
mate and penultimate chambers. 

Distribution in 586A. Globocassidulina decorata is a 
rare species that occurs below 70 m. 

Recorded Distribution. Globocassidulina decorata was 
described from the Holocene of the Pacific. Holocene: 
Pacific (Sidebottom, 1910). Pliocene: Pacific (Thomas, 
1985). 

Globocassidulina subglobosa (Brady) 

Cassidulina subglobosa BRADY, 1881, p. 60.-BRADY, 1884, p. 
430, pI. 54, figs. 17a-c. -CUSHMAN, 1911, p. 98, text-fig. 
152.-CUSHMAN, 1921, p. 171-172, pI. 32. fig. 2.--CUSH
MAN, 1922a, p. 127-128, pl. 24, fig, 6.-CUSHMAN, 1925b, 
p. 54, pI. 8, figs. 48-50.-GALLOWAY and HEMINWAY, 
1941, p. 425, pI. 32, figs. 2a-b.-CUSHMAN and TODD, 1945, 
p. 61, pI. 10, figs. 8a-b.-PHLEGER and PARKER, 1951, p. 
27,pI.14,figs.11-12.-PHLEGERandothers,1953,p.45,pl. 
10, fig. 4.-BUTT, 1980, pI. 6, fig. 9.-BURKE, 1981. pI. 2, 
fig. II.-RESIG, 1981, pI. 7, fig. 7. 

lslandiella subglobosa (Brady). AKERS and DORMAN, 1964, p. 
39, pI. II, fig. 19.-SCHNITKER, 1971, p. 204, pI. 5, figs. la-c. 

Globocassidulina subglobosa (Brady). - BELFORD, 1966, p. 149, pI. 
25, figs. 11-16, text-figs. 17:1-7, 18:1-4.-LOHMANN, 1978, 
p. 26, pI. 2. figs. 8-9.-CORLISS, 1979, p. 8, pI. 3, figs. 12
l3.-MEAD, 1985, p. 232, 234, pI. 3, fIg. 8.-KOHL, 1985, p. 
88, pI. 30, figs. 3-4.-THOMAS, 1985, pI. 7, fig. 4.-KURI
HARA and KENNETT, 1986, pI. 5, figs. 4-8. 
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Cassidulina subglobosa subglobosa Brady.-BOLTOVSKOY, 1978a, 
p. 155, pI. 2, fig. 34.-INGLE and others, 1980, p. 132, pI. I, 
figs. 13-14. 

Description. Test free, subglobular in side view, coiled 
biserial, peripheral margin rounded, ovate to globular 
in cross-section. Chambers inflated. Sutures distinct, 
sometimes slightly depressed, slightly curved. Wall cal
careous, hyaline, smooth, finely perforate. Aperture 
narrow, in a depression of the apertural faee, varying 
in shape from a straight narrow slit to a ehevron-shaped 
opening, with a lip attached to the outer margin, tooth
plate formed by infolding of apertural face. 

Ecology. Globocassidulina subglobosa has been re
garded as a marker for "warm AABW" in the Indian 
Ocean (Corliss, 1979) and NADW in tbc North At
lantic (Streeter, 1973; Schnitker, 1979). In the Gulf of 
Mexico, G. subglobosa occurs in the upper bathyal zone 
(Pllum and Frerichs, 1976). Ingle and others (1980) 
observed the same bathymetric distribution in the Peru
Chile Trench area. In the gulf ofCalifornia, this species 
is found in the middle bathyal zone (Bandy, 1961). 

Distribution in 586A. Globocassidulina subglobosa is 
a common species throughout the sequence with rel
ative abundances up to 8.2%. 

Recorded Distribution. Globocassidulina subglobosa 
was described from the Holocene of the Atlantic. Ho
locene: Atlantic (Cushman, 1922; Phleger and others, 
1953), Streeter, 1973; Lohmann, 1978; Schnitker, 1979; 
Mead, 1985), GulfofMexico (Phleger and Parker, 1951; 
Pllum and Frerichs, 1976), Pacific (Cushman, 1911, 
1921; Todd, 1966; Douglas, 1973; Butt, 1980; Burke, 
1981; Resig, 1981; Kurihara and Kennett, 1986), Gulf 
of California (Bandy, 1961), Indian Ocean (Boltov
skoy, 1978a; Corliss, 1979). Pleistocene: Atlantic 
(Phleger and others, 1953), Gulf of Mexico (Akers and 
Dorman, 1964), Pacific (Douglas, 1973; Resig, 1976; 
Keller, 1980; McDougall, 1985; Thomas, 1985; Ku
rihara and Kennett, 1986). Pliocene: Atlantic (B1anc
Vernet, 1983; Boersma, 1 984a; Herme1in, 1986), Mex
ico (Kohl, 1985), Pacific (Douglas, 1973; Keller, 1980; 
McDougall, 1985; Thomas, 1985; Boersma, 1986; Ku
rihara and Kennett, 1986), Java (Saint-Marc and Su
minta, 1979), Okinawa (LeRoy, 1964), Indian Ocean 
(Bo1tovskoy, 1978a). Miocene: Atlantic (Boersma, 
1984a), Pacific (Douglas, 1973; Resig, 1976; Butt, 1980; 
Woodruff and Douglas, 1981; McDougall, 1985; 
Thomas, 1985; Boersma, 1986; Kurihara and Kennett, 
1986), Guam (Todd, 1966), Java (Saint-Marc and 
Suminta, 1979), Okinawa (LeRoy, 1964), Papua-New 
Guinea (Belford, 1966), Indian Ocean (Boltovskoy, 
1978a). 

Genus RUTHERFORDOIDES McCulloch, 1981 

Rutherfordoides tenuis (Phleger and Parker) 

PI. 14, Figs. 3-4 


Cassidulinoides tenuis PHLEGER and PARKER, 1951, p. 27, pI. 
14, figs. 14-17.-PARKER, 1958, p. 272, pI. 4, figs. 18-19.
MATSUNAGA, 1963, pI. 49, figs. 6a-b.-LEROY, 1964, p. 
41, pI. 12, figs. 1-2.-BOLTOVSKOY, 1978a, pI. 3, fig. 2. 

Ruthe(fordoides tenuis (Phleger and Parker).- KOHL, 1985, p. 89
90 pI. 18, figs. 5a-f. 

Description. Test free, circular to ovate in cross-sec
tion, early portion coiled, chambers biserially enrolled, 
later portion uncoiled. Chambers distinct, slightly in
flated, increasing gradually in size. Sutures distinct, 
slightly depressed. Wall calcareous, hyaline, smooth, 
perforated with small, narrow pores, about I microm
eter long and only a fraction of a micrometer wide. 
Aperture a broad loop in a depression, extending from 
base of ultimate chamber to apex of test. 

Ecology. Smith (1964) reported this species from the 
upper bathyal zone off western Central America. 

Distribution in 586A. Ruther/ordoides tenuis is a very 
rare species with scattered occurrences above 64 m. 

Recorded Distribution. Ruther/ordoides tenuis was 
described from the Pleistocene of the gulf of Mexico. 
Holocene: Gulf of Mexico (Phleger and Parker, 1951). 
Pleistocene: Atlantic (Boersma, 1984b), Gulf of Mex
ico (Phleger and Parker, 1951; Pflum and Frerichs, 
1976), Mediterranean (Parker, 1958), Pacific (Rcsig, 
1976). Pliocene: Atlantic (Boersma, 1984b), Mexico 
(Kohl, 1985), Okinawa (LeRoy, 1964). Miocene: Pa
cific (Resig, 1976; Burke, 1981), Okinawa (LeRoy, 
1964), Indiana Ocean (Boltovskoy, 1978a). 

Rutherfordoides bradyi (Cushman) 

PI. 14, Figs.7-8 


Virgulina subsquamosa Egger.-BRADY, 1884 (part), p. 415, pI. 52, 
figs. 9a-<: (not figs. 7-8, 10-11) (not Virgulina subsquamosa 
Egger, 1857). 

Virgulina bradyi CUSHMAN, 1922, p. 115, pI. 24, fig. I.-CUSH
MAN, 1937c, p. 29, pI. 5, figs. la-<:.-PHLEGER and others, 
1953, p. 34, pI. 7, figs. 4-S.-BARKER, 1960, p. 106, pI. 52, 
figs. 9a-<:. 

Description. Test free, slender, circular to ovate in 
cross-section, early portion coiled, chambers biserially 
enrolled, later portion uncoiled. Chambers distinct, 
slightly inflated, increasing gradually in size. Sutures 
distinct, flush with surface. Wall calcareous, hyaline, 
smooth, perforated by small, narrow pores less than a 
micrometer long and only a fraction of a micrometer 
wide. Aperture a narrow loop in a depression along the 
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suture, extending from base of ultimate chamber to 
apex of test. 

Remarks. Ruthefiordoides brady! differs from R. [en
uts in its more slender appearence. 

Distribution in 586A. Rutherfordoides bradyi is a very 
rare species with few occurrences. 

Recorded Distribution. Rutherfordoides brady; was 
described from the Holocene of the North Atlantic. 
Holocene: Atlantic (Cushman, 1922; Phleger and oth
ers, 1953), Pacific (Brady, 1884). 

Superfamily NONIONACEA Schultze, 1854 

Family NONIONIDAE Schultze, 1854 


Subfamily CHILOSTOMELLINAE Brady, 1881 

Genus CHILOSTOMELLA Reuss in Cijiek, 1849 


ChiJostomella oolina Schwager 

PI. 14, Fig. 5 


Chilos/omella oollna SCHWAGER. 1878. p. 527, pI. I. fig. 16.
CUSHMAN, 1926a. p. 74, pI. II, figs. 3-10.-PHLEGER and 
others, 1953. p. 47. pI. 10, fIg. 18.-BARKER, 1960. p. 112. 
pUS. figs. 12-14. 17-18.-SCHNITKER. 1971. p. 196, pI. 10, 
figs. 3a-b.-INGLE and others. 1980. p. 132. pI. 6. figs. 9-10.
KURIHARA and KENNETT, 1986. pI. 6. fig. 10. 

Chilos/omella ovoidea Reuss.-BRADY, 1884 (part), p. 436. pI. 55, 
figs. 12-14, 17-18 (not 15-16. 19-23).-CUSHMAN. I 924a, 
p. 2. pI. I. figs. 8-10 (not ChiloslOmella ovoidea Reuss, 1850). 

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 cham
bers. 

Ecology. In the Gulf of Mexico, the length of Chi
lostomella oolina increases from about 400 microm
eters near its upper depth limit in the lower neritic 
zone to approximately 600 micrometers in the lower 
middle and lower bathyal and abyssal zones (Pflum 
and Frerichs. 1976). 

Distribution in 586A. Chilostomella oolina is a rare 
species with scattered occurrences. 

Recorded Distribution. Chilostomella oolina was de
scribed from the Pliocene of Sicily. Holocene: Atlantic 
(Cushman, 1924a; Schnitker, 1971). Gulf of Mexico 
(Pflum and Frerichs, 1976), Pacific (Brady, 1884; Parr, 
1950; Matoba, 1976; Ingle and others, 1980). Pleis
tocene: Atlantic (Phleger and others, 1953; B1anc-Ver
net, 1983), Pacific (Resig, 1976; Thompson, 1980; 
McDougall, 1985; Kurihara and Kennett, 1986). Plio
cene: Atlantic (Hermelin, 1986), Sicily (Schwager, 
1878), Pacific (Thompson, 1980; Kurihara and Ken-

nett, 1986). Miocene: Pacific (McDougall, 1985; Ku
rihara and Kennett, 1986), Okinawa (LeRoy, 1964). 

Genus ALLOMORPHINA Reuss, in Cijiek, 1849 


AlJomorphina pacifica Cushman and Todd 

PI. 14, Figs. 1-2 


Alloll1orphina trigona (Reuss).-BRADY. 1884, p. 438, pI. 55. figs. 
24-26.-CUSHMAN. 1914. p. 3, pI. I, figs. 6-8.-CUSHMAN, 
1925a,p.I33,pi. 17,ilg.2. 

Vah'ulineria alf. al/oll1orphinoides LEROY. 1944, p. 87, pI. 3, figs. 
21-23. 

AI/omorphina pacifica CUSHMAN and TODD. 1949, p. 68-69, pI. 
12, figs. 6-9.-HOFKER. 1951, p. 138, figs. 86a-f.-BARKER, 
1960, p. 112, pI. 55, figs. 24-26.-BOLTOVSKOY, 1978a. pI. 
I. fig. I.-KURIHARA and KENNETT. 1986. pI. 6. fig. 9. 

Vall'ulineria sp. BUTT. 1980, pI. 6. figs. 19-20. 

Description. Test free, trochospiral, involute, ovate 
in side view, periphery slightly triangular, ovate in cross 
section, three chambers visible in the last whorl with 
the ultimate chamber comprising most of the test in 
ventral view, earlier chambers visible through the test 
on the ventral side. Sutures distinct, slightly depressed. 
Wall calcareous, hyaline, smooth. Aperture a low nar
row opening at the sides of a V -shaped lip, the lip 
extends from the suture between ultimate and penul
timate chamber and partly covers the antepenultimate 
chambers, edge of lip saw-toothed. 

Remarks. Allomorphina pacf/ica seems to be restrict
ed to the Pacific Ocean. 

Distribution in 586A. Allomorphina pacf/ica is a rare 
species with scattered occurrences. 

Recorded Distribution. Allomorphina pac!/ica was 
described from the Pliocene of Fiji. Holocene: Pacific 
(Brady, 1884; Cushman 1914, 1921, 1925a), Pleisto
cene: Pacific (Kurihara and Kennett, 1986). Pliocene: 
Pacific (Cushman and Todd, 1949; Kurihara and Ken
nett, 1986), Indian Ocean (Boltovskoy, 1978a). Mio
cene: Pacific (Butt, 1980; Woodruff and Douglas, 1981; 
Kurihara and Kennett, 1986), Papua-New Guinea 
(Belford, 1966), Sumatra (LeRoy, 1944), Indian Ocean 
(Boltovskoy, 1978a). 

Genus QUADRIMORPHINA Finlay, 1939c 


Quadrimorphina allomorphinoides (Reuss) 

PI. 14, Fig. 6 


Vahulina al/omorphinoides REUSS, 1860, p. 223, pI. II, fig. 6. 
Vall'ulineria al/omorphinoides (Reuss).-CUSHMAN, 1931 b, p, 43. 

pI. 6, fig. 2. 
Qlladrimorphina af[omorphinoides (Reuss).- FINLAY, 1939c, p. 325, 

pI. 28. figs. 128-129.-CUSHMAN and TODD, 1949, p. 69
70, pI. 12, figs. 10-12. 

Description. Test free, trochospiral, periphery 
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rounded, all chambers visible on the spiral side, four 
chambers in the last whorL Sutures flush with surface. 
Wall calcareous, hyaline, smooth, finely perforate. Ap
erture interiomarginal, umbilical, partly covered by a 
protecting umbilical flap. 

Distribution in 586A. Quadrimorphina allomorphi
noides is a very rare species with scattered occurrences. 

