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ABSTRACT

This thesis presents the results of a study of benthic foraminifera
from McMurdo Sound, Antarctica. The sound is 50 km across and more than
900 m deep, and is ice-covered for at least 9 months of the year.
However, salinity and temperature of the bottom waters are constant (35%
and -1.8% C). Sea floor sediment is mainly fine sand and mud with a

little ice-rafted gravel.

The aim of the study was to document the distribution of living and
dead foraminifera and to determine the factor(s) controlling it. The
twenty-six sites in water from 76 to 856m deep were sampled by gravity
corer and grab, and nearly 40,000 specimens (2334 living and %6,875
dead) were identified. Three present day assemblages can be recognised:

s Shallow open water assemblage (swA): Trochammina glabra,

Cribrostomoides jeffreysii, Trifarina earlandi, Ehrenbergina glabra,
Fursenkoina earlandi and Globocassidulina crassa.

2. Deep open water assemblage (DWA): Reophax pilulifer, Reophax
subdentaliniformis, Portotrochammina antarctica, Textularia antarctica
and Miliammina arenacea.

3. Harbour/enclosed basin assemblage (HA): Reophax
subdentaliniformis, Portotrochammina antarctica, Textularia antarctica,
Fursenkoina earlandi and Globocassidulina crassa.

The composition of the assemblages is controlled largely by the
calcium carbonate compensation depth (CCD). Calcareous species are
abundant and varied (84 calcareous species) in the SWA above 620m, but
are virtually absent from the DWA, which is found in deeper water. The
dominance of agglutinated foraminifera in the HA indicates an even

shallower CCD (about 230m) in restricted coastal settings.

Death assemblages have a similar species diversity to corresponding
life assemblages and are reasonably representative of them, except for

the 200m zone above the offshore CCD, where death assemblages are
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depleted in calcareous taxa. The diversity of the agglutinated
component of each assemblage remains nearly constant in all habitats and
at all water depths, even though shallow water samples include a range
of calcareous species. Thus competition from calcareous species appears
not to be a stress factor for agglutinated species, which are considered
to have reached the limit of their evolutionary potential in these

waters.
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CHAPTER 1

INTRODUCTION

The area of this investigation is McMurdo Sound, Antarctica, a body
of water 50km across and more than 900m deep between Ross Island and the
south Victoria Land coast (Figure 1). The study was stimulated by the
writer's M.Sc. project (Ward 1979), a study of foraminifera in gravelly
sand now 60m above sea level at Cape Royds on the eastern side of the
sound . The assemblage was of Late Pleistocene age and highly varied,
containing 86 species, of wWich 83 were calcareous. I concluded from the
study that the assemblage had been transported from some part of McMurdo
Sound above the carbonaté compensation depth, but could say little more
because of lack of data on the distribution of modern foraminifera in
the area. The study presented here was planned to fill this gap and to

identify if possible the factor(s) controlling faunal composition.

The distinction between life and death assemblages was considered at
the outset to be very important, for it seemed possible, even likely,
that differences due to preservation could be misinterpreted as
ecological in origin. Therefore considerable effort was put into
collecting undisturbed samples and preserving them so that the living

animals could be identified.
The aims of this thesis then are threefold:

1e to determine the distribution of modern living Dbenthic

foraminifera in McMurdo Sound.
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2. to determine the distribution of death assemblages of modern
benthic foraminifera in the sound, and compare them with 1life

assemblages from the same location.

3. to identify the main factor(s) controlling the distribution of

life and death assemblages.

An especially designed corer was developed to recover large
undisturbed samples, including the water-sediment interface, from the
sea floor to depths of 1000m. This failed to work because of the
sensitivity of the trigger mechanism to the cold, but was successfully
modified for the second and third seasons. We had hoped to collect some
oceanographic data along with the cores, but attempts to measure pH,
temperature and salinity in the water column failed ©because of
instrument problems in the cold field conditions, where air temperatures
were as low as -20°C. IThe lack of oceanographic data gave some cause
for concern, but we believe there is enough from the year round
observations of Littlepage (1965) near McMurdo Station and the more
wide-ranging summer measurements of Jacobs et gl.(1981) to define
broadly the physical and chemical features of the waters of McMurdo

Sound, reviewed in the next section.

Although the study area is McMurdo Sound, the results and conclusions
should be of wider interest. The range in water depth is large, and
covers several physiographic settings. Also, the conclusions should
apply to the rest of the Ross continental shelf, where there is a
similar range in depth, salinity and temperature, and whose waters are

in free circulation with those of McMurdo Sound.
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Oceanographic features of McMurdo Sound

Introduction

Polar investigations over tne last 3% years have proviaed wuseful
information on the distributicn and limiting environmental features of

foruminiferal genera una species.

The Arctic poluar environment is similar to that or the Antarctic in
that it is cold, seascnally ice-covereda and has great seasonal changes
in sunlight, but differs in that insteza of being a continent surrounced
by seas, 1t 1is a sea surrounded by continents. There is enough
similarity in the sea-floor ‘environments, thougn, that numerous species
of foraminifera (50% of those studied by Yodd and Low 1Y66) are bipolar.
Generul uaspects of the Antarctic marine environment have been reviewed
by Holdgate (14Y67), Knox (1970) and Hedgepeth(1977). The Arctic marine
environment has been studiec 1in mucu greater «aetuail by petroleum
exploration companies interested in drilling for oil in the Canadian
Arctic and other areas (Lome et al. 1962 ) . Water temperatures of
Lezufort Sea are very slightly warmer than those of icl.urdo cound, but
equivalent to Ross fe& as a whole (1° ¢ to -1.5°C) and salinity is more
variable (30%0 to 35.2%0, than that of PFciurdo Sound, wnhich is probably
due to run-off from rivers in the Arctic. The continental shelf of
Beaufort and Chukchi ceas is shallower (100m at &Ckm offshore) than that

in Ross Sea, which averages 50Cm in depth.




Water hass Properties

The properties of Nclurdo Gound waters have been studied by
Littlepage (1965), Heath (1971a,b; 1977), Gordon (1971), Gilmour (1975)
and Jacobs et al. (1981). Bottom waters are similar in temperature and
salinity (-1.95°C to -1%240 C; %%.96%0 to 34.99%0) to those of Hoss Sea
(-1.94°C to 0.6°C, 33.12 to 34.86%0) (Littlepage 1965, McKnight 1962).
The observed differences of temperature and salinity are insufficient to
affect Antarctic benthic foraminifera communities (McKnight 1962). The
major water masses defined for Koss Sea 4drea are: Antarctic Bottom
Water, Ross'Sea Shelf Water, Circumpolar Deep Water, Pacific Ocean Deep
Water and Bottom Water, and Antarctic Surface water (Figure 2). Loss Sea
Shelf Water is formed by the freezing of water at the base of Koss Ice
Shelf, &and the resulting saline water sinking to the shelf floor, and

making its way north along the sea floor.

Glacial meltwater from the floating Erebus Ice Tongue forms
stratified layers averaging 17m thick in step-like fashion within a few
hundred metres of the melting ice (Jacobs et al. 1981). Salinity and
density increase with depth to about 400m, and temperature initially
increases Jjust below the surface, then decreases slightly to about 220m.
Salinities of deeper stations converge near 500m (Jacobs et al.
1981,Fig.5) perhaps marking the lower limit of glacial melting in the

Ross Sea.
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Nutrients

The essential plant nutrients, phosphate, silicate, oxygen and
nitrate occur in the wupper layers of Antarctic waters in sufficient
concentrations to allow abundant phytoplankton growth (Knox 1970,
liedgpeth 1977, Holm-Hansen et El'1977)' The most comprehensive data
collected to date from kclurdo Sound are those of Littlepage (1965), who
sampled four locations near Cape Armitage, Hut Point Peninsula (Figure
5) for eleven months during 1961 (Farch excluded). Littlepage (1965)
measured concentrations of dissolved inorganic phosphate, and found that
the lowest mean was 1.4um/1 in Cctober (Figure 4). Values of dissolved
oxygen varied from 8.59ml/1 to 6.08ml/1 (Figure 5), and dissolved
silicate from 47.25ug/l to 40.5ug/l in May (Figure 6), all of sufficient
concentration to pose no limit to phytoplankton production. Nitrate

concentrations were not investigated.
Currents

Currents play an important role in the environment of lMcMurdo Sound,
mixing the waters to di:-tribute essential nutrients (Hedgpeth 1977).
They also play a part in the distribution of sediment, including that
brought in by glacier ice, and that blown onto the sea ice and then
released when the sea ice melts. The highest velocities recorded in
McMurdo Sound are about %9cm/sec, near Cape Armitage (Littlepage 1965),
where water from beneath Ross Ice Shelf enters FcMurdo Sound (Figure 7)
(Hicks 1974). In the centre of the sound the flow is about 2cm/sec in
the top 15Cm of water and increases to 11cm/sec at greater depths. This
flow is southwards towards the MclMurdo Ice Shelf. On the western side

the flow is between 4 and 6cm/sec, faster at the northern part (Heath
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1971b, Gilmour 1975). This flow is north-northwesterly, out of the
sound (Heath 1977), and is part of the loss Sea gyre system that flows

westward around the tip of Cape Bird into the sound.

Special note should be made of the effect currents can have on the
distribution of foraminiferal tests. Live benthic foraminifera, even
those species that do not attach themselves to rocks or plants, can
generally maintain their position on soft substrate by means of root-
like pseudopodia (filamentous extensions of the protoplasm). Dead
tests, however, can be transported on a sandy bottom by currents with
velocities &as low as Scm/sec (Kontrovitz et al.1978). Post-mortem
transport of foraminiferal tests alters dead assemblages to a greater or
lesser extent, depending on current velocities and test sizes. Cnly by
differentiating the 1living from the dead specimens can one be sure of

determining the living assemblage for a particular sample site.

Calcium Carbonate Compensation Depth (CCD)

The CCD in the ocean is the depth at which the rate of solution of
calcium carbonate balances the rate of deposition. Above this depth
carbonate-rich sediments can saccumulate and below it carbonate-poor
sediments accumulate. Above it the water is saturated or nearly
saturated in calcium carbonate and planktonic and benthic carbonate
shells accumulate on the sea bed, while below it the water is
undersaturated enough to dissolve all carbonate shells that are not
protected. The average depth of the CCD in Pacific Ocean is 4.2km and
in the Atlantic 4.7km (weyl 1970, p.%44-345). Extending for several
hundred meters above the CCD is the lysocline in which planktonic

organisms reaching the sea floor have species diversity decreasing with
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depth owing to preferential solution of the less resistant species

during their descent through the water column.

In Ross GSea, the CCD is extraordinarily shallow by comparison, being

about 620m deep (Kennett 1968,p.%4,Fig.10, Fillon 1974,p.158). Below

the CCD, the biogenic sediment consists mainly of agglutinated
foraminifera, radiolaria, diatom frustTules (generally deposited in
fecal pellets) and siliceous sponge spicules. In water down to 430m,

calcite foraminiferal tests and, locally, mollusc shells, are abundant.
Between 450m and 62Cm Kennett (1968) distinguished a so-called mixed
faunal zone, in which calcareous foraminifera tests decrease in
proportion to agglutinated tests, more or less with increasing depth.
Within this zone lies the foraminiferal lysocline, the level at which
80% by weight of foraminifera is lost by dissolution (Kennett 1982,
p.466). Osterman and Kellogg (1979) found the CCD to be as low as §00m
in some areas of the FKoss Sea, based on total (living plus dead)
foraminifera distribution. 1In the open part of lchurdo Sound the writer
has found the CCD to be about 620m, as in the main part of Koss Sea,
(Kennett 1968), thus confirming free interchange of water between the
two areas. In harbours and enclosed basins, it is much shallower, about

230m (Chapter 4).

In the large ocean basins the chief cause of increasing solubility of

calcium carbonate with depth is decreasing pH (Weyl 1970). In sea water
pH is controlled mainly by dissolved C02, decreasing with increasing €02

concentration according to the following equation:

H20 + CO2 &= H2C0% &= H+ + HCC3- &= 2H+ + (0%--.
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The solubility of gases in water increases with increasing pressure
and decreases with 1ncreasing temperature. At the ocean-atmosphere
interface the amount of (€02 in solution varies almost entirely with
temperature because the pressure is constant at approximately one
atmosphere. As McMurdo Sound water is very cold (-1.9 °C to -1.6°C) at
the surface, (02 concentration is high relative to that in lower
latitude surface waters. The high carbon dioxide concentration accounts
for the slightly lower pH values (7.65-8.1) recorded by Littlepage
(1965, Figure 5) compared with the world ocean average between 7.8 and

8.5 (Hood 1966,p.798).

The solubility of a gas increases logarithmically with pressure,
which increases roughly one atmosphere for every 10m of depth. In
Mclurdo Sound the bottom water temperature is little different from that
of the surface water, so at the CCD depth of 600m, C02 solubility,
controlled almost entirely by pressure, is roughly 60 times greater than
at the surface. High plankton productivity (Littlepage 1965,p.27)
ensures high organic input to the bottom water where high oxygen
concentration (cold temperature increases oxygen solubility as well as
co2 solubiiity) ensures rapid oxidation of organic matter, producing
carbon dioxide which goes into solution. This could reduce the pH of the
water and make it more corrosive to calcium carbonate, which appears to

be the case in McMurdo Sound.

Effects of seasonal sea ice cover

In the open ocean, the photic zone (lower limit of effective
penetration of sunlight and the depth to which photosynthesis can occur)

usually extends to about 10Cm (Smayda 1966,p.714). According to
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Littlepage (1965), the 2m thick sea ice in McMurdo Sound, when present,
reduces the photic zone to nearly zero; that is, the sea ice comprises
the full extent of the photic zone during the time it covers the water
surface in _the sound . Littlepage (1965) made daily measurements of
light intensities immediately below the ice off Cape Armitage, Ross
Island, from 17 September to %1 December, 1961 (Figure 8). The amount
of light penetrating to the top of the water column was very 1low,
ranging from a minimum of 0.06% on 8-12 November, to & maximum of 1.0%
on 31 December. High opacity was continuous from 8 November to 7
December due o the annual bloom of epontic diatoms in the lower
ice layers. No deeper measurements of light intensity have been made in
Ickurdo Sound when covered by sea ice, and no measurements have been

made when the ice is not present.

Even when the Sound becomes clear of ice in late January, the photic
zone must be shallow because of the angle of incidence of the sunlight
(maximum 300) which declines until the sun at midday remains below the
horizon in late April. Polar seas without ice cover are thought to have
shallower photic zones than tropical seas not only because of the low
angle of incidence of sunlight and the amount of atmosphere the sunlight
has to penetrate, but also because high fertility promotes high

productivity, causing turbidity in the water (Littlepage 1965).

Bathymetry and Physiography

Mclurdo Sound can be divided into four physiographic areas: 1) the
steep slopes (6°) off the Ross Island Coast, 2) the Erebus and Bird
Basins, relatively flat-floored and about 600m and 900m deep,

respectively, 3) the Western Slope, rising at ° to the west from 850m
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to 250m, and 4) the Western Shelf, a broad platform with an average
depth of about 200m, deepening slightly to the north (Barrett et al.

1983%) (Figure 9).

The basins around Koss Island and the Western Slope and Shelf have
water in free circulation with the rest of Ross Sea. Some areas along
the coast may behave as restricted basins because of their submarine
topography. Granite Harbour, a glacially scoured basin, reaches a depth
of over 90Cm, but has a submarine constriction at the harbour mouth, and
creates a basin that is contained by a sill 600m below sea level,
preventing circulation of deep Granite Harbour water into Koss Sea. New
Harbour also is a basin closed at about 200m, and reaching a depth of

250m near the snout of Ferrar Glacier.

Sea floor character (substrate)

The feature of the lNchHurdo Sound substrate most likely to influence
benthic foraminiferal distribution is grain size, which ranges from mud
in the deep basins and harbours through sand on the Western Slope and
Shelf to gravel in a few places (Figure 10). The boundary between mud
and sand approximately parallels the 800m depth contour in the main part
of the sound but in the harbours is much shallower, being about 400m in
Granite Harbour and 200m in New Harbour. The reason for this apparent
depth control is not known. A gravelly substrate is known to occur off
Cape Roberts, along the edge of McMurdo Ice Shelf and in Erebus

Basin, possibly because the currents there are relatively strong.

Off Cape Armitage in Mclurdo Sound, part of the sea floor is covered

by a thick mat of siliceous sponge spicules (Littlepage 1965).
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Littlepage (1965) did not provide.details on depth range, percent of
floor covered or other information. Dayton et al. (1974) mention that
heavy sponge mat is present starting at depths of %3m in McMurdo Sound,
and varies in thickness from a few cm to more than 2m. Several samples
collected for this thesis contained quantities of sponge spicules, some
up to 6cm in length. The spicules form a felted mat that traps coarse
and fine sediment, and provide a firm substrate for attached species of
foraminifera. The sponge mats found during the present sampling

programme all occur in water shallower than 560m.




20

Chapter 2: METHODS

Field collection

Several methods of sediment retrieval were used over four seasons.
During the 1979-1980 field season, eleven samples were collected with a
small (5cm internal diameter) piston corer, using the sea ice as an
operating platform. The cores varied from three to 15cm in length. The
piston corer was difficult to operate in the cold conditions and could
not penetrate pebbly substrates or heavy sponge mats. In February, a
scientific party headed by Dr. Dennis Kurtz of Rice University, Texas,
kindly collected 22 grub samples with a Dietz-LaFond grab, working from

the USCGC Glacier while it was cruising in and near lkickurdo Sound.

In preparation for the 1950-1981 field season, a large diameter
(22em) gravity sphincter corer was designed by Alex Pyne and built at
Victoria University of Wellington for use on the project (Figure 11).
1t was expected to ©be able to obtain 30-5Ccm long cores with the
water/sediment interface intact. In tests in Wellington Harbour it
operated satisfactorily, but in Antarctica the trigger mechanism did not
operate satisfactorily, and the corer was sent back to New Zealand
before the end of the season. Sampling continued with an orange-peel
grab with which 27 samples were obtained. They were frozen in the
field, and later at Scott Buse subsamples were placed in ethyl alcohol

prior to shipment to New Zealand for laboratory analysis.

During February, 1981, Drs.F.Davey and D.Bennett collected five
gravity piston cores in kclurdo Sound while on board the MV Benjamin
Bowring. These were not preserved at the time, but were transported in
the ship's hold to Christchurch, New Zealand from where they were flown

to Wellington. The cores were then frozem for three weeks prior to
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splitting and subsampling. Subsamples were placed in ethyl alcohol

until they could be processed in the lab.

Before the 191-1982 field season the gravity sphincter corer was
modified to improve the trigger and weight system (Figure 11). It
operated well in kcMurdo Sound and provided the writer's most useful
samples. Its advantages are its wide diameter which helps prevent
distortion of sediment layers, its sphincter-sleeve closure (core-
catcher), and its open top which obviates a hydrostatic head of water
building up ahead of the corer as it falls through the water, thus
leaving the water/sediment interface intact during collection, an
important objective for this study. Twenty sediment cores were
collected wusing it. Firm or rocky substrate still proved to be a
problem, resulting in six samples being disturbed during retrieval, but
14 were intact cores six to 56cm in length. The longest were taken from
Granite liarbour and New Harbour, where the sediment is muddy and

homogeneous, and contains only a few scattered pebbles.

The general sampling plan for the project was to retrieve sediment
samples from as many depths and geographic locations within the sound as
possible. The 1979 short piston cores were taken on an opportunity basis
from existing holes in the sea ice drilled for fishing studies and other
purposes. The 1980 grabs from the USCGC Glacier were taken in
conjunction with piston cores for the Rice University party, and were
also on an opportunity basis. The 1980 orange-peel grabs were retrieved
from areas of the sea floor accessible from the sea ice, and were
limited to the Fciurdo Station brine effluent and New Harbour due to
time and weather limitations. The 1981 sphincter cores, used in this
study, covered a line from Cape Evans to the Strand Moraines, Granite

Harbour and the Ferrar Glacier snout. The February 1981 gravity piston
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Figure 1l. Gravity sphincter corer built at Victoria
University for soft-sediment coring in McMurdo Sound.

Height of corer (excluding trigger mechanism) approximately
1.5m.
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cores retrieved from the NV Benjamin Eowring proved not to be

particularly useful. Sphincter cores taken during the 1982 season from
Granite Harbour, the Blue Glacier snout and Cape Chocolate were used in
this study, as were several orange-peel grabs taken in February 1983
from the USCGC Glacier. Figures 12 and 13 are maps showing the locations
and type of gear used in retrieving the various samples. Figure 12 shows
all. the sample sites, and Figure 135 shows the sites at which

foraminiferal counts were made.

