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StrÃ¶m in ansonsten ruhigen Regionen hervorrufen, die einen deutlichen Einfluss auf 
die Umweltbedingungen in der Tiefsee haben kÃ¶nnen Die Rinne war bereits im ver- 
gangenen Jahr bearbeitet worden. Deshalb konnten wir auf Vorkenntnissen auf- 
bauen und das Untersuchungsgebiet erweitern. Wiederholungsmessungen sollen 
Aufschluss Ã¼be die zeitliche VerÃ¤nderunge geben. Als Grundlage erfolgte die Auf- 
nahme der Bodentopographie mit Hydrosweep. Allerdings erlaubten die Eisbedin- 
gungen nur eingeschrÃ¤nkt den Verlauf der Rinne vom Kontinentalhang in die Tiefsee 
zu verfolgen. Daher konzentrierten sich die Arbeiten auf den HangfuÃ und die Aus- 
lÃ¤ufe in die Tiefsee. Allerdings deuten die Daten darauf hin, dass die Rinne nicht am 
oberen Hang sondern erst am FuB beginnt. Mit einer Breite von wenigen Kilometern 
und einer Sprungtiefe von 50 bis 100 m, fÃ¼hr sie in Schlangenlinien Ã¼be etwa 
200 km in das GrÃ¶nlandbecken Dabei nehmen Eintiefung und Breite deutlich ab. Mit 
Multicorer, GroÃŸkastengreife und Schwerelot wurden Proben innerhalb und auÃŸer 
halb der Rinne gewonnen, um die Entstehung und die vorherrschenden Sedimentati- 
onsprozesse aufklÃ¤re zu kÃ¶nnen Die internen Strukturen des Rinnensystems wur- 
den mit dem Echolot Parasound kontinuierlich aufgezeichnet. Das geschleppte Ka- 
mera-System OFOS (Ocean Floor Observation System) lieferte Fotos auf Quer- 
schnitten Ã¼be die Rinne und von Vergleichsgebieten auÃŸerhal der Rinne. Zur Be- 
probung der Rinnenfauna wurden zwei Hols mit dem Agassiz-Trawl sowie Multicorer- 
Probennahmen zur Bestimmung von Abundanz, Biomasse und AktivitÃ¤ kleiner 
benthischer Organismen (Bakterien bis Meiofauna) ausgefÃ¼hrt Mit diesen Daten 
sollen die Verteilungsmuster der benthischen Organismen in und um die Rinne er- 
fasst werden, um die Bedeutung von benthischen Prozessen in Rinnen fÃ¼ das Ã–ko 
system der arktischen Tiefsee beurteilen zu kÃ¶nnen Benthische Verteilungsmuster, 
AktivitÃ¤ts und Biomassendaten sollen Aufschluss geben, ob die Rinnen heute "ak- 
tive" oder "passive" Abflusssysteme darstellen. Messungen mit der CTD, die beim 
Fieren und Hieven Ã¼be die Rinne geschleppt wurde, sollen dazu dienen, den poten- 
tiellen Beitrag von StrÃ¶munge in der Rinne zur Erneuerung der Wassermassen in 
der arktischen Tiefsee zu ermitteln. Ferner soll gezeigt werden, ob diese StrÃ¶munge 
die Ursache von sogenannten benthischen StÃ¼rme sein kÃ¶nnen Es hat sich aller- 
dings herausgestellt, dass Verankerungen, mit denen von 1993 bis 1995 benthische 
Sturme gemessen wurden, 5 sm nÃ¶rdlic der Rinne lagen. Die TrÃ¼bun des Wassers 
in der Rinne wich nicht wesentlich vom Hintergrund ab. Daraus lÃ¤ss sich schlieÃŸen 
dass zumindest wÃ¤hren des Messzeitraums keine StrÃ¶mun vorhanden war, die zu 
erhÃ¶hte Suspension gefÃ¼hr hat. Weitere AufschlÃ¼ss werden von den Daten aus 
verankerten GerÃ¤te erwartet, die wegen der EisverhÃ¤ltniss erst im September auf- 
genommen werden. 

Nach Abschluss der Arbeiten vor OstgrÃ¶nlan dampfte POLARSTERN in die 
FramstraÃŸe Im Arbeitsgebiet ,,Hausgarten1' wurden die Ursachen und Effekte physi- 
kalischer, chemischer und biologischer Gradienten in der Tiefsee untersucht, um die 
Dynamik benthischer Bakteriengemeinschaften und ihren Einfluss auf kleinskalige 
HeterogenitÃ¤tsmuste sowie zwischenjÃ¤hrlich VariabilitÃ¤ in arktischen Tiefseesedi- 
menten zu verstehen. Dazu wurden am Hang des Molloy Deep zwischen 1700 und 
5500 m Tiefe Bodenproben mit dem Multicorer genommen. Sie werden zu moleku- 
largenetischen Untersuchungen zur Ermittlung kleinskaliger HeterogenitÃ¤tsmuste an 
Populationen von Tiefsee-Nematoden verwendet. Mit dem Einsatz eines freifalleri- 
den, mit Kamera, Scanning Sonar und bekÃ¶derte Reusen bestÃ¼ckte Landers 
wurde die FÃ¤higkei von Amphipoden ermittelt, auf Nahrungsangebote, sogenannte 
'food falls" zu reagieren, die natÃ¼rlich StÃ¶runge am Boden der Tiefsee darstellen. 



Der vertikale Partikelfluss im Hausgarten wurde mit verankerten Sinkstofffallen ge- 
messen, die aufgenommen und wieder neu ausgelegt wurden. 

Als letztes Teilprogramm folgten CTD-Messungen in der FramstraÃŸe Sie dienen 
dazu, im Zusammenhang mit Verankerungsmessungen, den Austausch von Was- 
sermassen zwischen dem EuropÃ¤ische Nordmeer und dem Nordpolarmeer zu 
bestimmen. In internationaler Kooperation mit dem Norsk Polar Institut! und der Uni- 
versitÃ¤ Hamburg wird ein Feld von 14 Verankerungen aufrecht erhalten, das die 
Messung von Volumen-, Salz- und WÃ¤rmetransporte erlaubt. Drei dieser Veranke- 
rungen wurden ausgetauscht, um Bodendruckmesser auszubringen. Damit soll fest- 
gestellt werden, ob die Bodendruckfluktuationen nach ausreichender Kalibrierung als 
MaÃ fÃ¼ Transportschwankungen herangezogen werden kÃ¶nnen Dann wÃ¤r es 
mÃ¶glich die Anzahl der Verankerungen nach einer ausreichenden Erprobungsphase 
zu verringern. Da die Verankerungen verhÃ¤ltnismÃ¤Ã groÃŸ AbstÃ¤nd haben und die 
MessgerÃ¤t nur mit eingeschrankter Genauigkeit messen, wurde zur hochauflosen- 
den und genaueren Aufnahme der Verteilung von Temperatur und Salzgehalt ein 
zonaler Schnitt von der KÃ¼st Spitzbergens bis auf den ostgrÃ¶nlÃ¤ndisch Schelf 
ausgefÃ¼hrt Mit einem weiteren Schnitt, der von der Nordwestecke Spitzbergens Ã¼be 
den Rand des Sofia Deeps zum Meridian von Greenwich und dort bis auf 75O15' N 
fÃ¼hrte wurde die Aufspaltung des Atlantischen Wassers des Westspitzbergenstroms 
in drei Ã„st erfasst. Der erste fÃ¼hr entlang der NordkÃ¼st Spitzbergens, der zweite 
westlich des Yermakplateaus und der dritte speist die Rezirkulation sÃ¼dlic und in- 
nerhalb der FramstraÃŸe 

Durch die gÃ¼nstige Wetterbedingungen konnten die Arbeiten wÃ¤hren der ganzen 
Reise zÃ¼gi abgewickelt werden. Dadurch stand mehr Stationszeit als erwartet zur 
VerfÃ¼gung Anhaltende Ã¤uÃŸer ruhige Wetterlagen hatten zur Folge, dass nur wÃ¤h 
rend weniger Stunden Winde der StÃ¤rk 7 gemessen wurden. Allerdings war das 
ruhige Wetter mit hÃ¤ufige Nebel verbunden, der zeitweise die Aufnahme von Ver- 
ankerungen und des Landers sowie die Fahrt im Eis behinderte. Die Meereisvertei- 
lung entsprach der frÃ¼he Sommersituation mit Eiskonzentration von 7 bis 9/10 im 
Ostgronlandstrom, allerdings mit einer deutlich abnehmenden Tendenz. 

Auf dieser Reise begleitete uns der Maler Gerhard RieÃŸbeck dem es darum ging, 
den Gegenstand unserer Forschung, das eisbedeckte Nordmeer, aus seiner Sicht 
darzustellen. Er fertigte auf der Reise 41 EntwÃ¼rf und 500 Fotos an, die spÃ¤te dann 
die Vorlage zu GemÃ¤lde in 01 auf Holz bieten werden. 

Die wissenschaftlichen Arbeiten wurden am 27. Juli beendet. Auf der RÃ¼ckreis er- 
hielten wir Kenntnis, dass ein Lander, den wir fÃ¼ die Dauer eines Jahres in der 
FramstraÃŸ verankert hatten, vorzeitig aufgetaucht war. Da wir bereits zu weit vom 
Arbeitsgebiet entfernt waren, nahmen wir die UnterstÃ¼tzun des Norsk Polar Institutts 
in Anspruch, um den an der OberflÃ¤ch treibenden Lander zugig aufzunehmen, was 
umgehend durch die norwegische KÃ¼stenwach erfolgte. FÃ¼ diese unbÃ¼rokratisch 
Form der internationaler Zusammenarbeit sind wir Ã¼berau dankbar. POLARSTERN 
lief dem Plan gemÃ¤ am 29. Juli 2001 in Troms0 ein. 
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Abb. 1 : Fahrtroute der POLARSTERN wÃ¤hren der Forschungsreise ARK XVI111. 
Fig. 1 : Cruise track of POLARSTERN during cruise ARK XVII/1. 



Abb. 2: CTD-Stationen, die wÃ¤hren der POLARSTERN-Forschungsreise ARK 
XVII/1 ausgefÃ¼hr wurden. 
Fig. 2: CTD stations which were obtained during POLARSTERN cruise ARK XVIII1. 



