FS POSEIDON

FAHRTBERICHT POS 260
CRUISE REPORT POS 260

BIGSET

: BIOGEOCHEMICAL TRANSPORT
OF MATTER AND ENERGY IN THE DEEP SEA

mmswmro (PORTUGAL) - GALWAY (EHELAND) = CORK (IHELARD)
, APRIL 26 - JUNE 23, 2000

100

GEOMAR REPORT




Redaktion dieses Reports: Olaf Pfannkuche und
Christine Utecht

GEOMAR REPORT
{SSMN 0936 - 5783

GEOMAR

Forschurngszentrum

fur manne Geowissenschaften
Wischholstr 1.3

D-24148 Kig!

Tel. {0431; 800-2555, 800-2505

Editor of this issue: Olaf Pfannkuche and
Christine Utecht

GEOMAR REPORT
ISSN 0936 - 5788

GEOMAR

Research Center

for Marine Geosciences
Wischhofstr. 1-3

D - 24148 Kiel

Tel. (49) 431/ 600-2555, 600-2505



BIGSET Cruise Report POSEIDON 260

Table of Contents Page
1. INErOAdUCEION....c.cccieieiiisiinieirsiiissinsestnsssssasssesssnsnsesssssnsssnsnsssrssesnssnnssans 2
0] [ =T ot f 1= 4
3. Participants and participating inStitutes ........ccccvevvvevessnssrerseencnnnns 17
B - T - 1 o )= 18
S RESUILS . cueiirieeieisiirinrinssissiitsesnsstasssesnssnsnsssesssnsnnsesssassssnasssrsnsansnnsnns 25

5.1 Benthic response to a simulated pulsed sedimentation event
of organic matter under in situ conditions .......c.ccccvvivssrssansssanns 25
5.2 Sediment community oxygen consumption and the role of
bacteria and macrofauna for degradation and entrainment

into the sediment .......c.ccccvcveiiasnrirnesessessrseessnssssssssnssannsasensnssnnsans 30
5.3 Microbial degradation of chitin in deep-sea sediments.............. 36
5.4 Benthic foraminifera.......cccciciecsiessscerciessesensssrsarsassonsssasssssssnsasas 40
5.5 Geochemistry of the sediment - pore water system..........ccc.ceues 45

5.6 Sinking and suspended particles in the low bottom water
column and the Sediment .......ccceccvvcrveeinesrsinsiosvsriersronssesennsnsnnses 50
5.7 Cycling of particulate matter in the bottom-near

WALEE COIUIMII. .ouuieieersseesssssseseessnsssesasesssassssasasosnseassassunnsnnsossasssnns 60
Acknowledgements........cccveveueiereiirernssonnsiiessesiarstssinsasnsssssssansnsanans 63
6. LIST OFf SLALIONS vvvreveeeressnressassssessssneaasessasnsorssssssssssasssssnssssasssnsasnsenns 64



BIGSET Cruise Report POSEIDON 260

1. Introduction

The 260™ expedition of RV Poseipon started on 26 April 2000 in Oporto/Leixoes
(Portugal) and ended on 23. June 2000 in Cork (Ireland). Research was carried
out at the time series Station BENGAL in 49°50 'N. 16°35 W at water depth of
4850m on the Porcupine Abyssal Plain in the NE-Atlantic. The expedition was
exclusively dedicated to the research programme ,Biogeochemical Transports
of Matter and Energy in the Deep Sea™ (BIGSET).

BIGSET is a collaborative programme of two research institutes and five
university institutions (co-ordination GEOMAR, Kiel) within the national
research focus ,Deep Sea Research" sponsored by the Bundesministerium fir
Bildung und Forschung (Table 1). BIGSET is concerned with the
biogeochemical processes in the ecosystem of the deep sea. Main objective is
the fate of sedimenting organic matter. Investigations concentrate to the
abyssopelagic and benthic realm with the benthic boundary layer (BBL) as a
focal point. The BBL is operationally defined as a zone extending from about
500 m above the sea floor to about one metre into the sediment, containing
the nepheloid layer, the bottom contact water and the bioturbated sediment
horizons. The activity of various groups of organisms inhabiting the BBL from
the bacteria to the megabenthos and the nekton acts as a generator of the
chemical fluxes and partly also for the physical mixing processes. The
quantification of biochemical and geochemical fluxes (esp. carbon compounds,
opal) within the BBL, the identification of the role of different ecological groups
and their interactions are key questions. The resuits will enlarge our knowledge
of deep ocean fluxes and of the early diagenesis of pelagic sediments, thus
also being important for a better interpretation of the geological record.

In its first phase (1996-1999) BIGSET concentrated on the analysis of the
effects of naturally pulsed deposition of particulate matter on the biology,
biochemistry and geochemistry of deep sea sediments. Studies were
performed during different seasons in the monsoon system of the Arabian Sea
(PFANNKUCHE & LOCHTE 2000) and in the NE-Atlantic.

Both areas receive pulsed phytodetrital depositions on the seafloor after
surface phytoplankton blooms. Such pulses can cover the ocean floor with a
layer of detritus (,fluff*). The impact of such events on the biology of
organisms and the cycling of organic matter has been demonstrated to a
certain extent. However, we are stjll uncertain about the chronology and
amplitude of benthic reactions, since conventional expeditions only yielded a
~Snapshot” of a certain stage of the benthic reaction and failed to reveal the
chronology of benthic reactions.

Expedition Poseipon 260 was laid out to perform a series of in situ experiments
simulating the deposition of phytodetritus on the sea floor in lander integrated
benthic chambers and to follow benthic reaction.

Three landers each carrying three benthic chambers were deployed on the
Porcupine Abyssal Plain (4850m) for different time intervals. Phytodetritus
(mixture of diatoms and chitin in a concentration of a natural pulse) was

injected into the chambers and the benthic reaction was studied by various
methods.
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Another lander (benthic observation system) was moored for the whole period
of investigation (65 days) to observe natural sedimentation pulses. The lander
carried a sediment trap, two ADCP's and a stereo camera system. One mile
apart from this lander a mooring with two sediment traps was deployed (traps
in 50mab and 500mab).

Table 1: The BIGSET Partnership: The collaborative programme is coO-
ordinated at GEOMAR and is comprised of the following subprojects
(SP).

Co-ordination BIGSET (0. Pfannkuche, GEOMAR Kiel)

SP-1 Fluxes of matter through the benthic community (GEOMAR Kiel)

SP-2 Benthic resuspension, bioturbation and irrigation
(University Rostock)

SP-3 Microbial and benthic community remineralisation rates in the deep
sea.
(Max-Planck Institute for Marine Microbiology, Bremen)

SP-4 The preservation potential of primary climatic and environmental
signals in the deep sea
(University Hamburg)

SP-5 Near bottom particle flux, habitat demands and early diagenetic
processes in the benthic deep sea foraminiferal community
(University Tubingen)

SP-6 Interactions between the seasonality in benthic turn over rates and
the distribution of trace elements in deep-sea sediments
(University Bremen)

SP-7 Reactions and fluxes in surface sediments: Geochemical
measurements and modelling of the biogeochemical system
(GEOMAR Kiel)

SP-8 Biogenic, lithogenic, aeolic and hydrothermal signals of trace
elements in deep sea sediments
(University Oldenburg)

Literature

Pfannkuche, O. and K. Lochte (2000). “The biogeochemistry of the deep Arabian Sea:
overview.” Deep-Sea Research 11 47(14): 2615-2628.
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2. Objectives

Background

The export of primary produced organic material is an episodical process that
is mirrored in a pulsed deposition of particles on the deep-sea floor (BILLETT et
al 1983, LampITT 1985, THIEL et al 1989). Individual elevated sedimentation
events that can be clearly differentiated from the background signal of the
general particle flux to the sea floor are usually limited to a few days. The
effects of such sedimentation pulses on the benthos could be observed in
different deep-sea areas (GRAF 1989, GoopAY & TurLEY 1990, BALDWIN et al.
1998, PFANNKUCHE 1993, PFANNKUCHE et al 1999, SMmiTH et al. 1998). The results
pointed out that episodical variations of POM deposition are mirrored in a
reduced and temporally postponed reaction of benthic organisms (MARTIN &
BENDER 1988, PFANNKUCHE et al 1999, SOeTAERT et al. 1996). The reaction
amplitudes and the delay of the benthic reaction depend basically on the
amount and reactivity of the deposited material. Some investigations indicate
that deposited material on the seafloor can be very reactive and can also
release an immediate biological reaction (SavLes et al 1994, RABOUILLE et al.
1998, HaMmoND et al. 1996).

The knowledge of these reactions to the deposition of POM on the seafloor is of
major significance for the modelling of early diagenetic processes in deep sea
sediments. The deposition of POM influences level and interval of the
remineralisation processes as well as the distribution and composition of the
benthic community.

