1. Leg ANT Xlll/4 Cape Town - Punta Arenas

17.03. - 20.05.1996

1.1 Summary_und ltinerary
The Polarstern-cruise ANT Xlll/4 started on March 17th, 1996 in Cape Town. The
first part of the cruise consisted .of multidisciplinary work with a focus on physical
oceanography.in the Weddell Sea, during the second part logistic tasks were
carried out at King George Island and a benthological programme was performed
in the Drake Passage. During the whole cruise, temperature measurements were
made with a newly developed potassium temperature lidar, which was designed to
measure the natural variations in temperature of the mesopause at different

geographical locations and in different seasons. The high temporal and vertical
resolution of the lidar to :

ogether with the simultaneous observations of the potassium
layer allowed better insight into dynamic processes in the upper atmosphere.

A major part of the deep and bottom waters of the global ocean are ventilated by
the injection of waters from the Weddell Sea. Cooling in winter and sea ice
formation, as well as the interaction between the ocean and the ice shelves, induce
water mass modifications which generate water masses on the shelf which are
dense enough to sink to the bottom of the Weddell basin. During their descent, they

mix with ambient water masses and are carried with the cyclonic Weddell gyre

circulation to the north. The formation of bottom and deep water determines the
exchange of atmospheric carbon dioxide. (COz) between the ocean and the
atmosphere. Through the upwelling of COo-rich deep-water, CO2 can be given up
to the atmosphere, a process which counteracts the COp flux due to cooling and
biological processes at the surface. Thus the components of the COy system were
measured to determine whether the Weddell Sea is a source or a sink for.
atmospheric COp. The physical oceanography measurements of the cruise

contribute to-the World Ocean Circulation Experiment, (WOCE). The hydrographical
sections are referred in the WOCE code as the repeat sections SR2 and SR4 and

Atl t of the S4-section. In order to better understand the processes and

the Atlantic part 1e S4-sectic ~order ’ ’
effects which are important in this area, the programme consisted of four

components.

1. To determine the inflow. from the Antarctic Circumpolar Current into the eastern
Weddell Sea, a hydrographical section was worked from 24°41'E to 39°E, using a
CTD-probe (Conductivity-Temperature with Depth) in connection with water
samplers and an ADCP (Acoustic Doppler Current Profiler). R ,

2. The outflow of the bottom water from the east into the western Weddell Sea was
measured by a zonal hydrographical section along the eastward current in the

north of the Weddell gyre from 0° to 24°41 E. , | o

3. The exchange bétween the 9?3135” and western Weddyeli,‘,Se’a was measured on
onal hydrographical section through the Weddell gyre along the Greenwich

a meridional: hydrographic 1 Ve
Meridian. Here, in addition to the use of the CTD-sensor, water samplers and

ADCP, moorings were also recovered and deployed. - o ,




4. To determine the inflow.into the southern Weddell Sea from the east and the
outflow in the north-west, a hydrographical section: was performed through the
southern Weddell Sea and moorings were deployed near Jomwile Island.

Among other uses, these measurements w;li be used to valtdate models whnch

simuiate the circulation and water mass formation in the Weddell Sea. The isotopes
of oxygen, including 180, nutrients and-the tracers Freon-11, Freon-12, Freon-113
and CClyg, as well as Tritium, 3He, He and Ne give information ‘about the water

mass formation and' spreading. Samples of the stable carbon 9sotope 8‘3C were,

taken for pa!eo-oceanographlc studues

The marine organic chemistry group concentrated on the autumn dnstnbutaon of dis-
solved and pamcu ate phytosterols in the Weddel Sea to understand the fate of"

advectnon of mdtwduals ho have
local recruitment in the eastern
Euphausia superba in the eastem‘
the” mamtammg of the ‘krill popula
seas. Krill can be brought into the W
the inflow of Warm Deep Water a
depths On thxs cruxs , ]

over-wintering was’ studled in dn‘ferent areas of the Weddell Sea Usmg the Multme‘c'
catches, the vertical distribution of the different stages of development of the

Copepodes was determtned

relatlonshtp between the marine fauna of the Antarctnc Pemnsuiar and thei
southern-most part of South America. South America is the closest present-day

Eand mass to Antarotxca Thus tt ts assumed that the exchange between South’

continents. Due to'bad weather the bentho{ogrcal group were u’nabte to’ ﬂy to King
George Island. Also the collection of material from the Dallmann laboratory, which

is connected to the Argentinean Jubany-Station, could only be completed to a
limited extent. The unfavourable weather conditions meant the activities planned for
King George Island were cancelled and the work concentrated instead on the

72

Chlorophyll -concentration at dlfferent depths along all the sections was measured,
and combmed qua!sta’uvely with the phytoplankton determmed from the ‘water



continental slope south of Terra del Fuego. During the "Joint Magellan VICTOR
HENSEN Campaign 1994", a large number of samples were collected in shallow
and deep water in the Magellan Straits {to-a depth of 650 m); in the northwestern
part of the Beagle Canal and from the eastern exit of the Beagle Canal to Cape
Horn. On this cruise, along a section on the northern continental siope of Drake
Passage, at different depths samples were taken with the Multicorer, the Multibox
Corer, the Dredge and the underwater-camera to study the macro and
meiozoobenthic 'structure, and to compléte the available’ benthic samples with
material obtained from ‘greater depths. In ‘addition; ‘samples: were ‘taken for
physiological; biblogica‘!fitreproduc’fion:aa’nd‘vp0p‘u~laﬁ@ns’»€¥yna%mic; experiments. Finally,
observations ‘were made of behaviour patterns and material was gathered::for
genetic work. It appeared that the transition to the Artarctic is‘rather ‘of :a gradual
nature than abrupt. Despite this fact, congiderable differences. remain between the
Antarctic ‘and this 'southernmost part of the Magellan region. This indicates that 20
million years of 'separation ‘and isolation, ‘despite some glacial periods of increased
interchange, have led to rather distinct’ separation of two neighbouring: marine
ecosystems which originally had an identical fauna. Supporting hydrographic data
was acquired with the CTD. The cruise ended in Punta Arenas on May 20th, 1996.
The cruise track is displayedin Fig. 1. T s e




2. Scientific programmes

2.1 investigations of the atmosphere

2.1.1 Weather Conditions
Hans-Joachim Méller, Herbert Kohler (DWD)

The passage from Cape Town to 54°S 39°E was dominated by a subtropical high
with moderate winds but many clouds. South of 50°S, the first frontal troughs were
crossed. The following westward passage was characterized by the alternation of
deep lows and small wedges of high pressure. Westerly winds between 25 and 35
knots were most frequent. While passing through gale centres and frontal troughs
the wind increased up to Force 9 for a short time, but also decreased to Force 4
when passing through the wedges. The passage to the northeast to the mooring
position in the oceanic Polar Front was favoured by a meridional trough, followed

by a strong wedge of high pressure.

On the way to the meridional hydrographic section on the Greenwich Meridian the
strong westerly wind regime prevailed. The following passage south was
dominated by a large polar low, filled with cold air. For many days, showers with
snow and soft hail occured. At the beginning of the second part of April, a cold air
flow in the middle troposphere formed a meridional trough, which reached far north
to the coast of Uruguay. This trough moved south-eastward, carrying cold antarctic
air in its back. The corresponding surface low deepened rapidly to a gale with its
centre between Bouvet Island and the Antarctic coast. The minimum pressure at the
centre was less than 950 hPa, with RV "Polarstern” situated south of the it. For 36
hours, northeasterly to easterly winds of about 35 knots were observed with a heavy

swell.