Recorded Distribution. Quadrimorphina allomor
phinoides was described from the Cretaceous of Ger
many. 

Quadrimorphina glabra (Cushman) 

PL 14, Fig. 9 


Valvulineria vilardeboana (d'Orbigny) vaL glabra CUSHMAN, 
I 927b, p. 161, pI. 4, figs. 5--6. 

Valvulineria laevigata PHLEGER and PARKER, 1951, p. 25. pI. 
13, figs. 11-12.-BOLTOVSKOY, 1978a, pI. 8, figs. 42-43.
INGLE and others, 1980, p. 146, pI. 8, figs, 5-7. 

Rotamorphina glabra (Cushrnan).-ANDERSEN, 1961, p. 104, pI. 
23, figs. 2a--c. 

Quadrimorphina vilardeboana glabra (Cushrnan).-AKERS and 
DORMAN, 1964, p. 50, pI. II, figs. 28-29. 

Quadrimorphina laevigata (Phleger and Parker). - BELFORD, 1966, 
p. ISS, pI. 37. figs. 21-2S. 

Quadrimorvhina glabra 	(Cushrnan).-KOHL. 1986, p. 90-91, pI. 
31, figs. 8a--c. 

Description, Test free, trochospiral, biconvex, cir
cular in outline and slightly lobate, periphery rounded. 
Chambers distinct, five to six in the last whorl, ultimate 
chamber with a lobe-like plate covering the umbilicus. 
Wall calcareous, hyaline, smooth, finely perforate. Ap
erture interiomarginal, umbilical and covered by the 
umbilical plate. 

Distribution in 586A. Quadrimorphina glabra is rep
resented by a single specimen at 69.60 m. 

Recorded Distribution. Quadrimorphina glabra was 
described from Holocene sediments off the west coast 
of North America. Holocene: Gulf of Mexico (Phleger 
and Parker, 1951), Pacific (Cushman, 1927b; Ingle and 
others, 1980), Antarctic Ocean (Andersen 1961). Pleis
tocene: Gulf of Mexico (Akers and Dorman, 1964). 
Pliocene: Mexico (Kohl, 1986). Miocene: Indian Ocean 
(Boltovskoy, 1978a). 

Subfamily NONOININAE Schultze, 1854 
Genus ASTRONONION Cushman and Edwards, 1937 

Astrononion gallowayi Loeblich and Tappan 

A.strononion australeCUSHMAN and EDWARDS, 1937, p. 33-34, 
pI. 3, figs. 13-14.-CUSHMAN, 1939a, p. 37-38, pI. 10, figs. 
7-8. 

Astrononion tumidum CUSHMAN and EDWARDS, 1937, p. 33, 
pI.3,fig.17.-CUSHMAN,1939a,p.37,pI.IO,fig.11. 

Astrononion sidebottomi CUSHMAN and EDWARDS, 1937, p. 31
32, pI. 3, fig. 8.-CUSHMAN, 1939a, p. 36, pI. 10, fig. 2. 

Astrononion stellatum CUSHMAN and EDWARDS, 1937, p. 32, 
pI. 3, figs. 9-1 I.-CUSHMAN, 1939a, p. 36, pI. 10, figs. 3-S.
SCHNITKER, 1971, p. 193, pI. 10, figs. 7a-b (not Nonionina 
stellata Terquern, 1882). 

Astrononion viragoenseCUSHMAN and EDWARDS, 1937, p. 32
33, pi. 3, fig. 12.-CUSHMAN, 1939a, p. 36, pI. 10, fig. 6. 

Astrononion gallowayi LOEBLICH and TAPPAN, 1953, p. 90, pI. 
17, figs. 4-7.-FEYLING-HANSSEN, 1964, p. 332, pI. 18. fig. 
4.-COLE, 1981, p. 109, pl. 13, fig. 6.-HERMELIN and 
SCOTT, 1985, p. 203, pl. S, figs. la--c.-KOHL, 1985, p. 91, 
pI. 32, fig. I. 

Description. Test free, planispiral, involute, com
pressed, umbilical region slightly concave, periphery 
slightly lobate, chambers inflated, supplementary 
wedge-shaped chambers surrounding umbilicus on each 
side, tapering outward to suture about two-thirds the 
distance to the periphery. Sutures depressed. Wall cal
careous, smooth, finely perforated. Aperture a low arch 
at base of final chamber, supplementary apertures at 
outer posterior margin of each supplementary cham
ber. 

Remarks. Cushman and Edwards (1937) described 
several species within the genus Astrononion. These 
species were characterized by differences in the width 
and the length of the supplementary chambers and 
different geographic ranges: A. sidebottomi from the 
Mediterranean (Holocene); A. stellatum from the North 
Atlantic (Holocene); A. tumidum from the South At
lantic (Holocene); A. viragoensis from the northeastern 
Pacific (Holocene); and A. australis from Australia 
(Pliocene-Miocene). I do not consider a separation into 
different species based on these features meaningful 
and regard these species as synonyms of A. gallowayi. 

Distribution in 586A. Astrononion gallowayi is a very 
rare species with few occurrences. 

Recorded Distribution. Astrononion gallowayi was 
described from the Holocene of the North Atlantic. 
Holocene: Atlantic (Cushman and Edwards, 1937; 
Schnitker, 1971; Cole, 1981; Herrnelin and Scott, 1985), 
Gulf of Mexico (Wright and Hay, 1971; Pflum and 
Frerichs, 1976), Mediterranean (Cushman and Ed
wards, 1937), Pacific (Cushman and Edwards, 1937). 
Pleistocene: Norway (Feyling-Hanssen, 1964). Plio
cene: Atlantic (Hermelin, 1986), Mexico (Kohl, 1985), 
Australia (Cushman and Edwards, 1937), Indian Ocean 
(Boltovskoy, 1978a). Miocene: Australia (Cushman and 
Edwards, 1937). 

Astrononion novozealandicum Cushman and Edwards 
PI. 14, Figs. 10-11 

Astrononion nOl'ozealandicum CUSHMAN and EDWARDS, 1937, 
p. 35, pI. 3, figs. 18a-b.-CUSHMAN, 1939a, p. 37, pI. 10, fig. 
12.-THOMAS, 1985, pI. 4, fig. 9. 
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Astrononion urnbilicatulurn UCHIO, 1952, p. 36, text-fig. I. - BOL
TOVSKOY, 1978a, pI. I, fig. 15. 

Astrononion echolsi Kennett.-CORLISS, 1979, p. 8, pI. 3, figs. 16
17. - MEAD, 1985, p. 235, pI. 4, figs. 3-4 (not Astrononion 
echolsi Kennett, 1967). 

Astrononion schwageri (Cushman).- RESIG, 1981, pI. 7, fig. II. 
Asl rononion guadelupae (Parker). - MURRAY, 1984, pI. I, figs. 1-2. 

Description. Test free, planispiral, involute, com
pressed, periphery slightly lobate, supplementary tube
like chambers extend from the umbilical region on each 
side about two-thirds of the distance to the periphery. 
Sutures depressed. Wall calcareous, smooth, finely per
forated. Aperture a low arch at the base of the final 
chamber, supplementary apertures at outer end of the 
supplementary chambers where small pits are formed 
in the sutural line. 

Remarks. This species has probably been reported 
as Melonis guadelupae Parker. Woodruff in Mead 
(1985) found that M. guadelupae is actually an Astro
nonion. the type figure of M. guadelupae is too poor 
to make this relationship clear. Murray (1984) figured 
Astrononion guadelupae from the Neogene of the North 
Atlantic. This figure is virtually identical to the type 
figure of A. novozealandicum. M. guadelupae is re
garded, therefore, as a junior synonym to A. novo
zealandicum. Specimens referred by Corliss (1979) and 
Mead (1985) to A. echolsi Kennett agree well with the 
type-figures ofA. novozealandicum with tube-like sup
plementary chambers extending from the umbilicus to 
about two-thirds of the distance to the periphery. The 
supplementary apertures ofA. echolsi extend only about 
one-third of the distance to the periphery. A. echolsi 
might be a junior synonym of A. novozealandicum. 
The form described by Cushman and Edwards (1937) 
from the Pliocene of Italy as A. italicum is also prob
ably synonymous with A. novozealandicum. The spec
imen figured asA. schwageri (Cushman) by Resig (1981) 
is considered to be identical to A. novozealandicum. 
The species A. umbilicatulum as described by Uchio 
(1952) is virtually identical to A. novozealandicum and 
is, therefore, also regarded as a junior synonym. 

Distribution in 586A. Astrononion novozealandicum 
is one of the most common species recorded in this 
sequence with relative abundances up to 11.3%. 

Recorded Distribution. Astrononion novozealandi
cum was described from the Holocene off the coast of 
New Zealand. Holocene: Atlantic (Mead, 1985), Pa
cific (Cushman and Edwards, 1937; Burke, 1981; Re
sig, 1981), Indian Ocean (Boltovskoy, 1978a; Corliss, 
1979). Pleistocene: Atlantic (Murray, 1984), Pacific 
(McDougall, 1985; Thomas, 1985). Pliocene: Atlantic 
(Murray, 1984), Pacific (McDougall, 1985; Thomas, 
1985), Indian Ocean (Boltovskoy, 1978a). Miocene: 

Atlantic (Murray, 1984), Pacific (Woodruff and Doug
las, 1981; McDougall, 1985; Thomas, 1985), Indian 
Ocean (Boltovskoy, 1978a). 

Genus FLORILUS Montfort, 1808 


Florilus sp. 1 

PI. 14, Figs. 12-16 


Description. Test free, compressed, asymmetrical in 
edge view, about one and one-half times as high as 
broad in side view, dorsal side evolute, ventral side 
involute, umbilical region depressed, periphery lobate. 
Chambers inflated, nine to 11 in the last whorl, in
creasing in height as added. Sutures distinct, slightly 
depressed, curved. Wall calcareous, hyaline, smooth, 
finely perforate. Aperture a narrow, interiomarginal, 
equatorial opening. 

Distribution in 586A. Flori/us sp. 1 is a rare species 
with scattered occurrences. 

Genus NONIONELLINA Voloshinova, 

1958 


Nonionellina sp. 1 

PI. 15, Figs. 1-3 


Description. Test free, slightly compressed, slightly 
asymmetrical in edge view, less than one and one-half 
times as high as broad in side view, both sides involute, 
umbilical region depressed, periphery lobate. Cham
bers inflated, seven to nine in the last whorl, increasing 
in width and height as added. Sutures distinct, slightly 
depressed, curved. Wall calcareous, hyaline, smooth, 
finely perforate. Aperture an interiomarginal, equato
rial opening. 

Distribution in 586A. Nonionellina sp. 1 is a rare 
species with scattered occurrences. 

Genus PULLENIA Parker and Jones, in Carpenter, 
Parker, and Jones, 1862 

Pullenia bulloides (d'Orbigny) 

PI. 15, Figs. 4-5 


Nonionina bulloides D'ORBIGNY, 1826, p. 293, model no. 2 (no
men nudum).-D'ORBIGNY, 1846, p. 107, pI. 5, figs. 9-10. 

Pullenia sphaeroides PARKER and JONES, in CARPENTER, PAR
KER and JONES, 1862, p. 184, pI. 12, fig. 12. 

Pullenia sphaeroides (d'Orbigny).-BRADY, 1884, p. 615-616, pI. 
84, figs. 12-13.-CUSHMAN, 1914, p. 20-21, pI. II, fig. 2 (not 
Nonionina sphaeroides d'Orbigny, 1826). 

Pullenia bulloides (d'Orbigny).-REUSS, 1866, p. 150.-CUSH
MAN and TODD, 1943, p. 13-14, pI. 2, figs. 15-18.-PHLE
GER and others, 1953,p.47,pI.IO,fig.19.-BARKER, 1960, 
p. 174, pI. 84, fig. 12-13.-AKERS and DORMAN, 1964, p. 
49, pI. 11, figs. 11-12.-LEROY, 1964, p. 41, pI. 10, figs. 30
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3 I.-DOUGLAS, 1973, pI. 8, figs. 1-2.-BOLTOVSKOY, 
1978a, pI. 6, fig. 12.-LOHMANN, 1978, pI. I, figs. 10-11.
CORLISS, 1979, p. 8, pI. 4, figs. 1-2.-BURKE, 1981, pI. 3, 
figs. 5-6.-COLE, 1981, p. Ill, pI. 14, fig. 5.-RESIG, 1981, 
pI. 7, fig. l3.-MURRAY, 1984, pI. 2, figs. 19-20.-HER
MELIN and SCOTT, 1986, p. 216, pI. 5, figs. 3-4.-KOHL, 
1985, p. 92-93, pI. 32, fig. 5.-MEAD, 1985, p. 236, pI. 4, fig. 
6.-KURIHARA and KENNETT, 1986, pI. 6, figs. 5-6. 

Pullenia miocenica Kleinpell. - LEROY, 1964, p. 41, pI. 10, figs. 
26-27. 

Description. Test free, planispiral, involute, sphae
roidal, circular in side view, chambers distinct, four to 
five in final whorl. Sutures distinct, radial, flush with 
surface. Wall calcareous, hyaline, smooth, finely per
forate. Aperture a narrow interiomarginal slit extend
ing from one umbilicus to the other, with a thin lip. 

Remarks. D'Orbigny named this species in 1826 from 
Pliocene material from the Sienna region of Italy. Since 
it lacked both a type figure and a type description, 
Nonionina bulloides d'Orbigny 1826 is a nomen nu
dum. D'Orbigny (1846) later described and figured N. 
bulloides from the Miocene of the Vienna Basin, thus 
validating the name. Several names have been com
monly applied to this species. P. sphaeroides, described 
by d'Orbigny in 1826, differs significantly from the 
subsequent records of this species. P. sphaeroides is 
wider than long and has three chambers in the last 
whorl. The species that Parker and Jones (in Carpenter, 
Parker, and Jones, 1862) figured under the name Pul
lenia sphaeroides Parker and Jones has five chambers 
in the last whorl and is in all other respects more similar 
to P. bulloides (d'Orbigny) than to the original model 
ofN. sphaeroides (=P. sphaeroides). Since then authors 
have referred specimens to P. sphaeroides that do not 
agree with the original description of that species. 
Therefore, both P. sphaeroides Parker and Jones and 
P. sphaeroides (d'Orbigny) (as described by most au
thors) are regarded as junior synonyms of P. bulloides. 
P. miocenica Kleinpell and P. reussi Cushman and 
Todd also should probably be regarded as junior syn
onyms to P. bulloides. 

Ecology. Pullenia bulloides is found in the lower 
middle bathyal zone in the Pacific (Smith, 1964; Ingle 
and Keller, 1980) and is reported from the neritic zone 
down to the abyssal zone in the Gulf of Mexico (Pflum 
and Frerichs, 1976). 

Distribution in 586A. Pullenia bulloides is a common 
species and occurs at relative abundances varying from 
0.0 to 5.3%. 