The fate of freshly sedimentated phytodetritus directly after its deposition on
the seafloor still remains unclear in many respects. This is especially valid for
the reaction of different organism groups to the increased input of nutrient rich
organic substance as well as for the mixing rates and deposition in the
sediment column and bottom water. Geochemical deposition pathways can be
changed by bioturbation in deeper sediment layers caused by a fast
distribution of reactive POM (ALLER 1990, Sun et al 1993).

We know from single investigations of different deep-sea areas that distinct
organism groups react in a different manner on POM deposition. While some
groups such as bacteria and protozoa colonise and decompose fresh
phytodetritus rather fast (Goooay 1988, LocHTE & TuRLeY 1988, GoopAY &
LamasHEAD 1989, LINKE 1992, BoeTius & LocHTE 1994, 1996), such a reaction
could not be established for metazoan meiofauna, e.g. nematoda (Goobpay et
al. 1996). However radio-isotopic labelled phytodetritus was assimilated by
meiofauna organisms in shallow waters in a differentiated reaction. Organisms
dwelling in deeper sediment layers ingested a higher proportion of already
more degraded POM than organisms at the sediment surface (Rupnick 1989).
Macrofauna crganisms in shallow water showed increased assimilation rates
when offered fresh phytodetritus (KRISTENSEN et al. 1992, BLAIR et al 1996). It
is hypothesised that in case of a sedimentation pulse of fresh detritus a
competitive situation between bacteria, protozoa and macrofauna could arise.
The fast burial of detritus by the activity of makrobenthos could be proofed on
the basis of radionukleids maxima (SmiTH et al. 1986, WHEATCROFT & MARTIN
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1996, Levin et al. 1997) and chlorophyll a (GrRarF 1989) in deeper sediment
horizons of abyssal sediments. This size class of the benthic community
obviously plays a major role in the structuring of sediments and in the
distribution of POM in the sediment column. Therefore the composition of
macrofauna is decisive for the regulation of benthic turnover processes even
when the deposition of organic material is mainly carried out by micro-
organisms (PFANNKUCHE 1993). Suspension and surface deposit feeders can
absorb large amounts of detritus and bury it in the sediment by defecation
(BETT et al. 1993). Whereas the food utilisation of infaunal deposit feeders
depends on the bioturbation intensity meaning the burial of organic material
into the sediment.

Field investigations on the effects of natural sedimentation pulses on deep-sea
benthos are particularly hampered by a variety of factors. Expeditions are
fitted into multiyear national ship schedules which can consider seasonality of
forcing factors only to a certain extend and can not be adjusted to interannual
variations of such factors. Therefore benthic investigations on time limited
conventional expeditions of typically 4 weeks only cover a certain stage of the
benthic reaction and typically fail to reveal the chronology of the reactions
from the arrival of a sedimentation pulse at the sea bed to the fully ranged
diversified biological and geochemical response. Previous BIGSET expeditions
to the Arabian Sea and the NE-Atlantic therefore yielded only spotlights of the
processes of pelago/benthic coupling. However a combination of the field data
with a modelling approach (LufF et al. 2000) demonstrated a dynamic and
surprisingly fast benthic response towards POM-deposition. The chronology of
the response and the amplitudes of reactions and fluxes remained largely
unknown.

A single in situ experiment carried out in 1998 at the BENGAL station lasting
for nine days offered first trend-setting results for the design of the
experiments of PoseipoN 260. A mixture of algae and chitin particles injected
into two experimental chambers of the GEOMAR lander increased the activity
of the enzyme chitobiase significantly compared to an unlabelled control
chamber.

Research objectives

To answer the most important open questions for the understanding of control
mechanisms of biological and geochemical reactions triggered by short and
medium-term changes of the input of organic material we therefore carried out
a series of investigations.

The following subjects were of first importance:

e in situ experiments to study the decomposition of organic material in the
BBL (main theme);

« high-resolution determination of Corq input into the BNGS with regard to the
transport and reaction processes in the near bottom water column;

e the role of DOC in the benthic cycle.
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Focal point of our investigation was the realisation of enrichment experiments

with phytodetritus in mesocosms (benthic chambers) to address the following
subjects:

+ The fate of deposited organic material at the seafloor and in the bottom
nepheloid layer.
The influence of POM deposition on benthic carbon remineralisation rates.

Investigation of the degradation pathways through different benthic groups
(bacteria, meiofauna, macrofauna).

Effect of POM sedimentation on sediment pore water nutrients.

Development of an early diagenetic model considering different organism
groups.

The BENGAL station in the NE-Atlantic was destined as investigation area since
a large data set from the BIGSET and the MAST-III project BENGAL already

exists from this location (Fig.1) and it is also easy to reach from a landbase in
Ireland for short-term cruise legs.

-25° -20° -15° -10° -5
km

=
==y

0 200 400
Figure 1: Geographical position of BENGAL in the Western European Basin
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Technological realisation

Our developments of advanced landers with benthic chambers in the frame of
BIGSET and the EU projects ALIPOR and BENGAL offered the possibility to
induce and follow the changes of biological and geochemical turnover
processes in in situ experiments.

This in situ experiment campaign is an internationally unique and ambitioned
project for which realisation a reliable, fully-developed lander system is
required.

The existing GEOMAR modular lander system that was modified and improved
in the course of BIGSET and which was deployed successfully during five
expeditions fulfilled these requirements and warranted for the success of this
project.

Four lander systems were available for the expedition. Foundation is a three-
legged basis-lander with floats, two acoustic releases, VHF and ARGOS
transmitters, a flash light, and a universal (all-purpose) platform (Fig.2). This
basic system can be equipped for different purposes which were for the
expedition:

Benthic chamber lander:

Corresponding to landers FFR-I, -II, -III the basis-lander is equipped with
three to four benthic chambers (Fig.3). A chamber of 20 x 20 cm is guided by
a stainless-steel frame which is incorporated into the lander's central
instrument platform (Fig.4). It is built of Delrin and represents an autonomous
module with its own control unit and power supply with rechargeable NiCd-
battery packs (6 V, 10 Ah). The chamber is driven into the sediment by a
motor (motor 1). After implementation of the chamber a top lid supporting a
stirrer and a POM injection module seals the chamber. At the end of each
incubation a shutter is closed by a 2nd motor in order to retrieve the sediment.
Once the shutter is closed the chamber is slowly driven out of the sediment by
the 1st motor. All maintenance-free drive units are standard DC motors in
stainless steel pressure housings that guarantee stable low power
consumption. The shaft is sealed by a specially developed double O-ring
construction. The chambers have been successfully (>60times) used on benthic
lander system in water depths down to 4900m.

The Water sampler/ injector is a device to take time sequenced water samples
from or inject liquid tracérs into the benthic chambers. Both functions are
implemented in one carrier frame of about 45cm x 30cm x 15cm which is
mainly built of Delrin and PVC. A deep-sea motor is coupled with a cam shaft
and releases a series of eight 50ml glass syringes. The force needed to pull the
syringe plungers is delivered by a strong rubber band. A control unit controls
the release functions. The module works totally autonomous with power supply

rechargeable NiCd-battery packs (7.2 -12V, 10 Ah).
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Benthic observation lander

Corresponding to lander FFB-IV the base-lander carries tools for the following

measurement and observations (Fig.5):

- two high-resolution ADCPs for current measurements (down-looking O-
2mab, up-looking 2-100mab);

- stereo-camera to take a shot of the sea floor in 1h intervals to document
phytodetritus depositions and benthic activity patterns;

- sediment trap with cups rotated in seven days intervals to follow natural
sedimentation patterns.

Basis Lander Frame

watersampler/injector
module (8 glass syringes)

benthic chamber module with
particle injector and stirrer (

Figure 2: GEOMAR base-lander and units

for the in situ ex eriments (type
benthic chamber lander). ° e
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Figure 3: Benthic chamber lander (FFR-I, -II, -III) during deployment (leg 2
Poseibon 260)
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BIGSET

Figure 4: Instrument platform housing two benthic chambers + syringe water
sampler module and a micro-electrode profiler.

10
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Figure 5: Benthic observation lander (FFB-IV) during deployment (leg 2
PoseiponN 260) carrying a sediment trap, a stereo-camera (flash

visible) and 2 ADCPs (detail photo from opposite side).

11
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In situ food pulse experiment series with benthic chamber lander

Prime objective of the cruise was to conduct in situ experiments to resolve the

amplitude, timing and mechanisms of biological and geochemical response

reactions after enrichment with particulate organic matter under the following

aspects:

- to assess the response time and reaction amplitudes of the deep-sea
benthos to deposition events of organic matter,

- to ensue the fate of degradable organic matter within the different groups
of the deep-sea benthos (bacteria, protozoa, meio- and makrofauna),

- to determine biologically mediated transport rates of solutes and particles
{(bioirrigation and bioturbation) following organic matter deposition,

- to analyse POM enrichment on sediment pore water chemistry,

- to provide a sound data basis for the development of an early diagenetic
model with consideration of the various groups of organisms.

