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ABSTRACT

This thesis presents the results of a study of benthic foraninifera

fron l{cl,lurdo Sound, Antarctica. The sound is 50 lm across and nore than

9OO n deep, and is ice-covered for at least 9 nonths cf the year.

Horever, sallnity and tenperature of the bottcn raterg are constant (15fr.

and -1 .Bo C). Sea floor sediment is nainly fine sand and nud nith a

Iittle ice-rafted gravel.

The ain of the study was to document the distribution of living and

dead foraninifera and to deternine the factor(s) controlling it. The

twenty-sir sites in water fron 75 to B55n deep were sanpled by gravity

corer and grab, and nearly 4OTOOO specimens (Z>lq living and 16,875

dead) were identified. Three present day assenblages can be recognised:

t. Shallor open water assemblage (SI{A): Trochaunina glsbrq,
Cribrostcnoides jeffreysii, Trifarina earlandi, ffib a EEffi,
Fursent -co:.na earranai aaa crouoffi .

2. Deep open water assenblage (OWn): Reophar pilulifer, Reophar
subdentaliniforuis, Portotrochannina antarctica, Textularia antarctica
and Miliarnrnina arenacea.

t. Harbour/enclosed basin assenblage (UA): Reophar
subdentalinlfornis, Portotrochannina antarctica, Textularia antarctica,
ffii .-

The conpcsition cf the assenblages is controlled largely by

calciun carbonate conpensation rtepth (CCO). Calcareous species

abundant and varied (84 calcareous species) in the SIJA abcve 62Om,

are virtually absent fron the DI{A, which is found in deeper uater.

dominance of agglutinated foraninifera in the HA i.ndicates an

shallorer CCD (about 27An) in restricted coastal settings.

the

are

but

The

even

Death assemblages have a sinilar specles diversity to corresponding

life assenblages and are reasonably representative of tlen, ercept for

the 20On zone above the offshore CCD, where death assenblages are
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ilepiLetefl la calearesus taxa. llhe illverslty of, the agglutlnateil

coqllotr€nt of each assemblage renai.ns uearltrr eonstant la all habi.tat's end

at all rater ctepths, even thouglr shallor rater eq,nples lnclutle a r-eage

of caleareotrs spaclee. |Ihua eonpetltion fron calo.ereo'utl sp,eeies appeais

not to b.e e st'ress faetor for agglutinated speeiesr, rhleh are aonsldered

to heve reech€d the l."trntt Ef their e,v:o:utionary pctential in the$e

$aterE.
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CHAPTER 1

INTRODUCTION

The area of this investigation is l,tcMurdo Sound, Antarctica, a body

of water 50kn across and nore than 9O0m deep betueen Rcss Island and the

south Victcria Land coast (Fieure 1). The study ras stinulated by the

rriter's l{.Sc. project (Ward 1979), a study cf foraminifera in gravelly

sand non 60n above sea level at Cape Royds on the eastern side of the

sound. The assemblage was cf l,ate PLej.stocene age and highly varied,

containing 86 species, cf rlich 8l were calcareous. I concluded fron the

study that the assemblage had been transpcrted from some part of I'lcMurdo

Sound above the carbonate ccnpensation depth, but coul-d say little nore

because of lack cf data on the distribution of modern foraninifera in

the area. The study presented here ras planned to fill this gap and to

identify if possible the factcr(s) controlling faunal conpcsition.

The distinction between life and death assenblages uas considered at

the outset tc be very impcrtant r for it seened pcssible, even likery,

that differences due to preservation cculd be misinterpreted as

ecological in origin. Therefore considerable effort was put intc

collecting undi.sturbed sanples and preserving then so that the living

aninals could be identified.

The aims cf this thesis then are threefold:

1. tc deternine the distribution

foraninifera i.n ltcilurdo Sound.

of modern livi.ng benthie
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2. to determine the distribution cf death assenblages of mcdern

benthic foraminifera in the sound, and ccnpare then rith life

assemblages fron the sane location.

7. to identify the urain factor(s) controlling the distribution of

life and death assemblages.

An especially designed corer was developed to recover large

undisturbed sanples, including the sater-sedinent interface, frcn the

sea floor to depths of 10O0n. This failed to vork because cf the

sensitivity of the trigger mechanism to the cold, but was successfully

ncdified for the second and third seasons. We had hcped to collect sone

oceanographic data along nith the cores, but attenpts to neasure pH,

tenperature and salinity in the water cclunn failed because cf

instrunent probleurs in the cold field conditions, rhere air tenperatures

were as low as -zOoC. The l-ack cf oceanographic data gave some cause

for concern, but ue believe there is enough frcm the year round

observations of Littlepage (tg65) near McMurdo Station and rhe more

wide-ranging sunner meagurenents of Jaccbs et al. ( t g8t ) tc define

broadly the physical and chenica] features of the raters of l.tcMurdo

Scund, reviewed in the nert section.

Although the study area is McMurdo Scund, the results and conclusions

should be of vider interest. The range in water depth is large, and

covers several physiographic settings. A1so, the conclusions should

apply to the rest of the Ross continental shelf, where there is a

si.nilar range in depth, salinity and temperature, and uhcse caters are

in free circulation with those of McMurdo Sound.
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oEeaaogratr)hie features oi ![c![rrdo Sonad

trnt.loqu,c_tiEn

Po,laf irt-rvestlgatlo,ls oft/Ht" tire last )') years have Brovi"ued useful

.inf,orrnatlob on the' dl.stribution and liniting env'ironnental features of

forriminiller:al gene'ra ano species,

lhe irscLic ponern enviro-nnent is sir.ilal tq that of tlre AntarEtie in

that it is. c,o.laif ,seasonelly lee-covere<i and has gre'&t seaEonal changcs

in e,unli.gh-,t, bu6 d.Lf,f.eris fui thut instEari of bein6i a cst.rt:inent surrounoud,

by seas' it is a sea eurrounded by continents. There is enou,gl,t

similarity i.n uhe sea-floof,:environgrgnts, thougil' tlrlrt nunerous sPeeies

Ef fsr.eurLr.ri-fera ( Of of thoae sturiled by todd and Lou 1966) are b,ipolar.

Generul nsp.ecrs of the Antaretie uarine envifonnrgnt F^ave been revieued

by ltuoJ.dgate (1967), Knox (1970) and l,ledgeBeth(1977). The Arctic narine

environ&ent haE been st.udtreo in mueir greater oetail by petroieun

erplo.ration conpanies interest,ed in dri,lting for oil in the Canadian

Arerie *rnri otlner areas (Dsne et a1, lgSA). h'ater teurperatures of

Beatrfort Se,a an'e very, s,Ii,ghtly rarrner tiran those of l:el.urdio -touncl , but

equivalant to Plqss ge& as a rhole (tu c t-o -1 .'oC) and sali.nlty is nore

vEritrbl,e (WAs t" 75.2fto) *an that of licir.urdo Eo,und, r,rnieh is probcbly

due to ru,n-off fron rivere in the Arctici the eoatlnental ehel.f of

Bgaufort and Chuk,ohi i.'eBs is shallower (tOOo at 6Qkm oft'shore) than that

in Boss liea, rhich averages 500n i,n depth.



Uuter llass Properties

The properties of lrrcl',urdo Sounci raters have been studied by

Littlepage (t905), Heath (t9?1a,b; 1977), Gordon (t9Zt), GiLnour (tglZ)

and Jacobs et aI. (tggt ). Botton waters are similar in temperature and

salinj.ty (-t.9loc to -t9+o c; 'J'i.96,%o to 14.99"io) to those of Ross sea

(-t .g4oc to o.5oc, 31.12 to j4.85tto) (litttepa se 1965, McKnight 1962).

The observed differences of tenperature and salinity are insufficient to

affect Antarctic benthic foraminifera corurunities (t'tctCnieht 1952). The

major water masses defined for lioss Sea area are: Antarctic IJotton

Water, Ross Sea Shelf l'later, Circumpolar Deep Uater, Pacific Ocean Deep

Water anci lottom llater, anci Antarctic Surface hater (Figure e). lioss Se{r

Shelf liater j.s forned by the freezlng of yater at the base of Ross Ice

Shelf, and the resulting saline nater sinking to the shelf' floor, and

making its ray north along the sea fLoor.

Glacial meltwater from the floating Erebus lce Tongue forms

stratified layers averagirrg 17n thick in step-like fashion within a few

hundred metres of the melting iee (Jacobs et al. 1981 ). Salinity and

density increase with depth to about 4Oon, and tenperature initially

increases just below the surface, then decreases slightly to about 22Qn.

Salinities of deeper stations converge near 5OOn (Jacobs et al.

1981rFie.5) perhaps marking the lower linit of glacial nelting in the

Ross Sea.
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Nutrients

The essential plant nutrients, phosphate, sillcate ' oxygen and

nitrate occur. in the upper layers of Antarctic waters in sufficient

concentrations to aLlow abundant phytoplankton growth (fnox 197O,

tiedgpeth 1977, Holm-Hansen et aI.1977). fhe urost conprehensive data

collected to date from Iiiclriurdo Sound o.re thoee of Littlepage (1965), who

sampled four locations near Cape Arnitage, Hut Point Peninsula (Figure

'j) for eleven months during 1961 (lqarch excluded). Littlepage (tgt>)

measured concentrations of dissolved inorganic phosphate, and found that

the lowest mean was | .4un/l in October (figure 4). Values of dj.ssolved

oxygen varied fron 8.59m1/I to 6.O8ml/l (tr'igure 5), and dissolved

silicate from 4-l.25ue/L to 4O.5ue/L in lriay (tr'igure 6), all of sufficient

concentration to pose no linit to phytoplankton production. Nitrate

concentrations nere not investigated.

Currents

Currents play an important roLe in the environment of lqclrrurdo Sound,

nixing the raters to dj;.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

rel"eased when the sea ice nelts. The highest velocities recorded in

lilcMurdo Sound ar.e about 39cm/sec, near Cape Arnitage (i,ittlepage 1965),

nltere water fron beneath Ross lce Shelf enters l,'rc}lurdo Sound (figure ?)

(it:.ctcs 1974). In the centre of the sound the flor is about 2cn/sec in

the top 'l50rn of water and increases to 1 l cm/sec at greater depths. this

f'Iow is southwards tonards the Mcl'lurdo Ice Shelf. 0n the western side

the flori is betneeu { and 6cm/sec, faster at the nort}rern part (tleath
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1971b, Gilnour 1915). This flow is north-northwesterly, out of the

sound (Heatir 1977), and is part of the lioss sea gyre systen that flous

westward around the tip of Cape Bird into the sound.

Special note shoul.d be mace o1' the effect currents can have on the

distribution of foraminiferal tests. Live benthic foraminifera, even

those species that do not attach thenselves to rocks or plants, can

generally naintain their position on soft substrate by means of root-

like pseudopodia (filamentous extensions of the protoplasn). Dead

tests, however, can be transported on a sandy bottom by currents with

velocities as los as lcn/sec (Kontrovitz et al.1976). post_mortem

transport of foraniniferal tests alters dead assemblages to a greater or

Lesser extent, depending on cument velocities and test sizes. 0n1y by

differentiating the living from the dead specinens can one be sure of

determining the J.iving assenblage for a particular sanple site.

Calcium Carbonate Compensation Depth (CCO)

The CCD in the ocean is the depth at which the rate of solution of
calcium carbonatg balances the rate of deposition. Above thie depth

carbonate-rich sedj.ments can accumulate and below it carbonate-poor

sedlments accumulate. Above it the nater is saturated or nearly

saturated in calciun carbonate and planktonic and benthic csrbonate

shells accumulate on the sea bed, while belon it the water i,s

undersaturated enough to dissolve all carbonate shells that are not

protected. The average depth of the COD in Pacific Ocean is 4.2kn and

in the Atlantic 4.?km (heyl 1970, p.144-)4r), Extending for severat_

trurtdred neters above the CCD is tire lysocline in which planktonic

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

during their descent through the rater colwnn.

In Ross Sea, the CCD is extraordinarily shallor by corrparison, being

about 520m deep (Kennett 1p68,p.j4,Fig.1o, Fillon 1974,p.1j8). Below

the CCD, the biogenic sediment consists mainly of agglutinated

foraninifera, radiolaria, diatom frust^ules (generally deposited in

fecal- pellets) and siliceous sponge spicules. rn water down to 41an,

calcite foraminiferal tests and, localJ-y, nollusc shelIs, are abundant.

Bet$een 4iOm and 620m Kennett (tg0e) distlnguished a so-ca]Ied mixed

faunal zone' in which calcareous foraminifera tests decreaee in

proportion to agglutinated tests, more or Iess uith increasing depth.

Uithin this zone lies the foraniniferal lysocline, the level at rhich

B0id by weight of foraninifera is lost by dissolution (Kennett 1ggl,

p.466). 0sterman and Kerlogs (1979) found the ccD to be as row as 6oon

in sone areas of the Ross sea, based on totar (living plus dead)

foraninj.fera distribution. In the open part of llcliurdo Sound the writer

has found the ccD to be about 62on, as in the muin part of Ross sea,

(Kennett 1 968), thus confirning free interchange of water betueen the

two areas. In harbours and enclosed basias, i.t is nuch shallower, about

21On (Chapter 4).

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

calcium carbonate with depth is decreasi_ng pH (Weyl 1g7O). In sea rater

pH is controlled mainly by dissolved C02, decreasing with increasine eOZ

concentrstion according to the following equation:

H20 + C02 r.s HZCOT q.) It+ + ttCoj_ tt 2H+ + Ce.j__.
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The solubility of gases in water increases with increasi.ng preseure

anci decreases with increasing temperature. At the ocean-atmosphere

interface the amount of C02 in solution varies alnost entirely vith

tenperature because the pressure is constant at approximately one

atnosphere. As Ivlcl{urdo Sound uater is very cold (-t.1 oC to -1.6"C) at

the gurface, C02 concentration is high relative to that in lower

Latitude surface waters. The high carbon dioxide concentration accountg

for the slightly louer pH values (1.A\-a.t) recorde<i by Littlepage

(tg0f, Figure 5) compared with the norld ocean average betueen 7.8 and

B. ) ( Hood 1 966 ,p .'/98 ) .

The solubility of a gas increases logarithnically with pressure,

which increases roughly one atmosphere for every 10m of depth. In

llclr.urdo Sound the bottom water tenperature is little different from that

of the surface water, so at the CCD depth of 5OOrn, C02 solubility,

controlled almost entirely by pressure, is roughly 6O tines greater than

at the surface. High plankton productivlty (titttepage 1965rp.27)

ensures hish organic input to the botton water where high oxygen

concentration (cold temperature increases oxygen solubility as well ae

C02 solubility) ensures rapid oxidation of organic natter, producing

carbon dioxide which goes into solution. This could reduce the pH of the

water and nake it nore corrosive to calciun carbonate, which appears to

be the case in ltic}lurdo Sound.

Effects of seasonal sea ice cover

In the open ocean, the photic zone (lorer limit of effective

penetration of sunlight and the depth to which photosynthesis can occur)

usually extends to about lOOn (Snayda 1966,p.7,l 4). Accor<ling to
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Littlepage (tg05), the 2ur thick sea ice in Mcllurdo sound, when present,

reduces the photic zone to nearry zeto; that is, the sea ice conprises

the full extent of the photic zone during the tine it covers the nater

surface in the sound. Littrepage (lg0>) nade dairy neasurements of

light intensities imrnediately below the iee off Cape Armitage, Ross

Island, from 17 September to J1 Decenber, 1961 (Fieure g). The anount

of light penetrating to the top of the water corunn was very low,

ranging from a mininum of 0.065 on B-12 }lovember, to a maximurn of l.Oli

on 11 Decenber. High opacity was continuous fron B Novenber to 7

December due to the annual bloon of epontic diatoms in the lower

ice layers. No deeper measurements of light intensity have been made in

Ivlclriurdo Sounci when covered by sea ice, and no measurements have been

nade when the ice is not present.

Even when the Sound becones clear of ice in late January, the photic

zone must be shalLow because of the angle of incidence of the sunlight
(maximum ioo) whicir declines until the sun at midday renains below the

horizon in late April. Polar seas without ice cover are thought to have

shall'ouer photic zones than tropical seas not only because of the Low

angle of incidence of sunlight and the anount of atnosphere the sunlight

has to penetrate, but also because high fertllity pronotes high

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

Bathynetr.y and Physiography

ItlcMurdo sound can be divided into four physiographic areas: 1 ) the

steep slopes (Oo) off the Ross Island Coast , z) the Erebus and tsird

Basins, relativery frat-floored and about 6o0n and goom deep,

respectivery, l) the western srope, rising at io to the west fron u5om
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to 250ur, and 4) the Western Shelf, a broad platform with an average

depth of about 200m, deepening slightJ.y to the north (Barrett et al.

1981) (Fieure 9).

The basing around Ross Island and the Uestern Slope and Shelf have

water ln free circulation with the rest of Ross Sea. Sone 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 900n' but has a submarine constriction at tlre harbour mouthr and

creates a basin that is contained by a sill 6oOn below sea level,

preventing circulation of deep Granite Harbour water into Boss Sea. New

Harbour arso is a basin crosed at about 200n, and reaching a depth of

2bOm near the snout of Ferrar Glacier.

Sea flgor character (substrate)

The feature of the licllurdo Sound substrate moet like1y to influence

benthic foraminiferal di,stribution is grain size, rhich ranges from nud

in the deep basins an<i harbours through sand on the lJestern Slope and

shelf to gravel in a fer pLaces (Fisure to). The boundary betueen nud

and sand approximately parallels the BO0m depth contour rn the nain part

of the sound but in the harbours is much shallower, being about 400m in
Granite llarbour and 2OOm in New l{arbour. T'he reason for this apparent

depth control is not known. A gravelly substrate is knorn to occur off
cape Roberts, along the edge of Ivrclviurdo rce shelf and in Erebus

Basin, possibly because the currents there are relatively strong.

Off Cape Arrnitage in lic]iurdo Soundr part of the sea floor is covered

by a thick nat of siriceous sponge spicules (littrepage i 965).
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Litttrepage '(tgsl) ai.a not provide iletaiJ.s on depth ra4gel lxreent of

floor sove{'ed or other lnforugtion, Dayton et gl. (tgrl$ neation that

heavy spo.nge nat is, present etarting at depths a"t j1n in !ficsurdo sound,

as-d vari.ee in thiekness from a f,err 'cn to nore then 2n. Beveral sanples

colleat,ed for thie theeis contained q;uantities of sponge spiculeg r :EoBe

up. to 6,el in J.eagth. the spieules forn a felted nat tbct traps coarse

and f,ine sedinogt, and provide a firn subgtrate for attached apeeies Of

foramlnifere. the spon e nuts forund during the pnesent sanpling

pFograqse all. occur in rater sh,slloro.r tharr 560m.
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Chapter 2: ItiUTliODS

Field collection

Several methods of sediment retri-eval were used over four seasons.

During the 1 979-1 980 field season, eleven samples uere collected with a

small- (5"r internal diameter) piston corer, using the sea ice as an

operating platforn. The cores varied fron three to llcm in length. The

piston corer was difficuLt to operate in the cold conditions and could

not penetrate pebbly substrates or heavy sponge nats. rn lebruary, a

scientiflc party headed by Dr. Dennis Kurtz of Rice universi.ty, Texas,

kindly collected 22 grab samples with a Dietz-LaFond grab, working frour

the USCGC Glacier while it was cruising in and near liicl,:urdo Sounci.

rn preparation for the 19bo-1981 field season, a large diameter

(ZZcn) gravity sphincter corer was <iesigned by Alex Pyne and built at

victoria university of lrellington for use on the project (Figure 1l).
It was expected to be able to obtain jo-5ocn long cores uith the

water/sedinent interface intact. ln tests in llellington Harbour it
operated satisfactorily, but in Antarctica the trigger nechanisn did not

operate satisfactorily, and the corer Has sent back to Ner Zealand

before the end of the season. Sampling continued wlth an orange-peel

grab with which 27 sanples were obtained. They rere frozen in the

field, and later at Scott l3ase subsamples rere placed in ethyl alcohol

prior to shipnent to New Zealand for laboratory analysis.

During tr'ebruary, 1981, Drs.I'.Davey and D.Bennett corlected flve
gravity piston cores in l,iclviurdo Sound whil.e on board the llV Benjanin

Bowring. These were not preserved at the tine, but were transported in
the ship's holci to Chrj.stchurch, I'lew Zealand from where they rere fLorn

to Uellington. The cores were then frozen for three reeke prior to
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splitting and subsampling. ljubsamples were placed in ethyl alcohol

untiL they could be processed in the lab.

Before the 19tj1-19U2 fielci season the gravity sphincter corer $ag

modified to improve the trigger and weight systen (Fieure I 1 ). rt
operated well in l,lctlurdo Sound and proviaed the writer's rnost useful

samples. Its advantages are its wide diameter nhich helps prevent

dietortion 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 fal1s through the water, thus

leaving the water/sediment interface intact during collection, an

important objective for this study. twenty sediment cores were

colLected using it. tr'irm or rocky substrate still proved to be a

problen, resulting in six sanples being disturbed during retrieval, but

14 uere intact cores six to 56cn in length. The longest rlere taken fron

Granite ltarbour anci l{ew Harbour, where the sediment is nuddy anci

homogeneous, and contains only a few scattered pebbles.

1'he general sanpling plan for the project ras to retrieve sediment

sanples fron as many depths and geographic locations within the sound as

possible. The'1979 short piston cores were taken on an opportunity basis

fron existing holes in the sea ice drilled for fishing studies and other

purposes. the 198O grabs from the usccc Glacier. were taken in
conjunction rith piston cores for the Rice university party, and were

also on an opportunity basis. The 1 98C orange-peel grabs were retrieved

from areas of tlre sea floor accessible from the sea ice, and were

limited to the liciturdo Station brine effluent and New Harbour due to

tine and neather lirnitations. The 19Bl sphincter cores, used in this

study' covered a lirie from Cape L\ans to the Strand l4oraj-nes, Granite

Harbour and the Ferrar Glacier snout. The Febt'uary lggl gravity piston
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Figrure 11. Gravity sphincter corer built at Victoria
tlniversity for soft-sedimnt coring in Mcl"lurdo Sor:nd.
Height of corer (excruding trigger mechanism) approximately
1.5m.
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cores retrleved from the IW Benjamin Bowring proved not to be

particularly useful. Sptin"t." cores taken during the 1982 season from

Granite }iarbour, the Blue Glacier snout and Cape Chocolate were used in

this study, as were several orange-peel grabs taken in February I 9BJ

fron the USCCC Glacier. Figures 12 and 11 are maps showing the locations

and type of gear used in retrieving the various samples. Figure 12 shows

all. the sample sites, and Figure 1j shors the sites at which

foraniniferal counts were made.

'Ihe gravity sphincter eore samples were split longitudinally at the

sample sites' one half sliced horizontally into lcn thick archive

subsarnples representing the fuIl vertical length of the sanpLe, and the

other half into trvo to three centimeter thick subsamples nhich were each

preserved in etiryl alcohol. Colour photographs were takerr of the core

tops and of all surfaces nade rhen slicing the cores. Subsanples for

seriiment analysis were taken separately from the side of the archive

splits as they did not have to be preserved. Sediruent size analyses

uere carried out at the Ceology Department, Victoria University,

l,lerJ.ington by sieving at o.5 phi intervars in the sand range, and by

pipette or Sedigraph in the muri range (Barrett et rir. 1gg'J). Appendix 1

contains sample descriptions, photographs and/or sketches of aII the

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

Preparation of

AlI sediment

and silt-sized

soaked in rose

present (walton

foraminiferal

tetrachloride.

Foraminifertrl Jamples

samples uere washed on I 6, micron sieve to remove clay

particles. Residues of preserved sanples tere then

bengal for' 45 to 60 minutes to stain any protoplasnr

1952, Piurray 1977). The sanples uere then dried, and

teists were concentrated by flotation using carbon

A subsample of each float containing what was estimated



Table 0: list of sanples used in thls study, uith depth and substrate
type. lfore detailed descriptions and locations glven in Appendir I r page
159.

Sanple No. Sanple Type Depth(n) Substrate

1980-5 Orange-peel grab 79 pebbly saud
1981-l Gravity core 850 nud
1981-2 "
1981-' n

t 981-4 r'

198t -5,5A ''
1gg1-5 r'

1gg1-7 'r

| 981-8,8A n

| 981-9 ''
l ggl -,l0 rr

1981-1 2 "
1g8t -1' "
| 981-14 ''
tg8t-t5 "
r98t-1 5 "
t 981-17 rt

l ggl -18 r'

| 982-1 'r

1gB2-2 ri

I9gt-t ''
lggt-4 'r

19Br-22 "
1W1-26 r'

77O nuddy sand
560 pebbly nuddy sand
560 nuddy pebbly sand
496 pebbly sand
450 coarse pebbly sand
42O pebbly sand
289 pebbly sand,spcnge mat
21, pebbly sand
17t pebbly sand, sponge nat
ll0 pebbly sand, sponge nat
,37 nud, diatomaceous ooze
145 sandy nud
55O sandy nud
265 sandy nud
358 pebbly sandy nud
254 sandy nud
30, nud
795 nud

816 slightly sandy nud
A54 sJ.ightly sandy nud
128 sliehtly nuddy coarge sand
620 shelly muddy pebbly sand

1%2-t " ' 1t9 nuddy fine to ned sand
lgg2-4 " 212 nuddy fine to ned sand
1985-2 Orange-peel grab 650 gravelly sandy nud
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by eye to contain about 100 specimens of foraminifera was prepared using

a sediment splitter based on a design by Humphries (tggt), Under a Leitz

binocular microscope the foraninifera were extracted and mounted on

gummed faunal slides. Residue that did not float in carbon

tetrachloride was also searched f'or any renaining tests, and theee

specinens 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 assuned to represent

enpty foraniniferal tests, but opaque tests are anibigtuous

nay contain stained protoplasm that is invisibLe unless

broken. Breaking tests lras necessary to deternine l_ive

because they

the test is

specinens of

Psammosphaera fusca and Pelosj.na bicaudata.

Approximately 40,OOO foraniniferal tests hrere counted. They

represent 123 species and varieties, from 3r families.

Approximately 'lo$ of' the species in each sanple rere stained, rith
significant exceptions in New Harbour (core 81-19, o-2cn,29.1fr tive) and

central lvlclvlurdo Sound sanples 1981-2 (t.gt;), tggt-BA (O.lS), t9B1-tO

(r .tfr) and 1981-1 z (z.t%).

Treatment of planktonic

-

tests

Pranktonic tests were extracted at the sane time as other

foraminifera. These were kept on separate slides, and do not comprise

part of the foraminifera counts of the benthic species. 1'wo forms of

Neogloboquadrina pachyderura are present in tr;icuurdo Sound and one

reworked test of Globorotalia inflata was found in Core 81 -6.
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CHAPTER 

'

SYSTffiATIC NOTES

fntroductcry Renarks

General Foraminiferal Taronony

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 (19?4, l9g4)

revised foraminiferal classificaticn systen. Early descriptions of

foraninifera fron various parts of the worrd, including those by

d'Orbigny (ter9",b,1825;1846), carpenter (te5O), tJilriaurson (te5e),

Brady (tes+), Pearcey (tSt+), chapnan (t9te), Heron-Allen and Earland

(tgzz,1gzg,1gto,197za,b), Hiesner (19rt ), Earland (1917,1914), Buchner

(t9+0,1942), cushnan (t9+7), Hoglund (tg+l) and parr (1950) have all

been useful for taxononic deterninations. Antarctic references that rere

especially useful incruded McKnight (gaz), pflun (tge6) and Anderson

(tgts).

All species listed fron McHurdo Scund in this thesis are set out j.n

tarononic order in this chapter. Brief synononies are presented rith

renarks and/or deseripticns rhere needed. Notes on the distribution of

each species follor the synoncny, vith a nention of in rhich of the

present samples the species was found, the range cf water depths fron

which the samplea were taken, and percent nud the sanples coatained.

Sone author's naoes have been abbreviated for convenience: Loeblich and

Tappan appears as t & T, and Heron-Allen and Earland as H-A & E.

Scanning electron photonicrographs of nost species are lncluded, taken



on the Pbilips 505 Seanaing Eleetroa Uieroscop€ at Viatoria Unive sity

of fcllington. The eoatiug used ras platinuD or gold. l[he :$EFt stubs ugeal

aad reference slide collecticn are ilepositeil uith ltr.S,Eager, 0urator of,

PaleoatologSr,, Victorte Uaiversity of trel.lington,. Access to this naterlal

is pi6vided through the Dep,artnEut of Oeolagy.
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?Bathysiphcn sP
Plate 1, FiSure 11

Remarks: Tubular tests consist of snoothly cenented fine sand grains'
very simil.ar tc Bathysiphcn hirudinea (Plate t, I'igures 9,10). tack cf
clcsed end and -rcug[Er atpeara-nce prevent placing it 1n B'hirudinea
here.
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Order: FORAIIINIFERIDA Eichwald IBJO

l'amily: ASTRORHIZIDAE Brady 1881

Genus: AStRAIvlltlINA Rhumbler in brliesnerl9i1
Genotype: A.rara Heron-A11en & Earland 1912b

Astrarunina sphaerica (Heron-Al1en & Earland)

Armore]la sphaerica ll-A ii 8,1912b,g.257,pf.2,figs .4-j1 .
Armorella sphaerica l{-A & il.HOctuND,1947,p.55rpl.5,fi6;s.1 -9.

Descripiion : Test free, large, up to 1mn across; coarsely agglutinar,ed,
reddish orange in colour, several necks protruding from central chanber;
apertures several, at ends of necks. No photograph available.

Distribution: Corunon in Gullnar Fiord area, Denmark, in raters deeper
than J2m (ttcjglunO 1947); aeven S.Georgia stations, 97i44n, & 1641n (U--l
& E 1912a). Rare in llcliurdo Sound, occurring at 42om (8.l -7r16fi nud) and
at 8-10cm & 12-16cn in 81-15 (550r, 5OS nud, Cranite Harbour).

Genus: RHABDAIMINA h.Sars in Carpenter 1859
Genotype: R. abyssorum M.Sers 1869

Rhabdannina cf. abyssorurn M.Sars
Plate 1, Figure 2.

Rhabdannina abyssorun lvl.Sars. SARS, 1 869 rp.248.
ffi.ina;Gsolrum}i.Sars.BARKER,196o,p.42,p1.21,figs.1-17.

Descriplion :Test free, large (up to Jmm), coarsely agglutinated. Broken,
branching pieces only. Snall pieces of tests such as these are difficult
to identi-fy' but appear sinilar to Brady's figures
(l eeq,pl.2t,figs .1 -1il .

Distribution: Rare in licl,turdo Sound and Granite Harbour, occuring fron
254-496n in 81-14A, 81-16 (both 59S nud, Granite Harbour), B2-1 (Granite
Harbour) and 81 -5 ( t O$ nua, central Irlctriurdo Sound ) .

Genus: BATHYSIPHON ll.Sars in G.O.Sars 1B?2

-rnse.i 
g"ry]["&:{Pe: !'filifornis M'sars in G'0'5ars lB?2

Bathysiphon cf. hj.rudinea ArB (Heron_Allen & Earland)
Plate 1, Figures 9,10.

Hj-ppocrepinella hirudinea H-A & E,i 9J2b,p.25B,p1.1rfigs .7-15.

Description: (l) r""t free, elongate (t.emm), very finely agglutinated,
ual1 very thin, aper^ture at one end, other end rounded and closed; pale
yellow in colour.

Description: (l) f'est free, elongate (t.25mn),
pale grey in colour. Differs from B.hirudinea

very finely agglutinated,
A only in colour.

Distribution: Originally described from S.Ceorgia, 11O-z/trn (Heron-Allen



fienarks: Figure]B 4 artd 5, of Flate I show 'sBecinens that ha'ie sedj'nent

irafne o"r"rri"d together to fort e 'gnooth sute'r sur:Fsce. trdentifieation
of these tubular igglutinated forns is difficult tlue to the risks cf,

rorking rith brokea-lragnents. ilfhe sl.ight cu4re of, the test'1n Figure 4
i" r*"Ee"r'ted due to tfie nae3ifi.catioa; the tws speclnena ia Fitsures 4

antl 5 eppear vely sinilar'uader a light uic'roseepe'
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& Earland 19't2b, Earland 19t'j). (l) Rare in present samples, deep water(et-t,65on,4iif mud) and harbour sarnpres onry (at -11,557n,g1-15,55om, and
81-18'254m,o-6cm). (l) na"" in three present liclr,urdo iiound sanples, rlro
frorn Granite Harbour,)lJm(59$ mud) and 5j7n(2tfr mud) and one from New
Harbour, Ferrr^r Glaci-er snout ,254n,8-lOcrnrabout 601i, mud).

Genus: HYPERAIII{INA Brady i STB
Genotype: H.elonguta brady 1BZ8

Hyperarunina cylindrica Parr
Plate 1, l'igure l.

Hypgl'ary.nina elongata Brady (non H.etongata Brady tB?B) 1894,p.257,
pJ-.27,figs.4-7 (non 8-10).
Hyperamnina cylindrica PARR, 1 95O,p.254,pL.1,fig. 5.
Hyperanminer cyli-ndrica parr.I{ERB, 1971,p.274,pl. 5,fj,g.').

Distribution: Four Antarctic stations, 219-474n (parr I 950). three
Antarctic stations, l7om,177jn & zl95n, Ross sea (Kennett 196g); nine
Drake Passage stations, j55e-4751n (ilerb 1971). Rare in present
sanples, few tests in each of nine samples from 1J9-g5om, central
!4cl.luroo sound; more connon near cape cbocolate (a'l-l , 755n, ttfu mud) and
near I'errar Cl"acj.er snout (el-tg, 254n, g_tocn lfe.f; nua] a 14-16crn).

Hyperamnina malovensis Heron-Allen & Earl.and
Plate 1, Figures 4rl.

Hyperarurina nalovensis H-A & Er j 97Za rp.7t rp1.g, figs. 12-14.
Hyperannina nalovensis ll-A & E.PFLUI{, 1966,p.169,pl..l J,fig.6.

-Insert 
Remarks.

Distribution: Tro Beflingshausen ljea stations, 460 and 668m, (pffo*
1966); four McMurdo Sound and Ross Sea stations, 34g-157On (Kennett
195s)- hesent in seven l,icl{urdo sound samples , 17j-755i (Sg-ll,; mud) arid
down Core 81-lg (2-4, 8-1O, 1Z-14,& 1g-2Ocn).

Hyperanmina subnodosa Braoy
Plate 1, Figure 6.

Hyperanmina subnodosa BnADy, 1 gg4,p. Z59,pl.Zj rfigs. i 1 _1 4.

Descriptioa '. Test free, large(up to 4.5mm 1ong, o.9xnn dianeter),
agglutinated naLl of siliceous sponge spicules.

Distribution: Recorded from I{.At1antic, East inriies and pacific (Brady
1 884) ; thirteen s.Georgia stations, l oo-2?om (Earland t 97il;' tulstations, 8t loon (mtarctic) and 150rn (Kerguelen)(parr i95O). In
present lvlcllurdo Sound sanples, found 1n three harbour stations , Z12m(ez-+), 254nt (at-la) an<i 266n (at-to), 6o-77,i nuai 

-i"-t"o 
open waterstations: 42Qn 1et-z), 15li mud and 66on (a'l-z), 2o.5S mud; and in one

Cape Chocolate station, 755m (A'i-l), 71.4iJ mud.



33

Family: SACCAIiIIINIDAE Brady 1884

Genus: PSAliH0I;PHAEIIA Schul-ze 1B?5
Genotype: P. fusca Schulze 1875

Psarunosphaera fusca ljchulze
Plate 2, Figure 14.

Psanmosphaera fusca SCIIUIZIJ, 1875,p.2j9, pIs.4,6. figs.g-1 0.
Psammosphaera fusca Schulze.HERB, j97j rp.259,pI.4,fig..l .

Distri.bution; 21 stations south of Antarctic Convergence, 221-4176n;
northern deep sea basin of Drake passage, 177)-3927n (UerU 1971)i 16
samples, lJOn and 157Qn, liclviurdo Sound and Ross Sea (Kennett t96S).
Comnon in 22 present l'lcMurdo Sound samples, open sound and harbour
si tes , 1 1Q-9rOn, 8F-85 .7i, rnud .

Saccannina
Saccammina
Saccannirta
Saccammirra

Genus: [iAOCA]ilrllNA !t.Sars in Carpenter 186!
Genotype: S.sphaerica Brady 1B?1

Saccannina sphaerica Brady
Plate 2rFigure B,t.

sphaerica BRADY, 1BT1,p,jBt.
sphaerica G. 0. SARS,1 872,p.25O.
splraerica I,l. Sar.s.BnADY, 1e84,p.25'5,pl. 1 8,figs .1 1 .17 .
spliaerica Sars.HERB, | 971 ,p.271 ,pI.4,fie. J.

Description: Test free, large (O.Srr;, coarsely agglutinated.
lt|all closely constructed of fine sand grains,aperture slightly
produceci on neck.

Remarks: As they al-l use S.sphaerica as the name, here are listed
various authcrs and references, and credit is given tc Brady (tgZt )
author of the earliest published ncrk to use the nane.