Recorded Distribution. Pullenia bulloides was de
scribed from the Tertiary of the Vienna Basin. Holo
cene: Atlantic (Brady, 1884; Phleger and others, 1953; 
Lohmann, 1978; Cole, 1981; Hermelin and Scott, 1985; 

Mead, 1985), Gulf of Mexico (Brady, 1884; Pflum and 
Frerichs, 1976),Pacific(Brady, 1884; Cushman, 1914, 
1921; Smith, 1964; Ingle and others, 1980; Burke, 1981; 
Resig, 1981), Indian Ocean (Boltovskoy, 1978a; Cor
liss, 1979), Antarctic Ocean (Brady, 1884). Pleistocene: 
Atlantic (Blanc-Vernet, 1983; Boersma, 1984b; Mur
ray, 1984), GulfofMexico (Akers and Dorman, 1964), 
Pacific (Douglas, 1973; Resig, 1976; Keller, 1980; 
McDougall, 1985; Thomas, 1985; Kurihara and Ken
nett, 1986). Pliocene: Atlantic (Blanc-Vernet, 1983; 
Boersma, 1984b; Murray, 1984), Mexico (Kohl, 1985), 
Pacific (Douglas, 1973; Keller, 1980; McDougall, 1985; 
Thomas, 1985; Boersma, 1986; Kurihara and Kennett, 
1986), Java (Saint-Marc and Suminta, 1979), Okinawa 
(LeRoy, 1964), Indian Ocean (Boltovskoy, 1978a). 
Miocene: Atlantic (Blanc-Vernet, 1983; Boersma, 
1984b; Murray, 1984), Pacific (Douglas, 1973; Resig, 
1976; Keller, 1980; Woodruff and Douglas, 1981; 
McDougall, 1985; Thomas, 1985; Boersma, 1986; Ku
rihara and Kennett, 1986), Guam (Todd, 1966), Java 
(Saint-Marc and Suminta, 1979), Okinawa (LeRoy, 
1964), Indian Ocean (Boltovskoy, 1 978a). 

Pullenia subcarinata (d'Orbigny) 

PI. 15, Figs. 6-7 


Nonionina subcarinata D'ORBIGNY, 1839a, p. 28, pI. 5, figs. 23
24. 

Nonionina quinqueloba REUSS, 1851, p. 71, pI. 5, figs. 31 a-b. 
Pullenia simplex RHUMBLER in WIESNER, 1931, p. 132, pI. 22, 

fig. 263.-CORLISS, 1979, p. 9, pI. 4, figs. 5-6. 
Pullenia subcarinata (d'Orbigny).-HERON-ALLEN and EAR

LAND, 1932,p.403-404,pI.13,figs.14-18.-BARKER, 1960, 
p. 174, pI. 84, figs. 14-15. 

Pullenia quinque/oba (Reuss). -CUSHMAN, 1914, p. 21-22, pI. 13, 
fig. 2.-CUSHMAN and TODD, 1943, p. 10-11, pI. 2, fig. 5, 
pI. 3, fig. 8.-SCHNITKER, 1971, p. 206, pI. 10, fig. 11.
DOUGLAS, 1973, pI. 9, figs. 4-5.-RESIG, 1981, pI. 7, fig. 
14.-MURRAY, 1984, pI. 3, figs. 1-2.-KOHL, 1985, p. 93, 
pI. 32, fig. 6. 

Pullenia 	 subcarinata subcarinata (d'Orbigny).-BOLTOVSKOY, 
1978a, p. 167, pI. 6, figs. 21-22. 

Pullenia subcarinata quinqueloba (Reuss).-BOLTOVSKOY, 1978a, 
p. 166, pI. 6, figs. 23-24. 

Pullenia cf. subcarinata (d'Orbigny).-MEAD, 1985, p. 236, pI. 4, 
figs.9a-IOb. 

Description. Test free, planispiral, involute, com
pressed, periphery rounded or subrounded, lobate. 
Chambers distinct, four to six in the last whorl, in
creasing rather rapidly in size as added giving the test 
a high apertural face. Sutures distinct, slightly de
pressed, slightly curved. Wall calcareous, hyaline, 
smooth, finely perforate. Aperture a narrow interio
marginal slit that extends from one umbilicus to the 
other, with a lip. 

79 



HERMELlN 

Remarks. The type figures of Pullenia quinque/oba 
(Reuss) and Pullenia subcarinata (d'Orbigny) exhibit 
five and six chambers in the last whorl respectively. 
There is an uninterrupted chain of transitional forms 
in between these two end-members (Heron-Allen and 
Earland, 1932; BoItovskoy, 1978a). I have followed 
Heron-Allen and Earland (1932) and synonymized the 
two forms. 

Ec%gy. This species is found in the upper middle 
bathyal zone of the Pacific (Ingle, 1980) and Gulf of 
Mexico (Pflum and Frerichs, 1976). 

Distribution in 586A. Pullenia subcarinata occurs in 
most samples with relative abundances of about 1%. 

Recorded Distributions. Pullenia subcarinata was de
scribed from the Holocene of the Falkland Island. (Pu!
lenia quinqueloba (Reuss) was described from the 
Eocene ofGermany). Holocene: Atlantic (Brady, 1884; 
Heron-Allen and Earland, 1932; Schnitker, 1971; Cole, 
1981; Mead, 1985), Gulf of Mexico (Pflum and Frer
ichs, 1976), Pacific (Brady, 1884; Cushman, 1921; In
gle and others, 1980; Burke, 1981; Resig, 1981), Indian 
Ocean (Wiesner, 1931; Boltovskoy, 1978a; Corliss, 
1979), Antarctic Ocean (Brady, 1884; Anderson, 1975). 
Pleistocene: Atlantic (Blanc-Vernet, 1983; Boersma, 
1984b; Murray, 1984), Pacific (Douglas, 1973; Resig, 
1976; Keller, 1980; McDougall, 1985; Thomas, 1985; 
Kurihara and Kennett, 1986). Pliocene: Atlantic (Blanc
Vernet, 1983; Boersma, 1984a; Murray, 1984), Mexico 
(Kohl, 1985), Pacific (Douglas, 1973; Keller, 1980; 
McDougall, 1985; Thomas, 1985; Boersma, 1986; Ku
rihara and Kennett, 1986), Indian Ocean (Boltovskoy, 
1978a). Miocene: Atlantic (BIanc-Vernet, 1983; Boers
ma, 1984a; Murray, 1984), Pacific (Douglas, 1973; Re
sign, 1976; Keller, 1980; Woodruff and Douglas, 1981; 
McDougall, 1985; Thomas, 1985; Boersma, 1986; Ku
rihara and Kennett, 1986), Indian Ocean (Boltovskoy, 
1978a). 

Pullenia sp. I 

PI. 15, Figs. 8-10 


Pu//enia os/ol'tlsis Feyling-Hanssen.- BOLTOVSKOY. I 978a, pI. 4, 
flgs. 15-18 (not Pullenia os/oel1sis Feyling-Hanssen, 1954). 

Description. Test free, planispiral, involute, sphae
roidal, slightly compressed in side view, chambers dis
tinct, four to five in final whorl. Sutures distinct, slight
ly curved, slightly depressed. Wall calcareous, hyaline, 
smooth, finely perforate. Aperture a narrow interio
marginal slit extending from one umbilicus to the oth
er, with a thin lip. 

Remarks. Pullenia sp. I resembles P. osloensis in 

many ways but exhibits an asymmetrical arrangement 
of the later chambers. This was also noted by Boltov
skoy (\ 978a). BoItovskoy (I 978a) regarded this form 
as belonging to P. osloensis. 

Distribution in 586A. Pullenia sp. I is a relatively 
common species with relative abundances up to 5.1 %. 

Recorded Distribution. Pullenia sp. I was first re
corded by Boltovskoy (197 8a) in Neogene samples from 
the Indian Ocean. Holocene: Indian Ocean (Boltov
skoy, 1978a). Pliocene: Indian Ocean (BoItovskoy, 
1978a). Miocene: Indian Ocean (Boltovskoy, 1978a). 

Pullenia sp. 2 

PI. 15, Figs. 11-12 


Description. Test free, planispiral, involute, com
pressed in side view, chambers distinct, four to five in 
final whorl, pcriphery lobate. Sutures distinct, slightly 
curved, deeply depressed. Wall calcareous, hyaline, 
smooth, finely perforate. Aperture a narrow interio
marginal slit extending from one umbilicus to the oth
er, with a thin lip. 

Remarks. Puflenia sp. 2 differs from P. subcarinata 
in having a less compressed test and a more lobate 
periphery. 

Distribution in 586A. Pul/enia sp. 2 is a rare species 
with scattered occurrences. 

Family ALABAMINIDAE Hofker, 1951 

Genus GYROIDINA d'Orbigny, 1826 

The two genera Gyroidina d'Orbigny (1826) and Gy
roidinoides Brotzen (1942) are morphologically very 
close and the validity ofa generic separation is unclear. 
Belford (1966) considered the differences between the 
two forms of no taxonomic significance; he considered 
Gyroidinoides to be a junior synonym of Gyroidina. 
This conclusion differs from that ofHofker (1951) who 
stated that these two genera have no real relation to 
each other. Later, however, Hofkcr (1957) referred both 
Gyroidina and Gyroidinides to the family Alabamini
dae. 

For this study I have followed Loeblich and Tappan 
(1964) who separated the two genera on the basis of 
the apertural characteristics. Gyroidinoides (placed in 
family Osangularidae) differs from Gyroidina (placed 
in the family Alabaminidae) in having a single aper
tural opening extending almost from the periphery to 
the umbilicus, whereas Gyroidina has a restricted ap
erture at the midportion of the apertural face, and a 
second aperture opening into the umbilicus. 
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Gyroidina altiformis Stewart and Stewart Gyroidina neosoldanii Brotzen 
PI. 15, Figs. 13-15 PI. 15, Figs. 16-18 

Gyroidina soldanii d'Orbigny var. alli/ormis STEWART and STEW
ART, 1930. p. 67, pI. 9, llgs. 2a--<:,-PARKER, 1954, p. 527, 
pI. 9. figs. 7-8, . 

Gp'Oidina neosoldanii Brotlen var. acula BOOMGAART. 1949, p. 
125. pI. 14. llgs. la--<:. 

Gyro/dina aClita Boorngaart.-BELFORD. 1966, p. 165, 167, pI. 28, 
figs. 1-9, text-tlg. 21:6-7.-KURIHARA and KENNETT, 1986, 
pI. 7, lig. 7. 

Gyro/dina alIi/armis acuta Boorngaarl. - PFLUM and FRERICHS, 
1976. pI. 4, ligs. 8-9, pI. 5, lig. 1, 

G.l·roidina alti/or/nls Stewart and Stewart.-LEROY, 1964, p, 37, 
pI. 7, ligs. 7-9,-INGLE and others, 1980, p. 138, pI. 7, figs, 
5-6. 

Gyro/dino/des alliformis 	(Stewart and Slewart).-KOHL. 1985, p. 
95-96. pI. 34. figs. 3a--<:. 

G.l'roidinoides acUiUs (Boorngaart).- THOMAS, 1985, p. 676, pI. 6, 
figs. 4-6. 

De~cription. Test free, trochospiral, peripheral part 
of spiral side flat while inner part is slightly convex 
umbilical side strongly convex with deep umbilicus: 
Circular in outline, peripheral edge subacute, Sutures 
distinct, limbate, slightly depressed on the umbilical 
side, raised and oblique on the spiral side. Wall cal
careous, hyaline, smooth, finely perforate. Aperture a 
low interiomarginal slit from periphery to umbilicus. 

Remarks, Pflum and Frerichs (l976) divided Gy
roidina alti/ormis into different subspecies and regard
ed Gyroidina alt(formis acuta Boomgaart, as repre
senting a lower bathyal and abyssal member of a cline 
which also included the upper bathyal to neritic sub
species Gyroidina altzformis cushmani Boomgaart. 

It is possible that the form Douglas [1973, pI. 12, 
figs. 4-7 (not 8-9») described as Gyroidina zealandica 
Finlay could be synonymized with G. altiformis. 

Ecology, Off the west coast ofAmerica, Smith (1964) 
found Gyroidina alt(formis in the lower bathyal zone, 
whereas Ingle and others (1980) and Ingle (1980) found 
it in the upper middle bathyal zone. 

Distribution in 586A. Gyroidina altlformis is a com
mon species with relative abundances up to 4.1 %. 

Recorded Distribution. Gyroidina alt~rormis was de
scribed from the Pliocene ofCalifornia. Holocene: Gulf 
of Mexico (Parker, 1954; Pflum and Frerichs, 1976), 
Pacific (Smith, 1964; Ingle, 1980; Ingle and others, 
1980), Pleistocene: Pacific (McDougall, 1985; Thomas, 
1985; Kurihara and Kennett, 1986). Pliocene: Pacific 
(Boomgaart, 1949; McDougall, 1985; Thomas, 1985; 
Kurihara and Kennett, 1986), California (Stewart and 
Stewart, 1930), Okinawa (LeRoy, 1964). Miocene: 
Mexico (Kohl, 1985), Pacific (McDougall, 1985; 
Thomas, 1985; Kurihara and Kennett, 1986), Okinawa 
(LeRoy, 1964), Papua-New Guinea (Belford, 1966). 

Rolalia soldanii d'Orbigny.-BRADY, 1884, p. 706-707, pI. 107, 
figs. 6-7 (not Gyroidina soldanti d'Orbigny. (826). 

Gyroidina soldanii d'Orbigny.- TODD, 1965, p. 19. pI. 6, fig. 4. 
HERMELIN and SCOTT, 1985, p. 210. pI. 5, figs. 6-8. 

Gyroidina neosoldaniiBROTZEN, 1936, p. 158.-BARKER, 1960, 
p. 220, pI. 107, figs. 6-7.-LEROY, 1964. p. 37. pI. 7, figs. 4
6.-RESIG, 1981, pI. 8, fig. 5. 

Gl'l'oidinoides neosoldallli(Brotzen).-LOHMANN, 1978, p. 26. pI. 
1. figs. 4-9. 

Gyroidina neosoldani Brollen [sicJ.-INGLE and olhers, 1980, p. 
138. pI. 7, 11gs. 10-11. 

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

Remarks. According to Brotzen (1936) Brady's (1884) 
figures of Rotalia soldanii differ from the original de
scription of Gyroidina soldanii (d'Orbigny, 1826) and 
he proposed a new name for this species, Gyroidina 
neosoldanii. Subsequent to this, authors have either 
followed Brotzen (1936) and named specimens iden
tical to Brady's figures as G. neosoldanii or have dis
liked Brotzen's subdivision of the species and retained 
the name G. soldanii. I have followed Brotzen (1936) 
and used G. neosoldanii. For a more extensive discus
sion of the G. soldanii-G. neosoldanii group see Mead 
(1985). 

Distribution in 586A. Gyroidina neosoldanii is a rare 
species with scattered occurrences. 