2. ITINERARY AND SUMMARY 
Fahrbach 

POLARSTERN ieft Bremerhaven on 19 June 2001 for the cruise ARKXVII/I in the 
Nordic Seas. On board were 43 Crew members and 34 cruise participants. The cruise 
lasted 41 days. During this time we travelled 5 307 nm to investigate the physical, 
chemical, biological and geological conditions at several regional and disciplinary foci 
in the Nordic Seas (Fig. 1). To measure the water mass distribution 189 CTD stations 
(Conductivity, Temperature, Depth) were obtained (Fig. 2). 

POLARSTERN steamed on direct way to the eastern end at 15'50'E of a CTD tran- 
sect along 75'N across the Greenland Sea. The annually repeated hydrographic ob- 
servations along the transect are used to investigate the long period variability of the 
formation of deep and bottom water. The data from this year show that the tempera- 
fure increase of 0.01 K per year, which was derived from data obtained during 
cruises in previous years, kept on. in contrast to previous years three eddy-like 
structures with homogenous temperature and salinity down to 2300 m were ob- 
served. They might serve as a preconditioning to a new phase of deep open ocean 
convection in the Greenland Sea. Two moorings with profiiing Instruments wer@ 
recovered in the central Greenland Sea and three new moorings were deployed. The 
profilers had worked successfully for the whole deployment period. 

Water samples from CTD stations were used to obtain the distribution and variability 
of phytoplankton species composition, biomass (chlorophyll g) ,  particulate organic 
carbon and nitrogen and biogenic silica to understand the relation to sea ice Cover 
and water column stability. The related vertical particle flux serves as food supply to 
the benthos. Furthermore water samples were used for experiments to study the role 
of the microzooplankton community for trophic interactions within the aquatic food 
web. Quantitative estimates of the at-sea distribution of seabirds and marine mam- 
mals were carried out from the bridge while the ship was moving. 

On the East Greenland continental slope at approximately 74O3OSN multidisciplinary 
investigaiions were carried out in the framework of the BMBF project ARKTIEF 2 to 
investigate the role of deep-sea channels for water mass formation, sedimentation 
and living conditions of benthos. The channel flow might stimulate energetic currents 
in otherwise quiet regions that might have a considerable impact on the deep-sea 
environment. The first phase of the project started in summer 2000. Based on these 
results, we extended the study area. Measurements were repeated to assess Iong 
term variability. A basic requirement for the investigations are high-quality bathymet- 
ric data obtained from Hydrosweep surveys. However, ice conditions did not allow to 
track the channel far up the slope. Consequently our work concentrated On the foot of 
the continental slope and the deep sea. Preliminary results, however, indicate that 
this channel originales on the continental foot. The channel is a few kilometres wide 
and 50 to 100 m deep. lt was captured over 200 km from the foot into the deep sea. 
On its way, it becomes narrower and less deep. With multicorer, giant box corer and 
piston corer samples were taken in the channel and the adjacent deep sea to study 
the long-term development and the sedimentation processes. The internal structure 
of the channel System was studied by Parasound echosounder. The Ocean Floor 
Observation System (OFOS) was towed across the channel and along two transects 
at the adjacent deep-sea floor. Samples of benthic organisms were taken with two 
hauls with the Agassiz trawl and by means of the multicorer. The latter will be used to 



analyse abundance, biomass and activity of small benthic biota (bacteria to rneio- 
fauna). The data allow to determine the distribution patterns of benthic organisrns in 
and around channel systems in order to estirnate the relevance of benthic processes 
within the channels for the Arctic Ocean ecosystem. Based On activity and biomass 
data, it might be possible to determine whether a channel system is "active" or "fos- 
sil". To identify strong currents light attenuation in the water column was measured 
with a CTD towed across the channel while hoisted and lowered. The measured wa- 
ter mass properties, in particular the attenuation, showed weak indications to follow 
the channel profile. However, the signal is too weak to be indicative for intensive cur- 
rents. On the other hand such weak signals have to be treated with special care 
when the data are still in a rather raw status and time variability might disguise the 
effect. 

Causes and effects of physical, chemical and biological gradients in the deep sea 
were studied in Fram Strait on the eastern slope of Molloy Deep in water depth be- 
tween 1700 m and 5500 m. The area includes a long-term station (AWI-"Hausgarten" 
at 79'04'N 4'10'E in 2500 m water depth), and was already sampled in summer 2000 
to detect interannual variability in the benthos. Samples with the multicoter were 
taken to investigate the dynamics of benthic bacterial comrnunities and their impact 
on small-scale heterogeneity patterns of Arctic deep-sea sediments. Molecular ge- 
netics will be appiied as a tool to understand small-scale heterogeneity in populations 
of Arctic deep-sea nematodes. Of particular interest are food falls that represent 
natural disturbances at the seafloor of the deep sea. They were simulated and ob- 
s e ~ e d  by 6 deployments of a lander that was equipped with bait fish, cameras and a 
scanning sonar system to take slides frorn the approaching amphipods and catch 
them in traps. Studios of phytoplankton ecology and related biogeochernical pa- 
rameters occurred with water samples in the vicinity of a rnooring with sedirnent traps 
which was replaced. The work aims to understand the seasonality as well as the in- 
terannual differences of phytoplankton distribution patterns and the vertical particle 
flux. 

Fram Strait represents the only deep connection between the Arctic Ocean and the 
Nordic Seas. Just as the freshwater transport from the Arctic Ocean is thought to be 
of major influence on water mass formation in the Nordic Seas, the transport of warm 
and saline Atlantic water significantly affects the water mass characteristics in the 
Arctic Ocean. The inflow from the Arctic Ocean into the Nordic Seas influences the 
forrnation of water masses which are advected through Denmark Strait to the south 
and participate in the formation of the North Atlantic Deep Water. To determine the 
fluxes through Fram Strait a hydrographic section approximately along 79ON was re- 
peated and 14 moorings are maintained. Three of them were exchanged to install 
bottom pressure recorders, It is expected that variations of the horizontal bottom 
pressure differences will yield sufficient Information to derive transport fluctuations 
after careful calibration. The CTD survey was extended to capture the recirculation of 
the Atlantic Water flow in and south of Fram Strait by a section along the Greenwich 
Meridian and the spreading of the two branches east and west of Yerrnak Plateau. 

Favourable weather conditions with only a few hours of winds with force 7 facilitated 
the work. However, the calm weather was connected to frequent fog which at tirnes 
obstructed mooring or lander work as well as proceeding in ice. The sea ice condi- 
tions corresponded to the expected early summer situation with significant ice con- 



centrations between 7 and 9/10 in the East Greenland Current with a strongly de- 
creasing tendency. 

One of the cruise participants was Gerhard RieÃŸbeck a painter. He intended to dis- 
play the subject of OUT research, the ice covered ocean, through his view. For this 
purpose, he produced 41 sketches and 500 slides which are the basis of later paint- 
ings in oil on wood. 

The station work ended on 27 July on the Greenwich Meridian at 75ON. On our way 
to Tromse, we obtained the message that a lander which we had deployed in Fram 
Strait to be moored there for a year, had returned to the surface prematurely. lt was 
too late to return to the position and we had to ask the Norwegian Polar Institute for 
assistance. In a very unbureaucratic way with no delay the Norwegian Coast Guard 
recovered the lander successfully for which we are very grateful. 

POLARSTERN reached Tromse on 29 July 2001 where the cruise ended. 



3. WEATHER CONDITIONS 
K. Buldt, H.-J. MÃ¶lle 

After leaving Bremerhaven the first part of the voyage in the North Sea was influ- 
enced by the frontal system of a low pressure field in the southern part of the Norwe- 
gian Sea with rain and visibility below 5 km for a time. Near the southern shores of 
Norway the southerly wind increased up to 6 Bft. Moving south-east the low pressure 
system crossed the course of POLARSTERN in the morning of the 21 June. Pres- 
Sure rise at its backside built up a high pressure Zone reaching from Barents Sea to 
western Europe which determined the weather for the rest of the transit. While sun- 
shine prevailed at first, low clouds and fog came up later. 

In the research area along 75ON high pressure influence prevailed until end of June. 
Dense fog or low stratus clouds covered the Nordic Seas for long time. The high 
pressure extended from north-eastern Canada to the Greenfand Sea. It was flanked 
by a sequence of low pressure Systems extending from Kara Sea via northern Scan- 
dinavia and the Northeast Atlantic to Newfoundland. In consequence of this pressure 
distribution only light and variable winds blew near the eastern coast of Greenland 
since 26 June. 

At the end of the month, the Center of high pressure moved to east and pressure feil 
at Greenland's coast. A flat low pressure trough merged with a low south-west of 
Iceland and another one near the North Pole. The wind shifted south-west to south 
and increased up to 6 Bft. Some days later, the Iceland low moved to the Norwegian 
Sea and the pressure gradient weakened. The wind abated at 3 July. While low 
stratus and fog dominated before, now sunshine and weak frost set in. 

A new low pressure system formed near Cap Farvel and moved to Denmark Strait. 
Then it joined a low pressure trough extending from the Pole to East Greenland. With 
southerly wind humid air came up and dense fog dominated for longer periods. in the 
morning of 7 July the low pressure trough crossed our course eastward. Then, wind 
direction changed to north-west and a dry airflow caused good visibility. 

In connection with pressure rise over Greenland and pressure fall near the Norwe- 
gian coast the northeriy winds reached to 5 and 6 Bft for a time and occasionalty 
Snow was observed. 

After the 10 July, a gale centre moved over the Norwegian Sea north-eastward. Its 
frontal system crossed Fram Strait at 14 July and the visibility rose up to more than 
100 km rapidly. 

At the middle of the month a large high pressure system developed over the Nordic 
Seas. Only weak winds mainly from north Set in. The visibility changed from fog to 
100 km or more within a few minutes. This conditions persisted until 22 July when the 
main wind direction changed to south, because the axis of high pressure crossed 
POLARSTERN. Pressure fall over the coast of East Greenland built up a strong gra- 
dient at the western and central part of the Fram Strait and the wind increased up to 
7 Bft for a short time at 23 July. 

At the end of the voyage the subpolar high rnoved to northeast followed by a North 
Atlantic low. In consequence the wind changed to easterly directions. Later on the 



wind veered to southwest because a high pressure System build up over 
Skandinavia. 

Characteristics of weather conditions are summarized in Figs. 3 to 6. 

Met Office RV Polarstern 
ARK XVIIf1 

Fig, 3: Frequency distribution of windforce during ARK XVIIII. 
Abb. 3: HÃ¤ufigkeitsverteilun der WindstÃ¤rk wÃ¤hren ARK XVII/I. 
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Met Office RV Polarstern 

Fici. 4: Frequency distribution of wind direction during ARK XVII/I 
~ b b .  4: ~Ã¤uf i~ke i tsver te i lun der Windrichtung wÃ¤hren ARK XVI1/1. 
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Fig. 5: Weather chart displaying conditions typical for ARK XVII11. 
Abb. 5: Wetterkarte mit fÅ¸ ARK XVIII1 typischen Wetterbedingungen. 