The gravity sphincter core samples were split longitudinally at the
sample sites, one half sliced horizontally into 5cm thick archive
subsamples representing the full vertical length of the sample, and the
other half into two to three centimeter thick subsamples which were each
preserved in ethyl alcohol. Colour photographs were taken of the coré
tops and of all surfaces made when slicing the cores. Subsamples for
sediment analysis were taken separately from the side of the archive
splits as they did not have to be preserved. Sediment size snalyses
were carried out at the Geology Department, Victoria University,
Wellington by sieving at 0.5 phi intervals in the sand range, and by
pipette or Sedigraph in the mud range (Barrett et al. 1963). Appendix 1
contains sample descriptions, photographs and/or sketches of all the

samples collected. The 26 samples selected for this study are listed in
Table 0.

Preparation of Foraminiferal Samples

All sediment samples were washed on a 63 micron sieve to remove clay
and silt-sized particles. Residues of preserved samples were then
soaked in rose bengal for 45 to 60 minutes to stain any protoplasm
present (Walton 1952, Murray 1973). The samples were then dried, and
foraminiferal tests were concentrated by flotation using carbon

tetrachloride. A subsample of each float containing what was estimated




Table O: List of samples used in

159.

Sample No.

1980-6
1981 -1
1981-2
1981-3
1981-4
1981-5,5A
1981-6
1981-7
1981-8,8A
1981-9
1981-10
1981-12
1981-13
1981-14
1981-15
1981-16
1981-17
1981-18
1982-1
1982-2
1982-3
1982-4
1983-2
1983-3
1983-4
1983-22
1983-26

Samgle Type

Orange-

peel grab

Gravity core

Orange-

peel grab

this study, with depth and substrate
type. More detailed descriptions and locations given in Appendix 1, page

Depth(m)

79
850
370
560
560
496
460
420
289
213
173
110
537
345
550
266
358
254
303
796
139
212
660
856
854
128
620

pebbly sand

mud

muddy sand

pebbly muddy sand

muddy pebbly sand
pebbly sand

coarse pebbly sand
pebbly sand

pebbly sand,sponge mat
pebbly sand

pebbly sand, sponge mat
pebbly sand, sponge mat
mud, diatomaceous ooze
sandy mud

sandy mud

sandy mud

pebbly sandy mud

sandy mud

mud

mud

muddy fine to med sand
muddy fine to med sand
gravelly sandy mud
slightly sandy mud
slightly sandy mud
slightly muddy coarse sand
shelly muddy pebbly sand
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by eye to contain about %00 specimens of foraminifera was prepared using
a sediment splitter based on a design by Humphries (1961). Under a Leitz
binocular microscope the foraminifera were extracted and mounted on
gummed faunal slides. Residue that did not float in carbon
tetrachloride was also searched for any remaining tests, and these
specimens were added to the collections on the slides. Stained and non-
stained specimens of each species were counted separately. The stained
specimens are considered to have been part of the living population at
the time of sampling. The unstained specimens are assumed to represent
empty foraminiferal tests, but opague tests are ambiguous because they

may contain stained protoplasm that is invisible unless the test is
broken. Breaking tests was necessary to determine live specimens of

Psammosphaera fusca and Pelosina bicaudata.

Approximately 40,000 foraminiferal tests were counted. They
represent 123 species and varieties, from 31 families.
Approximately 10% of the species in each sample were stained, with

significant exceptions in New Harbour (Core 81-18, 0-2cm,28.%% live) and
central McMurdo Sound samples 1981-2 (1.9%), 1981-84 (0.5%), 1981-10

(1.1%) and 1981-12 (2.7%).

Treatment of planktonic tests

Planktonic tests were extracted at the same time as other
foraminifera. These were kept on separate slides, and do not comprise
part of the foraminifera counts of the benthic species. Two forms of

Neogloboquadrina pachyderma are present in PNcMurdo Sound and one

reworked test of Globorotalia inflata was found in Core &1-6.
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CHAPTER 3

SYSTEMATIC NOTES

Introductory Remarks
General Foraminiferal Taxonomy

The generic and higher classification used by the writer is that of

the Sarcodina part of the Treatise of Invertebrate Paleontology

(Loeblich and Tappan 1964) and Loeblich and Tappan's (1974, 1984)
revised foraminiferal classification system. Early descriptions of
foraminifera from various parts of the world, including those by
d'Orbigny (1839a,b,1826,1846), Carpenter (1856), Williamson (1858),
Brady (1884), Pearcey ({914), Chapman (1916), Heron-Allen and Earland
(1922,1929,1930,1932a,b), Wiesner (1931), Earland (1933%,1934), Buchner
(1940,1942), Cushman (1947), Hoglund (1947) and Parr (1950) have all
been useful for taxonomic determinations. Antarctic references that were
especially useful included McKnight (1962), Pflum (1966) and Anderson

(1975).

All species listed from McMurdo Sound in this thesis are set out in
taxonomic order in this chapter. Brief synonomies are presented with
remarks and/or descriptions where needed. Notes on the distribution of
each species follow the synonomy, with a mention of in which of the
present samples the species was found, the range of water depths from
which the samples were taken, and percent mud the samples contained.
Some author's names have been abbreviated for convenience: Loeblich and
Tappan appears as L & T, and Heron-Allen and Earland as H-A & E.

Scanning electron photomicrographs of most species are included, taken



on the Philips 505 Scanning Electron Microscope at Victoria University
of Wellington. The coating used was platinum or gold. The SEM stubs used
and reference slide collection are deposited with Mr.S.Eage:, Curator of
Paleontology, Victoria University of Wellington. Access to this material

is provided through the Department of Geology.
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LIST OF ABBREVIATIONS OF SPECIES NAMES
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Chapter 3
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TRIFARINA EARLANDI:¢eesessccscnssscesssesb9
TRIFARINA PAUPERATA.cctceeceesssocnnanssesb9
EPISTOMINELLA VITREA:.s:eeccscesssssnaaesTO
ROSALINA GLOBULARIS:ccscsssescsssansscessTO
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?Bathysiphon sp
Plate 1, Figure 11

Remarks: Tubular tests consist of smoothly cemented fine sand grains,
very similar to Bathysiphon hirudinea (Plate 1, Figures 9,10). Lack of
closed end and rougher appearance prevent placing it in B.hirudinea
here.
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Order: FORAMINIFERIDA Eichwald 1830

Family: ASTRORHIZIDAE Brady 1881

Genus: ASTRAMKINA Rhumbler in Wiesner 1931
Genotype: A.rara Heron-Allen & Earland 1932b

Astrammina sphaerica (Heron-Allen & Earland)

Armorella sphaerica l-A & E,19%2b,p.257,pl.2,figs.4-11.
Armorella sphaerica H-A & E.HOGLUND,1947,p.55,pl.5,figs.1-9.

Description : Test free, large, up to 1mm across; coarsely agglutinated,
reddish orange in colour, seversal necks protruding from central chamber;
apertures several, at ends of necks. No photograph available.

Distribution: Common in Gullmar Fiord area, Denmark, in waters deeper
than 32m (H6glund 1947); seven S.Georgia stations, 9%-344m, & %647m (H-A
& E 1932a). Rare in McMurdo Sound, occurring at 420m (81-7,16% mud) &nd
at 8-10cm & 12-16cm in 81-15 (550m, 50% mud, Cranite Harbour).

Genus: RHABDAMMINA N.Sars in Carpenter 1869
Genotype: R. abyssorum M.Sars 1869

Rhabdammina cf. abyssorum M.Sars
Plate 1, Figure 2.

Rhabdammina abyssorum M.Sars.SARS,1869,p.248.
Rhabdammina abyssorum l.Sars.BARKER,1960,p.42,pl.21,figs.1-13.

Descripfion :Test free, large (up to %mm), coarsely agglutinated.  Broken,
branching pieces only. Small pieces of tests such as these are difficult
to identify, but appear similar to Brady's figures
(1884,pl1.21,figs.1-13).

Distribution: Rare in Meliurdo Sound and Granite Harbour, occurring from
254-496m in 81-14A, 81-16 (both 59% mud, Granite Harbour), 82-1 (Granite
Harbour) and 81-5 (10% mud, central McMurdo Sound).

Genus: BATHYSIPHON M.Sars in G.0.Sars 1872
Genotype: B.filiformis M.Sars in G.0.Sars 1872
— Insert Bathygiphon sp ~
Bathysiphon cf. hirudinea A,B (Heron-Allen & Earland)
Plate 1, Figures 9,10.

Hippocrepinella hirudinea H-A & E,193%2b,p.258,pl.1,figs.7-15.

Description: (A) Test free, elongate (1.2mm), very finely agglutinated,
wall very thin, aper”ture at one end, other end rounded and closed; pale
yellow in colour.

Description: (B) Test free, elongate (1.25mm), very finely agglutinated,
pale grey in colour. Differs from B.hirudinea A only in colour.

Distribution: Originally described from S.Georgia, 110-27%m (Heron-Allen




Remarks: Figures 4 and 5 of Plate 1 show specimens that have sediment
grains cemented together to form a smooth outer surface. Identification
of these tubular agglutinated forms is difficult due to the risks of
working with broken fragments. The slight curve of the test in Figure 4
is exaggerated due to the magnification; the two specimens in Figures 4
and 5 appear very similar under a light microscope.
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& Barland 1932b, Earland 1935). (A) Kare in present samples, deep water
(81-1,850m,48% mud) and harbour samples only (81-13,557m,81-15,550m, and
81-18,254m,0-6cm). (B) Rare in three present hclurdo Sound samples, two
from Granite Harbour,345m(59% mud) and 537m(2%% mud) and one from New
Harbour, Ferrar Glacier snout,254m,8-10cm,about 60% mud).

Genus: HYPERAMMINA Brady 1878&
Genotype: H.elongata Brady 1878

Hyperammina cylindrica Parr
Plate 1, Figure 7.

Hyperammina elongata Brady (non H.elongata Brady 1878) 1884,p.257,
pl.23,figs.4-7 (non 8-10). -

Hyperammina cylindrica PARR,1950,p.254,pl.%,fig.5.

Hyperammina cylindrica Parr.HERB,1971,p.274,pl.5,fig.3.

Distribution: Four Antarctic stations, 219-474m (Parr 1950). three
Antarctic stations, 330m,1335m & 2195m, Ross Sea (Kennett 1968); nine
Drake Passage stations, 3550-4758m (Herb 1971). Rare in present
samples, few tests in each of nine samples from 139-850m, central
Mckurdo Sound; more common near Cape Chocolate (83-7, 755m, %%% mud) and
near Ferrar Glacier snout (81-18, 254m, 8-10cm [58.7% mud| & 14-16cm).

Hyperammina malovensis Heron-Allen & Earland
Plate 1, Figures 4,5.

Hyperammina malovensis H-A
Hyperammina malovensis H-A

—Ingert Remarks.
Distribution: Two Bellingshausen Sea stations, 460 and 668m, (Pflum
1966); four Mclurdo Sound and Ross Sea stations, 348-3570m (Kennett
1968). Present in seven licMurdo Sound samples, 173-755m (59-77% mud) and
down Core 81-18 (2-4, 8-10, 12-14,& 18-20cm).

& E,1932a,p.33%,pl.8,figs.12-14.
& E.PFLUM,1966,p.169,pl.13,fig.6.

Hyperammina subnodosa Brady
Plate 1, Figure 6.

Hyperammina subnodosa BRADY, 1884,p.259,pl.23,figs.11-14.

Description ©  Test free, large(up to  4.5mm long, 0.9mm diameter),
agglutinated wall of siliceous sponge spicules.

Distribution: Recorded from N.Atlantic, East Indies and Pacific (Brady
1884);  thirteen S.Georgia Stations,100-270m (Earland 1933);  two
stations, at 300m (antarctic) and 150m (Kerguelen)(Parr 1950). In
present McMurdo Sound samples, found in three harbour stations, 212m
(82-4), 254m (81-16) and 266m (81-16), 60-77% mud; in two open water
stations: 420m (81-7), 16% mud and 660m (83-2), 20.5% mud; and in one
Cape Chocolate station, 755m (83-7), 3%.4% mud.
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Family: SACCAMMINIDAE Brady 1884

Genus: PSANNOSPHAEKA Schulze 1875
Genotype: P. fusca Schulze 1875

Psammosphaera fusca Schulze
Plate 2, Figure 14.

Psammosphaera fusca SCIULZE,187%,p.25%9,pls.4,6.figs.8-10.
Psammosphaera fusca Schulze.HERB,1971,p.259,pl.4,fig.1.

Distribution: 21 stations south of Antarctic Convergence, 22%-4176m;
northern deep sea basin of Drake Passage, 373%3-3927m (Herb 1971); 16
samples, 350m &nd 3570m, MNcMurdo Sound and Ross Seu (Kennett 1968).
Common in 22 present McMurdo Sound samples, open sound and harbour
sites, 110-850m, 8%-85.7% mud.

Genus: SACCAMMINA M.Sars in Carpenter 1869
Genotype: S.sphaerica Brady 1871

Saccammina sphaerica Brady
Plate 2,Figure 8,9.

Saccammina sphaerica BRADY,1871,p.183.

Saccammina sphaerica G.0.SARS,1872,p.250.

Saccammina sphaerica I.Sars.BRADY,1884,p.255,pl.18,figs.11-17.
Saccammina sphaerica Sars.HERB,1971,p.271,pl.4,fig.3.

Description: Test free, large (0.6mm), coarsely agglutinated.
Wall closely constructed of fine sand grains,aperture slightly
produced on neck.

Remarks: As they all use S.sphaerica as the name, here are listed the
various authors and references, and credit is given to Brady (1871) as
author of the earliest published work to use the name.

Distribution: 219-300m, Antarctica (Parr 1950). "Deep water", North
Atlantic, 732-914m, Hardanger Fiord, Norway; and 37-97m, Kerguelen
Island, S.Pacific (EBrady 1884). 5 Koss Sea samples,’50m-612m (Kennett
1968). In the present samples, this robust species is rare, occurring
in New Harbour, 254m (81-18, 77% mud), Granite Harbour, 550m (81-15,
85.7% mud) and off Cape Roberts, 358m (81-17, 19.7% mud, 79.6% sand).

Saccammina sphaerica (juvenile ?)

Description: Test free, small (0.2-0.%5mm), relatively coarsely
agglutinated for size; wall composed of various rock and mineral grains
with little cement; aperture single, at end of produced neck at one end
of test. Identification uncertain, so counted separately from

S.sphaerica. No ph otograph.
Genus: PELOSINA Brady 1879
Genotype: P.variabilis Brady 1879

Pelosina bicaudata (Parr)
Plate 2, Figures 10,11.
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Pelosinella bicaudata PAkk,1950,p.261,pl.4,figs.1,2.
Pelosina bicaudata (Parr).HEKB,1971,p.270,pl.6,fig.4,pl.9,fig.5.

Distribution: This large (1.1-1.7mm) species is rare in the Antarctic.
One station, 20-30m, Kerguelen Islands (Parr 1950). Not found in most
present McNurdo Sound samples, rare in 42Cm (81-7, 16% mud) and 550m
(81-15, 2-4cm, 85.7% mud); common in New Harbour, 254m (81-18, 0-20cm,
22-24cm, 60-77% mud).

Genus: THURAMMINA Brady 1879

Genotype: T.papillata Brady 1879

Thurammina albicans Brady
Plate 1, Figures 7,8.

Thurammina albicans BRADY,1884,p.%23,pl.57,figs.2-7.
Thurammina albicans Brady.KENNETT,196&,Table 4.

Pescription : Test usually free, rarely attached, large (0.45-0.9mm), finely
agglutinated; produced necks common, rarely without.

Distribution:Three Ross Sea and Mchurdo Sound samples, 470-865m (Kennett
1968). In present samples, found from 289-850m, 8-77% mud.

Thurammina protea Earland
Plate 1, Figures 13%,14.

Thurammina irregularis WIESNER (non Noreman,193%0),1931,p.83,pl.6,
figs.62-64.

Thurammina protea EAKLAND,1933,p.67,pl.2,figs.3-10.
Thurammina protea Earland.PARR,1950,p.259,pl.5,figs.22-24.

Distribution: S.Georgia, 150-450m (Earland 193%); PFalkland Is., 50-300m
(Earland 1934 ); one Kerguelen site, 150m and nine Antarctic sites,
220-64Cm (Parr 1950). Common in present McHMurdo Sound sites,
1981-2,5,7,10,12,1982-1, 1982-2  (40-43cm), 1981-15(8-10cm), and
1981-18(2-4,10-12cm); 110-550m. i

Genus: HEMISPHAERANNINA Loeblich & Tappan 1957
Genotype: H.batalleri L & T 1957

Hemisphaerammina bradyi Loeblich & Tappan
Plate 1, Figure 12.

Hemisphaerammina bradyi L & T,1957,p.224,pl.72,fig.2.

Descrfp+bn: Up to O.5mm in diameter, finely agglutinated, light grey ‘
colour.

Distribution: Scotia Sea area (no location or depth given) (Echols |
1971); two Ross Sea stations, %48m and 790m (Kennett 1968). Rare in

five present samples,21%-560m, also found down Cores 61-18(254m, \
16-18cm) and 81-15(550m,8-10 and 12-14cm).
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Genus: ANNCOPEMPHIX
Genotype: Urnula quadrupla Wiesner 1931

? Ammopemphix sp
Plate 1, Figure 1.

Description: Test attached, large (up to 1.%mm) very finely
agglutinated, grey colour; either three chambers grouped around a
central point or linear; no aperture apparent in these forms.

Distribution: Rare in present MNchiurdo Sound samples, one test only in
each of 81-4 (560m, &% mud) and 81-17 (356m, 20% mud).
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Family: AFMOD1SCIDAE Reuss 1862

Genus: GLOMOSFIKA Rzehak 1885
Genotype: Trochammina squamata var gordialis Jones & Parker

Glomospira charoides (Jones & Parker)
Plate 2, Figure 15.

Trochammina squamata var charoides JONES & PARKER, 1860,p.304.
Ammodiscus charoides (Jones & Parker).BRADY,1884,p.%%%,pl.38,
figs.10-16.

Glomospira charoides (Jones & Parker).CUSHMAN,1918,p.99,pl.36,figs.
11-15.

Glomospira charoides (Jones & Parker).PARKER,1954,p.466,pl.1,fig.14.
Glomospira charoides (Jones & Parker).KENNETT,1968,Table 4.

Description: Test free, small(0.18mm), finely agglutinated, su;kge very
smoothly finished, shiny in well preserved specimens; colour yellow to
orange.

Pistribution: Originally described from lediterranean Sea area, 165-3,
109m, Mediterranean Sea (J & P 1860); 130-150m,180-220m, Site 36, Gulf of
Kexico (Parker 1954); and five stationms, 52%-%570m, Nclurdo Sound and
Ross Sea (Kennett 1968). Rare in five of present samples, 420-620m,
8-16% & 45% mud.

Glomospira gordialis (Jones & Parker)
Plate 2, Figure 16.

Trochammina squamata var gordialis JONES & PARKER, 1860,p.%04.
Ammodiscus gordialis (Jones & Parker).BRADY,1884,p.333,p1.58,
figs.7-9.

Glomospira gordialis (Jones & Parker).HERON-ALLEN & EARLAND,1952,
p-J45,pl.8,figs.21 & 22.

Glomospira gordialis (Jones & Parker).MCKNIGHT,1962,p.101,pl.9,
fig.14.

Glomospira gordialis (Jones & Parker).KENNETT,1968,Table 4.

Description: Test small (O.22mm), generally free, rarely attached;
coiling flat to streptospiral, often irregular. Very finely
agglutinated, yellow to orange in colour.

Distribution: Type locality Indian and Arctic Seas (Jones & Parker
1860); 5008m, Canary Islands, Atlantic Ocean and 1115m, Fiji Islands,
Pacific Ccean (Brady 1884); 12 McMurdo Sound and Ross Sea samples,
90-2195m (Kennett 1968). In present Mclurdo Sound samples, common
79-755m, 8-77% mud.

Genus: TURITELLELLA Rhumbler 1904
Genotype: Trochammina shoneana Siddall 1878

Turitellella shoneana Siddall
Plate 2, Figure 6.

Trochammina shoneana SIDDALL, 1878, text-figs.1 & 2.
Ammodiscus shoneana (Siddull).BRADY,1884,p1.38,figs.7-9.
Turitellella shoneana (Siddall).EARLAND,1953,p-64,pl.5,figs.9,10-
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Turitellella shoneana (Siddall).LOEBLICH & TAPPAN,1964,p.C212,
fig.122,no0.7.