Recorded Distribution. Gyroidina neosoldanii was 
originally described from the Cretaceous of southern 
Sweden. Holocene: Atlantic (Brady, 1884; Lohmann, 
1978; Hermelin and Scott, 1985; Mead, 1985), Gulf 
of Mexico (Pflum and Frerichs, 1976), Mediterranean 
(Brady, 1884), Pacific (Brady, 1884; Todd, 1965; Ingle 
and others, 1980; Burke, 1981; Resig, 1981), Antarctic 
Ocean (Brady, 1884). Pleistocene: Atlantic (Blanc-Ver
net,.1983), GulfofMexico (Akers and Dorman, 1964), 
PaCific (McDougalL 1985; Kurihara and Kennett 
1986). Pliocene: Atlantic (Blanc-Vernet, 1983), Pacifi~ 
(~urihara and Kennett, 1986). Miocene: Pacific (Ku
nhara and Kennett, 1986), Guam (Todd, 1966), Oki
nawa (LeRoy, 1964). 

Genus ORIDORSALIS Andersen, 1961 

Oridorsalis umbonatus (Reuss) 

PI. 16, Figs. 1-5 


Rotafina umbonala REUSS. 1851, p. 75, pI. 5, fig. 35a--<:. 
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Pulvinulina umbonata (Reuss). - BRADY, 1884, p. 695-696, pI. 105, 
figs. 2a-c.-CUSHMAN, 1915, p. 60, pI. 27, fig. 2.-CUSH
MAN, 1921, p. 339-340, I. 71, figs. la-c.-HERON-ALLEN 
and EARLAND, 1932, p. 430, pI. 15, figs. 16-18. 

Trullcatulilla tellera BRADY, 1884. p. 665, pI. 95. figs. Ila-c.
CUSHMAN, 19/5, p. 37, pI. 15, fig. 2.-CUSHMAN, 1921, p. 
318, pI. 64, figs. 2a-c. 

Epollides umbollata (Reuss).-CUSHMAN, 1931 a, p. 52, pI. II, 
figs. 1-3. 

Epollides umbollatus (Reuss).-CHAPMAN and PARR, 1937, p. 
108.-BERM(JDEZ, 1949, p. 249, pI. 17, figs. 22-24.-PAR
KER, 1952, p. 419, pI. 6, fig. 13. PHLEGER and others, 1953, 
p. 42, pI. 9, figs. 9-1O.-BARKER, 1960, p. 216, pI. 105, figs. 
2a-c. 

PSl'udol'pollides umbollatus (Reuss).- UCHIO, in KAWAI and oth
ers, 1950, p. 190.- PARKER. 1958. p. 267. pI. 3, figs. 30-32.
LEROY, 1964, p. 39. pI. 7. figs. 33-38.-SMITH, 1964. p. 43, 
pI. 4, figs. 8a-c.-BELFORD. 1966. p. 172. pI. 30, figs. 1-6. 

Gyroidilla tellera (Brady).-HOFKER, 1951, p. 403, text-figs. 279
280. 

PSl'udoeponidestellera (Brady).-PARKER, 1954, p. 530, pI. 9, figs. 
20-21. 

Epollides tenera (Brady). -CUSHMAN and others, 1954, p. 359, pI. 
89. fig. 20. 

Epollides (?) tellera (Brady). - BARKER, 1960, p. 196, pI. 95, figs. 
11a-c. 

Oridorsalis umbonatus (Reuss).- TODD, 1965, p. 23, pI. 6, fig. 2.
BELFORD. 1966, p. 172-173. pI. 30, figs. 1-6, text-figs. 22:4
5.-TODD, 1966.p. 29, pI. 6, fig. 5, pI. 13, fig. 5.-DOUGLAS, 
1973, pI. 13, figs. 1-6, pI. 24, figs. 9-12.-BOLTOVSKOY. 
1978a. pI. 5, figs. 5-6.-LOHMANN, 1978. p. 26, pI. 4, figs. 
1-3.-BUTT. 1980, pI. 7, fig. 15. pI. 7, fig. 21.-BURKE, 1981, 
pI. 3. figs. 9-10.-COLE, 1981, p. 113. pI. 14, fig. 8.-RESIG, 
1981. pI. 8, fig. 8.-BOERSMA, 1984b, pI. 4, figs. 10-13.
HERMELIN and SCOTT, 1985. p. 214. pI. 5, fig. IO.-KOHL, 
1985. p. 95. pI. 33, fig. 6, pI. 34. figs. 1-2. MCDOUGALL, 
1985, p. 396. pI. 6, fig. I I.-MEAD. 1985, p. 237, pI. 5, figs. 
8a-13.-KURIHARA and KENNETT, 1986, pI. 6, figs. 11-13. 

Eponides teller teller (Brady). - HERB. 1971. p. 298. 
Oridorsalis renera (Brady).-ECHOLS, 1971, p. 166. pI. 15, figs. 

3a-b. 
Oridorsalis tener teller (Brady).-PFLUM and FRERICHS, 1976, 

pI. 6, fIgS. 2-4. 
Oridorsalis tener umbollatus (Reuss).-PFLUM and FRERICHS, 

1976, p. 108. pI. 6, figs. 5-7. 
Oridorsalis teller (Brady).-LOHMANN, 1978, p. 26. pI. 4, figs. 5

7.-CORLISS, 1979, p. 9, pI. 4, figs. 10-15.-INGLEand oth
ers, 1980, p. 142. pI. 5, figs. 5-6. 

Description. Test free, trochospiral, lenticular, com
pressed, periphery keeled, circular in side view. All 
cham bers visible on spiral side, only those of the last 
whorl on the umbilical side, last chambers slightly lo
bate, ultimate chamber projecting into the center of 
the test on the umbilical side. Sutures radial and slight
ly curved on spiral side, strongly sinusoidal on um
bilical side. Wall calcareous, hyaline, smooth, finely 
perforate. Aperture an interiomarginal slit extending 
from the periphery to the umbilical area, supplemen
tary openings on spiral side at proximal end of the 
sutures of the last-formed chambers, similar openings 

on the umbilical side along the suture between the 
ultimate and penultimate chambers. 

Remarks. Oridorsalis umbonatus and O. tener are 
similar, with morphological characteristics that are 
nearly identicaL O. umbonatus is described as having 
straight sutures on the spiral side, chambers of equal 
size in the last whorl and a trochoidal cross-sectional 
outline, whereas O. tener has curved sutures, a more 
rapid whorl expansion, and a more compressed outline 
(Lohmann, 1978; Corliss, 1979; Mead, 1985). A com
parison of the type figures of Rotalina umbonata Reuss 
(1851) and Truncatulina tenera Brady (1884) reveals 
that they are almost identical. Brady (1884) noted this 
already in the type description of T. tenera and stated 
(p. 665) that he had " ... considerable hesitation in 
admitting this little Foraminifer to a position as an 
independent species, owing to its extreme resemblance 
to Pull'inulina umbonata Reuss; , .." but he was " ... 
convinced by the passage forms with which it is found 
associated that the case is one of isomorphism, not of 
specific identity, ..." Because of the difficulties ofcon
sistently differentiating the two forms, I have treated 
them as the same species, with 0. tener as a junior 
synonym to O. umbonatus. 

Ecology. Pflum and Frerichs (1976) suggested that 
species of Oridorsalis represent a cline where 0. tener 
umbonatus is the largest form with an upper depth limit 
in the upper middle bathyal zone and O. tener tener 
has an upper limit slightly below but also in the upper 
bathyal zone; both forms range down to the abyssal 
zone. According to Pflum and Frerichs (1976), another 
member of this cline is O. tener stellatus, ranging from 
the middle neritic zone down through the upper middle 
bathyal zone. In the Chile-Peru Trench O. umbonatus 
is found through the whole bathyal zone (Ingle and 
others, 1980), while Smith (1964) reported that it is 
limited to the middle bathyal zone. 

Distribution in 586A. Oridorsalis umbonatus is one 
ofthe most common species in this study with relative 
abundances up to 12.3%. 

Recorded Distribution. Oridorsalis umbonatus was 
described from the Tertiary of Germany, Holocene: 
Atlantic (Brady, 1884; Cushman, 1931 a; Parker, 1952; 
Phleger and others, 1953; Lohmann, 1978; Cole, 1981; 
Hermelin and Scott, 1985; Mead, 1985), GulfofMex
ico (Parker, 1954; Bock, 1971; Pflum and Frerichs, 
1976), Pacific (Brady, 1884; Cushman, 1915, 1921; 
Cushman and others, 1954; Smith, 1964; Ingle and 
others, 1980; Burke, 1981; Resig, 1981), Indian Ocean 
(Boltovskoy, 1978a), Antarctic Ocean (Brady, 1884; 
Heron-Allen and Earland, 1932; Chapman and Parr, 
1937; Todd, 1965; Echols, 1971; Herb, 1971), Pleis
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tocene: Atlantic (Blanc-Vernet, 1983; Boersma, 1984b; 
Murray, 1984), Pacific (Douglas, 1973; Resig, 1976; 
Butt, 1980; Keller, 1980; McDougall, 1985; Thomas, 
1985; Kurihara and Kennett, 1986). Pliocene: Atlantic 
(Blanc-Vernet, 1983; Boersma, 1984a, b; Murray, 
1984), Mexico (Kohl, 1985), Pacific (Douglas, 1973; 
Resig, 1976; Butt, 1980; Keller, 1980; McDougall, 
1985; Thomas, 1985; Boersma, 1986; Kurihara and 
Kennett, 1986), Java (Saint-Marc and Suminta, 1979), 
Okinawa (LeRoy, 1964), Indian Ocean (Boltovskoy, 
I 978a). Miocene: Atlantic (Blanc-Vernet, 1983; Boers
ma, 1984a, b; Murray, 1984), Pacific (Douglas, 1973; 
Resig, 1976; Butt, 1980; Keller, 1980; Woodruff and 
Douglas, 1981; McDougall, 1985; Thomas, 1985; 
Boersma, 1986; Kurihara and Kennett, 1986), Guam 
(Todd, 1966), Java (Saint-Marc and Suminta, 1979), 
Okinawa (LeRoy, 1964), Papua-New Guinea (Belford, 
1966), Indian Ocean (Boltovskoy, 1978a). 

Family OSANGULARIIDAE LoebIich and Tappan, 
1964 

Genus GYROIDINOIDES Brotzen, 1942 

See discussion under the genus Gyroidina. 

Gyroidinoides broeckhiana (Karrer) 

Row/ia broeckhiana KARRER, 1878. p. 98, pI. 5. fig. 26. - BRADY, 
1884. p. 705, pI. 107, figs. 4a-c.-CUSHMAN, 1915 (part), p. 
68. pI. 27, figs. 4a-c (not pI. 30, figs. 2a-c, text-figs. 61a-c. 

Gproidina broeckhiana (Karrer). - HOFKER, 1951, p. 403, figs. 281
282.-BARKER. 1960. p. 220. pI. 107, figs. 4a-c.-BELFORD, 
1966, p. 167-168, pI. 29, figs. 1-7, text-fig. 21:10-1 L 

Description. Test free, trochoid, strongly biconvex, 
almost circular in side view. Sutures slightly depressed 
on the spiral side, umbilical region filled with clear 
shell materiaL Wall calcareous, hyaline, smooth. Ap
erture an elongate slit running from near the umbilical 
region almost to the peripheral margin. 

Distribution in 586A. Gyroidinoides broeckhiana is 
a rare species with few occurrences. 

Recorded Distribution. Gyroidinoides broeckhiana 
was described from the Tertiary of the island Luzon 
in the Philippines. Holocene: Pacific (Brady, 1884; 
Cushman, 1915; Burke, 1981). Pleistocene: Pacific 
(Kurihara and Kennett, 1986). Pliocene: Pacific (Ku
rihara and Kennett, 1986), Java (Saint-Marc and Su
minta, 1979). Miocene: Pacific (Woodruff and Doug
las, 1981; McDougall, 1985; Kurihara and Kennett, 
1986), Java (Saint-Marc and Suminta, 1979), Papua
New Guinea (Belford, 1966). 

Gyroidinoides lamarckianus (d'Orbigny) 

PL 16, Figs. 6, IO 


ROlatina lamarckiana D'ORBIGNY, 1839c, p. 131, pI. 2, figs. 13
15. 

Gyroidina lamarckiana (d'Orbigny). - PHLEGER and others, 1953, 
p. 41, pI. 8, fig. 33-34.-LECALVEZ, 1974, p. 72, 74, pI. 17, 
figs. 1-3.-BOLTOVSKOY, 1978a, pI. 4, figs. 14-IS.-BURKE, 
1981, pI. 3, figs. 7-8.-RESIG, 1981, pI. 8, figs. 1-2. 

Gyroidina orbicularis d'Orbigny.-PFLUM and FRERICHS, 1976, 
pI. 5, figs. 5-7 (not Gyroidina orbicularis d'Orbigny, 1826). 

Gyroidinoides orbicularis (d'Orbigny).-CORLISS, 1979, p. 9, pI. 5, 
figs. 1-3 (not Gyroidina orbicularis d'Orhigny, 1826). 

Gvroidinoides sp. A. MEAD, 1985, p. 238, pI. 5. figs. 1-3. 
Gyroidinoides lamarckianus (d'Orbigny). - THOMAS, 1985, p. 677, 

pI. 5, figs. 1-2. 

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

Remarks. The forms referred to as Gyroidina orbi
cularis by Phleger and others (1953), Pflum and Frer
ichs (1976), and Corliss (1979) are probably this species. 
D'Orbigny's modele no. 13 (Gyroidina orbicularis) has 
a much more acute periphery and a more convex spiral 
side. 

Distribution in 586A. Gyroidinoides lamarckianus is 
a rare species with scattered occurrences below 65 m. 

Recorded Distribution. Gyroidinoides lamarckianus 
was described from the Holocene of Teneriffe in the 
Canaries, Holocene: Atlantic (d'Orbigny, 1839c; Phle
ger and others, 1953), Gulfof Mexico (Pflum and Frer
ichs, 1976), Pacific (Ingle and others, 1980; Burke, 
1981; Resig, 1981), Indian Ocean (Boltovskoy, 1978a; 
Corliss, 1979). Pleistocene: Atlantic (Phleger and oth
ers, 1953), Pacific (Resig, 1976; Keller, 1980; Mc
Dougall, 1985; Thomas, 1985; Kennett and Kurihara, 
1986). Pliocene: Pacific (Keller, 1980; McDougall, 
1985; Thomas, 1985; Kennett and Kurihara, 1986). 
Miocene: Pacific (Keller, 1980; McDougall, 1985; 
Thomas, 1985; Kennett and Kurihara, 1986), Guam 
(Todd, 1966), Indian Ocean (Boltovskoy, 1978a). 

Gyroidinoides orbicularis (d'Orbigny) 

PI. 16, Figs. 7-9 


Rotalia (Gyroidina) orbicularis D'ORBIGNY, 1826, p. 278. modele 
no. 13. 

Rotalia orbicularis d'Orbigny.-BRADY, 1884, p. 706, pI. 107, figs. 
5a-c, pI. 115, figs. 6a-c-CUSHMAN. 1915, p. 68--69, pI. 29, 
figs. 3a-c, text-figs. 62a-c. 
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Description. Test free, trochoid, unequally biconvex, 
spiral side slightly convex whereas umbilical side is 
strongly convex, with umbilical depression. Periphery 
subacute. Chambers distinct, eight to 12 in the last 
whorl, all visible on the spiral side. Sutures distinct, 
radial, flush with the surface. Wall calcareous, hyaline, 
smooth, finely perforate. Aperture an interiomarginal 
slit in the apertural face midway between the periphery 
and umbilicus, with a narrow lip. 