The experiments were conducted with three benthic chamber landers (FFR-I,
FFR-II, FFR-III). Each lander was equipped with three benthic chambers (area
of the chamber: 400 cm?) allowing the incubation of an enclosed sediment
vaolume and the overlying water body (Figs. 3, 4). To simulate a food pulse a
new module was developed which allows the injection of particulates and
solutes under /n situ conditions. Each chamber was further equipped with a
water sampling device, taking samples from the overlying water body inside
the chamber at pre-defined time intervals. By means of these water samples
which were stored in glass syringes (volume: 50ml) until recovery oxygen and
nutrient concentrations during the time course of the incubation were
measured. The incubated sediment within the benthic chambers was sampled
for shipboard analysis of biological and biogeochemical parameters.

Response time of the deep-sea benthos to the food pulse was evaluated by
employing the landers for three different time periods (short-term: ~2.5d;
medium-term: ~8d; long-term: ~20d). The deployments are listed in Table 2.



Cruise Report POSEIDON 260

BIGSET

‘310 Ul USAIB 318 SaW} ||y "100]) B9S DU} WOy pasesja Sem Japue| ay) usym oL} Y3 sjuasaidal
pUD a3 Je W} a3 ‘palIeIs sem swwelbosd Jopue| syl usym awil sy3 Juasaidad JuswAioldap yoes Jo

Bujuuibaqg ayy 32 usAIb awl 3y ‘09ZS0d asindd Bulnp (gdd4 pue Yd4d4) siuswAiojdap Jepue| Jo 9|nNpsyds T sjqel

o
—h
N A gdd
Y &
- — wh ws | -
& Ly W q wie p N 1H-d44
- ] [~ Lol s [~
=~ -] 1] L4 5 [}
-4 [ -] D ws | -
2 s |2 =8 ple @ )
a g Ty § q B2 2 H-Had
ﬂ % 3] [-- N -] Sy M
—h [ =] -t ] . -t | -k
a ol m - D s WIS wim o 9| uag
I T B “v.. oy Y S q w|a w
% % nﬂz H» -} [~ % o »

mluw| QOISO QOID|WIN
Ml=j@|lw|d]|di| VLW N == D

NININ[RININN
JEEBERE

P | b | oweh | ek | ok foemk | ot | o
Wl «d]tn] AN
[§

WWEES

Sunp

D

MNEEH

I APy ueuey il RO LR [RUNg R e e I -1 -1 )
SEEEEHEEREEEEEEEE s
[{VEE A

(44~ awy pieoq = HiN) a1 uuaal s own

0oz S0d swawAojdep sspuen

13



BIGSET Cruise Report POSEIDON 260

Thirty min after the penetration of a benthic chamber into the sediment a
mixture of 200 mg dry weight of freeze dried Thalassiosira rotula and 200 mg
chitin was injected into the food enriched chambers (Tab. 3). The result
corresponds with a food pulse of ca. 1 g algalC x m’ 2 which copmpares to a
major deposition event of phytodetritus after a spring bloom observed in this
part of the NE Atlantic (ThieL et al, 1989). Prior to the deployment algae and
chitin was kept in filtered seawater for several hours in the dark. T. rotula was
additionally labelled with **C/*°N to follow the organic matter transfer between
the different benthic organisms and geochemical reactions. As tracers for
bioirrigation and bioturbation 4.1 g sodium bromide and glass beads of two
different size classes (30 and 60 ym) were used.

In several chambers no mixture of T. rotula and chitin was added to enable
control measurements (Table 3). Control measurements were conducted within
each short-term, medium-term and long-term deployments of the landers. The
experiment series was terminated with the deployment of a short-term lander
to detect possible natural variation. Additional sediment samples were
obtained using a multiple corer (MUC) and a mini muitiple corer (mMUC).
These samples were used for the determination of the natural background
variability.

Short-term lander

F’FR—I& . IFFR-TIa FFR-IIIa
K1 k2 K3 K1 k2 K3 Ki K2 K3
algae s ‘ L :
chitin
glass beads
bromwide S S T R g R e L E T ,
membrane hote  lhwoken  (hole Emt partly  jnot  {oroken, - {broken, = |broken,
status ‘ broken {broken Ibroken | (algae algae algae
| {distributed [distributed kdistributed
. o o » , regularly *jrregutar#y regularly
overlying 4.8 3.2 4.8 &4 4.4 4.8 4.6 4.8 4.8
water body 5 )
volume {13
rmai«: ) — B , FFR-Te
wy o w2 183 K1 K2 K2 K3
chities
glasy heads
browide HEERNE s vy TR S e
membrans im broken algaebroken | not broken (broken  Inot broken
status sedithent {diﬁtﬁ&w&ﬁi
requlatly }
overiying . 3.6 3.6 4.8 4.6 4.2 4 4 4
weatar hndy
yolurpe {4
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Medium-term lander

FFR-Ib FFR-IIb FFR-IIIb
K1 K2 K3 ] KL K2 K1 K2 [K3

algae

chitin

glass beads
bromide Lo .
membrane {broken|no not no sediment
status sediment |broken
overlying 5.4 5.2 4.8 5.2 4.4 4.4 4.8
water body
volume (1)

broken blr'/o\k‘en‘ broken

Long-term lander
FFR-Id FFR- FFR-1I1d

K2 ks

algae
chitin :
glass beads [30u
bromide
membrane |brokenibroken broken broken [no broken not broken |broken
status sediment broken
overlying 3.8 3.8 3.8 5 4.8 4.8 5.6 4.8
water body
volume (1)

Table 3: List of substances in the enrichment experiments. Injection was
successfully completed when the membrane of the injection module
broke completely. The volume of overiying water body in each
chamber is given.

During POS260 thirteen landers (including FFB) were successfully deployed in
total. Entire bottom time of all landers was about 144d, which is approximately
three fold the ships time of the cruise.
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4. Narrative
Leg 1
0. Pfannkuche

The scientific party of four persons boarded FS PoseipoNn in the Port of Leixoes
(Oporto) in the afternoon of April 25. The 26.04. started with the unloading of
a container with scientific equipment and its sea safe storage onboard.
Poseipon left Leixoes at 21.00h and headed north to the so called BENGAL site.
This area has been intensively studied by the British Institutions 1I0S and SOC
under the name PAP-site. It has also been the study area of the MAST III
Project BENGAL (High-resolution temporal and spatial study of the BENthic
biology and Geochemistry of a north-eastern Atlantic abyssal Locality) from
which the name of our study area was adapted.

The BENGAL area at 49°N, 16°40 W was reached at 15.00h on April 29.
Station work started with a Rosette water sampler cast. In the course of April
30 two release transponder were successfully tested in deep water, while a
multiple corer haul failed due to strong movements of the ship during the
sampling, which caused a premature release of the core catchers. In the
afternoon the Hamburg group successfully deployed a mooring with two
sediment traps. In the early morning of May 1 another multiple corer haul
failed. Afterwards the ship left the BENGAL area and headed to Galway. FS

PoseipoN was moored in Galway Harbour at 5.13h on the 03.05. thus finishing
leg one.

Leg 2
0. Pfannkuche

During our stay at Galway 9 scientists boarded FS Poseipon in the late
afternoon of the 03.05. In the course of the 04.05 new equipment was loaded
including four landers which have been previously assembled and prepared by
an advance group of four technicians at the Marine Technical Development
Services Ltd, in Galway. FS Poseipon left Galway Harbour with high tide at
05.00h on the 05. 05 and headed back to the BENGAL site. BENGAL was
reached again at 17.30h on 06.05. Station work started with the deployment
of the long-term observation lander (FFB) which will be moored for ~60 days
in about lnmile distance from the sediment trap array moored on leg 1. The
system houses two ADCP's (down- and up-looking), a stereo camera, which
takes shots of the sea fioor in a two hour sequence and a sediment trap (Kiel
Type) with 7 cups changed in 7 days intervals. Afterwards the first of three
benthic chamber landers (FFR-1a) was deployed to measure sediment oxygen
uptake rates.

The morning of 07.05. was spent with two multiple corer hauls with only
limited success, since only 3 respectively 2 sediment cores could be retrieved
from a batch of eight cores. Another muitiple corer in the afternoon failed
completely due to the rigid movements of the ship during bottom contact. In
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the late afternoon the second lander (FFR-IIa) was deployed to carry out the
first short-term POC- enrichment experiment (3days). Station work ended with
a sgcgessful CTD/Rosette cast. Water samples were taken 10m above the
seabed.