Distribution: 219-1o0n, Antarctica (parr l95o). "Deep rater", NorthAtlantic, 712-914n, Hardanger Fiord, Norwayl and 77-97^, Kerguelen
rsLund, s.Paeific (Erady 1BB4). 5 lioss sea samples,]jen-61r2n (Kennett
1968). rn the present samples, this robust species is rare, occurringin lte.w liarbour , 254n (gt -t g, ?Tiii mud), Granite Harbour, 55om (er -r r,
85.7% mud) and off cape Roberts, 75Bn (el-1?, 1g.7fu nua, i9.6s sano). '

Saccammina sphaerica (juvenile ?)

the
as

Description: Test free,
agglutinated for size; wall
with little cementl aperture
of test. Identification
S.sphaerica. No ph otograph.

small (O.e-O.15mm), relativeJ.y coarsely
couposed of various rock and mineral grains
single, at end of produced neck at one end

uncertainr so counted separ.ately fron

Genus:
Genotype:

PELOSINA Brady 1879
P.variabilis Brady l879

Pelosina bicaudata (Parr')
Plate 2, Figures 10,11.
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Pelosinella bicaudata PAF.R, 195O,p.261,pl.4,figs .1 r2.pelosidT'ic;udatfparr ) . ttEHB, 1 97 t, p. zlo, p1 . 6, fig. 4, pl. 9, fi g. 5 .

Distribution: This large (1.1-1.7nn) species is rare in the Antarctic.
One station, 2o-1an, Kerguelen rslands (parr l95o). Not found in most
present Ivlcliurdo Sound samples, rare in 42Cn (81-7, 165 mud) and 550m(et-t5, 2-4cm, 85.7% nud); conmon in New Harbour, Z54n (et-te, o-2Ocm,
22-24cn, 6O-77'i nud).

Thurarnnina albicans
Tfi;amnina albicans

Genus: THURAIIMINA Brady 1879
Genotype: T.papillata Brady 1879

Thurannina albicans Brady

-IETe 1, r:.gures T,e.

BRADY, 1 884 , p.')21 ,pL.')7 , figs .z-7 .
Brady.KENNETT,l 968, Tabt e 4.

Desu,ription : Test usualry free, rarery attached, large (0.+l-o.9rnn), finery
agglutinated; produced necks comnon, rarely without.

Distribution:Three Ross sea and lriclvlurdo $ound sampres, 47o-b65rn (Kennett
1968). In present samples, found fron 289-650n, g--77fi mud.

Thuraurmina protea Earland
Plate 1 , !'igures 13 ,14.

Thuramnina irregularis I{IESNER (non f:orenan,1 9rO),1 911,p.87,p1.6,figs. 62-64.
Thurammina

Thurarnrnina

protea IIARLAI\ID, 197 ),p.67,pI.2,figs.'t-1O.
protea Earland.PARR rj 95O,p.259,pI.'), figs .ZZ_24.

Distribution: S.Georgia, 15O-4jOm (Earland 1g17); Falkland Is.,(Earrand 1974); one Kergueren site, l5orn and nine Antarctic
22o-64cn (Parr r 95o). conmon in preeent lvlcl,rurdo ljound
1981-2,5,7,1O,12,1982-1 , 19BA-2 (+O_+tcm) , 19Br -15(B-lOcn),
1 98r -1 B(2-4, 1O-12cn) ; 1 I O-550n.

5O-l0On
sites,
sites,

and

Genus : IIEIvIISPHAERAI\il'IINA Ioeblich
Genotype: H.batalleri L &

& Tappan ,1957

r 1957

Hemisphaerannina bradyi Loei,lich & Tappan
Plate l, Figure 12.

Hemisphaeramnina bradyi L & T, 1957,p.224,pL.72,fig.2.

Desc_rrp*ion: up to o.5mn in diameter, finely agglutinated, right greycoloirr.

Distribution: scotia sea area (no location or depth given) (ecnols1971); two Ross Sea stations, ')4Bn and Tgon (x.""lit f5Oej. Rare infive present sanples ,21:-b6en, also found down Cores 61 -18(254n,16-18cn) and 8t-t5(550n,8-10 and t2-14cm).
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Deecriptiour
egglutinated,
central. po.lrit

Di.stributiong
esch of E1-4

Genue : A[,iIt0Ftt{P$iX
Genotypei IJrnuIa qqqqrgpla tliesuer 193.t

ep
i|,.

Test etiLaehed, Large (up ts 1 .34'la) ver,y, f:i.nely'
grey oolour; either three chanbers grouped a.rouad a

or Lines'ri Uo aperture apparerrt :in these fon s.

- Rare in pree-eat }ic!,iurdo Sound sanpJ.es, one test on\y in
(56or, 8id srud) and Bt-l? (15iln, z0F.nud).
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Gl"omospira charoides (Jones & parker)
Plate 2, Figure ,l5.

Trochammina squamata var charoides J0N!,s & PARKUR,l860,p.1o4.
arnnoaiscus cn.roG ( ;onfr.Eer) . nn.qoy, 1 BB4, p.-jj.), pt. JB,figs.lO-16.
GloTrospira charoides (Jones & parker).CUStiUeU, 1 918,p.99, pl-.36,fj.gs.
11-15.
9]omoseira char.oides (Jones & parker).PARKER,1gr4,p.466,pl. 1,fig. t4.
ctomosplra Eharoffi; (Jones & parker).KINNETi,igoe,Tabte-4.

Description: Test free, sma11(o.temn), finely aggrutinated, "r"f"" u"""
smoothry finished, shiny in reLl preserved specinens; corour yL\row to
orange.

Distribution: Originally described from l,iediterranean llea area, 165-3,
1O9m, llediterranean.sea (.t & p ig60); 11O-150m,,lg0-22Om,Site 16, Gulf of
l,iexico (Parker 1954); and five stations, 52')-'ir-fOn, l.icllurdo Sound and
Ross sea (Kennett 1 968). Rare in five of present samples , 4zo-62on,e-16'){ & 45;" rnuO.

GLomospira gor<iialis (Jones & parker)
Plate 2, Figure 16.

Troctr?mmina squamata var gordiaris JONES & pARKEn,rg60,p.Jo4.
us sordiatiE (.lonEE-Efrer).rnloy, 1 BB4,p.7i1,pt.1g,

figs .7-9 .

GLonospira gordiaLis (Jones

Family:

Genus:
Genotype: Trochaunina

p. t4'J,pI.8,figs.21 & 22.
Glonospj.ra gordialis (Jones
fie. 1 4.
Glomospira gordialis (Jones

Al{ItIODl$CIDAE Reuss 1862

GLOMOSFIRA Rzehak 1885
squanata var gor.dialls Jones & parker

& Parker) . HEROII-ALLEI{ & uARLAl,jD, 1g'iz,

& Par.ker ) .I,icKNIcHT ,1g62, p. 1 o1 , p1 . g,

& Parker ) . KENNETT , 'l 9GB, Table { .

Indian and Arctic Seas (Jones & parker
AtLantic Ocean and 1115n, Fiji Islands,

12 l{cltlurdo Sound and Ross Sea sanples,
present licMurdo Sound samples, common

Description: Test small (o.zzmrn), generaLly free, rarely attached;coiling flat to streptospiral, often irregular.. very finely
agglutinated, yel1ow to orange in colour.

Distribution: Type locality
1860)i 5OO8m, Canary Islands,
Pacific Ocean (Brady t BB4);
90-21 95n (Kennett 1 96S). In
79-755n, 8-775 nud.

GenusI TURITELLELIA Rhumbler 1904
Genotype: Trochanmina shoneana Siddall 1B?g

Turitellella shoneana Siddall
Plate 2, Figure 5.

Troclramnina shoneana SIDDALL,lBTg,text-figs.l & Z.
Amrnod]E;Fsfi;@-( sioat rt j . gnllr, 1 8B4,pt. j8, figs .T_g.ffi1asilonean;(slaoairj.nenurun,1g.)3,P.64,PL..5,figs.9,1O.
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Turi,tel,lella shoneena (slCaart).lOEllit-cn & tApFA$,1g64,p.c212,
ftg.122,no.'1.

DistributioR: Four Ross Sea sa,uglesrg0-1lOm,T9O and T€On (fennett t96g);
Kerguelen islands, 21$m (B,rady 1884); X'oqnd in nine present $icllurdo
$ound sarryrJ.es, ll0-520m, 27fl-6gfl nud, f,ron open sound ratere, Granite
llarbour and Cape Arnitage.
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Hormosina
Hormosina

ovicula
ovicula

Iamj.ly: liORltlOSINIlJAE Haecket 1894

Genus: H0RIIOSINA Brady 1879
Genotype: !.globulifera Brady 18?9

Hornosina ovicula Brady
Plate 2, Figure ?.

Brady, 1 BB4 , p .'J26 ,pI. JB, figs .7 -9 .
Brady. CUSHFiAN, 1 91 0,p.95, fj.g. 1 J8.

Description: Test free, large (up to 1.1mri per chamber) usually 2-1
elongate chambers with slender connecting necks, easily broken into
single chanber segments. ualr fi.nely agglutinated, aperture at open end
of neck, yeIlow ln colour, necks generally orange.

Distribution : 34'1O-7224n, Challenger stations , I'1. Pacific ( Brady 1 884 ) .
144)A and' 1435n, off CentraL America and l{exico (Goes in Cushnan t91O).
Nineteen samples fron between 270-865n and 21 OOrn, !4cliurdo Sound and Ross
sea, most abundant at at >lln(B%) and 2joon(ttF) (Kennett 1968); present
author found this taxon in deep water (glom) and shal.lower areas(l6o-t71n), but it was most abundant in Neu Harbour (25+n, g1-1g,0-2cn)
at 6.9fu of death assenblage.

liornosina sp
rratffire 1t.

Description: Test free, elongate (0.lnn), finely agglutinated, open and
tapering to both ends, single chanbers only found.

Distribution: Rare in present Mcnurdo Sound sanples,42O,620 and ?55rn and
74-'56cn in Core 8J-15 (550rnr85.'\fl nud, Granite Harbour).

Genus: RE0PHAX Montfort 1BO8
Genotype: R.scorpiurus }lontfort 18Og

Reophar pilulifer Brady
PJ.ate 2, Figure 4.

Reophax pilulifer BRADY, 1 gB4 rp,Z9?,pI.7O,figs. 1B_20.
Reophax pilulifer Brady.CUSII}iAN, 1 910,p.85, figs. 1 j ?-1 1 g.

Fenarks: size up to 2mm in length. comnon through out the sanples, oneof tuelve species used to define foraminiferal assenblages.

Distribution: 7429 and 51o4n, east of Japan, N.paciflc (lrady tgg4);
1412n, eastern .tropical pacific (ciies in cushman 1910); one sample,
942m, Ross Sea (Kennett 196S). In present samples, cornmon throughout
Mcl'iurdo sound, forming up to 7.4% G6on) of the death assembrage and
22.2'i (el+m) of the life assenblage. rt is founcl from deep to shallow
depths (Zg-g5Oxn) on coarse and fine substrate.

Reophax pseudodistans var. tenuis (n A n) farr
Plate Z, !'igures j,213.

Reophax pseudodistans var. tenuis Parr, 1 950,p.268,p1.4, figs. 1 7, 1 8.
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(A)Oesor'F tion t Test free, erongate (0.8-1 .4mrn),uniserial chambers
increasing slightly in size, wall agglutinated of siliceous sponge
spicules arranged in radiating manner for each chanber.

(B) Descripfioo: Test sinilar to (l),0.5-7.6nnt, spicules arranged 1n para1leJ.
manner, separate chanbers not apparent unl_ess test dissected,

Distribution: 117-145n, east coast rasnania (paru 1950). Both a and b
rare in t{cliurdo sound. (a) in e5on, j5o-|,6om, 254m and 46om, 8-T?S nurt;
(u) in 850m and 21jn, 18.2'i and 5oF mud. prefer fine, sandy substrate.

Reophax subdental.iniformis Parr
Plate 2, Figure 5.

EARLAIID,non BRADY,1934(pars) p.81,pL.'),
figs.12-15.
Reophax subdental iniformis PARR, 1 950, p.269, pl.4, fi9. 20.

Dercrip*rin: Average size 1.65mn, juveniles O.5nm. Conmon throughout nost of
the sanples' one of twelve species used to define foraniniferal
assenblages.

Distribution: 64 }alkland lsland stations, up to 4771n, most comrnon in
shalJ.orer waters (Earland 19'54); lT samples, Ross sea and Mcllurdo sound,
90-110m, 362-295n, 548m, 4?0n, 5ZO-Z1een (Kennett 196S); connon in
present sarnples ' occurs throughout llcl'lurdo Sound on fine and coarse
substrate, . and conprj.ses an average of 2fr of the death assemblage
(o.ot-6.1%) and up to 541( (core 81-iB, New Harbour, 254n, 779J nud) 6r
the life assemblage; most abundant in the }Iixed Assemblage Zone
(+Z5n-63On) aefinea by Kennett (1958) for the Ross Sea. One of the nore
corunon agglutinated species in present Itlcivlurdo Sound sanples, a uide
size range present; found in 24 present sites, openrater sanples and
harbour samples,79-856m,7fr-Br.?F mud, also down Core g1-15,55em, to 76em
and doun Core 81 -18,254m, to 74cm.

Reophax dentalinifornis



Renarks: M,lqta siuil,Er to Mrarenaeea in over all test appeeranee- (eee

above) enE ffi:6 (0.t5-cj.6uE')ffiffi tre ta.ra ueuatrl5r oocur toget-her.
l{.}BtsisplunpergIId.round'erthan!{'ar'ene.oee.Insoneaeaenblagesthe
-tr6-specLes tend to graile into one another, though the larger teste are
eaoJp lo sep4rate. Stucly,of the,Be te cleternine if they are mega!'ospheric
and nicrospherlc genenationa of the aenc sPe,ciea vould be interesting.
For pres,ent punpcaes, theSr are hep,t aa separate taxa.
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Genus:
Genotype:

tr'anily: RZEiiAKINIDAE Cushuran 19j1

}IIIIAII{MINA Heron-Allen & Earland I 910
l'lilio1ina oblonga (Montagu) var

Chapnan 1 91 6
arenacea

Iitriliannina arenacea ( ctrapnan)

E, | 9J0,p. 43,pI. 1, figs .11-17 .
E ,1 93 5 , p .91, pl . 5 , fi gs . 1 5 - 1 9 .
E. PARR, 1 95O,p.257, pI. J, fig. 4.

& E.IUCKNIcHT, 1 962,p.106,pl .11,fLe.1Z.

to M.arenacea in appearance and slze(O.'l5-0.6nn)
M.arengcea.

Plate 4, Figure {.
VernicuLun oblongum M0I|TAGU, 1 8Ol,p. 52Z,pL1 4,fL8.9.
t'ti t io i :.na o5r onEiluonta gu ) . snlDt, 1 BB4, p. t 60, pt . 5, fi gs . 4a, b.
lliliolina obLonga (lvtontagu) var atenacea CHApliAN,l g,l 6,p.59,pl. | ,fie. ?.
lliliammina arenacea (ctrapnan) .EARLAND, lgt4,p.l 1 0,pl.4,figs .zo-24.

Dcs..iption: Test free, 0.2-0.tnm size range; very finely agglutinated,
h.ght grey colour. One of twelve species used to define foraniniferal
assemblages.

- 
I,nserL Rernar-lcs.
Distribution: Connon throughout the Antarctic: six Antarctlc stations,
219-474n (Parr 195O), 26 Ross Sea and l,lcllurdo Sound stationsrllO-2t@ur
(Kennett 1968). Comnon in 24 present sanpIes,79-856m,7fi-gr,TF nud, but
nore abundant in finer substrates; persistant to 56cn down Core 81 -1 5(550*,Granite Harbour) and to 41cm down Core 81-te (elqm,New Harbour).

lliliarunina lata Heron-Al1en & Earland
Plate {, Figure 5.

Miliauunina lata
Eta
lata
lata

}I-A
l1-A
It-A
H.A

&

&

&

I{iliammina
Miliammina
I-liliamnina

Remarks: Similar
usually occurs wj.th

Distribution: seven s.Georgia stations,lgl-719n; one parner peninsula
station (no depth) (H-a & E 19lO); 19 S.Georgia stations,26_727n(associated with }t.oFlonga var arenacea and lri.oblonga) (tt_l A E l91j);
three Antarctic stations, 1 7?-4?4m,found witir li.Effic-ea (parr 1g5O)
15RossSeastations,45o-157on(ucxnighttgEzffilpresentFrcMurdo

sound open nater and harbour samples,zlT-g56n,gi-95.?F rnud, persistant
to 56cn in core 81-15(550n, Granite Harbour) and to 4lcn in core
81 -18(254n,Nen Harbour) .
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Family: IITUOLIDAE de Blainville i825

Genus: CRIBROSTOMOIDES Cushman 191O
Genotype: C.bradyi Cushnan 191O

Cribrostornoides jeffreysii (t{iilianson)
Plate {, figure 1.

Nonionina j ef freysii UILLIAIUISON, 1 g5g, p. 14, figs .7?,77.
HapL-ophragmoides canariensis (d' Or.bigny) .CUStiti.qli, 1 920,p.6, 1 948,
p.26 ,pl .2 , fie. 1 5 .
Itgbrospira jeffreysii (wittiaurson).ttijclul'tD,194? ,p.146,p1.1 1 ,fLe.j.
AJveop,hragniun jeffreyeii (Uillianson).LoEBLIcH & TAppAN, 1957,i.3t,
pL.t , figs.4-7 .
Cribrostonoides .ieffrevsii
lrgs. r -, .
Cribrostomoides .jeffrevsii
r1g.b.

(wittianson).uunn.ty,t97 1,p.zj,pl.4,

(wittianson) .ANDensoN, 1 g75,p.76,pr.2,

cribrostonoides jeffreysii (williamson) .ruoltpsolJ, 1 9?g,p .244,pr.1,j:s53'4--
Remarks: Abundant in most sanples; one of twelve species used to define
foraminiferal assenblages for McMurdo Sound.

Distribution: Cosnopolitan, fron Alaska (15 stations, j7_Z21in) (Loeblich
& Tappan 195i); to Great Britain (inner shelf to 480rn) (tu.,rt"y 1971),
Tierra del Fuego (intertidal to 55.2n) (Thonpson 19Tg) and Ueddell Sea
(Anderson .1975); 10 Antarctic eanples, Ross Sea and Hcliurdo Sound,
9o-1335n (Kennett 1958). connon in present samples, forrning up to 1z.g%(At-0, 46Om) of the death assenblage. Uosl abundant at shallowerstations. Size ranges fron O.15nnr to O.?nrn.

Cribrostomoides
Plate 4,

subglobosus (Sars)
!'igure l.

_!i tgol_a subglobosa M. SARS, | 869, p. Z5O (nom nud ) c. O. SARS, 1 B.l 2, p. 251 .

IallophragmuT Latidorsatun GOES,1B94 (non Borneman) p.21 ,pJ..5,

IlaplopFraguoides subgLobosun CUSHIqAN, I 91 0, p, I 05, figs . 1 62_1 64,
$aploph{genoides subelo5osus EARLAND, 19jj,p.7e, & 1 g74,p.89.ta Eos-;re: 0. sars ) . H6ciulu, i i+2, p. 1 44, pf . 1 1, rL s. z,text-fig.1 26.
Cribrostonoides subglobosus (G.O.sars).urng, 1971,p.266,pL.j rfie.j.
Distribution: 20 stations north of Antarctic convergence, zol1_42a9n &110n; 20 stations south of Antarctic converence, 7jmr5o7nrll2on &. 1417-
4755n (tterU 1971); four Ross Sea site, 12g1-'t57On, most abundant (Z+,i'ot
tests counted) "t_ 757On (Kennett 1969); found in 1{ present sanples,
128-856m, ef,-85.7* nud.

Cribrostomoides wiesneri (parr)
Plate {' Figure 2.

Trgchqtnmin? trullissata BRADy (non T.trullissata Brady tg?9)
1884 (pars) p. )42,pt.4b,figs.14,15 G,;t l1J6f
Ilaplophlaemoides trull issa ta CUSHI{AN, I 9.1 0, p. 1 OO, text_fig. 1 46.
+aprosplra wiesneri PARR,1 9i0, p.Z7Z,pI.4,figs .Zr,26.
Rr.veophragmiusr wlesneri ( p.r" ) . nenxrn, 1 g60, p. 82, pl, 40, figs. 1 4, 1 5 .
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CIrtbrostoooJdes ul€gnert
,AJv€.ophraeniuq nie nerl (parr) .y.cKNrGHT, lg6a,p.1 oz, pl. I 0, fng, I ?.

(Parr) .KExtllrtr, | 968, Tabre 4.

Distribution: Ni.ne Ross Sea ststlons, 74-2995$ (l'rcklight 1952); 1l Ross
Sea sanples, 34BM-612a,137:5n end 1579r (Kennett 1968)g tno aaoples, 2924
aud 5697n1 S.Oeorgta (Eshols tg?t), ej.ght ean;lles, 4go-J642n,- $.Orkney
(geUots 19?l )n thre'e sanples fron S.Sandrieh Isl.ancie t egTG-A4gJn (nchoLs
1971 ), sev€n $cotia sea eempleo, 2,g77-'7679m (pchors lg?1 ) and one
Ueddell Sea aauple,.2796m (Echots 1971); one Tierra del Fuego intertidal
site (Thonpson l9?€). Bare_, ln four present lrlcliurdo Eotrnrl ,sanlrles,: One
gpen water site,56oE (gt -+rgF uud); three harbour aanplea
(8f -15,55On,44-46ea,1a,.55 nud; 81-18r254n,0-6r8-101 1P-14 & l6-2oen,
ebout 6OE nurl; 82-1t5}5m).
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Family: TEXTULARIIDAII Ehrenberg

Genus: TEXTULARIA de France 1824
Genotype:T.sagittula de fbance in de Blainville 1824

Textularia antarctica (Wiesner)
TtFilrieure t.

Bolivina punctata var arenacea HERON-ALLEN & EARLAND,i 922,p.1j7,pl.4,figs.21 & 22.
Pseudobolivina antarctica hIESNER ,1931 ,p.99,p].21 ,figs .zr7 & 158,tiffi.e.
Tex tularia antarc tica ( ulesner ) . EARLAND, 1 gj4,p. 1 1 6,pl . 4, fi gs . 7g-4j .

Remarks: Corunon throughout nost samples; one of twelve species used to
define foraniniferal assemblages.

Distribution: This srnall speciee (O.tl-0.+nur) corunon throughout Ross Sea
and llcMurdo sound. 16 sanples fron eaatern Ross sea, tg4-16?on (ucxnight
1962); 24 Ross Sea & licl{urdo Sound samples, 11O-3570n, 24"i of total
population at 720m,865n & 10l5rn (Kennett l95g). comnon in 2'l of present
samples, 79-B5Om, 8fl-85.7'i mud, open water and harbour sanples.

Textularia earLandi Parker
Plate J, Figure 2.

Textularia tenuissina EARMND (non Hausler 1BB1 ) 19'jj,p.95,pI.7,
G;.21-.,o
Textularia tenuissima Earland.H0GIUND, 1947,p.175,pl.1Lfig. I .
Textularia earLandl PAnKEi1,1gj7,p.45B.

ffiIE "a;GjoaT 
parker . panxrn, 1 g54, p. 490, pt . 2, fi g. I 2 .

Distribution: 16 Ross sea samples, 't14-2620nr (most comnon at Z6Zon)
(tttcxnight 1962); 12 Ross Sea samples, 9On & 595-g55n (Kennett t968). z5
present lvrchurdo Sound samples, 79-856n, 7b0gn)-5l-.1%$r}n) nud. Most
abundant in 254m (81-18, New Harbour, ??F mud).

Genus: SPIROPLECTAI{I{INA Cushnan i92T
Genotype: TextuLaria agglutinans d'Orbigny van

Parker & Jones 186l

Spiroplectamnina filifornis Eerland
Plate J, Figure J.

biformis

Spiroplectanurina fi liforsris EARLAND, 1 914,p. 1 1 2, pl. 4, fi gs .rO-12.
spiroplectannina filiforrnis Earland.KENNETT, 1 9Gs,Table 4,

Distribution: Rare (l sample) at 757On,D.pennell Bank, Ross Sea (Kennett
196s). rn present sarnpres, this snalr species (0.t5-6.27rm) is rare in
nine sanples, J7O-B5Orn, B-5Oh mud, harbour and open b,ater samples. Also
6-8cn, 81 -1 5(55orn),. o. i5% ot dead fauna, 54-56cn- (et -t 5) o. 47fr ot fauna,
al&(top)-?55(bottom) niud.
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Family: TRCCIIAI{IITINIDAE Schrrager 1877

Genus: TROCHAMMINA
Genotype: liautilus

Parker & Jones, 1859
inflatus I'iontagu 1 €iOti

Trochamnina
Trocframnina
Trocharunin"

Trochamrnina glabra Heron-A11en o llarland
Plate {, Figures 6,718.

glabra H-A & E,1912,p.344,p1.7,fi9s .26-28.
gLabra H-A & [.]{CKNIcHI,1962,p.1 10,pl.1 7,fiC.5e.
gLabra H-A & Il.ECHOIS,1971 ,p.151 ,p1.tO,figs.1 ,2.

Remarks: Abundant throughout most samples; one of twelve species used to
define foraminiferaL asgenblages.

Distribution: Small (O.tmm) agelutinated species conmon throughout the
sanples, averages 7.)5f; of the dead assenblage in the open Sound raters(t.e-tr.Oft) and 14.5fu ot the dead assemblage in the harbour sanples
(0.t4-42.tfr),19-e5}n,7%-85.7f, nud, nost connon at 266n,S1-15 , 

- 
6gfi

mud,Neu Clacier rGrani,te Harbour.

Trochanmina gaboensis Parr
l'igures 9, 1 0.Plate {,

Trocharunina gaboensis PARR, 1 950,p.278,pl.!,figs. 1 1 -1 ).
€aboensis Parr. KEI{I,jETT, I 968, Table 4.Trocliammina

Renarks: This
characteristics,
average. Scanning
between T.gaboensis
species,

species and the one preceedin6; have simllar
though T.gaboensis ie larger (O.Zl-O.lnn) on the
electron photomicrographs show a degree of sirnilarity

and T.glabra that irrdicates they may be the sane

Distribution: One ?asnania station, 1zz-155m (parr lgbo)i 27 Antarctic
samples, FlcMurdo Sound & Ross Sea, 9O-lO15n (Kennett 196S). Connon in
2'l present licliurdo Sound samples, usualiy assocj.ated riith 1'.glabrarforns
up to '\1fr ot the dead assemblage (et -12,1torn) and 6.lE Ftne rive
populati.orrs (al-la, 11Om) i79-856m,7b-er.?F mud, open water and harbour
samples.

Trochanrnj.na sp A

PraTETiFrre 11 .

Description: Test free, snall (o.t-o.emn), finely agglutinated, uallsnoothly finished, flattened chanbers arranged in low trochospiral
whorl, three chambers in final whorl uith unbilical aperture covered by
flap; coLour a distj.nctive goId.

Distribution: Rare in 'l{ present I'jcnurdo Sound samp}es, 79-6ZOm, as
as Core Bl-18 (Z|,4n,New Harbour,0-2,4-6,g-10,i4-16 and Jo-J2cm) and
8t-15 (55Or,Grani.te Harbour, to 56cm).

well
Core

-T*seherenina--sp &'
PG'te--7, ridre 11 .

Deseri.ption: Test free, snal1 (O.t5mn), finely
chambers arranged in very lor trochospiral whorl,
of being conposed of separate segments, sj.miLar

tt

agglutinated, elongate
giving test appearance

to an orange; aperture
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not apparent even under nagnification.

Distribution: Rare to frequent in nine present llcliurdo Sound sanples,
79-796n, to 12cm in Core 8l-18(254n,Ner Harbour), to J6cm in Core
S1-15(rrOnt, Granite llarbour), to JOcn in Core 82-1 ('lOj^,llacKay Glacier)
and to 4Jcm ln Core B2-2 (lgAn,MacKay Gfacier,Granj.te Harbour).

Oenus : PORTOTRO0HA}jI'IINA Echols 1971
Genotype: Portotqqchannina eltaninae Echols 1971

Portotrochannina antarctica (parr)
Plate J, tr'igures 6r7.

Trochannina antarctica PAXR, 1 950,p.280,pl.5,figs .Z-4.
Trochammina antarctica Parr.KENNETTrl t68,Table /1.

(parr).rcior,s,1g71,p.14B,P1.?,figs.4-7.

Remarks: Most abundant species in Mcllurdo Sound; one of twel,ve species
used to define foraniniferal agsenblages.

Distribution: five Antarctic stations, Igr-toom (parr 1950); JO Ross tba
and lvrcllurdo Sound stations, 9O-2100m (56fl benthic population at 52On)
(Kennett l96e); five s.sandwich and tryo s.Georgia stations, zoj-1244n
(Echols 1971). Most connon species in present Mct{urdo Sound sanples.
Abundant in deep, shallow and harbour samples, forning up to 45.gfi ot
the dead assemblage, and up to 27.)fl of the Live
population ,79-856m ,3fr-er. TF nud.

Portotrochamrnina eltaninae EcholsrEFiEi'rB'E.
Portrochannina eltaninge ECHOIS,197l,p.l45,p}.8,figs.l & Z.

Renarks: Oommon throughout samples; one of twelve species used to define
foraninj-feraI assemblages.

Distribution: Conrnon throughout Drake passage area,49O-6157n (Echols
1971); abundant in present sanples,?9-855m,e5-e5.?S rnud.

Genus: CONOTFOOHAIy,IIr1IiA Finlay | 940
Genotype: C.nhangaia Finlay 1940

Conotrochanmina bullata (Hrieluna)
Plate l, Figure 10.

Trocharuninerla ugllstr. HOGLUND,lg4'l ,p.211rpl.1?,fig.!,text-figs.l94-lT5.-- -
Conotrochannj-na bullata (Hrielund).8Ctt01S,1971,p.144,pl.5,figs.11,12.

Distribution: l'ifteen sanples, s.Georgia, s.sandwich, s.orkney, scotia
and Ueddell Seas, 490-60TGm (nchols 1971). Abundant in present
sanples,79-856n, 7fl-e>.?F urud, harbour and open water sites.
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Verneuilina ninuta
Verneuilina ;inutt
fffi; ninutg

Fanily: ATAXOPHRACI4IIDAE Schwager tB77

Gerrus: VURNEUIIINA d'grbigny tB19

Verneuilina ninuta Uiesner
Plate ], Figure l.

UIESNER, 1 971, p. 99, pl . 1 7,fle. 1 55 .
Uiesner.l.tCKNIcHT,1962,p. 1 05,pl. I 1,flg.28.
hliesner. ECHOIS, j 97 1,p.1 44, pl. 5, fig. 9.

Dcec.'ipl,'on: Test free, smaLl (o.oo5nn diaueter), wal1 aggrutinated of
angular to subangular grains, randomry orientated, closery packed,
aperture 1s strroothly finishedr Do lip, chambers numerous; does not
disaggregate in hydrochloric aeid.

Distribution: Uidely distributed in Antarctic region: seven Ross Sea
and one iieddell Sea sites,7A4-69On (Mcfnieht 1962); three S.Orkney,
three scotia sea, two s.sandwich and two lie<ldell sea sites156o-4196m
(nchots 1971); five Ross Sea stations,1,6l-542n (Kennett 1968). Rare to
connon in 26 present harbour and open water samples r/g-g55n, 7%-95.7,i
grud.

Verneuilina edvena

Verneuilina advena Cushrian 1 922
Plate ), Irigure 4.

CUSHMAN,l 922,p.57,pl . 9, figs .7 -9.
cushnan.HoGLUND, 1947 rp. l85,pl. I 1,fie.t 1, text-fig.Verneuilina16;- advena

Distribution: Five Falkland rsland stations, go-1ol5m (H-A E u iglz);14
Falkland Island stations, 3O-1542m (farland lg74). Rare in l{ present
sanples, 79-856n, 7fu-85.?5 nud.

Genus: EGGERELLA Cushnan, 1931
Genotype: Verneuilina minuta bradyi Cushnan .1911

,-* bradyi (Cushrnan)
Plate I, Figures 12,1t.

Verneuilina bradyi CUSHIIAN, I 91 I,p.54,p].!!,fig.B?.
Eggerella bradyi (Cushman).pARKEn,1914,p.494 rpl-.j,fig. 1 ?.
EggereLLa bradyi bradyi (Cushnan).UBng, 1971,p.296,pI.4,fie.5.
Eggerella bradyi (Cushnan).KENltETt,l968,Table 4.

Distribution: Gulf.of }lexico, 150m (parker 1gr4); one Ross Sea station,
527n (Kennett 196S); 18 stations north of Antarctic Convergence, 1951-
4099m and four stations south of Antarctic Convergence, t551-4758m (Herb
1971 ).
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Fani.ly: FISCITERINIDAE i'lil1ett 1898

Cornuspira as a junior Bynonym of Cyclogyra.

Operculina -involvensCornuspira involvens
Cornuspira involvens
Cornuspj.ra involvens

Cyclogyra involvens (neuss)
Plate 5, Figure 1 1 .

REUSS, 1 850, p. 170, pl. 1 4, fig. 2O.
(Reuss).gneoy, .|884,p.200,pl. 

1 t,figs .1 -'t.
( Reuss ) . culrruu, I 91 6, p.zg, p1. 2, fig. B, p. 41,
(Reuss).cH.qpMA[ & PARR,1g77,p. I 28.

Cornuspira involvens var corticata Chapnan & parr.CHApl'iAN &
PARR, 1 917,p. I 28,pl. 9,fig.J?.
Cornuspira corticata Chapman
Cornuspira corticata Chapnan

&

&
Parr. PARR, 1 95O,p.2ti4-285 .
Parr .IICKNIGHT, 1)62 ,p.1 O9 , pl . 1 L

fig.46.
Cornuspira involvens (neuss).pflUu, 1 9GG,p.1 ?g,pl,16,fLg.ZZ.
Cyclogyra corticata (Chapman & parr).KENNETT,l96g,Table 4.

Renarks: There is sone confusion in the earlier literature as to nhether
two species actually exist. llhen chapman and parr (tgll) proposed var
cortlcata ' they il.lustrated only one vieu of a broken test, which is not
sufficient to show any significant difference frorn the typical
C.involvens. Parr (1950) later raised variety se4icata to speciesTeiilIFprovided no itrustration. chapman ani FaT;E-fTg:z) verbal
description bases the differentiation of the two forns on an exterior
coating of dried protoplaem in C. corticata. parr (t 950) Iater stated
that this coating is dried nudl aiTEiE more angular periphery and
different test shape in C. corticata are the basis for separating the
two species. IrrcKnight TlgOZFilo lflurn (1966) reported both forrns
present in the aFsemblages they studied, but their figures do not show
significant differences. Kennett (1968) recognized only C.corticata.
Loeblich & Tappan Ogn) and rodd & Lor (tgoz) list this sa-n'eJorm fronr
Alaska under the name cornuspira involvens. Because the Lack of
illustrations and inadequate illustrations in prevlous authors'
accounts, corticata is here treated as a junior synonJrn of cyclogyra
involvens

Distribution: tr'our Ross sea stationg, j65-475n (ttcKnignt 19(12); trio Ross
Sea shelf sanples, both 274n (Ptlun 1956); thirteen Ross Sea and Mcllurdo
Sound stations, 9O-72On (Kennett 1968). 2, Arctic stations, 1?.g-271n
(Loeblich and rappan 195j); three Alaska stations, g6-t?4n (roaa & Lor
1957). Rare in eight present llcMurdo Sound sanples r177-85On, including
Core 82-t (3O7^, Z5-7Ocn).
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Family: NUBECIjLARIIDAE Jones 1879

Genus: PLANISPIRIIIOIDES Parr 1950
Genotype:l,iiliolins buccuLetta llrady 1BB4

Planispirinoides bucculentus (Brady)
Plate I, Figures 9r1O.

l{iliolina bucculenta BRADJ, | 884,p. I ?0,pl .1 1 4,tje.3.
Planispirina bucculenta (Brady).SCHtUltBEnCEIt, 1892,p. I 94,p1.8,
figs.6,'/.
Miliolinerta su\rotunda (uontagu) var -gi-@. (uiesner).
@ti,!li6@Ti,rig.ri8.
Planispirina bucculenta ( Braay ) . CHAPI'{AN,1 91 6,p. 42, pl . 5, fig. 4.
Planispirinoides bucculentus ( Brady ) . pmn, 1 95O,p.287, pI. 6, figs . 1 -6,
text-figs .1 -5.
Planispirinoides bucculentus (Brady).I'ICKNiGHT,l 962,p. .| 09,pI.17,
fig.48.

Distribution: One station, North Atlantic , j46n (typ" locality, Brady
1884); Reported occurrences (Chapnan .l915) in Arctic, N.Atlantic, off
Australia and around the subantarctic islands of New ZeaLand. First
reported fron Antarctica by Pearcey (t9t+), one Burwood Bank station,
4791n. Eight Antarctic stations, 191n-64Cn, three Kerguelen stations,
2o-lorn, three Australian stations, 6zn-128m (parr i950); four Ross sea
eanples , 164n-475m (t-tcXnight t g62)i one Ross Sea stati,on, 4G6m (Kennett
1 968). Rare in three present McMurdo Sound samples,
177n(81-1o),81-?(+zom) and 52on (aTzo), 17fr-45% nud.
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Family: I{ILI0LIDAE Ehrenberg 18J9

Genus : CRUCII0CULINA <i 'prbigny in de la ljagre 1B')9
Genotype: C.trianglularis d'Orbigny 18Jp

Cruciloeulina
PIate

triangularis a' Orbigny
5, Figure 4.