Ecology. Cole (1981) found Gyroidinoides orbicu
laris in the lower bathyal zone off Newfoundland 
whereas Schnitker reported it from neritic depths on 
the North Carolina continental shelf. In the Gulf of 
Mexico, Pflum and Frerichs (1976) found this species 
to have an upper depth limit in the upper bathyal zone 
and to be present down to abyssal depths. Corliss (1979) 
found G. orbicularis in the lower bathyal and abyssal 
zones of the Indian Ocean. 

Distribution in 586A. G.vroidinoides orbicularis is a 
very rare species with scattered occurrences. 

Recorded Distrihution. Gyroidinoides orbicularis was 
described from the Holocene of the Adriatic Sea. Ho
locene: Atlantic (Schnitker, 1971; Cole, 1981), Gulf of 
Mexico (Pflum and Frerichs, 1976), Mediterranean 
(d'Orbigny, 1826), Pacific (Brady, 1884; Cushman, 
1921), Indian Ocean (Corliss, 1979). Pleistocene: Pa
cific (Keller, 1980). Pliocene: Atlantic (Hermelin, 1986), 
Mexico (Kohl, 1985), Pacific (Keller, 1980). Miocene: 
Pacific (Keller, 1980). Papua-New Guinea (Belford, 
1966). 

Genus OSANGULARIA, Brotzen 1940 

Osangularia culter (Parker and Jones) 


PI. 16, Figs. 11-13 


Planorbulina farcta (Fichtel and Moll) var. ungeriana (d'Orbigny) 
subvar. clIlter PARKER and JONES. 1865. p. 421. pI. 19, figs. 
la-c. 

Anomalina I'enga/cnsis SCHWAGER. 1866. p. 259. pI. 7. fig. 1J I. 
TrunCalulina cutter (Parker and Jones). - BRADY, 1884, p. 668, pI. 

96, figs. 3a-c.-CUSHMAN. 1921, p. 320-321, pI. 62, figs. 4a-c. 
Pu/vinu/inelfa culter (Parker and Jones).-CUSHMAN, 1927b, p. 

164, pI. 5, figs. 8-9. 
Parrella culter (Parker and Jones).-FINLAy, 1939a, p. 523.

HOFKER, 1951. p. 336, text-ligs. 229-232. 
Osangu/aria bengalensis (Schwager).- THALMANN and GR"'

HAM, 1952, p. 31-32.-BARKER, 1960, p. 198, pI. 96, figs. 
3a-c.-BURKE, 1981, pI. 3. figs. II. 14. 

Osanglllaria miter (Parker and Joncs).- BELFORD. 1966, p. 175
176, pI. 35, figs. I-S.-TODD, 1966. p. 29. pI. 13. fig. 7. 
BOLTOVSKOY, 1978a. pI. 5. figs, 29-34.-LOHMANN, 1978, 
p. 26, pI. 3, figs, 7-9.-KOHL, 1985, p. 96, pI. 34, figs. 6a-c, 
BOERSMA, 1986, p. 989. pI. 12, figs. 4-6.-KURIHARA and 
KENNETT. 1986. pI. 7, figs. 4-6. 

Osanguiaria culter [sic] (Parker and Jones).- PH LEGER and others, 

1953, p. 42. pI. 9, ftgs. 11, 16.-PARKER, 1954, p. 530, pI. 9, 
figs. 29-30.- BOCK. 1971, p. 65, pI. 24. figs. 4-5. 

Osanfililaria culteri [sic] (Parker and Jones). - MCDOUGALL, 1985, 
p. 396, pI. 6, fJgs. 12. 

Description. Test free, trochospiral, unequally bi
convex, umbilical side more convex than spiral side, 
periphery with irregular saw-toothed keel. Chambers 
distinct. Sutures oblique on spiral side, almost radial 
and depressed on umbilical side. Wall calcareous, hya
line, smooth, finely perforate. Aperture an interio
marginal slit along the base of the ultimate chamber 
on the umbilical side, additional aperture a horizontal 
slit with lip, located closer to the umbilicus. 

Remarks. Osangularia bengalensis may represent a 
shallow-water form of O. culter and although some 
authors distinguish between the two forms, I have re
garded O. bengalensis as a junior synonym ofO. cufter. 

Ecology. Boersma (1986) noted that O. culter dem
onstrates inverse latitudinal and depth-related fre
quency gradients to those ofO. bengalensis. In the Gulf 
ofMexico O. cu/ter is found in the upper middle bathy
al zone (Pllum and Frerichs, 1976). 

Distribution in 586A. Osangularia culter is a rare 
species with scattered occurrences. 

Recorded Distrihution. Osangularia culter was de
scribed from the Holocene of the equatorial Atlantic. 
Holocene: Atlantic (Parker and Jones, 1865; Brady, 
1884; Phleger and others, 1953; Lohmann, 1978; B1anc
Vernet, 1983), Gulfof Mexico (Bock, 1971; Pflum and 
Frerichs, 1976), Pacific (Brady, 1884; Cushman, 1921, 
1927b; Burke, 1981), Indian Ocean (Schwager, 1866; 
Boltovskoy, 1978a). Pleistocene: Pacific (Kurihara and 
Kennett, 1986). Pliocene: Atlantic (Boersma, 1984a, 
b), Mexico (Kohl, 1985), Pacific (Boersma 1986; Ku
rihara and Kennett, 1986). Okinawa (LeRoy, 1964), 
Indian Ocean (Schwager. 1866; Boltovskoy, 1978a). 
Miocene: Atlantic (Boersma. 1984a; Murray, 1984), 
Pacific (Woodruff and Douglas, 1981; McDougall, 
1985; Boersma 1986; Kurihara and Kennett, 1986), 
Guam (Todd, 1966), Okinawa (LeRoy, 1964), Indian 
Ocean (Boltovskoy, I 978a). 

Family ANOMALINIDAE Cushman, 1927a 

Subfamily ANOMALININAE Cushman, 1927a 


Genus ANOMALINOIDES Brotzen, 1942 


Anomalinoides globulosus (Chapman and Parr) 

PI. 17, Figs. I, 5 


Truncatulina grosserugosa GlJEMBEL, 1868, p. 660, pI. 2, fig. 104. 
Truncatlllina gl'anosa HANTKEN, 1875, p. 74, pI. 19, fig. 2. 
Anomalinagrosserugosa (GuembeJ).- BRADY. 1884, p. 673. pI. 94, 

figs. 4-5.-CUSHMAN. 1915. p. 45. pI. 20, fig. I.-CUSH
MAN, 1921. p. 323. pL 62, fig. 3. 
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Anomalina glohulosa CHAPMAN and PARR. 1937. p. 117. pI. 9. 
fig. 27.-BARKER. 1960. p. 194. pI. 94. figs. 4-S.-RESIG. 
1981, pI. 8, figs. II-12.-HERMEUN and SCOTT, 1985, p. 
203. pI. 6, figs. 1-2. 

Anomalina sp. PIREGER and others, 1953, p. 48, pI. 10, figs. 26
28. 

Anomalinoide5 sp. 1 Douglas.-RESIG, 1976, pI. 4. figs. 10-11. 
4nomalinoidessp.-LOHMANN, 1978, pI. 2, figs. 13-15. 
.~ l10mali noides glohulosa (Chapman and Parr). - BOERSMA. 1986. 

pI. 2. figs. 1-3. 
.1nomalilloides glohulosus (Chapman and Parr).-THOMAS, 1985, 

pI. 12, figs. 6-7.-KURIHARA and KENNETT. 1986. pI. 9, 
fig. 9.-MORKHOYEN and others. 1986. p. 36-38, pI. 9. figs. 
\-3. 

Description. Test free, trochospiral, periphery 
rounded, six to seven chambers in the last whorl, spiral 
side strongly convex, umbilicus depressed. Chambers 
distinctly globular. Sutures depressed and slightly 
curved back. Wall coarsely perforated, especially on 
the umbilical side. Aperture a low interiomarginal slit 
which begins at approximately the midpoint of the 
periphery and extends into the umbilicus, with a nar
row lip. 

Remarks. Anomalinoides globulosus is the youngest 
member of a lineage containing A. rubiginosus (Cush
man) (ranging from Campanian through Paleocene), 
A. capitatus (Guembel) (late Paleocene to early Oli
gocene), and A. semicribratus (Beckmann) (middle 
Eocene to middle Miocene). It differs from its imme
diate ancestor in having an aperture that begins at 
approximately the midpoint of the periphery rather 
than at the edge of the periphery as in A. semicribratus. 

Ecology. Anomalinoides globulosus is a cosmopoli
tan species that is considered to be a good marker for 
middle bathyal to abyssal water depth (Berggren and 
others, 1976; Pflum and Frerichs, 1976). 

Distribution in 586A. Anomalinoides globulosus is 
an abundant species with relative abundances up to 
7.4%. 

Recorded Distribution. Anomalinoides globulosus is 
described from Holocene brown terrigenous sand from 
1,200 m depth between Antarctica and Australia. The 
known stratigraphic range of this species is late Mio
cene through Quaternary (Morkhoven and others, 
1986). Holocene: Atlantic (Brady, 1884; Phleger and 
others, 1953; Lohmann, 1978: Hermelin and Scott, 
1985), Gulf of Mexico (Pflum and Frerichs, 1976), 
Pacific (Brady, 1884; Cushman, 1915, 1921; Burke, 
1981; Resig, 1981). Pleistocene: Atlantic (Hermelin, 
1986), Pacific (McDougall, 1985; Kurihara and Ken
nett, 1986). Pliocene: Pacific (Thomas, 1985; Boersma, 
1986: Kurihara and Kennett, 1986). Miocene: Pacific 
(Resig, 1976; Keller, 1980; McDougall, 1985; Thomas, 
1985; Boersma, 1986; Kurihara and Kennett, 1986). 

WESTERN PACIFIC PLIOCENE BENTHIC FORAMINIFERA 

Genus CIBICIDOIDES Thalmann, 1939 

Cibicidoides bradyi (Trauth) 

PI. I 7, Figs. 2-4 


Truncalulina dwemp/ei (d'Orbigny).-BRADY, 1884, p. 665, pI. 95, 
figs. 5a-c (not Rotatina dUlempld d'Orbigny, 1846). 

TruncalUlina bradyi TRAUTH, 19 18, p. 235. 
Cihicides brad.vi (Trauth).-THALMANN, 1942, p. 464.-BARK

ER, 1960, p. 196. pI. 95, figs. 5a-c.-SCHNITKER, 1971, p. 
196, pI. 10, figs. 12a-c.-PFLUM and FRERICHS, 1976. pI. 3, 
figs. 6-7.-BOLTOYSKOY, 1978a. pI. 3, fIgs. 6-8. 

Cibicides hvalina HOFKER, 195 L p. 359. fIgS. 244-245. 
Cihicides roher/sonianus (Brady).-PHLEGER and others, 1953 

(part), p. 51, pI. II, figs. 15-16 (not 17) (not Truncalulina roh
erlsonianus Brady, 1881). 

£pollides h\'alinus (Hoiker). - LEROY. 1964, p. 37. pI. 7, figs. 24
26. 

Parelloides hradyi (Trauth).-BELFORD. 1966, p. 100-102, pI. II. 
figs. 10-19. 

Cibicidoides hradyi (Trauth). -CORLISS, 1979, p. 9-10, pI. 3, figs. 
1-3.-INGLEand others, 1980, pI. 6. figs. 11-12.-BOERSMA. 
1984b, pI. 5, figs. 1-7.-MURRAY. 1984. pI. L figs. 14-16.
MEAD. 1985, p. 242, pI. 7. figs. 1-2.4.-THOMAS, 1985, pI. 
10, figs. 7-8.-BOERSMA,1986.pI.6.figs.I-3.-KURIHARA 
and KENNETT. 1986. pI. 9. fIgS. 1-3.-MORKHOYEN and 
others, 1986, p. 100-102. pI. 30. figs. 1-2. 

Gl'roidina cf. gemma Ilandy.-CORLISS. 1979, p. 9, pI. 4, figs. 7
9 (not G.l'roidina gemma Bandy, 1953). 

Description: Test free, biconvex, periphery broadly 
rounded, 4 to 5 whorls visible on the spiral side, 9 to 
11 chambers in the final whorl. Sutures slightly de
pressed. Wall calcareous, coarsely perforate on spiral 
side, finely perforate on umbilical side. Aperture small 
and peripheral. 

Remarks. Cibicidoides bradYi has been referred in 
the literature to several genera and species. Hofker 
(1951), in proposing the species Cibicides hyalina, stat
ed that this species previously had been confused with 
C. bradyi and that it exhibited a much higher spiral 
side. Hofker (l956a) placed C. hyalina together with 
Cibicidoides wu.ellerstorfi in a new genus, Parrelloides. 
Loeblich and Tappan (1964) placed Parrelloides in the 
synonymy of Cibicidoides. 

Cibicidoides bradyi differs from C. robertsonianus in 
its smaller size and in not having an angular periphery 
nor an imperforate keel. 

Ecology. In the western Pacific Ocean, Cibicidoides 
bradyi has its upper depth limit in the upper middle 
bathyal zone (lngle and Keller, 1980). It appears to 
have the same upper depth limit in the GulfofMexico, 
near the upper boundary of the upper middle bathyal 
zone (Pflum and Frerichs, 1976). There are some re
ports of C. bradyi in the neritic zone (e.g., Schnitker, 
1971 ). 

Distribution in 586A. Cibicidoides bradyi is an abun
dant species that occurs in low relative abundances. 
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Recorded Distribution. Cibicidoides bradyi was de
scribed from Holocene sediments from the Atlantic, 
Pacific and Indian Oceans. It has a known stratigraphic 
range from the middle Eocene through the Holocene 
(Morkhoven and others, 1986). Holocene: Atlantic 
(Brady, 1884; Phleger and others, 1953; Schnitker, 
1971; Mead, 1985), Gulf of Mexico (Pflum and Frer
ichs, 1976), Pacific (Brady, 1884; Hofker, 1951; Ingle 
and others, 1980; Burke, 1981), Indian Ocean (Bol
tovskoy, 1978a; Corliss, 1979). Pleistocene: Atlantic 
(Boersma, 1984b; Murray, 1984), Pacific (McDougall, 
1985; Thomas, 1985; Kurihara and Kennett, 1986). 
Pliocene: Atlantic (Boersma, 1984b; Murray, 1984), 
Pacific (Keller, 1980; McDougall, 1985; Thomas, 1985; 
Boersma, 1986; Kurihara and Kennett, 1986), Java 
(Saint-Marc and Suminta, 1979), Papua-New Guinea 
(Belford, 1966), Indian Ocean (Boltovskoy, 1978a). 
Miocene: Atlantic (Boersma, 1984b; Murray, 1984), 
Pacific (Resig, 1976; Keller, 1980; Woodruff and 
Douglas, 1981; McDougall, 1985; Thomas, 1985; 
Boersma, 1986; Kurihara and Kennett, 1986), Java 
(Saint-Marc and Suminta, 1979), Okinawa (LeRoy, 
1964), Papua-New Guinea (Belford, 1966), Indian 
Ocean (Bo1tovskoy, 1978a). 