During the morning of the 08. 05. two multiple corer hauls were driven which
both failed completely again due to the heavy rolling of the ship. The station
was followed by a deployment of the bottom water sampler (BWS). Next came
the first cast of the bottom water sampler (BWS). In the afternoon the third
FFR (FFR-III) was deployed for three days. The day was finished with an
Apstein plankton net haul (20um mesh size) sampling the water layer 0-50m.
The morning of the 09.05. was dedicated again to sediment sampling. Instead
of the ordinary multiple corer we used a smaller device with four core tubes,
the Mini-corer (mMUC). The gear proved to be very successful even under
frequent strong rolling of the ship movements thus we gained two sets of well
preserved sediment cores. In the afternoon FFR-Ia was retrieved. Station work
ended with a successful CTD/Rosette cast.

The morning of the 10.05. started again with mMUC sampling followed by the
retrieval of FFR-IIa. The BWS was deployed during the afternoon and the day
was finished with the re-deployment of FFR-Ib. The system was moored for 8
days to be retrieved on leg 3.

During the 11.05 the following stations were performed: mMUC sediment
coring, retrieval of FFR-IIIa, test of the particle camera mounted to the BWS,
re-deployment of FFR-IIb (for 8 days) and CTD/Ro sampling.

The last working day of leg two (12.05) begun with a mMUC haul which was
followed by another bottom water sampler (BWS) cast. Station works finished
with the mooring of FFR-IIIb (8 days). At 16.00h FS PoseipoN left the BENGAL
site and started its transit to Galway.

During the night we encountered a gale with wind speeds from 8-10 BFT
blowing from southern direction. The gale ceased and weather conditions
improved during the 13.05. After a smooth passage during the 14.05 we
reached Galway in the afternoon thus finishing leg two.

Leg 3
U. Witte

During our second stay at Galway 5 scientists were exchanged, the new group
boarding FS Poseipon in the late afternoon of the 15.05. In the course of the
15.05. and 16.05. part of the scientific equipment was exchanged and new
equipment loaded including a profiling lander (PROFILUR, MPI Bremen) and a
combined profiling/ multiple coring unit (SISSI, GEOMAR). POSEIDON left
Galway Harbour with high tide at 15.00h on the 16. 05 and headed back to the
BENGAL site. Due to strong winds we proceeded rather slowly and BENGAL
was reached again at 13.30h on 18.05. Station work started with a successful
mini multiple corer haul and continued with the retrieval of a benthic chamber
lander (FFR-Ib) that hat been moored for 8.5 days. Station work on the 18.05
was finished with another successful multiple corer haul.
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The morning of the 19.05 was spent with one successful multiple corer haul
and the retrieval (FFR-IIb) of the second medium-term benthic chamber
lander. In the afternoon, the profiling unit SISSI was deployed. The coring unit
worked successfully, but unfortunately the motor of the in situ profiling unit
was completely destroyed by water entering the pressure housing. In the late
afternoon, the benthic chamber lander (FFR-Ic) was again deployed for
another short-term experiment of 2,5 days duration.

After another successful mini multiple corer haul early in the morning of
20.05., the third benthic chamber lander deployed to perform medium-term
enrichment experiments was retrieved (FFR-IIIb). First results indicated that
the benthic deep-sea community is able to respond quickly to the input of
fresh algal material: the activity of several specific enzymes, FDA and the
benthic oxygen consumption were elevated in comparison to controls. In the
afternoon, another mMUC proved the reliability of this gear and again the
station work ended with the deployment of an additional short-term benthic
chamber lander experiment (FFR-IIc).

The 21.05. was dedicated exclusively to sediment sampling by mMUC, all three
deployments were successful.

During the 22.05., more sediment samples were taken and the chamber lander
FFR-I was deployed for another short-term incubation of 2,5 days duration. In
the afternoon, the profiling lander PROFILUR was deployed in order to take in
situ measurements of Q,, pH and CO, porewater concentrations.

PROFILUR was successfully retrieved first thing in the morning of the 23.5.
despite an unintended premature release of the system which fortunately
occurred after completion of the data aquisition. During the course of the day,
1 more lander, FFR-IIc was retrieved and with FFR-IIId the first long-term
experiment was deployed for a duration of approx. 3 weeks. In addition,
phytoplankton samples were taken via Apstein net.

The most of 24.5, was again dedicated to sediment sampling by three mMUC
hauls. In the evening, PROFILUR was deployed for a second overnight profiling
deployment.

The last working day of leg three (25.05.) began with a mMUC haul which was
followed by the successful retrieval of PROFILUR. During midday, the chamber
landers FFR-I-d and 1I-d were deployed for their jong-term missions. Station
works finished with these moorings and at 14.30h FS Poseibon left the BENGAL
site and started its transit to Galway.

After a smooth passage we reached Galway in the afternoon of the 27.05. thus
finishing leg three.
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Leg 4
B. Springer

Eleven scientists were exchanged at Galway in the afternoon of May 29. The
activities on board started with the unloading of a container with scientific
equipment and its sea safe storage. Poseipon left Galway with the next high
tide the following day at 14.00h and headed again to the BENGAL site.

The BENGAL site was reached at 49°N, 16°37 W at 15.00h on June 01.
Station work started with a mMUC cast. Since the first haul failed it was
successfully repeated (4 cores). In the late evening and in the night two CTD
rosette hauls followed. The second indicating a permanent loss of transmission
during the cast probably due to leakage in the sensor.

June 02 started with two multiple corers who failed completely due to the rigid
movements of the ship during bottom contact. So we abandoned that device
and continued with a CTD/Ro cast followed by a swimming test of the
amphipod trap mooring on wire. Shortly after the test the trap was deployed
for about 18 hours. The device consists of four trap modules of cylindrical
shapes with fish baits in plastic bag in order to catch amphipods avoiding
feeding on the baits. The sinking of the mooring was followed acoustically up
to 3000m depths. A multiple corer and three CTD cast followed the station.

The next morning (June 03) started with the recovery of the amphipod trap
followed by two multiple corer which both were successful. Next on this station
was a bottom water sampler (BWS), a device that collects water from 0.8
meters above bottom and simultaneously measures current velocity,
transmission and has an integrated CTD. The following CTD/Ro was finished
before deployment since a rig broke during craning of the gear. Since the CTD
cast could not be continued so we steamed to the next station (seamount,
slope east) and continued with another bottom water sampler (BWS) without
particle camera and another multiple corer cast.

June 04 started with the towing of deep observation system. This is a kind of
photo-sled. Photographs are taken from 3 meters above bottom every time a
bottom weight hits the ground. This mission was followed by two CTD/Ro casts
- both had problems with the electronics so we had to change the fuses geveral
times during the cast. The failure was caused by a leakage in the
transmissiometer so we omitted the use of the transmissiometer for the rest of
the cruise. Afterwards station work was continued with a multiple corer.

The next day (June 05) began with another deployment of the amphtpod trap
in the vicinity of the seamount followed by two CTD/Ro casts. Directly befgre
the deployment of next gear, the bottom water sampler (BWS) the conducting
wire exploded on deck due to water inversion into the rubber part of the
terminal end. After repair of the wire the ship headed to the northern slope of
the seamount and we continued station work with another multiple corer. In
the night during the next CTD/Ro cast (at 295 meters wire length) we had to
change a few more fuses for the CTD deck unit and detected another !eakafge
in the recently repaired conducting wire. We had to cut 240 meters of the wire
and to repair it again. After this we continued with two CTD/Ro casts.
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In the morning of June 06 we recovered the amphipod trap followed by a
multiple corer. The sediment at the slopes is more compressed which caused
the damage of a muitiple corer leg that had to be replaced. The following two
CTD casts passed without problems. In the night we continued with another
towing of the deep observation system. This time the photographs were taken
automatically in time intervals of 10 seconds.
The next station, the western slope of the seamount, was reached at 04.00h
(June 07). We started station work with a CTD/Ro cast followed by a multiple
corer cast with the oxygen profiler, which failed due to drifting of the ship. The
wind increased and we tried another multiple corer (mMUC) which also failed.
Last device was a CTD/Ro before we had to stop station work due to heavy
weather conditions. No more station work was possible that day.
On Thursday 8" we tried to continue station work on the western slope with a
CTD/Ro. Samples were taken 100, 250, 500 and 1000 meters above bottom.
After the CTD/Ro we moored another amphipod trap near the top of the
seamount. Although the weather condition slowly became better forecasts
were not very promising. We finished this station with another CTD and a
multiple corer. The first multiple corer did not reach the bottom so we repeated
it and equipped it with additional weight to gain deeper cores. In the late night
we headed to the top of the seamount and continued with two CTD/Ro.
The next morning (Friday 9"") started with an OPI-MUC (multiple corer
mounted on the oxygen profiler), which failed and twisted the wire causing
another break for repair. We continued with the recovery of the amphipod trap
and another CTD/Ro cast. Next was a mMUC with floats on the wire to avoid
damage of the wire. In the evening the deep observation system (DOS) was
deployed at the top of the seamount drifting in northward direction. The
g:?g?; on top of the seamount was finished with another multiple corer and a
0.
In the night of the 10" of June we headed towards the southern slape of the
seamount to employ two CTD/Ro casts. Afterwards the ship moved to the plain
again and finished station work with a successful multiple corer haul. During
retrieval of the MUC the wire was rinsed with fresh water.
Afterwards the ship left the BENGAL area and headed to Galway. POSEIDON
docked in Galway Harbour June 12 in the afternoons thus finishing leg 4.