The first pancake ice was encountered at 69°09'S on April 21th about 30 nm north
of the ice shelf edge. Before this time, only isolated icebergs had been passed, but
now many bergs and growlers, frosted in the pack ice were observed. The wedge of
a high pressure system, situated at the western Weddell Sea, extended more and
more to the east. On April 24th, when we reached the Atka Bight, the finest calmy
and sunny weather was experienced. For the next days, this high pressure zone
influenced the Weddell Sea. At the end of April, a gale centre was formed in the
Scotia Sea and consequently the southeasterly winds increased to gale force for a
short time. The rising pressure, resulting from the following wedge, calmed the

weather down rapidly.

Further lows were encountered during the passage through the ice of the southern
Weddell Sea. A southeasterly to southwesterly airflow was at their back, whilst
northeasterly to northwesterly winds dominated at their front. The situation during
May 4th/5th can serve as an example: Over the westemn Weddell Sea, a trough was
generated. Warm air was advected southward at its front with northwesterly winds
Force 6. The air temperature rose continuously, from -17° C in the morning until i
reached its maximum of +1° C at 23.00 UTC. The warm air flow brought a high
humidity, low stratus clouds and poor visibility. The passage of the trough at 00.00
UTC was accompanied by a decreasing westerly wind, but not by a change
temperature. The strongly backing, southwest wind caused a powerful cold




advection. The temperature dropped to -7° C in one hour, and after 12.00 UTC of
May 5th to below -21° C, in spite of continual sunshine.

In the northern part of the Weddell Sea, mostly young ice up to 30 cm thick was
observed. West of 50°W however, large first-year or multiyear ice floes with
thickness between 3 and 5 m reduced the ship's speed considerably. The ice edge
had been shifted far west-northwest by continuous southeasterly winds with a
speed up to Force 8. Wind and tides exerted a strong pressure on the ice, restricting
seriously the progress of the cruise. The ice edge was reached on May 11th at 18
UTC near 62.2° S 57°W. At this position in Bransfield Strait a chain of icebergs
lined up the ice edge like a barrier.

The crossing of the Drake Passage was favoured by a zone of high pressure, which
extended from Argentina via the Magellan region and the Drake Passage to the
southern part of the Antarctic Peninsula. The high pressure system moved east only
very slowly and dominated by weak winds until the middie of May. Then, a more
cyclonic westerly situation developed, but strong westerly winds were not
encountered until the very end of the cruise, because. the pressure difference
between the subtropical high and the polar trough was rather weak.

Westerly to northwesterly winds accounted for more than 40% of the hourly
observations of ANT XIIl/4. Wind forces 5, 6 and 7 were each recorded 20% of the
time. Gales occured only 7% of the time, although the climatological value is nearly
20%. The frequency distributions of wind speed and direction is displayed in Fig. 2.

2.1.2 Temperature observations in the mesopause
Josepf Hoffner und Veit Eska (IAPR)

Objectives

The major task of the IAPR-group was to test the new potassium temperature lidar of
the Institute of Atmospheric Research at the Rostock university and to the make first
measurements. Routine observations were planned to take place on ANT XII/5
when better weather conditions were expected. Therefore we planned to build up a
stable configuration for our untested lidar system.

The main part of our temperature lidar is a new high energy, narrow band, tuneable
and pulsed alexandrite laser. The laser pulses are used for resonance scattering
from free potassium atoms in the mesopause region. The backscattered photons
are collected by a telescope and recorded by a photomuttiplier. The scattering
altitude is calculated from the time-of-flight of the light. It is possible to measure the
Doppler broadening of the K(D1) fine structure by continuous spectral tuning of the
alexandrite laser. This method allows an absolute air temperature determination in
the scattering volume. Vertical wind velocities within the potassium layer are
measured by Doppler shifted frequencies of the fine structure. A combination of
Rayleigh backscattering and resonance scattering allows temperature
measurements in the mesosphere and stratosphere down to 30 km.

Potassium acts as a tracer for our temperature measurements. Up till now,
potassium measurements have been made with only three lidar systems. All took




indicated;

ough potassium: is the “southern - atmospners
temperatu ~asurements from somewhat less than 80 km up to 110 km ‘hei
This altitude range is the coldest in the whole atmosphere and thus very interesting.
With fo,u;r:,Iidarcsystem,f_weaarge.ab:te to continuously measure these temps atures.
This is only possible with & ground/ship based lidar system.. . oo

me

Preliminary results

Observations of the potassium layer have been:
entire cruise. Eleven nights were suitab
mesopause. Temperature measurements reqt ;
potassium density can be determined:in-a few mir

measurements of up-to-12 hours and:it was:p
temperatures on-one:night. These observati
system.

are the longest

The measured structure of the potassium
on the Isle Ruegen:in spring-1995. b
120 km height. The density maximum.is: f
the potassium:dens ‘ , -nearly 20 Mio.
atoms/cm2. We have not observed signif monthly diffe ‘in column density
of potassium in April and May. On one of the first- measured nights, we observeda
peak in.the potassium:layer densit is:could be a sporadic potassium: layer, seen
as a sudden rise in density. The ‘extent of this layer is very

measurements were too short to observe this previously unknown phenomenon
because of cloudy weather this night... - IR LR LR e i

isgfvery; similar ‘t,‘oy the ;thétsﬁ:obse rved
-and extends from 78 km up to

A measured backscattered -profile collected during:
shown in Fig. 3 (left) and-a emperature profile up- 101
night in Fig. 3 (right). The mesopause temperature was dist
the reference atmosphere CIRA- '89.:Measurements .on
similar results. A second local minimum: lies in-83 kr
signal (Fig. 3, right) shows a Rayleigh backscattering ¥
which helps to determine temperatures ‘down to 35-kmin

nctly hi
he -othi
ght.. Th
hin:the pota

The dynamic variability of the potassium.layer durir
4. Thie lower boundary of the layer.moves u
night: The reason is- probably wave acti
change continously. The density:maximum:
night than at the beginning: Simila ~tend

nights. For more detailed analysis;s we must improve and e |




2-2 R

2.2.1. - Deep and Bottom Water Formation in the Weddell Sea
-Eberhard Fahrbach, Janja Gorny, ‘Andreas Hansjosten; Miriam de-las
Heras; Uta Horstmann, Markus Jochum; Leif Kolb, Ralf Meyer, Gerd.
Rohardt, Harald Rohr; Michael Schréder, Giok Nio Tan, Tanja Winterrath,
Andreas Wlsotzk: Hafmelore thte Hebecca Weedgate (AWI) ,

Ob]ectwes

A major part’ of the deep and bottom waters of the gtobal ocean are vent lated by an
injection of waters from the Weddell Sea. Cooling in winter and sea ice formation,
as well as the interaction between the ocean and the ice shelves, induce water
mass modifications which form water masses on the shelf which are dense enough
to sink to the bottom of the Weddell basin. During their descent, they mix with am-
bient water masses and are carried with the cyclomc Weddell gyre. circulation to the
north where they partly Keave the Weddell Sea towards the Antarctrc Ctrcumpotar
Current and partly recrrculate steered by topographlc features