Cruciloculina t{ign€ltgrie D' 0RBIGNY,1 B7g,p.7Z.
ffiIj"" tri"@li.brbigny) var crucifor.nris I.iTESNEIT ,1971 ,p.ib-
Milio1ina tricarinata (d' 0rUigny).UanlaND,1 g').t,p.48.

(a, oruieny) . pnnn, 1 g5o,p.zll.
d' orbigny.IICKNIGHT,li6Z,p. 1 O?,pL.1 p,

Tls7o'. 
-Cruci Loculina tr;lan gulanlg d' Orbigny. FILLOIJ, 1 97 4, p. 1')9, pf . J,r"3r.--

Renarks: l4cKr.night's illustration (p.lo?,pl.12,fig.40) represents a forn
very siniler to that described by lJard (l9lg),

Distribution: Eight S.Oeorgia stations 112-2549n (narland 1917); three
Antarctic stations , 3oo-540m (parr 1 950); one Ross sea station 4?5n
(ltcKnigtrt 1962), six Ross sea and llcliurdo sound stations , 11o-195n
(Kennett 195s). Rare in six present sampres, 126-56on (above ccD),
8";-21 .6% nud .

Ivliliolidae sp A

Plate f,Figure 2.

Description:Test ninute (o.t5mm), clear, hyarine, calcareous, sigmoiline
coiling; tro chanbers visible in last whor1, aperture terninal on last
chanber, slightly produced on short neck uith narrow rim.

Distribution: Most coqmon ln core 1981-18, frorn J8-4lcrn (bottom of
core); also I'ound in 1961 -12r10,9,8A,1,) and 1gB2-7, 'llO-496m, j)l.-61,i,
nud.

llili.olidae sp B
Plate I, Figure 1.

Description:Test snalr (o.1nn), opaque, calcareous, porcelanous,
sigmoiline coiling, three chambers visible in last whorI,

aperture terninal at end of laet chamber.

Distribution: Rare in six Mclrlurdo Sound sanples, t980-6,1981-5, lgBZ-
2,7,4(2r-l0cm) and 198'5-26, '79-62On, 7%-45L nua.

Genus: PYRGO DeFrance 1824
Genotype: Biloculina bulloides d'Orbigny 1626

Pyrgo denressa (a'OrU:.gny)
Plate !, Figure ).

Biloculina depressa D' oRBIGNY ,1 825, p.29g, no . ? , fig. gl .
Pyrgo ciepressa (d'Orbigny). EARLAIiD, jg)4,p.46.
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Pyrgo depressa ( ct ' Orbigny ) . t'tcxnrcilT, 1 962 ,p. 1 06, pl . 1 i ,f ie.47 .

Distribution: One Arctic sanple (clarence strait), Jgln (Todd antl Lou
1967); six Ross Sea stations, 274-BOrm (ltcKnight 1952); elght Ross Sea
sta1,i.ons, 90-548m (Kennett 196S). Rare in two present l{cl{ur,do Sound
samples, 171n (et-tO) and 2B9n (81 -BA, >gfl mud).

Pyrgo elongata d'Orbigny
Plate 5, Iigure 7.

Biloculi.na elongata D'ORBIGNI,1 g26rp.2!9,no.4.
Biloculina elonge l,a d' Orbigny. CHAPI,IAN, 1 91 6, p. 28, pl . 2, fi C. 6 .
Pyrgo elongata (d' Orbigny).CUSUtrr,nN,19Zg,p.7O.
Pyrgo elongata (d'Orbigny).CHAPUAN & PARR,tgl7,p.t jG.
Pyrgo elongata ( o' Orbi gny ) .t'tCrNtCHI, 1 962, p. I OB, pl . 1 3, f i e. 42.

Distribution: Three Ross Sea stations, 164-475n, one treddell Sea
station, 164-475n (tttcXnight 1962). Rare in eight present sanples,
1'l)-56On, open rater and harbour sites.

Pyrgo nurrhl.na (Schuager) tB55
Plate |, Figure 6.

Biloculina murrhina SCHUAGER, 1866,p,ZO7rpl.4,fig. 1 !.6I a mfi'Elna schwager.wrEsNER ,lglj ,p.l io,pl .t7,tie.195.
@ager)lcuapnen a IARR ,1gtl ,p.1j6.
Pyrgo murrhina ( Schuager ) . pmn, 1 950 ,p.Z9.l .
Ft.g" nurrhfi'a ( sctrwager ) . tttcxNicH T, I 96z, p. 1 Og, p1 . I J, fLe. 44 .
Pyrgo murrhina ( Schuager ) . f B!,lNltrf ,1968, Table 4.

Distribution: Tuo Antaretic sites, j9j and J4lOrn (tliesnen 1931); one
test in one Antarctic mud sample, l7lSm (parr 1950); tro Ross sea
stations, ]64 and 262an (UcKnignt 1962); one Pennelt tsank (Ross Sea)
station, llJrn (Kennett 1968). Very rare in Mclturdo Sound samplesl on€
test from core 81-18, 254n, JB-41cm, 46$ nud.

Genus: PYRGOELLA Cushnan & E.l{.t{hite 1916
Genotype: BiLoculina sphaera d'Orbigny lglg

""-* 
,*=- (o'oruieny)

Plate !, I'igure 8.

Biloculina sphaera D'ORBICNY 11B59rp.66.
Biloculina sphaera d' Orbigny.BRADY, l gB4rp. 1 4i rpl.2rfig.4.MiliolinelIa sphaera (d' Orbigny) .urusnnR, I 9]1,p. I 0?,p1. 1 ),f]'g.1 17 .
PyrgoelLa sphaera (d'orbigny).cUsHt*nN & UHITE,1916,p.90.
Pyrgoell.a sphaera (d' Orbigny).HERoN-AILEN & EARLAND,jg3Z,p.j2Z,pl.4,
figs.41 ,42.
PyrgoeIla sphaera (d' Or.bigny) .UCfnf CIIT, 1 962, p. 1 08. pl . 1 l,fie. 45.

Distributlon: One Alaska sanple, 174m (toaa and Low 1967); they remarked
that it is widely distributed in deep and noderatery deep waters; one
dredging, Falkland tslands, l46m (Heron-A11en & EarLand 1g't2) five
Antartic stations, 197-54an and one Macquarie Island stati_on, 69n (parr
1950); three Ross sea stations , 164-475;, (tict<night tg6z); nine Ross sea
and lvlclrlurdo fjound stations r 90-i ]]5m (Kennett l968). Rare in three
present samples z 1'l7m (et -t o, most abundant ) , 21')n (sl -g ) atd JTout
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(S't-e), above 000, about 2O[ nud.

Oenus: SXGMQILINA lichlunberger 188?
Genotype: PfarigX)lrina signoidea Sehtruliberge:r .|887

Signoillna ynbonata lleron-Allen and Earland
Plate 5, tr'igure ].

Fieqoil*aa ugbonata It-A & Erlg?zztp.71rp1.l rfigs.7,8,.
,Siepolli.na uobonate II-A A E.trrCKNIOttT, i 962,p. l 06,pl .Ip,fig,.Jl.

Distribution: Seven Antarctic stations r2S6-264An (Heron-Allen & Earland
1922); Fcven Ross Se€ and Ueddell Sea sites J64-2:45An (ftafnigtrt t952)i
e x RoEe sea etatioaer'llo-]39n (lcennett 1968;)" sare io pretent llcMurdlo
Sound opeu nater eanpJ.es,420-6A0n,8fi=l6h & 45S nud.
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Fanily: NODOSARIIDAE ltrrenberg 1B1B

Genus: DENTALINA Risso 1826
Genotype: Nodosaria (Dentaline) cuvieri d'Orbigny 1926

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

Nodosaria (Dentalina) connunis D'ORBIGNI rl826 rp.Z54.
NoAo sa ria cffiffid' o;EfEiFEARLAND, j 93 4, p . 1 67 .lnt.ffi; conmuni s ( o' oruieny ) . g.Anxnn, 1 960, p . 1 30,pt . 62, figs . al, 22.
Dentalina conmunis (d'Orbigny).K8NNETT, l 96g,Table 4.

Distribution: seven deep scotia sea and Drake passage stations rt6rj-
4771n, and one S.Sandrich siterS?gn (Earland 1%4); four Ross Sea sites,
27O-466n (Kennett 1958). Rare in two present Mcllurdo Sound sanples, Core
81-10(171n) and Core 81-t8(254n,77fr nua).

Genus : NODOSARI,A tslilarck 181 2
Genotype: Nautilus radicula Linne' 1758

Nodosaria nariae d'0rbigny..E-te 
zlFFres 5,5.

Nodosaria nari.ae D'ORBICNY, 1846,p.77,pl.l,figs .15,16.

Distribution: Originally described from the Tertiary of the Vienna lbsin
( 0 'ottieny 1 846 ) . Rare in three present llcllurdo sound sanples from
shall.on open sound locations, g1 -jz(llon), 81-lo(177n) and g1-BA(299n),
about 6Of nud.

Nodo""rig sp
PtateJl-TFes ?,8.

Description; Test free (o.6nn),consisting of at least two unigerial,
ovoid chambers, the second strongly overlapping the first, ral1

calcareous, hyaline, aperture terminal, radiate, slightly produced.

Distribution: Rare in three present I'icMurdo sound samples rToTn(Bz-1 ,
25-2ocn),577n(et -17,27% mud) and BSGn(Bt-r,72fi nud).

Genus: LAGIINA Ualker and Jacob in Kamslacher i?98
Genotype: Serpul.a (Ieeena) sulcata llalker & Jacob 1?99

Lagena distoma (parker & Jones)
Plate 6, Figure J.

Lagena sulcata distona PARKER A JONES,1865,p.756,pl.1 j,fj.e.ZO.
rageng distona Parker & Jones.BRADY, i 884,p.46'r, pl. 59, figs. I 1 -l 5.
I,agena distona Parker & Jones.HERON-ALIEN & EARLAID,lg)2,p.J66.
Lagena distona parker & Jones.ECHOLS rj971 rP.165.

Distribution: one Kerguelen site, 21)m, two N.Atlantlc sites, 11 T-137n(Brady 1884); ten Falkland Islands sites, 145-1O75n (Heron-Atlen and
Earl'and 19'12); four s.Georgia sites, 674-6gom, one $.0rkney site, ,ota,
one S.Sanduich site, 551m (gcfrols .l 971). Rare in present Mcllurdo Sound
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sanples, one test each in'1981-5,496n and 1981-12,'ll0m.

Ipgena elongata (Ehrenberg)
Plate 6, Figure 1 .

I'liliola elongata EHRENBEHO, 1 844,p.27 4, 1&45 rp.37 1, 1 854,pr. 25, fig. 1 .
Lagena elongata (Ehrenbere).gnlol, 18tj4,p.457,pl. 56,fig.Z).
GE;nt etongsta (Etrrenbere).HnnoN-AttEN & EARLAIID,1gtz,p.563.
Lagene eibnEata ( Ehrenberg ) . nUCuneR, I 94o, p. 41 ], pl. 2, figs .21,24 .

Distribution: Tro S.Pacific sitesr6] & 1926n and one Southerrr Ocean
site, 408On (Brady 1884); tro Falktand Island sites,146 & 66On (H-A & E
1912); Gulf of I'laples , l OO-ztoOn (Buchner 1 94O) . Rare in six present
Mcllurdo Sound sanples, fron I lo-496trr, also
e2-1 (totn, Z5-lQcn), Bl -l e ( t 54n, 7o-72cm,18-41 cn ), 1 ofr-21 % and 6 1 F mud .

Isgena gracilis lfilllanson
Plate 6, Figures 4r5.

Isgena gracilie hIILLIAIT{SONr1848,p.1 J,pl.l rfig.!.
Lagena graci 1is tiillianson. 3RADY, 1 Be4, p. 464, pr. 58, figs . 2,1,7 - 1 o,
22-24.
Isgena gracilis llil.lianson.PFLUlt, 1 956,p, 1 B0,pl .1 6,fig.27 .

Distribution: Three Antarctic stations rll-1446n (pearcey 1914); tuo
stations,429B-4415n (Brady tBB4); four Antarctic stations,265-41en
(pf:.un 1966). Rare in sir present ltcllurdo Sounci samples ,79-66On, 7b-61F
mud.

@r'#l@*ul:"::'""''
Anphorina gracillina SECUENZA,1862,p.5l ,pI .1 ,fie.j7.
Amphorina distorta SEGUENZA,1862rp.52,pI. I,fie.1g.
@(Seguenza).gnlor,18B4,P.456,P1.56,figs.2o-24.
Lagena gracillima (Seguenza).LOngIrCH & TAppAN,l 951,p.60,pl. I I ,figs,l -1 1 .

Distribution: S.Pacific , 45-1980n (Braay tBS4); 14 Alaska stations,
21-6-146.3n (meutlctr & Tappan 1g|1); Gulf of Naples and parermo, rtaly,
10O-9O0m (Buchner 1940). Rare in present sanples g1-5,2,gA, B2-j,
82-1 (z5-locm),81 ae(72-],4cn), 179-496n,joS-GOS mud.

Lagena nebulosa Cushman
Plate 5, Figures 7r8r9.

Lagena raevis (t'tontaeu).BRADY, 1884,p.455,pl .56,fie.1 z.
l,agena laevis (Montagu) var nebuLosa CUSHI{AN 11gZ1rg.Z9,pl.5,
figs .4,5.
Lagena nebulosa CUSHIvIAN.BUCHNER,194Q,p.421,pI.2, figs .11,'J2.

Distribution: One station off rahiti,pacific,lll6m (Brady 1884); Gulf of
Napres and sicily,5o-9oom (Buchner 1 940). Rare in two present
eanples,Bl -io(t?lm), Bl -i B(zrqn,4-6,18-41 cm). 46i"-6)f, nud.
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Iagqog ,gtriat+ (d'orbieny) tegg
Flate 6, Figure 6.

golfae €rtf -tg te D'.OflB-trGNI, 1 Eg9, Xr. 21 1 pI. !, flg. | 2 .
Lageng striata BRADY, .l884rp.456,p1.5?,figs .19.2ErZZ?,24?.
Isgena striata (d'orb).BUc.ltltER, I 94o,p.424,pI.4,figs .54-61 .

Ei.Etrii.btrtion: D'Orbign5r deseribed ttrrig f,rosr the .Anerieas (195,9) Paoific
Oeeann 68-4,345n (nraay tES4),i @uLf of NapLes,28-9oorn (Suchner t94o).
Bare ln present lttcllurdo sound seuples,s B'l -6(Dve) ,8,1-4r7 ,2,
779-56@,95-22"io nud.

Gequs: IINGUIINA d'Orb,igny 1826
Gezotype: L.carlnata d'Ortlg4y 1826

lj.r.teEllne vitrea Heron-Al].en & Earland
Plate 6, Figure ll.

lrtleu.Ifng vJtrea }|ERON-ALLEII e EARIANDrtgTZrF.]E?rp,tr.lZrfige.lA-14.

DlstrjbutJ,oa:: V'Eey rare in elevated inari,ne depositsl Gapes Barne-Ro;yde
8rsa, Rose leland, Antarctica. ll,ely raie 1n present -ltcHundo Sound
ganp.L€s, olre teet only :in l!gt-lO; l75n.
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Family: VAGINULINTDAE Reuss 1860

Genus: LENTICULINA Lal'larck 18O4
Genotype: Lenticul.ites rotulata Lal.tarck 18O4

Lenticulina gibba (a'OrU:.eny) 1Bt9
Plate 6, Figures 12r11.

cristerlaria gibba D'ORBrcNy in de la sagre,lg)9,p.6i,pr.1,
figs.2Or2l .
cristellaria gibba d' Orbigny.ciiApljiAN,lgl 6,p.14,pl. 5, fig.8.
Lenticulina gibba ( a' orbigny) . BAnXEn, I 960,p. I 44, pI . 69, figs.B, 9.

Distribution: Ouba (d'Orbigny 1SJ9b); elevated narine mudg fron Uape
Barne-Royds area, Ross Island (Chapnan 1916, tJard 1979). Rare in six
present licl4urdo Sound sanples , 1 1 O-glOnr ,1Gfi-61fi mud .

Fanily : POIYII0RPHINIDAE

Genus: POLYIIORPHINA d'Orbigny i826
Genotype: I.burdigalensis d'Orbigny 1826

,fffiffi":i.
Deseription: Test free,snall(o.tnn), loosely biserial, strongly over-
lapping chanbers, wall calcareous, hyaline, aperture terninal, radial.

Distribution: Eare in three present lrrcMurdo Sound sanples ,'l 1Om(Bl -l 2,
61$ nud),zttn(at-9,1af, mud) and 2g9n(8j -BA,z2% nud).



55

Family: GLANDULINIDAII Reuss 1850

General. remarks: This family contains three genera, Iiglg,Parafissurina and Oofina, uhich show a high degree of variabirity, often
;akirre pGltive iE6[]T:.cations riifficult. in the folloning section,
the most comnon species are identified as well as possible, and others
are referred to Fissurina spp or Oolina spp,

Genus: ENIOLINOULINA Iceblich & Tappan 1 961
Genotype: Lingulina aselliformis Buchner 1942

Entolingulina biloculi (Urieht)
Plate g, Iigures 1 12.

Lingullna carinata var biloculi WRIGHT,igI l ,p.l3,pI.2,fig.lO.tdEffit Etoc"li (wriEfrT[EFoN-ALLEN & EARLAND t1 g17,p.94,p1.8,

Lingulina bitocuti (Wrieht).tt-l & E,l 922,p,174.Ilnsui; 5f'A;iT ( urieht ) . nucHnnn, 1 942,i. t'jz, ri s. 1 z .

Remarks: Pl-aced in Entol.ingulins due to presence of entosolenian tube.

Distribution: Gulf of Naples, 90-900m (Buchner 1942); one lilcMurdo Sound
site,54Bn (H-l & E 1922). Very rare in tryo present sanples,
1 1 O-62Our(al -12,61 S nud,83-26,45% muO).

Entolingulina bicarinata Sidebottom
P1ate 9, figure 1.

Lingul-ina carinata var bicarj-nata slDEBorrOr'i, 1 90-/,p.j,pr. 1,fig.20.
Lingul-ina carinata var bicarj.nata Sidebottonr,HERON-ALLEN & EAnLAND
191't ,p.94 , p1 .8, figs .1,4.
Lingulina bicarinata ( siOebottom ) . CUSHUAN, 1 92r,p.97,pI. I ?, figs .5-7,
pl. 18, figs .6 ,7 .
Lingulina bicarinata (s:.oeuottom).lucmiER, 1 942,p.124rfig.6.

Distribution: Found in Atlantic ocean (cushnan 192)); off rreland (u-l a
n 1913); Gulf of Naples t 2'lOn (Buchner 1940). iare in two present
Ilcmurdo Sound sanples, Bl -12( I t Om,61Xi mud) ano 81-tJA(2g9m, 59f mud ).

Genus: GLANDULINA d'Orbigny in de 1a Sagre t8]9
Genotype: Nodosaria laevigata d'0rbigny l826

atma**a antarctlca parr
Plate l, Flgures 2rJ.

Glandulina rotundata UIESNER (non Reuss),t 9)1,p.i j5.
EG;auiina E@ wTESNER (non trooosaria- (ii"nauritr) _laevigataa-bffi].gnTrffi'n,
Clandulina antarctj.ca PARR, I 950,pl. 1 2,figs.g,9.
clarduirna antareti.ca parr.t'icKlticttt, 1962,p.i 1 ? rp1 .i7 ,p.92.

Discussion: Chapman (lgl0) tistea the two generations of thie forn under
Nodosaria (G1andulina) rotundata (megalosph^eric) antt Nodosarla
@e)@ (microspFEc). irrin sections of G. aiGffi
(nic'rosph"ric-ia megalospheric gener,ations) p""p"i"J-uy U"rdTl$gl



57

revealed that both forms have entosolenian tubes and vestigiat ualls of
early chanbers whj.ch were not evident in exterior eranination of the
tests.

Distribution: tr'ive Antarctj-c stationsrJo0-640m; one Kerguelen station,
150m; two Tasmania stations,122 & 128m (Parr 1950). Ttre holotype is
from Parr's Antarctic Station tO (:qOr). Five Ross Sea stations,l6-5-AOOm
(t'tcxnignt 1962); ten Ross sea and lic!{urdo sound stations ,11Q-1775n(Kennett 1 958). Rare in five present Mcl{urdo Sound
samples ,171-56on,8fl-22'i nud, arso 254n(gt -tg,Ferrar Glacier snout,New
Harbour,dead tests only: B-lOcnr2b-JOcn,7}-54cn and 7g-41cn,46ft-6),h
nud).

Gl,anduLina laevigata (a'OrUigny)
Plate '/, Figure 4.

Nodosaris (Glandulina) Iaevigata D' ORBIGNY,l g26 rp.25Zrpl. 1 O, figs.1 _J
Clandutina IaEGE-D'
rseuqoAranoGFraevrelaevigata (a' Orbigny).CUsttt'ilN &-ficCULLOCli, i 950,
Glandulina laevigata D'oRBfGNI, 1B46,p.Zg rp:-. l rfigs .4,j.

P.32r,pI.42 
' 
fig.4.

Glandulina laevigata d'Orbigny.toEBI,rcH & TAppAN rlg5'J,p.Bl,pl.l 6,?:.s=E.
Distribution: Eight Alaska stations, 2'5.8-1OO.5m (l a t 1951); rare
one present li{c}lurdo Sound sanple, gl-12(1lOm,6iF mud).

Genus: LARINCOSIGIIIA Ipeblich & Tappan
Genotype: L.hyalascidea Loeblich & Tappan 1!!J

Laryngosigna hyalascidia Loeblich & Tappan
Plate J, Figure l.

Laryngosigrna hyalascidia I & T r19i3,p.BJ,pl.l !,figs.6-9.
Distribution: Twerve Ataska stations,Tl-zz1.z^ (t" & T 195r. Rare in
one present sanple: 81-1211 lOn,6lE nua.

Genus: tr'ISSURIIIA Reuss 1g5O
Genotype: F.laevigata Reuss lB5O

Fissurina cornigera (Buchner)

- 
Pl"tElErre a.

legena cornigera BUCHNER, I 940,p. It 4,pl.22,figs .445_452.

Distribution: Recent tests from TO-g2On, Gulf of Nap]es (Buchner l94O).
very rare in llcllurdo sound sanples, one test in iggl-lO, 17tn

Fissurina foliformis (Buchner)
@1,2,7.

Lagena formosa Schwager. BRADI, 1884rp.49O,p1.50, fig.2O.
Lagena folifornis BUCHNER, i 94O,p .4|,4,pl.g,figs. 1Zg_112.Fffiriil, ro-I]frlm i s ( gu c nne r ) .'g.anren, 1 g 60, p-. 1 26, p 1 . 60, f i g . 20 .

Distribution: one s.pscific ("challenger") station,7795n (Brady leg4) ;



58

250-90Om, Gulf of Naples area (Buchner I 940). Very rare in present
![cMurdo sound samples,496n(91 -j,1ox, rnud) and 62on(s'i-26,45f, mud).

Fissurina narginata (l,tontagu)
Plate B, Figure 9.

Verniculuro margina tum II1ONTAGU, t 8OJ , p .rZ4 .
@ontagu).t,oggLrcH&TAPPAN,l95],P.77,Pf.14,fies .5-9.
Fissurina narginata (lrrontagu) .ltURRAy,1971,p.9-l,pI. Jg, figs .4_6.

Distribution: 26 Alaska stations rz').9-22i.2n (Loeblich & Tappan 195il;
continental shelf of Great Britain,tO-1Jgm (lrturray 19?1 ); iive Scotia
Sea statiorrs ,329-22&sn (Echots | 9Tt ). Rare in present Ross Sea
stationg rlT)-62on, Granite Harbour, cape Arnritage and open sound
saterg,l5F-595 nua.

Fissurina nennellae (Buchner)

-iEliFure 

z.

Isgena nennellae BUCHNER, | 940, p.45g, pl . 9, fig. 1 4g-1 51 .

Distribution: Fossj.l tests in Gurf of Napres area (Buchner 1940). Rarein present Mcrrurdo sound samples, Bi-lo,i2(t1o-,|77n), 6lS nud.

I'issurina semimarginata (neuss)
Plate 8, ligure 6.

Lagena sp (t'los. 64 & 55),voN scHlrcr,1BZo,p.1l ,pl.4,figs.4-6 ,1o-12.
!3Es.. nargin?ta lllill-ianson var semimarginata REUSS,lB?0,p.468.
Fissurina senj.narginata (Reuss) IOnEXIcHE.pPAN, I 951 rp.?grpl. 1 4,Er-
Fissurina seminarginata ( Reuss ) . sanxnn, 1 960,p. 1 zz,pr.59, figs . 1 7, 1 g.

Distribution: Brady (tes+,p.446,pr.59,figs .17 r19) :.lrustrated a varietyof forms attributed to.this species; eleven Alaska stations, z4-221n(Loeblich & Tappan 1gfi); comrnot in two Cape Earne-Royds elevated marinenud sltes (uard 1979) i eleven Ro'ss sea and lrtcMurdo soundstations,110-t7jl>n (Kennett l965). four Scotia Sea stations, 729_1AJZI(nchols 1971). Rare in three present llc!{urdo sound
sanples ,1'11-496n, t OF-595 nud.

Fissurina spathiformis (Buchner)
P1ate B, Fj.gur.e 10.

Iagena spathiformis BUCHNER, 1940,p.467,p1.20,figs.21 O r?l 1 .

Distribution: One fossil test from pj.etra de1 0antarj.ello, ltary
(Buchner 1940). Very rare in present llcMurdo sound samplesrlggl -z,gA(eeg-t?or), zzf, (rgarlz) anatrg%' (1981-B;j ;;;:

Fissurina subformosa

Fissurina subformosa parr
Plate 8, Figure {,

PARR, 1 950, p .31 2 ,pI. 9, fig.9 .

Distribution: one Antarctic station,lglm (parr 1950); nine Ross tjea and
licMurdo sound stations,llo-1775n (Kennett i96s). Rare in three present
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Ilcl{furdo Sound stations , I 1 O-28!m, about 5Ol mud .

!agena subtilis

Fissurina subtilis (Buchner)
Plate 8, Figure 5.

BUCHNER, | 940, p .497 ,pI. 1 ? , figs .j4j-14r .

Distribution: Found to 900m in Gulf of Naples (Buchner 1940). Rare in
present Mc}lurdo Sound samples 8t-9,10,12 (tto-e?on). 18% (1981-g) and
61f' (1981 -t2) mud.

Fissurina texta (Uiesner)-TfFu"-te e;FIEure 11 .

Iagena texta hiIESNER,1951 ,p.121 ,pI .19rfLg.Z7O.
Iegena texta hliesner.EARLAND, 1974,p.1 Gj,pr.7,figs .11 -15.
Lagena texta l,riesner.l,lCKNIGHT rjg62,p..t 1 6rp1. 1 6,fig.!0.
Fiesurina texta (Uiesner).KENNETT,l 96g,faUte 4.I'issurina texta (Uiesner).lt'ipnnSON, i 9?5,p.85,pl.6,fig..|4.

,*r***ol,-roo" tr'atkland rsland stations , 1oo-14!n (Earrand 1914);
one uedderl sea station,l34n (ucxnignt 19Gz); one Ross sea station , J1,on(Kennett 1968); and one }leddell Sea cote,'JZOr (Anderson 1g7:-). rare infive present llcMUrdo Sound sites,79-56On,?-1GS mud.

Fissurina trigona-marginata (Parker & Jones)

l,aeena triSono-narSinat,a PARKER & JoNUs,186r,p.14E,pl, 1B,fig.1 .
Lagena sp L,l, I{CKN1cltT,1962,p.1 I },pl.'l5 rfle.69.
{issurina trigono-narginata (parker & Jones).prlull, 1966,p. 182,pr.,t J,fig.4t.

Distribution: one Antarctie station, 21on (prtum j966); one Ross sea
station, 722m (Kennett l96g). Very rare in one present sanple,Core
81-18(254nrJ8-41cm,45S nud). Disintegrated when noved to faunat slide,
no photograph.

fissurina tingell_ifera (Buchner)
Plate 8, Figure 12.

Isgena tingillifera BUCHNER,p.!1 i,pl.22,figs .479,48O.

Description: Test free, snall(o.tmm;, hyaline, single chanber, ribs.
Distribution: Rare to frequent in 8r -4112,'lo(nost cornrnon),gAr5 ,7 rgt-26.
560-1 1Om,8t-5.l i, nud.

I'issr"i* sp
plate ilFGr*" io,r r.

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

Distributi'on: Occasionally found in }icMurdo Srund
1 981 -6,1 gB1 -9,1 981 -12,1981 -BA,t g8t -18,,t 982_1, 1 1 O_{60m,

sanples 1981 -2,
up to 50S mud.
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Parafissurina eurta

Genus : PARAtr'ISSUIf INA parr 194?
Genotype: Lagena ventricosta Silvestri l9O4

Parafissurina curta PARR 195O
Plate 9, Figure 8.

PARR, 1 950,p.118,pl. 1 O,figs .6,7,

Distribution: Six Antarctic samples, 19)-640m (parr 1950); three S.
Georgia sites, 750-1900n, one S.Sandwich si.te, 659n, one l{eddell Sea
sanple, 2968n (l:chols j9I1); ten Ross Sea and l,icMurdo Sound sites,
11O-1)J5m (Kennett 1968). Connon in present samples, 19Bi-lO,l Z,BA,
110-289m, about 60i mudi 1gS't-26, 62On and 45S mud,

Parafi.ssurina fusulifornis l,oeblich & Tappan
Plate p, Figure 4

Parafissurina fusulifornis LOEBLICH &

-

18,1 9.
Parafissuri.na
Fi:iEJE;6'-
Parafissurina

TAPPA-}|,1 953,p.79, pl. 1 {, figs,

fusulifornis L & T.FEIIING-HANSSEN et at. p.212,

fusuliformis t & T.LACOE, 1977,p,122 rpL.7,fir.7 .

Parafissurina
Plate

( Cushman) .PARR, 1 95O rp.71 6.

Distributlon: Three Arctic stations , z4-4]s (Loebrich & Tappan 19fi);
Scandinavia sites (no depths) (Feyling-Hanssen et at. 1g71 ) iiu" Scotia
Sea stations, 49O-3784n (Uctrots 1971); Z}-cdtral Arctic sites,
128e-)B0ilm (Lagoe 1977). Rare in elevated narine deposits from capes
Barne-Royds area of Ross rsland, Antarctica (uarri 197il. Rare in present
llcl{urrio sound sanples , 1 981 -5 ,1o 112, 496, 1?} and I 1om, respectively, and
loF nud (tget-5) and 61F mud (rger -1?).

Lagena apiculata BRADY, 1BB4 (pars),p.453,pl.56,figs..l7,1g.
Lagerra quadrata SIDEBCTTOII, 1906 (pars),p.8,p1.1,fig.21 .
l,agena lateralis CUSlillAN rlgl'trp.9rpl. 1,fig.1 .
E]lipsolagena Lateralis WIESNER,jgt1,p.126,p1.20, flgs.Z4Z 1247pI.24,stereo-fig.1 .
Lagena lateralis Cushman.BUCH}iER rlg4O (pars ), p. 52C,pI.27, figs.
487 -594.
Parafissurina lateralis

Parafissuri.na

Distribution: lrtiesner (lgll ) found it in the Antarctic; Gulf of Naplessrea' 10-900m (Buchner l94o); one Anterctic station, 1?lgn, three
Kerguelen sites, 40-150n (Parr 1950). Found in four present I'lcl,lurdo
Sound samples,1981-10,12; 80-6; 87-26. 6til, (tget_1?), 4j% (1987_26) and
t% (980-6) mud.

lateralis (Cushnan)
9, Figure 7.

marginata (triesner)
9, Figure l.Plate

Ellipsolagina
Parafissurina

marginata
marginata

WIESNER, 19'J1 ,p. 1 26, pI .ZO,f ie.245.
(wiesner) .PARR,1 95o,p.j 1 6,pl. 9,fig. 1 9.

Distribution: JB5m in the Arctic (tiiesner 1g71); two Antarctic stations,
19J and 100m, one Kerguel.en site, 150m (parr l95O).
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Rare in present sanples, 1981 -7,42Om,16ii nud; 1961 -2,17Omr22S mud; and
1 980-6 ,79m,?fl urud.

Parafissurina pseudoorbigyana Buchner
Plate 9,Figure 9,

Fissurina pseudoorbigyana BUCHNER, ,| 940, p. 556,pI. 1 0, figs . 1 r7 -1 59.

Remarks: Sinilar to I'issurina_ orbigyana Seguenza, but with hooded
aperture characteristicffi

Distribution:Iive Gulf of Naples sitee,Recent material,5O-45On (Buchner
1 940). Rare in present licMurdo Sound sanrples, l 1 0-620m, Cape Arnitage
(A>ZS), open sound waters and Granite Harbour entrance, 110-620m,45-61fl
nud.

Parafissurina pustulata ( Buchner)

----ffi91riEure6.
Lagena pustulata BUCHilEn, 1 940,p.5O7 rpl.1 9,fig.4OO,401 .

Distribution: Rare in one present ltcliurdo Sound sample ,1 981 -'l Q r171n.

Parafissurina staphyllearia (gucturer)
rcilFlsur;T

Fissurina staphyllearis SCIIWAGER, le66,p.Ze9,pl.5,fig.24.
Ingena staphyllearia BRADI,1884,p. 474,pI.59,figs.B-1 I .
Fissurina schlichti SIIVESTRI,19O2,p.142rfigs.9-1 1 .

@(Schwager).gucHNBn,194O,p.521,PI.24,figs.
5O7 -521 i pI.2r,fj-s.522.

Distribution: Kerguelen and Heard Is.r36-1j7m, one Southern Ocean site,
4755n (Brady 1884); 6O-900n, Gulf of Naples area (Buchner 1940). Rare
i.n one Cape Roberts site , I 98'l -1 2,'l1Om,6t S mud.

Parafissurina subcarinata ParrffiTry Flcurilo.
Parafissurina subcarinata PARR, 1 95O,p. 11 8,pl. 1 0, fig.t.

Distribution:Three Antarctic stations, 197-197n (pam 1950). Rare in
present sanples: t981 -8A,289n,59f, nud.
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Genus: OOLINA d'Orbigny I BJg
Genotype: 0.laevigata Galloway & Uiesler 1927

0oIina apiopleura (Ioeblich & Tappan)
Plate 1O, Figure 4.

Lagena sulcata Ualker and Jacob.PARKER & JONES ,1865,p.'551,pl.1J,
figs.28-71.
I,agena acuticosta
Lagena apiopleura
0oIina apiopleura

Entosolenia Equamosa
pI.2, tie.23.
Lagena hexagona
0o1ina hexagona
figs.1 ,2.

0olina

Reuss . BRADY, 1 884 ,D.464, pl . 58, fig.2l .
LOEBIICH & TAPPAN,l95'j,p.59,pl.10,figs .1 4,1j.(l a t).ToDD & Lou, 1gG7,p.p8,pr.7,f:'g.z|.

Distribution: Type locality: point Barrow, Alaska, three stations,
2r.B'71.2m (Loeblich and rappan 1gr1); eight Alaska stations, 21-175n(toaa & Lou 1967). Rare in tvo present McMurdo sound
sanples, 1 981 -1 O, 1 7jm and 1987-26,62On,4511 mud.

0ollna hexsgona (Willianson)
Plate 1O, l'igure 6.

(I'iontagu) var hexagona IIIIIIAIISON, 1848,p.20,

(uittiamson) .ln.tly, 1 884,p.472,pf . 58,figs. 32,j3.
(wirlianson).LoEBLrcH & TAppAN, 1957,p.69,pl.1 4,

Distributlon: Eight Alaska stations,Zl .6-142.6n (l A f 19fi); two Arctic
stations rlT4 & l8rn (Todd & Ipr 1967). Rare in two present McMurdo Sound
samplesr on€ test each in Bl-1z,11onr61F nud and 61-9,21jm, iB[ nud.

Plate
melo d'Orbigny

10, Figures 2,J.

oof_ina nelo D' ORBICNY, 187g,p.2o,pI.5, fig. g.
en. ;r1o' PARKER & JONES,in nrlay ,1866,p.J8,pl .1,fig.35.

Dtlgsolegia_. sqll+mosa Montagu var. catenulata urlrrAlvtsoN, 1 g5g,
p.1],p1.1 ,fig.J1 .
I,agena squanosa (l,iontagu) .BUCHNER, 1 940,p.4j5,pI. 5,figs .78_81.
Lagena nelo Ia-orbieny).sucHl'igR, 1 940, p.qll,pt.6, fig.g4.
Distribution: Originalty described fron s.America (d'orbigny lg39)ithree s.Pacific sites (Heard rs. ,Kergueren rs, ,prince Edwari is . ),
37-274n (Brady 1884); fossil and Recent tests, Gulf of Naples area,
5O-4OOn (Buchner t94O). Very rare in three llcMurdo Sound sanples,
1981-2,8A,12, 1 1O-JTon, 22%-618 nua.