Fig. 6: Sea ice conditions typical for ARK XVIIf'i. 
Abb. 6: Meereisverteilung wÃ¤hren der fÃ¼ ARK XVII11. 
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4. HYDROGRAPHIC CONDITIONS IN THE GREENLAND SEA 
G. Budeus, V. LÃ¼er I .  Meyer-Holste, S. MÃ¼ller B. PlÃ¼ger R. Plugge, S. 
Ronski 

Objectives 

Bottom water renewal in the Greenland Sea by deep convection in interplay with ice 
coverage and atrnospheric forcing is a major element of the water mass modification 
in the Arctic Mediterranean. Effects influence both the central Arctic Ocean and the 
overflow waters into the Atlantic. Since the hydrographic observations became more 
frequent in the late 1980s, no bottom water renewal by winter convection took place, 
however. Under these conditions, the deep water properties change towards higher 
ternperatures and salinities. Furthermore, the doming structure in the Greenland 
Gyre, as it was observed in the rnid-SOS, was superseded by an essentially 2-layered 
water mass distribution with a marked density step which is located presently at 
about 1500 m. The specific objectives of the project, which is incorporated in the EU 
funded CONVECTION, are 

e to investigate the relative importance of atmospheric forcing Parameters for 
winter convection, 

e to clarify whether ice coverage inhibits or facilitates deep convection, 
m to build a tong term observational basis about deep water changes in the 

Greenland Gyre, and 
to contribute to the decision which deep water exchange mechanisms are at 
work under the absence of deep winter convection. 

Work at sea 

In the central Greenland Sea, a long term zonal CTD transect at 75ON has been per- 
forrned with a regular station spacing of 10 nautical miles (Fig. 2 and 7). This dis- 
tance has not been reduced at frontal zones in order to gain time for a couple of sta- 
tions dedicated to the investigation of an convective eddy which had been detected 
earlier and had been marked with an APEX float to facilitate its identification. 

Two in house developed EP/CC (externally powered/compressibility compensated) 
Jojo moorings have been exchanged during splendid weather conditions. One addi- 
tional Jojo rnooring has been deployed according to the EU contract of the project 
CONVECTION. Deployments and recoveries revealed no problems and all equip- 
ment worked faultlessly. 

This is also true for the CTD work. It is not possible to describe the full details of cali- 
bration and data procedures here. A few hints may suffice to give an idea about the 
general procedure. We use the Same sensors already for a number of years and 
checked for their performance with respect to unwanted Cross dependencies. Ac- 
cording to this, one of the temperature sensors shows a pressure sensitivity of 
roughly 1.5 mK.14000 dbar while no pressure or temperature dependence of the con- 
ductivity sensors could be found, To identify the latter is close to impossible in the 
field (within the polar oceans) because of the high gradients in the upper water col- 
urnn where temperature differences occur. The locations of in-situ comparisons have 
been chosen carefully by checking for each data point whether a comparison is al- 
lowed or inadmissible. As there is no suitable location in Fram Strait except the deep 
waters of Molloy Deep, the opportunity for an in-situ cornparison there has been 



used. Duplicate Sensors have been utilized throughout, with varying positions On the 
CTD. Time alignment has been optimised for each flow path separately (stations 54 
and 75) and will be applied together with final post cruise calibration. The differente 
between pre-cruise and post-cruise calibration is normally in the range of a few rnK 
and a few 111 000 in salinity. Bottle sample salinities of triple samples are determined 
as a rough check on board, in the lab on land, and by Ocean Scientific. 

In addition to the standard Parameters, the following properties have also been 
measured: Chlorophyll fluorescence (Haardt), oxygen (SBE43, first test), and trans- 
mission (Seatech, 30 cm), 

Prelirninary results 

The most outstanding single feature of the survey in the Greenland Sea was certainly 
the convective eddy, which was revisited for the second time after its detection in 
early spring. This feature represents the deepest convection level observed in recent 
years. It was found close to the Greenwich Meridian a few miles south of 75ON. The 
homogeneous water column extended fo about 2300 dbar, with the ubiquitous tem- 
perature maximum (found usually at medium depth levels of some 1500 to 1700 m) 
displaced downwards to 2700 m. The feature has been covered with five stations 
which showed that at present the APEX drifter is not iocated exactly in the centre of 
the eddy. The eddy contains water which is denser than the surrounding at low pres- 
Sure levels (about 600 m), but considerabfy less dense at higher pressures. This indi- 
cates that the water within the eddy is not likely to replace bottom water. There are 
indications that the eddy may not have been formed during the last winter but before 
and that its lifetime exceeds one year. 

A second eddy with a similar structure was observed during on the regular transect at 
about 2OW. The temperature maximum was located at a slightly smaller depth level 
(2200 dbar). No attempt has been made to investigate its horizontal extent or identify 
its centre. The nearby Jojo mooring at 2'30' W captured the passing of such a struc- 
ture which belongs presumably to the Same eddy. The mooring data show that the 
vertical extent of the homogenized water column exceeds greatly the actual winter 
ventilation depth in mid winter. 

The conditions within the two eddies differ from those in the surrounding waters 
where winter convection did not penetrate through the temperature maximum and is 
confined mostly to about 1000 m. Since the water properties in 2000 and 2001 are 
very similar, the Jojo moorings serve as the best indicators for winter ventilation 
depth. A generally valid estimate the depth level of the temperature maximum is not 
possible because of the distortions of the isotherms induced by the eddies. In the mid 
gyre a depth level of roughly 1700 dbar is observed. However it is beyond any doubt, 
that the warming of the bottom waters, observed during the last years, continued with 
at usual rate of about 10 mK/year. The temperatures in the bottom waters increased 
e.g. from -1.145OC (potential temperature) in 2000 to -1.13I0C in 2001 at I0W. Con- 
sequently, the isotherm of e.g. -1 .lOÂ° is found at a greater depth in 2001 than in 
2000 (3250 m and 3100 m respectively) in the central basin. 
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Fig. 7: Transect of potential temperature and salinity across the Greenland Sea 
along 75'00'N. For location See Fig. 2. 
Abb. 7: Vertikalschnitt der potentiellen Temperatur und des Salzgehalts durch die 
GrÃ¶nlandse auf 75'00'N. Zur Lage des Schnitts, siehe Abb. 2, 



5. PROCESSES IN CHANNEL SYSTEMS IN THE WESTERN GREENLAND 
SEA 

5.1 Structure and geological processes 
A. Aahke, C. Hohmann, C. Kierdorf, J. Matthiessen, J. Vernaleken 

Objectives 

In the frame work of the multi-disciplinary research programme ARKTIEF sedimenta- 
tion processes are studied on geological time-scales (Â 1000-2000 years) in a chan- 
nel system at the East Greenland continental margin. The geological Programme 
aims at 

(1) characterizing the larger scale subsurface structure of the channel and the 
adjacent areas, 

(2) mapping the various sedimentary facies, and 
(3)  sampling surface and near surface sediments for a detailed study of various 

sedimentoiogical, organic geochemical and micropaleontological tracers 
which may reflect the various sedimentation processes, in particular gravita- 
tive mass transports. Additionally, the history of sediment transport in the 
channel will be elucidated by analysing sediment cores, These studies will 
contribute to a better understanding of the recent and past activity of the 
channel system. 

Work at Sea 

Bathymetrical survey 
The swath sounding system HYDROSWEEP was used during expedition ARK XVI111 
for a bathymetric survey in the study area of ARKTIEF at the East Greenland conti- 
nental margin. Based on the results of the survey during expedition ARK XVI/1 in 
2000 (Krause and Schauer 2001), the adjacent lower continental slope and deep-sea 
areas were visited to continue the detailed mapping of the Course of the channel. 
Furthermore, selected transects were conducted in the central portion of the system 
that was studied in 2000 to fill gaps in the bathymetric chart of this area. 

Sediment echosouding 
The ship-mounted PARASOUND echosounding system of POLARSTERN was in 
operation during the work in the Greenland Sea in order to characterize the acoustic 
behaviour of the upperrnost sediment iayers. The PARASOUND transects were con- 
ducted partly perpendicular to the axis of the channel in order to identify lateral vari- 
ability of sedimentary facies. Furthermore, PARASOUND profiling was used to select 
coring locations and transects for the OFOS surveys. The data were digitised by two 
different Systems: 

(1) the PARASOUND systern for simultaneous printing on a chart recorder (Atlas 
Deso 25), and 

(2) by the PARADIGM system (Spiess 1992). For details of the method and stan- 
dard settings used during the expedition See e.g. Niessen & Whittington 
(1 994). 



Bottom sediment sampling 
Surface and near-surface sediments were collected in the study area on transects 
across the channel to sample the various sedimentary environments. A more detailed 
sampling was done along the OFOS transects in collaboration with the biology group. 
In order to get undisturbed surface and near-surface sediments, the giant box corer 
(GKG) with a size of 50x50~60 cm and the multi corer (MUC) with a tube diameter of 
10 cm were used. The sampling was routinely done by MUC because of the better 
recovery of sediment surfaces. Gravity corers (SL) were used to obtain long sediment 
cores from the channel, the adjacent levees and the deep sea. 

Preliminary Results 

Bathymetry of the channel system 
A large-scale mapping with the GLORIA long-range side-scan Sonar revealed the 
general Pattern of a system with three major channels in the western Greenland Ba- 
sin (Mienert et al. 1993; Hollender 1996) but only single separate segments of the 
channel system that were selected for detailed studies in the ARKTIEF project could 
be mapped. The preliminary results of our bathymetric surveys in 2000 (Krause and 
Schauer 2001) and in 2001 show that a single channel meanders frorn the lower 
continental slope to the abyssal plain over a distance of about 200 km (Fig. 8). The 
channel was tracked back from the Greenland Basin in ca. 3500 m water depth at ca. 
74'45'N and 6O30'W to the continental rise at ca. 74ON and 13O15'W in about 
2600 m water depth. Although the severe ice conditions during ARK XVI111 ham- 
pered the survey at the continental slope, the few profiles suggest that there is not a 
single distinct channel extending upslope. Smaller tributary channels may be found 
running down slope but further detailed processing of the data is needed to allow a 
definite interpretation. Along the entire Course, this channel system is developed as a 
single channel that is clearly separated from the other channel Systems. East of 6O 
30'W distributary channels may have developed as indicated by the GLORIA data 
(Hellender 1996) but due to time constraints, the transition from the channel to the 
depositional area could only be studied along a single line when POLARSTERN left 
the area of operations to Fram Strait. Any larger depositional regions in the distal 
parts of the channel have not been observed. 