The increase in density due to cooling in the Weddell Sea counteracts the
decrease rn salmlty due to precrprtatfon and meltlng of rce shelf or lcebergs This

predommantly in the eastern Weddell gyre This water mass is observed as Warm'
Deep Water Durlng its path through the cyclomc gyre it constantly toses heat and

the formatuon of deep Wat', j,

To quantify these processes, measurements were camed out of the water mass
charactenstlcs and transport of the mﬂow m the eastem Weddell Sea the,

optrmtzed by quaS| synaptu ‘ , ‘ageos
parts of the current field will be as ssed ‘b‘y direct current measurements Tc'
estimate the relevance of the results obtained, long-term measurements of the
mﬂow the mlxmg depth and the charactenstrcs of the deep water were rmtxated

‘ he' se: : on 'nt;'the water mass mod'ﬁc‘ tron it is

between sea ice and
repeated in part several tim tions in th
properties and distribution of the- water masses.” R




The measurements will be used to validate models:of the Weddell gyre circulation:
and the water mass formatlon For thls purpose long tlme series. of oceamc currents

l_ayers) Pro;ect whlch is part of the lAnzone Programme Through these'
mtematzonal pro;ects instruments are also provrded from the. Umversrtat Polltecmcag

{Acoustlo Doppler Current Profller) in addmon" 3 moonngs were recovered and 14’
moorings. deployed The. mvestlgatlon is, splrt into four geographlcal reglons -

8). The Greenwuch Merldlan seotlon was already sampled once ln ‘19'92 ln
addition, 8 moonngs were deployed (Flgs Sand 13, Tab L L
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rosette was no longer possible and there was the fear of breaking
Thus only the 24-bottle sampler could be used. Howeve due to the int
120 kg of extra weight were needed as well to avoid wire‘problems. Th
weights were removed once the instrument was on deck to facilitate
rosette to the sampling room; ~ = o

Despite these precautions, the CTD wire was damaged several times. Duri
comparatively long time taken to repair the wire, the CTD ‘was deployed’
frame aft .of the: hip. The extreme pitc fithe ship however ptit
the rosette, that the water botties were broken ; ‘

botties; 9 electr Lpress sensor :
the conductivity cell
sensor from a mo
profiles were

affected the electric q
transmission, which wa: ,

affect

- determined from laboratory calibrations both bafore
CTD is equipped with two temperature sensors; the

trolled from a comparison of these r
ns before and after the cruise were pe

The accuracy of the d.
and after the cruise;
stability ‘of the senso
instrument no. 1347, the
the Scripps Institufio

drift in the releva

sensor was repaired, only
the sensors shows a jump
was used. In addition, ¢
thermometers until
thermometers, calibrate
used. Deviations from t
thermometer readin
assumed to be the releva
a final accuracy of 2 to 3 m

on can be
unt, this gives

For CTD no. 1347, a pressure calibration was performed before and after the cruise

at Scripps and at FSI. No change was recorded. For CTD no. 1 360; a calibration at”
FSI was performed before and at Scripps after the cruise. The correction ‘was of -
order 2db. The calibration of the pressure sensors is good to better than 2db.

The conductivity wafs‘f‘cﬁorreb'tedi*USShg ‘salinity measurements from water samples.
IAPSO Standard Seawater from the P-series P1 27 was used. A total of 2477 water -
samples were measured using a Guildline Autosal 8400B. For & ations 18,19, 20,

21 ; : the“"CTD ; COﬂdUCf!VltyprOflle Was unusable, is;o, Cy E:S'aléih«it‘ ‘;  :\ 4




reconstructed: from water sample values: On the bas;s of the water- sampzle,
carrect;@ : sahnty is measured to an: accuracy 0f 0.00; ' o

e e S T S e R e

I add txon the‘CTD afso camed an 'ammeter from: Bentho ndersea Sy”'ems
Technology Inc. to determine distance above the sea ﬂoor and a transmlssometerr
with a 25 cm t;ght path from SeaTech Inc ‘ ’ :

e e

The seotion fom 39O to 4°41 E along 54"3 S reached from ’the foot of the Conrad:

of: the Wedde! gyre' th
temperature of the, Wedde
west to east




Current. This warm regime is disturbed by Maud Rise, where noticeably coldér
temperatures are measured in the Warm Deep Water. The decrease in temperature
further to the north signifies the cold: regime, in:which the eastward current is found.
Near the: bottom; cold temperatures show the flow of Bottom Water moving east out
of the western Weddell Sea, leaning against the ‘mid-ocean ridge. The Weddell
Front lies at 55° 30°S, between stations 36 and 37, .~ ... . SR e R80T

The -southern  part ‘of the Weddell gyre; in-‘which the major: water ‘mass
transformations -occur, is: separated from the inflow and outflow regimes by the
section from Kapp Norvegia to Joinville Island (Fig. 9). The surface layer already
shows “winter conditions with temperatures: around ‘the freezing point. The
deepening of ‘the surface layer towards the. ‘coast; due to:-on-coastal Ekman
transport and convection in the. coastal polynya;is clearly visible ‘on both' sides of
the section.: The inflow-of relatively warm'Warm Deep Water can be seen. inthe
east.. The-outflow in the west is noticeably colder. On the western slope,; a layer of

newly formed: bottom ‘water flows to :the:no;#mf.; i

The sections form part of the WOCE "Repeat ‘'sections! ‘Programme. Comparison
with the data of 1992 on the Greenwich Meridian Section and the 1989/1990/1992
sections through the western Weddell Sea show a clear change in the deeper
layers. In the bottom water of the western Weddell Basin, a continual warming over
this 6 year period is observed. This trend is confirmed by results from moored
instruments. The warming is of order 0.01 K per-year. The- investigation of the cause
of this warming.is still on-going. However, the increase in:temperature: in the Warm
Deep Water regime suggests a change in the inflow: of water from the sircumpolar
CUITENE: e e e i i e D e

2.2.2 ‘Traber* éniéyésuremeht‘s:f 0 RIS S Lo s
Klaus Bulsiewicz, Gerhard Fraas, Malte Runge, Bjorn Schlenker, Hiltrud
- Sieverding: (IU:PB)* R o , e
Objecti veysf and ,m:ethbd_s; 5

Along the sections, the CFCs Freon-11, Freon-12, Freon-113 and. CCl, were
measured. on board by. ECD gas chromatography. This is the first time F113 and
CCly have been measured in this region over a complete section. F113 has been
released into-the atmosphere at a known rate si he early sixties and has been
taken up by the oceans by the surface transfers. Therefore it can be used to
characterize: the -younger water. S ilarily CCly has been released: into the
atmosphere:since about 1920; so that it characterizes the older water. In addition to
the-analysis done-on board; water samples for CFC measuremen ere stored in
flame-sealed ‘ampoules which will: be analysed ashore: and will provide reference
measurements for the analysis carried out on board. Water -samples for tritium and

helium: were taken also. ‘They will be extracted. after.the cruise and.analysed-with:a
mass spectrometer. All gases will be extracted: from: the tritium :samples. which will
then be stored for half a year. After this time, a sufficient amount ‘of tritium. will-have
decayed to 3He so that it can be measured by the mass spectrometer. The data sets
provide important information about circulation and renewal pathways for all
relevant subsurface water masses. ,




Nork at Sea

he water samples were taken from the rosette water sampler using flow-through
-ontainers consisting of a glass ampoule (CFMs), copper tubes (helium) and glass
Sottles (tritium). In total, 104 stations were sampled and 2016 water samples for the
CFMs were analyzed during this cruise. In addition, 785 standard gas and blank
measurements were taken periodically. In total, 1418 water samples were collected
tor analyses ashore, including 200 water samples for CFC, 623 water samples for

helium {coliected at 62 stations) and 595 samples for tritium (at 60 stations).