Distribution: Four Koss Sea samples,90-110m,790 and 720m (Kennett 1968);
Kerguelen Islands, 219m (Brady 1884 ) ; Found in nine present kclMurdo
Sound samples, 110-620m, 23%%-69% mud, from open sound waters, Granite
Harbour and Cape Armitage.
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Family: HORMOSINIDAE Haeckel 1894

Genus: HORMOSINA Brady 1879
Genotype: H.globulifera Brady 1879

Hormosina ovicula Brady
Plate 2, Figure 7.

Hormosina ovicula Brady,1884,p.%26,pl.38,figs.7-9.
Hormosina ovicula Brady.CUSHMAN,1910,p.95,fig.138.

Description: Test free, large (up to 1.1mm per chamber) usually 2-%
elongate chambers with slender connecting necks, easily broken into
single chamber segments. Wall finely agglutinated, aperture at open end
of neck, yellow in colour, necks generally orange.

Distribution: 34350-7224m, Challenger stations, N.Pacific(Brady 1884).
1443m and 34%6m, off Central America and Mexico (Goes in Cushman 1910).
Nineteen samples from between 270-865m and 2100m, MclMurdo Sound and Ross
Sea, most abundant at at 573m(8%) and 2100m(11%) (Kennett 1968); present
author found this taxon in deep water (850m) and shallower areas
(560-173m), but it was most abundant in New Harbour (254m, 81-18,0-2cm)
at 6.9% of adeath assemblage.

Hormosina sp
Plate 2, Figure 13.

Description: Test free, elongate (C.%mm), finely agglutinated, open and
tapering to both ends, single chambers only found.

Distribution: Rare in present Mcmurdo Sound samples,420,620 and 755m and
34-36cm in Core 81-15 (550m,85.7% mud, Granite Harbour).
Genus: REOPHAX Montfort 1808
Genotype: R.scorpiurus Montfort 1808

Reophax pilulifer Brady
Plate 2, Figure 4.

Reophax pilulifer BRADY,1884,p.292,pl.30,figs.18-20.
Reophax pilulifer Brady.CUSHMAN,1910,p.85,figs.117-118.

Remarks: ©Size up to 2mm in length. Common through out the samples, one
of twelve species used to define foraminiferal assemblages.

Distribution: 3429 and 5%04m, east of Japan, N.Pacific (Brady 1884);
1412m, eastern tropical Pacific (Gdes in Cushman 1910); one sample,
542m, FRoss Sea (Kennett 1968). In present samples, common throughout
Mchurdo Sound, forming up to 7.4% (460m) of the death assemblage and
22.2% (854m) of the life assemblage. It is found from deep to shallow
depths (79-850m) on coarse and fine substrate.

Keophax pseudodistans var. tenuis (A & B) Parr
Plate 2, Figures 1,2,3.

Reophax pseudodistans var. tenuis Parr,1950,p.268,pl.4,figs.17,18.
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(A)Descrip tion : Test free, elongate (0.8-1.4mm),uniserial chambers
increasing slightly in size, wall agglutinated of siliceous sponge
spicules arranged in radiating manner for each chamber.

(B) Description: Test similar to (A),0.6-3.6mm, spicules arranged in parallel
manner, separate chambers not apparent unless test dissected.

Distribution: 117-145m, east coast Tasmania (Parr 1950). Both a and b
rare in MclMurdo Sound. (a) in 850m, 550-560m, 254m and 460m, 8-77% mud;
(b) in 850m and 213m, 18.2% and 50% mud. Prefer fine, sandy substrate.

Reophax subdentaliniformis Parr
Plate 2, Figure 5.

Reophax dentaliniformis EARLAND,non BRADY,1934(pars) p.81,pl.3,
figs.32-%5.
Reophax subdentaliniformis PARR,1950,p.269,pl.4,fig.20.

Descﬁph&\:Average size 1.65mm, juveniles O.5mm. Common throughout most of
the samples, one of twelve species used to define foraminiferal
assemblages.

Distribution: 64 Falkland Island stations, up to 4773m, most common in
shallower waters (Earland 19%4); 17 samples, Ross Sea and McMurdo Sound,
90-110m, 362-295m, 548m, 470m, 520-2100m (Kennett 1968); common in
present samples, occurs throughout McMurdo Sound on fine and coarse
substrate, and comprises an average of 2% of the death assemblage
(0.01-6.1%) and up to 54% (Core 81-18, New Harbour, 254m, 77% mud) of
the life assemblage; most abundant in the MNixed Assemblage Zone
(425m-630m) defined by Kennett (1968) for the Ross Sea. One of the more
common &agglutinated species in present DMNcMurdo Sound samples, a wide
size range present; found in 24 present sites, openwater samples and
harbour samples,79-856m,7%-85.7% mud, also down Core 81-15,550m, to %6cm
and down Core 81-18,254m, to 34cm.




Remarks: M.lata similar to M.arenacea in over all test appearance (see
above) and size (0.15-0.6mm); these two taxa usually occur together.
M.lata is plumper and rounder than M.arenacea. In some assemblages the
two species tend to grade into one another, though the larger tests are
easy to separate. Study of these to determine if they are megalospheric
and microspheric generations of the same species would be interesting.
For present purposes, they are kept as separate taxa.
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Family: RZEHAKINIDAE Cushman 19%%

Genus: MILIAMMINA Heron-Allen & Earland 1930
Genotype: Miliolina oblonga (Montagu) var arenacea
Chapman 1916

Miliammina arenacea (Chapman)
Plate 4, Figure 4.

Vermiculum oblongum NMONTAGU,1803%,p.522,pl.14,fig.9.

Miliolina oblonga (Montagu).BRADY,1884,p.160,pl.5,figs.4a,b.
Miliolina oblonga (Montagu) var arenacea CHAPMAN,1916,p.59,pl.1,
fig.7.

Miliammina arenacea (Chapman).EARLAND,19%4,p.110,pl.4,figs.20-24.

De scription: Test free, 0.2-0.9mm size range; very finely agglutinated,
light grey colour. One of twelve species used to define foraminiferal
assemblages.

—=Insert Remarks.
Pistribution: Common throughout the Antarctic: six Antarctic stations,
219-474m (Parr 1950), 26 Ross Sea and McMurdo Sound stations,110-2100m
(Kennett 1968). Common in 24 present samples,79-856m,7%-85,7% mud, but

more abundant in finer substrates; persistant to 56cm down Core 81-15
(550m,Granite Harbour) and to 41cm down Core 81-18 (254m,New Harbour).

Miliammina lata Heron-Allen & Earland
Plate 4, Figure 5.

Miliammina lata H-

A & E,1930,p.43,pl.1,figs.13-17.
Miliammina lata H-A & E,
H-A & E.
A & E

1
1933,p.93,p1.5,figs.15-19.
PARR,1950,p.253,pl.3,fig.4.
.MCKNIGHT,1962,p.106,pl.11,fig.32.

Miliammina lata
Miliammina lata H-

Remarks:  Similar to M.arenacea in appearance and size(0.15-0.6mm)
usually occurs with M.arenacea.

Distribution: Seven S.Georgia stations,183-3%18m; one Palmer Peninsula
station (no depth) (H-A & E 1930); 19 S.Georgia stations,26-727m
(associated with M.oblonga var arenacea and K.oblonga) (H-A & E 193%);
three Antarctic stations,177-474m,found with E}arenacea (Parr 1950)

15 Ross Sea stations,450-1670m (McKnight 1962). 1In 17 present lclMurdo
Sound open water and harbour samples,213%-856m,8%-85.7% mud, persistant
to 56cm in  Core 81-15(550m, Granite Harbour) and to 41cm in Core
81-18(254m,New Harbour).




41

Family: LITUCLIDAE de Blainville 1825

Genus: CRIBROSTONOIDES Cushman 1910
Genotype: C.bradyi Cushman 1910

Cribrostomoides jeffreysii (Williamson)
Plate 4, Figure 1.

Nonionina jeffreysii WILLIAMSON,1858,p.34,figs.72,73.
Haplophragmoides canariensis (d'Orbigny).CUSHMAK,1920,p.6, 1948,
p«26,pl.2,fig.15.

Labrospira jeffreysii (Williamson).HOGLUND,1947,p.146,pl.11,fig.3.
Alveophragmium jeffreysii (Williamson).LOEBLICH & TAPPAN,1953,p.31,
pl.%,figs.4-7.

Cribrostomoides jeffreysii (Williamson).MURRAY,1971,p.23,pl.4,
figs.1-5.

Cribrostomoides jeffreysii (Williamson).ANDEKSON,1975,p.76,pl.2,
fig.6.

Cribrostomoides jeffreysii (Williamson).THONMPSON,1978,p.244,pl.1,
figs.3,4.

Remarks: Abundant in most samples; one of twelve species used to define
foraminiferal assemblages for McMurdo Sound.

Distribution: Cosmopolitan, from Alaska (35 stations, 13-223m) (Loeblich
& Tappan 1953); to Great Britain (inner shelf to 480m) (Murray 1971),
Tierra del Fuego (intertidal to 55.2m) (Thompson 1978) and Weddell Sea
(Anderson 1975); 30 Antarctic samples, Ross Sea and MNclurdo Sound,
90-1335m (Kennett 1968). Common in present samples, forming up to 12.8%
(81-6, 460m) of the death assemblage. DMost abundant at shallower
stations. ©Size ranges from 0.15mm to O.7mm.

Cribrostomoides subglobosus (Sars)
Plate 4, Figure 3.

Lituola subglobosa M.SARS,1869,p.250 (nom nud)G.O.SARS,1872,p.253.
Haplophragmium latidorsatum GOES,1894 (non Borneman) p.21,pl.5,
figs.102-120 (not 121-123).

Haplophragmoides subglobosum CUSHMAN,1910,p.105,figs.162-164.
Haplophragmoides subglobosus EARLAND,1933,p.78,& 1934,p.89.
Labrospira subglobosa (G.0.Sars).HOGLUND,1947,p.144,pl.11,fig.2,
text-fig.126.

Cribrostomoides subglobosus (G.0.Sars).HERB,1971,p.266,pl.3,fig.3.

Distribution: 20 stations north of Antarctic Convergence, 201%-4209m &
110m; 20 stations south of Antarctic Converence, 73m,507m,1120m & 1437~
4758m (Herb 1971); four Ross Sea site, 1290-%570m, most abundant (24% of
tests counted) at 3570m (Kennett 1968); found in 14 present samples,
128-856m, 8%-85.7% mud.

Cribrostomoides wiesneri (Parr)
Plate 4, Figure 2.

Trochammina trullissata BRADY (non T.trullissata Brady 1879)

1884 (pars) p.342,pl.40,figs.14,15 (not 13,16).

Haplophragmoides trullissata CUSHMAN,1910,p.100, text-fig.148.
Labrospira wiesneri PARR,1950,p.272,pl.4,figs.25,26.
Alveophragmium wiesneri (Parr).BARKER,1960,p.82,pl.40,figs.14,15.
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Alveophragmium wiesneri (Parr).NCKNIGHT,1962,p.102,pl1.10,fig.17.
Cribrostomoides wiesneri (Parr).KENNETT,1968,Table 4.

Distribution: Nine Ross Sea stations, 384-2995m (lMcKnight 1962); 1% Ross
Sea samples, 348m-612m,1335m and %570m (Kennett 1968); two samples, 2924
and 3697m, S.Georgia (Echols 1971), eight samples, 490-3%642m, S.Orkney
(Echols 1971), three samples from S.Sandwich Islands, 2976-449%m (Echols
1971), seven Scotia Sea samples, 2937-%678m (Echols 1971) and one
Weddell Sea sample, 2796m (Echols 1971); one Tierra del Fuego intertidal
site (Thompson 1978). Rare in four present Mclurdo Sound samples: one
open water site,560m (81-4,8% mud ) ; three harbour samples
(81-15,550m,44-46¢cm, 74 .5% mud ; 81-18,254m,0-6,8-10,12-14 & 16-20cm,
about 60% mud; 82-1,303m).
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Family: TEXTULARIIDAE Ehrenberg

Genus: TEXTULARIA de France 1824
Genotype:T.sagittula de France in de Elainville 1824

Textularia antarctica (Wiesner)
Plate 5, Figure 1.

Bolivina punctata var arenacea HERON-ALLEN & EARLAND,1922,p.133,
pl.4,figs.21 & 22.

Pseudobolivina antarctica WIESNER,1931,p.99,pl.21,figs.257 & 158,
Pl.2%,figeC.

Textularia antarctica (Wiesner).EARLAND,1934,p.116,p1.4,figs.39-43.

Remarks: Common throughout most samples; one of twelve species used to
define foraminiferal assemblages.

Distribution: This small species (0.15-0.4mm) common throughout Ross Sea
and McMurdo Sound. 16 samples from eastern Ross Sea, 384-1670m (McKnight
1962); 24 Ross Sea & lclurdo Sound samples, 110-%570m, 24% of total
population at 720m,865m & 1015m (Kennett 1968). Common in 27 of present
samples, 79-850m, 8%-85.7% mud, open water and harbour samples.

Textularia earlandi Parker
Plate 3, Figure 2.

Textularia tenuissima EARLAND (non Hausler 1881) 193%,p.95,pl.3,
figs.21-%0.

Textularia tenuissima Earland.HOGLUND,1947,p.176,pl.13,fig.1.
Textularia earlandi PARKEK,1952,p.458.

Textularia earlandi Parker.PARKER,1954,p.490,pl.2,fig.12.

Distribution: 16 Ross Sea samples, 4584-2620m (most common at 2620m)
(McKnight 1962); 12 Ross Sea samples, 90m & 395-865m (Kennett 1968). 23%
present Nchurdo Sound samples, 79-856m, 7%(79m)-85.7%(550m) mud. Most
abundant in 254m (81-18, New Harbour, 77% mud).

Genus: SPIROPLECTAMMINA Cushman 1927
Genotype: Textularia agglutinans d'Orbigny var. biformis
Parker & Jones 1865

Spiroplectammina filiformis Earland
Plate 3, Figure 3.

Spiroplectammina filiformis EARLAND,1934,p.112,pl.4,figs.30-32.
Spiroplectammina filiformis Earland.KENNETT,196&,Table 4.

Distribution: Rare (1 sample) at 3570m,E.Pennell Bank, Ross Sea (Kennett
1968). In present samples, this small species (0.15-0.275mm) is rare in
nine samples, %70-850m, 8-50% mud, harbour and open water samples. Also
6-8cm, 81-15(550m), 0.35% of dead fauna, 54-56cm (81-15) 0.47% of fauna,
85%(top)-75%(bottom) mud.
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Family: TROCHAMMINIDAE Schwager 1877

Genus: TROCHAMMINA Parker & Jones, 1859
Genotype: Nautilus inflatus lontagu 1808

Trochammina glabra Heron-Allen & Earland
Plate 4, Figures 6,7,8.

Trochammina glabra H-A &
Trochammina glabra H-A &
Trochammina glabra H-A &

E’1 932,p0344!p107’figs026-28~
E.MCKNIGHT,1962,p.110,pl.13,fig.50.
E.ECHOLS,1971,p.151,p1.10,figs.1,2.

Remarks: Abundant throughout most samples; one of twelve species used to
define foraminiferal assemblages.

Distribution: Small (0.1mm) agglutinated species common throughout the
samples, averages 7.35% of the dead assemblage in the open Sound waters
(1.8-15.0%) and 14.5% of the dead assemblage in the harbour samples
(0.18-42.1%),79-850m,7%-85.7% mud, most common at 266m,81-16, 69%
mud,New Glacier,Granite Harbour.

Trochammina gaboensis Parr
Plate 4, ¥igures 9,10.

Trochammina gaboensis PARR,1950,p.278,pl.5,figs.11-13.
Trochammina gaboensis Parr.KENNETT,1968,Table 4.

Remarks: This species  and the one preceeding have similar
characteristics, though T.gaboensis is larger (0.25-0.3mm) on the
average. JScanning electron photomicrographs show a degree of similarity
between T.gaboensis and T.glabra that indicates they may be the same
species. -

Distribution: One Tasmania station, 122-155m (Parr 1950); 27 Antarctic
samples, MNcMurdo Sound & Ross Sea, 90-1015m (Kennett 1968). Common in
27 present NcMurdo Sound samples, usually associated with T.glabra,forms
up to 11% of the dead assemblage (81-12,110m) and 6.%5% of the live
populations (81-12, 110m);79-856m,7%-85.7% mud, open water and harbour
samples.

Trochammina sp A
Plate 3, Figure 11.

Description: Test free, small (0.1-0.2mm), finely agglutinated, wall
smoothly finished, flattened chambers arranged in low trochospiral
whorl, three chambers in final whorl with umbilical aperture covered by
flap; colour a distinctive gold.

Distribution: Kare in 14 present lNemurdo Sound samples, 79-620m, as well
as Core 81-18 (254m,New Harbour,0-2,4-6,8-10,14-16 and 30-32cm) and Core
81-15 (550m,Granite Harbour, to 56cm).

—Trochammina-sp-B— ' £+] tAd
Plate 4, Figure 11.

Description: Test free, small (0.15mm), finely agglutinated, elongate
chambers arranged in very low trochospiral whorl, giving test appearance
of being composed of separate segments, similar to an orange; aperture
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not apparent even under magnification.

Distribution: Rare to frequent in nine present McMurdo Sound samples,
79-796m, to 32cm in Core 81-18(254m,New Harbour), to 36cm in Core
81-15(550m, Granite Harbour), to 30cm in Core 82-1(%03m,MacKay Glacier)
and to 43cm in Core 82-2 (796m,MacKay Glacier,Granite Harbour).

Genus: PORTOTROCHAMMINA Echols 1971
Genotype: Portotrochammina eltaninae Echols 1971

Portotrochammina antarctica (Parr)
Plate 3, Figures 6,7.

Trochammina antarctica PARR,1950,p.280,pl.5,figs.2-4.
Trochammina antarctica Parr.KENNETT,1968,Table 4.
Portotrochammina antarctica (Parr).ECHOLS,1971,p.148,pl.7,figs.4-7.

Remarks: Most abundant species in McMurdo Sound; one of twelve species
used to define foraminiferal assemblages.

Distribution: Five Antarctic stations, 19%-300m (Parr 1950); 30 Ross Sea
and McMurdo Sound stations, 90-2100m (56% benthic population at 520m)
(Kennett 1968); five S.Sandwich and two S.Georgia stations, 201-1244m
(Echols 1971). Most common species in present MclMurdo Sound samples.
Abundant in deep, shallow and harbour samples, forming up to 435.8% of
the dead assemblage, and up to 27.3% of the live
population,79-856m,8%-85.7% mud.

Portotrochammina eltaninae Echols
Plate 3, Figures 8,9.

Portrochammina eltaninae ECHOLS,1971,p.145,pl.8,figs.1 & 2.

Remarks: Common throughout samples; one of twelve species used to define
foraminiferal assemblages.

Distribution: Common throughout Drake Passage area,490-6167m (Echols
1971); abundant in present samples,79-856m,8%-85.7% mud.
Genus: CONOTROCHANKMINA Finlay 1940

Genotype: C.whangaia Finlay 1940

Conotrochammina bullata (Héglund)
Plate 3, Figure 10.

Trochamminella bullata HﬁGLUND,1947,p.213,p1.17,fig.5,text-figs.194-
1G5,
Conotrochammina bullata (Héglund).ECHOLS,1971,p.144,pl.5,figs.11,12.

Distribution: Fifteen samples, S.Georgia, S.Sandwich, S.Orkney, Scotia
and Weddell Seas, 490-6076m (Echols 1971). Abundant in present
samples,79-856m, 7%-85.7% mud, harbour and open water sites.
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Family: ATAXOPHRAGMIIDAE Schwager 1877
Genus: VERNEUILINA d'Orbigny 1839

Verneuilina minuta Wiesner
Plate 3, Figure 5.

Verneuilina minuta WIESNER,1931,p.99,pl.1%,fig.155.
Verneuilina minuta Wiesner.MCKNIGHT,1962,p.105,pl.11,fig.28.
Verneuilina minuta Wiesner.ECHOLS,1971,p.144,pl.5,fig.9.

Description: Test free, small (0.005mm diameter), wall agglutinated of
angular to subangular grains, randomly orientated, closely packed,
aperture is smoothly finished, no 1lip, chambers numerous; does not
disaggregate in hydrochloric acid.

Distribution: Widely distributed in Antarctic region: seven Ross Sea
and one Weddell Sea sites,384-690m (McKnight 1962); three S.0Orkney,
three Scotia Sea, two S.Sandwich and two Weddell Sea sites,560-4196m
(Echols 1971); five Ross Sea stations,362-542m (Kennett 1968). Rare to
common in 26 present harbour and open water samples,79-856m, 7%-85.7%
mud .

Verneuilina advena Cushman 1922
Plate 3, Figure 4.

Verneuilina advena CUSHMAN,1922,p.57,pl.9,figs.7-9.
Verneuilina advena Cushman.HOGLUND,1947,p.185,pl.1%,fig.11,text-fig.
169.