Cibicidoides mundulus (Brady, Parker and Jones) 

PI. 17, Figs. 9-11 


Truncatulina sp., intermediate from near Truncarulina Izaidingerii 
(d'Orhigny).-BRADY, 1884, pI. 95, figs. 6a-c. 

TruncalUlina mundula BRADY and others, 1888, p. 228, pI. 45, 
figs. 25a-c 

Cibicides kullenbergi PARKER, in PHLEGER and others, 1953, p. 
49, pI. ii, figs. 7-8.-BOLTOVSKOY, 1978a, pI. 3, figs. 9-12. 

Cibicidoides mundullls (Brady, Parker and Jones). - BARKER, 1960, 
p. 196, pI. 95, figs. 6a-{;.-RESIG, 1981, pI. 8, figs. 15, 18.
KURIHARA and KENNETT, 1986, pI. 8, figs. 7-9.-MORK
HOVEN and others, 1986, p. 65-67, pI. 21, figs. la-{;. 

Description. Test free, trochospiral, biconvex, pe
riphery angular with a narrow, thickened keel. Cham
bers distinct, 9 to twelve in last whorl, increasing grad
ually in size, all chambers visible on spiral side. Sutures 
oblique on the spiral side, slightly curved on the um
bilical side. Wall calcareous, hyaline, smooth, coarsely 
perforate. Aperture an interiomarginal equatorial arch, 
extending along the spiral suture the length of one or 
two chambers. 

Remarks. Cibicidoides mundulus is a relatively com
mon species in Neogene deep sea sediments, it is often 
recorded under the name C. kullenbergi (Parker). Ex
amination of a large number of specimens of the two 
forms revealed that the C. munduluslC. kullenbergi 
complex is characterized by a considerable size vari
ation but no other essential difference (Morkhoven and 

others, 1986). C. kullenbergi, therefore, is considered 
to be a junior synonym of C. mundulus. 

Distribution in 586.4. Cibicidoides mundulus is a 
common species with relative abundances up to 11.7%. 

Recorded Distribution. Cibicidoides mundulus was 
described from the Holocene off the coast of Brazil. Its 
known stratigraphic range is the late Oligocene through 
the Holocene (Morkhoven and others, 1986). Holo
cene: Atlantic (Brady and others, 1888; Phleger and 
others, 1953), Pacific (Brady, 1884; Burke, 1981; Re
sig, 1981), Indian Ocean (Boltovskoy, 1978a), Antarc
tic Ocean (Chapman and Parr, 1937). Pleistocene: Pa
cific (Thomas, 1985; Kurihara and Kennett, 1986). 
Pliocene: Pacific (Thomas, 1985; Kurihara and Ken
nett, 1986), Indian Ocean (Boltovskoy, 1978a). Mio
cene: Pacific (Resig, 1976; Woodruff and Douglas, 1981; 
McDougall, 1985; Thomas, 1985; Kurihara and Ken
nett, 1986), Indian Ocean (Boltovskoy, 1978a), 

Cibicidoides robertsonianus (Brady) 

Truncatulina robertsoniana BRADY, 1881, p. 65.-BRADY, 1884, 
p. 664-665, pI. 95, figs. 4a-{;. 

Cibicides robertsoniana (Brady).-CUSHMAN, 1931a, p. 121, pI. 
23, figs. 6a-{;. 

Cibicides robertsonianus(Brady).-PFLUM AND FRERICHS, 1976, 
pI. 3, figs. 3-5.-MORKHOVEN and others, 1986, p. 41-43, 
pI. I I, figs. I a-{;. 

Description. Test free, trochospiral, plano-convex to 
biconvex, peripheral margin rounded. Chambers nu
merous, up to 12 to 14 in the last whorl, all chambers 
visible on the spiral side, almost involute on the um
bilical side. Sutures distinct, slightly curved, flush with 
surface. Wall calcareous, hyaline, smooth, coarsely 
perforate on the spiral side, imperforate on the um
bilical side. Aperture an interiomarginal arch with a 
lip, continuing along the spiral suture, 

Remarks. Cibicidoides robertsonianus differs from 
Cibicidoides bradyi by its less rounded periphery, im
perforate umbilical side and larger test. 

Ecology. Cibicidoides robertsonianus appears to have 
the same upper depth limit as Cibicidoides bradyi in 
the Gulf of Mexico, near the upper boundary of the 
upper middle bathyal zone (Pflum and Frerichs, 1976). 
Cole (1981) observed this species in the upper middle 
bathyal through upper abyssal zones off Newfound
land. 

Distribution in 586.4. Cibicidoides robertsonianus is 
a rare species with scattered occurrences. 

Recorded Distribution. Cibicidoides robertsonianus 
was described from the Holocene of the West Indies. 
Holocene: Atlantic (Brady, 1881, 1884; Cushman, 
1931a), Gulf of Mexico (Pflum and Frerichs, 1976), 
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Pacific (Burke, 1981). Pleistocene: Atlantic (Blanc
Vernet, 1983; Murray, 1984). Pliocene: Atlantic (Mur
ray, 1984), Pacific (Thomas, 1985). Miocene: Atlantic 
(Murray, 1984), Pacific (Keller, 1980; Thomas, 1985). 

Cibicidoides wuellerstorfi (Schwager) 

Anomalina It'uellerstorfi SCHWAGER. 1866. p, 258, pI. 7. fig. 105, 
107, 

Tnmcaflllina wuellerstorfi (Schwagcr).-BRADY, 1884, p. 662, pI. 
93. figs. 8-9,-CUSHMAN. 1915. p. 34, pI. 12. figs, 3a--c,
CUSHMAN. 1921, p. 314-315. pI. 64, figs. la--c, 

Planorbulina wuellerSlorfi (Schwager).-GOES, 1894, p. 89, pI. 15, 
llg. 777, 

Plal/ulina wuellerstorfi (Schwager).-CUSHMAN. I 929b. p, 104. pI. 
15, figs, 1-2.-CUSHMAN, 1931a. p. 110, pI. 19, figs. 5-6,
PHLEGERand others, 1953, p.49, pI. II, figs. 1-2,-BARKER. 
1960, p. 192. pI. 93. figs. 9a--c.- TODD, 1965, p. 51, pI. 23, 
figs. 3-5.-BELFORD. 1966, p. 120-121. pI. 20. figs. 1-6.
LOHMANN. 1978, p. 26, pI. 2, figs, 1-4. -CORLISS, 1979, p. 
7-8, pI. 2. figs. 13-16,-COLE. 1981, p. 103, pI. 12, fig. 9. 
MURRAY. 1984, pI. 2. figs. 16-18. - HER MELIN and SCOTT, 
1985. p, 216, pI. 4. figs. 12-13.-MORKHOVEN and others. 
1986, p. 48-50. pI. 14, figs. 1-2. 

Cihicides H'uellerslO~fi(Schwager).-PARKER. 1958, p. 275, pI. 4, 
figs. 41-42. -AKERS and DORMAN, 1964. p. 31-32, pI. 15, 
figs, 16-17.-LEROY, 1964. p. 45, pI. 8, figs. 25-26.-DOUG
LAS, 1973, pI. 18, figs. 7-9, pI. 25, figs. 15-16.-PFLUM and 
FRERICHS. 1976. pI. 4, figs. 2-4. - BOLTOVSKOY. 1978a, 
pI. 3, figs. 19-21. 

Cibicidoides wuellerstorfi (Schwager), - PARKER, 1964, p. 624--625, 
pI. 100, fig. 29.-RESIG, 1981, pI. 8, figs. J6-17.-MEAD, 
1985, p. 240. pI. 6. fIgs. la-2.-THOMAS. 1985, pI. 11, figs. 
1-4.-KURIHARA and KENNETT, 1986, pI. 9, figs. 4--6. 

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

Remarks. Cibicidoides wuellerstorfi was referred by 
Hofker(1956a) to the genus Farrel/oides, a genus which 
is synonymized with Cibicidoides by Loeblich and 
Tappan (1964). Forms intermediate between C wuel
lerstorfi and Cibicidoides kullenbergi (=Cibicidoides 
mundulus) have been observed by Lohmann (1978). 

Ecology. Cibicidoides wuellerstorfi is a common and 
well-known species which is cosmopolitan at bathyal 
to abyssal depths. In the Pacific Ocean this species 
seems to have an upper depth limit close to the upper 
boundary of the upper middle bathyal zone (Brady, 
1884; Bagg, 1908; Cushman, 1915; Goes, 1894). On 
the U.S. continental margin, this species has a slightly 
deeper upper depth limit, located in the lower middle 
bathyal zone (Miller and Lohmann, 1982), In the Gulf 
of Mexico it is most characteristic of the lower middle 
bathyal and deeper zones (Pflum and Frerichs, 1976), 
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but also has scattered occurrences in the upper middle 
bathyal zone, In the Gulf of California, this species 
seems to be one of the most dominant in the lower 
middle and lower bathyal zones (Bandy, 1961), Loh
mann (1978) found that this species was characteristic 
for the NADW in the western South Atlantic. 

Distribution in 586A. Cibicidoides wuellerstorfi is a 
common species with relative abundances up to 13,2%. 

Recorded Distribution. Cibicidoides wuellerstorfi was 
described from the Pliocene of Kar Nikobar, off Su
matra, Its known stratigraphic range is from the middle 
Miocene through the Holocene (Morkhoven and oth
ers, 1986). Holocene: Atlantic (Brady, 1884; Goes, 
1894; Cushman, 1931, Phleger and others, 1953; Loh
mann, 1978; Cole, 198 I; Hermelin and Scott, 1985; 
Mead, 1985), Gulf of Mexico (Pflum and Frerichs, 
1976), Pacific (Brady, 1884; Cushman, 1915, 1921; 
Todd, 1965; Ingle and others, 1980; Burke, 1981; Re
sig, 1981), Indian Ocean (Boltovskoy, I 978a; Corliss, 
1979), Antarctic Ocean (Brady, 1884). Pleistocene: At
lantic (Blanc-Vernet, 1983; Boersma, 1984b; Murray, 
1984), Gulf of Mexico (Akers and Dorman, 1964), 
Pacific (Douglas, 1973; Resig, 1976; Keller, 1980; 
Thompson, 1980; McDougall, 1985; Thomas, 1985; 
Kurihara and Kennett 1986). Pliocene: Atlantic (Blanc
Vernet, 1983; Boersma, 1984a, 1984b; Murray, 1984), 
Mexico (Kohl, 1985), Pacific (Douglas, 1973; Keller, 
1980; Thompson, 1980; McDougall, 1985; Thomas, 
1985; Boersma, 1986; Kurihara and Kennett, 1986), 
Java (Saint-Marc and Suminta, 1979), Okinawa 
(LeRoy, 1964), Sumatra (Schwager, 1866), Indian 
Ocean (Boltovskoy, 1978a). Miocene: Atlantic (Boers
ma, 1984a, b; Murray, 1984), Mexico (Kohl, 1985), 
Pacific (Douglas, 1973; Keller, 1980; Thompson, 1980; 
Woodruff and Douglas, 1981; McDougall, 1985; 
Thomas, 1985; Boersma, 1986; Kurihara and Kennett, 
1986), Guam (Todd, 1966), Java (Saint-Marc and 
Suminta, 1979), Okinawa (LeRoy, 1964), Papua-New 
Guinea (Belford, 1966), Indian Ocean (Boltovskoy, 
1978a). 

? Cibicidoides sp. I 
PI. 17, Figs, 6-8 

Description. Test free, small, plano-convex, periph
ery with a distinct keel, umbilical side with a deep 
depression around which the chambers exhibit short 
protruding spines. Sutures recurved. Wall calcareous, 
perforate. Aperture a low arch at the base of the final 
chamber. 

Remarks. ? Cibicidoides sp. 1 resembles Cibicidoides 
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wuellersto~fi except for the depressed umbilicus and 
spiny extensions of the chambers on the umbilical side. 

Distribution in 586A. ? Cibicidoides sp. I is a rare 
species with scattered occurrences. 

Genus MELONIS de Montfort, 1808 

Melonis barleeanum (Williamson) 

PI. 17, Fig. 12 


NOl1ionina barleeana WILLIAM SO!,;. 1858, p. 32, pI. 3, figs. 68
69. 

Xonionina UlnhilicalU/a (Montagu). - BRADY, 1884, p. 726, pI. 109. 
figs. 8-9.-CUSHMAN, 1914, p. 24-25, pI. 17, fig. I. 

;Vonion bar/eeallllm (Williamson).-CUSHMAN, 1930, p. II, pI. 4, 
fig. S.-CUSHMAN, 1939a, p. 23. pI. 6, figs. II.-PHLEGER, 
1952, p. 85. pI. 14. fig. 6.-PHLEGER and others. 1953, p. 30, 
pI. 6, fig. 4.-HERMELIN and SCOTT. 1985. p. 212, 214, pI. 
5. fig. 2. 

Allomalilloides barleeallum (Williamson) var. zaandamae VOOR
THUYSEN. 1952. p. 681. 

Nonion zaandamae (Voorthuysen).-LOEBLICH and TAPPAN, 
1953. p. 87, pI. 16. figs. II 12. 

Gal'e/inollion harleeanum (Williamson).-BARKER. 1960, p. 224, 
pI. 109, figs. 8-9. 

Jfelonis zaandamai rsic] (Voorthuysen).-LOEBLICH and TAP
PAN, 1964, p. C761-C763. 

Nonion har/eanum [sic] (Williamson).-BOERSMA. 1984b, pI. 3, 
figs. 11-13. 

.lfe/onis harleeanus (Williamson).-PFLUM and FRERICHS, 1976, 
pI. 7. figs. 5-6.-MURRAY. 1984. pI. 2. figs. 8-9.-THOMAS, 
1985, pI. 12, fig. 3 

J1e/onis barleeanum (Wiliiamson).-CORLISS, 1979, p. 10, 12, pI. 
5. figs. 7-8.-THOMPSON. 1980. pI. 7. figs. 4a-b.-KURI
HARA and KE;-.!NETT. 1986. pI. 9. figs. 10-11. 

Description. Test free, planispiral, involute, com
pressed, deeply biumbilicate, periphery rounded, 
chambers distinct, usually more than ten in the last 
whorl. Sutures gently curved, flush with surface. Wall 
calcareous, hyaline, smooth, coarsely perforate, except 
for the apertural face. Aperture an interiomarginal slit 
that extends to umbilicus on both sides. 

Remarks. This species has been placed by several 
authors in the genus Nonion, but because the urn bilical 
region is open rather than closed it has been retained 
in the genus Melonis. A commonly used synonym for 
this species is Nonionina umbilicatula (Montagu). 

It is questionable whether or not 111. parkeri de
scribed from the Gulf of Biscay (Berthois and Le
Calvez, 1959) is synonymous. According to Rouvillois 
(1970), }.1. parkeri has an imperforate apertural face, 
whereas 111. barleeanum has a perforate one. This ques
tion needs further study because most specimens fig
ured in the literature as M. barleeanum have imper
forate apertural faces. 