0olina squamosa-sulcata (Heron-Allen & Earlancl)
Plate 1O, Figure l.

Lagena melo (internediate var) BRADY,PARKER & J0N8S,18ffi,p.217,
pI.44,fLg,.2J.
Isgena squamosa-sulcsta H-A &
Ilagena squanosa-sulcata H-A &
Oolina squgmosa-sulcata (H-A
GE-;-,-
Lagena squamosasuLcata H-A &

-

Oolina EquamdasuEata (u-a a

R,1 922,p.'l 51,p]. 5, figs .1j 11 9.
E.EARLAND,l 914,p.1 62,pl.T,figs .26-28.

& E).LOEBtlCti & TAppAN,1953,p.74,p1.12,

E.l'lCKNIGHT,1 962, p. 1 1 5,p1. I 6, fig.8g.
E).KENNETT, 1 968, Tabte 4.
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Distribution: Four Antarctic stations,25-z)7m (Heron-Alfen & Earland
1922); six Falkland fstand stations,lj2-4144rn (Earland 193ili three
Alaska stations,66-1zt5m (Loeblich & Tappr,n 1gr7). Rare in present
l4cMurdo Sound samples, Bt-2 (lZOn) ZZ% nud.

Oolina sp A

Plate Fgu"e s 12 , j'j.

Description: Test spherical, srnalI flush fissurine aperture, rall
cal.careous, but opaque so entosorenian tube not visible if preeent;
perhaps better placed in Fissurina.

Distribution: Rare in four present Mcl{urdo sound samples, IgBl-12, 110m,
615 mud, ,|981-10, 173m, 1982-1 (25-7Ocn), and 1g11-26,d20m,45$ nud.

0olina sp B
Plate f0, Figure 5.

Description: Test spherical, calcareousrhyalinerwith entosolenian tube
and ehort neck.

Distribution: Found in four present rcMurdo sound sanples, 198'l-lo, 17jn,
1 981 -8A, 29Om,59S mud , 1 980-5 ,79n,'lS nud and 1g1'i,-26 ,62On,45S nud .

Oolina sp C

PfatFlb,-figure 1.

Description: Test ovate, round in cross-section, uith entosolenian tube,
rallclear, calcareous. SllM photo shows traces of attachnent of another
chanber on apertural end, perhaps better placed in Entotingulina.

Distribution: Rare in two present tr{cMurdo sound sampres,lggi-5r496m,
lOf, nuri,and 1982-711)9m, Blue Clacier snout.
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Fanily: SPIRILLINIDAE Reuss 1862

Genus: SPIRiLLiNA lhrenberg 1841
Genotype: S.vivipara Ehrenberg 184J

Spirillina radiosa Parr
Plate 10, Figure 10.

Spirillina radiosa PARR , 1 950, p .15O ,pI. 1 J, figs .1 2-1 4.

Distribution: One Antarctic etatiorr,197m (Parr 195C). Very rare in
present sanples, one test in 1?ln (81-tO),sandy sediment.

Genus: PATELLINA Uilllanson 1858
Genotype: l.corrugata liillianson 1858

Patellina gorrugata. Uilliamson
Plate lT.@es B,!.

Patellina corrugata UIltIAllSON, 1858,p.46,p1.1,figs.85-89.
Patelllna corrugata trlilliamson.CHAP}IAN & PARR,19j7,p.102.
Patel lina antarc tica PAITR , 1 950 , p.752, pl . 1 J , figs .1 9-Zt .

-

Patel.lina corrugata I,Jillismson.ItlcKNIGHT,1962rp.l24,p1.20 ,fi9.171 .

Distribution:Three Drake Passage area stations, q?-,|45m (Heron-Allen &

Ear'land 19'J2a). Rare to conrnon in seven present I'icl{urdo Sound
samples ,79-496n, 7i-61f, ruuO.

Genus: PATELLIN0iDES Cushnan 1 9j1
Genotype: S.conica Heron-Allen & [rlarland 19jZ

Patellinoides depressa lleron-Allen & Earl.and
Plate 10, Figure '11.

Patel.rinoldes depressa HERON-AILEN & EARLAND, | 9i2,9.497,pr,13,
figs. lO-31.

Distribution: Four Drake passage area stations, 11g-454n (u-l &

t.1912a). Rare in four present Mcllurdo Sound sanples, t 10-289n (22i1-61"i,
mud) and B56n (eJ-1,72|i mud).
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Fanrily : FOBEIiTII,IIDAE

Genus: PSEUDOBULIIIINA
Genotype : Pseudobul,inina cnaDlnanf

Pseudobulinina chapmani (Heron-Allen & Darland)
Plate IO, Figures lZ,1't.

Bulinina seminuda Terquen.CHApl*lAN,1916 rp.Z9rpf .2,fie.9.
tsrilinina "h"pr*,i I{-A d E,19ZZ,p.1je,pi-4,figs.1g-2O.
Robertina chapnani (u-n a E).hIIESNER,19Jl ,p.124,p1.20, fie.Zi9.
lseu{gPulimina c}rapmani (u-l a ij).EARtAl,tD,1g,:4,p.1.J4,pt.6,
PsEuao5um@(u-eaE).IvlcKlilGnr,i4o2.,p.iro,pr'iu.,fig..|o1.

Distribution: several tests found in elevated marine deposits, cape
Barne-Royds, Ross lsland (chapman 1916, uard 1 979); Ross sea, liorth
Victoria Land Coast,164-245On (most conrnon at 475nrsta.t29) (tsclhight
1962); nine Antarctic stations, 19J-jz66m, one Kerguelen station,150n
(P.rr 1950); . fourteen Ross Sea and Mcllurdo Sound stations, 9O-1775n((ennett 1968). Rare in fi.ve present Irlcllurdo Sounci samples, including
B2:1(42-45crn) , 171-B5on, i 6-485 nud.

3ami1y; TURRILIN1IAE Cushman 192?

Genus: BULIITIINELLA Cushman 1911
Gerrotype: Bulinina ele€antissima d,Orbigny 1E39

Buliminella elegantissima (a'Orbigny) 1819
Plate 11 , tr'igures 1,2.

Bul-imina eleganti.ssima D' ORBIGI{y, 1 819, p. 51,pl . T, figs . I 7 r1 4.
buliminella elegantissima (d' Orbigny).HSng, 1971,p.256,pl. j,figs.1 6,
17.

Distribution: Fron the Anericas (d'orbigny 1979); one site north of' the
Antarctic 0onvergence, Drake passage r2gTm (Herb 1971). Rare in three
presenr hcliurdo sound samples,11om(G1)d nud), +90m(10), mud) and 6zon(45,p
mud ).

Ileuss 1tr50

Earland 1914
(Herori-AlIen & ijar.land )
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Fanily: BOLIVINITINIDAE Cushrnan 1927

Genus : BOLIVINA d'Orbigny 1ti')9
Genotype: Textilaria quadrilatera Schrager l856

- 

HOslund
Plate 1 l, Iigure 5.

Bolivina punctata d'Orbigny.Cdijs,1894 (non o'Orbigny t8l9),p.49,
p1.9,figs.47ti,4B0.
Bolivina pseudopunctata HbGLUND, 1947,p.271,pI.24,fi8.5,DL12,
fige.27,24.
Bol.ivina pseudopunctata Hrig1uud.Clt0spll,l,1960,p.28,pI.2rfigs.l0,11.
Bolivina pseudopunctata Hdglund. ECHQLS,197 1,p. 15'5, pl. 1 2, fig. 1 I .

Distribution: 17 statlons, 26-50Our (HOetund 1947 ); rrine Alaska stations,
24-246n (Loeblich & Tappan 195ili Inte Quaternay deposits, Vestfotd
Hills, Antarctica (crespin 1g60); one scotia sea station, tro tieddelr
Sea stations, tuo S.Sandrich stations and five S.Georgia stations,
,29-11 l8n (Echols 1971). persistant but of Low abundance in twelve
present Mcltlurdo Sound sanples, 79-796n,7%-61S nud.

Bolivina pyguaea Brady 1884
Plate 11 , I'igure 4.

Bolivina pyg,naea BRADY, lBB4 rpL.5l,figs .5,6,

Distribution: very rare in elevated marine muds, Capes Barne-Royds area,
Ross rsland (ltard 1979). very rare in one present ltcMurdo sound
sample ,82-'1,119n.

Bolivina sp
rratfr-Fi.gure 1.

Description: Test ninute (O.emr), calcareous, biserial, pustulose
ornament over nogt of test wa]l.

Distribution; Very rare in one present lrlcl'lurdo Sound sarnple r8l -? ,42Om,
16S nud.
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tr'amily: ISLANDIEi,LIDAE Ipeblich & tappan 1964

Genus: CASSIDUIINOIDES Cushman 1927
Genotype: CassiduU.na parkeriana Brady 1881

Cassidulinoides porrectus (Heron-Allen & Earland)
Plate 11, Figures 7 r9r9.

Cessidulinoides parkeriana l{lesner
Brrdy)-;llrtlnsNgn ,ffi,pl.2i , fi
cassidulina crassa d'Orbigny var. porrecta HEnoN-AttEN & EARLAND,ffis'ra4i.
Cassidulinoides poruectus (U-e a E).PARR,t95O,p .744,pL.12,fig.26.

Discussion: )O Falkland Island etations , 27-1015m (it-l & E 1 9jZ) i four
Ross and Yeddell Sea stations, 164-475n (UcXnigrrt 1962); sirteen Rose
Sea and llcMurdo Sound stations, 9O-865n (Kennett 1 96g); three elevated
narine nuds, cape Barne-Royds area, Roos rsland (chaprnan 1916, llard
1979). Abundant in 18 present ltclturdo Sound sanples,Tg-62On, 7ft-6tF nud.

Cassidulinoides

(non 
.

s.26A
Cassidulina parkeriana

Plate 1 1,
parkerianus (Braay)
Figures 1Or'l I .

Cassidulina parkeriana BnADy, 1 884 ,p.472, pl. 54 , figs . I 1 -1 6 .
Cassidulinoides parkerianus ( Brady ) . pAnn, 1 95O,p.144, pl. I 2,fLe.25.
cassidulinoides parkerianus ( Brady ) .rrcKni ght, 1 g|z, p. 1 z'l,pr. 22,?G:,T?i. 

-Distribution: tr'our patagonia stations, z5-2g9n (Brady tgg4); five
stations, Ross and ueddeLl seas, 165-16?on (ucxnight 1952); three Ross
Sea stations, 21C,-1 114n (pffun 1966); eight llcliurdo Sound and Ross Sea
statons, z7o-jgJm (Kennett l968); ten iieddell sea/scotia sea stations,
2a1-2924n (Echols 1971). very rare in one present l,lclriurdo sound
sanplerl)9m, B]ue Glacier snout in southern licMurdo soundrc-Jcn and
42-4rcn (top ana base of core). Tests are uorn and broken.
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Fanily: BUIIIIIINIDAE Jonee 1875

Genus: STAINFORTIIIA Hofker ,|955

Genotype: Virgulina conqava H6gJ.und l94T

Stainforthia cf.

-Fffi 

t,
concava (Hoe1uno )
Figure 6.

HocLuND, 1947,p.Z57,pl..zT,figs .3,4rpL.JZ, figs.4-?,

Renarks: Tests found i.n_preeent sanplee vary slightly f,ron V.concava as
illustrated by ltdglund, (tg+f) in being snaller, etraightEr-iidTever
having nore than one spine.

Distribution: Evenly distributed throughout Gullnar Fjordr20-llgn, zo
Skagerak sanplee r6S-626m, ln the Kattegat and Koster Channel (ttOglunA
1947). Rare in four present lricliurdo Souncl eanples, 1l-g56mrinctuaing
opeu sound sanplesr Blue Glacier snout anil l{acXay Olacier, about 60S
Eud.

Vlrculina concava
text-figs .273-275.
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Fanily: WIGERINIDAE Haeckel 1894

Genus: TRIFARINA Cushman'1927
Genotype: T. bradyi Cushnan 192J

Trifarina earlandi (Chapman & Parr)
Ptate tZ, Figure 1.

Angulogerina angulosa CltAPllAN A PARit, (non U. angulosa Uillianson)ffi
Remarks: Conmon in most samples; one of twelve species used to define
foraniniferal assenblages.

Distribution: Connon throughout present FicMurdo Sound sanples rT9-856n,
including open uater and harbour sanplee. Most abundant in shallower
depths r persistant at several centineters down corea:
81-15,550n(Granite tlarbour),14-19cm and 29-71cn; 81 -18,254n(4-6cn,
7O-74cn and 58-4lcn, botton of core), B2-2,795n,40-4Jcn,82-7,139m,
42-45cn, and B2-1 ,103n,25-1Ocn.

Trifarina pauperata (Heron-Atlen & Earland )
Plate 12, Figure 2.

Uvigerina angulosa var. pauperata HER0N-AILEN & EARLANDT19J2,
p.598'pl. | 2, fi.gs . 40-47.
Angulogerina angulosa Uilllanson var. aspenima CHAPI',IAN & PARR,
1 937,p.97, pl .8, fi g. 20.
Angulogerina pauperata (H-l a E).PARR, | 950 ,p.741 .
@A & E).KENNETT,196B,iab1e 4.

Distribution: Six Falkland area stations,4r4-1oj5n (H-A & E 1952); two
Antarctic stations ,797-54On (Parr 1 950); Rare in five present llcl{urdo
$ound sanples,including three open water sites,42O-56On11O%-16F nud, and
two harbour sites,81-18rZJQm, 46fr nud,Neu Harbour,lS-41cn (base of core)
and B2-'f ,7)3m,Granite Harbour,25-3Ocm (base of core), rhere it wag nost
abundant.
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Family: DISCORBIDAIi ltrrenberg 1BJ8

Genus: EPIST0}IINEIIA Husezima & MaruhasL 1944
Oenotype: E.pulchella Husezina & ltaruhasi 1944

vitrea Parker
---- -, .rr.8ures rr4.

Epistonlnella vitrea PARKER.PARKER,PHIECER & PEIRS0N,19j1,p.9,
p].4. figs. 14-16,4O, 41 .
Bpistoninella vitrea Parker.I,{unRAy, r 9?r, p. r 11 rpL. lrt, fi.gs. 1 -5.

Distribution: Type locality lvlississippi Delta , 17m (parkerrphleger &
Peirson 1911); British shelf waters, t4-lOO2n (lturray 1971); workers in
the Antarctic area (Barker 1960, Kennett ,l96g, Echols 1971) list
T.erigua, often in great abundance 19 Boss sea stations rgo-1115n(Kennett l95B). Variable abundance in present eanples,nost conmon in
ehallou.open sound saters J9-?89n, but found down to ?9dm (Se-2rGranite
Harbour),7fr-61fr nud; arso found doun cores el-t5r55onrGranite
Harbourr29-1lcm and 81-18,254n,Ner Harbour,lo-J4cn and le-41cn(base of
core ) .

Genus: ROSALII'IA d'Orbigny 1B2G
Genotype: R.globularis d'Orbigny 1826

Rosalina
Plate

globularis d'Orbigny
12, Figures 5,6.

Rosarina globularis D'ORBrGNY 1826,p.27i,pl.15,figs .1,2.
Dlscorbis globularis ( d' Orbigny) . CUSHuAN,,l 9l1 rp.ZZr pl. 4, fig. 9.
Discorbis globularis (d'Orbigny).pARn, t95O,p .353.
Discorbis globularis ( d' orb:.gny ) .ucKNrGHT, I 952,p.1 25,pr.2o,tie. 1 7 ).
Rosaling globularis d'Orbigny. KENNETTTl968,I'able 4.

Distribution: Eight Antarctic stations,lg)-64On, three Kerguelen sites,
4-150n' tvo Macquarle stationsrintertidal to 59rn and tuo Tasnaniastations, 122-155m (p"rr l95O); three Ross Sea stations, 164-475n(tttcKnieht 1962)i 18 Ross sea and tr[clrlurdo sound stations-r ga-1175n
(Kennett 196u) ' Rare in trelve present McMurdo sound
sanpJ.es,79-796n,7h-Alfi nud, nost connon(dead tests) at 289n(et-ge) , 5gfr
nud.
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Family: GI,ABRATELLIDAE loeblich & Tappan I 964

Cenus: HER0NALLENIA Chapman & Parr 19Ji
Genotype : Discorbina wilsoni Heron-Allen & Earland 1922

Heronallenia kempii (Heron-Allen & ttarland)
Plate 12, Figure -/.

Discorbis kenpii HERON-ALIEN & EARTAND, I 9z9,p.332,pr.4,figs.40-48.
@(H-laE).HERB,1971,p.26>,tie.-6,pt.t,iie.l,'.
It#ona'llenia kfi;ii (u-n a E).tHolylpsott,t 9?g,p .2r7,pL.2,figs .6,7.

Dietrlbution: Ten tr'alkland rsland stations, z1-191m (H-A & E 1929);
three Cape Horn stations north of Antarctic Convergence, ll5-641m (Herb
1.971); tug upper bathyal zone stations, cape Horn province, 247-zg')n
(Herb 1971); two elevated narine deposits, brpr BarneSoyds area, Ross
Island (Vtl-S & 1]) (Uard 1g7g). Rare in present Mclturdo Sound samples,
one test in 8t -l(lgn) and one test in Bt-iO(177n).

Genus: GLABRATELLA Dorreen ,l948
Genotype: Discorbina pulvinata Brady tgB4

,r* 
"nnratffies 8,9.

Deseription: Test free, roinute (o.truo), lor troehospiral coil of one
whor1, chanbers inereasing gradually in size; wall carcareous, hyaline
and snooth; sutures broadly depressed on spiral ej.de, ventral side
centrally unbilicate, aperturee of all chanbers formlng open unbilicus,
margin of aperture with flne radial striae. Very sinilar to following
opecies (schackoinella antarctica) tut with no evidence of spines.

Distribution: Rare in present l{cllurdo Sound sanples, 81-le(ttOn,61F mud)
and 8l-10(171n). Also found in elevated rnarine deposits on Cape Barne-
Royds area of Ross Isl.and (VNl-e) (Ward 1979).

Genus: SCHACKOINEITA l{einhandl't958
Genotype: S.sarmatica lreinhandl 1958

Schackoinella antarctica Uard & Quilty ap nov
Plate lJ, Figures 1-!.

Description: Test free, minute (o.tnn), low trochospiral coil of onevhorL, three to four chanbers per rhorl, two to fivl spines on each
chamber, though not all chanbers on all tests have spin"s (pr.17,FLe.4)i
ra1l carcareous, hyaline, finely perforate, srightly reticulose surface
texture (pf.tJ,Fig.l-4,8,9); spiral sutures broadly depressed, ventralside centrally unbilicate, apertures of all chaglbers forning openunbilicus, margin of aperture cith fine radial grooves or striae,reachingtoedgeoftest(pr.t],Fie.?);simi1artoRosa1inqiEp@,-' - -rigny ( t a+0, p. I 7|,pr. 1 o, figs. I 6-te)Fron tne@rfigured by d'Orbigny (tA+0. p.1 75.pI.1o.fics.t5.
the Vienna Basin. His forn has more nunerous chanbers, gutures are
flush nith the test surface, and test has three rhorls; spines are
nunerous' and umbilical region very sinilar to that described here for
S.antarctica. Not figured in Quilty (tgl>). (to be described in
Journal of Foraminiferal Researchr paper in prep.).
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Distribution: Rare in present samples r7g-62on,7fr-59! nudrno live tests
found, dead only: B1-26rfour tests, g1-gArone test, gl-lOrtwo tests and
80-6'one test; also recorded fron elevated narine deposits fron the Cape
Barne-Royds area of Ross Island (Ward 1979).

Family: CIBICIDIDAE Cushnan 1927

Genus: CIBIO1DES de lrlontfort 1808
Genotype: C.refulgens de Montfort l8O8

Cibicides.lobatulus (Walker & Jacob)
@ures5,4.

Nautilus lobatulus t{AtKER & JAOOB (in Kannacher),1T9Brp .G{2 rp]-.l41
ti-e. t6.
Truncatulina lobatula (ualker and Jacob).nnlol, l gg4,p.660 rpL.92,fig. I O,pI.9J,figs .1,4,5.
Cibicides lobatula (uattcer and Jacob).cUsuueu,191B, (tglt ),p.1 18,

Cibicides lobatulus (Ualker and Jacob).pann,195O,p.)64.

Distribution: Conmon to abundant in 18 present }iclvrurdo Sound sanples,
79-65On,including 81-lB(254n,]8-41 cnr46,5 nud,New Harbour),gZ-1 (iOl^,
25-7Ocn,\lacKay Glacier) and B2-f (1i9mr0-1cm,Blue Glacier snout).

Renarks: The tests assigned to C.lobatulus here are all quite similar,
the greatest variety being in tEst sfirpil This is nost likely due to
substrate, and whether the tests rere attached to rocks or sponge
spicules during life.
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Fanily: GL0BOROTAIIIDAE Cushman 1927

GLOBOROTALIA Cushnan 1927
nenardil ( a 'Orbieny) var tunida Brady

Globorotalia inflata (D'Orbigny) in Barker-Uebb & Berthelot 1BJ9
Plate 1!, Figure 9.

Globorotalia inflata (d'orbigny) .f,f Uf,lf 1197g rp.51O.
mi'orotaria @!gLg) inflrtu (d'orbigny)..lsNrrt{s,19?r,p.r 1 6,
pl.1 1 ,figs .2a2-287 ,

Distribution:
One small (O.e5nrn) pyritised test in Core 81-6.450m.
This test is from reworked older sediments; it does not represent
contamination.

Fanily: GLOBIGERINIDAE Carpenter,Parker & Jones 1862

Genus:
Genotype: Pulvinulina

Genus:
Genotype:

NEOGIOB0QUADRINA Bandy, Frerichs
Globigerina dutertrei d'Orbigny in

& Vincent 1 957
de la Sagre 1819

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

Aristerospira pachyderma EHRENBERG,t86t,p.276,Z77,3O7.
Aristospira pachyderma EHR!:NBERC ,187'i, pI . 1 , fig.4.
Globigerina pachyderna (Ehrenbere).HnnOli-AltEN & EARIAND,19Z2,p.1 90.
Globigerina pachyderma (Ehrenberg).ToDD & LOH, 1967,p.Atg,pI.j,fj-g.Zz
Neq,globoquadrina pachyderma (Ehrenberg).nfiloy,FRERICHS & vrNcENT,
1967,p.112,pl.14.
l{eogloboquadrina pac}ryderma ( Ehrenbere ) . ANOUnSoN, 1 9?5, p. 90. pl . p,
fi e.4 .
Neogloboquadrina pachy<ierna ( Ehrenberg ) .KEILER, I 9?9, p.2Og, p1. 2,
figs. | -9.

Distribution: common throughout llcMurdo sound and the Ross sea.
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Family: ELPHIDIIDAE Gallovay 1971

Genus: ELPHIDIUM de l{ontfort 1BO8
Genotype: Nsutilus macellus var. F Fichtel & MolI 1?98

Ekhidiur 
"ppratilr:.eure 10.

Description: Test snall, calcareous, opague, last chanber nissing on all
four tests found; sutures slightly depreeeed, uith pustulose ornanent
extending to unbilicua on both sidee of test.

Distribution: very rare, found only in 1gB2-3, 1j9m, Blue Gracier snout,
southern licl{urdo Sound.

Fani.ly: CAUCASINIDAE Bykova 1959

Genus: FURSENKOINA Loeblich and Tappan i95l
Genotype: Virgulina squanosa d'Orbigny 1826

Fursenkoina earlandi (parr)
@r.

Bolivina punctata EARLAND (non d'Orb) 1 974,p.132,pI.G,figs .5-I.
Solivina earlandi PARR, 195Q,p.r39,pL.12,fLg.16.
Boi jfiffi 6.;iantr Parr . MCKNI cHt, I )6?,p. 1 27,pI . 1 9, f i e. 1 Zj .
FursfiFi;a ea;i-elgi (parr) .xrNugrt, r 95s,talte 4.

Renarks: One of tuelve species used to define foraniniferal assenblages.

Distribution: 45 subantarctic stations r24-7762n (rnost comnon less than
1000n) (Earland 1%4); five Antarctic stations ,z1g-t7t8n (parr 1950);
Ross and ueddell seas, 164-47jn (t'lcxn:.gtrt 1962)i 14 tlcuurdo sound and
Ross Sea stationsrg0-1015m(Kennett 1968). Persistant but not abundant in
present McMurdo sound samples,Tg-856nr7fr-8F .1fr nud, Especiali.ypersistant doyn Oores Bl-15(55Orrto 56cm,base of core,?5S nud) and
81-18(254n, to 41cn,base of core,46$ nud).

I'amily: CASSIDULINIDAE d'Orbigny 18Jg

Genus: EHRENBERGINA
Genotype: E.gerrata

Reuss 1850
Reuss 1850

Ehrenbergina glabra Heron-Allen & Earland
Plate 14, Figures l12.

Ehrenbergina serrata Reuss.0HAPMAN, 1 91 6,p,44,pl.2 rfigs .1 6 r17 .

t hystrix Brady var glabra H-A & 8,1922,p.140,pl.5,
figs. l -6.
Elrrenbergina glabra H-A & E.I'iCKNIGHT,1962,p.1 27,pL.Z2,fig.1 42.

Remarks: Comnon to abundant in most sanples I one of tuelve species used
to define foraminiferal agsenblageo.

Distribution: 15 Ross Sea and lilcl,iurdo Liound stations,g2-548n (H-l & E
1922); elevated narine nuds from above Drygalski Glacier and fron Cape
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Barne-Royds area of Ross Island (Chapman 1916); four Falkland 1s1and
stations,l5OO-4771n (Ear]ana 1914); ridely distributed in Ross and
Weddel] Seas,165-Z62On (ltct<night 1962). Comnon in present ltcMurdo $ound
samples,79-66On,7'i-61.2S nud; nost connon in 8t -Bl(289n,59il nud) and
81 -1 O( 177n) .

Genus: GLOBOCASSIDUTINA Voloshinova 1 96O
Genotype: Cageidul.ina globosa Hantken 1875

Globocassidulina bqora (Crespin)
Plate 14, Figures 8r9.

Cassidulina biora CRESPIN, | 960,p.28,pl.Jrfigs. 1 -t 0..ffiiora(crespin).rriion,igli,p.171,PI.1,fi8s.8-15.
Distribution: grpe locality, vestfold Hills, Antarctica (crespin t960);
15 Ross sea and Mcnurdo sound eites, 9o-llf5n (nost connon at 51fu)(Kennett I 968); Ross Sea cores, 25O-15OOn (Causs and pre-Gauss
sediments) (fiffon 1974). Rare in 12 present samples, 79-56On.
Especially notable are seven live tests in 81-17 (15e^, Cape Roberts).
These areyfirst live G.biora to be reportea (Fitton 1974).

+h€,

Globocassidulina crassa (a'OrU:.gny)
Plate .|4, Figure T.

Cassidulina crassa D'ORBIGNY, 1879,p.56,pI.7,figs. lg-20.
ClfGfrffit crassa d' Orbigny. BAnXgR, | 96b, p.1 1Z,pI.54,figs .4,5.
lee9:.Arilin-; ;b-@ Reuss . ltARKS, I 95 1, p . 68. 

-

CEfrA@; cra@a' Orbi gny . CRESPIN, I gOO, p. 29, pt . J, fi gs . 1 Z, 1 t .
@rasga (d'brb:.eny) var to"""n"i",KENNETT,1967,
p.174,pl. 1 1,figs .4-6.
Globocassi.dulina crassa
fiss. l -7.

rossensis Kennett.FILLOII,1 97 4,p.112,p1. 1,

Remarks: Connon 1n rnost sanples; one of twelve species used to define
foraminiferal assenblages.

Distribution: one Heard rgland, s.pacifie station, 1')7m and one site
west of rreland, N.Atlantic, 2981n (Brady lgg4); fron the l,lioeene,
vienna Basin (Marts 1951); l? Ross sea and McMurdo sound stations,
9o-1175n (Kennett 1968); Ross sea cores, z5o-r}on (Brunhes age sediments
only) (fitfon 1974). persistant in present Mcllurdo Sound sanples,
occasionally abundant, 79-796n, 7fr-8j.1fi mud, nost abundant 112g9m(et-e,!,10,12); .especially persistant down cores gl-15 (llOr, Granite
Harbour, to 56cn) and Bl-18 (254n, New Harbour, to 41cn).

OlobocassiduLina
Plate 14,

subglobosa (Brady)
tr'igures I,5.

Cassidulina subglobosa BRADY,1881,p.60.
Cassidulina subglobosa Brady. H-A & E,l9j2 ,p.'jj9.
Distribution: One pernambuco si.te, Atlantic Ocean, 1234n (Brady tBB4);
37 Falkland rsland stations, 0-612ur (tt-l & E 191.z)i 12 Antarctic
stations, 21O-754jn (rnost abundant IOO_1?OOm) (pftun 1966); four
stations south of Antarctic Convegence, 77-41?6n and five stations north
of Antaretic Convergenee, 195j-1j76n (HerU 1971) i 1j Drake
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Passage/scotj.a sea stations, 498-4542n (most abundant in shafrower
sites) (gchols 1971 ). Rare in presenr samples ,79-56Am,7"i-6lh mud;
usually associated rrith Cassidulinoides porrectus.
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Family: NONlONIDAE Sehultze 1854

Oenus: ASTRONOIiI0N
Genotype: Nonionina

Cushman & Udwards l9J7
stelligera d'Orbigny 18Jg

Astrononion antarcticusl (parr)
Plate 'l I , Figure 4.

Ngnionina stellegerus WIESNER (non I.stelligera d,Orb) tgll,p.121,
pr. | 9 ,tLe.234.
I'lonioninjr stellegera !.IARLAND (non N.stelligera d'Orb)
Astrononion antnrcticus PARR, 1 95o,p.i7I,pL. | !,figs.1 )

1934,p. i 89.
& 14.

Astrononi.orl ili@ (rarr) .inliNgtr, t 9oe, Table 4.

Distribution: 20 stations, 5O-1762m (most comnon at 2OOm) (Eartand
1914); five Antarctic stations,2ZO-64Oln and one Kerguelen station,l5On
(Parr l95O) i 20 Ficl{urdo Sound and Ross Sea statons,gO-ll}5m (Kennett
1958). Comnon in 17 present McMurdo Sound sanples, nainly open uater,
some harbour sites,79-66]n,'1h-77% nud; also down Core 8.t-19(Z54mrNer
Harbour) to 4lcm(base of core,46% nud).

Astrononion echolsi
Astrdfiion echotsi

Astrononion echolsi Kennett

-lta-te 
t:l-rieure 5.

KIINNETT,1967 ,p,134,pl. | 1 ,figs.?,8.
Kennett.FILLON,1974,p.1)9,pl.6,figs .1 -t.

Distribution: fbelve statj.ons from s.Geor.giars.orkney and $.Sandrich
rslands 3A0-l0gln) (Echots 19?1)1 sevent"en Ro"" Sea and McMurdo Sound
stationsrll0-790m (Kennett 196s). conmon in present samples, open water
and harbour sites ,'19-856n,7t'-9r.7% mud;in core gl -15(l:or,Granite
Harbour,J6cn) and Core 81-lB (Zjqn, Ner Harbour,dtcn,46i6 aua).

Genus; N0NIONELLA Cushnan 1925
Genotype : I.miocenica Cushman'1926

Nonionella iridea Heron-Allen & Earland
Plate 15, Figures 2r1.

Nonionella
Nonionella
Nonioffi'

iri.dea H-A
iridea H-A

& E, 1 912,pL. | 6,figs .1 4-1 5.
& E.ECHOLS, 1 97,|,pl. | 1,fir.4.

iridea H-A & E.FIILON,1974,p.'l 4O,p1.5,figs .1 1,1 4.

Distribution: Twelve Ross sea and lic&urdo sound stations, 1l o-1:]5n(Kennett 1968); one S.Orkney stations,4gOn (Echots 1971). Comnon to
rare .in eight present }IcMurdo Sound sites, I l o-856m ,18-72,i nud. Also in
B2-2(796n), 4O-43c^ and 82-1 (tOln),25-3ocm.

Genus: PULLENIA Parker & Jones in Carpenter, Parker & Jones 1852
Genotype: Nonj.onina bulloides d'Orbigny 1846

Pqllenia subcarlnalg (A'Orbigny)

-rate-TilFis[re 

7.

Ion*onina subcarinata D' ORBIGNY, I B59rn.28,pI.5,figs .27,24.
Noglonrjra (Iyinqueloba 

_RltUSS, 1 g5t,p.?1,pI.!,fig. J1 .
.Hurrenj.a quinqueloba (Reues ) .IiIESNER ,19r1 ,p.l12.
Pullenia subcarinata (d'Orbigny).X-l & E, I 972,p.4g3,pI. I J,figs. | 4_18
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Pullenia subcarinata
Pulleniaffi;i; subcarinata

subcarina ta

(a' orbigny) .pnnR,1 95o,p.j47 .
(a'orbigny) .nicxurcur, t 962,p.'t 2€i,pl .zz,fig.!.
(a' orbigny).rnNnr:r'T, 1 968,Tabre 4.

Distribution: One Kerguelen station, 22Om, and one Prince lldrard Island
station, 91-274n (Brady 1884); seven Antarctic stations,lgT-1265m, and
six Kerguelen stations r2-15om (parr 1950); eight Ross sea statione,
164-2626 (Uct<nieht 1962); nineteen Ross Sea and l4cl{urdo Sound stations,
9O-11'J5n (Kennett ,l968). Connon in 12 present sanples ,7g-56}n,7fu-6tfi
mud.

Pullenia bulloides (0'Ortigny)
Plate ll,Figure 6.

Nonionina bu110i des D' ORBIGNI r1g46rp. 10?rpl.)rfigs.g,l 0.
ffi (d' orbigny).gnAny, t ao4,p1.84,figs .12,11.
Pullenia bulloides ( d' orbigny ) . nAnKnn, 1 960 rp. 17 4, pl. &, flgs . 1 z, 1 1.

Distribution: One N.Pacific gtation, j59]rn and one s.Atrantic station,
4O21n (Brady 1884); Drake Passage area, six stations north of Antarctic
convergence, three south of Antarctic convergencer zST-7927n (Herb 19?i).
Found in one (81-9) present l{clilurdo sound sanpJ.e,z7an,tB.2S nud.
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PIJATES 1-15

The format for ttre caption pages accompanying

the SEM plates is as follows: figure number, genus and

species name, varietal name (if relevant), magmification

and sample nurnber from which the specimen was taken. AII
tests are from the top two or three centimeters of cores,

from grabs (1980 samptres and 1983 samples), or from intervals
down the longer sphincter corest if this is the case the

interval in centime.ters is given with the sample nunber.

Comnents on angle of view of tests are noted after the

sample number.



PI,ATE 1

l. Bronopelnphix sp N93 (1981-f7r).

2. Rhabalanmina ,cf. abysserum x39 G.983-7).

3. Hyperarulina cXrlindriaa x71.5 (198L-4).

4,5 . Hlpe,raffiiina malovensis

A, xll.0 (1.981-6),

5. x42.6 (1981-2) .

5'. H rperanunjna subnodosa xI06 (L981-5).

7 18. Thurarnmina albicans

7, x263 ([98].-9') '
8, x89 (X9gf-Ae); attaehed to Enrall s-por-lge sp.ieule.

9,r 10u Battrysipfron hirudinea

9. f'Atr xtr70 (1981-16).

L0. ilBn x186 (1981-16).

L,2, Heroisphaeramin'a bradyi x274 (1981-4); ; attached. to

large sponge sPicule'

13, 1.1t . Thuranmina Protea

13. x2A3 (198,1-9) .

1-4. x106 (1981-3); eittaohed to sfoall mineral grai.r,l.

LL. Eathysiph$h' sp* x101. (1983-26)
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PLATE



PLATE 2

Itzr3. Reophax pseudodistans var. tenuis

1. rrArr x71.5 (1983-7); constructed of siliceous

sponge spicules and a few mineral grains.

2. rrArr x150 (1983-7) .

3. ||8,, x29 (1991_9).

4. Reophax subdentaliniformis x110 (1981-9).

5. Reopharr pilulifer x78 (f981-9).

6. Turitellella shoneana x252 (1981-15).

7 rL2. Ilormosina ovicula

7. x85 (198I-2).

L2. x194 (1981-2); proloculus.

819. Saccammina sphaerica

8. x150 (1981-15).

9. x120 (1981-9).

10, 1I. Pelosina bj-caudata

10. x89 (1981-18); broken open to show internal

organi.c sac.

11. x63 (1981-18).

13. Hormosina sp x252 (1983-26).

]-4. Psarrnosphaera fusca x65'5 (1981-4).

15, Glomospira charoides x503 (1983-26).

16. Glornospira gordialis x252 (1981-9).
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PLATE



.PLATE 3

l. Textularia antarctiea x363 (1981-9) '
2, Te.xtulari,a earLandl x287 (1980-g).

3, Spi-oBl.est:urunina fitifsrmis x372 (1981-16) .