Distribution: Five Falkland Island stations, 80-1035m (H-A & E 1952); 14
Falkland Island stations, 30-1542m (Earland 1934). Rare in 14 present
samples, 79-856m, 7%-85.7% mud.

Genus: EGGERELLA Cushman, 193%
Genotype: Verneuilina minuta bradyi Cushman 1911

Eggerella bradyi (Cushman)
Plate 3, Figures 12,13.

Verneuilina bradyi CUSHMAN,1911,p.54,pl.55,fig.87.

Eggerella bradyi (Cushman).PARKER,1954,p.494,pl.%,fig.17.
Eggerella bradyi bradyi (Cushman).HERB,1971,p.296,p1.4,fig.5.
Eggerella bradyi (Cushman).KENNETT,1968,Table 4.

Distribution: Gulf of Mexico, 150m (Parker 1954); one Ross Sea station,
523m (Kennett 1968); 18 stations north of Antarctic Convergence, 1953~
4099? and four stations south of Antarctic Convergence, 3550-4758m (Herb
1971).




47

Family: FISCHERINIDAE Millett 1898
Genus: CYCLOGYRA Wood 1842
Genotype: C.multiplex Wood 1842
Loeblich & Tappan (1964) treated
Cornuspira as a junior synonym of Cyclogyra.

Cyclogyra involvens (Reuss)
Plate 5, Figure 11.

Operculina involvens REUSS,1850,p.370,pl.14,fig.20.

Cornuspira involvens (Reuss).BRADY,1884,p.200,pl.11,figs.1-3.
Cornuspira involvens (Reuss).CHAPMAN,1916,p.29,p1-2,fig.8,p.43.
Cornuspira involvens (Reuss).CHAPMAN & PAKR,1937,p.128.
Cornuspira involvens var corticata Chapman & Parr.CHAPMAN &
PARR,1957,p.128,pl.9,fig.32.

Cornuspira corticata Chapman & Parr.PARR,1950,p.284-285.
Cornuspira corticata Chapman & Parr.MCKNIGHT,1962,p.109,pl.13,
fig.46.

Cornuspira involvens (Reuss).PFLUM,1966,p.178,pl.16,fig.22.
Cyclogyra corticata (Chapman & Parr).KENNETT,1968,Table 4.

Remarks: There is some confusion in the earlier literature as to whether
two species actually exist. When Chapman and Parr (1937) proposed var
corticata, they illustrated only one view of a broken test, which is not
sufficient to show any significant difference from the typical
C.involvens. Parr (1950) later raised variety corticata to species
level, but provided no illustration. Chapman and Parr's 31937) verbal
description bases the differentiation of the two forms on &an exterior
coating of dried protoplasm in C. corticata. Parr (1950) later stated
that this coating is dried mud, and that a more angular periphery and
different test shape in C. corticata are the basis for separating the
two species. FcKnight (1962) and Pflum (1966) reported both forms
present in the assemblages they studied, but their figures do not show
significant differences. Kennett (1968) recognized only C.corticata.
Loeblich & Tappan (1953) and Todd & Low (1967) 1list this same form from
Alaska under the name Cornuspira involvens. Because the lack of
illustrations and inadequate illustrations in previous authors'
accounts, corticata is here treated as a junior synonym of Cyclogyra
involvens.

Distribution: Four Ross Sea stations, 165-475m (McKnight 1962); two Ross
Sea shelf samples, both 274m (Pflum 1966); thirteen Ross Sea and McMurdo
Sound stations, 90-720m (Kennett 1968). 25 Arctic stations, 12.8-233m
(Loeblich und Tappan 1953); three Alaska stations, 86-174m (Todd & Low
1967). Rare in eight present McMurdo Sound samples,!173-850m, including
Core 82-1(30%m, 25-30cm).
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Family: NUBECULARIIDAE Jones 1875

Genus: PLANISPIRINOIDES Parr 1950
Genotype:lMiliolina bucculenta DBrady 1884

Planispirinoides bucculentus (Brady)
Plate 5, Figures 9,10.

Miliolina bucculenta BRADY,1884,p.170,pl.114,fig.3.

Planispirina bucculenta (Brady).SCHLUNMBERGER,1892,p.194,pl.8,
figs.6,7.

Miliolinella subrotunda (Montagu) var trigonia (Wiesner).
WIESNER,19%1,p.107,pl.15,fig.178.

Planispirina bucculenta (Brady).CHAPMAN,1916,p.42,pl.5,fig.4.
Planispirinoides bucculentus (Brady).PARK,1950,p.287,pl.6,figs.1-6,
text-figs.1-5.

Planispirinoides bucculentus (Brady).MCKNIGHT,1962,p.109,pl.13,
fig.48.

Distribution: One station, North Atlantic, %46m (type locality, Brady
1884 ); Reported occurrences (Chapman 1916) in Arctic, N.Atlantic, off
Australia and around the subantarctic islands of New Zealanda. First
reported from Antarctica by Pearcey (1914), one Burwood Bank station,
4791m. Eight Antarctic stations, 193m-64Cm, three Kerguelen stations,
20-50m, three Australian stations, 62m-128m (Parr 1950); four Ross Sea
samples, 164m-475m (McKnight 1962); one Ross Sea station, 466m (Kennett
1968). Rare in three present McMurdo Sound samples,
173m(81-10),81-7(420m) and 620m (83-26), 17%-45% mud.
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Family: MILIOLIDAE Ehrenberg 1839

Genus: CRUCILOCULINA d'Orbigny in de la Sagre 1839
Genotype: C.trianglularis d'Orbigny 1839

Cruciloculina triangularis d'Crbigny
Plate 5, Figure 4.

Cruciloculina triangularis D'ORBIGNY,1839,p.72.

Miliolina tricarinata (d'Orbigny) var cruciformis WIESNER,1931,
p-105.

Miliolina tricarinata (d'Orbigny).EARLAND,1953%,p.48.
Triloculina triangularis (d'Orbigny).PARR,1950,p.295.
Cruciloculina triangularis d'Orbigny.MCKNIGHT,1962,p.107,pl.12,
fig.40.

Cruciloculina triangularis d'Orbigny.FILLOK,1974,p.13%9,pl.3,
figs.9,10.

Remarks: McKnight's illustration (p.107,pl.12,fig.40) represents a form
very similar to that described by Ward (1979).

Distribution: Eight S.Georgia stations 13%2-2549m (Earland 193%); three
Antarctic stations,  300-540m (Parr 1950); one Koss Sea station 475m
(McKnight 1962), six Ross Sea and McNurdo Sound stations, 110-395m
(Kennett 1968). Rare in six present samples, 126-560m (above CCD),
8%-21.6% mud.

Miliolidae sp A
Plate 5,Figure 2.

Description:Test minute (0.15mm), clear, hyaline, calcareous, sigmoiline
coiling; two chambers visible in last whorl, aperture terminal on last
chamber, slightly produced on short neck with narrow rim.

Distribution: Most common in Core 1981-18, from 38-41cm (bottom of
core); also found in 1961-12,10,9,84,7,5 and 1982-%, 110-496m, 10%-61%
mud .

Miliolidae sp B
Plate 5, Figure 1.

Description:Test small (0.%mm), opaque, calcareous, porcelanous,
sigmoiline coiling, three chambers visible in last whorl,
aperture terminal at end of last chamber.

Distribution: Rare in six NcMurdo Sound samples, 1980-6,1981-5, 1982-
2,3,4(25-30cm) and 198%-26, 79-620m, 7%-45% mud.

Genus: PYRGO DeFrance 1824
Genotype: Biloculina bulloides d'Orbigny 1826

Pyrgo depressa (d'Orbigny)
Plate 5, Figure 5.

Biloculina depressa D'ORBIGNY,18&26,p.298,n0.7,fig.91.
Pyrgo depressa (d'Orbigny). EARLAND,1934,p.46.
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Pyrgo depressa (d'Orbigny). MCKNIGHT,1962,p.106,pl.13,fig.43%.

Distribution: One Arctic sample (Clarence Strait), %9%m (Todd and Low
1967); six Ross Sea stations, 274-805m (NcKnight 1962); eight Ross Sea
stations, 90-548m (Kennett 1966). Rare in two present DlNclurdo Sound
samples, 17%m (81-10) and 289m (81-8A, 59% mud).

Pyrgo elongata d'Orbigny
Plate 5, Figure 7.

Biloculina elongata D'ORBIGNY,1826,p.298,n0.4.

Biloculina elongata d'Orbigny.CHAPMAN,1916,p.28,pl.2,fig.6.
Pyrgo elongata (d'Orbigny).CUSHMAN,1929,p.70.

Pyrgo elongata (d'Orbigny).CHAPKAN & PARR,1937,p.1%6.

Pyrgo elongata (d'Orbigny).MCKNIGHT,1962,p.108,p1.13,fig.42.

Distribution: Three Ross Sea stations, 164-475m, one Weddell Sea
station, 164-475m (McKnight 1962). Rare in eight present samples,
17%5-560m, open water and harbour sites.

Pyrgo murrhina (Schwager) 1866
Plate 5, Figure 6.

Biloculina murrhina SCHWAGER,1866,p.203,pl.4,fig.15.
biloculina murrhina Schwager.WIESNER,19%1,p.110,pl.17,fig.195.
Pyrgo murrhyna (Schwager).CHAPMAN & PARR,19%7,p.1%6.

Pyrgo murrhina (Schwager).PARR,1950,p.297.

Pyrgo murrhina (Schwager).MCKNIGHT,1962,p.108,p1.13,fig.44.
Pyrgo murrhina (Schwager).KENNETT,1968,Table 4.

Distribution: Two Antarctic sites, 385 and 3410m (Wiesner 193%1); one
test in one Antarctic mud sample, 1718m (Parr 1950); two Ross Sea
stations, 384 and 2620m (McKnight 1962); one Pennell Bank (Ross Sea)
station, 1335m (Kennett 1968). Very rare in McMurdo Sound samples, one
test from core 81-18, 254m, 38-41cm, 46% mud.

Genus: PYRGOELLA Cushman & E.M.White 1936
Genotype: Biloculina sphaera d'Orbigny 1839

Pyrgoella sphaera (d'Orbigny)
Plate 5, Figure 8.

Biloculina sphaera D'ORBIGNY,1839,p.66.

Biloculina sphaera d'Orbigny.BRADY,1884,p.141,pl.2,fig.4.
Miliolinella sphaera (d'Orbigny).WIESNEK,1931,p.107,pl.15,fig.117.
Pyrgoella sphaera (d'Orbigny).CUSHMAN & WHITE,193%6,p.90.

Pyrgoella sphaera (d'Orbigny).HERON-ALLEN & EARLAND,193%2,p.322,pl.4,
figs.41,42.

Pyrgoella sphaera (d'Orbigny).MCKNIGHT,1962,p.108.pl.13,fig.45.

Distribution: One Alaska sample, 174m (Todd and Low 1967); they remarked
that it is widely distributed in deep and moderately deep waters; one
dredging, Falkland lslands, 146m (Heron-Allen & Earland 193%2) five
Antarctic stations, 193-540m and one Macquarie Island station, 69m (Parr
1950); three Ross Sea stations, 164-475m, (NcKnight 1962); nine Ross Sea
and McMurdo Sound stations, 90-153%5m (Kennett 1968). Rare in three
present samples: 173m (81-10, most abundant), 21%m (81-9) and 370m
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(81-2), above CCD, about 20% mud.

Genus: SIGMOILINA Schlumberger 1887
Genotype: Planispirina sigmoidea Schlumberger 1887

Sigmoilina umbonata Heron-Allen and Earland
Plate 5, Figure 3.

Sigmoilina umbonata H-A & E,1922,p.71,pl.1,figs.7,8.
Sigmoilina umbonata H-A & E.MCKNIGHT,1962,p.106,pl.12,fig.%5.

Distribution: Seven Antarctic stations,256-2648m (Heron-Allen & Earland
1922); seven Ross Sea and Weddell Sea sites,164-2450m (McKnight 1962);
six Ross Sea stations,110-%39m (Kennett 1968). Rare in present McMurdo
Sound open water samples,420-620m,8%-16% & 45% mud.
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Family: NODOSARIIDAE Ehrenberg 18%8

Genus: DENTALINA Risso 1826
Genotype: Nodosaria (Dentaline) cuvieri d'Orbigny 1826

Dentalina communis (d'Orbigny)
Plate 6, Figure 10.

Nodosaria (Dentalina) communis D'ORBIGNY,1826,p.254.

Nodosaria communis d'Orbigny.EARLAND,1934,p.167.

Dentalina communis (d'Orbigny).BARKER,1960,p.130,p1.62,figs.21,22.
Dentalina communis (d'Orbigny).KENNETT,1968,Table 4.

Distribution: Seven deep Scotia Sea and Drake Passage stations,?638-
4773m, and one S.Sandwich site,%29m (Earland 193%4); four Ross Sea sites,
270-466m (Kennett 1968). Rare in two present McMurdo Sound samples, Core
81-10(173m) and Core 81-18(254m,77% mud).

Genus: NODOSAR1A LaMarck 1812
Genotype: Nautilus radicula Linne' 1758

Nodosaria mariase d'Orbigny
Plate 7,Figures 5,6.

Nodosaria mariae D'ORBIGNY,1846,p.33,p1.1,figs.15,16.

Distribution: Originally described from the Tertiary of the Vienna Basin
(d'orbigny 1846). Rare in three present McMurdo Sound samples from
shallow open sound locations, 81-12(110m), 81-10(173m) and 81-8A(289m),
about 60% mud.

Nodosaria sp
Plate 7, Figures 7,8.

Description: Test free (O.6mm),consisting of at least two uniserial,
ovoid chambers, the second strongly overlapping the first, wall
calcareous, hyaline, aperture terminal, radiate, slightly produced.

Distribution: Rare in three present lNcMurdo Sound samples,303m(82-1,

25-20cm),537m(81-13,23% mud) and 856m(83%-3,72% mud).

Genus: LAGENA Walker and Jacob in Kammacher 1798
Genotype: Serpula (Lagena) sulcata Walker & Jacob 1798

Lagena distoma (Parker & Jones)
Plate 6, Figure 3.

Lagena sulcata distoma PARKER & JONES,1865,p.356,pl.13,fig.20.
Lagena distoma Parker & Jones.BRADY,1884,p.461,pl.58,figs.11-15.
Lagena distoma Parker & Jones.HERON-ALLEN & EARLAND,1932,p.3%66.
Lagena distoma Parker & Jones.ECHOLS,1971,p.165.

Distribution: One Kerguelen site, 219m, two N.Atlantic sites, 117-137m
(Brady 1884); ten Falkland Islands sites, 145-1035m (Heron-Allen and
Earland 193%2); four S.Georgia sites, 674-680m, one S.0rkney site, 503m,
one S.S8andwich site, 651m (Echols 1971). Rare in present McMurdo Sound




53

samples, one test each in 1981-5, 496m and 1981-12, 110m.

Lagena elongata (Ehrenberg)
Plate 6, Figure 1.

Miliola elongata EHRENBERG,1844,p.274,1845,p.371,1854,pl.25,fig.1.
Lagena elongatu (Ehrenberg).BRADY,1884,p.457,pl.56,fig.29.

Lagena elongata (Ehrenberg).HERON-ALLEN & EARLAND,1932,p.563.
Lagena elongata (Ehrenberg).BUCHNER,1940,p.413,p1.2,figs.23,24.

Distribution: Two S.Pacific sites,67 & 1926m and one Southern Ocean
site, 4080m (Brady 1884); two Falkland Island sites,146 & 660m (H-A & E
19%2); Gulf of Naples,100-400m (Buchner 1940). Rare in six present
McMurdo Sound samples, from 110-496m, also
82-1(30%m,25-30cm),81-18(154m,30-32cm,36-41cm), 10%-21% snd 61% mud.

Lagena gracilis Williamson
Plate 6, Figures 4,5.

Lagena gracilis WILLIAMSON,1848,p.13,pl.1,fig.5.

Lagena gracilis Williamson.BRADY,1884,p.464,pl.58,figs.2,3,7-10,
22-24.

Lagena gracilis Williamson.PFLUM,1966,p.180,pl.16,fig.27.

Distribution: Three Antarctic stations,31-1446m (Pearcey 1914); two
stations,4298-4435m (Brady 1884); four Antarctic stations,265-410m
(Pflum 1966). Rare in six present McMurdo Sound samples,79-660m, Tw-61%
mud .

Lagena gracillima (Seguenza)
Plate 6, Figure 2.

Amphorina gracillima SEGUENZA,1862,p.51,pl.1,fig.37.

Amphorina distorta SEGUENZA,1862,p.52,pl.1,fig.%8.

Lagena gracillima (Seguenza).BRADY,1884,p.456,pl.56,figs.20-24.
Lagena gracillima (Seguenza).LOEBLICH & TAPPAN,1953,p.60,pl.11,
figs.1-11.

Distribution: S.Pacific, 45-1980m (Brady 1884); 14 Alaska stations,
21-6-146.%m (Loeblich & Tappan 1953); Gulf of Naples and Palermo, Italy,
100-900m (Buchner 1940). Rare in present samples 81-5,2,8A4, 82-3,
82-1(25-30cm),81-18(32-34cm), 139-496m,10%-60% mud.

Lagena nebulosa Cushman
Plate 6, Figures 7,8,9.

Lagena laevis (Montagu).BRADY,1884,p.455,pl.56,fig.12.
Lagena laevis (Montagu) var nebulosa CUSHMAN,192%,p.29,pl.5,
figs.4,5.

Lagena nebulosa CUSHMAN.BUCHNER,1940,p.421,pl.2,figs.%1,%2.

Distribution: One station off Tahiti,Pacific,1116m (Brady 1884); Gulf of
Naples and Sicily,60-900m (Buchner 1940). Rare in two present
samples,81-10(173m), 81-18(254m,4-6,38-41cm). 46%9-60% mud.
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Lagena striata (d'Orbigny) 1839
Plate 6, Figure 6.

Oolina striata D'ORBIGNY,1839,p.21,pl.5,fig.12.
Lagena striata BRADY,1884,p.456,pl.57,figs.19,26,227,247.
Lagena striata (d'Orb).BUCHNER,194C,p.424,pl.4,figs.54-61.

Distribution: D'Orbigny described this from the Americas (1869) Pacific
Ocean, 68-4345m (Brady 1884); Gulf of Naples,28-900m (Buchner 1940).
Rare in  present McMurdo Sound samples, 81-6(1live),81-4,7,2,
370-560m,8%-22% mud.

Genus: LINGULINA d'Orbigny 1826
Genotype: L.carinata d'Orbigny 1826

Lingulina vitrea Heron-Allen & Earland
Plate 6, Figure 11.

Lingulina vitrea HERON-ALLEN & EARLAND,193%2,p.387,pl.12,figs.12-14.

Distribution: Very rare in elevated marine deposits, Capes Barne-Royds
area, Ross Island, Antarctica. Very rare in present McMurdo Sound
samples, one test only in 1981-10, 17%m.
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Family: VAGINULINIDAE Reuss 1860

Genus: LENTICULINA Lalbarck 1804
Genotype: Lenticulites rotulata LaMarck 1804

Lenticulina gibba (d'Orbigny) 1839
Plate 6, Figures 12,13.

Cristellaria gibba D'ORBIGNY in de la Sagre,1839,p.63%,pl.7,
figs.20,21.

Cristellaria gibba d'Orbigny.CHAPMAN,1916,p.44,p1.5,fig.8.
Lenticulina gibba (d'Orbigny).BARKER,1960,p.144,pl.69,figs.8,9.

Distribution: Cuba (d'Orbigny 1839b); elevated marine muds from Cape
Barne-Royds area, Ross Island (Chapman 1916, Ward 1979). Rare in six
present lMcMurdo Sound samples,110-850m,16%-61% mud.

Family: POLYMORPHINIDAE

Genus: POLYMORPHINA d'Orbigny 1826
Genotype: P.burdigalensis d'Orbigny 1826

Polymorphina sp
Plate 7, Figure 4.

Description: Test free,small(0.1mm), loosely biserial, strongly over-
lapping chambers, wall calcareous, hyaline, aperture terminal, radial.

Distribution: FKare in three present Fclurdo Sound samples,110m(81-12,
61% mud),213m(81-9,18% mud) and 289m(81-8A,22% mud).
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Family: GLANDULINIDAE Reuss 1860

General remarks: This family contains three genera, Fissurina,
Parafissurina and QOolina, which show a high degree of variability, often
making positive identifications difficult. In the following section,

the most common species are identified as well as possible, and others
are referred to Fissurina spp or QOolina spp.