A special calibration cast was made in the Drake Passage in which all water bottles
were closed at & depth of 3000 m. The water obtained is supposed to be free of
CECs, so that the overall blank can be checked. Apart from the apparatus blank, the
plank of each individual water bottle is important for the evaluation of the data. On
the cruise Meteor 11/5 in 1990 the CFMs Fi1 and F12 were not found. Now
however, these CFMs could be detected in concentrations of 0.04 pmol/kg (F11)
and 0.02 pmol/kg (F12). Only Freon-113 could not be detected (limit of detection:
0.001-0.002 pmol/kg) and therefore it can be concluded that the water bottles have

not yet been contaminated with Freon-113.

preliminary results

data for Freon-11 are presented in Figs. 14 and 15. A quasi-zonal
h Meridian is shown in Fig. 14. Between stations

lar to the Weddell regime occurs. in the

Preliminary
section from 35° E O the Greenwic
12 and 18 the transition from the Circumpo
centre of the Circumpolar Deep Water (2000 m), the lowest concentrations (<0.17
pmol/kg) is measured, values which also occur in the Warm Deep Water at 1000 m
depth and indicate older water with little renewal. The section from 55° S to
Antarctica along the Greenwich Meridian is presented in Fig. 15 (top). This section
can be compared with results from a previous cruise (ANT X/4, 1992). For example,
the 0.2-pmol/kg isoline in the centre of the gyre at 62° S now reaches up to 2500 m,
whereas in 1992 it occurred at a depth of up to 4000 m. The increase of the tracer
concentration in the interior is consistent with upwelling in the Weddell gyre. On the
slope of the North Weddell Ridge, bottom water with F11 > 0.5 pmol/kg is advected
from the Antarctic Peninsula. Fig. 15 (bottomn) shows the section across the southern
Weddell gyre from Kapp Norvegia to the Antarctic Peninsula (Joinville Island).
Along the slope of the Antarctic Peninsula, the newly formed bottom water is
obvious from the high concentrations. Between 500 and 2000 m depth, a CFC-11-
minimum  (<0.15 pmol/kg) is indicative of relatively old water. In the depth range
300 to 1500 m, an inflow of Warm Deep Water in the Weddell basin occurs at Kapp
Norvegia and the outflow of this water mass is obvious on the westemn side. At 3000
m, a tongue of fresh water stretches from the eastern slope into the central basin.
This is an indication that the centre of the Weddell basin is also ventilated from the
east. On the eastern continental slope, a coré of young water (>0.5 pmol/kg) occurs
at 4000 m. A similar core is present on the Greenwich Meridian section in 3000 m.
This indicates that the source of this water is in the Enderby basin or even further to

the east.




2.3

2.3.1- Th‘ercarboni dioxide system in Antarctic waters
R ‘Mario Hoppema (AWI) and Michel Stol {(NIOZ)y

Objectives

Modifications of the global carbon cycle, by the burning of fossil fuel and changes in
land use, have led to an increase in atmospheric carbon dioxide (CO2) which has
the potential to increase the greenhouse effect of the atmosphere. The deep oceans
are, in principle, able to take up almost all of this excess €Oz, but only on a time
scale ‘which is much longer-than the one associated with ‘the anthropogenic
perturbations. This is related to the typical ‘mixing and residence times of the deep
and bottom waters of the oceans, which are of the order of 1000 years. Thus studies
in areas where interactions between the deep and the surface ocean occur, such as
the Weddell Sea; are vital for the study of €Oy uptake and its. distribution. '

An objective of this project is to gain knowledge of the CO distribution in the
Weddell Sea, where the initial properties of a major part of the abyssal world
oceans are generated. Another objective is to-determine the potential of Antarctic
waters to take up-atmospheric COq. This is -especially important for the frontal
regions' of the Antarctic Circumpolar. Current (ACC) and for the regions with
seasonal ice cover. Data from this cruise will be combined with data of previous
cruises to address those questions

The en»éuing CO2 database of the Weddell Sea and the Antarctic C'i‘fC'umpolar
Current may also be used in'a modelling effort in which carbon transport and . air-
Sea gas exchanges are calculated. o : ~ : :

Work at sea‘ '

(total inorganic carbon content) was determined by a high-precision coulometric
method and automated sample stripping system. Briefly, the method is as follows. A
> of 'seaw i ifi i i id-and stripped with high purity

marine air were done using-an inf’ra,-red,:ana'fyzer (Li-Cor). ‘A continuous water
supply is passed through an equilibrator where approximately every 4 to 5 minutes
the headspace gas is analyzed for its CO2 content, thus giving pCO»> in the surface




water. Marine air was pumped continuously from the crow's:nest.into the laboratory
and subsampled after every fourth equilibrator reading. The equipment was
calibrated with reference gases, traceable against NOAA standard gases. The data
obtained were processed onboard. Final- data will- be available pending
recalibration of the reference gases ashore.

Preliminary ,ré,suits :
Total carbon dioxide

In Fig. 16, the section on the Greenwich Meridian is shown for TCO,. The boundary

between the Antarctic. Circumpolar Current and the Weddell gyre regime:lies at

approximately 55-56°S."

es. COy.
Below the thermocline, a TCOz-maximum is found, associated with the temperature
maximum of the Warm Deep Water. Near the bottom, where ‘Weddell Sea Bottom
Water is present, relatively low TCOz values were measured. This. water. mass
originates partly from the shelf waters of the Weddell Sea, which are:low:in-TCOg.
The large water volume of Weddell Sea Deep Water, which lies between the bottom
water and the Warm Deep Water, is merely a mixture of these two source waters
with corresponding TCO2 values.. gt O T R TR E T

Generally, TCOg is ;I,ow,in the sfu:rf,aée tayéf due to phytopianktonwhichutlhz

The TCO2 maximum is higher in the north (58-63°S) than in the south (66-69°S)
and in addition is shallower in the former region. This division coincides with the
cold and warm regions. of the Weddell'gyre, which are defined by the value of the
temperature maximum. In the southern warm regime; the Wa ep Water present
has entered the Weddell gyre relatively recently. In its source area, the Antarctic

Circumpolar Current, TCO3 increases with depth. In the deep Weddell Sea, on the
other hand, TCO» decreases with depth and thus a TCO2 maximum is formed at the
depth where the new Warm Deep Water meets the deep Weddell water. This deep
TCO, maximum is observed at about 1500 m(66-69°S). In the northern, warm
regime, Warm Deep Water is found which has already been circulating for alonger
time in the Weddell gyre. The observed TCOp concentration. is higher than:in all
waters of the warm regime and, since the Warm Deep Water is essentially the.only
source of water of the Weddell gyre, this implies that CO2 enrichment has occurred
in the Weddell- Sea. e T e L R

In the bottom layer at 60-63°S, a TCO, minimum was observed. This is probably
due to the meeting of spatially separated bottom water masses:with ifferent. TCO2
content. Over the flanks and the crest of Maud Rise, TCOp values were rent

than to the nerth and south. For example, the 2255-ppm isoline, which normailly
occurs near the bottom of the thermocline; reaches much deeper to about 800 m.