4, Verneuilina advena x580 (1981i16).

5, Ver.neuiLina rninuta x680 (19811-16).

5 rV . Poftot-rscttamnina antarctica

5. x274 (L981-9) r ventral vie-w.

1 . x300 (1981-9); dorsal \triew-

I,9. Psrtotrocharmnina eltaninae

8. x3l2 (19S1-9) i dorsal view-

9. x287 (19Sf-4) i ventral vj.ew.

tr'O. conotrochanrunina buLlata x388 (1981-5); ventral vierr'

11. Trochartnrina sp A x287 (1980-8) -

L2 tI}. Egrgerella bradYi

L2. x170 (L981-2) i ventral view-

13. x231 (1981-2), dsrsal view.
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PLATE 3



PIATE 4

1. C:iibrostomoides J.eff,rey'sii x163 (198I-9) .

2. Cribnostomoides wiesneri x153 (1981-8A).

3. Cribrostomoides subglobosus x93 (1981-4).

4' Mili'anmina arenacea xl70 (1981-'?) '
5. ttliliamnina lata x252 (1981-16) .

6 r7 ,8. Trochanrunina glabra

5. x442 (198f-4) i ventraL view.

'1 . x482 (1931-9); ventral view.

8, x503 (1981.-4); d.orsal view.

9, 10. Trochanmina gaboensis

9. x300 (198.I-4)i dorsal view,

10. x253 (1981-4) i ventral view.

11. Troehiemnina sp B x526 (L98tr-84) -
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PLATE



PLATE 5

1, MiLi.olid ;sp B x203 (1981.-84) -

2, l{i,Liotid sp A x6,0'0 (1981-2).

3- siEmoilina udrbonata x178 (198:0-8).

4. rcffici1oeull,na triangularis xZZ!. (1981-4) .

5. Fyrgo depressa x7I.5 (198'0-8).

6. Fyrgo ntrrr,hyna x34l (19'81-L8' 38-4I-en) '
7,. Pyngo el-ongata x93 (19,8,1.-L'0).

8. Fyrgoella sphaera x93 (L981-10).

9, 10. Planisplri,noides bucculentus

9, x58.5 (1981-84).

LO. x22L (1983-26); juvenile ?.

11., Cycl.o'gyr-a involvens x93 (1981-10).
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PLATE 6

1. Lageaa el-ongata x'274, (1981-5).

2, Lagena gracil.J,ina x137 (L98L-2).

3. tagena dlstorta x163 (.1981-15').

4 r 5. IJagena gracl,L*{S

4. x3L2 (I98tr-2) '
5. x372 (1981-2).

6, Lagena striata x10L (1981-8A).

"l ,8 19. I"agena nebulosa
' 7. x355 (1981-BA) .

L x203 (198L-I8' 38-41c"m) -

9. x745 (1981-18' 38-4lc-ttt).

10. pe-ntalina eonrrrurlis xL15 (I981-2r).

11. Lj.nrgulina vitrea x326 (1981-10)'

l-2, 13, lentieullna gibba

I2. x!.42 (198x.-8.4) '
13. x178 (1981-8A).
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PLATE



PI,AJ]TE 7

L. I'aryngesigma hy.al.aecidi.a x526 (L98L-84) .

2, 3,. G!"andulina antarEtica

2- x312 (L98'L-2) r megalosphaeric,

3. x252,(198I-2) ; nii,srosphaerlc.

4. Glandulina laevigata x3L2 (1982-3).

5, 6., Nodo,saria rnariae,

5. x3,88 (1.98f.-10) .

6. x1550 (same f.est); close-up of prolocul'us.

7r8. Nodos:aria sp

7. x106 (1981-2) '
8. xL010 (sane test); eloae-up of, apertUre.

9. Poltrmorphina s5r x252 (198L-8A) .

10r tr,I. Eissurina sB

10. x300 (1981-2).

11. x2400 (,s,ane test)i cLose'-uB of, teslt wa1L.
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PLATE 7



PLATE 8

L, 2 13. Fissurina fol,ifornle

L. x300 (1-981-2) .

2. x300 (1981-2).

3. x573 (1981--10) .

4,. F'issuni.na Eubfornosa x203 (1981-2) '
b. Fis rtrina s5btil,is x3tlL {1981-9.).

6,. F'issurin,a semienarginata x24L (1981-2) .

?.Fissur,ina nennellae x424 (1981-10) .

8. Sissurina coirnigera x573 (I9BL'10).

9. Fissurina mrEinata x326 (f981-ICI) '

I0. Fissuriba sBathi.for'$is x406 ( 1981-8A) .

11, Fissurina texta x170 (t'981-10).

L2. Fissurina tingellifera x625 (1981-2) '
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PLATE



FLnffS 9

Lt 2. EntolinguJ.ina bil'oeuli

I. x625 (1981-f2).

Z. x573 (1980-8),

3. Entolingulina blearinata x6;00 (tr981-8A) -

4. Panaf,issurina f'uslrl'iforsls xA:52 (1'9801-8) .

.5. Parafilssurina margrinata x4'62 (X'98'0=8) '

5. Faraf i.ssuri.na pustulata x300 (L981-10) '
1. Faraf issurina latenalis x:2:l'4 (1'981-10) '
8. Farafissurina eurta x143' (19'81-2) '
g. parafissuriJra pseudoorb.ignl,ana x231, (1981-1'0) .

1.o, Parafissurina subcarinata x356 (1981-2')''

IL, Parafissurina staphylJ-earila x503 {1981-8A) '
L2'l-3. Oolina sP A

L2. x231, (L981-l:0) ; partially dissolved'

19. x300 (1981.-L0) .
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PtAlE l-0

l. oolina sp c x287 ('L981-5) .

2.3. oolina ne.lo

2. x34L (1981-5-BB).

3. x281 (1981-8A) .

4. oolina apiopleura x13l {198L-2) .

5. Oolina sp B x150 (1981-2).

6. oolina hexagon:a x442;, (19811-9).

7. ooli.na squanosa-sulcata x424 (1993-26) .,

'8 19. Patellina eorruga:ta

L x34l' (I.980-8) I dorsal Yiew.

9. x178 (f981-10)i \rentral view.

10. spirillina radi sa xL70 (1,981-1,0).

11. Fatellinoddes depressa x925 (198f-8A) I

12' L3, Pseudobullmina chaprnarli

L2, x186 (f981-8A); dorsal view.

13. x186 (1981-1.0); side view.

ventraL '\r"ievt.
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PLATE 10



Pff\'.I}E IL

L, 2. Bulirninel la'e leganti gsilna

l. x1050 (19r8,1-l?) -

,2. x885 (1981-12).

3. Bol,ivina sp x424 (1990-15) '
4. Bolivina Plrgrnreae x573 (l-982-3).

5. Bolivina pseudoP'wlctata x300 (198L-12) '
5. $tainforthia coneava x486 (1981.-2).

7 r8 19, C,assidulinoides Porreetitrg

7, xl3tr (I98L-84).

8. xl+S (1981-9) '
9. x655 (1981-9).

10, 1I-. Cassidulinoidee parke,rianres

1.0, *?LZ (1982-3 r 42-45sn).

11. x355 (19:82-3, t[2-45cm).

I

_l
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PLATE 11



P,I,BTE 1A

I. Trifatina earla$di x143 (L981-9).

2. Trif,arilra Pauperata xL78 (1991-21 '.

3;, 4. Epi'etonriRe[la vltrea

3. x4'6:2 (L982-3) t ventral vielu'

4. xLgl (19182-3); dorsal' vievr'

5 |6. RosaLina gLobularis

5. x2L.:2 (1981-9) l ventral view'

6. x326 (1981-9) I dorsal vi€jw'

7. HeronaLlenia kenpii x300 (19S1-10) ; venr'--3l view'

8r9. Glabratella sP

8. x885 (tr981-8A); dorsaL view'

9. x525 (I981-8A) I vent'ral view'

I0. ElBtrriditrn 6p x442 (1982-3t 42-tl5cn) '
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PLATE 12



FI,A T3

1-9. Se-hackoinella antarctj,.ca n. sp.

l. *525 (1983-25); edge viele.

2, x745 (same test as L)t ventraL viert.

3. xl=620 (same tegt as 1) t cLos .-uP.

4. x5]3r (I9B].-B,A); ventral view.

5. xl.250r (s'ame test as 4ll close-up.

6. x925 (1983-25) i dorsal view.

7, x152-0, (same Lest as 6) I close-up.

8. x845 (1983-25); ventral, view.

9. x1620 (saure test as 8); close-up.



()2

PLATE 13



PLA,itrlE Ltt

L r2, Ehrenberglna $Le'b'ra

L. xI94 (1981-9) i dorsatr view'

2. x163 (198n-9) i ventral vievc'

3, 4. Cibicides tobatulus

3. xll5 (1981-2); ventlal view'

4. x13L (19i81-4); dorsa ' view'

5 r 6. Globosasstdulina'subrgtrobosus

5. x34l (,!-982-3) '
5. x356 (1981-9)'

7, Globoc''assidulina crassra *ZLZ (1981-84) '

8, 9. Gl-oboeassidulina bi'ora

B. x170 (1.981-9) '
g. x38'8 (L981-2) '
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FLAIIE n'5

1. Fursenkoina earl-andi x287 Lr981-2) '

2 t3. Noni"oneJ.la iridea

2. x388 (198I-2).

3. x37'2' (n'980-8) '

4. Astrononion aqtarctleun x178 (1981'9) '

5. Astrononion echolsi xI94 (1'981-84) '

6. puLlenia buLloides NZLZ (1981-9).

7. Pullenia sub,sarinata Nl'10r (19'81-lr'0) '

I , L0. 11. NeoElobeEuadrina paehyderm'a

8'. x300 (1981-9) t' dors:aI \tie'w'

10. X28? (1981-9) i veotraL vlew'

Ll. x341 (1981-'8A) i dorsal view'

9. Globotot€lia inf,lata x341 (1981-5) 7 dorsaL view.
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PLATE 15
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CHAPTER 4

DEtr'INITION AND DISTRIBUTION OF RECENT BENTHIC FORAMINIFERAI' ASSMI3TACES

Ecological factors controlling distribution of assenblages

Int roduc tion

Distribution of benthic foraninifera in surface sedinents of the

Antarctic has been the subjeet of the now classic works of Brady (taA+)'

Pearcey (tgt+), Wiesner (lgtl), Heron-Allen and Earland

(tgZZ,1g2g,1g52), Earland (1g11,1g34,1916), Chapnan and Parr (lgll) and

parr (fg:O). These were all concerned with description of species and

have been useful in determining proper identification of taxa, depth

distribution and areal distribution of foraninifera.

More recently, McKnight (gAZ) investigated foraniniferal

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

ecological influenceg such as tenperature, salinity, depth, water

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

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

foraninlferal distribution. Organic carbon seemeal to affect some

agglutinated forns but not calcareous ones. Despite the apparent lack of

influence of neasured parameters on the foraminifera studied ' McKnight

established three tentative assenblages with approxinate boundaries at:

164-475n, )JB\n and )/=475n.

He naer followett by Pflun (t966), who studied foraniniferal

tlistribution and the effects of water currents previously postulated by

McKnight. He also established that tenperature and salinity were not

inportant, and stated that water depth MICHT be important. Pflun also



definetl three foraniniferal agsenbrages "that nay be related to depth,,:

Shelf I, 210-515n; Shelf II, 604-1tj4n; and Stope, 17G5_7545n.

Kennett (tgal,1 968), Echols (tg7t ) , Herb (tglt) , Firlon (tg12,1974) ,

Anderson (lglZ), and 0sternan and Kellogg (lglil also stuclie6

foraniniferal distribution. fhe Drake Passage and, Wedclell Sea area,

lnvestigated by Echols r Herb and Anderson, has several benthic

foraniniferal assemblages assbciated with water masses. The water masses

are distinguished by tenperature, salinity, flor direction and depth.

This area is responsible for nost of the Antarctic Botton Water

formation which circulates to the world,s oceans.

Kennett, Fillon and 0sterman and Kellogg concentrated on the Ross Sea

and McMurdo Sound region. Many of the benthic species found in the

Ueddell Sea-Drake Passage area are also found in the Ross Sea reglon.

These workers also investigated environmental aspects such as salinity,
temperature, substrate and the ccD, and concluded that the only

neasurable influence was the CCD. Kennett (fg6g) loeated the CCD in
McMurdo Sound at around 620n. ELsewhere in the Ross Sea it is as d.eep as

80OB ( 0sternan and Kellogc 1979). Fron this it was evident that water

depth uas not as inportant a coatrol of the CCD as water chenistry (such

as pH), and sea-ice cover which eontrols calcium carbonate dissolution
by restricting gas exchange across the air/water interface. The

discussions in these works of calcareous, arenaceous and mixed benthic

foraniniferal assenbJ-ages Here quite useful in clefining the three

assenbrages described rater in this chapter, Though Echols (lglt, p.96)

did count live tests in 14 sanples stained with rose bengal, his work,

as did that of the other investigators nentioneil above, concentrated on
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total populations. In this chapter life assenblages in Mcffurdo Sound

are docunented to deternine their environmental linitations anil are

compared with associatetl death assenblages '

Cousiderable effort has been spent on investigations in the Arctic

regions. several of these have proved useful as references for this

present investigation. Loeblich anil Tappan's (lgZl) taxononic rork

provicled valuable descriptions and illustrations ' Most of the genera

listeat by then are bipolar. Distribution of Recent benthic foraninifera

of the Bering Sea was studied by G.J.Anderso\ (1961). His ilas one of the

earli.er attenpts to study Iiving foraniniferal assenblages by staining

with rose bengal, but he had difficulties in counting stainetl arenaceous

tests r so abandoned the attenpt. Green ( t g0O) collected sedinent

sanples fron between +1t and 2?6On in the central Arctic ocean'

Agglutinateil species were very rare, and faunal assenblages correspond

to changes in slope of the sea floor.

Habitat

The living habits of most species of forarninifera are not well known'

Although nany if not nost foraniniferal studies adopt a sampling

strategy that iraplies that individualg are uniformly spread over the sea

floor, sone studies of benthic foraninifera suggest that they live in

coronies or "clunps" (srr:-fftetr 1961, Todd and Low 1955)'

Shifflett's conclusions were based on a stutty of three sanples taken

within a JOrn radius at each of four sites, i.e. a total of twelve sites'

on the Heald Sank (10-15n water clepth), Gulf of Merico' 0f the total of

50 living species found, the individual sanples contained betueen five



and 23r but this was in large part related to the nunber of tests

counted, 18 and 126 respectively. The variability in nunbers of species

between sanples at each site seens to be related to the suall nunber of

tests counted (figure 14). It ras not shown conclusively by Shifflett

that the variability indicates the true proportions of species present

at each site, and consequently does not confirn that these foraninifera

live in colonies (sirirrrett 1951, p.54). Shifflett's data indicate that

one needs at least 20, but preferably 1oo, specinens 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

floor of McMurdo Sound, but

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

branching, sessile form, which is knorn onry fron very shalLow water

depths of around. JOm (Delaca et aI.19gO). It was not iclentified in the

present samples' but could easily be present as broken fragments that

are nisidentified.

A check on local variability in both living and dead forarniniferal

assemblages tras carried out in McMurdo sound by comparing cores 1gg1-7

and 1981-4 taken 20m apart (Table l, Figure 15.) Nine of the twelve most

common speeies occurred in sinilar proportions in life assemblages fron

both cores. The remaining three speeies showed differences of around 6f,

but these differences are not significant at the gr% level. rn a

conparison of the death assemblages from the two cores, onl-y Tiifarina

earlandi and Tertularina antarctica show rnuch difference in the

has been observed to forn colonies on the

has quite a different character from the

proportions present, but these differences ARE statistically
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(<r )
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(-)

(-)

0.6

0.9

(<r )

(<r )
lrrrrAMrNNA ARENAcEa (r)

8.0

7.2

5.4
(+)

5,6

(r.z)

(r.r )

$.2)
CRIBROSTOIIIOIDES JEFFREYSII

(r.q)

t.0

1.4

(-)
TE,\TUIARIA ANTARcTIcA (5)

(2. q)

1.7 (r.z)

to.o (r.l)
.l .\J

5,t

9. I

r1.8

(r.e)

(r.q)

(+)
TRocHArvrMnu cusRA (o)

(2.21

19.6

r 5.0

77.1 3.2)
(z.z)

(e)
ponroTRocHAIvErrNA ANTARcrrcl (z)

(r )

6.8

c. .-l

4.9
(e)

5.6

(r.z)

(r )

(+.2 )
PORTOTROCHAMI,IINA E&TANiNAE

3)
t+.1

8.6

20.4

+.5

(z.z)

(r )

(z)
TRIFARINA EARLANDI (g)

3.9)

1.4 o.2

(-)

(<r )

(-)
FURSENKoTNA EARTANDT (ro;

(z.z)

t.o

,.4

0.1

0.4

(<r )

(<r )

(:.+)
EHNENBERGINA GIABRI (I I )

(z.s)

====-========g==========-= === ======== ===== = = ==== ===== ===== ==========-=

) 6.8 (:)
cLoBocASSrDUtrNA cnlssl (rz)

4 1.0 (r.a)

7 n=1Cr2 total tests
4 n=208 total tests

Table 1: Percentages of live and
species fron Coree 1981-1 and 4,
Confidence linits after Van Der
Galehouse (tgZt, 8q.95.4).

z.o (o.e)

0.5 (<r )

a= 997 total tests
n=1852 total tests

dead tests for the tvelve nost cosunon
fron 550n, central Mcllurdo Sound.

Plas & Tobi (1965), Table 1, and
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significant. Horever, they nay be due to post-depositional processes

because both cores are within the lysocline (f 0m). An overall

comparison of the species compositon betueen the two cores shows nuch

greater sinilarities than differences, the only najor difference being

T.earlandi. The sinilarities are considered to justify proceeding on the

assumption that each sanple is representative of the location fron 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, nolluscs, polychaetes, marine nenatodes

and gastropods can influence the standing crop of an area (Stiter 1971,

Brand and Lipps 1982). Where there is heavy predation the nuuber of live

foraminifera may be low. Study of gut contents of selected

invertebrates fron Arthur Harbour, Anvers Island, Antarctica revealed

that foraminifera conprise fron less than lf, to 100F of the diet, but

are generally less lhan 121t. Species of foraninifera nost commonly

ingested were Rosalina globularis, Cribrostomoides jeffreysii, Patellina

corrugata, Saccannina sphaerica, Rotaliamnina ochracea, Trochannina

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

preferentially; for example, the large chiton Nuttalochiton nirandls

feeds mainly on Rosalina globularis.

Boring, scraping (as by radulas) and etching by stonach acids can

either destroy or danage foraminiferaL tegts (Hicknan antl Lipps 198r).

When a species is preferentially preyed upon (Brand and Lipps 1982) it

nay represent a smaller percentage of the assemblage in the fossil
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record than sould normally be the case, as damaged calclte tests would

be less likely to be preserved ancl aggJ.utinated foraninifera would

disaggregate to their original grains (3uzas 1982). Where the nunber of

live or deacl tests per unit volune or reight of sedinent is connonly

used for environnental analysis as an indication of standing crop and

productivity, re'duction by grazing uill effect ecological

interpretations. Evidence of predation in McMurdo Sound is seen in

snall bore holes perforating sone calcareous tests. These are not to be

confused rith the natural pores in certain species. The following SEM

photos illustrate this type of predation: Plate 5, Figure uf; Plate I,

Figure {; Pl-ate B, tr'igure !; Plate p, Figures 10,11; Plate 14, Figure B.

0ceanographic factors

Temperature and salinity are stable enough not to affect

foraniniferal populations severely (Chapter t). The mling factor is

the shallow CCD, produced by cold tenperatures and low pH. Currents

seen to play a snall role in the clistribution of living foraminiferal

assemblages. Velocities are generally Iow, but are noderate at severel

sites around Cape Arnitage into the Erebus Basin, ancl off Cape Roberts.

Sedimentary factors

The sedinentation rate for the McMurdo Sound area is

investigation, but is probably quite slow (<t.Onn/year).

sedinent seems to contribute the greatest conponent of

naterial, but faecal pellets are also a large conponent

ar.19Bl).

stilI under

Windblown

terrestrial

(Barrett et



Test shapes, ornament and wal1 thickness of fossil ea]careous

forarninifera in the Los Angeles and Ventura Basins, California, shou a

rel-ationship with sediment type (Hendrix 1 958). Rounded , keelless

unornamented forms occur in finer laminated sediments, while keeled and

ornamented forms occur in coarser massive sedinents. McMurdo Sound

species show 1ittle preference for different types of substrate, exeept

for Cribrostoqgl{q1 ieffreysii, 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.jeffreyli_i is

inversely related to the proportion of mud in each sample (Iigure t5).

Distribution of foraniniferal assemblages

In l,lcl{urdo Sound agglrrtinated forarninifera predorninate over

calcareous forms (Figure 't7 , Table 2). Deeper than 62Orn in the open

sound a variety of agglutinated species form the life and death

assenblages, with vj"rtually no calcareous tests in either. This level,

then, is taken to be the CCD. A few li-ving calcareous specimens are

found below 520rn, and are discussed in more detail beIow. Above 62Orn ln

the open sound, calcareous tests become nore frequent. The assemblages

sii1l contain a large number of agglutinated tests, though fewer

agglutinated species (tr'igure t8). In harbours and enclosed basins, life

assemblages show less variation in proportions of calcareous

foraninifera wi-th depth, but death assernblages show a definite change in

abundance of caleareous tests between 212ur and 254n (TiBure i?, Sarnples

1982-4 and 1981-18). Those deeper than about 21Om contain less than 5%

calcareous tests; this is taken to nark the CCD in this setting.
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Live cal-careous forarninifera below the CCD

Fursenkoina earlandi antl Globocassidulina crassa are exceptional

calcareous speeies that are found living belor the CCD in McMurdo Sound'

and in Granite Harbour and New Harbour. The associated sediments eontain

fen specinens of their dead shells. It is inferred that these two

species have the ability, unusual in calcareous foraminifera, to secrete

their tests in water strongly undersaturated in calciu-n carbonate, and

that the tests are quickly dissolved after death in these particular

localities. Calcareous specinens reported below the CCD elsewhere in

Ross Sea have been explained as being clisplaced by turbidity currents

(Anderson et al.1982). Live specirnens of F.earlandi and G. crassa have

been found at seven sites (TaUte J, . sites marked with asterisk) where

the renainder of the assenblage is largely agglutinated, and the two

species are living rithin their ecological linits. They are also found

in shallow areas above the CCD.

Distribution of life assenblages

The diverei.ty of foraninifera greatly increases in the shallolrer

(<5ZOm) open sound sanples due to the increase of calcareous species and

tests because the water has a relatively high pH and is saturated in

calciurn carbonate at those rlepths (see Chapter 1 ). lagenidae and

Glandulinidae especially increase in abundance with inereasi.ng height

above the CCD (Appendir 2, Forani-nifera Lists).

The writer has counted a total of 39,2O9 tests for population

studies. Of these 2,314 (6S) rere alive when collected, and 16,875 (gqfi)

were dead. [here are 'l2J species and varieties, of which 50 species
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represented in the live fraction, and J species (2fl) are

the live fraction. The distribution of sanples is shown

and 1J, Chapter 2.

Twelve species were selected for close exanination in this chapter

for the following reasons: 1) each contributed a statistically inportant

percentage to the entire count; Z) ttrey cover a wide range of test sizes

and shapes i 1) there are representatives of both Agglutinated and

calcareous benthic forns; and 4) each occurs in a majority of the

oanples (Figure 18A). (

The selected agglutinated species are Portotrocharmina antarctica 
'

Portotrochanmina eltaninae, Trochannina glabra, Textularia antarctica'

Cribrostonoides jeffreysii, Miliannina arenacea, 899$gx pilulifer and

Reophax subdentalinifornis. Ihe selected calcareous speciea are

Trifarina earlandi, Ehrenbergina glabra, Fursenkoina earlandi and

Globocassidulina cpa€€F. The relative proportions of these define the

assenblages.

There are three main life assenblages present in McMurdo Sound: 1 )

DI,IA: Deep water (>OeOm) assemblage of central McMurdo Soundi 2) SUA:

Shallow water (<0eOro) assemblage of McMurdo Sound i 1) HA: Harbour

assenblage in both New Harbour (naximun depth 250n) and Granite Harbour

(maximum depth 80Orn). The first and third are dominantly agglutinated,

and the seeond, though having a hlgher number of calcareous species and

tests, usually has abundant agglutinated tests as wel1. Figures '19

through J0 give perceutages of each species in each sanple, arranged

from shallow (top) to deep (totton) water in each diagran.



The characteristic assenblages are as follows:

DWA: Reophax pilulifer (highest percerrt

854m), Reophax subdentaLiniformis (Z3il,

in live assemblage 2'Jfi, at

at 85Om), Portotrochammina

eltaninae (AO1, at 660m, average 1 ie), Textularia antarctica (\tfi, at

B50m) anrl Milianmina arenacea (ll%, at 755n and B56m).

SWA: Trocharunina qI_@ (tive peak of 9.4% at 28im, 1981-8A, but

corilnon frorn deeper sites as well), Cribrostonoides jeffreysii (gradually

increases fron deep to shallow areas wj.th 11.4% at 110m, Core 1981-12),

Trifarina earlandi, (t5% af 28Jm, 1981-8A),Ehrenbergina glabra (cornmon

to 520m, wj-th live peak of 22% at 177n, 1981-10 and 11.8.11 at 289n ,

19S1-SA), Fursenkoina earlandi (common to 12Bm and present fron 42Om),

and Globocassidulina crassa (cornmon to 620ni, witit a live peak of 18S at

62Om, 198't-26) and a lesser peak of 15"i at,42Am, 1981-?).

HA: 3."rl{91!alfqito_fq.u (tive maximum of 18ft at 577n),

Portotrochammina antarctica (peak of 1o"i at iOSn), Textularia antarctict

(pr.k of 25% at 256n), {qtsg+-Eo_i_qg qq4_qrig_l (peak of 35fr at 550n), and

Globocassidulina crassa (peak of 11.E% at 345n).

Near Cape Armitage, Ross Island, is a shelly bottom at the normal

level of the CCD (Sample 1985-26,520m, Figure 1l). The surface sedirnent

eonsists of fragmentary bryozoan and oiher carbonate skeletal material.

Some bryozoans retrieved were in life position, indicating that the

stroug tidal currents present there (Oil-mour 1975, Heath 1977) do rrot

preclude marine life and could be providing extra nutrients to the area.

Possibly the CCD is locally depressed by the currents carrying higlier pH

to a greater depth than usua1. The fora:ninifera reported fro,'n the site
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:., il
Iive sad dead teete of 01o ocasgi.dullna oraasa

Senples arranged fron shello-r to deepr open
ueter and harbour Sites.

OPE}I IJATEN

erassa fursenkoina earlandi
$anple Dep

No. (u) Dead$ l,iveF DeadELive$

8,1-12 | lO
83-22, te8
8'l-{o 177
E'l-9 2l'
81-8A 2eg
8t-2 37A
8f -7 4N
8t-6 450
8t -5 496
8r-4 56A
8r-) 5608t-26 520
85-2:. 660
83.7 77:5
81-1 8t0
87-4 8i54
a1-j* 856

,.8
6,5
1.7

7:1
2.'

15.1
2.2

1r .6
1.0
6.9

,?:n

-z-,1

$.'0
1.2
'3.7

. 9.4
lt.a
'l,V
2.7
O.3
4.0
o.5
2.Otlt

2.51
21.X

olr
o.9
5.1

?:o

7.'

o.o3
o.4
o.05
0.5

o.6
0.02

0.5

l-'

olr

HARBOUR$/ENCI,O$ED BASINS

80-6 79 6.0
82-1' 179 tO.6
82-4 212 2.8
81-tE* 254 1-4
8t-t6* 266 8.I
82-1 3p3
8t-r4* 345 1r.8
811-17 15s
8'1-t 3* 5r7 7.,61
81 =15* 55O 4.2
8e-2 * 796 lt.4

5.6
20.5
A-7
o,5

a.,
'l .o
O.'6
0.2

1.8

::
O.4
9.7

15.8

tlt
35.4
22.9

0.9
O.7
1.J

o,1

o.7

Q.2

0.8,
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arenotfrontheshellysurfacedepositbutfromsandynudinnediately

underit.Theproportionsofcalcareousandagglutinatedspeciesandof

live and dead tests nay therefore be anomalous (figure 18)'

Relation of Death Assenblages to Life Assemblages

0pea $ater Assenblages (nWl ana

conponent averages about 60% ot

agglutinated fraetion averages

percent bY the occurrences of

S$A): Above the CCD the agglutinated

the tests counted, nhile below it the

g6fi, occasionalJ-Y reduced bY a fer

calcareous species, mainly tr"ursenkoina

earlandi and Globocassidulina crassa.

Theso-calledMixedtr.aunalZonebetween62Omand420ndefinedby

Kennett (1968) is reflected by ileath assenblages but not by life

assemblages. Life assenblages have a similar proportion of agglutinated

tests between 62om ancl .42On as they do above 42On' In general death

assenblages have higher proportions of agglutinated tests' calcareous

testsareeliminatedfromthedeathassemblagesbydissolution'

The "Mixed Faunal Zone" ig poorly naned ancl

should be replaced by "Relict Faunal zone" or lysocline' It is a depth

interval through rhich solution of calcareous tests is occurring' but at

a rate less than the rate of production of the tests ' The assemblage is

notamirturederivedfromtwoormoredifferentenvironments.

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

assemblages closely resenble their associated life assemblages down to a

ttepth of about J00n, 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 ertnorclinarily shallow CCD clearly

defined at about 2l0n (Figure 18). Above the CCD, caleareous tests can

forn about 509r, of the life assenblage, though the death assenblage tends

to contain less, suggesting that post-norten solution of calcareous

tests is occurring. The nunber of calcareous species is fron tro (Core

1981-15, 55On) to five (core 1981-18,254u- and Core 1981-11,537n).

Beloy the CCD the rnain calcareous species are Fursenkoina earlandi

and Globocassitlulina crassa, though there are very rarely Other

calcareous species, including: lenticulina gibba, Cyclogyra involvens,

Astrononion echolsi, Astrononion antarcticun, Fissurina spp (Cores

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

Epistoninell-a vitrea, Rosalina globularis and Globocassidulina biora

(Core 1981-11, basin off Cape Roberts, the only live G.biora reported to

date fron any locality, see Fillon 19?4). Specinens of F.earlandi and

G.crassa appear to increase relative to agglutinated speeies with depth'

reaching a maximun ot 75fi ,/-1ri4 at !!Om (sanple 1981-15) in Grenite

Harbour, but this conclusion needs to be treated rith reservation

becauge the live counts were snall (see Appendix 2). Death assenblages

contain very few calcareous specimens, presunably because of post-norten

dissolutioa.

Causes of differences between life assemblages death assenblages in

McMurdo Sound

and

There is abundant evidenee for

tests in McMurdo Sound. The life

death assenblage in any one sanple,

tests. The wide range in test size

post-norten dissolution of calcareous

assenblage generally resenbles the

ercept for depletion of calcareous

and the preferential preservation of
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agglutinated tests, many of wliich are very fragile, suggests there has

been Iittle, if any, post-mortem transport, and it is concluded that all

McMurdo Sound foraminiferal assemblages examined are not

thanatocoenoses, but are biocoenoses nore 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

feeding aniglals.

].Mechanieal breaking caused

tests by predaceous and depoeit

by burrowing organisms.

The third is more likely to destroy fragile agglutinated tests than

the relatively stronger calcareous tests, tlrough sone thin-shelled

Lagenidae or Glandulinidae might be particularly susceptible as wel-1.

The evidence in l{clvlurdo 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 caunot be assessed. 0n1y

selective predators of particuLar foraminiferal species are likely to

modify life assenblages, and night possibly be the reason for several

instances where a species in the life assernblage is not represented in

the death assenblage (e.g. in Core 18, 254m, Hyperamnina g"f o_"""*).

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

and consequent dissolution of calcareous tests.

Comparison of McMurdo Sound gpegles_ and ryLl€. with those of other

potaf grea's_

The foraniniferal fauna of McMurdo

with microfaunas previously studied

Souncl has nany

1n the lJeddell

elements in conmon

Sea and Antarctic



Feni,rreuLa, EDd errea strong rinks with .arc,tic aeeemblages (sahle 44). Tbe,

cold *ater temp:e!'sture, salinity and constatr plhyeioal. eolitlit,ions of the

poxai' regio,ns shouLil inrluce, sinl.lar feunal .aesembLagpe to oo,qupy the t-uo

ar^e,asr ra eompariag the otaninj.feraL as,ee,nbl,ages sf, the pores, the

types of taxa pgesetrt are very sitirer, lnrtierrlarly at the 6eneri.c

re.veJ.. tn*g petoeBtagrbs of spe,eies held ,in eonnofi mifl,r ttre Bre€:ent

Mcl{urdo Ss'und sanrples are given 1n Tab1e 44.

'Table' 4A: edqrartson of s'pecies reeoguised i-n etrallolr-wa?er studies
of polar f,orami,nifera rdth thqse of the present etudy.

=s ======= ======== = ======== =========.==== ====.===-== =========
ARE.A, DgPfI{ SPEE-IF IN C$T'II4CI$I HlTg I'XEITiNDO

-- - 
i - --.- - - 

J-i. 
-.- - - - F n - -,F i - - 

; - -- 
i 

-: - 
1,+ 

--J + - 
E,- ..+ 

--i - -,- - - -

ANI,AffiOEXOA g-A],ic A.GG T'0[AL

$eohla Sea grn,ea 2n1- fi 12 3g(Ztn),
E;ehs.ls tr 971 993w

Drake Fasease 42- g z |t(?fl)
Lle,rb 19?t E?,8CI,

Weddell sea 3?O- 7 5 12(8#)

::i ::::i_l:l:__ -- - _ l:i?i- -_

ARCTIC

Foint Barro,w area 3-724n & 1'3 5 1S(16#)
Loeblieh and 1085-2869m
Tappan 1955

Ee,riing se.a 12- 7 - 7(lO.+$)
Andersoa 1961 2'50iu

Centrel Arctie 433- 11 13:ti2fi)
0,c6€n 899m
G:reen '[96,O

;--.-- --!--i*i.-r-:!- 
j.*-3--r-.r- ;s:i------i,---,--- -.---+-d4

ARCTTC AVEAT0E 12(11%)
=E======= ==== == ====== ===€=-= ====== -=============€= ==========.=
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The preceeding figures represent both agglutinated and calcareous

taxa from the water depths shown. The investigations that included wa+"er

chemistry studies, such as Creen (fg€'O) and Anderson (1975) showed that

foraminiferal distribution is reliant on the CCD more tltan actual water

depth. This is particularly exemplifieil in Anderson's (lglZ) work on

the ecology and distribution of foraminifera of the }leddell Sea.

Anderson (fgff) defined six foraminiferal assemblages or facies and

correlated thern with the assoeiated over-1ying water nasses. Calcareous

faunas were found in quite deep water (up to 3777n in the Deep-Water

Calcareous-Arenaceous Facies ) in the southwestern continental slope

area, and only agglutinated species were found in shallow water (Z5Om in

Shallou Water Arenaceous Facies in the southeastern slope region, Table

4B). This is consistent with the present study, in which the CCD in the

open sound is found to be 620m, and in the enclosed harbours is 2J0m.

Comparing the assemblages with respect to their location either above or

below the CCD (as opposed to water depth) with those assemblages defined

from l{cMurdo Sound on the same basis, it is evident that an average of

4'2f, of the species listed in Anderson's facies are heLd in corunon with

the McMurdo Sound assemblages (Tatle 4l), though, 8s in the case of the

Abyssal Facies and HarbOur Assemblage, the shared speeies are not

necessarily the doninant ones. As the various assemblsges are not

defined by the sane dominant taxa, this could indicate that though CCD

has a great infLuence on the distribution of agglrrtinatecl and calcareous

t,.rxa, microenvironments probably influence individual species within the

greater ecological habitat.

I



Table 48. 0onparlso.n of apeciee from McMundo Eoulad wtth thoee
in aseemblagee defined by Anderson (t9?5) in the ldeditell. sea.

ASE,EtIISIAEES. III AS'SB}XBLAgES lN S EEIES IN OOIIMOTII

WSDDET,T SEA }NCIIURDO SOUND CAXG ACC T.OfAI,
-=====F===E=E====t===€=====.EE=,=====.= ====4-iF..-=:=====!:g======--==

tr'resh Sh,elf Water* SihrA* 7 1 g.$.Tfi)
r'.ae{es (Pea-lt1n)

tysoclinal Facies* SllA# 7 1 B(jjfr)
(zgE-ans^)

Etrryhaxlne Faaias D}|A - 5, A(+l:ftI
(5s+- t o,z'gm )

- -----i.-- - ----t;j- _- -- -- - ____

su*aIl,sn li'ate:r Dm. E 4 +(1,5ft)
Arenaceous tr'acies
(49o-93+r)
-ii-----ire--,----ia'

0,a1-careous,-.[re.naeeous* S'WA* '5 1 6(4,6,fl,
fi'aeies'(t ++r,-37i'l'n)
---- F-F,-,-- - 

; 
-- -- -<j-J 

j- 
- - -- -

Abyssal Faeies IiA - 2 2(2'1:fi)
(248?-49sorn)

;--------_ ___ _ _ __ ==== = == = = ======== = == =======E===== ===

Asterj"$ked (*) assenblages are as-oue the 0C .; othere are, heloff.
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Diversi ty Measurements

Method

Each method used for sampling the sea-floor sediments of McMurdo

Sound inposed a certain sanple si-ze. The nurnber of foraminifera per uni-t

vofume of sedinent varied considerably between samples. Two measures

have been used to estimate species diversity in foraninifera from

I{cMurdo Sound: Fischer's alpha index (Uurray 1977) and Sanders

rarefaction index (Sanders 1968). Fischer's alpha index, a widely used

method developed in 1941, is plotted for open water and harbour sanples

against water depth i-n Figure J1. The data show that in both situations

the agglutinated foraminifera have a low alpha diversity index (q to 0).