Leg 5
0. Pfannkuche

Poserpon {eft the Port of Galway with high tide in the afternoon 14. 06. After a
smooth passage we reached the BENGAL site in the afternoon of 16.06. Station
work started with the retrieval of the first chamber lander (FFR-Id) out of a
series of three landers moored during leg 3. This lander was immediately
refitted for another deployment after recovery.

In the course of 17.06. the second chamber lander (FFR-IId) was successfully
salvaged. Sediment samples were taken with the mMUC. In the early evening

Eigﬁia;;ﬁer retrieved the day before was deployed again for a 48h mission
-Ic).
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Station work started on Sunday 18.06. with sediment sampling employing the
mMUC. This was followed by the successful salvage of the third chamber
I(andfelr d)eployed during leg III (FFR-IIIa) and the mooring of the MPI-lander
Profilur).

On 19.06 we retrieved two systems which had already been anchored during
leg I respectively early leg II: the sediment trap mooring followed by long-
term observation lander (FFB). Both systems had worked well. All cups of the
sediment traps had rotated as pre-programmed. The filling of the cups from
the 6-day period immediately before retrieval indicated a strong sedimentation
pulse of phytoplankton debris. Station work proceeded with sediment sampling
(mMUC) and the retrieval of the MPI- lander.

The benthic chamber lander moored on 17.06. (FFR-Ie) was salvaged in the
morning of the 20.06. During the ascent of the system we took a series of
plankton samples with the Apstein net. After securing the lander on the deck
station works of leg V ended at mid day. The ship took course to Cork, which
was reached in the morning of the 22.06. In the course of the day the scientific
equipment was unloaded and stored into containers at Tivoli Pier. At mid day
the 23.06. Poseibon steamed further upstream into the City Harbour of Cork.
The scientific party left the ship thus finishing cruise Poseibon No. 260.

23



BIGSET Cruise Report POSEIDON 260

=20° =35 ~10° =5t 0°

-20° -15° -10° 5" 0°
km

0 200 400

Figure 6: Cruise tracks and sampling station Poseipon Expedition No. 260.
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5. Results

5.1 Benthic response to a simulated pulsed sedimentation event of
organic matter under in situ conditions

O. Pfannkuche, S. Sommer, A. Kdhler, M. Sand

Introduction

Export of primary produced organic matter is an episodic process, which can
be reflected by a pulsed deposition of particulate material on the deep-sea
floor. The duration of these individual deposition events is typically limited to
only a few days. Effects of the pulsed deposition of organic matter on the
deep-sea benthos were described for several regions and indicate that benthic
organisms show an attenuate reaction after a certain lag phase. The amplitude
and longetivity of the lag phase are primarily dependent on the amount and
reactivity of the deposited organic material. The sedimentation of organic
matter induces changes in the dynamic of remineralisation processes as well as
in the composition and distribution of the benthic community.

However, the fate of degradable organic material following a sedimentation
event is still not clarified. This is primarily true for different groups of benthic
organisms (bacteria, protozoa, meiofauna and macrofauna) as well as for
biologically mediated mixing and degradation processes. Different groups of
deep-sea organisms respond in variable ways and at different tim-e scales to
the deposition of organic matter. A rapid colonisation and degradation of fresh
organic material was found for bacteria and foraminifera, whereas for other
protozoans or nematodes (metazoan meiofauna) such a rapid response was
not detected.

Major aim of the investigations during cruise POS260 was to res_olve timmg,

amplitude and mechanisms of response reactions of the smal!—snzed benthic

biota (SSBB; bacteria, fungi, protozoa and meiofauna) to a simulated pulse of

organic matter in benthic chambers.

Major questions were: . )

- How fast does the deep-sea benthos and biologically mediated transport
rates respond to the pulsed deposition of organic matter ? _ ,

- What are the amplitudes, turnover and timing of these response reactions

- A determination of major pathways of organic carbon and mgoglesn transfer
between the different groups of organisms by the use of “C/*°N labeled

algal material as tracer.

Methods

High-quality surface sediment samples were obtained fron? benthxc! chambeé-
landers, which allowed the incubation of an enctoged sed;.ment volume -ag
overlying water body under in situ conditions_for dsfferelrglt s?scut;ago;*; %en? aS;
(Table 2). For enrichment experiments a mixture of _(;/ N anea:traacgrs
material (Thalassiosira rotula, reared at GEOMAR) and chitin as well > Lracers
for the determination of bioirrigation and bioturbation were injec
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benthic chambers in contrast to untreated chambers serving as control
samples (Table 2). Additional sediment samples describing the natural
background processes were obtained by using a multiple corer (MUC) mMUC.
Replicate subsamples were taken with piston corers which were sectioned
vertically at 0.5 c¢m intervals down to 3 cm followed by samples from the
sediment horizons 3-4 and 4-5 cm. Addtionally, from selected chamber
sediments, slurries of the sediment horizons 0-2, 2-5 and 5-10 cm were made
from which 5 replicate samples for each Parameter were taken.

Chloropiastic pigment equivalents (CPE) were determined. They are
Operationally defined as the sum of chlorophyli a (chl.a) and pheopigments and
serve as input parameter of phytodetrital matter. Both chl.a and pheopigment
concentrations were Separately determined with a TURNER fluorometer as
described by PrANNKUCHE et al. (1999). ,

Potential activity of hydrolytic enzymes was measured with fluorescein-di-
acetate (FDA) as substrate after a modified method of Mever-Ren. and KGSTER
{1992) as described by PrannKucHE et al, (1999).

ADP and AMP were used as 3 measure of the biomass of the SSBB. TAN mainly
reflect the amount of plasma within the cells ang therefore are closely related
luminiscence of Firefly following the method described by Ps
(1999}, L ‘
The concentration of total phospholipids {(PL}) in sediments also serve as an
estimate of the total SSBB biomass and refiects mainly the amount of cell
membranes. PL were determined as described in Boerius ang LockTe (2000)
after a modified method of FinpLAY et al, (1989). : ~

Bioirrigation (BI) and bioturbation (BT) will be detected by the use of sodium
bromide (4.1 g) and glass beads of the siza classes 30 and 60 ¥m as tracers.
To study the incorporation of 3C of the labelled algal material intg the bacterial
cell walls, lipids were extracted from the sediment, fractionated, and the fatty
acids of the phospholipid fraction were investigated with 5 GC-C-IRMS in
Cooperation with Dr. W.R. Abraham, Gesellschaft fir Eiatechnﬁ{cgfsche
Forschung, Braunschweig. ' , ‘
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Table 4: List of parameters which were determined from benthic chambers,
MUC- and mMUC-sediment samples (MF: meiofauna, CPE:
chloroplastic pigment equivalents, TAN: total adenylates, FDA:
potential activity of hydrolytic enzymes, PL: phospholipids, GL: total
lipids, BI: bioirrigation, and BT: bioturbation). Those parameter
indexed with s were determined from sediment slurries. Duration of
incubation is given below each lander. Chambers enriched with
organic material and chitin are marked with grey shadings.

lander chamber parameter

FER-a 1 ME CPE TAN FDA PL GL
2.5d 2 NF CPE TAN FDA PL GL BI BT
3 MF CPE TAN FDA PL GL
FFRla 1 MF CPE TAN FDA L Gl
2.5d 2 ME CPE TAN FDA PL GL
3 ME CPE TAN FDA PL GL
FFR-lla Tt MF CPE TAN FDA PL GL
2.5d ME CPE TAN FDA PL G
MF CPE TAN FDA PL GL BI BT
FFR-Ic
2.5d MF CPE TAN FDA PL GL Bi BT
MF CPE CPEs TAN FDA PL GL Bi BT
FFR-ic )
2.5d MF TAN TANs FDAs B BT
W4F CPEs TAN TANs FDAs
FFR-Ib ME CPEs TANs FDAS BT
8d
MF CPE CPEs TAN TANs FDA FDAs PL GL
FFR-Ib
8d MF CPE CPEs TAN TANs FDA FDAs PL GL
CPEs TANs FDAs Bl BT
FER-1iib ME CPE TAN FDA PL G BT
8d CPE CPEs TAN FDA PL. G B BT
WMF CPE CPEs TAN FD& PL GL BT
FFR-id ME CPEs TANs FDAs B BT
20d fF CPE CPEs TAN FDA PL GL B BT
ME CPE TAM FDA PL G B BT
FFR-Id MF CPEs TANs FDas Bl BT
2od
MFE CPE TAN FDA LG B BT
EFR-ild 1 CPE CPEs TAN TANs FDA FDAs PL G
204d 2 vF Bl BT
e CPE CPEs TAN PL GL B BT
Corer paramater ,
Mes CPE TAN FDA L G
miAUCH CPE TAN FDA PL GL
muMucs o
mMUC3 oF
mMUCE MF
mMUcs CPE TAN FDA L G
G erd W
mMUCs v
mMUCY .
mMUCT CPE TAN . FDA LG
mMuci2 VE
mMUcts cPE TAN FDA PL L
mMUCTs CFE TAN FDA L&
mMUC3s ] CPE TAN _Fba L G
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Preliminary results

During the cruise a total of 13 benthic chamber lander were successfully
employed and both control and amended chamber sediments were obtained
from the different incubation periods. The newly developed module for the
injection of particulates and tracers inside the chambers worked reliable under
in situ conditions. In some cases when the lander was retrieved a regular
distribution of the injected algal material on the sediment surface was
observed.