Genus: ENTOLINGULINA Loeblich & Tappan 1961
Genotype: Lingulina aselliformis Buchner 1942

Entolingulina biloculi (Wright)
Plate 9, Figures 1,2.

Lingulina carinata var biloculi WKIGHT,1911,p.13,pl.2,fig.10.
Lingulina biloculi (Wright).HERON-ALLEN & EARLAND,1913,p.94,pl.8,
fig.6 (not 5,7).

Lingulina biloculi (Wright).H-A & E,1922,p.174.

Lingulina biloculi (Wright).BUCHNER,1942,p.132,fig.12.

kemarks: Placed in Entolingulina due to presence of entosolenian tube.

Distribution: Gulf of Naples, 90-900m (Buchner 1942); one McMurdo Sound
site,548m (H-A & E 1922). Very rare in two present samples,
110-620m(81-12,61% mud,83-26,45% mud).

Entolingulina bicarinata Sidebottom
Plate 9, Figure 3.

Lingulina carinata var bicarinata SIDEBOTTOM,1907,p.3,pl.1,fig.20.
Lingulina carinata var bicarinata Sidebottom.HERON-ALLEN & EARLAND
191%,p.94,p1.8,figs.3,4.

Lingulina bicarinata (Sidebottom).CUSENAN,192%,p.97,pl.17,figs.5-7,
pl.18,figs.6,7.

Lingulina bicarinata (Sidebottom).BUCHNER,1942,p.124,fig.6.

Distribution: Found in Atlantic Ocean (Cushman 1923%); off Ireland (H-A &
E 1913);  Gulf of Naples, 270m (Buchner 1940). Rare in two present
Mcmurdo Sound samples, 81-12(110m,61% mud) and 81-6A(289m, 59% mud).

Genus: GLANDULINA d'Orbigny in de la Sagre 1839
Genotype: Nodosaria laevigata d'Orbigny 1826

Glandulina antarctica Parr
Plate 7, Figures 2,3.

Glandulina rotundata WIESNER (non Reuss),1931,p.115.

Glandulina laevigata WIESNER (non Nodosaria (Glandulina) laevigata
d'Orbigny) 1931,p.115.
Glandulina antarctica PARR,1950,pl.12,figs.8,9.

Glandulina antarctica Parr.MCKNIGHT,1962,p.117,pl.17,p.92.

Discussion: Chapman (1916) listed the two generations of this form under
Nodosaria (Glandulina) rotundata (megalosph™eric) and Nodosaria
(Glandulina) laevigata (microspheric). Thin sections of G. antarctica
(microspheric and megalospheric generations) prepared by Ward (1979)




57

revealed that both forms have entosolenian tubes and vestigial walls of
early chambers which were not evident in exterior examination of the
tests.

Distribution: Five Antarctic stations,300-640m; one Kerguelen station,
150m; two Tasmania stations,122 & 128m (Parr 1950). The holotype is
from Parr's Antarctic Station 30 (540m). Five Ross Sea stations,365-800m
(McKnight 1962); ten Ross Sea and DlNcMurdo Sound stations,110-13%5m

(Kennett 1968). Rare in five present McMurdo Sound
samples,173-560m,8%-22% mud, also 254m(81-18,Ferrar (lacier snout, New
Harbour,dead tests only: 8-10cm,26-30cm,32-34cm and 38-41cm,46%-60%
mud ).

Glandulina laevigata (d'Orbigny)
Plate 7, Figure 4.

Nodosaria (Glandulina) laevigata D'ORBIGNY,1826,p.252,pl.10,figs.1-3
Glandulina laevigata D'ORBIGNY,1846,p.29,pl.1,figs.4,5.
Pseudoglandulina laevigata (d'Orbigny).CUSHMAN & MeCULLOCH, 1950,
p-325,pl.42,fig.4.

Glandulina laevigata d'Orbigny.LOEBLICH & TAPPAN,1953%,p.81,pl.16,
figs.2-5.

Distribution: Eight Alaska stations, 2%.8-100.5m (L & T 1953); rare in
one present McMurdo Sound sample, 81-12(110m,61% mud).

Genus: LARYNGOSIGMA Loeblich & Tappan
Genotype: L.hyalascidea Loeblich & Tappan 1953

Laryngosigma hyalascidia Loeblich & Tappan
Plate 7, Figure 1.

Laryngosigma hyalascidia L & T7,1953,p.8%,pl.15,figs.6-8.

Distribution: Twelve Alaska stations,31-22%.2m (L & T 1953). Rare in
one present sample: 81-12,110m,61% mud.

Genus: FISSURINA Reuss 1850
Genotype: F.laevigata Reuss 1850

Fissurina cornigera (Buchner)
Plate 8, Figure 8.

Lagena cornigera BUCHNER,1940,p.514,pl.22,figs.445-452.

Distribution: Recent tests from 70-820m, Gulf of Naples (Buchner 1940).
Very rare in McMurdo Sound samples, one test in 1981-10, 173m

Fissurina foliformis (Buchner)
Plate 8, Figures 1,2,3.

Lagena formosa Schwager.BRADY,1884,p.480,pl.60,fig.20.
Lagena foliformis BUCHNER,1940,p.454,pl.8,figs.128-1%2.
Fissurina foliformis (Buchner).BARKER,1960,p.126,pl.60,fig.20.

Distribution: One $.Pacific ("Challenger") station,3795m (Brady 1884);
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250-900m, Gulf of Naples area (Buchner 1940). Very rare in present
McMurdo Sound samples,496m(81-5,10% mud) and 620m(8%-26,45% mud).

Fissurina marginata (Montagu)
Plate 8, Figure G.

Vermiculum marginatum MONTAGU, 1803,p.524.

Fissurina marginata (Montagu).LOEBLICH & TAPPAN,195%,p.77,pl.14,
figs.6-9.

Fissurina marginata (Montagu).MURRAY,1971,p.97,pl.39,figs.4-6.

Distribution: 26 Alaska stations,23.8-227.2m (Loeblich & Tappan 1953);
continental shelf of Great Britain,10-138m (Murray 1971); five Scotia
Sea stations,329-2288m (Echols 1971). Rare 1in present Ross Sea
stations,173-620m, Granite Harbour, Cape Armitage and open sound
waters,16%-59% mud.

Fissurina mennellae (Buchner)
Plate 8, Figure 7.

Lagena mennellae BUCHNER,1940,p.458,p1.9,fig.148-151.

Distribution: Fossil tests in Gulf of Naples area (Buchner 1940). Rare
in present McMurdo Sound samples, 81-10,12(110-173m), 61% mud.

Fissurina semimarginata (Reuss)
Plate 8, Figure 6.

Lagena sp (Nos. 64 & 65),VON SCHLICT,1870,p.11,pl.4,figs.4-6,10-12.
Lagena marginata Williamson var semimarginata REUSS,1870,p.468.
Fissurina semimarginata (Reuss) LOEBLICH & TAPPAN,195%,p.78,pl.14,
fig.3.

Fissurina semimarginata (Reuss).BAKKER,1960,p.122,pl1.59,figs.17,19.

Distribution: Brady (1884,p.446,pl.59,figs.17,19) illustrated a variety
of forms attributed +to this species; eleven Alaska stations, 24-223%m
(Loeblich & Tappan 195%); common in two Cape Barne-Royds elevated marine

mud sites (Ward 1979); eleven Ross Sea and MNMcMurdo Sound
stations,110-1%35m (Kennett 1968). Four Scotia Sea stations, 329-10%2m
(Echols 1971). Rare in  three present McMurdo Sound

samples,173-496m,10%-59% mud.

Fissurina spathiformis (Buchner)
Plate 8, Figure 10.

Lagena spathiformis BUCHNER,1940,p.467,p1.20,figs.210,211.

Distribution: One fossil test from Pietra del Cantariello, ltaly
(Buchner 1940). Very rare in present McMurdo Sound samples,1981-2,8A
(289-370m), 22% (1981-2) and 59% (1951-84) mud.

Fissurina subformosa Parr
Plate 8, Figure 4.

Fissurina subformosa PARR,1950,p.3%12,pl.9,fig.9.

Distribution: One Antarctic station,19%m (Parr 1950); nine Ross Sea and
McMurdo Sound stations,110-1335m (Kennett 1968). Rare in three present
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McMurdo Sound stations,110-2&9m,about 60% mud.

Fissurina subtilis (Buchner)
Plate 8, Figure 5.

Lagena subtilis BUCHNER,1940,p.493,pl.17,figs.%4%-345.

Distribution: Found to 900m in Gulf of Naples (Buchner 1940). Rare in
present McMurdo Sound samples 81-9,10,12 (110-270m). 18% (1981-9) and
61% (1981-12) mud.

Fissurina texta (Wiesner)
Plate 8, Figure 11.

Lagena texta WIESNER,1931,p.121,pl.19,fig.230.

Lagena texta Wiesner.EARLAND,1934,p.165,pl.7,figs.%1-35.
Lagena texta Wiesner.MCKNIGHT,1962,p.116,pl.16,fig.90.
Fissurina texta (Wiesner).KENNETT,1968,Table 4.

Fissurina texta (Wiesner).ANDERSON,1975,p.85,pl.6,fig.14.

Distribution: Four Falkland Island stations, 100-345m (Earland 193%4);
one Weddell Sea station,384m (McKnight 1962); one Ross Sea station, %30m
(Kennett 1968); and one Weddell Sea core,320m (Anderson 1975). rare in
five present McMUrdo Sound sites,79-560m,7-16% mud.

Fissurina trigona-marginata (Parker & Jones)

Lagena trigono-marginata PARKER & JONES,1865,p.348,pl.18,fig.1.
Lagena sp bk, MCKNIGHT,1962,p.113,pl.15,fig.69.

Fissurina trigono-marginata (Parker & Jones ) . PFLUK, 1966 ,p.182,p1.17,
fig.41.

Distribution: COne Antarctic station, 210m (Pflum 1966); one Ross Sea
station, 3%22m (Kennett 1968). Very rare in one present sample,Core
81-18(254m,38-41cm,46% mud ) . Disintegrated when moved to faunal slide,
no photograph.

Fissurina tingellifera (Buchner)
Plate 8, Figure 12.

Lagena tingillifera BUCHNER,p.511,pl.22,figs.479,480.

Description: Test free, small(QO.1mm), hyaline, single chamber, ribs.

Distribution: Rare to frequent in 81-4,12,10(most common),84,5,7,835-26.
560-110m,8%-61% mud.

Fissurina sp
Plate 7, Figures 10,11.

Description: Test free, small, calcareous, one chamber with produced
neck and single aperture at end of neck, entosolenian tube. Possibly
belongs to Oolina.

Distribution: OCccasionally found in kcMurdo Cound samples 1981-2,
1981—6,1981-9,1981—12,1981-8A,1981-18,1982-3, 110-460m, up to 60% mud.




60

Genus: PARAFISSURINA Parr 1947
Genotype: Lagena ventricosta Silvestri 1904

Parafissurina curta PAKR 1950
Plate 9, Figure 8.

Parafissurina curta PARR,1950,p.318,pl.10,figs.6,7.

Distribution: bSix Antarctic samples, 19%-64Cm (Parr 1950); three S.
Georgia sites, 750-1900m, one S.Sandwich site, 659m, one Weddell Sea
sample, 2968m (Echols 1971); ten Ross Sea and lcMurdo Sound sites,
110-1335m (Kennett 1968). Common in present samples, 1981-10,12,84,
110-289m, about 60% mud; 196%-26, 620m and 45% mud.

Parafissurina fusuliformis Loeblich & Tappan
Plate 9, Figure 4

Parafissurina fusuliformis LOEBLICH & TAPPAN,1953,p.79,pl.14,figs.
18,19.

Parafissurina fusuliformis L & T.FEYLING-HANSSEN et al. p.232,
pl.18,fig.6.

Parafissurina fusuliformis L & T.LAGOE,1977,p.122,pl.3,fig.7.

Distribution: Three Arctic stations, 24-43m (Loeblich & Tappan 1953%);
Scandinavia sites (no depths) (Feyling-Hanssen et al. 1971) five Scotia
Sea stations,  490-3784m (Echols 1971); 22 central Arctic sites,
1266-3808m (Lagoe 1977). Rare in elevated marine deposits from Capes
Barne-Royds area of Ross Island, Antarctica (Ward 1979). Rare in present
Mclurdo Sound samples, 1981-5,10,12, 496,173 and 110m, respectively, and

10% mud (1981-5) and 61% mud (1981-12).

Parafissurina lateralis (Cushman)
Plate 9, Figure 7.

Lagena apiculata BRADY,1884 (Pars),p.453,pl-56,figs.17,18-
Lagena quadrata SIDEBCTTOM,1906 (pars),p.8,pl.1,fig.21.

Lagena lateralis CUSHMAN,1913%,p.9,pl.1,fig.1.

Ellipsolagena lateralis WIESNER,1931,p.126,p1.20,figs.242,243%
pl.24,stereo-fig.1.

Lagena lateralis Cushman.BUCHNER,1940 (pars),p.520,pl.23,figs.
487-594.

Parafissurina lateralis (Cushman).PARR,19SO,p.316.

Distribution: Wiesner (1931) found it in the Antarctic; Gulf of Naples
area, 10-900m (Buchner 1940); one Antarctic station, 1718m, three
Kerguelen sites, 40-150m (Parr 1950). Found in four present McMurdo
Sound samples,1981-10,12; 80-6; 83-26. 61% (1981-12), 45% (198%-26) and
7% (1980-6) mud.

Parafissurina marginata (Wiesner)
Plate 9, Figure 5.

Ellipsolagina marginata WIESNER,1931,p.126,p1.20,fig.245.
Parafissurina marginata (Wiesner).PARR,1950,p.316,p1.9,fig.19.

Distribution: 385m in the Arctic (Wiesner 19%1); two Antarctic stations,
193 and 300m, one Kerguelen site, 150m (Parr 1950).
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Kare in present samples, 1981-7,420m,16% mud; 1961-2,3%70m,22% mud; and
1980-6,79m,7% mud.

Parafissurina pseudoorbigyana Buchner
Plate 9,Figure 9.

Fissurina pseudoorbigyana BUCHNER,1940,p.556,pl.10,figs.157-159.

Remarks: Similar to Fissurina orbigysna Seguenza, but with hooded
aperture characteristic of Parafissurina.

Distribution:Five Gulf of Naples sites,Recent material,60-450m (Buchner
1940). Rare in present lNcMurdo Sound samples,110-620m, Cape Armitage
(8%-26), open sound waters and Granite Harbour entrance, 110-620m,45-61%
mud .

Parafissurina pustulata (Buchner)
Plate 9, Figure 6.

Lagena pustulata BUCHNER,1940,p.503,pl.19,fig.400,401.

Distribution: Rare in one present NcMurdo Sound sample,1981-10,173m.

Parafissurina staphyllearia (Buchner)
Plate 9, Figure 11.

Fissurina staphyllearis SCHWAGER,1866,p.209,pl.5,fig.24.
Lagena staphyllearia BRADY,1884,p.474,pl.59,figs.8-11.
Fissurina schlichti SILVESTRI,1902,p.142,figs.9-11.

Lagena staphyllearia (Schwager).BUCHNER,1940,p.523,pl.24,figs.
507-521; pl.25,fig.522.

Distribution: Kerguelen and Heard Is.,36-137m, one Southern Ocean site,
4755m (Brady 1884); 60-900m, Gulf of Naples area (Buchner 1940). Rare
in one Cape Roberts site,1981-12,110m,61% mud.

Parafissurina subcarinata Parr
Plate 9, Figure 10.

Parafissurina subcarinata PARR,1950,p.318,pl.10,fig.9.

Distribution:Three Antarctic stations, 193-393m (Parr 1950). Rare in
present samples: 1981-8A,289m,59% mud.
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Genus: OOLINA d'Orbigny 18%9
Genotype: O.laevigata Galloway & Wissler 1927

Oolina apiopleura (Loeblich & Tappan)
Plate 10, Figure 4.

Lagena sulcata Walker and Jacob.PARKER & JONES, 1865,p.3551,pl.13,
figs.28-31.

Lagena acuticosta Reuss.BRADY,1884,p.464,pl.58,fig.21.

Lagena apiopleura LOEBLICH & TAPPAN,195%,p.59,pl.10,figs.14,15.

Oolina apiopleura (L & T).TODD & LOW,1967,p.A28,pl.3,fig.24.

Distribution: Type locality: Point Barrow, Alaska, three stations,
2%.8-73.2m (Loeblich and Tappan 1953); eight Alaska stations, 21-375m
(Todd & Low 1967). Rare in two present McMurdo Sound
samples,1981-10,17%m and 1983-26,620m,45% mud.

Oolina hexagona (Williamson)
Plate 10, Figure 6.

Entosolenia squamosa (Montagu) var hexagona WILLIAMSON,1848,p.20,
pl.2,fig.23.

Lagena hexagona (Williamson).BRADY,1884,p.472,pl.58,figs.32,33.
Oolina hexagona (Williamson).LOEBLICH & TAPPAN,1953,p.69,pl.14,
figs.1,2.

Distribution: Eight Alaska stations,21.6-142.6m (L & T 195%); two Arctic
stations,174 & 183m (Todd & Low 1967). Rare in two present McMurdo Sound
samples, one test each in 81-12,110m,61% mud and 81-9, 21%m, 18% mud.

Oolina melo d'Orbigny
Plate 10, Figures 2,3.

Oolina melo D'ORBIGNY,1839,p.20,pl.5,fig.9.

Lagena melo PARKER & JONES,in Brady,1866,p.38,pl.1,fig.%5.
Entosolenia squamosa Montagu var. catenulata WILLIAMSON, 1858,
p-13,pl.1,fig.%1.

Lagena squamosa (Montagu).BUCHNER,1940,p.435,pl.5,figs.78-8%.
Lagena melo (d'Orbigny).BUCHNER,1940,p.437,pl.6,fig.84.

Distribution: Originally described from S.America (d'Orbigny 1839);
three S.Pacific sites (Heard Is.,Kerguelen Is.,Prince Edward 1Is .),
37-274m (Brady 1884); fossil and Recent tests, Gulf of Naples area,
60-400m (Buchner 1940). Very rare in three McMurdo Sound samples,
1981-2,8A,12, 110-370m, 22%-61% mud.

Oolina squamosa-sulcata (Heron-Allen & Earland)
Plate 10, Figure 7.

Lagena melo (intermediate var) BRADY,PARKER & JONES,1888,p.237,
pl.44,fig.25.

Lagena squamosa-sulcata H-A & E,1922,p.151,pl.5,figs.15,19.

Lagena squamosa-sulcata H-A & E.EARLAND,1934,p.162,pl.7,figs.26-28.
Oolina squamosa-sulcata (H-A & E).LOEBLICH & TAPPAN,1953,p.74,pl.12,

figs.5,7.
Lagena squamosasulcata H-A & E.MCKNIGHT,1962,p.116,pl.16,fig.88.

Oolina squamosusulcata (H-A & E).KENNETT,1968,Table 4.
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Distribution: Four Antarctic stations,25-2%7m (Heron-Allen & Earland
1922); six Falkland Island stations,152-4344m (Earland 19%4); three
Alaska stations,66-146m (Loeblich & Tappan 1953). Rare in present
McMurdo Sound samples, 81-2 (370m) 22% mud.

Oolina sp A
Plate 9, Figures 12,1%.

Description: Test spherical, small flush fissurine aperture, wall
calcareous, but opaque so entosolenian tube not visible if present;
perhaps better placed in Fissurina.

Distribution: Rare in four present McMurdo Sound samples, 1981-12, 110m,
61% mud, 1981-10, 173m, 1982-1(25-30cm), and 198%-26,620m,45% mud.

Qolina sp B
Plate 10, Figure 5.

Description: Test spherical, calcareous,hyaline,with entosolenian tube
and short neck.

Distribution: Found in four present MNcMurdo Sound samples, 1981-10, 17%m,
1981-8A,290m,59% mud, 1980-6,79m,7% mud and 1983-26,620m,45% mud.

Oolina sp C
Plate 10, Figure 1.

Description: Test ovate, round in cross-section, with entosolenian tube,
wallclear, calcareous. SEM photo shows traces of attachment of another
chamber on apertural end, perhaps better placed in Entolingulina.

Distribution: Rare in two present McMurdo Sound samples,1981-5,496m,
10% mud,and 1982-3,1%9m, Blue Glacier snout.
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Family: SPIRILLINIDAE Reuss 1862

Genus: SPIRILLINA Ehrenberg 1843
Genotype: S.vivipara Ehrenberg 1843

Spirillina radiosa Parr
Plate 10, Figure 10.

Spirillina radiosa PARR,1950,p.350,pl.1%,figs.12-14.

Distribution: One Antarctic station,19%m (Parr 195C). Very rare in
present samples, one test in 173m (81-10),sandy sediment.