The deep TCO2 maximum, characteristic for the warm regime, is also less
pronounced over Maud Rise. T I S L ML s

Toward the'Ahtarctic,continent (about 69°S) the isolines fall precipitously indicating
a-sharp frontat structure. This front separates the warm regime from the coastal
regime. R N B TR R o




Partial pressure of COs

The measurement of PCO2 along the four sections resulted in a large, high spatial
resolution data set. Along Section |, hear-saturation values are generally observed,
somewhat modified by the local hydrographic variations with a slight oversaturation
in the south. Section |l sta

undersaturation. On crossing the fronta) system between Anta
Current and the Weddell Sea, an increase of about 15 ppm is observed.
The section along 0°E (lll) is discussed in more detai
undersaturation is observed between 50 and 52°S. Th

en, going southwards, a
sharp increase in the pCO2 (about 10 ppm relative to at '

Weddell Sea are reflected in the pCOy signal. In some areas the chlorophyll
content is relatively high (65°8), which may be reflected in the pPCO; signal (Fig. 17,
bottom). However, the major influence on the observed signal appears to be water
temperature (Fig. 17, top). :

The cold water regime isgene
subsequent decrease in pCO concentration, to equilib

regime is characterized by undersaturation.

For the first time, the pCO, was measured ona lon
(section IV: Kapp Norvegia - Joinville island; LT

y the upwelling of
ng the next spring,
his excess COs for

deep water, which is-enriched in CO», into the surface water. Duri
when the ice cover retreats, phytoplankton will most likely use t

2.3.2 Nutrient distributions in Antarctic waters
Karl Bakker (N1OZ), Miche! Stoll (NIOZ) and Mario Hoppema (AW

Nutrient concentrations of silicate, phosphate, nitrite and nj
all samples taken from the fosette. They were anal
method on a rapid flow "TRAACS" autoanalyzer
Technicon. A standard range was used for all
diluted stock standards were used for calibration. As a reference standard a so-
cailed “cocktail® (100 fold dituted) containing a mixture of phosphate, silicate and:
nitrate was' used. This standard was measured for statistical purposes ‘and
Corrections on the data. The precision for the different properties are given:in Tab: 4.

trate were determined in
yzed by a standard colorimetric
(60 samples/hr) manufactured: by
measurements (Tab. 4), while daily

rts with  an oversaturation and decreases to
retic Circumpolar

I (Fig. 17, top). A slight




Tab. 4: Standard measuring ranges used for Si, PO4, NO5 and NO3 and standard

deviations.
, Range (umol/) STD
Silicate 0-145 0.5
Phosphate 0-3 0.03
Nitrite - 0-2 0.01
Nitrate 0-40 0.21

Preliminary results

As an example for the nutrient data obtained, four siiicatéd,secﬁbns are presented
(Figs. 6 to 9). Generally, the nutrients are relatively low in the surface layer because

of biological activity. In the Warm Deep Water below, phosphate and: nitrate 'show-a

maximum, associated with the temperature maximum. Both decrease towards the
bottom. The silicate maximum occurs deeper than the phosphate and: nitrate
maxima. It originates from the dissolution of biogenic silica, which takesiplace at a
lower rate than the remineralisation of soft tissue, by which phosphate and nitrate
are released. ot : o

In the eastern part of the section, the Warm Deep Water that entered the Weddell
gyre relatively recently is recognizable by a phosphate maximum at 1000-1500 m.
This: structure is a continuation of the same structure on the Greenwich Meridian.
Remnants of it can also be seen in-the very west of the basin (200-400 km),
indicating that the Warm Deep Water crosses the entire basin. T

In the centre and west, the phosphate maximum is shallower and has ‘a higher
value. This area is comparable with the cold regime on the Greenwich:Meridian.
High phosphate and: nitrate values are caused by sub-surface remineralization of
biological material that sinks down. For silicate (Figs. 6 to 9) some specific features
can- be observed which-cannot be detected in- other tracer distributions. In the
easternmost part of the section, the highest silicate values are found in the bottom
layer. This may be due to an inflow of bottom water from the Enderby basin in the
east, where silicate enrichment of the bottom layers is knownf'tofoccu;r:.f In the central
and western basin, bottom silicate values are much- lower due to the presence of
bottom water recently produced in the southern and western Weddell Sea. On the
western slope, some young: bottom: water is identified by its very low silicate;
phosphate and nitrate values. Earlier data showed that this band of low silicate did
only reach the lower slope (until approximately 300 km of the section; Fig. 9).
During this cruise, another cell of young bottom water (Sj < 100 pumol/kg) is found at

the base of the continental rise (about 600 km), much further down the slope than
during previous observations. o

A very interesting new observation ‘on this transect is the major silicate-minimum
structure between 2500 and 4000 m, extending over the entire eastern. part-of the
basin. Relatively low silicate values in the deep Weddell basin are associated with.
bottom water which indicates that significant ventilation of the deep Weddell Sea
does not only take place via the bottom route, but also via the deep water route,
Since such a silicate minimum can only come into existence when the deeper water.
shows an increase of silicate, this suggests that this deep ventilation originates from.




the east where the bottom layer has a high silicate concentration. The western
boundary of this deep ventilation area appears to be visible in the phosphate
distribution as well as a sharp, deep phosphate front at 1000-1100 km. o
2.3.3 Marine Organic Chemistry

Anneke Miihlebach and Andreas Zimmermann (AW

Objectives and methods

The organic chemistry work aimed to determine the distribution of dissolved:and
particulate phytosterols in the Weddell Sea (autumn situation). This study will
complement earlier studies undertaken in the western Weddell Sea during the
spring bloom of phytoplankton (ANT X/7). The objective is to understand the fate of
phytosterols and other trace organic compounds in the ocean, starting with their
biosynthesis and input into the euphotic zone and their possible deposition in the
bottom sediments. By choosing some well defined classes out of the pool of organic
compounds, the processes appearing on a molecular level can be examined. This
may yield further information about the stability of highly diluted dissolutions.

Water samples (20 | each) were taken along three sections and at various depths
by a rosette water sampler joined to a CTD-probe. Dissolved and particulate parts-
were separated by filtration. Filtration was performed over glass fibre filters (GF/C,

diameter 4.7 cm, retention rate 90% for particles > 1.2 um; for larger volume

samples (vol.> 20 1), diameter 15 cm). Filters were put-in-ampoules and test tubes

respectively, covered with inert gas (argon) to prevent oxidation, sealed and stored

at -30°C. After filtration, the seawater samples were spiked with Cholesterol-d6 as

an internal standard. The dissolved lipophilic compounds were extracted with-
hexane. A volume of 20 | of sea water was shaken with 100 ml hexane. These

extracts were put in ampoules, covered with argon, sealed and kept at -30°C. In

Bremerhaven, further preparation and analysis of the samples will take place.