The total assenblages have rnuch higher diverslties due to the presence

of the calcareous fraction. tr'ischer's nethod is limited because sanple

size has a strong influence, and this is a major limitation here in view

of the small numbers of live foraminifera that were recovered in some

samples. Counts of less than 100 tests could not be included as they

ptotted off the edge of the alpha index diagram. Also, counts of 100

tests cannot be cornpared easily to counts of 5OO0 tests. Sanders' nethod

allows for the comparison of samples with large differences in numbers

of individuals, anil provides the basis for the rest of the discussion on

diversity. It is outlined be1ow.

Sanders showed that the rarefacton method is independent of sanple

size, but that does not nean it ean be used reliably with counts of

smal-l nurnbers of individuals. It means that a count of, saY, 200 tests

at one site can be compared wlth a count of 400 or 600 or 800

individuals at another site without the difference in the number of



I

I

I

counted specimens affecting the estimated diversity.
I
I

sanders commented that the many previously described methods 
I

measuring diversity are a1J. logarithmic functions and divided then inl
ttwo categories, those determining "doninance diversity" and ttrol

determining "species diversity". He also showed (sanders 1968, r'igurl

9,1O, p.261-264) tirat species diversity is more directly related 
t

environmental parameters than is dominance diversity. I

I

The rarefaction method is graphical. The diversity of a sample I'l
indicated by an exponential curve generated by estirnating from the knorl

I

assemblage what the nurnber of species woulri be in a series of samp]

Isizesl i.€. samples of 1O, 25, 50, 100, 20O, JOO, .. r specimens. Til

method applied to the dead and live specinens in Mcl{urclo Sound Corl

1 981-6 (taute 4 ) tollows .

The total counted in 1981-6 included 775 dead and 229 live tests. T

estimate the number of species represented in a sarrple of 25 tests

Each specinen would represent 4%, titerefore every species woul

represent 41( or nore. The species are ranked by their abundances. Thos

that form 4'fi or more are counted. There are six of thern, and tl:ey woul

be expected to occur in any count of 25 tests. The cumulative percentag

of the six species is 66.76%. 99.98% - 66.76i4 = 11.2214. Divide th

unaccounted for 13.22% by the value of one specimen (q10; 33.22 divide

by 4 = 8.1. Add the six dominant species to 8.1 = 14,1 speeies. Sample

of 25 tests would have an average of 14.J species.

For the number of species represented in a sample of 100 tests; Eac

specimen would represent 1$, so each species would represent 1S or more
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There are 20 species that form 11[ or more of the count, and their

cunulative percentage is 94.67. 99.981[ - 94.67it = 5.11%. The unaccounted

for 5.311[ ts divided by 1% = 5.'11 . 20 species + 5.11 species = 2r.11

species per 1OO tests.

For the nunber of species represented in a sanpl,e of 200 tests: Each

test uould represent O.5%, so each species would equal O.5% or more of

the count. There are 2, such species in this sanple, and their

curnulative percentage is 98.16. 99.951/ - 98.16% = 1.62%. The unaccounted

for 1.62S div:"aea by 0.5% = 3.24 species + 25 species = 28.24 species

per 200 tests counted.

Any number of values can be interpolated for sanple sizes up to the

actual nuruber of specirneus counted, thus describing the shape of the

curve (figure t2). The regressicn equation can then be calculated to

extrapolate the curve to an infinitely large sanple size. The curve

should becone flat at tire sample size where the total- number of speeies

of the assembJ.age is represented. The reliability of the extrapolations

depends on the nurnber of specimens counted.

Diversities can be expressed nunerically as the number of species per

any nunber of specimens up to an infinite number. The estimated number

of species in an infinite number of specimens at any one site is the

best approxination of the total number of species in the assemblage. In

practice, the diversity curves flatten markedly by about the 1OO0 tests

sample size (pigure 12), indicating that nearly all species are

represented, and in this thesis diversities are expressed as the nurnber

of species per 50OO specirnens.
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depth from which the sarnples wer-e taken. Regression curve (dashed straight line) based

on solid s'mbols o"i'l Ui""i "ytUoft 
(ibove-2S0n) not incorporated' Correlation

coefficient of line - 0.82.

20 /t0 60 60

Number of SPecias
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Extrapolatlon of DiversitY Curves-

Following the rarefaetion method outlined above, tlte equation of the

curve for the sarnple with the greatest number of tests counted (tg3f-Z)

was cafculated. The resultant curve is exponential, with a correlation

coefficient of 0.999. It was therefore assuned that exponentiaf curves

would be the best fit for all 0ther samples. The correlation

coefficients of the other samples were >o.g55. From the calculated

equations for each sample, the curves were extrapolated to 5O0o tests'

This is not considererl to be undue extrapolation as the curvee do not

cross and are basically parallel after 2OOo tests, so the relative

positions of the endpoints of the curves do not ehange'

Results and Discussion

Diversity curves for life assemblages of the open water samples are

shown in Figure 32A. Some have been extrapolated from counts of fewer

than 50 tests, so tend to be less reliable than those for corresponding

death assembiages that follow (see below). A plot of species nunber

versus,Jepth, taken at the 5O0O tests mark (Figure 128), shows that for

samples above -150m diversities cluster between 44 to ?6 and have no

correl-ation ui.th depth. Houever, samples belou J5Om have dj'versities

ranging from 2c io 80, and slrow a good correlation of decreasing

diversity with dePth.

Thediversitl.curvesinFigureJJArepresentdeathassemblagesfron

tlre same samples as those shown in Figure l2A. Jn the open water death

assemblages, tirere is a strong correlation of louer diversity with

increasing depth. The estirnaterl diversities range from 24 to BO (Figure
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(llgure nA). Shallou-water sarnpl'es from the open sound (Stri'l; generally

have diversities greater than 60. Deep water (ollll, below the ccD)

samples have diversities less than 40, and are clearly differentiated

fron the shal-fou-water open sound assemblages. The group with

intermediate dlversity values (11-5g) i" classed with the shallow water

sanples lSWl). Fi-gure ]JB shows also the co*elati'on of decreaslng

species diversity with greater water depth for these death assenblages'

Deep water and shalloH-water diversj-ties are less well differentiated

in the 198J grab samples, taken fron the usccc Glacier' Grab 1981-26'

from the unusually carcareous site off Cape Arni.tage, plots particularly

high and is considered anomalous'

The diversity range for harbour life assemblages clusters below 45 '

and is therefore similar to the deep water open sound life assenblages

(trigure 14A). There is no correLation with depth in the harbour

assenblages (Fieure S4B) '

The harbour death assemblages show very little difference from the

corresponding life assenblage diversities (rigure 35A)- They cluster

below 45, except for sample 19a24, and again show no depth correlation

(Figure t1B). The diversities of open sound deep uater assemblages and

harbour assemblages are not significantly different'

post-mortem changes of calcareous assemb).ages have already been

established, and shown to be related to the CCD' Therefore we can assume

that there is mininal post-mortem change of agglutinated species with

non-cafcareous cement, so agglutinated death assenblages are equivalent

to agglutinated life assenblages'
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Figure33A.sPeciesdiversitycurvesforopenwa-t95.lgntrricforaminiferaldeath
assemblages in Uclquiao S"""a.'foffowint S""b"t"' (1968) rarefaction method' the number

of species is estimated per nrunber of ieits counts for each sample, all extrapolated to
50OO tests nark. The legend is listed in the same order as the curves' Circles represent
cores, squares rePregent grabs.

Figure 33 B. Species diversity values (from 5000 tests mark) are plotted versus water depth

from which the sarnples were taken. n"giiliio"-curve isofid sttaight-Iine) based on solid
sydbols onIy, blank slmbol (at 520rn) """-""i--in"-rporated' 

Correlation coefficient of
regression line = 0.67.
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Figure 34 A. Species dlnersity-ct11:Y9?. for harbour benthic foraminiferal life
assemblages. Follotrlng Sandersr (1968) 

-t"t"i""ii"" method, the nrsiber of species

is e'timatea p"r nuif,Er-oi-tests'countea-ior each sample, all extrapolated to

50ootests.rheregentl_islistedintrre-sarcorderasthecurves.Circles
represent eores, .qiii"r-r"present gt"b".-sor" samples are not used due to lol
numbers in life counts.

Figure 34 B. Specieg diversity values (from 5000 tests nark) are plotted versus

water depth troo rnrJea"r, ".ipr. """ 
5i"".-No correlation of divereity with

water depth Bhown.
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When the open water agglutinated assenblages are plotted using

Sanders' (t9Sg) rarefaction nethod, the diversity values (at 5OOO tests

level) show little variation and no comelation with depth (fieure 16).

A11 curves plot below 40, similar to those for deep open water and

harbour assemblages. Therefore the correlation of higher dlversities

with shallow water seen in the open sound death asseroblages is a result

of the increasing number of calcareous species present in shallow water.

This is believed to hold true also for the life assernblages, but cannot

be tested becauge insufficient sanple size would result if life

assenblages were split into calcareous and agglutinated conponents.

Sanders (tg0g) considered that high diversities are characteristic of

stable environments and attributed 1ow diversities to high stress caused

by either physical or biotic factors. Sanders showed that the deep-water

bivalve and polychaete assenblage that he analysed has high diversity

and attributed that to the very stable physieal conditions of deep

water.

It woul-d seem to be contradictory to suggest that low diversity

forarniniferaL assemblages are caused by hlgh strees in the Antarctic

marine environnent, rrhich is knonn to be very stable. A point made by

Sanders was that diversity differences between various habitats utust be

assessed using the same group of organisns. It may seen not

unreasonable to treat calcareous and agglutinated benthic forarninifera

as the sane kinds of organisms and to treat them as a single group for

ecological study. However, different tolerances to calciurn carbonate

concentrations are quite different ecological adaptations. The

agglutinated foraminifera are nuch nore ancient than the calcareous
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Figure 35 A. Species diversity curves. for harbour benthic foraminiferal death
assernblages. rogcnlni-;;;;;;, ifgeel iiretaction method, lhe number of species
is estimated per nuniblr of tests counted for each sarnple, all extrapolated to
5000 tests. rne reg;nd is listed in the sane order as the curves. clrcles
represent cores, squares rePresent grabs'

Figure 35 B. Species diversity values (fron 5000 te6ts mark) are plotted versus
water depth from which each simple was taken. No correlation of diversity with
lrater dePth shown.
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species. sone have calcareous cernent and are restricted in the sane way

as the calcareous species. Those in Mcl{urdo sound do not have

calcareous cement, but have organic or fermginous cements' Such species

have lived in deep Ocean water under-saturated in calcium carbonate

since at Least the cretaceous, and very likely for the whole of the

phanerozoic. In such a stable environnent they have had anple tine to

evolve a high diversity asseroblage. The fact that they have not done so

inplies lack of evolutionary capacity and not any stress factor in the

deep ocean environment. consequently, it can be concluded that though it

is not the best practice to combine agglutinated and calcareous

foraminifera to determi-ne diversity patterns of various assenblsges' the

fact that the agglutinated species have fairly consistent diversity

values at different water depths allows the calcareoua species to

influence the diversity to a greater extent'

The agglutinated assemblages show no slgnificant differences whether

fron open water or harbour sites. Therefqre, these assemblages are

interpreted as being stable at all water tlepths, which indicates that

diversity i-s not affected by habitat (though some species, e'8'

Cribrostomoiq e9- -JgtlreYsii, nay be influenced bY grain size) '

Cafcareous assemblages have higher diversities in shallow water sampfes'

but agglutinated ones are consistent and renain the sane as in deep

watersampJ-es.Itwouldappearfromthisthatcompetitionfrom

calcareous species is not a stress factor for agglutinated' species in

the sane habitat. It is concluded that the agglutinated foraminifera 1n

this setting are close to the evolutionary timit of their diversity'



SgLpg]er. deqP seq .conparj.sons

Conpafi.son of the Me,Murdo S,oltnd aseenbLages to those of, de:ep-eea

areas ls relevant tlue to the sinilarities between the plgrsleal. and

ehcrcical cha.racterietles ,of the two environmentso as well- as their

constane;ir. Thie sinilarity has bee.q reeognisecl by DaSrt"on and O-liver

(lryf ), rho noteil the foll'owing shaned draraoteristlcs betneen the two

enviromhent,s:

1. ool.d tenperature

2. oonstant phyeical environntent

j. low te:rreetrial, sediraentatio.r.r.

The g,reatest dissinil-arity betireeR relativetr5r shaLlow l.4elfiurrdo, Soun'i

weters and. deep-sea watere is the geaeonaL productlvity aseociat'ed with

the eh.aruges il light availabllity in tl,re Antareti-c"

Deep=eea sannples (egOO-46Om,) of tbe southeest Indian Oee'afi coLlected

bli,Corliss (19?9) yieLded fi forami,nifera ta:ca, only thtee of, which are

aggluti.nateil, ltlte presenoe of cal-egreous forms to theEe d,epths indicates

that the CCD is below 4600n in this area, eoaparing thiS cstrleetLsn to

the shal.t.o:tr w€te,r asserublage froln MeMurds Sound; six (tg$) of the

speeies listed by 0orliss are also founel in l,le}lurtlo Sound r llot i.ncludi-ng

tasena spp, Oolina sPF, -[!qqq+-g spp aad Pg"gli-1ry "pp 
which

----Corl,iss did rlot differenti.ate.

Benthie foraminifers ,from tlre deep r.later of ttre Gulf of }texico were

atr,rdie,n by Ffrum and Freriehe ( t gZa) to devetr'op a nore Srerqige

batftynetric zonation. llhey found so,ne indication that depth limitations

qf sone spe,cies, could be reLated to hydrsstati.e pressure. 0f the 128
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species found in the deep-water ecologial study' 18(''5il) are also found

in the present Mcgurdo Sound sanples, but 2g(g%) genera are held in

common. Calcareous genera found at 600-5500 ft (tAZ-t981m) include

Bolivina ' Bulimina, Uvigerina, Cibicidee' Eponides' orj-dorsqlil'

and Melonis. Three of these, Bolivina, Bulimina ana ci!l-grcl11
Anomalina

occur in the present McMurdo Sound samples '

The eomparisons above show some similarity in faunal- conposition

between McMurdo sound samples and in the deep-sea collections' but there

is an even greater simirarity in TypE of taxa, i.e., on the generic and

faniLial level, found in the two environrnents. This is exemplified by

the Harbour Assernblage defined here and the Abyssal Facies deflned by

Anderson ( f gZf ). The Harbour Assemblage conprises hornosinids '

trochamminids and textularids. The Abyssal tr'acies comprises

trocharnminids, textularids and Iituolids. chances are comparison of

actuaf tests would reveal more similarity than indicated by a faunal

list, considering the variation possible within foraminiferal species

and within taxononists' interpretation of species'

Seqgqces of Assemblages in Cores 1981-15 and 1981-18

A test of the applicability of Sanders (fgOe) rarefactlon nethod to

fossil foraminiferal assenblages can be accomplished by using subsamples

down sediment cores, and cornparing the diversities Of death assemblages

or thanatocoenoses from the various levels in the cores.

core 81-15,fron 55On near the snout of the lrlacKay olacier in Granite

Harbour, is 56cm long,

gradual increase in sand

consists of fine sandy mud at the top, with a

down the length of the core'
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Core 81-18, from 254m neat the snout of the Ferrar Glacier in New

Harbour,is4lcnlongandalsofinesandymud.Thesetrosedimentcores

weresanpledatselected2cmintervalsdowntheirlengths.The

subsarnples lrere preserved and examined for foraminifera at victoria

university. The species and numbers of tests extracted, live and deatl

are listed in APPendix 2, Page 'lB4'

Below the top two centimeters, core r9g1-15 has only two dead

caleareous species: tr'ursenkoina earlandi and Trifarina earland!' Dead

agglutinated species which are persistant to the botton of the core

include Miliammina arenacea' M.fata, Cribrostonoides .i"{!f"y"ti,,

Trocharrrina glabra, q. @-, Portotrochamnina aqtarctica ' P'

eftaninae and conotrochamrnine lql-lglg. Trochannina glabra is the nost

abun,lant species at the 55cm leve1 in the core (Fieure 1?)'

Below the top two centineters, core 1981-18 has two dead calcareous

species: tr,ursenkoina lirrlandi and Astrononion ,cholsi. Their tests

disappear rapidly dor+n core to the JOcn Ievel, where there is a bright-

orange, crumbly sedirnent layer, about 1.5 to 2crn thick. Beneath this

layer, to the bOtton of the core' the number of calcareous dead tests

increases clramatically. The speeies content is sinilar to that found

elsewhere in the shallower open parts Of the sound, sd includes the

calcareous sPecies: Trifarina earlandi, Epistominell-q Yitrea'

lursenkoina earlandi, 9-]9-!-"""*id"1i*- crassa' 4:!"oqonfg antarcticurn

and Astrononion echolsi. This indicates a deeper CCD or lower sea level

i.n New Harbour at that time, possibly a local effect due to glacial

activity (tr'igures 37 , 19).



The diversity ealculations for Cores 1981-15 and '1981-18 do not show

any significant change in numbers of species down core (Figures Jg, 1i9)

though the bot tom of Core 1 931 - 18 (1B-+t cm ) does ha ve the hi_ ghest

diversity for the core (see below). Above the 3O-'J2cm level, dissolution

of calcareous species would not cltange the diversity to any great extent

because of the low numbers of these tests present. the species content

varies slightly, but insufficient).y to provide evidence of environmental

changes throughout the length of the core. The exception to this is the

botton 1 1 cm of Core 1 981 - 18. The calcareous assemblage increases

gradually in this region of the core, to 6A% of the total assemblage at

the 18-41cn level.

Gardner et al. (tgSZ) Aescribed a sinilar oxidizetl layer in cores

from the Bering Sea. Their explanation is that during transition to

globa1 interglacial conditions, freezing during the winter seasons

formecl dense, oxygen-rich waters that sank to recharge oxygen and

nutrient depleted bottom waters, rhich, combined with 1or organic

productivity, alfowed oxidj.zed sediment to accumulate. When the

int,erglacial episode was well established, there was insuffieient sea

ice to affect productivity or dissoLved oxygen content of the waterr so

sea-bottom conditions reverted to reducing again. Barrett et al. (in

prep. ) conclude fron geochemical evidence that the Bering Sea and New

Harbour oxidized layers are not similar.

The effect of changes in iocal ice could account for this oxidized

layer and presenration of calcareous foram-inifera in New liarbour. These

changes may have caused a l-ower sedinentation rate than elsewhere in the

SOrt,i,l . NO similar iayer yrali j=t.eeted i.r Grrn: te 11-plsi.lI'r prlb,rbly

becalse the sedimentat;.orr rqt;'r.et? is mueh higher than i.n New Harbour,

and Core 1 981 -'l 5 would consis'r, of much younger sediments (A. Pyne ,

pers. comn. 1 9Bl ) .
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Figure3T.Percentagesof?99}"!1"?.!edandcalcareoustestginthedeathassemblages
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Harbour, fron 550m)"";;;;;ith;;"--fi size data. The foraminiferal assemblages are
mostly agglutinateA,-nrilit ttre eiception of the bottom llcrn of Core 18, which has an

increasing number of calcareous tests'
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'teath 
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down core 1981-15 (cranite i{arbour, 550rni ' The lon diversity values (below 40 at
5000 tests marX) and sriii spr""a inaicate little change in species ab-undance'

which implies similir "nrritoito"r,t 
tftt""gh""[ the t"ngti of the core' The J-eqend

is listed in the sane order as the curves'
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core lggl-18 (New Harbour, 254n). rn" i"r-ai""rsity values (belorv 45 at 5000 tests mark)

and snarl spread inaicate- rittre crtange-i"-i"i"tiv6 species abundance down the length
of the core. The change in species.ottl"ttl il" gOt.caicar"out tests at bottoro of core)

indicates a change in'water 6hemistrlt at some time in the Past'
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0hapter 5: OONCI'US ONE

thed,jietributionoflivingf.oramjniferainMcMurtlosountlhaebeen

shonntodepentllargelyontheCC:D,wtrichdefiuesthelowerlimltofa

relatiVe].y shau.ow water high diversity assembl-age (Sm) ri'ch in

calea?e,or s s-peeles at 520m in t-he Orpen watere of lleuur<lo sound' Beaeath

this exigts a deeper ls,ater ]oI{ divereity asoemblage (OU-l)'' pa'de up

alrnogt entirely of, aggl.utinat,ed spec,iesl, though one on two calcareous

sgee;ies ar:e oeoasiohalJ'Y found'

Phys,Jio.greph r al-so ef,fects t,he 'distributlon of, forarninife"an f'or a ].ofi

dlversity harbour aosernbLage (HA) can be recognls'ecl in New Harbour an'el.

.6.r|gnit'eHatbouranclas}ralloubusdneastof,CePeRoberts,$his

aseero.bxageissleiJrlyagg}rrtinatedbutincl'udesaf,ewcaloareouospecieo'

inclicatirll$.&Inuchshatrlo$eln00Dinthisrestlic.t,edsetting.

Assenblageeofitead!.graminifera]'testgarevelrys{ui.larto1lfe

aeserrbnage€ofth€sanesanples.l.i,otrever,thedeathessemblagFbetteen

420mand520neontal4sagrg.atertr'fol}otrt.ionofagglutinatedtests

befause of post-lnortem dissolution of ealcareo'ras tests' and j's a re1let

assemblage nodifie.d ln situ, rlot a srixed fauqal assenblag'e as previousltrr

srggested by Kennett (1968) and Fil'l'on (19'f+) '

speoies diversittri: 1.:o xiiol{qrilo so,und is 'd:irect'lv: related to tbe nuubef

of e'alqereous s.xleexe.s. pregent in the asaenbla.ges, but the diva:roity of

the.aggluttrnat.edcoponentresainsab'outthesaneatalldepthslnthe

sollnd.Itis.conolueledf,ront.histhatth€aggxut.tnated,foraminif,era
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here are cXose to the l-lruit sf theLr evoXut'ion'ar1r potentd'el'

although this stucly ehovrs th-at eleatlr aoeenblages are reaeonabl5r

feprese[tative o.f li,f,e assenblagEs ill llolitruntto souad (apart fron those

depositedinthelysocline),itisalsoclearthatfossilassenblages
have oaly linited paleoe,c.o!.ogtroal val,ue. They can rea1"Iy orrtry te used to

indicatE w.'hether strata wene deposited above or below the 00D' and

whether in open or elosed' basius' tlouevetn tbls eonc'lusion ls partly a

eo4Eequeneeo,ftJnel'i.mxt,edocaanographi,edatacurrentlyavai]-abl.e.More

lafornatio.n on current patterns, nutrient levels, and the dyaaniss of,

sea floor biloJ.ogiaal foraidni,feraL aseen'bLages t nay well I'ead tO nore

,speo:if,ia pal'e'o'eeo ['o gi aal i'nfrereno e:s'
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API"i$riDix 1

iianple Log and Descri.Ptions

$isst, of these sunpl-es irene colleeted with a gravity sptrincter corerf

using. the annual sea iee as an operating platfiorm. Sanples fron other

sollt.e eis are nored and acknoutredged. FltOtos alrd SketCheg of, COges en

sanpXes are included where available (for 'l $81 eores only).

!_gg to .ees"IPl'e fgg laY-out

SanpXe ntr,mber latittrde
lirample type longitude

$iph eo:re'= El)hlneter ,g..Qre

Pr-p grab= or&rrge-p-e,e1 Snab

depttr derte Collected b1t:
B-Barrett lJ-ffard
Jr-Ai.Lowoy P=Pyne
C=Cattley lrlc=l'lclreod
P-Falntin F=I'ltsgerald
Iviae,=liao pherson



s1-1 (BLIJ) lf 22.>' 65on ? Nov'1981 U'P'c'
Sph.core 16')" 4.5'
Lication: lOkm north west of Cape Royds in a line towarcis

King Pin.

corer scraped top 6-Jcn of sea-floor surface-; siJ'ty muci, green-gl'ey

colour, soft. Collected from between lead weights lowered for depth

sounding, and -..a11, abmount of sedinent on closed spirlncter sleeve' llo

sponge mat. Core barrel bowed, metre block seized up' Lost three lead

,"igrrt". winch under strain nith extra weight of wire added for this
depth. No PhotograPh.

8r -2(BLH) 17o4i.1'
Sph. core 16f 14.3'
Location: Along ar l"ine
EGffitrand irioraines,

Retrieved 1 54mrn core that slumped badly when placed in splitting Dram

as seen ofter slunp. 0-5cm (top) soft, soupy nuddy sand with sponge

mat; colour 1OY-1/2. Bryozoarrs, "or* tubes, soft sponges horn coral horn

coral and four smal1 brittle star fish on top. siliceous sponSe

spicules present 3-4cm 1ong. Snall foraninifera seen throughout
seqiment. From 5- crn: irregualr gradual colour change !o '/'5'I-4/i'
Botton 6-7cn: volcanic sand and 

'mud 
colout U-2/O (P:'ate A1-1)'

sl -l ( BLr- ) llo42. t' 560t t J Nov ' 1 9il1 UpPIC;.f.'

Sph. core 16f 12.o'
LocatiOn: Cape Evans-Strrirrd I'lorai.nes line, 2'l km west of Cape

Evans.

Pebbty, muddy sand on closed sphincter sleeve (O.Zf'tt.'t5kg). Dark grey-
green colour.No PhotograPh.

B1-4(Bth) 77042,1' 56On 1) liov.19S1 }J,P,C,A'
Sph.core 1650}2.0'
Location: cape Evans-strand l{i.oraines line, 2On north of 81-J.

6cn long pebbly,sandy core. Dark volcanics abundant throughout' Hater
drained thr,ough incompletely closed sphincter sleeve during retrieval'
Core frozen iri core head over-night prior to photographing and sanpling
(ptate At -z).

81-5(BilJ)
Sph. core

--O'^ tl
t I ft(.+
1 65"29. O'

l.i, P, c.

l|,lrPrcrA.
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258m 11 }lov.'1981

across licliurdo Sound from Cape F'vans

28krn from CaPe Evans.

496n 14 Nov.1961

@'CapeEvans-StrandI'ioraines1ine,2JkrnwestofCape
Evans.

O-locm cor.e.Bryozoans, starfish, worm tubes and sea spider on

surface. C]asts to 1 cm in length. Invertebrates saved to check
attached foranrinifero (PIate A1-l).

top
for

81-5A(Btu) 77o4?.4' 4g6n 14 Nov.198l
sph.core 1 65028.0'
Location: Sarne as 8l-5, second core down same hol'e.

lt,P, CrA.
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Retrieved smalI amount of sediment on sphincter sleeve. Several pebbles

up tO ]cn longest dimension.Surface invertebrates gaved included norms'

sea snaii, errcrustirrg ;ind r.anose bryozoanS. Trio pottles saved in
alcohol (Ptate A1-'t).

81 -5 ( Bth ) rro 42 .67 46om 1 5 Nov . 1 981

sph core 165o2"t.4'
Location: cape Evans-Strarid }ioraines line ,25km west of cape

Retlieverl small amount coarse pebbly sediment with 1-2cn clastsr fine
sand and mud.corer barrel bent, plastic liner split, lost 2 lead
weights. (Ptate A1 -2) .

42On 15 tiov.1981 lJ'P'C,A,B.

line, 27kn west of CaPe llvans.Location: Cape Dvans-itrand l4oraines

Retrieved srnall amount coarse sediment on sphincter sleeve' Cobble

caugirt in centre of sleeve, allowing water to drain out durinS
retrieval.Split into one foraminiferal sanple, one sediment sample' No

photograph.

81 -8 77011 t9' 269m

Sph core 165"4.8'
@!!g, 0ape Evans-Strand Itloraines
I.loralnes.

Retrieved 6cm core.lleavy sponge mat with abundant invertebrates on top
surface, including sea spider, arnphipod, foraninifera ' worn
tubes,bryozoans, and stalked filter feeclers. Frozen in its entirety and

returned to Scott Base. Sna11 amount taken from base of core and

preserved ln ethanol (Plate A1-4).

7'lo q't.1g'fi1 2B9m

1 5504.8'
west of 81 -8.

Top O-2cm:soft sarrdy core with heavy sPonge nat. Sea centipede,
bryozoans present, with shelly material. Foraminiferal sanples taken
from top 0-4cm and bottom 2cm, preserved in ethanol-. Colour 2.5Y-7/1.
Archive split consists of O.25 of core from rim of corer head (P1ate

11, P, C, A, B.

Evans.

81-7(BLll)
Sph eore

77042.7'
1650 19.2'

16 l{ov.1981 ll,P,C,B,A.

Iine, 1 Jkm east of Strand

81 -8A
Sph core
Location l 6.5m

16 Nov. 1 9€i1 l{,PrcrBrA.

A1-4).

s1 -g 770 44.Q'
Sph core 1640 5o.5'
Location: 0ape Evans-Strarrd

21'tn 17 Nov. 1981 U, C' B.

I'Soraines line, 7 .7kn east of Strand
I{oraines.

Smsl-I amourit o1' coarse seoinent on closed sphincter slceverdivicied into
two samples, one each for sedimentary analysis and foranriniferal
analysis . llo photograph.



sl-10(BLH) 7io44.75' 17)n

sph core 1640 )6.7'
Location: 2.5kn off Stralrd lioraines'

Preserved top
pho tograph.

8l -12(}]ttv)
Sph core
Locstion: 5kn

]..62

76059.6' 1tom
1610 9.4'
north of Cape Roberts'in

17 l,iov.19B1

26 l,lov .,1c)81

Granite llarbour.

l{, c, B.
I

mat. Frozen in toto
the hunmock rernoved

(Ptate A1 -5).

B' A'

wr P, c.

Retrieved 6-ucm core.Top a humnrock of heavy sponge

for transport to Scott Base. There is uas thawed'
for archive, remairtder split and sampled as usual'

81-11 77044,43' 465n 20 Nov'1981

0-p grab 1640'i2.1'
Loca.!!g, Directly in front of ljtrtrnd }ioraines'

sea-pens in alcohol, one sample for sediment analysis. No

Short (lCcm) core on sphincter sleeve. Heavy sponge nat on top i'tith uorm

tubes, foramlnifera and echinoid spines. Colour at top 7'51'4/7 fo
j.Tbcrn lottom 2.25cn colour is 7.r\/5/2. This sestion sandier Yith
rngulu" pebble (ecm) of pink glanite. Samples taken of the top 5cm'

niddle lcnr anci botton 2cm. IJo photograplt.
t1

t,1 -1 l(Bttr ) tAl>9.1' 517n
Sph core 16't" 2.O'
Location: l0km north of' tJape Roberts in

27 Nov.,1 9Bl l{,P,crBrA,

line to Cape Archer'
Granite llirrbour.

Short (>-6cm) uneven core of soft sediurent on sphincter sleeve. Corer
apparently fe1l on side on sea floor. Top 2urm a green (7.rY-4h)
diatonaceous ooze. ieveral clasts present , 1cm longest <iiurension' Below

this core sandier with t{orm tubes. Qolour below 5.5cn to bottom
1Ay.-ti7(olive-black). Uamples taken of top 2mm, eutire core, anci entire
sample minus top 2nn (Ptate A1 -5).

81-14A 76052.8' 546n 2 Dec.,l981
sph core 162455'
Location: Jkm souttr of Oape Archer, Granite liarbour.

Corer retrieveri witir sediment about half uay up inside of barrel. Corer
Ieft intactrstrapped upriglrt in wannigan and traveled to next sample
site (core not frozerr). Frozen at camp site, and split ') Dec'

Archive split i55wn 1ong. Large biack area 7-14 cm fron top of split
(7+lmr foig "ii*. splittin6- con,pr"ssion fron inserting steel blade).
Core gr.een nud at top,sandier and greying towards bottorn. A few

scattered pebbles fror, 24cm to bottom. Scattered sponge spicules
througirout. Colour at top 7.5y-4/2, from 1O to 12cm, 7.5y-2/2 (layer
O.r-tcn thick across core), at bottom ( j4cm) 'l.r't-t/2. bamples tr,ken of
top 2crn, 2-4em, 8-1Ocm, 1O-l2cm, 14-16cm, .16-18cm, 27-29cn, and' 11')5cn
(uottom trimmed in case of contamiuation (t'1ote A1-5)-

u, P, c, B, A.



rjl -1 5 tslrs.t'
Sph core 1('2"iO.O'
Location: Jus! south of

163

55O.5n 29 Nov.,l9Bl U,P,CrB'A'

liackay Gl-acier Snout, Granite liarbour'

Barrel penetrateo to bottom of large weights. Saved nud from outside
core barrel.l4uddy water drained fron botton of corer through partially-
open sphincter'. 

-Barrel one-half fu]l of sediment' rro Hater on top' llater
apparentty drained doun one side of core. horm tubes on top. colour
recored ofter 15 urinutes in air. Core then frozen overnight' Core 560mn

Iong after extrusion from barrel. the surface 1n contact citir polythene

liner contains small bivalves, (gnn), sponge spicules, angular mud

clasts (l*t1, mottling (colour 7,5I-5/1), rock fragments to 7run' one

snall laminated mediun-sand lens (>Z-lgu ). Below )]Onn, number of
anguj-ar granules ( t -t Omm) increases. Boundary diffuse but distinct '
Archive hatf sinilar, colours as follows:7.5\-4/i for top 90mn' Below

90nun, to 225nn- lOY-5/2. In mottles below gomrn to 225-2'>Own, colour 1s

10y.-5/1 .

In foraminifera sp1it, mottling not as pronounced. Top colour7'4Y-4/1'
90-1 60mm, colour^ 7.5I-5/2 grading with large mottles to 19I'5/2 (otive
g""y). At i6Onm grades into 7.5'I-4/2 with l'aint mottling. lxrnd lenses

start at 27}rwr and continue to bottom. Granule lens at
'52}-'>45nrn(centre ) . Polychaete worm founci in centre bottort of core 

'
hanging through sphincter sleeve, and broken off at lower end' Lens of
green mud (7.5Y-5/1) just above 4Oornn.

Sanples taken at the following intervals and preserved in alcohol:
O-Zin, Z-4cm, 4-6cm, 6-ticm (top 6-€icm of core slunped during sampling
naking these neasurenentg approxiurate), 8-1Ocn, |0-12cm' 12-14cm,
14-16cm, 16-19cm, 1g-21cm, 24-26cm, 29-i1cn, )4-16cm, !i'{1cm, 44-46cn'
49-51cn, 54-55cm (Plate A1-?).
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81 -1 6 (gLW)
Sph core
Location:

7Io 2.2' 266n )Lr IiOv. , 1 9tt1

162026.2'
Nev Glacier Snout, Granite Harbour'

J Dec.,l 981

HrPr0rB,A.

P, C, A, F.

llhen core retrieved, muddy water draining througir bottom' Core head put

back under water to drain nore slowly. llhen brought up, opening in
sphincer sleeve plu..:ed with paper touels. llo water left on core' Frozen

over night, ertrid"d f"ot barrel on 1 Dec. Length 450-515nm, sloping on

top. surface in contact with polythene liner: top half of core split
and slumped into splitting tray. sone mottling, worns and worm tubes

visible in open split, and top of archive split'

Archive split colours grade from 7.5X-5/7 at top to 1Ol-5/2 at about

15ornn down from top, to 10\-4/2 at bottom (ltClmn). Black nottl'ing
present at top ( t or-l/t ).

Forarniniferal split, top soft, sloppy. $olours '/.5!-4h grading to
iOy-+/e eOrr frour top. Worm tubes p"Lsent to l5onn (colour 5lR-4/B)'
Colour change at ltiOnn to 10Y-5/1. Sedinent clasts in lenses frort
1BO-220mn. Reduced area in centre of core at ?6O4AOmm (1Ol-3/1). Main

core colour still 1O\-4/2. Siliceous sponge spj'cules scattered
throughout core. Slight reducing odour noticed nhen core sliced at
lSOnn. C'ne pebble present at 4OOmn (ptate A1-B)'

81-t?(BrU) llo 1.?B' 358n
Sph core 15'50 24.o'
Location: 5kn east of CaPe Roberts.