Genus: PATELLINA Williamson 1858
Genotype: P.corrugata Williamson 1858

Patellina corrugata Williamson
Plate 10, Figures 8,9.

Patellina corrugata WILLIAMSON,1858,p.46,pl.%,figs.86-89.
Patellina corrugata Williamson.CHAPMAN & PARK,19%7,p.102.
Patellina antarctica PARR,1950,p.3%2,pl.13,figs.19-21.

Patellina corrugata Williamson.MCKNIGHT,1962,p.124,pl.20,fig.1%1.

Distribution:Three Drake Passage area stations, &2-145m (Heron-Allen &
Earland 1932a). Rare to common in seven present DMcMurdo Sound
samples,79-496m, 7%»-61% mud.

Genus: PATELLINOIDES Cushman 193%3%
Genotype: P.conica Heron-Allen & Earland 1932
Patellinoides depressa leron-Allen & Earland
Plate 10, Figure 11.

Patellinoides depressa HERON-ALLEN & EARLAND,193%2,p.407,pl.13,
figs.30-33%.

Distribution: Four Druke Passage area stations, 118-454m (H-A &
E.1932a). Rare in four present McMurdo Sound samples,110-289m(22%-61%
mud) and 856m (83-3,72% mud).
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Family: KOBERTINIDAE Keuss 1650

Genus: PSEUDOBULIMINA Earland 19%4
Genotype: Pseudobulimina chapmani (Heron-Allen & karland)

Pseudobulimina chapmani (Heron-Allen & Earland)
Plate 10, Figures 12,1%.

Bulimina seminuda Terquem.CHAPMAN,1916,p.29,pl.2,fig.S.

Bulimina chapmani H-4 & E,1922,p.1%C,pl.4,figs.18-20.

Robertina chapmani (k-A & E).WIESNER,19%1,p.124,pl.20,fig.2%9.
Pseudobulimina chapmani (H-A & E).EAHLAND,1954,p.154,pl.6,
Pseudobulimina chapmani (H-A & E).MCKNIGET,1962,p.11b,p1.1b;fig.101.

Distribution: Several tests found in elevated marine deposits, Cape
Barne-Royds, Ross Island (Chapman 1916, Ward 1979); Ross Sea, North
Victoria Land Coast,164-2450m (most common at 475m,Sta.129) (McKnight
1962); nine Antarctic stations, 193%-1266m, one Kerguelen station,150m
(Parr 1950); fourteen Ross Sea and McMurdo Sound stations, 90-13%35m
(Kennett 1968). Rare in five present McMurdo Sound samples, including
82-3(42-45cm),173-850m, 16-48% mud.

Family: TURRILINIDAE Cushman 1927

Genus: BULIMINELLA Cushman 1911
Genotype: Bulimina elegantissima d'Orbigny 18&3%9

Buliminella elegantissima (d'Orbigny) 183%9
Plate 11, Figures 1,2.

Bulimina elegantissima D'ORBIGNY,1839,p.51,pl.7,figs.13,14.
buliminella elegantissima (d'Orbigny).HERB,1971,p.256,pl.1,figs.16,
10

Distribution: From the Americas (d'Orbigny 19%9); one site north of the
Antarctic Convergence, Drake Passage,29%m (Herb 1971). Rare in three
present lMchurdo Sound samples,110m(61% mud), 496m(10% mud) &and 620m(45%
mud ) .
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Family: BOLIVINITINIDAE Cushman 1927

Genus: BOLIVINA d'Crbigny 18%9
Genotype: Textilaria quadrilatera Schwager 1866

Bolivina pseudopunctata Hoglund
Plate 11, Figure 5.

Bolivina punctata d'Orbigny.GOES,1894 (non d'Orbigny 1839),p.49,
pl.9,figs.476,480.

Bolivina pseudopunctata HOGLUND,1947,p.273,pl.24,fig.5,pl.32,
figs.2%,24.

Bolivina pseudopunctata H6glund.CRESPIN,1960,p.28,pl.2,figs.10,11.
Bolivina pseudopunctata Hoéglund.ECHOLS,1971,p.15%,pl.12,fig.11.

Distribution: 37 stations, 26-500m (Hoéglund 1947); nine Alaska stations,
24-246m (Loeblich & Tappan 1953); Late Quaternay deposits, Vestfold
Hills, Antarctica (Crespin 1960); one Scotia Sea station, two Weddell
Sea stations, two S.Sandwich stations and five S.Georgia stations,
329-31%8m (Echols 1971). Persistant but of low abundance in twelve
present McMurdo Sound samples, 79-796m,7%-61% mud.

Bolivina pygmaea Brady 1884
Plate 11, Yigure 4.

Bolivina pygmaea BRADY,1884,pl.53,figs.5,6.

Distribution: Very rare in elevated marine muds, Capes Barne-Royds area,
Ross Island (Ward 1979). Very rare in one present McMurdo Sound
sample,82-3%,1%9m.

Bolivina sp
Plate 11, Figure 3.

Description: Test minute (0.2mm), calcareous, biserial, pustulose
ornament over most of test wall.

Distribution: Very rare in one present NcMurdo Sound sample,81-7,420m,
16% mud.
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Family: ISLANDIELLI1DAE Loeblich & Tappan 1964

Genus: CASSIDULINOIDES Cushman 1927
Genotype: Cassidulina parkeriana Brady 1881

Cassidulinoides porrectus (Heron-Allen & Earland)
Plate 11, Figures 7,8,9.

Cassidulinoides parkeriana Wiesner (non Cassidulina parkeriana
Brady), WIESNER,1931,p.131,pl.21,fig.260.

Cassidulina crassa d'Orbigny var. porrecta HERON-ALLEN & EARLAND,
1932,P°358,P1-91ﬁ-8$-34'—37o

Cassidulinoides porrectus (H-A & E).PARR,1950,p.344,pl.12,fig.26.

Discussion: 30 Falkland Island stations, 23-1035m (H-A & E 19%2); four
Ross and Weddell Sea stations, 164-475m (McKnight 1962); sixteen Ross
Sea and McMurdo Sound stations, 90-865m (Kennett 1968); three elevated
marine muds, Cape Barne-Royds area, Ross Island (Chapman 1916, Ward
1979). Abundant in 18 present McMurdo Sound samples,79-620m, 7%-61% mud.

Cassidulinoides parkerianus (Brady)
Plate 11, Figures 10,11.

Cassidulina parkeriana BRADY,1884,p.432,pl.54,figs.11-16.
Cassidulinoides parkerianus (Brady).PARR,1950,p.3%44,pl.12,fig.25.
Cassidulinoides parkerianus (Brady).McKnight,1962,p.127,pl.22,
fig.141.

Distribution: Four Patagonia stations, 25-289m (Brady 1884); five
stations, Ross and Weddell Seas, 365-1670m (McKnight 1962); three Ross
Sea stations, 210-1134m (Pflum 1966); eight McMurdo Sound and Ross Sea
statons, 270-583m (Kennett 1968); ten Weddell Sea/Scotia Sea stations,
201-2924m (Echols 1971). Very rare in one present licMurdo Sound
sample,139m, Blue Glacier snout in southern McMurdo Sound,C-3cm and
42-45cm (top and base of core). Tests are worn and broken.
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Family: BULIMINIDAE Jones 1875

Genus: STAINFORTHIA Hofker 1956
Genotype: Virgulina concava Héglund 1947

Stainforthia cf. concava (Héglund)
Plate 11, Figure 6.

Virgulina concava HOGLUND,1947,p.257,pl.23,figs.3,4,pl.32, figs.4-17,
text-figs.273%5-275.

Remarks: Tests found in present samples vary slightly from V.concava as
illustrated by H6glund K (1947) in being smaller, straighter and never
having more than one spine.

Distribution: Evenly distributed throughout Gullmar Fjord,20-118m, 20
Skagerak samples,68-626m, in the Kattegat and K¢ster Channel (H8glund
1947). Rare in four present McMurdo Sound samples, 11-856m,including
open sound samples, Blue Glacier snout and MacKay Glacier, about 60%
mud .
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Family: UVIGERINIDAE Haeckel 1894

Genus: TRIFARINA Cushman 1923
Genotype: T. bradyi Cushman 192%

Trifarina earlandi (Chapman & Parr)
Plate 12, Figure 1.

Angulogerina angulosa CHAPMAN & PARR, (non U. angulosa Williamson)
1937,p.97 (pars).

Remarks: Common in most samples; one of twelve species used to define
foraminiferal assemblages.

Distribution: Common throughout present MNcMurdo Sound samples,79-856m,
including open water and harbour samples. Most abundant in shallower
depths, persistant at several centimeters down cores:
81-15,550m(Granite Harbour),14-19cm and 29-31cm; 81-18,254m(4-6cm,
30-34cm and %8-41cm, bottom of core), 82-2,796m,40-43cm,82-3,13%9m,
42-45cm, and 82-1,3%03m,25-30cm.

Trifarina pauperata (Heron-Allen & Barland)
Plate 12, Figure 2.

Uvigerina angulosa var. pauperata HERON-ALLEN & EARLAND,193%2,
p-3%98,pl.12,figs.40-43.

Angulogerina angulosa Williamson var. asperrima CHAPNMAN & PARR,
1937,p.97,pl1.8,fig.20.

Angulogerina pauperata (H-A & E).PARR,1950,p.341.

Trifarina pauperata (H-A & E).KENNETT,1968,Table 4.

Distribution: Six Falkland area stations,454-10%5m (H-A & E 19%2); two
Antarctic stations,393-540m (Parr 1950); Rare in five present McMurdo
Sound samples,including three open water sites,420-560m,10%-16% mud, and
two harbour sites,81-18,254m, 46% mud,New Harbour,38-41cm (base of core)
and 82-1,30%m,Granite Harbour, 25-30cm (base of core), where it was most
abundant.
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Family: DISCORBIDAE Ehrenberg 1838

Genus: EPISTOMINELLA Husezima & Maruhasi 1944
Genotype: E.pulchella Husezima & NMaruhasi 1944

Epistominella vitrea Parker
Plate 12, Figures %,4.

Epistominella vitrea PARKER.PARKER,PHLEGER & PEIRSON,1953,p.9,
plu4ofi88.34-36,40’41 .
Epistominella vitrea Parker.MURRAY,1971,p.131,pl.54,figs.1-6.

Distribution: Type locality Mississippi Delta, 17m (Parker,Phleger &
Peirson 1953); British shelf waters, 14-1002m (Murray 1971); workers in
the Antarctic area (Barker 1960, Kennett 1968, Echols 1971) list
E.exigua, often in great abundance 19 Ross Sea stations,90-13%5m
(Kennett 1968). Variable abundance in present samples,most common in
shallow open sound waters,79-289m, but found down to 796m (82-2,Granite
Harbour),7%-61% mud ; also found down Cores 81-15,550m,Granite
Harbgur,29-31cm and 81-18,254m,New Harbour,30-34cm and 38-41cm(base of
core).

Genus: ROSALINA d'Orbigny 1826
Genotype: R.globularis d'Orbigny 1826

Rosalina globularis d'Orbigny
Plate 12, Figures 5,6.

Rosalina globularis D'ORBIGNY 1826,p.271,pl.13%,figs.1,2.

Discorbis globularis (d'Orbigny).CUSHMAN,1931,p.22,pl.4,fig.9.
Discorbis globularis (d'Orbigny).PARR,1950,p.353.

Discorbis globularis (d'Orbigny).MCKNIGHT,1962,p.125,pl.20,fig.13%.
Rosalina globularis d'Orbigny. KENNETT,1968,Table 4.

Distribution: Eight Antarctic stations,19%-640m, three Kerguelen sites,
4-150m, two lMecquarie stations,intertidal to 69m and two Tasmania
stations, 122-155m (Parr 1950); three Ross Sea stations, 164-475m
(McKnight 1962); 18 Ross Sea and McMurdo Sound stations, 90-133%5m
(Kennett 1968). Rare in twelve present  NcMurdo Sound
samples,79-796m,7%-61% mud, most common(dead tests) at 289m(81-84), 59%
mud .
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Family: GLABRATELLIDAE loeblich & Tappan 1964

Genus: HERONALLENIA Chapman & Parr 1931
Genotype: Discorbina wilsoni Heron-Allen & Earland 1922

Heronallenia kempii (Heron-Allen & Earland)
Plate 12, Figure 7.

Discorbis kempii HERON-ALLEN & EARLAND,1929,p.332,pl.4,figs.40-48.
Heronallenia kempii (H-A & E).HERB,1971,p.265,fig.6,pl.1,fig.15%.
Heronallenia kempii (H-A & E).THOMPSON,1978,p.257,pl.2,figs.6,7.

Distribution: Ten Falkland Island stations, 23-191m (H-A & E 1929);
three Cape Horn stations north of Antarctic Convergence, 115-641m (Herb
1971); two upper bathyal zone stations, Cape Horn Province, 247-29%m
(Herb 1971); two elevated marine deposits, Cape BarneRoyds area, Ross
Island (VNA-8 & 1%) (Ward 1979). Rare in present McMurdo Sound samples,
one test in 81-3(1%9m) and one test in 81-10(173m).

Genus: GLABRATELLA Dorreen 1948
Genotype: Discorbina pulvinata Brady 1884

Glabratella sp
Plate 12, Figures 8,9.

Description: Test free, minute (O.1mm), low trochospiral coil of one
whorl, chambers increasing gradually in size; wall calcareous, hyaline
and smooth; sutures broadly depressed on spiral side, ventral side
centrally umbilicate, apertures of all chambers forming open umbilicus,
margin of aperture with fine radial striae. Very similar to following
species (Schackoinella antarctica) but with no evidence of spines.

Distribution: Rare in present McMurdo Sound samples, 81-12(110m,61% mud)
and 81-10(173m). Also found in elevated marine deposits on Cape Barne-
Royds area of Koss Island (VNA-8) (Ward 1979).

Genus: SCHACKOINELLA Weinhandl 1958
Genotype: S.sarmatica Weinhandl 1958

Schackoinella antarctica Ward & Quilty sp nov
Plate 13, Figures 1-9.

Description: Test free, minute (O.1mm), low trochospiral coil of one
whorl, three to four chambers per whorl, two to five spines on each
chamber, though not all chambers on all tests have spines (Pl1.13,Fig.4);
wall calcareous, hyaline, finely perforate, slightly reticulose surface
texture (Pl.13,Fig.1-4,8,9); spiral sutures broadly depressed, ventral
sice centrally umbilicate, apertures of all chambers forming open
umbilicus, margin of aperture with fine radial grooves or striae,
reaching to edge of test (P1.13,Fig.7); similar to Rosalina imperatoria,
figured by d'Orbigny (1846, p.176,P1.10,figs.16-18) from the Tertiary of
the Vienna Basin. His form has more numerous chambers, sutures are
flush with the test surface, and test has three whorls; spines are
numerous, and umbilical region very similar to that described here for
S.antarctica. Not figured in Quilty (1975). (To be described in
Journal of Foraminiferal Research, paper in prep.).




Distribution: Rare in present samples,79-620m,7%-59% mud,no live tests
found, dead only: 83-26,four tests, 81-8A,one test, 81-10,two tests and
80-6,one test; also recorded from elevated marine deposits from the Cape
Barne-Royds area of Ross lsland (Ward 1979).

Family: CIBICIDIDAE Cushman 1927

Genus: CIBICIDES de lMontfort 1808
Genotype: C.refulgens de Montfort 1808

Cibicides.lobatulus (Walker & Jacob)
Plate 14, Figures 3,4.

Nautilus lobatulus WALKER & JACOE (in Kammacher),1798,p.642,pl.14,
fig.%6.
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Family: GLOBOROTALIIDAE Cushman 1927

Genus: GLOBORCTALIA Cushman 1927
Genotype: Pulvinulina menardii (d'Orbigny) var tumida Brady

Globorotalia inflata (D'Orbigny) in Barker-Webb & Berthelot 1839
Plate 15, Figure 9.

Globorotalia inflata (d'Orbigny).FINLAY,19%9,p.530.
Globorotalia (Turborotalia) inflata (d'Orbigny).JENKINS,1971,p.116,
pl.11,figs.282-287.

Distribution:

One small (0.25mm) pyritised test in Core 81-6.460m.
This test is from reworked older sediments; it does not represent

contamination.
Family: GLOBIGERINIDAE Carpenter,Parker & Jones 1862

Genus: NEOGLOBOQUADRINA Bandy, Frerichs & Vincent 1967
Genotype: Globigerina dutertrei d'Orbigny in de la Sagre 1839

Neogloboquadrina pachyderma (Ehrenberg)
Plate 15, Figures 8,10,11.

Aristerospira pachyderma EHRENBERG,1861,p.276,277,303.

Aristospira pachyderma EHRENBERG,187%,pl.1,fig.4.

Globigerina pachyderma (Ehrenberg).HERON-ALLEN & EARLAND,1922,p.190.
Globigerina pachyderma (Ehrenberg).TODD & LOW,1967,p.A39,pl.5,fig.22
Neogloboquadrina pachyderma (Ehrenberg).BANDY,FRERICHS & VINCENT,
1967,p.152,pl-14.

Neogloboquadrina pachyderma (Ehrenberg).ANDERSON,1975,p.90.pl.9,
fig.4.

Neogloboquadrina pachyderma (Ehrenberg).KELLER,1978,p.208,pl.2,
figs.1-9.

Distribution: Common throughout McMurdo Sound and the Ross Sea.
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Family: ELPHIDIIDAE Galloway 1933

Genus: ELPHIDIUM de Montfort 1808
Genotype: Nautilus macellus var. B Fichtel & Moll 1798

Elphidium sp
Plate 12, Figure 10.

Description: Test small, calcareous, opaque, last chamber missing on all
four tests found; sutures slightly depressed, with pustulose ornament
extending to umbilicus on both sides of test.

Distribution: Very rare, found only in 1982-3, 1%9m, Blue Glacier snout,
southern kckMurdo Sound.

Family: CAUCASINIDAE Bykova 1959

Genus: FURSENKOINA Loeblich and Tappan 1961
Genotype: Virgulina squamosa d'Orbigny 1826

Fursenkoina earlandi (Parr)
Plate 15, Figure 1.

Bolivina punctata EARLAND (non d'Orb) 1934,p.132,pl.6,figs.5-7.
Bolivina earlandi PAKR,1950,p.339,pl.12,fig.16.

Bolivina earlandi Parr .MCKNIGHT,1962,p.123%,pl.19,fig.123.
Fursenkoina earlandi (Parr).KENNETT,1968,Table 4.

Remarks: One of twelve species used to define foraminiferal assemblages.

Distribution: 45 subantarctic stations,24-3762m (most common less than
1000m) (Earland 19%4); five Antarctic stations,219-1718m (Parr 1950);
Ross and Weddell Seas, 164-475m (McKnight 1962); 14 McMurdo Sound and
Ross Sea stations,90-1015m(Kennett 1968). Persistant but not abundant in
present McMurdo Sound samples,79-856m,7%-85.7% mud. Especially
persistant down Cores 81-15(550m,to 56cm,base of core,75% mud) and
81-18(254m, to 41cm,base of core,46% mud).

Femily: CASSIDULINIDAE d'Orbigny 1839

Genus: EHRENBERGINA Reuss 1850
Genotype: E.serrata Reuss 1850

Ehrenbergina glabra Heron-Allen & Earland
Plate 14, Figures 1,2.

Ehrenbergina serrata Reuss.CHAPMAN,1916,p.44,pl.2,figs.16,17.
Ehrenbergina hystrix Brady var glabra H-A & E,1922,p.140,pl.5,
figs.1-6.

Ehrenbergina glabra H-A & E.MCKNIGHT,1962,p.127,pl.22,fig.142.

Remarks: Common to abundant in most samples; one of twelve species used
to define foraminiferal assemblages.

Distribution: 15 FKoss Sea and lNclurdo Sound stations,82-548m (H-A & E
1922); elevated marine muds from above Drygalski Glacier and from Cape
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Barne-Royds area of Ross Island (Chapman 1916); four Falkland lsland
stations,1500-4773m (Earland 193%4); widely distributed in Ross and
Weddell Seas,165-2620m (McKnight 1962). Common in present McMurdo Sound
samples,79-660m,7%-61.2% mud; most common in 81-8A(289m,59% mud) and
81-10(173m).

Genus: GLOBOCASSIDULINA Voloshinova 1960
Genotype: Cassidulina globosa Hantken 1875

Globocassidulina biora (Crespin)
Plate 14, Figures 8,9.

Cassidulina biora CRESPIN,1960,p.28,pl.3,figs.1-10.
-Globocassidulina biora (Crespin).FILLON,1974,p.133,pl.1,figs.8-15.