Filters will then be extracted with acetone. Hexane and acetone extracts will be

evaporated. After derivatisation yielding trimethylsilyethers, the phytosterols will be

analysed by GC/MS. Concentrations in the lower (ng phytosterol)/ (I seawater)

range are-expected (for deep water). ‘

The quality of the extraction and the further processing is checked by the addition of
various- internal standards (stable isotopes). Before the extraction, 200 ng
Cholesterol-d6 in 1 ml ethanol were added to the water sample. -Surface samples
were spiked with 2000 ng, since in surface samples higher sterol concentrations
are expected. The hexane used for extraction was spiked with benz(a)anthracene-
d12 to determine the hexane recovery (200 ng/100 ml). Just before the injection into
the GC/MS system, a deuterated decachlorbiphenyl standard will be added to the

sample to check the performance of the instrument.
Samples taken during the cruise

Section 1 - part a (stations 3 to 16) from Conrad Rise to the southwestern Indian
Ridge:

Six profiles were taken, three at the slope of the Conrad Rise (stations 3,5,7), onein
the centre of the basin (station 10), and two at the slope of the Southwest indian




Ridge (stations 14,15). At each station, seven samples (20 | each) were taken.
Samples were taken close to the bottom, 100 m above bottom, 600 to- 800 m-above
bottom, at about 1500 m depth at the temperature maximum {Circumpolar Deep
Water}, at the temperature minimum (Winter Water), and at the surface. All samples
except the surface samples were taken from the rosette water sampter The surface
sample was provided by the Klaus-pump.

Section 1 - part b (stations 16 to 31) along the northern Weddell gyre:

Five profiles were taken at a separation of 180 sm, starting at station 19 (stations 19;
22, 25, 28, 31). Again, seven samples were taken at-each station. Samples were
taken-close to the bottom, 100.m above bottom, 600 to 1000 m above bottom, at
2500 m depth, at the temperature maximum and minimum, and at the surface, . -

Pe!ar and Weddeli Front:

Profiles were taken at both station 33 (Weddel!; Frbntai) and station 34 (Polar Front).
These samples are not influenced by the Weddell regime and the newly formed
bottom water respectively, and can serve as a reference.

Section 2 along the Greenwich: Merldlan (statlons 35 to 67)

11 profiles (each some 7 samples) were taken along the sectlon from 55°S to the
continent..Four of the profiles were situated close to Maud Rise (one at the northern
edge, one at the southern edge, two at the shallowest points we crossed). Between
the North Weddell Ridge and Maud Rise, samples were taken every 120 sm close-
to the bottom, 100 m-above-the bottom, at 4500.m depth at 2500 m depth, at the
temperature maximum and minimum as.well as at the surface. Every 60 sm, an-
additional surface sample was taken (Klaus-pump}. On:the slopes and above Maud-
Rise: in shallower water, the-station separation decreased; additional samples were:
taken from 1000 m depth Profiles were taken at stahons 35 38, 44, 48, 52 54,56,
57,60, 62,66.. g , g

Section 3 - westem Weddell Sea (stations 69 tof'1'03) from Kapp Norvegia to the
Antarctic Peninsula:

Samples were taken at the following depths: close to bottom, 100 m above bottom,

3000 m, 1500 m, 500 m, temp. maximum, and at the surface-and 40 m, respectively. -
Profiles were taken-at stations 69, 71, 75,79, 83, 86, 90, 94, 99, 101, 102, 103.

Additionally samples weretaken.close to the bottom at stations 95, 96, 97,-98, 100.

in the newly formed: bottom water, relatively high sterol concentrations: may be

found depending on the contact of the water mass to the open sea and on the half
life of the sterols. In addition, sterols may be extracted from the sediment into the

overlying water. The data gathered on section 3 may be compared to data from a

former study along this track (ANT X/7). Then;-a region with very.low. sterol
concentrations was found in the central basin (concentration of brassicasterol < 0.5

ng/l; for example). This observation will be verified by samples from this cruise.

ong each section, various surface samples with a vo}ume of 80 I were taken

in trace amounts in seawater !n a,dditlon, vanous experjments were performed o




improve the methods applied, especially with respect to the recovery of the internal
standard Cholesterol-d6.

2.4 Marine Biology

2.41 Plankton investigations
Anke Bittkau (AWI), Corinna Dubischar (AWI), Jochen Nowaczyk (AWI)
Vassili Spiridonov (ZMMU)

s

Objectives and methods

Zooplankton and micronekton distribution in the Weddell gyre depends largely on
oceanographic structures in this region. During ANT XIll/4, two main questions were
addressed by our planktological studies:

1. How are horizontal and vertical distributions of zooplankton and micronekton
determined by the different oceanographic regimes in the Weddell Sea (i.e.: the
frontal system between the Antarctic Circumpolar Current and the Weddell Sea: the
warm regime; the cold regime, and the coastal current) ?

2. How do the dominant zooplankton and micronecton organisms switch to over-
wintering modes in these different regimes?

To answer these questions, our studies focused mainly on phytoplankton, zoo-
plankton and micronekton species composition, abundance and distribution as a
function of oceanographic structures. For precise measurements of the vertical
distribution of larger zooplankton and micronekton, an Optical Plankton Counter
(OPC) was used in addition to the net catches. This OPC was attached directly to
the multinet. The continuous photometric measurement of particle size and number
enables us to assess particle distribution parailel to the multinet-catches with a high
resolution. In the following section, the methods used, as well as some preliminary
results will be described in more detail.

Phytoplankton distribution
Chlorophyll a determination:

Phytoplankton biomass in the water can be detected by fluorometric measurement
of the phytoplankton pigment chiorophyll a (Chla). Two different approaches were
used:

1. Underway surface (8 m water depths) fluorescence of phytoplankton pigments
(expressed as chla) was recorded by means of a Turner Design (TD 10) fluorometer
attached to the seawater system with the ship's membrane pump. Data were
obtained every 10 seconds and averaged in 5 min intervals and subsequently
stored on the ship's data logging system (POLDAT) together with the appropriate
ship's position and other physical, chemical and meteorological data. Every 4
hours, and also at the stations, triplicates of normally 1 | of seawater, but
occasionally more (drained from a bypass to the fluorometer system), were filtered




onto Whatman GF/F glassfibre filters for calibration of the instrument. The chla and
phaeopigment values were obtained after extraction with 90 % aceton/water. The
determination limit was 0.001 ug chia/l.

2. At stations Cchlorophyll a measurements were done from the Niskin bottles of
the CTD rosette. At 49 stations, water from 20, 40, 60, 80, 100 and 200 m was
taken. If OPC measurements and multinet samples indicated high particle
concentrations in deeper water layers, additional samples were taken from water
depths down to 500 m. Along the transects 3 and 4, chla-concentrations in the < 20
um and the >20 um size fraction were measured separately.

To determine the chla-concentrations, 2 | of seawater were filtered onto Whatmann
GF/F-glassfiber filters. Pigments were extracted with 10 ml 90% acetone and
measured thereafter directly on board using the method by Evans et al. (1987).
Paraflel to the sampling for chla measurements, 2 | seawater per depth level were
filtered onto precombusted (24 h at 500°C) Whatmann GF/F-filters for later analyses
of particulate organic carbon and nitrogen (POC/PON). These filters were deep-
frozen (-20°C). Measurements will be carried out at AWI using an Carlo-Erba CHN
Analyzer.

For determination of phytoplankton concentration and species composition, 200 ml
of seawater were taken from the same depths as for chla and POC/PON-measure-
ments and fixed with hexamethylentetramin-buffered 20% formalin (end concentra-
tion 0.6%). These samples will be processed using the Utermohi-counting
technique (1958) at the home laboratory. Additional samples were taken with an
Apstein-net (mesh size 20 um) to concentrate larger phytoplankton from the upper
10 m of the water column.