Small amOunt of sediment on closed sphincter sleeve artd up one side of
core barrel, indicating corer fell over on sea floOr. Invertebrates on

top surface include bryozoans, sea spider, small brittle star fish and

"or" sponge spicules. Estinated lOnn penetration of sea bed. Tvo

sanples preserved in ethanol, plus one for sediment analysis (ptate
A1 -9).



e1 -1rr(Brlt ) nllr .l'
spt "o"e 16to16.6'
Location: Ierrar Glacier

1.65

2r4n 5 Dec.'1981

Snout, New Harbour.

l{rP, c, A, tr'

and K-2

Corer retreived one third full of soft sediment' Brought back to camp

at Butter point in back of snow Trac. This jostled the core and caused

it to de-ilater on the 1.5 hour trip. Core frozen over-night' and split'
photographed and neasured on 6 

-uec. Length after transport 410nn'

Sanpled fuII length of core at t$o centineter intervals ercept for Jcn

at Lotton of cor!. Section 6-8cm nissing due to sturnping at top'

Archive spit varies slightly in colours. Fron 7.5Y'5/2 in mottles

n.""-l;- lo;-i4g-?Onrn) grades to rctn-1;5 LrL core centre (60-95n8).

Below this, the cotour "rr"rrg*i 
to ?.ilh-4h,tnen 7.rfr,-|/B(lotnl'

B"i;;r (leO-+rOm) is lOT-4/1 . grange, crunbly sediment present here

from 290-'3'JOnm.

Top of core soft, 2.51-3h. Uniforur to 6O-11Qmm, where nottling appearg

(tO!.-q/Z). Belor thls streaks of l}]ft.-z/j present' Fron 26O-)OOnn'

sliehtly firmer, crumbly sedinent layer of bright orange

""i]r"ilyR-4/8). Below J@nn, grev very sandy mud rith smal]' pebbles
(>'t-+/t ) (Ptate A1-10).



82-r 77oo2.2' )o3n
sph core 1 620l 9.0'
Locertion: Crack 1n llacKay Gf acj-er
ffitom east of grounding line

Sample consists of ]O0mm
have penetrated sediment
sloping top. No archive
20-10run from toP. C1asts

Depth unsure'
Freefall from
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1 6 liov . ,1982 P, l'iac r I'ic '

Tongue, Grtrrtite llarbour,
on south side.

soft sediment, top sloping. Corer believed to
at an angle. i'jplits taketr paralleJ' with

sanple or detailed description'Reduced layer
scaitered throughout sedinent' Sponge spicules

all through core
o-2, 4-8, 1 2-1 5, 1 8-24, Z5-',JOcm.

a2-2 760 59.7'
sph core 152025.O'
Location: Northeast tip of I'lacKay Glacier Tortgue '
cran-Harbo ur.

Ver.y soft 4J0mm core. Top very fine greerr-yellow mud to about 2OOnn'

IJlack mottLe in left centre of core from ?o-1 2Omn' sandy lens at
110-1JOmm on right side Of core. Yellow-olive colour from 2oo-22onm'

this layer very soft, je]ly-like material-. I3elow 22Qmm, core firmer with
colour change to green-yellow as in top. Fale olive nottles in core

cenrre at 32a-14}wrt Dark olive grey &t 76v-")9Onn. Dark grey front

590-4JOnn, bOttom of core. The dark grey material lras medium to coarse

sand with cfasts to 4.5cm. PossibLe plant material' present at 42Oruu'

in snall clunPs.

796n 17 Nov.,1982

Sampled at

P , Mac ,l'.c , Pa .

P r lviac ,llc .

P,l{ac 
' 
I{c

some load rel.eased at 757n (original echo sounder depth).
'/9On. l.,ay ltave already penetrated soft core top'

Samples taken at O-2cm, 5-7cn, 11-1icm, 19-21cn, 11-7icn, '56-4Ocm, and

4tl-qjcn.Sedinent samples terken st O-2,2-1 1 ,11 .21 ,21 -2'l ,2'l - i1 ,
tl-16 ,16-4o,4O-47cn.

Core J5O-45Onm long, with sloping top. Worm tubes present in top' Fiuddy

fine to mediurn sand of a pale yellor-grey from 7O-141nn. I'lorm tubes and

calcareous fragments present. OLast 2.5cm in centre at 9O-l1Qmn' Gradual
colour and texture change at 1 4Jnm to nuddy fine sand of a pale greenish
grey. Echinoid spine at 162uun, clast at 2OOmn, black nottling 24a-265nn'
with crlcareous loraminifera noted. Mottled layer consists of very fine
sand with sone silt. Large clast (5-Ocm) at:10-]50nn, below this soft
mud clast(?) with very fine mud centre.

Sarnples taken at O-2cm , 8- l Ocm, 2Q-22cn, JCt-'J2cn and 42'45cn'
Sedirnentological samples also taken, at O-212'12112-2?122'27 r27-7'1,
1'l-11(mud clast), t7-4)(sand), 4'5-45"^. Some current seen on corer' but
it did not register on current meter.

ez-t 77o49.-d' 1'J9n 5 Dec .,19b2
sph core 164072.o'
Location: Blue Glacier Snout, 17Om from ice cliff'

a2-4 77055,1' 212n
Sph core 1 640 5B.O'
Location: 9km east of Cape Chocolate island.

Sample consists of smal1 amount of muddy fine to meciiun sand. Sphincter
slelve not completely closed. Core barrel, o-ring and butter-fly valve
badly danaged. One pottle of sediment preserved in alcohol.
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llhe following snall-dialleter pistou
Egrrett, Ross, Hagborn, Sissons, liard'
field sesson' using the annuel' sea ice
7g-1 77:7'i-4' 195.6m

164" 2t'
7g-2 'r ,'

79-3 r rl

7g-4 lf>t 179rn
15d40'

7g-5 rr I'

79-6 nltz.l' 456^
1 66"50'

7g-7 77252 74om
166"'.16'

7g-8 77045.5' 16en
16F 42'.

79-9 77041 ,7 236n
16Vo51

79-10 r "

79.-11 77041 .'J' 23Qn
16'5094'5'

e,ores, wete coLteeted bY P'Yna t
end halker during the 1 979- lg[t9

as an operating Platforn.
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the fol.lowitlg orange-peeI grabe urere oo[Xected during the 1980-198,|

fi,etd seagon Uy Wara, iyn", SitageraLd end carric'k' usiog the cee iee as

au operrating ptatforo. -lbe grab-wae used due to the malfunction of t-he'

gxavity sPhiacter co.r€ro

Depth(n)
1T
17
1g
I

4:76
11

t6
r6
t5
14

Seqple ocat.ion
80-11 tr -5, 25-2:9
A0-2 fron
8O-1 McUurtlo Station
8O-4 DegeLination Plant
eO-5 Brlue Effluent
w-25
EO-26
:8O-2?
80-2A
69=29

{iedinEat TYPe
pebbly sand
i.UUfV sand(col. bY R.Wharton)
pebblY sand
pebbly saad
muddY sand
pe bllr sand
pe'bbly eand

Sanples 6-24 f,rou lfrer

so-6 npSA'
t640t5.go-? no'59.7'
16402+.4'

80-8 ir:1o37'

l'64011 n

80-g no3F.'
l610510'

80-10 710,57'
1640'05'

Eo-t 1 7T036.7n
164?A2'

80-12 tf 5a'
16305,8'

8Cr-1i 774't4'
155'o57'

80-ti4 770't4'
t 63049'

so-r5 7vo55'
1'690n '

8o-15 77015'
165044,

tlo-l? 77076'
165047.

167o4ot
8U,-1g 77055

1 65ot8'
80-ao 'nor8.6'

't67o55'
BO-21 7';lo 41 '

163019,
u)-22 77042'

163052'
W-2t ?"o4il '

16$0.54'
ffi-24 7f 4o'

16ro5r,

Harbour a.rea

79;

r09

21:,

t7s

16:l

1r6

168

1A6

252

121

8l

1,92

12E

117

242

227

242

227

176
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These sanples were taken by Dietz-LaFottti grerb from the U'S'C'G'C'Glacier
durlng February, 19BO by Dr.Dennis Kurtz, Kathy Balshaw, susan Davis and

Chuck Dunning' all of Rice University' Texas'

so-67 77o 24.3' B27n
165011.6',

o-11cn: Pebbry eand (olive brack 5\'2/1 );sharp contact at 11cn'

80-69 77021 ,O' 214a
16601A.1'

0-21cm:graded mediun to fine sand (blacf Nl);foraninifera and echinoid
spines; sharP contact at 21cn.

8O-?0 77024.6' B55n
1 65045.0'

0-ILrcn: Diatonaceous pebbly mud (ned.olive bronn 5y'+/q);sharp
irregular contact at 1Ocn.

80-?1 77024.O 5B6m
1 650 | g.O

o-lJcn: Graded fine to very fine nuddy sand (ttact< l{1);sharp contact
at 1) cn.

ao-72 77024,' 329n
1650 o.g

BO-71 77024 229n
1 540]8

o-2ocm: Graded nedium to very fine sand (black tl1); slightly washed'

aa-75 77024 r9n
16f 51

O-4Ocm: muddy sand (no colour); gradational contact at 40cm.

80-76 770?1,g 122m (no descriPtion)
1670il.7

BO-77 77012 622n
165012

Q-122cmz Sandy rnud (olive ercy 5Y-',t/2); sharp contact at 122cm.

80-?8 ??oOB 414ur
165445

Q-42cn: Iiluddy diatonaeeous ooze (rned.olive brown 5\-4/4);siightly
sandy; gradational contact at 42en.

8O-?9 77oZe 462(846??)
165041

O-t 1 cm: pebbly sandy mud (rneci . ove brown 5\-4/ 4) ; sharp contact trt 'l 1 cm.

rJo-81 77016 769n
161040

80-82 7705A' ?14n
165047',

O-l8cn: pebbly sand (dark olive grey 5Y-)/2)i sharp contact at 18cn.
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Bo-85 ll"^tl' 271n
16'i"42t 

---.-L ral -^r. rrc\. +an 2onm w'*hed atr 27cm.
-Z?cn, S"na (greyieh blaclr. ll2); top Zocn was'hed3 slrarp colrtect at Z'lcn' 

I

eo-1t lToog' 89?n
166010'

O-14gcn: dlatornaeeous nud '(nod.ollve brown 5Y-4/4); shalrp eontsot at
l48cn.

8O-118 ??o11'S 915n
167037'E

O-4cu; diatonaeeous nud (mod'olive brown ,11-411'); sbarp eonta-ct at
4c'n.

8O-141 ?To15':S 6l ln
165(l'!2'

O-3eq: pebre-try oandy nud (olive grplr 5't-3/2r; s.harF contact at 5cn.

80-181 77:48,7 ' 265n (no deecrtption)
t|66"'15,

80-18? 77075' 
'BO165€0?'

0-*,{Gts: ttUOay'ssnd, crudely streti'fied sparseXy pebbly, gradational
contact; at 44cn.

80-f 88 17027' 6',tr1n

| 65016'
0-19Fcor pebbJ.y, nuddy ,eand (greenish black 5G-2/1); uplPpr 40cn slightLy
raghed.

E0€1A9 Tnlol1' 90Bm
1610r7,

O-l2$an: diatomac,eous mud (nod.olive bro,rn 5l-4/4); gradational
eoretact at l2ocn.

80-f9t 76054' 591sr

1 65004',
O-6sn: nuddy sand (med. dark grey N4); sharp i.rr'egular contact at 6cn'
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These sho-rt piston cores were collected b5l DrS. F.Davey and D'Bennett

while on the board the l'iV Benjaniq Eosrinq 'during its eruise of I'lcfrurdo

'$ound durirlg FebruarY, I 981 '

liarnple Lteation DePth(n)

8'B-2 7F27.O', 5?j5
1650 I t .0'

EB-5 '17026,0' 23:O

164fJ 41.5'
BB-4 7f25.4' 180

16F 28.5'.
EB-5 7702r.6' 8?.5

165050.5'
88-6 1.foZ5.O' 722

161072.O'
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Orab/Go.re Statione frou UliCICC El.aeier in 11g1{urdo Sound ,' 
12-ilg Febr,ua.ryrlig87, colle,cted by FJrne, Beirret and trflacpherson'

(See &e-aud Ba*6it f gB5 fot fuller-diicussion of these sites).

$tet;lon

e5-1

83-Z

8t-J

83-5l.

85-4

85-5

.85-6

E5-1

89-8

87-9

8t-10

8l-l r

a7-12

83,-17

85_14

L,Ocati.on

"t7246.7'
| 55"OO.B'

nov'J.7'
165029.1'

no?j.o'
165o29.r'

77o1'1 .6'
16ro26.6'

7',7.o15.r'
16f 5?.e'

??qo5.4'
16f og.2'

flo(15.8
| 5?oO4.8t

760,'57.2'
t 56014,6n

?60 50.0"
t6;f 44.7'

?6050.Q'
t6f 2O.g'

760'56.7'
,65077,4'

760'15,6'
16tozV.5'

76oii.7'
'165n ze.7:

76014.8',
16f 21 ,j'
760-12,2

1,6f 57,9'

76:it.o'
162- +5.O'

SamPJ'e

iEepth Type DesoriPtion

556n grab gravellY sand

650n grab

8F6n erab

?19n core

854n grab

88,9n srab

c9re

882n grab
core

755.1n greb

547u grab
core

fr4n g,!:ab

856n grab

715n grab

788ur eora

trOln grab

l65n eo,re

gravellXr sand5r nud

sl,ightly sarrdY mud

slightly sandY arrrd

sL:ightLy sandtrr mtd

sttghtly sandY nucl

uud

sl.i.ehttry sandy nud

stlght1Y 6ravel),Y' nud

sLightlSr grave|LY sandY nud

slightly gravell.Y' eend3r nud

a f€r pebbles

slightly sand.5r nud

sandy uuil

Eliehtlf sandy nud



s5-15

9,5-16

81-1 6A

e5.-17

,85-18

st-19

st-2o

ef'-2?

eb-2:5

8!-?4

aj-26
(1t )'

7605a.v'
162078,6'

7625r.7
162-55.91

7'6055.6',
165004.4'

??oot.1'
1620 45.8'

??ooo.Jn
tr610r o.E'

??oo2.o'
167025.2'

7f z,'t'
t6f Et.s'

no'|t.z'
I E4o4CI,g''

7f 00,,2'
r640i6.o'

??o4T.o'
16rox.B'

,Z#7,:},,

?OOm eore

849n grab

ESOn Piston
eore

l59n grab

2$n grab

4E5m grab

l08rn grab

l28n grab

l74nr grab

492n grab

620n greb

173

sligtttXy sa,ntlY nud

diaton ooze

,sgn{iJr nud, nutldY satrd

nudd5r sand

gravel lnvenent

boulder 5-0en long

gravel pevenent

slishtlY muildY coarse s&nd

g:ravellSl eanil

sandy nuil

shelly nuddy Pebbl'Y sand

I

I

I

I

.l
,l
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PLATE A1 -1

coRE 8',1 '2
!-o live black

dark olive

d li"; colat.or"
'J I srumped

-\ 
_ very wet;

badly at t

rock
na

aJ

black

volcanic sand, mud

V
+I

B r yozoa

Bu rrows
Foraminif era

s7 S pon ge SPicu les

?lii)i rta sts ( > P ebb te )
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PLATE A1-2
coRE ToP 81 - 4

TORE

-

T0P 81-6
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PLATE A1 -3

CORE TOP 81 -5

IORE TOP 81.5A
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PLATE A1-4
CORE TOP 81-

{
C ORE

CORE TOP 81-8A



C ORE
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PLATE A1- 5
T0P 81-10

r0RE T0P 81- 13

Iffi:H q.l
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PLATE A1- 6
c0RE 81 - 14A

olive bLaclcJ

grayish olive

olive black

oliveT.1

-sand lens

V
+I

B r yozoa

Bu rrow s
Forarninifera

\7 SPonge Spicules

ii:)i [tasts(>Pebbte)
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PLATE A1.7
c0RE 81 -15

\ /' \-' \J'l
f ) 

w 
srayish orive fri1 v*Atm

J I,' ";i:; ) tft*l' I

vll Ll/ f,,
gr"d5l cotour .n*tn"- {'

n'"ot=n. olive 
!,

Glu il

V
+I

B r yozoa

Bu rrows
Foranrinif era

S2 S po n ge SPicu les

liil)i clasts (> pebbte)
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PLATE A1.8
coRE 81 - 16

soft top\
dark oli--\--./6t*r 

\ -\

slaqulr- iu"}{1radua'l U?"{+? -l

- {r -:^olour change ' -{- L
J)z<*-t -a:--^ IL (

colour change

orive gray +

(gray)

olive gray

V
+I
s7
:ii)i

Bryozoa

Bu rrows
Foraminif era

S ponge Spicules

Ctasts {> pebbte)
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PLATE A1 - 9
coRE ToP 81-17
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PLAT E A1- 10
coRE 81 -1 I

---i \--
r'
dark olive brown

olive gray

brownish black

bright reddish brown

v
+I

Br yozoa

Bu rrows
Foraminif era

S7 Sponge Spicules

:iii)i clasts (> pebble)
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APPENDIX 2:

This appendix is a conpilation of the rar

the living and dead beathic foraniniferal

thesis. Hhere the nunber of live tests

additional tests rere eltraeted and counted

counts. The live/dead ratlos are based on

percentages of live species are based on the

sanplea invoLved are narked rith an agterisk

are included in these counts.

nuuberg and Percents for

counts dtgcuseed in this

raa statiatlcallY lor,

and aalded to the origlnal

the original countsr but

subsequent counts. Ttroge

(*). ilo planktonic testg
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SPIR NAD

PSBU CHP

DUL ELC
BOL PSE
BOL PIC
BOL SP
CAS POR

CAS PANK
STAI}I CON

TRIF EAN

TRIF PAIIP
EPIS VIT
nos cLoB
HER KEI
CLAB SP
SCHACK ANT

CIB IOB
ELPH SP
rUR EAR

EHR GLAB
GLOB BIO
GLOB CRAS

cLoB suBc
AST ANT

AST ECH
}ION IRID
PUL SUB

PUI BUI.

IOTAI.9 (N)

7

2
t0

8
1l

5

t7

;
1

6

:
19

t4
20

9
27
8l
17

7

2

1r;
ll

I

70
1J
41

:

80-6
79

:

:
?

:

5

:

5

:

121

:

to
I

56
51

5
I

774
t4

t
15
2

2

t

r(

.l

I

I

2
I

I

48

E;

12

201
7

I
27

I

19
17
96
71

104
2

r449

ASTN SPI
RHAB ABYS
BATH HI8(A)
BATH HIR(B)
HIfP CIt
HYP }IAL
HIP SUB
PSAl,t tr'USCA

PELO BIC
SAC SPH

SAC JW
Aill,l0PElt
HSTI B&AD

NHUR AtB
IHUB PROT

cl,olr coRD
CLO}I CHAR

TUR SHON

HoBtr ovrc
HORII SP
8EO PIL
nEo PSEU(A)

(a)
REO SUBD

}TIL ARE
}IIL I,ATA
CRIB JEF
CRIB SUB
CRIB UIE
SPIRO FIL
TEXT AIIT
TEIT EAN

TNOC GLABM
TROC GABO

TBOC A
TROC B
PO8T AIITA
PORT ELT
CONO BULL
VERN I{IIi
VER}.I ADV

EGCE BITAD

CYCL ilVO
PLAN BUC

CRUC TRI
PYRC DEP
PIRG ELO
PYRC }IUR

PRCOL SPH
SIC TJUD

ttlt SP B -
IENT GIB
ltoDs ltAR
noDs sP
LAG DIST
TAC ELON

tAc cSAc
I,AC GBAS

LAG NEBU

LAG STNI
LII{G VlT
DENT COII I
FOLI SP

568



FEreent <ieori tests

Sanpl,e: | 981-2
Dopth(.n) 570

Astn silr
IIIAE ABIS
BAtIr flrB(r)
Brur urn(s)r -
tilP stl

910
2'15 17'

1e
ilo

_ o.o9
- 0-16

o.o5

1.8
O.l5 O.l5 - r0.7
5.e $.45 4,5 116.,0
0.6 a.99 0,5 2,2

8r
28,9

ffP TNL 4,,5 O"7
t|IP. st B
Pstil fltsga a,7
PEI{' BI.C
8AC. SPH
8AC JUV 0.5.
fin[OP 8P -
HEI'U, B&AD O.7
E$I'N ATE
lltUn PBO-T j
GXOU CoSD. 1,,+
GLOU OIIAB -
tUB S{oX
fionf, bvrc
Honi sP
BEO P[I, o.8

o.16
1.C2, :.ra a.' O.e

0.24 1.24 0.15 0.6

- 0.16
0.5 0.62

0.05 0,o5
l.o | .t o.2 1.5

a., 009
o.€ o.45 0.2 0.1

0.9 0.95 0.5

- O.9J O"3
a., 1.4 0.2 0,.1

- 0,16
t,a a.7 4,.o 7.6

o.7
o.t6 0.46 0.t6 +.7
o.2 0.46 O.O5 0.4
t,o 6.2 2.Q lz,t
1 .25 2..t 4.' t 1 .O
0.8 t.t

am: Psu(A)
(4,)

cntrB JEFr 6.0
CBIE SIIS
cR13 r,Lg
sPmo mL
TETg iliT 2.5

nDo,snBD
UIL AftE
lluJ LAIA

VEBX ADV

O.08 0.46 -
0.5 0.45 i
- 0.,5

Or.l6

O.2
2.O

0"ot

0.4 o.,o1

.:
o.l6 0.1

4.9
Art
o.,

o.5

TEil! EAU

TROC GI"ABRA 4.4

ENOE A
B0eB i

pon8 Alta 8.5
Fom ELI 1.4
coso RLL 0"6
Y.r.nil uil 1.4

ECeS BmD

crcl ilvo
PLAII BUO

ORUE ThI
PIRC DEP
P:rn6 EIjo
PISC rlru8

P'scoL sFtt
slB uttB
tlllr E? A
DElt coll
t{0l}s }tAn
nom 8P'
LAC DIST
Ir[C C&AC

LAC CRAS

IIAG EL T
I,AO NABU

LAC STRI
LIXC \lI'I
IEDE EIg
POT,Y SP

0.5
11?

O.5

O;.,

0"2
o.6
o,2
0.16 !

o.r5 0.r

_ 1.44

0,16 0'.|6 o.l 0.1
o.05

o.r5

10,. t 5
- 0.9 - o.ot
o.16 - 0.16

o.os' o.5' 0.05 o.ol
o.3 - 0'o?



L93

F,[TO BIEA
EIITO EILO - o.o-5 0.07
CLIID IST 1.6 - 0.16 Q.2
GI,ATD LAEV

1A3fnf61 : - - O,,W
lls r00.RN + n

3l9 Forr
FI.S
rIS UENA - O'.? O.a
rls sEn - o.0B - o.'l
srs EPTIH - CI.44
lI8 StlilF - g.o8 - o.05 o.O5
rxs slgl 0"6 0.16 0.16 0.t,6 0.2
SXStEff - - . :O.,O5

FXS SIIIG: - O.e - 1-l O.0t
FLg qR-U - -
FI$SP - - o.l4
PISA SU:8[ - O.2 A;23
PAnA rug - 0.o5 o.ot
PAnA LAtgR - r0.@ - 0.16 O.n
P"AnA trtBC O.t
PAE/| PSE-B - ,0.16 - 0.CI5 o.gl
PARI PUs[ - O"QE

PAnA sfAPttr - o.14
PAL[ StB6 0,5
O0Ir IPI - 0.05
0Ol, IlEtr - - O.O,
00L IEto 0.6
olct sQt-l
00LA - 0.05 0.o1
00tE - 0.08 j
oorq - -
P,Af g0B 0.5 1.' - A.2 0.14
Plrs DEP - 0.16 - O.75 0..5
sFIn 8AD - 0"05
P8,ilt eI|F - 0.08 - 0.5 i
BUL,Elf - - - + 0.14
EOL P$E 0,3 0.tJ8 - O.O5 0.4
8oL 9rc
EOI. SP
cxs Pon 2t2 5,o 4.2 4-5 1.4
cAg PI,BX i -
S'IAIrf, sOil - O.OB iO.O'.
lRIf E[n 

'O.O 
t5.' 21.7 5.8 5.8

'Iruf FUfg - -
8[S Yrr t.u 4.7 | .24 1.o tO.6
ROs CIOB 2r7 4.1. O.74 2,1 l.?
rrEn Knl - 0.o5
,GIAB SP - O.6t - O',8 I t6
seflAcr a.iln - o,.o8 - o.t
crB ro8 5"2 5.0 l.i 1.4 rt.?
EI.P& SP
FUn E4n 0.6 - O,.45 O.O5 0'O5
EFfi otaD 5.a ?5.o 12.O 46.0r- 2.9
cInB Ero '0,6 0.2 0.15 0.t o.o,
OtlOB 0BAS 1;7 l!.0 8.'{ t.? 5.O
cIOi FUm ,0r,8 0.63 ,1.1, - O.2
ASI Atlt 5.O O.7 2'rO 3'll 2c8
ASt BgIl Oi8 O.9 O.5 :O.A O.q/
roil [RrD r.r 2.,o 0.16 0.16 0"e
FIIIr sUB (},6 O.G O.3 O.45 O.l?
PUL BUN,

[o['Aes (t) l'@ro?-roo.Q !00.t5 99.95 {oo.o8



Perceut dead teEts, in ,198:l cores

Sauplerlgel-f , 4 5
Depth(r_) 85q 550 560 496

AS{N SPH

o.t2

7
4za

:o.o2

o.02

o.4€
a.t 0,.45 1.7 0.19

5
460

8I{AB ABT$ i - _ 0.9
Errl| HrB(A) 0"4
BAtA lllft(B)
ETP OlL 0.5 - 4.?8 0.O5
EIP UAL - @.5 o.O5
HI.P SUB - 0.6, O}5 O.5E - ,0, 14
PSAI.I fUgC{ ?r,0 0,.1 0"5 l.B, O.E O. I
PEIT EIE
sAe sPll
SAc tlW l.? O,5 Or4 0.9 O.g 1.4
Alr'loP sP
IIETTI BRAD

TIIUE'FBOII - 0.02
elrolt @BD o., 0.5 1.9 0"2 1,5 O,B

TTUR ALE 1.3

emil oHAg
TUn S80!r :
Hon$ sP
RM PII

YERN UII
VEEU AUY
ECOE IAAD

ENIB U.IE . ..
8PIn0 t'rl o.l o,1 o.t o.n
TEIT A{T zO.Oe t.7 I,OiO 4.' tO.6 1,1$2

Hoil oyle o.l 0-4 o,g or2 o.8 0.46

o.f 0.05 
- o.l a.az

2.5 2'o 5.6 i'u i.ns i.t

I .91 r .5 1.3 0.2 | .0 1.7s.rz 0.6 0.9

BLb PsE'(a) a.3z o.4(a) o"l
880 SUtsD t '8 O.l O.'l 1.8 5..7 O.85
f,II, ANE

UIII IATA
0.NIB JM
0nrB sut

t.I 0.6 o.9 o.2 9,2 o.4
5.5 0.1 o.3 - O.,l,9
0.6 5.41 516 8.r ta.8 8,5
0.8 0.4 0t6 o.:5, o.ory

IE.[T E,IR tr.6 1.,j 1.9 Q,? t.o 1..27
uog cLr88r t5.o 9,t 11.8 5., 6,.1 t4.O?
IRUC SIBO 4,V4- | .;5 2.9 | . I t.,5 tj;l'l
[troe a 1., 1.5 0.8 0'2 1,5 1.6t
tsROO B
poRs Auta l6.t ,7.t 51'.o 24.5, 25.5 34,68
P0a8 Er.s 1r.o 4.9 5.6 5,6 4.' 2,61
sof,o BUIJ, 4.24 O.8 r.4 0.9 t .3 0,82

cIcL [xvo
FLIT BUC

CBUC IBI
YTBA DI:P
PX?C EL{)
SIRC t{uR
Pncol $Ptl
Src ifiBr
IilSPr
DEI{T go.tr

r|00s ua8
ITOD.5 gP

LAC EIS!
LAC CnIC
LAC, E8A,S
I.AB EIOII
IAG .f,EBt'
utc grBr
LIXG VI!
LEIIE CIB
POLX SP'

o.l

0.2

0.1

O.1 o.o5 l.r
0.2

] u:.t
o.o5 0.2

- 0,.78
- o'ot

o.t o.0B

- o.o,
--
- 0.05
- O''0?

- 0.02

- o.0.,



19{

EUTO FICA -
E!1T0, BILQ
ELND AIIT
ol{ilD LAET
I,AN ITIAI,
FI8 COBI
F,Is rou
rIS uanc
11$ ilElll
rI$ sDll
rls sPttsfi
FIS SUBT
I'IS EUSI
fIS tE[
rrs Trllc
FIS fB-[
FIS S?
FAEA AUNTA
PTEA TU$
PANA I,AfER
PARA TIABC

PA.NA PsB-F
PANA PIJS,T

FANA FSAPH !
PAAA STJDC i
OOL IPI
00t ltE[
O-OL TTEICI

oof sQua
00I! f
00L 3
goll c
Ptt soR
FAXS DPP
SFIB NAD

F83U CrlP
8T'I, EI.G

EOIi PSE
BOI FfS
BOI SP
c.-ts PoJ
oLs PAEK
snAtr[ o0[ -
!8.ir E$ -
TNIT 8AUP
EFIS lll[ -
BoS',6IO8
f,EB IWI
GI4[E SP -
scnreK l.r.T
c,r3 Io8 ?
BLPH SP
8Im ean o.t
EIIB OI,AB
iiloB Bs.o
croB csAs
etoB su8c
ts8 A 1 0.1
.t,fil peH o.1
UOI IBLD: -
PIIL SUB -
IW B-UI.

0'02

--

o.2

-.--

o.02

_ o.o5

!

0r?

i-

0.05
0'5
8.5 ' O:14

'O.O?

1,2 I .? 2.O O.8 O.19

2A,4 {-'/: 22.O V.A 1.41
0. l . 0.5 - O;.1

a,r2
----0.O3

i-

o.2 l.o La 1.,5 o.l7

- 9'2 O.5 O.O2
ort 0.4 l.l - o.2
- 0.05 O.5 . OiOS
2.O O.5 4.O A.3 2.74
Or.6 O.2 l.{ O.5
o"t 0.2 a'.2 - o.34
0..6 o.4 1.8 | .'0 0.5

0.2. o.€ o..5 s,5 0.19
--l

r'osAl.s (tr) n.99 99 9f r00.t 99-9t g9.97 99.,9?



Pqrc€nt decd lbraEinifera

lbupleI |9lJl-l5
nepth(n) ,5O

ACTN $Pts
RIIAB ASIS
BAEII ll.r. ,a) o.2'r'
mry Hur (E)
UIP eYX 0.45
ffiP ilAt
t{r? suB
FSAi FUFOA 5'8
iltlfir0P S?
src s!.lt

1'5

537
17 1{A 16

5F8 545 266
l8

214

2,.A2
- a.:53

0,,55
t.?6

a.2v -
o.4?
o.4?

0.4? r;2
- 0c2
- OiP
Or?

i.r, -

- o.fi

0..25
- o.6v 14
!.1 :.t, r.e't

SAO JUV
FELO DIE
,IqUB ALB
EIIUB PRO!
T{E[I 8RI,D
Grsu eof,D
;GI;OII CM&
lruR,slo[
HAnfi orllc
HO8ll SP
8D0 P[t

0.7 v.2
--i

o:21 f ?

6.7

1.8

1 .2 | .5 0"6T 6.5
1.06
o.lE

o. r8
0.22 1.06

o.22_ 5.9

o.47:

6'1, 1t2 5.5, 2,7 4.'15t..e o!4 4.'t 4.04 l4.t
0.25

,f 0.6 9"2 :51.tl 42,25 O,!e
4.'.1 5.,6 5.79 5,11 1,25
- o.2 O'45

9;o 47.1 1l ,56 t9..12 12.5
a-0 4.o {.8 0.5f 2.5
2r,4 O.A 7.2
,,.1 t.o 2.5 it,o4 4.7
- 0.,8 1.25

8& P88 (A) o.zt
(n)

nDo suSD 6,1
ult aIrE '2,5
H{L I,ATA 2,5
CRIB JEP 2,3
cnrB suB ,t.4
CNIB TTE
SBIB0 FIII
lEl(S AlLB 2Ar5

2.5
1",5
li5

2,' r.8 
'i04.2 'll ;,22 9.5 t .E 1.25

2*':'2-:6.w
- o.G1 -

4r..63 1a.42 g),4, 1,0.l 1 2O.O
SEIT EAR Qr,I O.2, ,0,,5 'l ,o 1.12 1.93
TNOO GIAtsBA 21.9

t&OC A O./t5
fnoc E
P08E rlrtt 7-1
POnE DLt 1;5
C0ilO Bt LIr 6.l,
vEnil uil
VEEN ADV

DCOS 3AIA,D -

CTSL ilVO
FLAX BUO

cnuc gRI
P.IAG DEP
PTBG EIO
PIRC ilUX
Pneor sBu-ilc ufit
!fi1', sPa
DlIlS lotl
x0E8 IAn
llolxs s
IAC DISI
I.ae Elot
LAE CBAC
LAo oaas
I'4e XEtsU
rrAc s[Er
LINC VIT
LDXT enB
POLI SP

1.1
0!?

o.23

o.2

4,22

--

- o.l8



FNIO BXCA
ts{,TO 8,11,0 -
OLAilD ATT
CIJATD LAEV
LAN filA.t
rls conx
fls I'oLI
FlS T{AnG
tr'IS !{ESI
rrs $Elr
Frs 8P{!tt
FIs SUtsF

FIS EUDT
DIS nUtr
ftrg flt{c
Frs Ta-}l
FIS SP
PA8A CU&TA -
PANA P.US

Prn+ uAn9
P.rBt PS8-! r
FASA ruST
PABA Slflil i
P$&A su3er !
OOI A.PI
001 8&l(
oot xBlo
OOIi SQUA

OOT A
OoL B
00L 0
PA? CO8

PAIS DEP
SPIR RAD
PSBU CUP

3Ul, ELi
BOL PSg
BOL nrc
BO!. SP
cfrs Fon
cAs PASr
STAIN $P
rffF EAN
l8lr PAUF
gPiE Vrr
nos clots
HEA XET
OI,AB 5P
sOflACT AilT
clB lo8
E&Fn 5"
nu,R EAn a.I
EM CI.AB
GIIJD B.I,O

cIpE g8rs
GTJOB SIIEG
ASX Am
ts! Eoll
nolt rnID
PUIi SUB
PUL BUI,

195

+-

--

-,-
ja

-a

--

- 1.O

- 0,5

0,.?

--

0.9

- 1,4
a,zt 0.6
- 1.2
- 0.6
o,25

- 0.6

r084r8 (tr) 100.06 99.92 99.94 lOO.03 9.9' 100.06



Ablolute rnrnm-rs of liue teptgi
lo llvo teeto in Bz-2(4a-4tqri:,\,Ea-7142-45or) a4d gz-t (e5-50qq)

Sauple: 1982-2 8e-4 82-V 8e{ 80-5
mptb(D) 796 zte' r3g W 'ts

lsxt slll
Hl[8 tBrs
B ri rrrR (8)
B[Sn Hr8 (A)
EIP CIX; - -
IIIP I{AI"
r{IP SU8f, - I
PS$r.$rscA
PEIO BIG
sAe s-l| - | I -
sAg Juy | |
t!0r0P sP
tfi$tr ERI,D'- ? ,
rHUB ALB - I
IEIUB PBOts I -
GLOII COSD

cmu g$a8
run sHoN
iloruoTrc - | - 2
l{OBll $P * -nmBII, - | | -
nEo Ps0u(A) - '(s)-5
xEo,su8D 4 4 5 19 I
TILARE 2 - - 1 1

lllt IAIIA | -
cmBJm 1 , 6 i 2
e81B sUB
08xB: tIE
SP.IXC ETI
IU[r rnT - 5
TEXT EAB I -
tnoc cr4BeA t 2gno0clB0 | - 1 2
tBOO A
!,ROCB - 1 + -
FORt:fi{trA 

' 
6 t8 I I

POBIEL,II - 5 2 1 6
CONO BUIT I -
VEAUI ltnI
VEBI ADV
rcBE EnAD

slo& ilvo
PL4X BUC
cBuc ttsr
EAG DEP.

FTTO ELO
Prn0 uua
PBGOL SPII
src ultS
[[L SP A

ts

DElr coll
r0D8 uAg
noEs sP
tr,AC :DTSE

I.AS &IOT
LAc ,OnAC

I.^G CBAS
I,A! UE8O
r.ae 5-1[8I
LIIIG VIf
}Elfr CIB
Pol.r 5P



196

EItu BI T
Enror EIIO
CI;II{D ASE
GL{ND LA"IiV
I,AN HIXT, i
frs conl{
pls r,ou
Frs utnc,
prE l{Eild
FI6 SEU

rxs sFrtn
3rs $u8r
r1s stll
FIS TDIC

rIS [IltC
r$ m-u
PIS gP

P{NA CURIA
P,ABI r,Ug
PAE* I.A8m
PAR.T XARO b.