Distribution: Type locality, Vestfold Hills, Antarctica (Crespin 1960);
15 Ross Sea and Mcmurdo Sound sites, 90-13%%5m (most common at 530m)
(Kennett 1968); Ross Sea cores, 250-3500m (Gauss and pre-Gauss
sediments) (Fillon 1974). Rare in 12 present samples, 79-560m.
Especially notable are seven live tests in 81-17 (358m, Cape Roberts).
These areyfirst live G.biora to be reported (Fillon 1974).
the
Globocassidulina crassa (d'Orbigny)
Plate 14, Figure 7.

Cassidulina crassa D'ORBIGNY, 183%9,p.56,pl.7,figs.18-20.
Cassidulina crassa d'Orbigny. BARKER,1960,p.112,pl.54,figs.4,5.
Cassidulina oblonga Reuss.MARKS,1951,p.68.

Cassidulina crassa d'Orbigny.CRESPIN,1960,p.29,pl.3,figs.12,13.
Globocassidulina crassa (d'Orbigny) var rossensis,KENNETT,1967,
p-13%4,pl.11,figs.4-6.

Globocassidulina crassa rossensis Kennett.FILLON,1974,p.132,pl.1,
figs.1-7.

Remarks: Common in most samples; one of twelve species used to define
foraminiferal assemblages.

Distribution: One Heard Island, S.Pacific station, 137m and one site
west of Ireland, N.Atlantic, 2981m (Brady 1884); from the Miocene,
Vienna Basin (Marks 1951); 17 Ross Sea and McMurdo Sound stations,
90-1335m (Kennett 1968); Ross Sea cores, 250-550m (Brunhes age sediments
only) (Fillon 1974). Persistant in present McMurdo Sound samples,
occasionally abundant, 79-796m, 7%-85.7% mud, most abundant 11289m
(81-8,9,10,12); especially persistant down cores 81-15 (550m, Granite
Harbour, to 56cm) and 81-18 (254m, New Harbour, to 41cm).

Globocassidulina subglobosa (Brady)
Plate 14, Figures 5,6.

Cassidulina subglobosa BRADY,1881,p.60.
Cassidulina subglobosa Brady.H-A & E,193%2,p.%59.

Distribution: One Pernambuco site, Atlantic Ocean, 1234m (Brady 1884);
37 Falkland Island stations, O0-612m (H-A & E 1932); 12 Antarctic
stations,  210-3545m (most &bundant 300-1700m) (Pflum 1966); four
stations south of Antarctic Convegence, 73%-4176m and five stations north
of Antarctic Convergence, 1953=-3376m (Herb 1971); 35 Drake
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Passage/Scotia Sea stations, 498-4542m (most abundant in shqllower
sites) (Echols 1971). Rare in present samples,79-560m,7%-61% mud;
usually associated with Cassidulinoides porrectus.
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Family: NONIONIDAE Schultze 1854

Genus: ASTRONONION Cushman & Kdwards 1937
Genotype: Nonionina stelligera d'Orbigny 1839

Astrononion antarcticum (Parr)
Plate 15, Figure 4.

Nonionina stellegerus WIESNER (non N.stelligera d'Orb) 1931,p.123,
pl.19,fig.234.

Nonionina stellegera EARLAND (non N.stelligera d'Orb) 19%4,p.189.
Astrononion antarcticus PARR,1950,§l371,pl.15,figs.13 & 14.
Astrononion antarcticum (Parr).KENNETT,1968,Table 4.

Distribution: 20 stations, 50-3762m (most common at 200m) (Earland
1934); five Antarctic stations,220-640m and one Kerguelen station,150m
(Parr 1950); 20 MclMurdo Sound and koss Sea statons,90-13%5m (Kennett
1968). Common in 17 present McMurdo Sound samples, mainly open water,
some harbour sites,79-660m,7%-77% mud; also down Core 81-18(254m,New
Harbour) to 41cm(base of core,46% mud).

Astrononion echolsi Kennett
Plate 15, Figure 5.

Astrononion echolsi KENNETT,1967,p.13%4,pl.11,figs.7,8.
Astrononion echolsi Kennett.FILLON,1974,p.159,pl.6,figs.1-3.

Distribution: Twelve stations from S.Georgia,S.Orkney and $.Sandwich
Islands (366-3697m) (Echols 1971); seventeen Ross Sea and McMurdo Sound
stations,110-790m (Kennett 1968). Common in present samples, open water
and harbour sites,79-856m,7%-85.7% mud;in Core 81-15(550m,Granite
Harbour,%6cm) and Core 81-18 (254m, New Harbour,41cm,46% mud).

Genus: NONIONELLA Cushman 1926
Genotype: N.miocenica Cushman 1926

Nonionella iridea Heron-Allen & Earland
Plate 15, Figures 2,3.

Nonionella iridea H-A & E,1932,pl.16,figs.14-16.
Nonionella iridea H-A & E.ECHOLS,1971,pl.13,fig.4.
Nonionella iridea H-A & E.FILLON,1974,p.140,pl.5,figs.11,14.

Distribution: fTwelve Ross Sea and lcMurdo Sound stations, 110-13%3%5m
(Kennett 1968); one S.Orkney stations,490m (Echols 1971). Common to
rare in eight present McMurdo Sound sites,110-856m,18-72% mud. Also in
82-2(796m),40-43cm and 82-1(303m),25-30cm.

Genus: PULLENIA Parker & Jones in Carpenter, Parker & Jones 1862
Genotype: Nonionina bulloides d'Orbigny 1846

Pullenia subcarinata (d'Orbigny)
Plate 15, Figure 7.

Nonionina subcarinata D'ORBIGNY,1839,p.28,pl.5,figs.2%,24.

Nonionina quingueloba REUSS,1851,p.71,pl.5,fig.31.

Pullenia quinqueloba (Reuss).WIESNER,1931,p.1%2.

Pullenia subcarinata (d'Orbigny).H-A & E,19%2,p.40%,pl.1%,figs.14-18
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Pullenia subcarinata (d'Orbigny).PARR,1950,p.547.
Pullenia subcarinata (d'Orbigny).ECKNIGHT,1962,p.128,p1.22,fig.4.
Pullenia subcarinata (d'Orbigny).KENNETT,1968,Table 4.

Distribution: One Kerguelen station, 220m, and one Prince Edward Island
station, 91-274m (Brady 1884); seven Antarctic stations,193%-1266m, and
six Kerguelen stations,2-150m (Parr 1950); eight Ross Sea stations,
164-2620m (McKnight 1962); nineteen Ross Sea and McMurdo Sound stations,
90-1335m (Kennett 1968). Common in 12 present samples,79-560m,7%-61%
mud .

Pullenia bulloides (d'Orbigny)
Plate 15,Figure 6.

Nonionina bulloides D'ORBIGNY,1846,p.107,pl.5,figs.9,10.
Pullenia sphaeroides (d'Orbigny).BRADY,1884,pl.84,figs.12,1%.
Pullenia bulloides (d'Orbigny).BARKER,1960,p.174,pl.84,figs.12,1%.

Distribution: One N.Pacific station, 3%83m and one S.Atlantic station,
4023m (Brady 1884); Drake Passage area, six stations north of Antarctic
Convergence, three south of Antarctic Convergence, 25%-3927m (Herb 1971).
Found in one (81-9) present McMurdo Sound sample,270m,18.2% mud.
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PLATES 1-15

The format for the caption pages accompanying

the SEM plates is as follows: figure number, genus and
species name, varietal name (if relevant), magnification

and sample number from which the specimen was taken. All
tests are from the top two or three centimeters of cores,
from grabs (1980 samples and 1983 samples), or from intervals
down the longer sphincter cores; if this is the case the
interval in centimeters is given with the sample number.
Comments on angle of view of tests are noted after the

sample number.




PLATE 1

1. Ammopemphix sp x93 (1981-17).
2. Rhabdammina cf. abyssorum x39 (1983-7).
3. Hyperammina cylindrica x71.5 (1981-4).
4,5 Hyperammina malovensis

4., x110 (1981-6).

5. x42.6 (1981-2).

6. Hyperammina subnodosa x106 (1981-6).
7,8. Thurammina albicans
7. x263 (1981-9).
8. x89 (1981-8A); attached to small sponge spicule.
9,10. Bathysiphon hirudinea
9. "A" x170 (1981-16).
10. "B" x186 (1981-16).
12. Hemisphaerammina bradyi x274 (1981-4); attached to
large sponge spicule.
13,14. Thurammina protea
13. %203 {(1981-9).

14. x106 (1981-2); attached to small mineral grain.

11. Bathysiphon sp. x101 (1983-26)







PLATE 2

1,2,3. Reophax pseudodistans var. tenuis
1. "A" x71.5 (1983-7); constructed of siliceous
sponge spicules and a few mineral grains.
2. "A" x150 (1983-7).
3. "B" x29 (1981-9).
4. Reophax subdentaliniformis x110 (1981-9).
5. Reophax pilulifer x78 (1981-9).
6. Turitellella shoneana x252 (1981-16).
7,12. Hormosina ovicula
7. x85 (1981~-2).
12. x194 (1981-2); proloculus.
8,9. Saccammina sphaerica
8. x150 (1981-16).
9. x120 (1981-9).
10,11. Pelosina bicaudata
10. x89 (1981-18); broken open to show internal
organic sac.
11. x63 (1981-18).
13. Hormosina sp x252 (1983-26).
14. Psammosphaera fusca x65.5 (1981-4).
15. Glomospira charoides x503 (1983-26).

16. Glomospira gordialis x252 (1981-9).
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PLATE 2




PLATE 3

1. Textularia antarctica x263 (1981-9).
2. Textularia earlandi x287 (1980-8).
3. Spiroplectammina filiformis x372 (1981-16).
4, Verneuilina advena x680 (1981-16).
5. Verneuilina minuta x680 (1981-16).
6,7. Portotrochammina antarctica
6. x274 (1981-9); ventral view.
7. x300 (1981-9); dorsal view.
8,9. Portotrochammina eltaninae
8. x312 (1981-9); dorsal view.
9. %287 (1981-4); ventral view.
10. Conotrochammina bullata x388 (1981-6); ventral view.
11. Trochammina sp A x287 (1980-8).
12,13. Eggerella bradyi
12. x170 (1981-2); ventral view.

13. x231 (1981-2), dorsal view.




PLATE 3




4.

5.

PLATE 4

Cribrostomoides jeffreysii x163 (1981-9).
Cribrostom@ides wiesneri x163 (1981-8A).
Cribrostomoides subglobosus x93 (1981-4).
Miliammina arenacea x170 (1981-2).

Miliammina lata x252 (1981-16).

6,7,8. Trochammina glabra

6. x442 (1981-4); ventral view.
7. x482 (1981-9); ventral view.

8. x503 (1981-4); dorsal view.

9,10. Trochammina gaboensis

9. x300 (1981-4); dorsal view.

10. x263 (1981-4); ventral view.

11. Trochammina sp B x526 (1981-8A).
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PLATE 5

1. Miliolid sp B x203 (1981-8A).
2. Miliolid sp A x600 (1981-2).
3. Sigmoilina umbonata x178 (1980-8).
4. Cruciloculina triangularis x221 (1981-4).
5. Pyrgo depressa x71.5 (1980-8).
6. Pyrgo murhyna x341 (1981-18, 38-4lcm).
7. Pyrgo elongata x93 (1981-10).
8. Pyrgoella sphaera x93 (1981-10).
9,10. Planispirinoides bucculentus
9. x68.5 (1981-8A).
10. x221 (1983-26); Jjuvenile ?.

11. Cyclogyra involvens x93 (1981-10).




PLATE 5




PLATE 6

1. Lagena elongata x274 (1981-5).
2. Lagena gracillima x137 (1981-2).
3. Lagena distoma x163 (1981-16).
4,5. Lagena gracilis

4. %312 (1981-2).

5. %372 (1981-2).
6. Lagena striata x101 (1981-8A).
7,8,9. Lagena nebulosa

7. x356 (1981-8A).

8. x203 (1981-18, 38-4lcm).

9. x745 (1981-18, 38-4lcm).
10. Dentalina communis x115 (1981-2).
11. Lingulina vitrea x326 (1981-10).
12,13. Lenticulina gibba

12. x142 (1981-8A).

13. x178 (1981-8A).




PLATE 6




PLATE 7

1. Laryngosigma hyalascidia x526 (1981-8A).
2,3. Glandulina antarctica

2. x312 (1981-2); megalosphaeric.

3. x252 (1981-2); microsphaeric.
4. Glandulina laevigata x312 (1982-3).
5,6. Nodosaria mariae

5. x388 (1981-10).

6. x1550 (same test); close-up of proloculus.
7,8. Nodosaria sp

7. x106 (1981-2).

8. x1010 (same test); close-up of aperture.
9. Polymorphina sp x252 (1981-83).
10,11. Fissurina sp

10. x300 (1981-2).

11. x2400 (same test); close-up of test wall.




PLATE 7




PLATE 8

1,2,3. Fissurina foliformis

1. x300 (1981-2).

2. x300 (1981-2).

3. x573 (1981-10).
4. Fissurina subformosa x203 (1981-2).
5. Fissurina subtilis x341 (1981-9).
6. Fissurina semimarginata x241 (1981-2).
7.Fissurina mennellae x424 (1981-10).
8. Fissurina cornigera x573 (1981-10).
9. Fissurina marginata x326 (1981-10).
10. Fissurina spathiformis x406 (1981-8A).
11. Fissurina texta x170 (1981-10).

12. Fissurina tingellifera x625 (1981-2).




PLATE 8




PLATE 9

1,2. Entolingulina biloculi

1. x625 (1981-12).

2. x573 (1980-8).

3. Entolingulina
4. Parafissurina
5. Parafissurina
6. Parafissurina
7. Parafissurina
8. Parafissurina

9. Parafissurina

bicarinata x600 (1981-8A).
fusuliformis x462 (1980-8).
marginata x462 (1980-8).
pustulata x300 (1981-10).
lateralis x274 (1981-10).
curta x143 (1981-2).

pseudoorbignyana x231 (1981-10) .

10. Parafissurina subcarinata x356 (1981-2) .

11. Parafissurina staphyllearia x503 (1981-8A).

12,13. Oolina sp

A

12. x231 (1981-10); partially dissolved.

13. x300 (1981-10).
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PLATE 10

1. Oolina sp C x287 (1981-5).
2,3. Oolina melo
2. x341 (1981-6-BB).
3. x287 (1981-8A).
4. Oolina apiopleura x131 (1981-2).
5. Oolina sp B x150 (1981-2).
6. Oolina hexagona x442 (1981-9).
7. Oolina squamosa-sulcata x424 (1983-26).
8,9. Patellina corrugata
8. x341 (1980-8); dorsal view.
9. x178 (1981-10); ventral view.
10. Spirillina radiosa x170 (1981-10).
11. Patellinoides depressa x925 (1981-8A); ventral view.
12,13. Pseudobulimina chapmani
12. x186 (1981-8A); dorsal view.

13. x186 (1981-10); side view.




89

PLATE 10




PLATE 11

1,2. Buliminella elegantissima
1. x1050 (1981-12).
2. x885 (1981-12).
3. Bolivina sp x424 (1980-15).
4. Bolivina pygmeae x573 (1982-3).
5. Bolivina pseudopunctata x300 (1981-12).
6. Stainforthia concava x486 (1981-2).
7,8,9. Cassidulinoides porrectus
7. x131 (1981-83).
8. x143 (1981-9).
9. %655 (1981-9).
10,11. Cassidulinoides parkerianus
10. x212 (1982-3, 42-45cm).

11. x356 (1982-3, 42-45cm).




PLATE 11




PIATE 12

1. Trifarina earlandi x143 (1981-9) .
2. Trifarina pauperata %178 (1981-2).
3,4. Epistominella vitrea
3. x462 (1982-3); ventral view.
4. x482 (1982-3); dorsal view.
5,6. Rosalina globularis
5. x212 (1981-9); ventral view.
6. x326 (1981-9); dorsal view.
7. Heronallenia kempii %300 (1981-10); vents21 view.
8,9 Glabratella sp
8. x885 (1981-8A); dorsal view.
9. x625 (1981-8A); ventral view.

10. Elphidium sp x442 (1982-3, 42-45cm) .
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PLATE 13

1-9. Schackoinella antarctica n. sp.

x625 (1983-26); edge view.

x745 (same test as 1); ventral view.
x1620 (same test as 1l); close-up.
x573 (1981-8A); ventral view.

x1250 (same test as 4); close-up.
%925 (1983-26); dorsal view.

x1620 (same test as 6); close-up.
x845 (1983-26); ventral view.

x1620 (same test as 8); close-up.




PLATE 13




PLATE 14

1,2. Ehrenbergina glabra
1. x194 (1981-9); dorsal view.
2. x163 (1981-9); ventral view.
3,4. Cibicides lobatulus
3. x115 (1981-2); ventral view.
4. x131 (1981-4); dorsal view.
5,6. Globocassidulina subglobosus
5. x341 (1982-3).
6. x356 (1981-9).
7. Globocassidulina crassa x212 (1981-8A).
8,9. Globocassidulina biora
8. x170 (1981-9).

9. x388 (1981-2).
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PLATE 15

1. Fursenkoina earlandi x287 (1981-2) .

2,3. Nonionella iridea

4.

5.

6.

7.

2. x388 (1981-2).

3. x372 (1980-8).
Astrononion antarcticum x178 (1981-9) .
Astrononion echolsi x194 (1981-8A3).
pullenia bulloides x212 (1981-9).

Pullenia subcarinata x110 (1981-10) .

8,10,11. Neogloboquadrina pachyderma

9.

8. %300 (1981-9); dorsal view.
10. x287 (1981-9); ventral view.
11. x341 (1981-8A); dorsal view.

Globorotalia inflata x341 (1981-6) ; dorsal

view.
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CHAPTER 4
DEFINITION AND DISTRIBUTION OF RECENT BENTHIC FORAMINIFERAL ASSEMBLAGES

Ecological factors controlling distribution of assemblages

Introduction

Distribution of benthic foraminifera in surface sediments of the
Antarctic has been the subject of the now classic works of Brady (1884),

Pearcey (1914), Wiesner (1931), Heron-Allen  and Earland

(1922,1929,1932), Earland (1933,1934,1936), Chapman and Parr (1937) and

parr (1950). These were all concerned with description of species and

have been useful in determining proper identification of taxa, depth

distribution and areal distribution of foraminifera.

More recently, McKnight (1962) investigated foraminiferal

_distribution in the surface sediments of the Ross Sea with respect to

ecological influences such as temperature, salinity, depth, water

currents and mean grain size of substrate. He concluded that water

depth, salinity, temperature and grain size had little or no effect on

foraminiferal distribution. Organic carbon seemed to affect some

agglutinated forms but not calcareous ones. Despite the apparent lack of
influence of measured parameters on the foraminifera studied, McKnight
established three tentative assemblages with approximate boundaries at:

164-475m, >384m and >/=475m.

He was followed by Pflum (1966), who studied foraminiferal
distribution and the effects of water currents previously postulated by

McKnight. He also established that temperature and salinity were not

important, and stated that water depth MIGHT be important. Pflum also




defined three foraminiferal assemblages "that may be related to depth":

Shelf I, 210-515m; Shelf II, 604-1134m; and Slope, 1765-3545m.

Kennett (1967,1968), Echols (1971), Herb (1971), Fillon (1972,1974),
Anderson (1975), and Osterman and Kellogg (1979) also studied
foraminiferal distribution. The Drake DPassage and Weddell Sea area,
investigated by Echols, Herb and Anderson, has several benthic
foraminiferal assemblages associated with water masses. The water masses
are distinguished by temperature, salinity, flow direction and depth.
This area is responsible for most of the Antarctic Bottom Water

formation which circulates to the world's oceans.

Kennett, Fillon and Osterman and Kellogg concentrated on the Ross Sea
and McMurdo Sound region. Many of the benthic species found in the
Weddell Sea-Drake Passage area are also found in the Ross Sea region.
These workers also investigated environmental aspects such as salinity,
temperature, substrate and thé CCD, and concluded that the only
measurable influence was the CCD. Kennett (1968) 1located the CCD in
McMurdo Sound at around 620m. Elsewhere in the Ross Sea it is as deep as
800m ( Osterman and Kellogg 1979). From this it was evident that water
depth was not as important a control of the CCD as water chemistry (such
as pH), and sea-ice cover which controls calcium carbonate dissolution
by restricting gas exchange across the air/water interface. The
discussions in these works of calcareous, arenaceous and mixed benthic
foraminiferal assemblages were quite useful in defining the three
assemblages described later in this chapter. Though Echols (1971, p.96)
did count live tests in 34 samples stained with rose bengal, his work,

as did that of the other investigators mentioned above, concentrated on
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total populations. In this chapter life assemblages 1in McMurdo Sound
are documented to determine their environmental limitations and are

compared with associated death assemblages.