Morphology of the channel system 
The acoustic penetration was on the average down to a sediment depth of 25 to 
40 m, except in the channel bottom and in the continental slope where penetration 
was usually less than 5 m. The channel system can be tentatively divided into 4 mor- 
phological divisions based On morphological and acoustic characteristics. 

The upper channel system extends from the continental slope to about 12OW (Fig. 8). 
The structure of the channel is less distinct than in the middle and lower channel 
system. A levee extends along the southern margin of the channel but it is almost 

Fig. 8: Preliminary bathymetric map of the channel at the East Greenland margin 
based On HDROSWEEP data obtained during expeditions ARK XVI11 and ARK 
XVIII1. Depth contours are at 10 m intervals (Processing of data by C. Hohmann). 
Abb. 8: VorlÃ¤ufig bathymetrische Karte der untersuchten Rinne am ostgrÃ¶nlÃ¤nd 
sehen Kontinentalhang, basierend auf den wÃ¤hren der Expeditionen ARK XVII1 und 
ARK XVII/1 erhobenen HYDROSWEEP-Daten. Abstand der Tiefenlinien ist 10 m 
(Datenprozessierung durch C. Hohmann). 





indistinct at the northern margin. On the lower continental slope at the westernmost 
end of the mapped area, the channel is becoming much wider (ca. 10 km), probably 
ending at a slide headwall. Shallow depressions upslope ( 4 0  m) of the possible 
headwall may indicate that tributary channels may originate on the upper continental 
slope, Although the acoustic penetration is low on the continental slope, debris flow 
deposits are clearly identified in most profiles. 

The middle channel system consists of a leveed channel extending from the conti- 
nental foot to about g030'W. Levees are usually well developed at both flanks, the 
southern one being consistently higher than the northern one giving the channel an 
asymmetric shape. Some levees stand out clearly by more than 20 m from the adja- 
Cent deep-sea plain. The U-shaped channel is incised into the sea floor up to 100 m, 
but mainly less than 50 m, and is relatively narrow with an average width of Ca. 2000 
m. The levee deposits usually show a number of distinct parallel acoustic reflectors 
whereas only one prominent reflector is Seen in the channel sections. The channel 
bottom is relatively even. 

The lower channel system is characterized by a symmetric to asymmetric V-shape 
and the absence of prominent levees. Single Cross sections are about 600 to 1000 m 
wide and the channel is incised up to 50-70 m (max. 150 m) into the sea-floor. The 
channel floor is relatively rough. Apparently, the channel shallows east of 7'W being 
in general less than 30-50 m deep and having again a symmetric U-shape. The 
channel floor is more even than West of 7OW. These observations are only based on 
few oblique profiles across the channel and these interpretations must be considered 
as rather tentative. Further HYDROSWEEP and PARASOUND surveys are required 
because only one relatively narrow stripe of Ca. 5000 rn width was mapped along the 
channel. 

In the Greenland Basin east of ca. 6'35'W PARASOUND profiles show that the 
channel widens considerably terminating possibly in larger depositional lobes that 
have been interpreted from the GLORIA profiles (Hollender 1996). Single lens- 
shaped bodies with a transparent internal structure comparable to debris flows are 
possibly indicating sediment deposition related to transport in the channel system. 
However, further studies in this area are needed to reveal morphological details of 
this deep-sea depositional environment. 

Sedimentary environment along the channel system 
Bottom sediment sampling was conducted along the whole channel focussing on the 
central part of the system. The initial macroscopic analysis of the surface sediments 
suggests that the composition of sediments in the channel, the adjacent levees and 
the deep-sea areas is similar. The lack of erosional surfaces and the comparable 
sediment composition along the Course of the channel suggest continuous recent 
and sub-recent deposition. Only short sediment cores were recovered from the chan- 
nel floor. Gravity cores did not penetrate into the acoustic transparent layer below the 
top reffector. The core recovery was usually Iess than 100 cm indicating that only a 
thin Cover with soft (Holocene?) sediments overlies bedrock. Longer sediment cores 
were only retrieved from the adjacent levees and the deep sea. Further detailed land- 
based sedimentological, geochemical and micropaleontological studies as well as 
analysis of the HYDROSWEEP and PARASOUND records are required to evaluate 



the variability of sediments in the study area with respect to sedimentation and trans- 
port processes. 
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5.2 Benthic distribution patterns and turn-over p r o c e s s e s  
S .  BrÅ¸ckner M. Dickmann, C. Hasemann, K. V. Juterzenka, T. Renneberg, 
I. Schewe,  T. Schott, N. Queric 

Objectives 

Objectives of the planned biological and biochemical investigations within the ARK- 
TIEF project are to assess large-scale distribution patterns of benthic organisms in 
and around channel systems crossing the eastern Greenland continental margin and 
the deep central Greenland Sea, and to estimate benthic processes within these ar- 
eas and their relevante for the Arctic Ocean ecosystem. Based On activity and bio- 
mass data it might be possible to estimate the frequency and intensity of particle- 
loaded near-bottom currents within the channels, and to evaluate the quality of the 
suspended matter. The combination of results from optical surveys assessing distri- 
bution patterns of the larger epibenthic fauna with activity and biomass data for small 
sediment-inhabiting organisms from biochemical analyses will help to determine 
whether a channel system is "active" or "fossile". 

Work at S e a  

Small benthic organisms 
We hypothesize that the distribution as well as the activity of small benthic organisms 
are corresponding to the topographic and biochemical features of channel systems in 
terms of depth and distance to the channel centre. Benthic microbial processes are 
suspected to be directly connected to the occurrence of meio- and macrofaunal or- 
ganisms. 

Sampling was performed by using a multicorer sampling system, allowing the investi- 
gation of an undisturbed sediment surface. A total of 11 stations were sampled in the 
vicinity of the channel system. Subsamples for abundance, diversity and activity of 
bacteria and meiofauna, as well as the biogenic sediment compostion were taken 
using 5 ml and 20 ml syringes with cut off ends (see also section 9). Subsamples 
were sectioned horizontally in 1 cm-layers and analysed separately to investigate 



gradients within the sediment column. Bacterial production was measured via 
labelled leucine incorporation. Sediment-bound chloroplastic pigment equivalents 
(CPE) were determined on board to quantify organic matter input from primary 
production. To evaluate microbial exoenzymatic activities, esterase turn over rates 
were determined with the fluorogenic substrate fluorescein-di-acetate (FDA). 
Analyses of phospolipids and proteins will contribute to the assessment of living 
organisms and the proportion of detrital organic matter in the sediments. To assess 
the presence of traces, tracks and other "Lebenspuren" of macrofauna, a photo of 
each core surface was taken before sampling. 

Mega-/Epifauna 
The Mega-IEpifauna in the vicinity of the channel system was observed by means of 
the Ocean Floor Observation System (OFOS), which is suitable for seafloor imaging 
in water depth down to 6000 m, The OFOS frame is equipped with a still camera 
(Benthos), a black and white video camera (Deep-Sea Power & Light), two floodlights 
with 250 W each, flashes (600 W/s) and three laser pointers in a fixed distance of 
52 cm from each other as a size reference. The still camera was triggered on com- 
mand or timer-controlled in 30 s intervals and was loaded with Kodak Ectachrome 
100 ASA film, providing up to 800 shots per track. The whole system was towed 
across the seafloor in a distance of approx. 1.50 m with a drift velocity of approx. 0.5 
kn, The distance to the bottom has to be controlled by the winch operator, by adjust- 
ing the cable length according to the video information. To sample the epibenthic 
fauna and obtain reference material for the analysis of OFOS images, a small Agas- 
siz trawl (width 1 m) had been used. 

During the cruise, 7 OFOS transects have been performed. At St. 04, a first survey 
was made at the continental slope off Bear Island and was used to optimise the dis- 
tance to the seafloor, camera specifications and timer-controlled operation and check 
laser performance. Overall, six transects were obtained in the main investigation area 
off East Greenland and will provide approx. 3050 colour slides of the sea floor. Four 
transects were placed across the ARKTIEF channel according to HYDROSWEEP 
Information and PARASOUND profiles (St. 65, 69, 78, 84). St. 78 represents a profile 
at the central section of the channel which had been studied in 1999 by the ROV 
VICTOR6000 and in 2001 by the OFOS system and therefore allows an evaluation of 
interannual variability. To get an idea about the colonization of the deep-sea floor 
outside the channel, two transects were placed north and south of the central area 
(St. 73, 82; See Fig. 9). In the Course of the transects, multicorer samples were taken 
inside and outside the channel to analyse small biota. 

Transects across the channel covered at least the bottom of the channel, slope and 
the adjacent seafloor (water depth about 3000 - 3200 m; transect length 1 to 2 nm). 
A first impression of the benthos fauna in the vicinity of the channel system is given 
by video information and short pieces of photo film, which were developed on board 
for quality control reasons. Seafloor images revealed two species of elpidiid holothu- 
rians, crinoids, traces and calcareous test of the irregular echinoid Pourtalesia jef- 
freysi, actinaria, gastropods and small pantopods as well as a variety of traces and 
tracks. Some ball-shaped sediment-coloured and bright structures are thought to rep- 
resent several species of deep-sea sponges (e.g., Thenea abyssorum ). Small pieces 
of solid substrate (e.g dropstones) are colonized by anthozoans (Fig. 10). 



Two trawl catches along the channel axis provided material of dominant epibenthic 
organisms (mainly elpidiid holothurians, at least three species of deep-sea sporiges, 
pycnogonids). Image analysis and species determination will take place at the horne 
institute. 

The results of quantitative and qualitative evaluation of bacteria, meiofauna and epi- 
/megafaunal organisms will contribute to the knowledge On the habitat heterogenity, 
distribution patterns, as well as biomass and activity patterns of benthos communities 
in this channel System, which had become the focus of interest in 1999. 

Fig. 9: Location of the sections in the ARKTIEF area where samples were taken 
and OFOS was deployed. 
Abb. 9: Lage der Schnitte im ARKTIEF-Gebiet, auf denen Proben genommen und 
OFOS-Aufnahmen ausgefÃ¼hr wurden. 