PTnl PSD-T
PrfrA PU$r
PTNA SITPII
F.Anl SUEC

O0ti API
00L flgt(
00t xulo
ool sQua
00i, A
001 B
ool e
PAr CoA
PI[$ DEF
SPIN MD
PSEU Cnp
8lI& Eu!
BOr PSg I
D9[ PYP
BOII SP
crs so.[
gAS FI&K
stf,Ii 00I|
Intrr Etli
TEIT PU-IIO
EPIS UIT I
nos 0108
ttrjB t(-Etr
OI.AD SP
SCFASI( Altt -
CI8 IOB i
guu sF
PUB E,AB 8
EN{R CIIAB
CIOB BJO -
ctoB enA6 4
GIOB SUEG
lg rff
AST DCH
uon IarD 4
FIIII S[rB
FUI EUL

soEars (s) 55

4.

..El

t9

I
.,,

67

E.

I

1:4

!:

4

t

2
tl

cai44r



Peraeat live tasts, Cores 1982-l r2r3r4t 0raaite tdarbonr, Cape Chocolate
end Blue Olasier $aout,, qn4 Orttb 8O--5 (!ter ltarbour).
lts llve testa forin{ in 82-2(4o-e:rcn),42-}( 42-q5an),az-t(eg-tobn)

SBrPl6! 198212 82-4 &-5 82-l E0-6
Deprh(n) 796 212 1"tg :,o:t 7g

A588' sP.H
844A AOIS ; -
EIffiH.IB(I) - - : i
eA$H nln (B) - -, }IYP ffL
EYF IIAL
IfIP.SUBN
PSAIT ruSgA
PEI/J 3IC -
5AS Slf,
SAG JUY
IrtnoP sP

2.A

2.8 1.5

[.HUg PAor
0L0h co&D
GLCIE CIIAB
ruR stioil

ltilI ERAD ; -
!l{un atB 2.4-F

$oru oulc
Bons $P
BDO FIT
B8O PSE (A)(s) -

2.'

4cn:2.8

s0 rsUBDr il.+ ll.i 2.6 47;.2 ?rO
tfrl Ats 5.7 6;e 2,0
ffIL LArA 2.9
cnID JErE 8.5 8,' 9.1 2,3 4.0
CBIts SUB
.CRIB YIE.
'8PIn0 FII' - -'
!E[0 axt 6.8
TIII(T EAN 1,5
Tnoc GLABSA 2.9 5.6
TR0c gA80 2i9 1.5 4.:tr
tsol A
TSoC ts 2,8.
F0B1 tltlA 8.6 16,7 27;5 18.,2, ZJO
Pont Elr - lr.9 5..0 2,j le.O
colro BUIrL z.g
VEES tun
vEnI{ [Dll
MCE ERAD :-

'crcl" [[$o
P[,AIii BUE
g80e E8I
FYIIG DEP
PIRq EI,O
PXEC llUR
PTEOL SPTi

src usB
TTIL 33 A

:gP B
DElt$ coll
iloDs riAa
tom sP
LAC .Di.s',[

I.AO ENAC

IiAe CRIS
IAG EIOS
I.AC IIEBU
LAC STnt
uile v$I
IIENT OII
POI,Y SF

t.5
1.5



En$oi tsLCA
ENSO BIII@
eLAIE r$t
qI.IffD IilEY
LCn ffiL
fIS COBD '
3IS FoLI
fIS ilAnG t
trIrgi ttElu
FIs SW
rrs sPAul
rI,S SUBF
rls SIIDE
rl,s THI
FIil tI[G i
F5S, 'Efl-ll -
FIS SP '-
PAEA SI'EfA
PlSl FllS !
Plf,A I.AryM
P$T UARC
PAs{ PgEiS
PAnA 8US[
Prat $rd?H
PAEA SU.BG

OoL AFI
oo[ ]ru
001l lN&l{
oot. sQUr
'oot I
oOL B
oOL C

PAT OOE

PATS IDEP

SPIN NAD
PSEU CUF
EUL ELG

B0rt FS.E 2.9
BOI; gtc
EDI, SP
CAS POB
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BENTHIC FORAI\{INIIERA OF McMURDO SOUND

B.L, Ward, Depailment o! Aeobglt and Antarclic Research Centre, Vicloda Univenit!' Wellington, New Zeoland'

,{D$rrdct S€dimenl samples containing forrminifera have been collected in McMurdo Sound from a range of water depths aod pbysiographic situations' using

$e sea ice a, an operaiing pt"tio,rn]Spfrr were treated with rose bengal srain, and tests containing.stained protoplasm extacted !o1 furthtr study. Non'

stainea tests were atso apirared io, comprratiue purposes. Three areas-of varying foraminiferal distribution havc been identified as follows: l) below 560 m

there exists an assemblage of agglutinated forani;ife;a wilh neoplrax spp. as thedominant taxa; 2) b€tseen 560 attd sbout 210 m there is a mixed sss€mblaSe'

again with Reophax spp. 
"r 

,fi. aorin*t .gglurinatcd taxa, zid Triirina earlondL Gtobocossidulino cf. subS/oDosa and Cossidulinoida ponecns x the

diminant calcaieous taxa: this includes the dr-anhe Harbou' arca; ani 3) lhe New Harbour area supports and aggluthaled population similu to tbat found

below 560 m in the open Sound

Comparison of living Gtained) and dead assemblages from the rop 20 mm of five 22 curdiameter cores indicates that post'morted altration of

assgmblages, specifica.lly, disappearance of crlcareous tests, increases progressively with grealer water depth until the carbonale compcnsation depth (CCD) is

reached. somewhere beiwesn 560 and 850 m. The difference in proporiion-s of calcareous and aggludnated foraminifcra in live and dead assemblages increases

the difficuhy in lh€ ecological interPretation of ancicnt (dead) assemblages.

containing only a few scattered pebble- and cobble-sized clasts' FiSure

I shows tie sample site locations of cores discusred below'
McMurdo Sound lies at the southern end of the western Ross Sea

between Ross lsland on lhe east and southern Victoria Land on the
*est. Due to its proximity to McMurdo Station and Scon Basc, the

Sound is one of the most intensively studied areas of Antatctica.
Despite this, surprisingly little is known of the general ecology and
physiography of the sea floor. This is exemplified by the fact that no

satisfactory bathymetric map of the region was available for the
present research.

Previous studies of fossil and Recent foraminifera in and around
McMurdo Sound include those by chapman (1916), Kennett (l%8),
Webb and Neall (1972), Fillon (19?4), Kellogg et al. (19?7), Osterman
and Kellogg (1979) and Webb and Wrenn (1982). Those dealing with
modern faunas did not differentiate between living and dead assem-

blages or concentrale on McMurdo Sound as an ecologicrl unit.

Purpose
The objective of this project is to establish distribution patterns for

living foraminifera in' McMurdo Sound by examining sediment

samples from a range of water depths and physiographic situations.
This data may be useful in: (l) serving as comparative material for
ancient sediments that no longer contain complete foraminiferal
assemblages, and thus aid in establishing palaeoenvironmental con-
ditions for those sediments; and (2) providing baseline data for the

McMurdo Sound area in tle event it is modified by future human
activities, such as mineral rcource exploitation,

Collection of Samples

Sediment samples containing foraminifera were collected from a
wide range of water depths (8 to 850 m) during lhree consecutive field
seasons. The annual sea ice was used as an operating plarform,
restricting the area and time of collection, as the ice becomes soft in
mid to late December.

The most useful sediment samples were short cores retrieved wilh a

wide diameter (22 cm) gravity sphincter corer designed and built at
Vicioria University. The cores are undisturbed sections of the sea floor
which were photographed and described before being split and

preserved in alcohol for transport to New Zealand. The other

methods us€d to obtain sediment samples were a short 5 cm-diameter
piston corer, a Mclntyre grab and an orange-peel grab. The piston

corer did not operate sati$factorily, and the Mclntyre $ab required a

large acces hole (2 m) in the sea ice, thus limiting the number of
locations that could be sampled in a given time. The orange-peel grab

was efficient, but the sample was washed as it was brought to the

surface clue to the op€n nature of ihe grab, and the top l0 cm of
sediment was mixed as the grab closed.

Twenty sediment samples collected during the l9El /82 season using

the gravity sphincter corer provided the most useful foraminiferal
data. Fourteen were itrtact 22 cm diameter cores, ran8ing in length

from 6 to 56 cm. Six samples were disturbed when the corer fell over

as il p€netrated the sea floor. This was in areas of coarse substrate,

which inhibited penetration of the corer. The longest cores came from
Cranite Harbour (Cores 14, l5 and l6) and New Harbour (Core l8).
where the sea floor sediment is fine-grained and nearly homogeneous'

Figure l Mrp of McMurdo Souod raglotr shorlnS srmple dlc locrdonr for
corca l, .1, ?, 9, 15 snd lt.

Laboratory Procedures

Portions of the top 20 mm of the sediment samples were washed

over a 63 am brass sieve. The residue retained on the sieve was soaked

in a solution of rose bengal stain and ethanol for 45 to 60 minutes

(Walton, f952). The material was rinsed and dried, then floated in

carbon tetrachloride (CCl.) to concentrate the biogenic material

(Murray, 1979). The floated fractions were split lo a size containing

approximately 300 to 500 fotaminifera tests, which were sorted under

the microscope and mounted on faunal slides. Stained tests (tests

containing stained protoplasm, and thw considered to have been alive

at time of collection) and unstained tesls were mounted on separate

slides. The heavy residues that sank in the CCl, were also examined

for any foraminifera, which were added to the collections on the

slides. Population counts were made from these faunal slides.

Problems
There is some discussion in the litaature (e.g. Walker et al.' 1974)

concerning the reliabitity of the rose bengal staining technique' For

example. there is some problem in seeing through the tesl wdls of
large miliotids and agglutinated forms, necessitating breaking open

.u.h indiuidual test to see if it contained stained protoplasm. As the

samptes used in the present study contained relatively few of rhese
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fornu, breaking them the examine the interior did not involve much
effort. Another problem is th€ ext€rior of the tests often being
stained. This is easy to differentiate from stained protoplasm under
high (x36 to x72) magnification.

A rnore serious problem involves the staidq of bacteria or algae
that might be living inside a dead foraminiferal test. If other chambcrs
of the te$ contain sediment, it can be discounted as being a live test.
Also, if aa area around a broken part of the test is stained, thes€ are
not counted as living forms. Other factors that can contribut€ ro
errors being introduced into the calculation of living/dead ratios are:
small numbers of tests couted, splitting technique error, and the
apparent "patchiness" in the distribution of living populations on the
sea floor (Shiffleu, l96l).

FORAMINIFERAL POPULATION COUNTS

Live: Dead Ratios (See Figure 2)

I
and Ehrenbergina globto Heron-Allen and Earland, and the
agglutinated Portotrochmmina antarctica (Parr).

Ar agglutinated fauna characterises the embayed area of New
Harbour. The dominant stained raxa in Core l8 (254 m) are Reophm
subdentalindormrb and R. kerguelenensis. There is an extremely
restricted calcareous fauna comparablc to that described from Core t
(850 m in McMurdo Sound), On rhe basis of depth, this sample
should also fall within the zone of mixed faunas described by Kennett
(1968), Calcareous species form 690 of the living tests in this core top,
compared to the usual 50q0 in the sample from $e open Sound
waters.

The evidence from Cores l5 and l8 implies that the waters in
Cranite Harbour and New Harbour have a lower pH than in the open
waters of McMurdo Sound. The very low numbers of calcareous
stained tests in the New Harbour sample would indicate that the pH
there is lower than in Cranite Harbour but similar to that of the
deeper Sound waters, that is, those below the CCD.

SUMMARY
Figure 3 summarises the aggiutinated/calcareous test ratios which

demonstrate the progressive change of the ratio by loss of calcareous

SOUND
GXANII€
!af,aoul

915

Core Water
No. Dopth

-om..

i/lcllurdo Sound
(suitsca- s€difipnt samples)

Live Ratio Dcad Ratio(agg/ealc) (aggealc)

Figore 2. H&togrrrn shoring pGnenrrgls ot liyc rnd derd fonninlfenl
msenblrgcs, proportiom of crlcercoos rnd rgglotinrtcd tests for
erch fnctlon, rnd depth of erch prmplc.

Counts of foraminifera fiom cores l, 4, 7, 9, 15 and | 8 collected in
McMurdo Sound, Cranite Harbour and New Harbour are consisrenr
with those of Kennet (1968) and confirm the calcium carbonate
compeDsation depth between 560 and 850 m, as elsewhere in the Ross
Sga. In Core I (850 m) stained tests (representing specimens that were
alive when collected) form l89o of the sample and are mainly
Reophax subdentaliniformis Pan, R, kerguelenensis Pur and Textula-
ria antarctico (Wiesner), witb less common Reophax pilulder Brady.
Only one stained calcareous test was found, a two-chambered juvenile
of Lenticulino sp.

Stained calcareous tests form about 490 of the assemblage in Core 4
(560 m) and include, in order of decreasing abundarce, Cassiduli-
noides porrectus (Heron-Allen and Earland), Globocossidulina sub-
globosa ? (Brady), C. crasa (d'Orbigny), Trifarina earlandi (Parr)
and Cibicida lobatllar (Walker and Jacob). Stained aggjutinated tesrs
present are R. stbdentalinilormis, R. kerguelenensis, R. pilulder and,
Porlotrochammina spp. The numbers of stained agglutinated and
calcareous tests are nearly equal, and together form 890 of the total
count. Core 7 (420 n) also has approximately equal numbers of
staincd agglutinated and calcareous tests, Both of these mixed assem-
blages are within the range of Kennen's (1968) mixed faunal zone and
above his CCD.

Core t5, from 550 m in Cranite Harbour, has 9.390 stained resrs,
similar to the above samples, and has 4590 calcareous to 55E0
agglutinated stained tests. The most numerous living (stained) species
are the agglutinated Textularia ontorctico and tie calcareous F!r-
senkoino cf. davisi (Chapman and Parr). Core l5 is unusual in that the
proportion of calcareous t€sts in the dead assemblage (0.790) is much
smaller than in the living population (45%).

Stained calcareous and agglutinated t€sts are again present in nearly
equal numbers in Core 9 (213 m), 200 m above the rop of Kennetr!
zone of mixed faunas. The stained tests form about l09o of the total
count, again similar to the proportions of stained tests found in Cores
4, 7 and 15. The dominant tal(a are the calcareous TriJarino earlandi

" -1:--@-:-@-iq"t

85o @=@!$fr"f
Flgun 3. Somnary of rmouor of post-mortan dtenlloD of fonminiferrl

rssenbbgcs wlth Forlmity to lh. CcI),

tests as the CCD, between 8j0 and 560 m in McMurdo Sound, is
approached. Well above this zone and below it rhe oost-morrem
alteration of assemblages is minimal. Ir is evidenr thar srudy of fossil
ass€mblages must involve consideration ofhow they might differ from
the living populations they represent. The removal of calcareous resrs
by dissolution or other means evidcntly occurs quire rapidly among
non-living foram tests. Some investigation of rhe palaeo--CCb should
go hand-in-hand with study of fossil collections, since thc amount of
alteration seems to increase with proximity to the CCD.

CONCLUSIONS
(l) The lower limir of the CCD, as defined by Kennett (1968) lies

between 850 and 560 m (supported by the preseru data), above which
living calcareous and agglutinated foraminfera occur in about equal
proportions. However, an agglutinated deep water assemblage is also
found in 250 m of water in a restricted basin in New Harbour]perhaps
due to bouom water of lower pH.

. (2) The proportion of calcareous foraminifera in dead assemblages
decreases progressively with water depth in the open water of the
Sound, clearly a post-depositonal effect. lf live and dead assemblages
are not distinguished in studies of modern foraminiferal popularions,
inconect conclusions on palaeoecology and water diptir can be
drawn. Furthermore, the difference in proportions of calcareous and
agglutinated foraminifera in live and dead assemblages increases the
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difficulty ir thc ecologicd interpretation of ancient (dead) usem-

blages.
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SITICTOUS BIOSINANGRAPHY THE ROSS SEA EIIIBAYMENT

Ilsio Y. Ling, Departmettt of Geotogr, Norttpnr lllinois DeKalb, Illinois 60115, USA.

,{rsr/adfT F wrter of the Ross Sce hes b6!o charrd€rised byr (l) ahe Iov temperature; (2) a rsthcr Ngh salinity; (3) rhc low to zero productivity duc
[e crunpoN.tioo dcpth caursd by gr&du8l acdnulation of CO2.

al hiriory of tNt part ofAflardlca. Tb Gvdustethc effecs and the timing.
cored iedimeil$ alonS the Pdne[ Coast margin in north.south dirsctiol

to paoked ice in thc eurface rato4 aod (4) thc rsther shrllow caldum
Thc de{clopnent of lbis watcr nas is closelyrelatcd to thc tactonic I

of ocillation of grourdod Tibt futarctie icc ot the Roer S€e scdlmcnts
bave becn sel€cted snd are bclng aulyr.d for the silieou$ Ederofo|sil of radiolarians, sillcoflagcllam 8nd ebddisnr.

Sucb an aftopt would bring southorn ocan silit*ous biootrrtigraphy inwud thc routhcrn cnd ofthc Ross lce Shdfwhari subbouon scdin€ntsof
Nogroc agchavc already beeu rccogni*d 0uongh rhe rncoprs of Decp Sca
Sdtun€nB rnd lbc{onic Studics (MSSTS).

Projcct (DSDP), Rosr Ic. ShrU Projer (RISP). and MeMurdo Sound
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.t MODERN SEDIMENTATION IN McMURDO SOUND. ANTARCTICA

P,J. Barrett, A.R. Pyne and B.L. Ward, Deportment ol Aeobg!, Victoria University of Wellington, Wellington, New Zealand.

r{Dstracr McMurdo Sound is 50 km wide, lying berwccn the glacialed coart ofsouthem Victoria Land to the west, the volcanoes of Ross kland to the east, snd

bounded to the south by the McMurdo lce Shelf. The Soundb main physiographic fealures are a western shelf (average depth about 200 m), an eastrvard slope

of abour lo and an elongate basin 900 rn below sea level, which is part of a "moat" arouud Ross lsland'

More than 60 samples taken from rhe floor of tbe Sound show a wide range of tcxrwes, from muddy sandy.gravel and sand, mainly on the wcstern shelfand

stope to;;ain rtr. deep basins. The samples are conrpared wirh a similainumb€r from known situations in an attempt to trace tbe origins ofthe seafloor

sediment.
The main sources identified are:

(l) Coasul sand blown by wind onto the sea ice.

izi a"ol glacial debris (bur only rhe fine fraction, as rhc gravel and coarsc sand is thought to have melted out nelr the grounding line)'

(3) Silt size diatom debris.
(4) Supraglacial debris from the McMurdo lce Shelf and ice'cored noraines rearby'

biavity'ancl bottom cutrents may be active locally, but appear to be of limited influence'

I6JE t64'E

KEY

i, lce,lree coost

:.t Approximote line
"' ol October ice
,::j breokout

/ Surfoce
t currents

o5km1520

-:-:LOCALIW MAP

78Et66'E toz.t
Figure I Map ot tr{cMurdo Sound, shouiog brthynetry, iurfrcs curffits rnd major ptrysiographic divisions (ncmes inforosl}. Brthym€try Is siDpltficd

from s compilrlior b) Werd, Blrett and Pync in Bernn (1981). In*t shows tcrturc of Ees lloor srmplcs lmled in ngure Z.
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Figun 5, Interpntrllotr of &tr for feldsprrs rnd mrgnetlc fncllon of
s€di|retrl from RISP core t (1977/7t). Thc feldsprn rre nhltrres
of lxo componeub, ThG oldar coopottcnl could b€ lh. Ml ScellS
gtrlit€ h lbe Wbitmorc Mooolrins or il could hrve bcan deriv€d
lrom thc gnnitic brrcmena rotks of |[e TnBsrtrhrctic Mountdtrs
whose rges renge from 510 lo 5,10 Mr.

a slope corresponding to a dat€ of 175 Ma has been drawn on Figure 5

throueh F-2 and Mag (14), botl of which fit this line. The feldspar
composites tien represent mixtures of grains like those of F-2 with
varying amounts of an older component. The older component could
have originated from granitic rocks like the Mt Seelig granite whose

age is l90t 8 Ma (Webers et d., 1982). However, tie data do not
exclude the possibility that the older feldspar component originated
from the granitic gneisses of the Transantarctic Mountains. The ages

of granitic basement rocks from the Tiansantarctic Mountains range

from about 510 to 5tl0 Ma (Faure et al., 1979). The extension of I
mixing line in Figure 5 to a 500 Ma isochron indicates that
derived from such a source should have had a Rb/Sr ratio of
and an nSr/&Sr ratio of 0,77 in order to generate the observed

array. K-feldspar having such chemical and isotopic compositiPts do
indeed exist in the granitic basement rocks of the
Mountains. However, the abundanc€ of feldspar grains deri,(ed from
this region cannot be more than a few percent.

nent. The sediment at site J9 may be of one of the two
components that was presumably from igneous and metamor-
pic rocks of West Antarctica. have sDggested that the

other sediment component is detritus derived from calc-
alkaline lavas of Mesozoic age Antarctica.
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presence of a small percentage of older feldspar derived either from
rocks like the Mt S€elig granite (190t8 Ma) or from the graniric

basement rocks of the Tfansatrtarctic Mountains (510 to 540 Ma).
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Age determinations of feldspy'size fractions of bulk sample PNw-
23 yield a date of l?41?5 Ma that agrees with the age of granitic
rocks thal form Mt Chapman in the Whitmore Mountains. Unsieved
feldspar composites extracted from core 8 (197'l/78) indicate the

indicates that the Rb and Sr concentrations and the,/Sr/kSr ratios of
< 150 pm noncarbonate fractions from core E (W7/78) vary very
little down the core. ln addition, the sediment,is colinear on a Sr-

isotope mixing diagram with similar sediment fgcim piston cores in the

Ross Sea. We conclude from these results thal the sediment at RISP
site J9 and in USNS Eltonn piston cores 3216,25 and 36 consists of
mixtures in varying proportions of the st'te two sdiment compo-



. This paper examines nearshore marine sedimentation in a glaciated
region by relating the character of the seafloor sediment in McMurdo
Sound (Figure l) to known sedimena sources and proc€sses there.
Modern sediment on the floor of the Sound is highly varied io texture,
ranging from muddy sandy gravel to mud, with many samples
containing a Ngh proportion of sand. Therefore, we have attempted
to follow sediment transport paths by comparing the textures of likely
sources with those of the modern seafloor sediment.

Crainsize distribution was determined for about 60 samples from
all known possible sources, including glacial debris (basal and
supraglacial), beach and shallow sub-tidal sand, and wind blown sand
collected from the sea ice. and for a similar number of seafloor
samples. Forty-six of the latter were collected by orange peel grab,
samplhg the top 100 mm. and 20 by sphincter or box corer, from
which the top 30 mm was Bken. Size disrribution was determined by
sieving at 0.5 phi intenals in the sand range, and by pipette or
Sedigraph in the mud range. Sample size was normally 20 g, except
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for some gravelly samples, when more than a kilo wss requircd for a

representative analysis.
The data have been presented as frequency curv€s because most of

the seafloor sediments are polymodal and the modes are n'ell-

developed. We think this feature of sedimetrt textue can bc used to
trace sediment in McMurdo Sound from source to sink and in some

cases to estimate proportions of sediment from different sources.

Survival of textural modes from entrainment to deposition is unusual

in near-shore marine environments. but has come about here through

tvo aspects of the McMurdo Sound sediment transport system:
(l) Passive transport of sediment by floating ice.

(2) Lack of textural modification by waves or in most places by

bottom currents.
There are as yet no reliable sedimentation rates for McMurdo Sound,
as no cores have been dated or direct measurcments made, However,

the present sedimentary regime has been operating for probably rhe
last 5000 years, after rhe sea reached its present levcl and rhe Sound
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was cleared of glacial ice (Sruiver et al., l98l). Widespread net theeastthesoundisboundedbyRosslsland,partofaLateCenozoicJ
deposirion of sediment today is shown in bottom photographs and basaltic volcanic province. Similar volcanic pilcs are found to the -
cores by features such as dead shells (Buttivant, 1967, Plate l5b) and south, and are a.lmost the sole source of debris on the northward'
spicule matr (our observations) partially buried by fine sediment, and moving McMurdo lce Shelf. This simple setting offers potential for an

Bullivant (1967, p.60) also noted rhat for station 4538 "the type of independent line of evidence regarding the source of the seafloor
bryozoans present and the appearance of the substrate suggests a sediment.

relatively high sedimentarion rare". Bentley (1979) calcutared rhat The Sound itself can be divided into four areas:

wind blown sand was accumulating in northern New Harbour at (l) The steep slopes (6') offtbe Ross Island coast.

about I mm/year. Even if the rare elsewhere is a small fraction of this (2) The Erebus and Bird basins, relatively flat-floored at depths of
our samples from the upper lfi) mm of the seafloor should be about 600 m and 900 m respectively.

reasonably representative of the present sedimentary regime. (3) The Western Slope, essentially a planar surface rising at I o to the
west from E50 m to 250 m.

MArN FEATuRES oF McMURDo souND *' 
]ffJ:ffi::jjllii"T::*fr:l'f.#?,li#|,?tdepth 

or

In its geological setting McMurdo Sound lies bet*een lwo major This geometry has most probably developed over the last five million
provinces. The Victoria Land coast to the west is part of a Tlansan- years with the Browrh of Ross Island and its concomitant depression
tarctic Mountains province with a basement of 8lanitic and metamor- of the crust (Mccinnis, 1973). The Sound also has some smaller scale
phic rocks (Late Precarnbrian to Early Palaeozoic), overlain further features of more recent origin, such as the submarine valley (Wilson
inland by more than 2 km of Beacon sandstone (Devonian to Triassic) Valley, Figure l) that from detailed bathymetry appeds to terminate
intruded by Jurassic dolerite sills totalling about I km in thickness. To in a small fan.
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r The climate of the region is harsh, with mean monthly temperature
at sea level ranging from - 5oC in January to - 30"C in August Keys,
l98l), and snow and ice cover is extensive. Nevertheless, about a third
of the coastline of the Sound is exposed rock or gravel beach. The
Sound is completely frozen over from April to October, when the ice
(l-3 m thick) breaks out from the centre, leaving a rim about 20 km
wide around the southern and western border (Figure l). This rim
itsclf normally breaks oul in January or February, leaving the Sound
ice-free for two or rhree months before freezing begins again. The
prevailing wind over most of the Sound is frorn the south southeast,
with velocities recorded in excess of 14 m/sec (Keys, l98l). However,

katabatic winds from the Polar Plateau flow down the valleys to the
Victoria Land coast, forcing a westerly component on near-shore
winds,

Water circulation in McMurdo Sound is mainly clockwise, the flow
coming south past Ross Island and flowing north along the Victoria
Land coast, though a considerable flow continues south around Ross

lsland beneath the McMurdo lce Shelf (Heath, 1977). Velocities are
low on the western side of the Sound (a maximum of 0. I 2 m/sec in the
water column and less than 0.02 m/sec near the seafloor, Barrett,
1982), but are much higher off McMurdo Station where the Sound has

been constricted, and 0.25 m/sec has been recorded near the seafloor
(Carter et al., l98l).

SOURCES AND PROCESSES
Sediment on the floor of McMurdo Sound must all come ultimately

from the surrounding landscape or through biological precipitation of
silica or carbonate. The terrigenous material may be introduced and
distributed by a variety of processes, including rafting by glacier, shelf
and sea ice, wind, currents in the ltatercolumn, and gravity currents,
whereas the biogenic material forms mainly within lhe Sound itself.

Glacial debris is an obvious sediment source for a polar setting.
Almost all of this debris is carried on and near the glacier surface,
having fallen or been blown from rock faces above, or within a few
metres of the glacier sole, after incorporation from the rock or debris-
covered floor, The glaciers of the McMurdo Sound region carry very
little supraglacial debris. For example, the surface ofTaylor Glacier in
the lower l0 km has a few small patches of sand and scattered rocks
up to boulder size (Robinson, l9?9), but on average they would
amount to a layer only a fraction of a millimetre thick, In contrasl, the
basal debris layer in Taylor Glacier, which is exposed for about 5 km
around the glacier terminus, is about 4 m thick, This layer consists
mainly of ice containing between 20 and 4390 debris by volume, but
there are also some laminae and lenses of debris-free ice (Robinson,
1979, Appendix l0), The thickness of the basal debris layer on an ice-
free basis is estimated at about I m, roughly l0' times that of the
average for supraglacial debris.

Robinson (in press) has calculated from heat flow, frictional heat,

surface temperature and ice thickness that rhe sole of lower Taylor
Clacier is at melting point over at least half of its area, thus
accounting for the observed similarity in texture between basal debris

in Taylor Glacier and temperate or "wet-based" glacicrs. The critical
ice thickness above which basal melting occurs in ice around
McMurdo Sound (assuming accumulation or ablation is low) is about
450 m. Both the Mackay and Ferrar Claciers exceed this substantially
over almost all of their length and to their grounding lines, where they
rapidly thin (Calkin, l9?4), and so should contain a well-developed
basal debris layer. Both glaciers termjnate in floating ice tongues
calving several kilometres seaward of the grounding line, by which
time they will have lost mosr or all of their debris through basal
melting by sea water, if it is proceeding at a rate near the 1.4 m/year
calculated by Jacobs et al. (198 l) for the Erebus Clacier Tongue across
the Sound. However, basal debris may survive longer in bergs from
coastal piedmont glaciers, such as the Wilson, that calve directly into
the Sound. Several areas are thick enough to be wet-based (shown in
Figure 2) and also they may still contain soure debris entrained several
thousand years ago. when the ice was thicker.

No means has yet been found to sample debris from the base of
glaciers calving into McMurdo Sound, but because they are moving
over a plutonic terrain similar to that beneath lower Taylor Glacier, wc

have taken the grainsize distribution of Taylor basal debris (Figute 3,
Sample l), which shows little lateral variation, to represent all basal

debris entering McMurdo Sound. The debris has ten percent gravel
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(subrounded and with some striated pebbles), a broad sand mode, and

about 12 per cent clay.

Supraglacial debris is important in two settings in McMurdo Sound.
A large area of the McMurdo lce Shelf is covered by coarse angular
basaltic debris (Sample 2) frozen in beneath and moved up through
the ice sh€lf as the surface has ablated (Debenham, l%8, Swithin-
bank, 1970). The other setting is found at the Strand Moraines, where

a blanket of debris only 0.3 m thick covers hummocky ice up to 180 m

thick. The debris is gravelly on the surlace but sandy beneath
(Samples 3 and 4), and has a complex origin; although three quarters

is basaltic, the remainder includes a wide range of rock types from the
mountains to the west, and some of the stones are subrounded and

striated, indicating a period of transport at the base of a glacier. Bergs

carrying supraglacial debris similar to that from both settings have

been recognised along the western margin of McMurdo Sound'
showing them to be potential sources of seafloor sediments,

Beach and shallow subtidal sand is another potential source of
seafloor sediment where it is frozen into the sea ice and later rafted
our to be deposited as the ice melts. Sand can be incorporated into the

ice not only by freezing of the sea surfaces but also by the formation
of "anchor ice", which grows as platelets on the seafloor close to the

coast to depths of 33 m (Dayton et al., l%9). This sand (Sample 5) is

not as well sorted as that from beaches in warmer climates, due to the
limited effect of sea ice on wave action, and the higher viscosity of
cold water,

The extensive areas of wind blown sand in the sea ice near ice-free

parts of the coastline, and our observations of sand grains on the sea

ice many kilometres from the coast suggest that the wind may be

important in carrying sand offshore, Sand might not travel far when

the Sound is ice-free. but could travel tens or even hundreds of
kilometres on the surface ofdrifting sea ice before mehing releases it.
Bentley\ study (1979) of wind blown sard in northern New Harbour
showed ir to be fine and well sorted and becoming finer with distance

from source (Samples 6 and 7). About ten percent of the sand is

basaltic. Local bedrock is granitic and metamorphic, but is mantled
with moraine containing basaltic debris (in places up to 50 percent,

P. Robinson, pers. comm.) rransported across the Sound from Ross

lsland by grounded Ross Sea lce (Stuiver et al., I98l).
Sediment gravity flows might also distribute sediment in McMurdo

Sound, and Kurtz and Anderson (1979) have made a strong case for
the importance of gravity flor.vs on the Antarctic Continental Shelf.
Distinguishing gravity flow from glacial deposits on lextural grounds

is difficult, but the muddy character of the basin floors in McMurdo
Sound, in comparison to the sandy margins, seems to us incompatible
with the widespread gravity flow deposidon suggested by Myers
(1982), at least for modern seafloor sediment, Nevertheless, the fan-
like feature at the moulh of Wilson Valley does point to local gravity
flow activity.

The living fauna on the floor of McMurdo Sound is abundant and
varied, comprising mainly polychaete worms, bryozoans. sponges and

echinoderms (Bullivant, 196?), bul their hard parts provide only a

small mass contribution to samples from the top 100 mm, normally
less than lwo percent of the sand and gravel fractions we processed.

Howeveq high phytoplankton activity has resulted in a much higher
biogenic content for the silt fraction, between 30 and 50 percent in the
east (Carter et al., l98l) and l0 to 30 percent in the west (AllowaS

1982), where the ice persists for longer. The biogenic material consists

largely of diatoms or diatom debris, much of it as fecal pellets.

The main features of sediment from identifiable sources and
processes in McMurdo Sound are summarised in Table l. lce-rafted
sediment may be slightly modified as it passes through the water

column, but bottom currents may have a significanl effect, where they

exceed the entrainment velocity for silt (about 0.25 m/sec, I m abov€

the seafloor (Nowell et al., l98l), by inhibiting the accumulation of
silt and clay.

SEA FLOOR SEDIMENTS AND THEIR ORICINS
Key features of seafloor sediment in McMurdo Sound are the well

developed fine to very fine sand modes, and the relatively high clay

content considering lhe lack of clay in most polential source sediment
(Figure 3). Samples from near the seaward margins of Ferrar and
Mackay Glaciers (such as 8 and l3) are mainly terrigenous silt and

clali consistent with our earlier argument that the basal debris is
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TABLE l: Feslures of dobrls accumolsllng In Mcuutdo sound lrom dlflotonl
gourcgs 8nd ProcaSsss

Sourcs Featutes of debris as releasod inlo
the water column

Basal glacial debris melted out close to the Srounding line, the r
fine fraction being transported out into the Sound in suspension,
Diatomaceous debris produced in the Sound ilself.
Supraglacial debris from the McMurdo lce Shelf and ice-cored
moraines in the southwest corner of the Sound.
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(2)

(3)

(4)

Basal glaclal debris lco ralting

Supragtacial debris lc€ rafting

Broad siz€ distribution wllh 100/0

gravel, medium sand mode and

30% mud.'r'

Gravel and sand with vsry little
mud. virtually all basaltic and
angular lrom McMurdo lce Shelli
Mixture ol angulat and rounded,
basaltic and plutonic from Victoda
Land coasl.

Moderately sorted sand, llttlo
mud.F

Well sorted tine to v6ry fine sand,
very littl€ mud.€,

Textu,e and composilion doP€nd
on soulce.

Mainly diatomaceous and ot silt
size.

Beach and subtidal
6and lce talting

Exposed rock and Wind blowfl onto
beach sea ice and

tafted oul

Varied Gravlty culrents

Biogenic debris Settling

Notes: rlrvirtually all kom Viclotia L3nd, theretore lacking basall.
aMainly plutonic but 10 to 20% basalt in southwest. Basalt around Ross
lsland.

melting out before the ice is reaching the calving line. The gravel and

sand is presumably accumulating close to the groundilg line, the fine

fraction being transporled out in suspension.

Samples from lhe Western Shelf and Slope all have the distinctive

well-formed fine,very find sand mod€, and indeed in samples such as

l0 and 19 it comprises more than 70 percent of the entile sediment.

Such a mode cannot result from current sorting because curretlt
velocities on the Westeru Sh€lf (0 to 0.12 m/s€c) are too low to €ntrain

sediment. The most likely origin, considering the range of possibl€

sollIces, is coastal sand wind blown onto the sea ice and released or
washed off during the annual ice break-out, though some may be ice-

rafted beach or shallow subtidal sand. The mode can also be seen in

samples close to Ross lsland (such u 14 and 15) but diminishes

notthward and is absent in Sample l7 from northern Bird Basin.

The other obvious feature of the texturd spectrum is the coarse

sand and gravel component of samples such as 16 and 18 from the

southern end of Bird Basin and the Western Slope. The dominance

and angularity of the baraltic material suggest it is supraglacial debris

off bergs from the McMurdo lce Shelf immediately south' Smaller

amounts of coarse debris al$o occur in samples from the Western

Slope and Shelf as far north as Cranite Harbour (Sample ll). This

inferred pattern of distribution for berg debris follows the observed

distriburion of ice bergs along the Viaoda Land coast, probably a
consequence of the surface currents (Figure l) and prevailing winds.

Clay content of sediment in McMurdo Sound is greatest at the distal

end ofBird Basin {sample l?), and declines to the south and west. [t is

consistendy low fless than five percent on either side of Erebus Basin

between Samples 14 and 18, perhaps because of relatively strong

bodom currents in this most constricted part of the Sound-

CONCLUSIONS
Sediment is accumulating on the lloor of McMurdo Sound today

mainly from the following sources (in decreasing order of import-
ance):
(l) Coastal sand blovn by wind onto the sea ice (though there may

be some contribution from ice rafting of beach and shallou

subtidal sand).