Considerable effort has been spent on investigations in the Arctic
regions. Several of these have proved useful as references for this
present investigation. Loeblich and Tappan's (1953) taxonomic work
provided valuable descriptions and illustrations. Most of the genera
listed by them are bipolar. Distribution of Recent benthic foraminifera
of the Bering Sea was studied by G.J.Anderson (196%). His was one of the
earlier attempts to study living foraminiferal assemblages by staining
with rose bengal, but he had difficulties in counting stained arenaceous
tests, so abandoned the attempt. Green (1960) collected sediment
samples from between 433 and 2760m in the «central Arctic Ocean.
Agglutinated species were very rare, and faunal assemblages correspond

to changes in slope of the sea floor.
Habitat

The living habits of most species of foraminifera are not well known.
Although many if not most foraminiferal studies adopt a sampling
strategy that implies that individuals are uniformly spread over the sea
floor, some studies of benthic foraminifera suggest that they live in

colonies or "clumps" (Shifflett 1961, Todd and Low 1966).

Shifflett's conclusions were based on a study of three samples taken
within a 30m radius at each of four sites, i.e. a total of twelve sites,
on the Heald Bank (10-15m water depth), Gulf of Mexico. Of the total of

50 living species found, the individual samples contained between five




and 23, but this was in large part related to the number of tests
counted, 18 and 126 respectively. The variability in numbers of species
between samples at each site seems to be related to the small number of
tests counted (Figure 14). It was not shown conclusively by Shifflett
that the variability indicates the true proportions of species present
at each site, and consequently does not confirm that these foraminifera
live in colonies (Shifflett 1961, p-54). Shifflett's data indicate that
one needs at least 20, but preferably 100, specimens to give a
reasonable idea of what is at a site in a situation where the total

assemblage is 50 species.

One species of foraminifer has been observed to form colonies on the
floor of McMurdo Sound, but has quite a different character from the

foraminifers described here. It is Notodendroides antarctikos, a large,

branching, sessile form, which is known only from very shallow water
depths of around 30m (DeLaca et al.1980). It was not identified in the
present samples, but could easily be present as broken fragments that

are misidentified.

A check on local variability in both living and dead foraminiferal
assemblages was carried out in McMurdo Sound by comparing Cores 1981-3
and 1981-4 taken 20m apart (Table 1, Figure 15.) Nine of the twelve most
common species occurred in similar proportions in life assemblages from
both cores. The remaining three species showed differences of around 6%,
but these differences are not significant at the 95% level. In a
comparison of the death assemblages from the two cores, only Trifarina

earlandi and Textularina antarctica show much difference in the

proportions present, but these differences ARE  statistically
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Number of Species

Number of Tests
Counted

Figure 14. Data from Shifflett (1961) plotted to show relationship
between number of living tests counted and number of living species.
Taken from each of three subsamples collected at four localities on
Heald Bank, Gulf of Mexico. Number of tests counted (total)=786;
number of species found (total)=50.



Yo 7 T =

7 8 9 10 11

SPECIES
Core No.3 & Death Assemblage
40
]

30
%
20- | B
10-

i

6 7 8 9 0 12
SPECIES

Figure 15. Percentages of twelve selected species from life and death
assemblages of Cores 1981-3 and 4, collected from 560m water depth in
central McMurdo Sound. Species numbers 1 through 12 correspond with those
in Table 1. Species 1 through 8 are agglutinated, species 9 through 12 are
calcareous.
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95% 95%
CONFIDENCE CONFIDENCE
CORE LIVE%  INTERVAL (+/-) SPECIES DEAD% INTERVAL (+/-)
3 6.0 (4) 2.0 (0.6)
REOPHAX PILULIFER(1)
4 8.2 (3.8) 3.6 (0.8)
3 3.0 (-) 0.1 (1)
R.SUBDENTALINIFORMIS (2)
4 9.6 (4) 047 (<1)
5 - (-) 006 ((1)
MILIAMINNA ARENACEA (3)
4 - (=) 0.9 (<1)
3 8.0 (5.2) 5.4 (1.2)
CRIBROSTOMOLDES JEFFREYSII (4)
4 TR (3.4) 6.6 (1.1)
2 3.0 (=) 3.7 (1.2)
TEXTULARIA ANTARCTICA (5)
4 3.4 (2.4) 10.0 (1.5)
3 4.0 (4) 9.1 (1.6)
TROCHAMMINA GLABRA (6)
4 5.3 (2.2) 11.8 (1.4)
3 19.6 (8) 37.3 (3=2)
PORTOTROCHAMMINA ANTARCTICA (7)
4 15.0 (5) 57,0 (2.2)
3 6.8 (4.7) 4.9 (1.2)
PORTOTROCHAMMINA ELTANINAE (8)
4 5T (%) 5.6 (1)
3 14.7 (71 20.4 (2.5)
TRIFARINA EARLANDI (9)
4 8.6 (3.9) 4.9 (1)
3 - (=) - (=)
FURSENKOINA EARLANDI (10)
4 3.4 (2.2) 0.2 (1)
3 3.0 (3.4) 0.1 (1)
EHRENBERGINA GLABRA (11)
4 3.4 (2.6) 0.4 (1)
3 6.8 (5) 2.0 (0.8)
GLOBOCASSIDULINA CRASSA (12)
4 § 0 (1.4) C.5 (1)
> n=102 total tests n= 997 total tests
4 n=208 total tests n=1852 total tests

Table 1: Percentages of live and dead tests for the twelve most common
species from Cores 1981-3 and 4, from 560m, central McMurdo Sound.
Confidence limits after Van Der Plas & Tobi (1965), Table 1, and
Galehouse (1971, Eq.95.4).
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significant. However, they may be due to post-depositional processes
because both cores are within the 1lysocline (560m). An  overall
comparison of the species compositon between the two cores shows much
greater similarities than differences, the only major difference being
T.earlandi. The similarities are considered to justify proceeding on the
assumption that each sample is representative of the location from which
it was taken, and that there are no significant effects on the
proportions of species from clustering or natural patchiness on the sea

floor.
Predation

Predation by fish, decapods, molluscs, polychaetes, marine nematodes
and gastropods can influence the standing crop of an area (Sliter 1971,
Brand and Lipps 1982). Where there is heavy predation the number of live
foraminifera may be low. Study of gut contents of selected
invertebrates from Arthur Harbour, Anvers Island, Antarctica revealed
that foraminifera comprise from less than 1% to 100% of the diet, but
are generally less than 12%. Species of foraminifera most commonly

ingested were Rosalina globularis, Cribrostomoides jeffreysii, Patellina

corrugata, Saccammina sphaerica, Rotaliammina ochracea, Trochammina

spp., Glabratella sp., and Cyclogyra sp. Some species are preyed upon

preferentially; for example, the large chiton Nuttalochiton mirandis

feeds mainly on Rosalina globularis.

Boring, scraping (as by radulas) and etching by stomach acids can
either destroy or damage foraminiferal tests (Hickman and Lipps 1983).
When a species is preferentially preyed upon (Brand and Lipps 1982) it

may represent a smaller percentage of the assemblage in the fossil



100
record than would normally be the case, as damaged calcite tests would
be 1less likely to ©be preserved and agglutinated foraminifera would
disaggregate to their original grains (Buzas 1982). Where the number of
live or dead tests per unit volume or weight of sediment is commonly
used for environmental analysis as an indication of standing crop and
productivity, reduction by grazing will effect ecological
interpretations. Evidence of predation in McMurdo Sound is seen in
small bore holes perforating some calcareous tests. These are not to be
confused with the natural pores in certain species. The following SEM
photos illustrate this type of predation: Plate 6, Figure 4; Plate 7,

Figure 4; Plate 8, Figure 5; Plate 9, Figures 10,11; Plate 14, Figure 8.

Oceanographic factors

Temperature and salinity are stable enough not to affect
foraminiferal populatiohs severely (Chapter 1). The ruling factor is
the shallow CCD, produced by cold temperatures and low pH. Currents
seem to play a small role in the distribution of 1living foraminiferal
assemblages. Velocities are generally low, but are moderate at several

sites around Cape Armitage into the Erebus Basin, and off Cape Roberts.

Sedimentary factors

The sedimentation rate for the McMurdo Sound area is still wunder
investigation, but is probably quite slow (<1.0mm/year). Windblown
sediment seems to contribute the greatest component of terrestrial
material, but faecal pellets are also a large component (Barrett et

al.1983).



Test shapes, ornament and wall thickness of fossil calcareous
foraminifera in the Los Angeles and Ventura Basins, California, show a
relationship with sediment type (Hendrix 1958). Rounded , keelless
unornamented forms occur in finer laminated sediments, while keeled and
ornamented forms occur in coarser massive sediments. McMurdo Sound

species show little preference for different types of substrate, except

for Cribrostomoidqi jeffreysii, which seems to prefer coarser
substrates, as it is relatively less abundant in the harbour areas. At
similar depths the 'proportion of living and dead C.jeffreysii is

inversely related to the proportion of mud in each sample (Figure 16).

Distribution of foraminiferal assemblages

In  McMurdo Sound agglutinated foraminifera predominate over
calcareous forms (Figure 17, Table 2). Deeper than 620m in the open
sound a variety of agglutinated species form +the 1life and death
assemblages, with virtually no calcareous tests in either. This level,
then, is taken to be the CCD. A few living calcareous specimens are
found below 620m, and are discussed in more detail below. Above 620m in
the open sound, calcareous tests become more frequent. The assemblages
still contain a large number of agglutinated tests, though fewer
agglutinated species (Figure 18). In harbours and enclosed basins, life
assemblages show less variation in proportions of calcareous
foraminifera with depth, but death assemblages show a definite change in
abundance of calcareous tests between 212m and 254m (Figure 17, Samples
1982-4 and 1981-18). Those deeper than about 230m contain less than 5%

calcareous tests; this is taken to mark the CCD in this setting.
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Figure 16. Percentages of Cribrostomoides jeffreysii plotted versus
percentage mud in live and dead counts from open water and harbour
samples. Harbour samples 1981-14A, 16, 17 and 18 (larger symbols),
all from approximately 300m water depth, show the inverse correlation

of relative abundance of C.jeffreysii with the amount of mud in
associated sediments.




102

Live calcareous foraminifera below the CCD

Fursenkoina earlandi and Globocassidulina crassa are exceptional

calcareous species that are found living below the CCD in McMurdo Sound,
and in Granite Harbour and New Harbour. The associated sediments contain
few specimens of their dead shells. It 1is inferred that these two
species have the ability, unusual in calcareous foraminifera, to secrete
their tests in water strongly undersaturated in calcium carbonate, and
that the tests are quickly dissolved after death in these particular
localities. Calcareous specimens reported below the CCD elsewhere in
Ross Sea have been explained as being displaced by turbidity currents
(Anderson et 3&.1982). Live specimens of F.earlandi and G. crassa have
been found at seven sites (Table 3, sites marked with asterisk) where
the remainder of the assemblage is ‘largely agglutinated, and the two
species are living within their ecological limits. They are also found

in shallow areas above the CCD.

Distribution of life assemblages

The diversity of foraminifera greatly increases in the shallower
(<620m) open sound samples due to the increase of calcareous species and
tests because the water has a relatively high pH and is saturated in
calcium carbonate at those depths (see Chapter 1). Lagenidae and
Glandulinidae especially increase in abundance with increasing height

above the CCD (Appendix 2, Foraminifera Lists).

The writer has counted a total of 39,209 tests for population
studies. Of these 2,334 (6%) were alive when collected, and 36,875 (94%)

were dead. There are 123 species and varieties, of which 50 species
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(41%) are not represented in the live fraction, and 3 species (2%) are
found only in the live fraction. The distribution of samples is shown

in Figures 12 and 13, Chapter 2.

Twelve species were selected for close examination in this chapter
for the following reasons: 1) each contributed a statistically important
percentage to the entire count; 2) they cover a wide range of test sizes
and shapes; 3) there are representatives of both agglutinated and
calcareous benthic forms; and 4) each occurs in a majority of the

samples (Figure 18A). ¢

The selected agglutinated species are Portotrochammina antarctica,

Portotrochammina eltaninae, Trochammina glabra , Textularia antarctica,

Cribrostomoides jeffreysii, Miliammina arenacea, Reophax pilulifer and

Reophax subdentaliniformis. The selected calcareous species are

Trifarina earlandi, Ehrenbergina glabra, Fursenkoina earlandi and

Globocassidulina ecrassa. The relative proportions of these define the

assemblages.

There are three main life assemblages present in McMurdo Sound: 1)
DWA: Deep water (>620m) assemblage of central McMurdo Sound; 2) SWA:
Shallow water (<620m) assemblage of McMurdo Sound; 3) HA: Harbour
assemblage in both New Harbour (maximum depth 250m) and Granite Harbour
(maximum depth 800m). The first and third are dominantly agglutinated,
and the second, though having a higher number of calcareous species and
tests, wusually has abundant agglutinated tests as well. Figures 19
through 30 give percentages of each species in each sample, arranged

from shallow (top) to deep (bottom) water in each diagram.



The characteristic assemblages are as follows:

DWA: Reophax pilulifer (highest percent in live assemblage 23%, at

854m), Reophax subdentaliniform{§_(23%, at 850m), Portotrochammina

eltaninae (60%, at 660m, average 14%), Textularia antarctica (31%, at

850m) and Miliammina arenacea (11%, at 755m and 856m).

SWA: Trochammina glabra (live peak of 9.4% at 289m, 1981-84, but

common from deeper sites as well), Cribrostomoides jeffreysii (gradually

increases from deep to shallow areas with 11.4% at 110m, Core 1981-12),

Trifarina earlandi, (15% at 289m, 1981-8A),Ehrenbergina glabra (common

to 620m, with 1live peak of 22% at 173m, 1981-10 and 11.8% at 289m ,

1981-84), Fursenkoina earlandi (common to 128m and present from 420m),

and Globocassidulina q£§§§§_(common to 620m, with a live peak of 18% at

620m, 1983%-26) and a lesser peak of 15% at 420m, 1981-7).

HA: R.subdentaliniformis (live maximum of 38% at 537m),

Portotrochammina antarctica (peak of 16% at 303m), Textularia antarctica

(peak of 25% at 266m), Fursenkoina earlandi (peak of 35% at 550m), and

Globocassidulina crassa (peak of 13.8% at 345m).

Near Cape Armitage, Ross Island, 1is a shelly bottom at the normal
level of the CCD (Sample 1983-26, 620m, Figure 13). The surface sediment
consists of fragmentary bryozoan and other carbonate skeletal material.
Some bryozoans retrieved were in life position, indicating that the
strong tidal currents present there (Gilmour 197%, Heath 1977) do not
preclude marine life and coula be providing extra nutrients to the area.
Possibly the CCD is locally depressed by the currents carrying higher pH

to a greater depth than usual. The foraminifera reported from the site
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£ 'Ié
Table 3: Percentages of live and dead tests of Globocassidulina crassa
and Fursenkoina earlandi. Samples arranged from shallow to deep, open

water and harbour sites.
OPEN WATER
Globocassidulina crassa Fursenkoina earlandi

Sample Depth

No. (m) Live® Dead% Live% Dead%
81-12 110 5.8 5.0 2.53 0.03%
83-22 128 6.5 1.2 21.7 0.4
81-10 173 1.7 3T - 0.05
81-9 213 T3 © 8.4 -- 05
81-8A 289 -- 13.0 - -
81-2 %70 2.5 TT - 0.6
81-7 420 15.1 2.7 0.7 0.02
81-6 460 2.2 0.3 0.9 -
81-5 496 1.6 4.0 5.1 0.5
81-4 560 10 0.5 Bl 0.2
81-3% 560 6.8 2.0 - -
83%-26 620 18.2 115 —— -
83-2 660 - - - —
83-7 755 ==, - ~-= -
81-1 850 - -— - 0.1
83-4 854 - - - =
83-3% 856 3.3 e 3.3 =t

HARBOURS/ENCLOSED BASINS

80-6 79 6.0 6.6 - 0.1
82-3 139 10.6 20.6 - -
82-4 212 2.8 0.7 —— 0.7
81-18% 254 3.4 0.5 0.4 ==
81-16%* 266 8.1 -- 9.7 0.2
82-1 303 == 0.3 - =
81-14% 345 13.8 1.0 13.8 0.8
81-17 358 - 0.6 - SO
81-13% 537 3.63 0.2 9.1 0.9
81-15% 550 4.2 - 35.4 0.7
82-2 * 796 1.4 1.8 22.9 1.3
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Figure 18A. Depth ranges of twelve species from open water and harbour

samples. Sediment size and CCD level are also shown.
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are not from the shelly surface deposit but from sandy mud immediately
under it. The proportions of calcareous and agglutinated species and of

live and dead tests may therefore be anomalous (Figure 18).

Relation of Death Assemblages to Life Assemblages

Open Water Assemblages (DWA and SWA): Above the CCD the agglutinated

component averages about 60% of the tests counted, while below it the
agglutinated fraction averages 96%, occasionally reduced by a few
percent by the occurrences of calcareous species, mainly Fursenkoina

earlandi and Globocassidulina crassa.

The so-called Mixed Faunal Zone between 620m and 420m defined by
Kennett (1968) 1is reflected by death assemblages but mnot by life
assemblages. Life assemblages have a similar proportion of agglutinated
tests between 620m and 420m as they do above 420m. In general death
assemblages have higher proportions of agglutinated tests. Calcareous

tests are eliminated from the death assemblages by dissolution,

The "Mixed Faunal Zone" is poorly named and
should be replaced by "Relict Faunal Zone" or lysocline. It is a depth
interval through which solution of calcareous tests is occurring, but at
a rate less than the rate of production of the tests. The assemblage is

not a mixture derived from two or more different environments.

Harbour Assemblage (HA): In New Harbour and Granite Harbour most death ~

assemblages closely resemble their associated 1life assemblages down to a
depth of about 300m, whereas at greater depths the life assemblages have

progressively greater proportions of calcareous tests than the death
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assemblages (Figure 17). There is an extmerdinarily shallow CCD clearly
defined at about 230m (Figure 18). Above the CCD, calcareous tests can
form about 50% of the life assemblage, though the death assemblage tends
to contain 1less, suggesting that post-mortem solutionrof calcareous
tests is occurring. The number of calcareous species is from two (Core

1981-15, 550m) to five (Core 1981-18, 254m and Core 1981-13, 537m).

Below the CCD the main calcareous species are Fursenkoina earlandi

and Globocassidulina crassa, though there are very rarely other

calcareous species, including: Lenticulina gibba, Cyclogyra involvens,

Astrononion echolsi, Astrononion antarcticum, Fissurina spp (Cores

1981-14A and 1981-18), Pullenia subcarinata, Cassidulinoides porrectus,

Epistominella vitrea, Rosalina globularis and Globocassidulina biora

(Core 1981-17, basin off Cape Roberts, the only live G.biora reported to
date from any locality, see Fillon 1974). Specimens of F.earlandi and
G.crassa appear to increase relative to agglutinated species with depth,
reaching a maximum of 35% +/-13% at 550m (Sample 1981-15) in Granite
Harbour, but this conclusion needs to be treated with reservation
because the live counts were small (see Appendix 2). Death assemblages
contain very few calcareous specimens, presumably because of post-mortem

dissolution.

Causes of differences between life assemblages and death assemblages in

McMurdo Sound

There is abundant evidence for post-mortem dissolution of calcareous
tests in McMurdo Sound. The life assemblage generally resembles the
death assemblage in any one sample, except for depletion of calcareous

tests. The wide range in test size and the preferential preservation of
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agglutinated tests, many of which are very fragile, suggests there has
been little, if any, post-mortem transport, and it is concluded that all
McMurdo Sound foraminiferal assemblages examined are not
thanatocoenoses, but are biocoenoses more or less modified by in situ
processes. Those processes could be:
1.The post-mortem solution of calcareous tests mentioned
above.
2.Ingestion of live and dead tests by predaceous and deposit
feeding animals.

%.Mechanical breaking caused by burrowing organisms.

The third is more likely to destroy fragile agglutinated tests than
the relatively stronger calcareous tests, though some thin-shelled
lLagenidae or Glandulinidae might be particularly susceptible as well.
The evidence in lMcMurdo Sound does not support this because the trend is
in the opposite direction, i.e. decreasing calcareous tests in the death
assemblages. The second possible cause cannot be assessed. Only
selective predators of particular foraminiferal species are 1likely to
modify life assemblages, and might possibly be the reason for several
instances where a species in the life assemblage is not represented in

the death assemblage (e.g. in Core 18, 254m, Hyperammina malovensis).

The dominant cause of the post-mortem changes clearly is the shallow CCD

and consequent dissolution of calcareous tests.

Comparison of McMurdo Sound species and assemblages with those of other
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