Fig. 10: Sea floor images taken with OFOS which show that solid substrate (e.g. 
drop stones) is colonized by anthozoans. 
Abb. 10: Fotografische Aufnahmen mit OFOS, die zeigen, dass Hartsubstrate wie 
,,drop stones" mit Anthozoen besiedelt sind. 
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5.3 Physical Processes 
udeus, E. Fahrbach, V. LÃ¼er I. Meyer-Holste, S. MÃ¼ller 

Plugge, S. Ronski 

The aims of the ARKTIEF 2 project are to estimate the contribution of various proc- 
esses to the modification of deep water masses in the Arctic, to understand the dy- 
namics of these processes, and to assess their effect on the conditions for marine 
life. The acquired data and results should serve to improve the basis of physical and 
ecological modelling. 

In the past, water mass modification in the Greenland Sea took place mainly through 
deep-reaching convection, which is presently absent. However, the changes pres- 
ently observed in the deep and bottom waters of the Greenland Sea indicate that 
other processes play a role in deep water modification. Shelf drainage via channels 
that extend down the continental slope of east Greenland into the deep sea is a po- 
tential process of deep water formation. Currents trapped in narrow channels could 
stimulate energetic flows in otherwise quiet regions, which has considerable impact 
on the sedimentation and living conditions in the deep sea. 

Work at sea 

To measure bottom current events three moorings are presently deployed in the 
ARKTIEF channel and will be replaced by LANGE in autumn 2001. During the pre- 
sent cruise oblique CTD-profiles with an attenuation Sensor were measured across 
the channel to detect, if an elevated load of suspended matter would indicate en- 
hanced currents (Figs 2 and 11). To obtain sufficient horizontal resolution the CTD 
was towed with 1 kn when hoisted and lowered within 500 m from the bottom. By this 
procedure the foot points of the profiles are 600 m apart and the profiles were in an 
angle of 35' to the vertical. Due to the wire angle the CTD was about 2 km behind 
the ship. 

Preliminary results 

The measurements with the CTD towed across the channel while hoisted and low- 
ered should provide information if the water mass properties reflect the flow condi- 
tions in the channel. It is of interest if currents in the channel transport water masses 
from shallower depths into the deep sea and if the flow in the channel could be the 
origin of benthic storms. Those current events were observed with moored instru- 
ments from 1993 to 1995. It appeared that the moorings in that time had been de- 
ployed 5 km north of the channel since it was not yet known. The water mass proper- 
ties measured with the towed CTD, in particular the attenuation, showed weak indi- 
cations to follow the channel bottom profile (Fig. 11). However the signal is too weak 
to be indicative for intensive currents. On the other hand such weak signals have to 
be treated with special care when the data are still in a rather raw Status and time 
variability might disguise the effect. 
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Fig. 11 a:Transect of potential temperature, salinity and attenuation across the ARK- 
TIEF channel obtained by towing the CTD when hoisted and lowered within 500 m 
from the bottom. A channel west 1 St. 63, B channel west 2 St, 67. 
Abb. 11 a: Vertikalschnitt der potentiellen Temperatur, des Salzgehalts und der Licht- 
Attenuation quer zur ARKTIEF-Rinne, gemessen in den unteren 5UO m der 'wasser- 
sÃ¤ul mit einem beim Hieven und Fieren geschleppten CTD. A Rinne West 1 st. 63, 
B Rinne West 2 St. 67. 
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Fig. 11 b:Transect of potential temperature, salinity and attenuation across the ARK- 
TIEF channel obtained by towing the CTD when hoisted and lowered within 500 m 
from the bottom. C central channel St. 75 and D channel east St 84. 
Abb. 11 b: Vertikalschnitt der potentiellen Temperatur, des Salzgehalts und der Licht- 
Attenuation quer zur ARKTIEF-Rinne, gemessen in den unteren 500 m der Wasser- 
sÃ¤ul mit einem beim Hieven und Fieren geschleppten CTD. C Rinne Mitte St. 75 
und D Rinne Ost St. 84. 



6. OBSERVATION OF SEABIRDS AND MARINE MAMMALS 
J. Tahon, B. Van Mol, B. Saveyn 

Objectives 

e To obtain a better knowledge of quantitative distribution of seabirds and marine 
mamrnals, based on the presence of different water rnasses and fronts, deter- 
mined by water ternperature and salinity. Basic aspects are abundance of preys. 

e To increase the volume of data, collected by the same team, using the same 
methodology. In this ARK XVII 1, a total of 25 species of birds was identified, as 
well as 5 species of whales, 1 of dolphins, 4 of seals and the polar bear. 

e To cornpare the data with earlier results collected in this region since 1974; since 
1988 under icy conditions on board of POLARSTERN, METEOR 1985; POLAR- 
STERN 1988 ARK V 1 b and V 2, 1990 ARK VII2, 1991 ARK Vlll 1 and 2, 1993 
ARK IX 2 and 3; DALNIE ZELENTSY (Murmansk) 1991,1992 and 1993. 

e To estimate the importance of followers within the counting. Followers are birds 
following a vessel for some time. They cause serious problems of counting be- 
cause they circle around the vessel and are likely to be counted several times. 
They rnay sometirnes outnumber the valuable counting data by a factor of 100. 
Different categories of followers are to be taken into account: 
a) Birds attracted some moments, from 10 km or more, by the superstructures of 

POLARSTERN, e.g. Uria aalge, Uria lomvia, Alle alle, Fratercula arctica, Cep- 
phus grylle. 

b) Birds staying at one stop Station (CTD, multi-boxcorer, ...) and sitting close at 
sea for ?h hour or more, to feed actively in the turbulentes caused by the mo- 
tors, e.g. Fulmarus glacialis, ÃŸiss tridactyla, some skuas, some gulls, . . . . 

C) Real followers, following during hours, sometimes individually identified, 
mainly Fulmarus glacialis and Rissa tridactyla. Also to be taken into consid- 
eration are Morus bassanus, Stercorarius pomarinus, Stercorarius parasiticus, 
Stercorarius longicaudus, Larus fuscus, Larus argentatus, Larus marinus, Pa- 
gophila eburnea, . . . . 

The aim on this trip is to produce a basic protocol of general application to evalu- 
ate and eliminate the drawbacks caused by these followers. 

e Establish broad ecological cornparison between European Arctic Seas and the 
Weddell Sea, Antarctica (POLARSTERN 1988 EPOS l leg 1). 

Work at sea 

A total of 5308 sea miles were travelled during the 40 days of navigation. For practi- 
cal purposes, the cruise was divided into 7 legs or periods, totalling 680 Counts of 30 
minutes. 



LEG PERIOD COUNTS 

ThewavNorth 
From Brernerhaven (53O N) to 75O N, 15' E 19106-24106 128 
The 75Â N transect 
Frorn 15" E to 15' W across the Greenland Sea 24106-01/07 110 
ARKTIEF 2 
Channel System of the Eastern Greenland Sea 01107-1 1/07 133 

BOX 75'N-12'W 75Â°N-150 
73'N-13OW 73ON-17OW 

Towards 79' N 
To Svalbard and Fram Strait 
AW I - Hausaarten 
BOX 80' N 07" E. 80" N 02' E 

The 79' N transect 
a) Towards 80' 30' N along Spitsbergen 19107-22/07 7 1 
b) 79ON transect across Fram Strait and back O0 22107-25/07 56 
The wav back* 
From 79' N-long.OO Greenwich to Trornso (70' N) 25107-28107 

Total for the 7 legs 19/06 - 28/07/2001 680 counts 

An additional 58 uncompleted counts were discarded for several reasons: sudden 
dense fog, unpredicted stops of POLARSTERN, fruitfull discussions aboard, e-mail 
duties.. . L . 

'the writing of the report was stopped at sea before the end of the trip at 75'15'N 
(27/07 at 05 h). While countings still went On. 

Preliminary results 

Level of presence per species 

A species is present or not in each count. The positive data introduced in a specific 
list of birds. At the end of the period, a percentage is obtained, relative to the total 
number of counts of the period. The species is then attributed to one of the 4 catego- 
ries A, B, C or D, in order to situate the level of presence of that species (see species 
table). 

Species presence 
A > 50% of the counts of the period: very common 
B 25% - 50% of the counts of the period: common 
C 5% - 25% of the counts of the period: significant 
D C 5% of the counts of the period: occasional 

For example: 
For the first period, the way North, there are two species represented in more than 
50% of the counts (categorie A), in 65 counts or more on a total of 128 counts, 
namely Fulmarus glacialis and ÃŸiss tridactyla. 



Level of presence per species 

1. The way 
North 
2 The 75O N 
transect 
a) no ice 
b) ice 

3. ARKTIEF 

L- 
4. Towards 

Hausgarten 
6. The 79 '~ -  
transect 
a) Towards 
3O030'N 
3) 7g0N 
ransect 

7. The way 

Total N of 
speciesl  
period 

18 

18 

3 

25 

Total N of sc 

S E A  MAMMALS 
species 
whales 

All bird species a r e  listed in the next fable, devoted fo a specific presentation for the 7 
periods. 

Comment: Few species are  very common (categorie A) during one  single period. 
Birds belonging to categories B and C are also relevant (common and significant) for 
the given period. 
Many species a re  only noted as D (occasional), sometimes during one  single period. 
They are anecdotic for the study of food webs. 



Involved species 
List of the 25 observed bird species and frequency during the 7 periods 

counts; 
C= present in 5 to 25 % of the counts; D= present in less than 5% of the counts. 

PROCELLARIIDAE 
Fulmarus glacia fis 
Puffinus puffinus 

Only 11 species, present as A, B or C, in at least one period, are of real interest in 
the area for the study of trophic levels and food webs, i.e.: Fulmarus glacialis, Morus 
bassanus, Stercorarius pomarinus, Larus fuscus, ÃŸiss tridactyla, Larus hyper- 
boreus, Alle alle, Fratercula a rctica, Cepphus grylle, Uria aalge and Uria lomvia. 

PERIODS 

ANATIDAE 

1 

Somateria sp. 

4 2a I 2 b  
no 1 ice 
ice 

NUMBER OF COUNTS 
128 8 3  127 I133 5 1  196 171 156 135 

A I B  [ B  [ B  \ C  / C  I B  / C  16 

t t - 

3 5 

D 1 -  : - 

l D  1 -  
SULIDAE 

1 - 

Morus bassanus C 1 -  , - 

6a i 6 b  

, - 

7 

SCOLOPACIDAE 

*A= present in more than 50% of the counts; B= present in 25 to 50% of the 



List of the observed sea mammals 

Whales and dolphins are mostly observed in "warm" water rnasses, free of ice; in 
contrast seals and polar bears are mainly Seen on ice floes, which serve as physical 
supports. 