Zooplankton and micronekton distribution

Zooplankton organisms were sampled using a Multinet (Hydrobios, Kiel) with mouth
opening of 0.25 m2 and mesh size of 100 pm. An OPC was mounted on the net
frame. The OPC photometrically records the distribution and size of particles in the
water column. Each half a second, the data are transferred to the deck unit, yielding
in an exact pattern of the vertical distribution of plankton organisms parallel to the
multinet tow. The multinet was towed with a speed of 0.5 m sec-!. At all stations, the
multinet tows were conducted down to 1000 m (or in the shelf areas nearly to the
bottom). Five depth strata were chosen according to the thermohaline structure of
the water column. .

In total, 31 successful multinet stations were performed: 3 stations on the zonal
transect along 54°S (transect 2a), 6 on the transect across the Weddell cold regime
(transect 2b), one station in the Polar Front, 12 on the transect along the Greenwich
Meridian (transect 3), and 9 stations on the transect across the western Weddell
Sea from Kapp Norwegia to the Antarctic Peninsula (transect 4).

After towing, each sample was split into 2 subsamples using a 2 | Folsom splitter.
One half was immediately preserved in 4% hexamine buffered formalin, while
another was used for size fractioning and subsequent preparation for biomass
measurement. Before fractioning, we checked a subsample for rare or
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taxonomically interesting specimens. Simultaneously, several -Specimens of the
dominant species (mostly Calanoides acutus, Calanus propinquus, and R. gigas)
were selected for the determination of carbon and nitrogen (C,N} content and’ ratio;
and fatty acids composition of lipids. e SR T

um, 1000 pm, 500 pm, 200 um, and 100 um meshes. Each of the fractions obtained
was then filtered onto preweighted GF/C filters and dried at 50°C for 24 h. In case of
the presence of abundant phytoplankton, subsamples for biomass determination ,
were not fractioned but preserved in formalin separately. Zooplankton biomass in
these samples will be estimated from size spectra of major taxa using length/weigth
regressions. Salps from the biomass subsample were measured and dried on filters
or deep frozen separately according to a size grouping. S

For biomass measurement, a subsample was screened subsequently through 2000

For determination of C,N content, the organisms were identified, staged and
measured under a stereomicroscope with an accuracy of 0.1 mm, rinsed in distilled
water and deep frozen individually (or for young copepodite stages of large
calanoids in groups of 2-3: specimens) in Eppendorf caps. Measurements will be
carried out using a Carlo Erba CHN analyzer. S :

For the study of fatty acids composition of body lipids, we selected 310 5 specimens
of particular developmental stage of' certain species and placed them into
precombusted tubes with' 10 ml conserving solution (Dichlormethan/methanol in a
proportion of 2:1). These tubes were then stored under -20°C.

Micronekton was collected’ using 'a Rectangular Midwater Trawl with-two nets, the
larger one with an mouth opening of 8m2, the smaller one with an opening of 1m?2
(RMT 1+8) which was towed obliquely from the depth of ca. 450 m to the surface.
The volume of water filtered was estimated using flowmeters mounted in the mouth
of both nets. Four RMT tows were performed on transect 2b across the Weddell cold
regime waters, 7 tows were done on the Greenwich Meridian (transect 3) and one
additional tow was performed in the Bransfield Strait. The fresh catch of the big (8
m2) net was sorted into major taxonomic groups, i.e. coelenterates, polychaets,
pteropods, cephalopods, euphausiids, hyperiids, decapods, chaetognaths,
thaliaceans and fishes, which were preserved in 4% formalin and later counted.
The sample of the small (1 m2) net was preserved without sorting. Further

processing of the RMT samples will be done in the AWI and the Zoological Museum
of the Moscow University. '

Several vertical Bongo net (200 um and 500 um mesh size) tows were performed in
order to obtain alive animals for experiments and for further DNA/RNA analyses.

Preliminary results

in the following section, the results of the on-line chlorophyll measurements during
the transects 2a, 2b and 3 are shown. Because of the permanent ice cover during
transect 4, no surface chla data are available Table 5 gives some general
information concerning the positions etc. of the transects. I




Tab. 5: Characterization of the transects carried out during ANT XliI/4.

Date ' Stat. Position Start | Position End ‘Name

17.3.-23.3. |01-02 Cape Town 54°00.0' S Transect 1
38°59.8' E ;
23.3.-28.3. | 03-15 54°00.0' S 54°00.0" S " | Transect 2a
' 38°59.8'E 25°44 4 E
28.3.-5.4. 15-32 54°00.0' S 59°27.5" S . Transect 2b
25°44 4"E 3°105W
12.4,-22.4. | 35-66 55°00.0° § - 169°38.5' S Transect 3
. 1O° W B 0°07.4' W, '
25.4.-8.5. 68-102 71°01.0° S  63°20.1° S Transect 4.
11°36.6' W 52°47.6' W

Transects 2a/2b:

In: general, very low chla concentrations were measured during both transects,
which was in accordance to expected values during late autumn in this area (Figs.
18 and 19). Background values were between 0.1 and 0.2 pug Chia/l. On transect
2a, a distinct chla maximum was measured between 29° und 30°E, east-of a
significant increase of surface salinity and a decrease in surface temperature.
Further to the west, an increase of the chla-concentration to a maximum value of
about 0.5 ug/l was detected.. These relatively high-concentrations persisted. in the
connecting transect 2b between 25°E and 19°E. These positions coincide with the
site of an extensive frontal system in this region. Further analyses of phytoplankton
composition and detailed investigations on hydrographic conditions are needed to
detect possible reasons for. this higher. phytoplankton btomass

Transect 3:

Transect 3 followed the Greenwich Meridian from 55°S to the ice shelf edge. During
this transect, very low chla-concentrations were found (Fig. 20). Chlorophyll a-
concentrations in the north were higher than those further south. Two maxima at
about 60°S are particularly noticable. Further investigations of, for example,
phytoplankton species composition are needed to explain these patterns.

Fig. 21 shows some of the vertical profiles registered'by the OPC attached to the
multinet. The particle concentrations showed very pronounced peaks in the upper
water layers (ca. upper 150 m), but varied significantly between the different
profiles. Generally the particle concentrations of up to 12000 particles m3 were
surprisingly high. Further investigations of the multinet catches will reveal the
characteristics of the particles.