The benthos clearly reacts on the simulated pulsed deposition of organic
matter. This becomes particularly evident in sediment slurries which overcome
the problems of small scale variability within the chamber. But also piston
corer subsamples rendering vertical profiles of CPE confirm successful injection
of algae and chitin. After only 2.5 days elevated concentrations of chl.a were

detected also in deeper sediment layers, indicating enhanced transport of fresh
phytodetritus, Figure 7.
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Figure 7: Vertical profiles of chlorophyll a from a control and enriched
chamber after a 2.5 days incubation period. Depth interval and 95%
confidence interval is indicated.

The biomass parameters PL and TAN as well as FDA turnover were distinctively
elevated in the upper 0-5 ¢m sediment layers after a 20 days incubation
period. The group of bacteria also showed a clear response to the addition of
labeled organic matter as indicated by increased 3'°C values of fatty acids
which were used as bacterial biomarker (C15:01 and C17:0i; WHiTE 1983
CanueL et al. 1995, BoscHker et al. 1999) after a 20 days incubation ir;
comparison to the 2.5 days incubation, Figure 8.
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Figure 8: § 13C values of two different bacterial biomarkers (C15:0i; C17:0i)
after a 2.5 and 20 days incubation period. The 95% confidence
interval is indicated.
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5.2 Sediment community oxygen consumption and the role of
bacteria and macrofauna for degradation and entrainment into the
sediment

F. Wenzhdofer, N. Aberle, U. Witte
1. Remineralisation rates of organic carbon at the deep-sea floor

In well-oxygenated marine sediments the sediment community oxygen
consumption is generally considered to be an adequate measure of the total
benthic mineralization of organic carbon. Oxygen is either consumed directly in
the heterotrophic degradation of organic matter by micro-organisms and
animals, or consumed by the often microbially mediated reoxidation of upward
diffusing, reduced solutes. Diffusive (DOU) and total (TOU) oxygen uptake
rates were obtained by the use of a profiling lander (MPI) as well as a chamber
lander.

In the benthic chambers, oxygen consumption was determined by winkler
titration of syringe water samples. In addition, the chambers of one lander
were equipped with oxygen microsensors (optodes) in order to continuously
monitor the oxygen concentration in the chamber water. Both the profiling
lander as well as the optode-equipped chamber lander. were deployed several
times during the measurement campaign (Table 5).

Table 5: Deployment list of the MPI profiling lander and the GEOMAR chamber
lander (FFR-I) with oxygen optodes.

deployments deployments

leg 2 leg 4
MPI - Profiler
- microelectrodes 2 1
- deep-pentrating - 1
optodes
GEOMAR chamber lander
FFR-I with oxygen 1 2
optodes {8 days) (21 and 8 days)

The pre-programmed free falling lander is designed to measure in situ profiles
of various species with a depth resolution of 25 to 200 um. At this cruise the
profiling lander was equipped with two different measuring modules: one
system for electro-chemical measurements and one for opto-chemical
measurements. The electrochemical microsensors are typically able tq
penetrate the sediment to a depth of max. 10 cm. The profiles are used tq
determine the diffusive boundary layer (DBL) and to caiculate the DOy, The
oxygen penetration depth could hardly be measured with oxygen electrodes.
Therefore a second profiling system for determination of the oxygen
penetration depth was added. With the deep-penetrating optodes Oxygen
penetration down to a sediment depth of 55 cm can be measured. At BENGAL
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oxygen'penetration depth was > 15 cm confirming that DOU and TOU are
appropriate measures of benthic carbon remineralisation.

GEOMAR -~ Benthic chamber lander

To investigate the reaction of the total benthic oxygen consumption in
resppnse to a settling algal bloom, in situ pulse chase experiments were
carried out using benthic chamber landers. In all deployments sediment
conjmunity oxygen consumption (SCOC) was determined by winkler titration of
syringe water samples. An overview of the respective deployments and
chambers sampled is given in Table 6. In addition, one GEOMAR lander (FFR-I)
was equipped with oxygen optodes. In each of the three chambers two oxygen
pptodes were mounted in the lid to follow the depletion of oxygen in the
incubated overlying water. Additionally one chamber was equipped with a
chamber profiling unit. In pre-programmed time intervals oxygen profiles were
measured to investigate the change in the DOU during the incubation.

Table 6: Sampling for determination of SCOC by winkler titration

Experiment type lander/chamber no. lander/chamber no.
control enriched

Tic-1 {c-2

short-term I1Ic-3 ic-3
2.5 davs ITa-1 IIc-2
11a-3 II1a-3

1TTh-1 Th-1

medium-term 1h-3
7.5 davs IIb-1
IIh-3
11ib-1
IITh-3

Lona term Id-1
23 davs 111d-3

Preliminary resuits

Oxygen dynamics were measured with oxygen microelectrodes and optodes
(Fig. 1). Both methods exhibited a similar decrease in the oxygen
concentration, while the anoxic horizon was only reached by optodes. The
penetration depth of oxygen, which controls the depth distribution of many
redox reactions in deeper sediment layers, was 15 cm (Figure 9). Diffusive
oxygen uptake rates (DOU), calculated from the linear gradient in the DBL of
the oxygen profiles measured with microelectrodes ranged between 0.59 and
0.62 mmol m?2 d*' and showed no significant difference between the

deployments (Table 7).
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BIGSET

Table 7: Diffusive oxygen uptake rates (DOU) calculated from electrode
oxygen microprofiles

Diffusive oxygen
uptake
[mmol m?d']

leg 2
23. May 0.59 (+ 0.02)
25, May 0.62 (£ 0.15)
leg 4
18. June 0.59 (£ 0.26)

Comparison of winkler titration of water samples with the optode
measurements revealed a very good agreement of both methods indicating
that the oxygen consumption in the syringes after sampling is negligible

{Figure 10).
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Fig. 9: Oxygen profiles measured with oxygen optodes and microelectrodes
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Figure 10: Comparison of optode measurements and winkler titration of
syringe water samples

The enrichment experiments demonstrated a very fast benthic response to a
sedimentation event in terms of sediment community oxygen consumption
that did not decline within the duration of our long-term experiments.

2. Incorporation and transport of organic carbon by macrofaunal
organisms

In order to investigate the role of macrofaunal organisms for the degradation
and entrainment of phytodetritus into the sediment, tracer experiments were
carried out using *C/*°N- labelled diatoms Thalassiosira rotula. The algae were
inserted into benthic chambers to examine patterns of macrofaunal
consumption of fresh phytodetritus under in-situ conditions.

Macrofauna samples were collected from the short-, medium- and long-term
experiments. The sediment was divided into five horizontal layers (0-1, 1-2, 2-
3, 3-5, 5-10 cm), sieved through a 250um mesh and preserved by freezing (-
20°C). Meiofauna samples were taken from the same sediment volume and an
overview of the deployments and chambers sampled for macrofauna is given in
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Table 4. Macrofauna from background sediments was additionally sampled
from mMUC samples and processed in the same way as mentioned above.

The samples were analysed for community composition, biomass and vertical
distribution within the sediment column. In addition, the 3C/**N isotopic
signatures of individual macrofaunal organisms will be determined in order to
elucidate the influence of taxa, body size and feeding mode on the
incorporation rate of fresh phytodetritus. Measurements of isotope ratios on
macrofaunal specimen are still in progress.

Preliminary resuits

In the laboratory, all specimen were sorted and identified to higher taxa
(phylum, class, order or family) in order to obtain an estimate of the
taxonomic composition of the macrofaunal community at the BENGAL study
site. The macrofaunal abundance was evaluated and afterwards each specimen
was freeze-dried and weighed on a microbalance in order to obtain biomass
data.