Ecology. Melonis barleeanum is generally consid
ered a bathyal species. In the Gulfof Mexico it is found 

in the neritic zone and down through the middle bathy
al zone (Pflum and Frerichs, 1976). 

Distribution in 586A. Melonis barleeanum is a com
mon species with relative abundances up to 15.4%. 

Recorded Distribution. ll1elonis barleeanum was de
scribed from the Holocene of the British Isles. Holo
cene: Atlantic (Phleger and others, 1953; Hermelin and 
Scott, 1985), Gulf of Mexico (Pflum and Frerichs, 
1976), Pacific (Cushman, 1914, 1939a), Indian Ocean 
(Corliss, 1979). Pleistocene: Atlantic (Blanc-Vernet, 
1983; Murray, 1984), Pacific (Thompson, 1980; 
Thomas 1985; Kurihara and Kennett, 1986). Pliocene: 
Atlantic (BIanc-Vernet, 1983; Boersma, 1984b; Mur
ray, 1984; Hermelin, 1986), Pacific (Thompson, 1980; 
Thomas, 1985; Boersma, 1986; Kurihara and Kennett, 
1986). Miocene: Atlantic (Murray, 1984), Pacific 
(Woodruff and Douglas, 1981; Thomas, 1985; Boers
ma, 1986; Kurihara and Kennett, 1986). 

Melonis pompilioides (Fichtel and Moll) 

PI. 17, Figs. 13-14 


l\'auti/us pompilioides (FICHTEL and MOLL 1798. p. 3 L pI. 2, 
figs. A-C 

;\fonionina pompilioides (Fichtel and Moll).- D'ORBIGNY, 1826, 
p. 294, no. 15.-BRADY, 1884, p. 727. pI. 109, figs. 10-11.
CUSHMAN. 1914, p. 25-26. pJ. 17, fig. 2.-PHLEGER and 
others, 1953. p. 30, pI. 6, figs. 7-8. 

.Vonionina umbilicalu/ala D'ORBIGNY. 1826, p. 293, pI. 15, figs. 
10-12. 

NOllion pompilioides (Fichtel and Moll).-CUSHMAN, 1930. p. 4, 
pI. I. figs. 7-11, pI. 2, figs. 1-2.-CUSHMAN, 1946, p. 6, pI. 
I, figs. 1-2.-PHLEGER and PARKER, 1951, p. II, pI. 5, figs. 
19-20.-BOLTOVSKOY, 1978a. pI. 5, figs. 3-4. 

,He/olll's sphaeroides VOLOSHINOVA, 1958, p. 153, pI. 3, figs. 1a
b.-MEAD, 1985, p. 242, 244. pI. 7, figs. 3a-b. 

,He/on is pompilioides (Fichtel and Moll). - VOLOSHINOVA, 1958, 
p. 158, pI. 3, figs. 8-9.-BELFORD. 1966, p. 183-184, pI. 30, 
figs. 17-20.-DOUGLAS. 1973, pI. 9, figs. 8-9.-PFLUM and 
FRERICHS. 1976, pI. 7. figs. 7-8.-LOHMANN, 1978, p. 29, 
pI. I, figs. 12-13.-CORLISS, 1979, p. 12. pI. 5, figs, 9-10.
INGLE and others. 1980, pI. 9, figs. 14-15.-KELLER, 1980, 
pI. 3, figs. 11-12.-THOMPSON. 1980, pI. 7, figs. 4a-b.
MURRAY. 1984. pl.2. figs. 10-1 I.-HERMELIN and SCOTT, 
1985. p. 212, pI. 6, fig. 5.-KOHL. 1985. p. 114-115, pI. 14, 
fig. 9.-THOMAS, 1985, pI. 12, figs. 1-2.-KCRIHARA and 
KENNETT, 1986, pI. 9, figs. 7-8.-MORKHOVENand others, 
1986, p. 72-80, pI. 23A. figs. 1-2. pI. 23C, figs. la-d, pi. 23D, 
figs, la-d, pI. 23E, figs. la-<:. 

;\fonion 	('!) pompilioides (Fichtel and Moll). - BARKER, 1960. p. 
224, pI. 109, figs. 10-11. 

Description. Test free, planispiral, involute, periph
ery broadly rounded, eight to ten chambers in the last 
whorl. Walls calcareous, hyaline, smooth, coarsely per
forate. Sutures slightly curved, flush with surface. Ap
erture a low arch extending from umbilicus to umbi
licus. 

88 



Remarks. A1elonis pompilioides has been recorded 
under many different names: II4. soldanii (d'Orbigny); 
:'.1. sphaeroides (Voloshinova); Nonionina umbilica
tula d'Orbigny; and Nonion halkyardi Cushman. I be
lieve that these records represent ecophenotypic vari
ants and that they should be regarded as junior 
synonyms of AI. pompilioides. The significant coexis
tence with ;14. barleeanum might also suggest that these 
two species are to be regarded as ecophenotypic vari
ants, but until further investigations show that they are 
the same species they are separated. M. pompilioides 
is a truly cosmopolitan deeper-water species that has 
been widely recorded in the literature. 

Ecology. Melonis pompilioides is recorded from the 
lower bathyal zone in the eastern Pacific (Ingle, 1980; 
Ingle and Keller, 1980). It occurs in the bathyal zone 
in the Gulf of Mexico (Pflum and Frerichs, 1976). 

Distribution in 568A. Alelonts pompilioides is an 
abundant species with relative abundances up to 7.1 %. 

Recorded Distribution. Melon is pompilioides was de
scribed from Italy (as fossil) and from the Holocene of 
the Mediterranean. Holocene: Atlantic (Phleger and 
others, 1953; Lohmann, 1978; Cole, 1981; Hermelin 
and Scott, 1985; Mead. 1985), Gulf of Mexico (Pflum 
and Frerichs, 1976), Pacific (Cushman, 1914, 1939a; 
Burke, 1981), Indian Ocean (Corliss, 1979). Pleisto
cene: Atlantic (Blanc-Vernet. 1983; Murray, 1984), Pa
cific (Douglas, 1973; Resig, 1976; Keller, 1980; 
Thompson, 1980; McDougall, 1985; Thomas, 1985; 
Kurihara and Kennett, 1986), Java (Saint-Marc and 
Suminta, 1979). Pliocene: Atlantic (Murray, 1984), Pa
cific (Douglas, 1973; Keller, 1980; Thompson, 1980; 
McDougall, \985; Thomas 1985; Kurihara and Ken
nett, 1986), Papua-New Guinea (Belford, 1966), In
dian Ocean (Boltovskoy, \978a). Miocene: Atlantic 
(Murray, 1984), Pacific (Keller, 1980; Woodruff and 
Doug\as, 1981; McDougall, \985; Thomas, 1985; Ku
rihara and Kennett, 1986), Guam (Todd, 1966), Java 
(Saint-Marc and Suminta, 1979), Papua-New Guinea 
(Belford, 1966). Indian Ocean (Boltovskoy, \978a). 
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APPENDIX 1 

Census data for the benthic foraminiferal species in 
the > 125 micrometer fraction. Frequencies are ex
pressed as percent of the total benthic foraminiferal 
fauna in each sample. 
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HERMELIN 

PLATE 1 

1 Cyclammina cancellata Brady. Side view of a specimen with the last chambers broken off, 79.70 m, x 220. 
2,5 Textularia lythostrota (Schwager). 2 Apertural view, 130.20 m, x 160. 5 Side view, 110.00 m, x 130. 
3, 6 Textularia secasensis Lalicker and McCulloch. 3 Apertural view, 140.00 m, x 220. 6 Side view, 128.80 m, x 160. 

4 Siphotextularia curta (Cushman). Side view with the last chamber broken off, 48.29 m, x 220. 
7, 10 Siphotextularia sp. 1. 7 Enlargement of aperture, 59.50 m, x 100. 10 Side view of same specimen, 59.50 m, x 2,000. 
8, 11 ? Cystammina sp. 1. 8 Enlargement of aperture, 99.90 m, x 1,800. 11 Apertural view of same specimen, 99.90 m, x 320. 
9,12 Siphoeggerella siphonella (Reuss). 9 Enlargement of aperture, 83.70 m, x 1,000.12 Side view of same specimen, 83.70 m, x 200. 
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HERMELIN 

PLATE 2 


1,2 Eggerella brady! (Cushman). 1 Apertural view, 125.10 m, x 120. 2 Side view, 124.10 m, x 110. 

3 Verneuilina sp. I. Side view, 133.20 m, x 120. 


4,9 Quinqueloculina lamarckiana d'Orbigny. 4 Side view, 52.40 m, x 180. 9 Apertural view, 48.29 m, x 260. 

5,6 Martinottiella communis (d'Orbigny). 5 Apertural view, 41.30, x 100.6 Side view, 73,60 m, x 54. 


7 Martinottiella petrosa (Cushman and Bermudez). Side view, 41.30 m, x 130. 

8 Spiroloculina sp. 1. Side view, 129.20 m, x 220. 


10 Ophthalmidium pusillum (Earland). Side view, 41.30 m, x 150. 

11,14 Quinque[oculina venusta Karrer. 11 Side view, 39.31 m, x 130. 14 Apertural view, 41.30 m, x 260. 


12, 15, 16 pyrgo murrhina (Schwager). 12 Side view, 39.31 In, x 78. 15 Apertural view, 39.31 m, x 100. 16 Side-edge view, 39.31 In, xl00. 

13 Pyrgo cf. P. murrhina (Schwagcr). Side view, 49.40 In, x 150. 
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HERMELIN 

PLATE 3 


1,2 pyrgo sp. I. 1 Side view, 76.69 m, x 200. 2 Edge view, 43.31 m, x 200. 

3 pyrgo sp. 2. Side view, 99.90 m, x40. 


4, S, 9 Sigmoilina edwardsi (Schlumberger). 4 Side view, 39.31 m, x 160. S Side view ofan abraded specimen, 40.30 m, x 180. 9 Apertural 

view of an abraded specimen, 40.30 m, x 300. 


6,7 Triloculina tricarinata d'Orbigny. 6 Side view, 116.10 m, x 180. 7 Apertural view, 116.10 m, x 220. 

8 Triloculina trigonula (Lamarck). Apertura) view, 85.70 m, x 78. 


10,11 Triloculina sp. 1. 10 Side view, 40.30 m, x 180. 11 Apertural view, 40.30 m, x 320. 

12,13 Chrysalogonium lanceolum Cushman and Jarvis. 12 Side view, 96.90 m, x48. 13 Enlargement of aperture, side view of same 


specimen, 96.90 m, x 440. 

14, IS Chrysalogonium longicostatum Cushman and Jarvis. 14 Enlargement of aperture, side view, 70.60 m, x 360. IS Side view of same 


specimen, 70.60, x 36. 

16-18 Chrysalogonfum tenuicostatum Cushman and BermUdez. 16 Side view, 130.20 m, x 110. 17 Enlargement of aperture, side view of 


same specimen, 130.20 m, x 400. 18 Enlargement of fine striation, side view of same specimen, 130.20 m, x 370. 
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HERMELIN 

PLATE 4 

1,2 Dentalina communis d'Orbigny. 1 Side view ofa microspheric specimen, 120.10 m, x 160.2 Side view ofa mega10spheric specimen, 
103.90 m, x 110. 


3 Dentalina cf. D. communis d'Orbigny. Side view, 120.10 m, x 150. 

4 Dentalina intorta (Dervieux). Side view, 141.30 m, x 120. 

5 Lagena advena Cushman. Side view of a specimen with borings of parasitic organisms through the test, 39.31 m, x 120. 

6 Lagena alticostata Cushman. Oblique view, 87.80 m, x 360. 

7 Lagena biarritzensis Hagn. Side view, 135.30 m, x 120. 

8 Lagenafeildeniana Brady. Side view, 122.10 m, x 130. 


9, 10 Lagena hispida Reuss. 9 Side view, 43.30 m, x 220. 10 Enlargement of test surface of same specimen, 43.30 m, x 2,000. 
11 Lagena hispidula Cushman. Side view, 41.30 m, x 130. 
12 Lagena meridionalis Wiesner. Side view, 134.20 m, x 120. 
13 Lagena paradoxa Sidebottom. Side view, 116.10 m, x 200. 
14 Lagena striata (d'Orbigny). Side view, 108.00 m, x 150. 
15 Lagena tubulata Sidebottom. Side view, 109.00 m, x 180. 
16 Lagena sp. 1. Side view, 64.50 m, x 240. 
17 Lagena sp. 2. Side view, 134.20 m, x220. 
18 Lagena sp. 3. Side view, 121.10 m, x320. 
19 Lagena sp. 4. Side view, 111.00 m, x 240. 
20 Orthomorphina challengeriana (Thalmann). Side view, 72.60 m, x 120. 
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HERMELIN 

PLATE 5 


1-3 Orthomorphina sp. 1. 1 Side view, 118.10 m, x 160. 2 Apertural view, 105.90 m, x 240. 3 Enlargement ofaperture ofsame specimen, 

105.90 m, x 1,600. 


4, 9 Pseudo nodosaria sp. 1. 4 Side view, 93.80 m, x 94. 9 Apertural view, 60.50 m, x 180. 

5,6 Lenticulina atlantica (Barker). 5 Side view, 97.90 m, x 150.6 Edge view, 100.90 m, x 180. 

7,8 Lenticulina convergens (Bornemann). 7 Side view, 103.90 m, x300. 8 Edge view, 121.10 m, x260. 


10, 11 Polymorphinidae formae fistulosae. 10 Side view, 74.70 m, x 94. 11 Side view, 61.51 m, x 130. 

12 ? Polymorphina sp. 1. Side view, 108.00 m, x 130. 

13 Pyrulina gutta d'Orbigny. Side view, 43.30 m, x 180. 

14 Pyrulinoides sp. 1. Side view, 115.00 m, x 180. 

15 Pyrulinoides sp. 2. Side view, 141.30 m, xl 00. 


16. 17 Sphaeroidina bulloides d'Orbigny. 16 Side view, 122.10 m, xl 00. 17 Apertural view, 118.10 m, x 100. 

18. 19 Fissurina annectens (Burrows and Holland). 18 Side view, 56.40 m, x 240. 19 Edge view, 56.40 m, x 260. 
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HERMELIN 

PLATE 6 


1 Fissurina armata (Sidebottom). Side view, 116.10 m, x 160. 

2,3 Fissurina auriculata (Brady). 2 Side view, 65.50 m, x 240. 3 Edge view, 60.50 m, x 260. 

4,5 Fissurina cf. F. capillosa Schwager. 4 Side view, 104.90 m, x 130. 5 Enlargement of ornamentation between the central body and the 


encircling keel on same specimen, 104.90 m, x 540. 

6,7 Fissurina castrellsis (Schwager). 6 Enlargement of ornamentation on apertural neck, side view, 77.70 m, x 540.7 Side view, 77.70 


m, x86. 

8,9 Fissurina clathrata (Brady). 8 Side view, 50.60 m, x 260. 9 Edge view, 43.30 m, x 260. 