Sediment traps

Some of the particles produced in the upper ocean layers, e.g. phytoplankton ag-
gregates and faecal pellets, may reach relatively high sinking velocities, leading to
their sinking out of the surface layers. Sediment traps have been attached to the
following moorings to assess this particle flux qualitatively as well as quantitatively:
227/2, 227/3, BO-5, BO-6 and PF-8. These sediment traps are equipped with 20

s




Tab. 6: Recovered sediment traps:

Mooring: 227/2 at 59°27.5 S and 3°11.2 E
deployed on 26.12.1994
recovered on 05.04.1996

Depth of the trap 565 m 3709 m

Time of deployment 27.12.1994 - 10.08.1995 | 27.12.94 - 11.01.96
Sampling interval 19 days 19 days

Number of samples 15 20

Mooring: BO-5 at 54°20.6 S and 03°17.6 W
deployed on 27.12.1994
recovered on 07.04.1996

Depth of the trap 531 m 2268 m

Time of deployment 31.12.1994 - 15.01.1996 | 31.12.1994 - 08.12.1995
Sampling interval 19 days 19 days

Number of samples 20 18

Mooring: PF-8 at 50°11.1 S and 05°53.7 E
deployed on 29.12.1994
recovered on 09.04.1996

Depth of the trap 687 m 3110 m

Time of deployment 31.12.1994 - 15.01.1996 | 31.12.1994 - 15.01.1996
Sampling interval 19 days 19 days

Number of samples 20 20

Tab. 7: Newly deployed sediment traps:
Mooring: 227-3 at 59°01.8 S and 0.0° E deployed on 04.04.1996

Depth of the trap 3373 m
Time of deployment 06.04.1996 - 27.03.1997
Sampling interval 14 days

Mooring: BO-6 at 54°20.6 S and 3°17.0 W deployed on 07.04.1996

Depth of the trap 2280 m
Time of deployment 08.04.1996 - 27.03.1997
Sampling interval 14 days

sampling containers and are therefore able to collect the sinking material in 20
different time intervals. To prevent degradation of the material in the sediment trap
by microbial activities and zooplankion grazing, the sampling containers were
poisoned with mercury dichloride. The depioyed and recovered sediment traps are
summarized in Tab. 6 and 7.
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- to complement existent benthos samples by material from the areas mentioned
above, above all from greater depths; ' ; A
- to carry out physiological, reproductive, and population dynamic investigations
“and ethological studies on "key species" and to compare the results with those of
related species from lower and higher latitudes. : : i

Work: ‘at sea

The original idea was to work on a transect between 1500 m depth on the
Patagonian continental slope and 200 m on the shelf south of Isla Nueva; to
complete the samples obtained during the "Joint Magellan: 'Victor Hengen'
Campaign 1994". Part of this transect should have been done during that
expedition, but this had to be abandoned due to bad weather. i -

On ANT Xlil/4, 5 working days were available to complete the work south of Nueva.
"Polarstern" encountered caim weather but, quite unexpectedly, very rough bottom -
topography. The layer of fine sediments, if existent, was much thinner than at the
stations worked with "Victor Hensen" in the eastern mouth of the Beagle Channel in
1994. For this reason the stations, originally planned on a transect between 2500.
and 100 m, had to be chosen where topography, thickness of sediments and
currents allowed the use of trawled. gear and corers. Even so, by no means all
equipments could be deployed at all stations. The final list includes 10 Agassiz
trawl (AGT) catches (2 for collecting experimental material only), 3 hauls with the"
epibenthic sledge (EBS), 9 catches with the small Rauschert dredge (D), 3 multibox
corer (MG) stations with 21 macro and 2 meiofaunal samples, 4 multicorer (MUC)
stations with 30 meiofauna samples, and 380 pictures with the underwater camera
at 5 stations. A CTD rosette registered temperature, salinity and dissolved oxygen
between the surface and the seafloor. A large number of macrofaunal organisms:
were photographed alive, and fish and crustaceans were kept in the cool containers
for physiological experiments. :

Preliminary resuits

All samples obtained during this cruise, except for live experimental material, were:
preserved (for methods, cf. cruise report of the "Victor Hensen" Campaign, Arntz &
Gorny 1996) and require detailed analysis in the laboratories of the participating.
institutions. Definite results will be presented during the IBMANT/97 workshop o be
held at the Universidad de Magallanes in April 1997. The following preliminary
faunal results, based principally on the sorting of the AGT catches on deck, can be
summarized at this time; : ~ R

A first look at the meiofauna obtained from the filtrate of the multicorer samples.and.
from other gears revealed the following. groups to occur (in decreasing abundance):
nematodes; copepods (calanoids presumably from the water column, harpacticoids;
siphonostomatoids); polychaete larvae: ostracods; and foraminiferans. Other
groups are to-be expected from further microscopical analysis of the samples..

The macrobenthic endofauna of the multibox corer samples from 100 to 1200 m
depth showed low densities which decreased even more with depth. At the
shallower stations the seafloor was covered with a biogenic layer of shells as well -




as-bryozoan . and hydrozoan- debris, and:the dominant faunal ‘elements were
ophiuroids, echinoids and crustaceans. At the deeper stations, the substrate (if any)
was fine sand, and the only ldentlflable orgamsms were small sedentary
polychaetes 2 ,

The benthc macro and megafauna from AGT and small dredge was rtchest in
number and biomass at medium water depths between 200 and 600 m. Total catch
weights in shallow water were high but consisted mainly of dead shells: The deeper
seafloor in the area of study seems to be characterized by a generally thin sediment
layer which resulted-in a large number of gear failures-and was further reflected in
the dominance’of hard—'bottomfdwellers, in particular-gorgonarians.-Larger stones
came aboard from all depths and were often. strongly overgrown with sponges,

hydrozoans, ‘bryozoans and gorgonarians whereas btvalve molluscs and,
brachiopods: were missingon-the-stones: altogether:. - : G e

On the northern slope: of the'Drake Passage, too, the result from the "VictorHensen"
expedition is' valid that there are no ‘such rich, three-dimensional epifaunal
suspension feeding communities as:in:many parts-of the Antarctic.. However, the:
occurrence- of:sponges, bryozoans-and- gorgonarians revealed -a-distinct increase
as compared- with the Strait of ‘Magellan, the Beagle Channel and-the eastem
mouth: of the Beagle:Channel, and crinoids (although small and brittle) were: found
only iin this southernmaost part-of the Magellan area: The scarceness of.colonial:and
solitary ascidians: as: compared:with: the ‘Antarctic was:confirmed; and actinians:
were 4lso relatively scarce:Hydrozoans remained common isouth:of Nueva despite:
the non-occurrence of its-principal substrate; the :brown alga Macrocystis pyrifera,

due to greater water depths Hydrocorals were: found frequently on shells and
stones. T : : t :

Asteroids turned out to be much. scarcer and: small:er;thanvin‘t-he‘ Magellan area”
further to-the north. Regular echinoids were at about the same level whereas
irregular sea urchins were of much lesser importance than further to: the north,
particularly in the Beagle Channel, presumably because of the scarceness of soft
substrates. The great variety and abundance of ophiuroids on the shelf was further
increased by the large gorgonocephalans which contribute an important share to
the echlnoderm bromass The flnd ‘of crnnouds has been mentroned already

l\/lolluscs espeotally blvalves played ‘a minor role south of Nueva except for the

scallops (Chlamys)} which 'were found to be abundant at'some shallower stations:
The:'scarceness: of bivalve ‘molluscs, which resembles the ‘conditions’ in the

Antarctic, was unexpected after the dominance of molluscs found in the Strait of

Magellan and in the eastern mouth of the Beagle Channel; however, the reason(as"
for the missing of scaphopods) may again be the lack of soft bottoms. Bivalve

species composition was similar to the fauna further northyif the taxodont soft-bottom’
dwellers are not considered. Among the:prosobranch gastropods there were some

species which had not been found-in the regions further: to the north. Chitons and

octo’p*ods"‘ were present at a low abundance level.” Brachiopods: which in the.
Antarctic “replace” the bivalves as hard-bottom fauna, were only found in a few

smal speermens contrary to our results ln the Magellan Stralt

The various "worm™ groups can be ludged only after ‘more thorough -anal ysrs
seems, however, that-the scarceness and small size of echiurids and srpuncullds
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