WHALES (Balaenouteridae) 
0 ~ a l a e n o ~ t h a  acufo>osfrata 

o Megaptera novaeangliae 
P E O D  1 N 1 POSITION 1 PERIOD 1 N 1 POSITION 
5 1 1 1 78O 59' N 1 04O 40' E 1 6 1 1 1 80' 03' N 1 02' 47' E 

o Balaenoptera physalus 

PERIOD 
1 
5 
5 

DOLPHINS 
Lagenorhynchus albirostris 

Period 1 = 2 dolphins in 1 count at 74' 22' N - 14' 30' E. 
Period 2 = 25 dolphins in 5 counts from 75' 00' N - 14' 46' E to 75' 00' N - 07" 15' E. 
Period 4 = 19 dolphins in 2 counts from 77' 58' N - 04O 21' E to 78' 45' N - 08' 15' E. 
Period 5 = 6 dolphins in 1 count at 78' 58' N - 04O 42' E. 

PERIOD 
6 
6 
6 

Orcinus orca 

SEALS 
0 Pusa hispida or Phoca hispida 
Period 2: 9 seals in 4 counts from 75' 00' N - 12O 23' W to 74" 57' N - 14' 12'W. 
Period 3: 322 seals in 32 counts from 75' 50' N - 13' 03' W to 74' 1 1' N - 12' 35'W 

with concentrations of 16,21,29,21,16,15,27,54,34 and 23 Pusa hispida. 
Period 6: 2 seals in 2 counts at 79" 53' N - 00' 46' E and 79O 00 N - 02' 20' W. 

N 
1 
1 
1 

N 
4 
1 
3 

PERIOD 
5 
5 
5 

Erignafhus barbatus 
Period 2: 1 seal in 1 count at 74' 58' N - 08' 08' W in a group of P. groenlandicus. 
Period 3: 3 seals in 3 counts from 73' 58' N - 13" 56' W to 74O 12' N - 12' 19' W. 
Period 4: probably some 60 bearded seals in concentrations of Pagophilus groenlandicus (see 

N 
1 
3 
1 

PERIOD 
1 
1 
4 

POSITION 
72O08'N 1 10Â°05' 

P.gr.). 
Period 5: 2 seals in 2 counts at 79O 04' N - 03' 37' E and at 78' 58' N - 0O0 38' E. 
Period 7: 1 Seal in 1 count at 78' 32' N - 00' 01 E. 

POSITION 

N 
1 
1 
1 

POSITION POSITION 

PERIOD 
1 
1 

0 Pagophilus groenlandicus or Phoca groenlandica 
Period 2: 293 seals in 8 counts from 74' 49' N - 00' 10' E to 75O 00' N - 14' 00' W 

with concentrations of 83 and 200 Pagophilus groenlandicus. 

POSITION 
66' 48' N 
79' 03' N 
78O53'N 

79' 07' N 
78' 58' N 
78O54'N 

68'46' N 
68O51'N 
77' 07' N 

PERIOD 
1 

7g029'N 
74O 59' N 
7g046'N 

06' 27' E 
04' 25' E 
05"18'E 

05O 23' E 
04'42' E 
0 l o 2 5 ' E  

07' 35' E 
07'39'E 
00' 57' E 

N 
5 

N 
11 
3 

10Â°13' 
02'03' E 
00Â°14' 

POSITION 
6 6 Â ° 5 3 ' N 0 6 0 3 0 '  
7 lo15 'N  1 0g022'EA 



Period 3: 146 seals in 6 counts from 73" 56' N - 14' 45' W to 74' 24' N - 09' 44' W 
with a concentration of 140 Pagophilus groenlandicus. 

Period 4: 41 70 seals in 3 counts from 75Â 52' N - 03' 21' W to 76' 29' N - 01' 15' W 
with concentrations of 200, 2400 and 1570 Pagophilus groenlandicus. 
Each time lying on a succession of +I- 10 middle sized ice-floes. The two main 

groups at respectively 75' 57' N - 03' 11 ' W and 76" 29' N - 01 15' W. 
Period 5: 17 seals in 9 counts from 78Â 00' N - 07' 00' W to 78' 58' N - 02' 48' E. 
Period 6: 31 seals in 13 counts along the 79' N from 10' 40' E to 01'55 W and back. 
Period 7: 354 seals in 3 counts with a concentration of 350 probably Pagophilus 

groenlandicus at 77' 42' N - 00' 01' E. 

Cystophora crisfata 
Period 2: some 10 seals in 1 count at 74' 58' N - 08' 08' W in a group of Pagophilus 

groenlandicus. 
Period 3: 5 seals in 4 counts from 74' 06' N - 13- 47' W to 74' 11' N - 12' 19' W. 
Period 4: probably some 60 hooded seals in a concentration of Pagophilus groenlandicus 

(see P.gr.). 
Period 5: 1 seal in 1 count at 78' 58' N - 00Â 38 E. 
Period 6: 2 seals in 2 counts at 79" 52' N - 0O0 38' E and 79" 18' N - 00'03' W 

POLAR BEAR (Ursus maritimus) 
10 polar bears from 73O 58' N - 14' 10 W to 75' 00' N - 13' 50' W. 
Period 2 3 1 female with 2 young at 75' 00' N - 13' 29' W 

1 second year a t75Â°00 'N-13050 '  
Period 3 1 eating at carcass at74Â°05'N-14011'  

1 middle sized one at73Â°58'N-14"25'  
1 at74Â°11'N-13048'  
2 1 female with 1 young at 74' 14' N - 13' 41'W 
1 a big one at73O58'N- 14Â°10' 

This is an important concentration of 10 polar bears at rather low latitude. 
Period 6 1 bloodily eating at 80' 00' N - 00" 58' E 

1 at 78' 58' N - 05' 50' W 

e Alrnost all Fulmarus glacialis individuals, at 79O N, belong to the dark form of 
the Fulmarus glacialis species. They are scarcely distributed in the area, being 
a little bit more numerous above ice floes than at sea. 

e As a farnily, Laridae are "southern" birds. Rissa tridactyla and sometirnes La- 
rus hyperboreus are the ones to be Seen at 79O N. 

Q At 79' N, Rissa tridactyla is regularly present, rnost of the birds being adult 
individuals, probably breeding. Non-adult birds are found rnore to the south. 

Q During periods 1 to 4, Sfercorarius pomarinus was exceptionally frequent, from 
an ornithological point of view. It could rnean that such a continental nesting 
bird stayed longer in the North Eastern Atlantic waters. Along the coast of 
Norway, migration norrnally occurs at the end of April and during May. That 
land species nests throughout northern Siberian, during May, rnostly eating 
srnall rodents. Lemmings constitute a major part of their diet. Supposed ab- 
sence of lernrnings this year could have turned pomarine skuas to piracy at 
sea. 

Q Alcidae is the best represented family in the North Eastern Atlantic and Arctic 
waters, narnely with Uria lomvia (3.10~ breeding pairs), Fratercula arctica 
(3.10 b.p.) and Alle alle (1,5.106 b.p.) For these three species, Spitsbergen, 
Eastern Greenland, Iceland and Norway are rnajor haunts. Very high numbers 



of "crossers" coming from or going to colonies. (POLARSTERN was Iess than 
10 km from Spitsbergen). 

The first two are fish eaters. The diet of the third is zooplankton. All of them play 
an important role in the trophic chains of the North Eastern Atlantic and Arctic 
seas. 

Cepphus grylle is known to be a very coastal bird. Presence far at sea has 
been frequently observed. Nevertheless these observations are mostly in- 
volving lSt summer individuals, therefore not in charge of breeding duties. 
As huge sea mammals that play a considerable role in trophic webs, whales 
were evidently to be involved in the Counts. In agreement with literature con- 
cerning weight, 1 Physeter macrocephalus (sperm whale, Pottwal) (30 tons) is 
equivalent to 200.000 Alle alle (Little Auk, Krabbentaucher) (150 g). To no 
surprise they were mostly present in the "warm" waters of the West Spitsber- 
gen Current, and were represented by 43 animals belonging to 5 species. 
Living in family pods, Lagenorhynchus albirostris, small cetaceans of 200 kg, 
were observed mainly in West Spitsbergen Current, West of the Barents Sea, 
with a total of 52 individuals. Delphins are very active fish eaters. They are 
easily observed from the vessel and in some way their importance is often 
overestimated. 
Large concentrations of Pagophilus groenlandicus (41 70 individuals in 3 
groups) were observed between 75O 52' N - 03O 21' W and 76O 29' N - 01' 15' 
W. With a mean weight of about 100 kg, these fish eaters represent a very im- 
portant web in the food chain. 
Polar bears are super predators, standing at the top of the trophic chain, like 
man. The study of the behaviour of the mythic "Micha" is therefore of prirne 
interest. A total of 10 Ursus maritimus (polar bears) were encountered in a 
relatively restricted area (between 75' 00' N - 13O 50' W and 73' 58' N - 14O 
25' W), which is unusually south for that species. Reasons for that are to be 
discussed later (global increasing population? change in environrnental condi- 
tions? prey occasionally concentrated more to the south? south eastern 
Greenland population? (See also Polar Bear studies, ARK IX 2 and 3, pp. 116- 
125). 
Many warm-biooded animafs (whales, dolphins, seals, walruses, etc.), just like 
cold-blooded ones (fish ...) do not occupy large areas at random. They are 
concentrated in clusters where the food is accessible or where they nest (Alci- 
dae On ice floes and cliffs) or where they moult (Anatidae). To be instantly 
ready to identify them at sea is a question of good knowledge of systematics 
and habits, but above all it requires an aggressive determination to perform 
long-term counting. 

Followers 

Because followers cause serious problems while counting, we tried to make an esti- 
mation of their impact. 

Therefore the number of birds of a species during a normal Count (N) is compared 
with the number of followers of that species after the counting (N') and after 1 hour on 
CTD-station (N"). These data registered with or without ice and with or without fog 
are entered separater in the table. This has been done during the 75ON and the 79O 



N transects. The following tables show the results for Fulmaris glacialis and Rissa 
tridactyla, the two most frequent followers. 

A = X/C = Nurnber of counts where the species is present/ total nurnber of counts 
r = NIC = Nurnber of birds countedl total nurnber of counts 

N: nurnber of birds counted during a count 
N': flying followers (counted at the end of a count) 
N": sitting followers (during CTD-stations), after +I- 1 hour during which 

POLARSTERN is on stop position, 

*: non significant 

For the Fulmarus glacialis there are, at 75' N, 10 times more flying followers (N') and 
100 times more sitting followers (N") than on normal counts (N). The data from all 
species need to be accurately analysed in order to present a protocol involving all 
followers. In order to better understand the behaviour of the followers, waves and 
wind are also factors to take into consideration. 