10 Fissurilla duplicata (Sidebottom). Edge view, 77.70 m, x 160. 

11,12 Fissurilla crebra (Matthes). 11 Side view, 43.70 m, x 180. 12 Oblique view, 43.70 m, x 240. 

13,14 Fissurilla echigoellsis (Asano and Inomata). 13 Side view, 70.60 m, x 220. 14 Edge view, 75.60 m, x 220. 

15,16 Fissurillajimbriala (Brady). 15 Side view, 43.30 m, x 200.18 Edge view, 43.30 m, x 180. 

17,18 Fissurilla kerguelensis Parr. 17 Side view, 41.30 m, x 300. 18 Side view, 55.50 m, x 180. 
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HERMELIN 

PLATE 7 


1,2 Fissurina marginata (Montagu). 1 Side view, 41.30 m, x 220. 2 Edge view, 41.30 m, x240. 

3,4 Fissurina palliofata (Earland). 3 Side view, 110.00 m, x 220. 4 Edge view, 117.10 m, x 300. 


5 Fissurina revertens (Heron-Allen and Earland). Side view, 40.30 m, x 300. 

6 Fissurina sefseyensis (Heron-Allen and Earland). Side view, 113.00 m, x 78. 

7 Fissurina seminiformis (Schwager). Side view, 119.10 m, x 120. 


8,9 Fissurina separans Sidebottom. 8 Side view, 65.50 m, x 360.9 Edge view, 67.60 m, x 360. 

10 Fissurina wiesneri Barker. Side view, 41.30 m, x 320. 

11 Fissurina sp. 1. Side view, 41.30 m, x 180. 

12 Fissurina sp. 2. Side view, 41.30 m, x 240. 

13 Fissurina sp. 3. Side view, 40.30 m, x 220. 

14 Fissurina sp. 4. Side view, 60.50 m, x 160. 


15,16 	 Fissurina sp. 5. 15 Side view, 109.00 m, x 150. 16 Enlargement of the honeycomb pattern present on the lower part of the central 

body of the same specimen, 109.00 m, x600. 
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HERMELIN 

PLATE 8 


1,2 Fissurina sp. 6. 1 Side view, 70.60 m, x 150. 2 Edge view, 39.30, x 130. 

3, 4 Fissurina sp. 8. 3 Side view, 93.80 m, x 160. 4 Enlargement of ornamentation around the periphery, side view of same specimen, 


93.80 m, x 780. 

5 Fissurina sp. 7. Edge view, 100.90 m, x240. 


6,7 Fissurina sp. 9.6 Side view, 55.40 m, x 240.7 Edge view, 58.50, x 240. 

8,9 Fissurina sp. 10.8 Side view, 95.80 m, x 150.9 Edge view, 69.60 m, x 180. 


10 Fissurina sp. 11. Side view, 125.10 m, x 240. 

11,12 Fissurina sp. 12.11 Side view, 118.10 m, x 180.12 Enlargement of the basal part of the test, edge view of the same specimen, 118.10 


m, x480. 

13 Fissurina sp. 13. Side view, 46.30 m, x 100. 


14,15 Fissurina sp. 14.14 Side view, 46.30 m, x 200. 15 Edge view, 57.40 m, x200. 

16 Fissurina sp. 15. Side view, 47.30 m, x320. 


17,18 Fissurina sp. 16.17 Side view, 109.00 m, x200. 18 Edge view, 124.10 m, x210. 
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HERMELIN 

PLATE 9 


1,2 Fissurina sp. 17. 1 Side view, 46.30 m, x 240.2 Enlargement ofsmall spines ornamenting the basal part of the test, side view of the 

same specimen, 46.30 m, x 1,000. 


3,4 Fissurina sp. 18.3 Side view, 105.90 m, x 200.4 Edge view, 110.00 m, x 220. 

5 Fissurina sp. 19. Side view, 115.00 m, x300. 

6 Fissurina sp. 20. Side view, 110.00 m, x 220. 

7 Fissurina sp. 21. Side view, 87.80 m, x 150. 


8,9 Fissurina sp. 22. 8 Side view, 58.50 m, x 180.9 Edge view, 49.39 m, x 180. 

10 Fissurina sp. 23. Side view, 58.50 m, x 260. 


11,12 Fissurina sp. 24. 11 Side view, 101.90 m, x 130.12 Edge view, 81.70 m, x 160. 

13,14 Fissurina sp. 25. 13 Side view, 48.19 m, x 240. 14 Edge view, 73.60 m, x 260. 

15,16 Fissurina sp. 26. 15 Side view, 39.31 m, x 180.16 Edge view, 41.30 m, x 180. 


17 Globo/issurina sp. I. Side view, 41.30 m, x320. 

18 Globofissurina quadricarniata (Sidebottom). Side view, 73.60 m, x 400. 
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HERMELIN 

PLATE 10 


t Oolina ali/era (Reuss). Side view, 117.10 m, x 220. 

2,3 Oolina desmophora (Jones). 2 Side view, 79.70 m, x 180. 3 Enlargement of the basal part of the test, side view of same speeimen, 


79.70 m, x480. 

4 Oolina globosa (Montagu). Side view, 39.31 m, x260. 

5 Oolina hexagona (Williamson). Side view, 118.10 m, x 400. 

6 Oolina selosa (Earland). Side view, 142.30 m, x 180. 

7 Para/issurina cf. P. arcttca Green. Side view, 59.50 m, x 400. 

8 Para/issurina sublala Parr. Side view, 83.70 m, x 94. 

9 Parafissurina tectulostoma Loeblich and Tappan. Side view, 63.50 m, x 150. 


to Para/issurina Iricarinala Parr. Side view, 101.90 m, x 160. 

11 Para./issurina sp. 1. Side view, 39.31 m, x 150. 


12, 13 	 Para./issurina unci/era (Buchner). 12 Side view, 73.60 m, x 180. 13 Edge view, 58.50 m, x 320. 

14 Para./issurina sp. 2. Side view, 41.30 m, x 200. 

15 Buliminoides sp. I. Side view, 63.50, x 180. 

16 Abdilodenlrix asketocomplella Patterson. Side view, 40.30 m, x 220. 


17.18 Bolivina seminuda Cushman. 17 Side view, 141.30 m, x 180. 18 Edge view, 140.30 m, x200. 
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HERMELIN 

PLATE 11 

1 Rectobolivina raphana (Parker and Jones). Side view, 41.30 m, x 160. 
2-5 Siphonodosaria abyssorum (Brady). 2 Side view, 43.30 m, x 60. 3 Side view ofspecimen with two proloculi, 70.60 m, x 36.4 Apertural 

view, 82.70 m, x 100. 5 Apertural view, 97.90 m, x 72. 
6,7 Siphonodosaria consobrina (d'Orbigny). 6 Side view, 92.80, x 78. 7 Apertural view, 39.30 m, x 240. 
8, 9 Siphonodosaria lepidula (Schwager). 8 Side view, 82.60 m, x 72. 9 Enlargement of ultimate chamber, side view of same specimen, 

82.60 m, x 360. 
10, 12 Siphonodosaria sp. I. 10 Side view, 44.30 m, x 120. 11 Apertural view, 66.51 m, x 400. 12 Side view, 73.60 m, x 110. 
13,14 Siphonodosaria sp. 2. 13 Apertural view, 71.60 m, x 540. 14 Side view, 134.20 m, x 130. 
15,19 Siphonodosaria sp. 3. 15 Side view, 82.70 m, x94. 19 Oblique apertural view, 140.30 m, x660. 

16 Bulimina mexicana Cushman. Side view, 119.10 m, x 260. 
17 Bulimina yonabarensis LeRoy. Side view, 92.80 m, x 180. 
18 Bulimina fijiensis Cushman. Side view, 113.00 m, x 320. 
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HERMELIN 

PLATE 12 

1-3 Bulimina truncana Guembel. 1 Side view, 40.30 m, x 160.2 Side view, 40.30 m, x 150.3 Apertural view, 40.30 m, x220. 
4,5 Uvigerina auberiana d'Orbigny. 4 Side view of specimen with two apertures, 108.00 m, x 180. 5 Side view of specimen with two 

apertures, 105.90 m, x 180. 
6-8 Uvigerina peregrina Cushman. 6 Side view, 120.10 m, x 100.7 Side view, 126.60 m, x 220.8 Side view, 120.10 m, x 110. 

9, 10 Discorbinella bertheloti (d'Orbigny). 9 Spiral view, 43.30 m, x 240. 10 Umbilical view, 83.70 m, x 260. 
11-13 Gavelinopsis lobatulus (Parr). 11 Spiral view, 67.50 m, x 220. 12 Edge view, 125.10 m, x 220. 13 Umbilical view, 119.10 m, x 260. 
14, 18 Heronallenia Ungulata (Burrows and Holland). 14 Spiral view, 119.10 m, x 320. 18 Umbilical view, 67.60 m, x 260. 
15-17 Nuttallides umbonifera (Cushman). 15 Spiral view, 40.30 m, x 300. 16 Edge view, 40.30 m, x 360. 17 Umbilical view, 40.30 m, 

x400. 
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HERMELIN 

PLATE 13 


1 Pleuros/omella acuminata Cushman. Edge view, 39.31 m, x 160. 

2 Pleurostomella recens Dervieux. Side view, 69.60 m, x 130. 


3,4 Pleurostomella sp. l. 3 Side view, 110.00 m, x 180.4 Edge view, 107.00 m, x 180. 

5,6 Pleurostomella sp. 2. 5 Side view, 67.60 m, x 200. 6 Edge view, 124.90 m, x 200. 


7 Pleurastomella subnodosa (Reuss). Side view, 54.40 m, x 180. 

8-10 Francesita advena (Cushman). 8 Side view, 77.70 m, x220. 9 Edge view, 74.60 m, x220. 10 Enlargement of the perforate surface 


of the specimen in Fig. 8, 77.70 m, x2,200. 

11 Ehrenbergina albatrossi Cushman. Ventral view, 44.30 m, x 130. 

12 Ehrenbergina undulata Parker. Ventral view, 44.30 m, x260. 

13 Ehrenbergina trigona Goes. Ventral view, 90.80 m, x 260. 


14,17 Favocassidulina/avus (Brady). 14 Edge view, 73.60 m, x 200.17 Spiral view, 70.60 m, x 180. 

15,16 Globocassidulina decorata Sidebottom. 15 Side view, 69.60 m, x 180. 16 Opposite side view, 90.40 m, x 170. 
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HERMELIN 

PLATE 14 


1,2 Allomorphina pacifica Cushman and Todd. 1 Ventral view, 141.30 m, x 200.2 Dorsal view, 41.30 m, x 220. 

3,4 Ruther{ordoides tenuis (Phleger and Parker). 3 Side view, 63.50 m, x 120. 4 Enlargement of the test surface showing the elongate 


pores, 63.50 m, x 7,200. 

5 Chilostomella oo/ina Schwager. Dorsal view, 104.90 m, x 120. 

6 Quadrimorphina allomorphinoides (Reuss). Dorsal view, 48.29 m, x 200. 


7,8 Rutherfordoides brady! (Cushman). 7 Ventral view, 137.50 m, x 160. 8 Enlargement of test surface showing the elongate pores, 

137.30 m, x7,200. 

9 Quadrimorphina glabra (Cushman). Umbilical view, 69.60 m, x 180. 

10,11 Astrononion novozealandicum Cushman and Edwards. 10 Side view, 91.80 m, x250. 11 Edge view, 39.31 m, x300. 

12-16 Flori/us sp. I. 12 Umbilical view, 120.10 m, x260. 13 Umbilical view, 40.30 m, x 300. 14 Edge view, 41.30 m, x320. 15 Spiral 


view, 124.20 m, x 320. 16 Enlargement of umbilical area of same specimen as in 12, 120.10 m, x 920. 
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HERMELIN 

PLATE 15 


1-3 Nonionellina sp. 1. 1 Umbilical view, 111.00 m, x 300.2 Edge view, 111.00 m, x 360.3 Spiral view, 105.90 m, x 260. 

4,5 Pullenia bulloides (d'Orbigny). 4 Side view, 57.40 m, x 120.5 Edge view, 59.50 m, x 110. 

6,7 Pullenia subcarinala (d'Orbigny). 6 Side view, 69.60 m, x 150.7 Edge view, 47.30 m, x 120. 


8-10 	 Pullenia sp. l. 8 Side view, 117.10 m, x21O. 9 Edge view, 117.10 m, x220. 20 Edge view showing the asymmetrical development 

of the last chamber, 117.10 m, x 200. 


11,12 Pullenia sp. 2. 11 Side view, 58.50 m, x 130.12 Edge view, 48.29 m, x 150. 

13-15 Gyroidina alliformis Stewart and Stewart. 13 Spiral view, 113.00 m, x 110. 14 Edge view, 39.31 m, x 110. 15 Umbilical view, 39.31 


m, x 78. 

16-18 Gyroidina neosoldanii Brotzen. 16 Spiral view, 39.31 m, x 200. 17 Edge view, 111.00 m, x200. 18 Umbilical view, 39.31 m, x220. 
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HERMELIN 

PLATE 16 

1-5 	 Oridorsalis umbonatus (Reuss). 1 Spiral view, 39.31 m. x 120. 2 Enlargement of supplemental aperture on spiral side, 39.31 m, x 120. 
3 Edge view, 39.31 m, x 120. 4 Umbilical side, 39.31 m, x 540. 5 Enlargement of supplemental aperture on umbilical side, 39.31 m, 
x860. 

6, 10 Gyroidinoides lamarckianus (d'Orbigny). 6 Spiral view, 141.30 m, x 130. 10 Edge view, 141.30 m, x 150. 
7-9 Gyroidinoides orbicularis (d'Orbigny). 7 Spiral view, 139.30 m, x94. 8 Edge view, 138.30 m, x94. 9 Umbilical view, 1I5.00 m, 

x260. 
11-13 Osangularia culter (Parker and Jones). 11 Umbilical view, 41.30 m, x 180. 12 Edge view, 41.30 m, x 200. 13 Spiral view, 40.30 m, 

x 150. 
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HERMELlN 

PLATE 17 


1,5 Anomalinoides globulosus (Chapman and Parr). 1 Edge view, 39.31 m, x 150.5 Umbilical view, 39.31 m, x 160. 

2-4 Cibicidoides bradyi (Trauth). 2 Spiral view, 132.20 m, x 180. 3 Edge view, 39.31 m, x 160. 4 Umbilical view, 39.31 m, x 180. 

6-8 ?Cibicidoidessp.1.6Spiralview, 1I5.00m, x320.7Edgeview, 117.10, x 320. 8 Umbilical view, 109.IOm, x260. 


9-11 Cibicidoides mundulus (Brady, Parker and Jones). 9 Spiral side, 41.30 m, x 180.10 Edge view, 41.30 m, x 180. 11 Umbilical view, 

41.30 m, x 180. 


12 Me/onis barleeanum (Williamson). Edge view, 48.29 m, x 170. 

13,14 Melonis pompiloides (Fichtel and Moll). 13 Side view, 50.30 m, x 150. 14 Edge view, 50.30 m, x 160. 
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