Mean abundance, mean biomass and the taxonomic composition of the
macrofaunal community on the BENGAL-Site are shown in Fig. 11-13.
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Figure 11: Figure 12:
Mean macrofauna abundance Mean macrofauna biomass
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Figure 13: Taxonomic composition

The taxonomic composition given in Figure 13 shows the predominance of the
taxa Polychaeta and Crustacea, a composition typical for an abyssal
community.

The mean macrofauna abundance (Figure 11) and biomass (Figure 12) were as
high as usually observed at comparable depths.

As mentioned above, the measurements of *C/*N isotopic signatures from
macrofauna specimen are have not been completed yet. However, first results
revealed a high tracer uptake by all macrofauna organisms and a rapid diatom

ingestion primarily by polychaetes.
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5.3 Microbial degradation of chitin in deep-sea sediments

A. Boetius
Introduction

In deep-sea sediments, bacteria are the primary agents of the early diagenesis
of organic matter (OM). To use macromolecular organic substances as source
of energy and nutrients, bacteria produce extracellular hydrolytic enzymes.
The products of the enzymatic degradation of OM can be taken up by the
bacteria and are either incorporated into the biomass or respired and
remineralized. In general, the highest bacterial activity is measured at
sediment surface where fresh detritus is deposited. Most deep-sea sediments
receive only low amounts of sedimenting OM which is efficiently degraded
under oxic conditions. Recent investigations have shown that the autochtonous
deep-sea bacteria are well adapted to the low temperature and to the high
pressure prevailing in the deep sea. A substantial fraction of the bacterial
populations were found to be psychro- and barophiles. Thus, it is assumed that
accurate rate measurements of bacterial turnover of OM can only be performed
under /in situ temperature and pressure. However, in absolute numbers, little is
known on the effect of pressure on rate measurements of bacterial hyérolysis
production and respiration in different sediment horizons. Thus, the aim of this’,
study was to carry out an in situ experiment focussing on the microbial
response to an enrichment with organic matter. For comparison, a parallel
laboratory experiment was carried out with sediments obtained fror% the same
station with a multiple corer. These sediments were repressurized and
incubated at /n situ pressure and temperature on board of the ship. Both
sedimeﬂt samples received the same amount of substrate and were incébated
for the same time intervals.
This investigation was mainly concerned with the microbial itin i

deep-sea sediments. Chitin is the most abundant polysaccif::igoev;r&fecmggr:g
environment. It occurs in crustacean shells, in the peritraphic membrane of
fecal pellets as well as in the cell wall of algae and protozoa, pes ite its
guantitative importance in the particle flux to the seafloor, chitin dc?es not
accumulate in marine sediments. Chitin is resistant to most chemical and
physical agents, however, it is quickly dissolved by chitinolytic enzymes
(Gooopay, 1990). Not many animals are able to digest chitin and probabl tnost
of them harbour chitinolytic microorganisms in their guts (Deming and Q'ARGSS
1993). Thus, it is likely that most of the chitin reaching the seafiggr is utiliz é
by bacteria. Enrichment experiments with deep-sea sedimentg have shgyin
that the natural microbial assemblages may produce high amounts of
chitinolytic enzymes within days when chitin becomes available as 5 Substrat;

The bacteria may then utilize this C+N source with relatively high growg;
efficiencies. The addition of different amounts of chitin induced Chitobiase t

different levels relative to the availability of this substrate (Boerysg © o

itin i i | US and Lochte
1996). Hence, chitin is an important substrate for bacteria i deep-s ‘
sediments and even high amounts as introduced by large food fayg can gz

quickly remineralized.
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The main questions of the experiments were:

1. How fast do the benthic bacteria respond to the input of chitin in situ ?

2. What is the succession and amplitude of microbial reactions?

3. How do the turnover rates compare between the in situ and the
laboratory experiments?

4. Can the turnover of chitin be attributed to a specific group of bacteria?

Methods

Samples for the determination of extracellular enzyme activities (EEA),
bacterial numbers (BN), bacterial production (BP), respiration, hexosamine
uptake and fluorescence in situ hybridization (FISH) were obtained from
triplicate lander deployments of different time intervals (~2, ~8 and ~20 days)
(Table 8). Samples were taken from the sediment horizons 0-2 cm, 2-5 cm
and 5-10 cm sediment depth. The hydrolytic activity of chitobiase was
measured on board using a fluorescence-labelled MUF-substrate (Boetius and
LocHte 1994). Bacterial production was estimated by measuring the
incorporation of 3H-labelled thymidine into into DNA (Kemp 1994). To
determine bacterial respiration potentials, **C labelled Synechococcus material
was added to the sediment and the subsequent release of *CO, was meagured
(LocHTE 1992). Some samples were additionally incubated with *C-N-
acetylglucosamine. For the determination of bacterial numbers, samples were
fixed and are counted by epifluorescence microscopy in the home Iaborato_ry
(MEYER-REIL 1986). Furthermore, samples were taken for fluorescence in situ
hybridization of different phylogenetic groups of bacteria (SNAIDR et al. 1997).

Table 8: benthic chamber lander samples obtained for the analysis of
microbial chitin turnover

lag station  lander  time interval control  enrichme
(d) chamber nt
chamber
260-3 g5 Ic 2.7 - K2
260-3 97 1ic 2.7 K3 K2
260-2 81 Ib 7.8 K3 K1
260-2 84 Iib 7.8 K2 K3
260-2 88 b 7.8 K2 K3
260-3 112 Id 20.1 K2 Ki
260-3 111 Iid 20.1 - K1
260-3 106 IId 20.1 K1 K3

Additionally, batches of sediment (0-2, 2-5, 5-10 cm) obtained with a multiple
corer were amended with the same amount of chitin and algal material and
incubated in parallel to the lander incubations, at in situ pressure (480 bar)
and temperature (4°C). Furthermore, microbial biomass, respiration and
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production were measured in replicate multiple corer samples during leg
POS260-3 to obtain information about the background situation at the station
BENGAL (stations 96-2, 99-3, 107-2).

Preliminary Results

The microbial enzymatic activities in sediments of station BENGAL in May 2000
(POS260-3) were low compared to the activities in the summer and autumn
situation in earlier years (Figure 14). A strong microbial response to the
addition of particulate organic substances such as algal detritus and chitin flocs
was measured in the in situ enrichment experiments with the benthic chamber
landers. A significant increase in microbial chitobiase activity was recorded
after 8 days (Figure 15). Within 20 days, the chitobiase activity increased 16-
fold in the enriched lander chambers compared to the unenriched incubations.
In the parallel laboratory incubations, chitobiase activity increased only 5-fold.
Hence, the populations in the undisturbed sediments were more efficient in
producing chitobiase. The de- and repressurization during and after recovery of
the samples obviously had a negative effect on the microbial activity in the
laboratory incubations. However, no difference in the response time was
observed between lander and laboratory experiment. The measurements of
other microbial parameters such as biomass, production and respiration are
currently in progress.

chitobiase (uM h™')  B-glucosidase (uM h™)
1.0 1.5

—®— August 1998
—0— Qctober 199¢
A May 2000

sediment depth {em)

L")

Figure 14: Background extraceliular enzyme activity at station BENGAL

38



BIGSET

Cruise Report PoOSEIDON 260

Lander experiment
(in situ measurement)

o

ES

w

W control
O enrichment

anzyme ankiviky
(nmol amr=3 hr1)
N
I

!

5 ned | e

day 2 day 8 day 26
incubation time

(=]

incubation time |

Figure 15: Changes in chitobiase activity due to chitin input. Chitin particles
were added in situ (lander experiment) or to a sediment slurry
(laboratory experiment) and the change in chitobiase activity was
recorded over time.
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5.4 Benthic foraminifera

P. Heinz
Research programme

Organic carbon flux is one of the main environmental factors that control
benthic foraminiferal distribution patterns. Seasonal or intermittent fluxes of
organic carbon, caused by phytoplankton blooms or anthropogenic nutrient
inputs, regulate species composition, vertical distribution in the sediment,
population dynamics, and reproduction cycles of benthic foraminifera. In
oligotroph areas as BENGAL, some opportunistic species (like Alabaminella
weddellenis, Epistominella exigua and Tinogullmia sp.) react very quickly to
phytodetritus blooms arriving on the sediment surface. They rapidly colonize
freshly deposited phytodetrital aggregates and respond with a high increase in
abundance due to reproduction (Goopay 1988, Goobay 1993, GooDAY & TURLEY
1990, Goopay & LamBsHEAD 1989, SMART & GOODAY 1997). The biomass of
benthic foraminifera has been reported to correlate well with the organic
carbon flux (ALTensacH & Sarntheim 1989, ALTENBACH et al. 1999). Shipboard
experimental addition of organic material resulted in an increase of biomass
and in a higher number of vacuoles (ALTENBACH 1992, LINKE et al. 1995). After
some days, food was converted into biomass. The biomass of benthic
foraminifera in deep-sea sediments is thus controlled by the primary
production in the oceanic surface layer. The foraminiferal metabolism is
adapted to this environment and reacts very rapidly on arriving food material.
Hence, benthic foraminifera are important remineralizers of organic matter and
represent an important link in the bentho-pelagic coupling.