7. PHYTOPLANKTON ECOLOGY AND VERTICAL PARTtCLE FLUX 
0. Haupt, S. Haase 

The distribution of phytoplankton and the vertical particle flux were the research in- 
terests of the phytoplankton working group during ARK XVII-1. The stability of the 
water column due to sea ice melting and freezing as well as hydrographic conditions 
of the different water masses in the Nordic Seas and Fram Strait can be correlated 
with the occurrence of blooms of different phytoplankton species. Also the annual 
succession of phytoplankton species can be found in the material that sinks down to 
the sea floor. In order to understand the seasonality as well as the interannual differ- 
ences of phytoplankton distribution patterns and vertical particle flux, we have col- 
lected samples of phytoplankton and related biogeochemical parameters, and de- 
ployed sediment traps. 

A total of 29 stations were sampled on a transect along 75ON, in the ARKTIEF inves- 
tigation area off East Greenland and in the ,,Hausgarten1' area off Svalbard. At 17 
stations on the transect we collected only water from 6 depths between the surface 
and 75 m for the analysis of chlorophyll to get information about the species succes- 
sion across the Nordic Seas. At 12 stations on the transect and in the other investi- 
gation areas we took samples from the surface down to the sea floor with a water 
sampler rosette (Niskin bottles) to get data On the vertical distribution of nutrients as 
well as for the chlorophyll, organic carbon and nitrogen and silicate contents of the 
particulate material of the water column. Samples for microscopic analyses of the 
plankton community were also taken with the water sampler and a net on selected 
stations. 

We further changed a mooring with two sediment traps and a current meter (Fevi-1 1 
Fevi-2) at 79O 01,8' N, 04' 20,3' E. The traps were deployed right below the euphotic 
Zone at about 260 m and close to the bottom at about 231 0 m. 

Only investigations by microscope and chlorophyll measurements could be made on 
board to get first information about the phytoplankton distribution along the transect 
at 75ON. The data show that chlorophyll concentrations reaches up to 5 pa dm"3 in 
the centre of the Greenland Sea gyre. Comparing the eastern and the western part of 
the transect we found that the chlorophyll maximum sinks down from the surface to a 
depth of about 30 m close to the shelf of East Greenland. Microscopic investigations 
show that the phytoplankton was dominated by dinoflagelates in the eastern part of 
the transect which is typical for a summer situation. However, in the western part 
diatoms played the leading role and the phytoplankton compositions shows typical 
characteristics for a spring system. More detailed analyses of nutrients and water 
masses have to be made in Bremerhaven to get a clear picture of the state of the 
ecosystems in the Greenland Sea. 

The long term mooring Fevi-1 could have been recovered successfully but results are 
not avaiiable yet. 



Fig. 12: Chlorophyll distribution at 75ON transect. 
Abb. 12: Chlorophyllverteilung auf dem 75ON-Schnitt. 



OF THE ARCTIC OCEAN 

bjectives 

Despite of intensive investigations of the abundances and seasonality of pelagic pro- 
tists in the Arctic Ocean, the functioning and the role of protists in this ecosystem is 
poorly understood. As we know from studies in other aquatic systems the impact of 
heterotrophic protists to the carbon cycling is large. Furthermore protists are highly 
species-specific within their trophic relationship, The aim of our investigation is to 
estimate the role of heterotrophic protists as herbivores (ciliates) and bacterivores 
(flagellates) in the aquatic food web of the Arctic Ocean. 

We conducted two types of experiments, a "dilution experiment" and a "tracer ex- 
periment", to investigate the role of protists in the arctic ecosystem. The "dilution ex- 
periment" should show the grazing pressure from heterotrophic protists on algae, 
hetero- and autotrophic protists. Therefore natural unfractionated seawater was di- 
luted with particle-free seawater in several steps to reduce the encounter probability 
between predator and prey, The bacterivory is given by the "tracer experiment". La- 
belled bacteria (fluorescently-labelled, FLB) were offered as food source for hetero- 
trophic protists. The magnitude of bacterivory will be deduced from the differente in 
the abundance of the tracer between initial to the end samples. 50th types of ex- 
periments were incubated under in-situ conditions in two seawater through-flow on- 
deck incubators for 48 h. The two types of experiments were performed seven times 
with different water masses from 20 to 35 m depth. To investigate the abundance of 
bacteria and the bacterivory, filters were made and frozen. 

Preliminary results 

Only test-counting took place on board. lt resulted, that the bacterial abundance of 
natural seawater was between 0,2-0,89 *106 bacteridml. This abundances correlate 
with bacteria concentrations found in the literature. To estimate the abundance of 
ciliates and algae fixed water samples are taken. The main evaluation will occur at 
the AWI and include: 

Determination of abundances of autotrophic and heterotrophic protists and 
bacteria 
Taxonomic description of the organisms 
Determination of concentration of chlorophyll a 
Determination of concentration of nutrients 
Determination of community growth rates 
Determination of community grazing rates 
Determination of species-specific growth rates 
Determination of species-specific grazing rates 
Direct quantification of bacterivory. 



9. DEEP-SEA BIOLOGY 
S. BrÃ¼ckner C. Hasernann, K. V. Juterzenka, K. Premke, N. Queric, I. 
Schewe, J. Wegner 

The airn of this project is to investigate depth related distribution patterns of benthic 
bacteria and meiofauna. Various biotic parameters are investigated on the back- 
ground of interannual variability. Sediment samples were taken at a long term depth- 
transect (1 000-5000 m) on the continental margin west off Spitsbergen, crossing the 
"AWI-Hausgarten" to the Arctic deepest point, the Molloy Deep (Fig. 13). 

Fig. 13: Schematic representation Molloy Deep and the "Hausgarten" sampling 
distribution. 
Abb. 13: Schematische Darstellung von Molloy Deep und die Verteilung der 
Probennahrne im ,,Hausgarten1'. 

Sampling was performed using a rnulticorer sampling system, allowing the investiga- 
tion of an undisturbed sediment surface. A total of 10 stations were sampled along 
this transect. Subsamples for faunistic investigations and for biochernical analyses 
were taken using 1 rnl, 5 ml and 20 ml syringes with cut off anterior ends. Subsamples 
were sectioned horizontally in 1 cm-layers and analysed separately to investigate 
gradients within the sedirnent colurnn. 

9.1 Causes and effects of physical, chernical and biological gradients in the 
deep sea 

The parameters which are suspected to follow a gradient are mainly abundance, di- 
versity and activity of bacteria and meiofauna, as well as the biogenic sediment com- 
position. To evaluate microbial exoenzymatic activities, esterase turn-over rates were 
determined with the fluorogenic substrates fluorescein-di-acetate (FDA). Sediment- 
bound chloroplastic pigment equivalents (CPE) also were determined to quantify or- 
ganic matter input frorn primary production. Additional sediment samples were pre- 
served for later investigations in the home laboratory - analysis of phospholipids and 
proteins will contribute to the assessment of the total microbial biomass and the pro- 
portion of sedirnent bound detrital organic matter. 



Preliminary results show a distinct depth-gradient for sediment bound plant pigments 
(Fig. 14) and exoencymatic bacterial activities (Fig. 15). An exception of this gradient 
are the two stations sampled in the Molloy Deep. In relation to water depth the values 
for FDA and CPE are increased. A possible explanation for this result might be the 
special water mass regime above the deep (Fig. 16). A gyre circulation in the deep 
might keep the products of an increased primary production within the Molloy Deep 
area. 
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Fig. 14: Concentrations of plant pigments in the sediment-water-interface (0 - 1 cm) 
along the "Hausgarten" depth-transect. 
Abb. 14: Konzentrationen der pflanzlichen Pigmente in der Sediment-Wasser- 
Ãœbergangsschich (0 - 1 cm) auf dem Schnitt durch den Hausgarten. 

'E' 7 , O O  1 potential exoencymatic esterase activity 

waterdepth 

Fig. 15: Potential exoenzymatic activity of ester-cleaving bacteria in the sediment- 
water-interface (0-1 cm) along the "Hausgarten" depth-transect. 
Abb. 15: Potentielle exoenzymatische AktivitÃ¤ von ester-aufspaltenden Bakterien 
Pigmente in der Sediment-~asser-Ãœbergangsschich (0 - 1 cm) auf dem Schnitt 
durch den Hausgarten. 
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Fig. 16: Transect of potential temperature, salinity and attenuation across Molloy 
Deep. 
Abb, 16: Vertikalschnitt der potentiellen Temperatur, des Salzgehalts und der Licht- 
Attenuation quer zu Molloy Deep. 



9.2 Investigations on the dynamics of benthic bacterial communities and 
their impact on small-scale heterogen ity patterns of Arctic deep-sea 
sediments 

Topographic-geochemical features are connected with the varying occurrence of 
megafaunal populations, which in turn play an important role for the distribution and 
for the activity of benthic bacteria. To get an idea about bacterial dynamics in deep- 
sea sediments, large-scale samples implying the decreasing effects with increasing 
water depth were compared with small-scale samples with regard to biologically pro- 
duced habitat structures in terms of bacterial activity, diversity and abundance. 

The benthos of the Molloy Reep is dominated by holothurians producing tracks, 
feeding traces and faeces. The sediment there is characterized by small grain sizes. 
In the sample aera of the "HausgartenJ' we can find a wide range of bioturbating spe- 
cies creating tubes, burrows sea mounds and other biogenic structures. 

Bacterial production was measured via dual labelling by means of ^C leucine and 3~ 

thymidine incorporation. A direct counting, dual staining method was applied to 
evaluate the proportion of active and inactive bacteria. We found a trend of decreas- 
ing microbial activity in sediment surface layer in dependence of an increasing sedi- 
ment depth as well as water depth. Samples for different molecular analysis were 
prepared On board for further processing at the institute. 

F o o d  fails" - natural disturbances at the seafloor of the deep sea 

The food supply hence energy flow to the benthic deep-sea ecosystem is partly 
driven by sinking carcasses (food falls). Although of natural origin food falls create 
small scaled disturbances because they are discrete events with significant implica- 
tions for the influenced area. Scavenging demersal fishes and invertebrates are at- 
tracted in large numbers by food falls. The impact of any food fall is unpredictable 
both in space and time for benthic or beniho-pelagic scavengers. 

However, preliminary results of baited time-lapse camera experiments and baited 
traps carried out in 2000 (ARK XVIl2) and 2001 (ARK XVII/l) indicate that thousands 
of individuals of the cosmopolitic necrophagous deep-sea amphipod Euryfhenes 
gryllus appear shortly after bait deployment (Fig. 17). 

A free-falling lander system was used equipped with a pre-programmed time-lapse 
camera, flow meter, autonomous scanning sonar System and traps. Five lander de- 
ployments each lasting for about 20 hours were scheduled for the centre and vicinity 
of the deep-sea long-term station (AWI-"Hausgarten"). The scanning sonar system 
recorded signals, which could in combination with the photos of the time laps camera 
use to find out a prefered direction in the appearance of the amphipods (Fig. 18). 

The bait in the traps with a weight of about 4 kg (on average) was totally consumed in 
20 hours by 800 amphipods per lander deployment. About 3900 arnphipods were 
caught by the traps. 200 organisms were kept alive in a cooled laboratory container 
on board POLARSTERN and later at the Institute for further experiments under con- 
trolied conditions, The other 3700 cached amphipods of all deployrnents will be used 



for analysing lipid contents, estimate the genetic differences, and for Information 
about the distribution of female and male amphipods. 

Fig. 17: Time-tapse photograph sequences of bait deployment at 2600 m water 
depth indicating the rapid consumption of about 3 kg (wet weight) of fish bait by a 
single amphipod species (Eurythenes gryllus). 
Abb. 17: Fotosequenz wÃ¤hren der KÃ¶derausbringun in 2600 m Wassertiefe, die 
den schnellen Verzehr von etwa 3 kg (Nassgewicht) FischkÃ¶de durch eine Amphi- 
podenart (Eurythenes gryllus) zeigt. 

Fig. 18: Recorded signals of scanning Sonar system on the lander, plotted in polar 
version (01:12 hours in between); the right picture show the incoming individuals to 
the bait. 
Abb. 18: Mit dem scannenden Sonar auf dem Lander im Zeitabstand von 1 :12 Stun- 
den aufgezeichnete Signale in polarer Projektion. Auf der rechten Abbildung sind die 
sich dem KÃ¶de nÃ¤hernde Tiere zu erkennen, 



10. WATER MASS EXCHANGES BETWEEN THE ARCTIC OCEAN AND THE 
NORDIC SEAS 
G. Budeus, E. Fahrbach, V. LÃ¼er I. Meyer-Holste, S. MÃ¼ller B. PlÃ¼ger R. 
Plugge, S. Ronski, E. Schutt 

Objectives 

Exchanges between the North Atlantic and the Arctic Ocean result in the most dra- 
matic water mass conversions in the World Ocean: warm and saline Atlantic waters, 
flowing through the Nordic Seas into the Arctic Ocean, are modified by cooling and 
freezing into shallow fresh waters (and ice) and saline deep waters. The outflow from 
the Nordic Seas to the south provides the initial driving of the global thermohaline 
circulation cell. The outflow to the north has a major impact on the large scale circula- 
tion of the Arctic Ocean. Measurement of these fluxes is a major prerequisite for the 
quantification of the rate of overturning within the large circulation cells of the Arctic 
and the Atlantic Oceans, and is also a basic requirement for understanding the role 
of these ocean areas play in climate variability on interannual to decadal time scales. 

Fram Strait represents the only deep connection between the Arctic Ocean and the 
Nordic Seas. Just as the freshwater transport from the Arctic Ocean is thought to be 
of major influence on water mass formation in the Nordic Seas, the transport of warm 
and saline Atlantic water significantly affects the water mass characteristics in the 
Arctic Ocean. The inflow from the Arctic Ocean into the Nordic Seas determines to a 
large extent the formation of water masses which are advected through Denmark 
Strait to the south and participate in the formation of the North Atlantic Deep Water, 
The obtained data will be used, in combination with a regional model, to investigate 
the nature and origin of the transport fluctuations as well as the modification of sig- 
nals during their propagation through the strait. 

The specific objectives are: 

e to measure the current, temperature and salinity fields On sections across 
Fram Strait 

0 to determine the characteristic time scales of the fluctuations, in particular, the 
contribution of the seasonal cycle 
to calculate seasonal and annual mean transports of mass, heat and salt 

e to understand the origin of the fluctuations 
0 to detect the influences of low frequency fluctuations of the transports through 

Fram Strait On remote variations further south 
o to detect interannual variability of the described processes. 

Polar oceans are generally weakly stratified and hence oceanic currents are primarily 
determined by the barotropic flow component. Thus, geostrophic calculations based 
on hydrographic sections are not sufficient to determine the current field to the re- 
quired accuracy. In these ice-covered areas, the barotropic component can only be 
determined from direct current measurements, since satellite altimetry is not yet able 
to supply appropriate measurements of sea level fluctuations under ice. Due to rela- 
tively large contributions of boundary and frontal areas and the small Rossby radius 
of deformation, relatively high horizontal resolution is required for the measurements. 



However, measurements with bottom pressure recorders might allow to obtain trans- 
port estimates, if they are properly calibrated against a current meter array. 

The net transport through Fram Strait is the difference between the northward flowing 
West Spitsbergen Current in the east and the southward flowing East Greenland Cur- 
rent in the west. A significant recirculation from of water from Atlantic origin occurs in 
several current branches south, in and north of Fram Strait. To estimate the intensity 
of the recirculation on the zonal transect across the strait a meridional transect is 
needed at the Greenwich Meridian. 

Werk at Sea 

To measure the current field between East Greenland and West Spitsbergen, actu- 
ally 14 mooring arrays are deployed across Fram Strait at 7g0N, in water depths 
between 200 m and 2600 m water depth, For a sufficient vertical resolution, 3 to 4 
instruments per mooring are required. Temperatures and salinities are measured 
together with the currents, to allow derivation of the heat and salt transports. Three of 
the moorings on the eastern side of the mooring array were recovered and rede- 
ployed with bottom pressure recorders (see tables). 

Salinity Sensors on moored instruments still suffer from uncertainties and are too ex- 
pensive to be deployed in a large number. Therefore CTD stations (Fig. 2) are 
conducted across Fram Strait from the Spitsbergen shelf to the East Greenland shelf 
to ensure calibration of the moored instruments and to supply much higher spatial 
resolution. The transect did not reach the Greenland coast, but ended at 79ON 
1 1Â°47' due to the ice conditions which would have required more time to reach the 
fast ice edge than available, 

To determine the different branches of the Atlantic Water entering the Arctic Ocean a 
transect was made from the northwestern corner of Spitsbergen to the northwest 
across the southern Part of Sofia Deep. At the western slope of Sofia Deep the tran- 
sect veered to the southwest and reached the Greenwich Meridian at 7g040'N. From 
there, it went approximately south, but was adapted to the ice conditions. The meas- 
urements ended on the way south to Tromse at 75O15'N OOOOO'. However the hori- 
zontal station distance had to be increased up to 30 nm in the deep basins. 

The CTD section (Figs. 2 and 19) across Fram Strait from the Spitsbergen shelf to 
the East Greenland shelf did show the expected water mass distribution with warm 
saline water of Atlantic origin on the eastern side in the West Spitsbergen Current 
and colder and less saline in the southward return flow on the western side. Cold and 
low saline Polar Water was observed on the western side and over the east 
Greenland shelf. Since the transect did not reach the Greenland coast, the 
recirculation on the shelf could not be determined. 

The different branches of the Atlantic Water entering the Arctic Ocean were detected 
an a transect from the northwestern corner of Spitsbergen to the northwest across 
the southern part of Sofia Deep (Figs. 2 and 20) and on the western slope of Sofia 
Deep (Figs. 2 and 21). On the Greenwich Meridian the recirculation front was 
encountered at 79Â° 



The long term development of the water mass properties is shown in Fig. 22. Mean 
temperatures and salinities are given for two depth levels (5 to 30 m and 50 to 500 
m). Horizontally three areas are distinguished: the West Spitsbergen Current (WSC), 
between the shelf edge and 5' E, the Return Atlantic Current (RAC) between 3OW 
and 5 O E  and Polar Water in the East Greenland Current (EGC) between 3OW and the 
Greenland shelf. It has to be noted that the data from Fram Strait are scattered from 
spring to autumn and consequently affected by the annual cycle which is most 
pronounced in the upper layers. Therefore, the observation time indicated in the 
figure has to be taken into account. 

The achievements during the cruise were only possible because of an effective and 
heartful cooperation between the ship's Crew and the scientific Party. We are grateful 
to Master Dr. Boche and his Crew for another example of the traditionally good 
cooperation on board. We want to thank as well to all those, even if we are not able 
to call them all by name, who contributed to the success of the cruise by their suppori 
on shore during planning, preparation and while we have been at sea. 



Fig. 19: Transect of potential temperature and salinity across Fram Strait along 
7g000'N in the west and 78'50'N in the east. For locations of stations see Fig. 2. 
Abb. 19: Vertikalschnitt der potentiellen Temperatur und des Salzgehalts durch die 
FramstraÃŸ auf 7g000'N im Westen und auf 78'50'N im Osten. Zur Lage des 
Schnitts, siehe Abb. 2. 
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Fig. 20: Transect of potential temperature and salinity north of Fram Strait crossing 
the flow of Atlantic Water north of Spitsbergen. For locations of stations See Fig. 2. 
Abb. 20: Vertikalschnitt der potentiellen Temperatur und des Salzgehalts nÃ¶rdlic der 
FramstraÃŸe um den Strom von Atlantischem Wasser nÃ¶rdlic von Spitzbergen zu 
erfassen. Zur Lage des Schnitts, siehe Abb. 2. 
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Fig. 21: Transect of potential temperature and salinity across Fram Strait from the 
southern end of Yermak Plateau to the Greenwich Meridian and along it up to 
75'00'N. For locations of stations See Fig. 2. 
Abb. 21: Vertikalschnitt der potentiellen Temperatur und des Salzgehalts durch die 
FramstraÃŸ vom sÃ¼dliche Rand des Yermakplateaus zum Meridian von Greenwich 
und entlang ihm bis 75i000'N, Zur Lage des Schnitts, siehe Abb. 2. 
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Fig, 22: Mean potential temperature and salinity of the Atlantic Water in Fram Strait 
On transect from 1984 to 2001. 
Abb. 22: Mittlere potentiellen Temperatur und des Salzgehalts des Atlantikwassers in 
der FramstraÃŸ bestimmt mit hydrographischen Schnitten von 1984 bis 2001. 
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