Objectives of this cruise were to analyse the influence of an experimental in
situ food pulse (labelled algae) to the activity of the benthic foraminifera with
regard to microhabitat changes, species response, response times and
amplitudes, and the comparison of the trophical regimes. -

Station works and preliminary results

Sediments of the different lander experiments were collected to analyse the
reaction of benthic foraminifera to the added food pulse of labelled algae. The
different in-situ incubation times enable to investigate the time-depending
response. Isotope analyses (C*/N'®) of the biomass give a measure for the
enrichment of stable isotopes and therefore for the algae uptake. TEM-fixations
of foraminiferal cytoplasma were carried out to investigate food particles. To
recognize changing faunal compositions, abundances, and shifting vertical
distribution patterns during the in-situ-experiments, samples for faunal
analysis were taken. Additionally, these faunal data will be compared to former
investigations in the BENGAL area from previous BIGSET expeditions.

A list of samples taken from the different multicorer and the in-situ-lander

experiments is given in Table 9. For isotopic investigations, sediments were cut
in 0.5-cm-slices for the first two centimetres and in 1.0cm slices for the
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centimetres 3-5. Sediment samples were sieved over a 30um mesh screen
with seawater and were immediately frozen after sieving. The samples were
transported frozen to our lab in Tdbingen for further investigations. For TEM-
fixation, some residence sediment from the upper 2cm was sieved owver a 30
um-screen and was washed with filtered seawater. Subsequently, the living
foraminifera were picked under the stereo microscope, fixed and stained. For
faunal analysis, sediment was sliced in half centimetre intervals for the top two
centimetres and thereafter in one centimetre slices. The slices of the upper 10
cm were stained with a solution of ethanol and Rose BENGAL for distinguishing
between living and dead specimens.

Table 9: List of sediment samples taken from the different multiple corers and
the lander experiments for isotopic and faunal analysis of benthic
foraminifera and TEM-Fixations.

Label Latitude | Longitude | Bevation Samples

core /chamber | core /chamber lI core /chamber i
1POS260-2_ mMUC-0248°50.02'1116°36.89'W -480 fauna analysis isotope analysis
POS260-2_mMUC-0448°50 :,m -480 fauna analysis isotope analysis
POS260-3 mMUC-0 mm -480 fauna analysis isotope analysis
POS260-3 mMUC- mm -480 fauna analysis
POS260-3_mMUC-1248°49 98 16°36.95'W -4806 {isotope analysis, TEM
POS260-3_mMUC-1748°49 .9 H116°36.90°W -480 fauna analysis fauna analysis isotope analysis
POG260-5_mMUC-3¥48°40.89 M16°16.96'W -4838 fauna analysis isotope analysis fauna analysis
POS260-2 FFR-la  {48°49.9 di16°34 92" W -480 isotope analysis fauna analysis isotope analysis
POS260-2 FFR-lla - | 48°49.94 H16°34.49'W -4810 isotope analysis isotope analysis fauna analvysis
POS260-2_FFRAlR_| 48°50 56'116°35.00°} -4807 | isotope analysis | fauna analysis | isotope analysis
POS260-3 FFRb | 48°49 89'N16°34.89'W -4820 | isotope analysis TEM |
4:‘--1m -4g8201 faunaanalysis | _isotope analysis
POS260-3 FFR-l | 48°51.01'M16°35.02W -4820 | fauna analysis, TEM
IPOS260-3_FFR-ic 48°50'N 1 16°35'W | -4820 TEM fauna analysis TEM
IPOS260-3 FRR-lc  |48° ‘H16° W - fauna analysis
POS260-5_FFR-d 48°50'N | 16°35'W | -4850| isotopeanalysis | isofope analysis | isotope analysis
POS260-5 FFR-Id | 48°509'N 16°35'W 1 48201 fauna analysis __fauna analysis |

Preliminary results and conclusions

Preliminary data from the TEM prepared individuals and the_ﬂrst specim_ens
collected for isotopic measurements showed the following species com posgtxon:
the dominant species in the sediment is the calcareous species Epistominella
pusilla, followed by an agglutinated species that is iden}:sﬁed.presently as
Haplophragmoides sp. Other important species are Ep{stommeii.a: exigua,
Cribrostomoides sp., Adercotryma glomerata, Glomospira charo m’es’ and
Hippocrepina indivisa. A comparison of the percentage of these f:iommant
species to other species of the samples and to.the faunal analysis from a
former cruise (M42-2, July 1998) is given in Table 10. The species
compositions between the two cruises are in a 'rathe?r good ag rfaement.
Epistominella pusilla and E. exigua are opportunistic epsfgunai species, that
should response very fast to the arriving labelled algae and ingest it.
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Table 10: Relative abundance (%) of dominant species in a comparison
between the samples of cruise Poseipon 260-2 (May 00), and M42-2

(July 98).
M42-2 | Pos 260-2
MC1 Mini-MC2 | FFRIla K1- |FFRIlla K1+
Allogromida 0.00 0.43

OFEEEQIIOKIe:

Hippocrepina indivisa 0.14 5.44 0.35 0.96
Cribrostomoides sp. .00 9.17 413 0.00
Cribrostomoides subglobosum 0.00 0.14 0.00 0.00
Glomaospira charoides 0.00 5.30 «  1.06 1.91
Adercotryma glomerata 0.21 0.14 7.67 3.82
other agglutinated species 12.54 22.35 14.76 19.75

A direct comparison between the abundances of living foraminifera in July
1998 and May 2000 is difficult, because counted numbers of this cruise come
from not stained specimens, and the faunal analysis from the fixed and stained
samples are presently under investigation. But for a first comparison, data are
arranged in Figs. 16 and 17. Abundances of May 2000 are obciouly
underestimated at this point of progress, because individuals with colourless or
very reduced cytoplasma and very small individuals may be overlooked. This
may be the explanation for the large differences in the numbers of foraminifera
between the two cruises, but also between the multiple corer and the lander
sediments during the POSEIDON cruise. A final comparison of foraminiferal

abundances can only be made using the results of the stained samples that are
in preparation.

number (n /50 cms)
400

300 -
200

100 -

O not stained
¥ stained

0

Juli®8 | Maioo

Figure 1_&: Comparison of the abundances of found living benthic foraminifera,
isolated from unstained sediment (cruise POSEIDON 260-2, May 00:

Mini-MC2) and from Rose-BENGAL stained sediment (cruise M42-2,
July 98, MC1).
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Figure

17: Comparison of the vertical distribution of living benthic
foraminifera, isolated from unstained sediment (cruise PosEIDON 260-
2, May 00: mMUC2, FFR-IIIa (chamber I), FFR-IIa (chamber I)), and
from Rose-BENGAL stained sediment (cruise M42-2, July 98, MC-01).
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5.5 Geochemistry of the sediment - pore water system

M. Haeckel and S. Grandel
Research programme

Aim of the geochemical programme was to investigate mainly chemical
parameters influencing decomposition and dissolution of biogenic compounds
in the sediment. I.e. modelling the process mechanisms, and determining
regional budgets of remineralization rates using a geographical information
system (GIS).

During the cruise a comprehensive geochemical data-set has been collected
including solid phase and the pore water samples of sediments that have been
recovered by benthic chambers as well as by muitiple corers. The latter were
deployed to characterise the natural geochemical background situation.

Early diagenesis is mainly driven by the degradation of organic matter that has
been deposited on the sea floor. The microbial community which mediates
these decomposition reactions utilizes different available electron acceptors in
order of decreasing free energy production per mole organic carbon oxidized.
Hence, the following redox zones can be sequentially observed in marine
sediments: oxygen respiration and nitrification, denitrification, manganese(IV)
reduction, iron(III) reduction, sulfate reduction, and finally methanogenesis. In
deep-sea sediments about ninety percent of the organic carbon decomposes
via the oxic pathway and therefore it is especially important to investigate the
oxygen consumption in order to model the geochemical environment and the
benthic ecosystem of the deep sea. )
The collected sediment and water samples were analysed onboard for NOs,
NHs*, PO4>, SiO.*, alkalinity and pH, while further measurements of Corg,
Mn2*, Fe?*, S04%, Ca?*, CI’, Br and porosity are carried out in shore-based
laboratories. An oxygen profiling instrument (OPI) was deployed to gain in situ
concentration-depth profiles of oxygen and pH. Additionally, sediment samples
for laboratory experiments on the adsorbed fraction of ammonium were tal_<en.
These results will improve the thermodynamic handling of adsorption-
desorption processes within a numerical early diagenetic model.

Station works and preliminary results

Surface sediment samples (the upper 10-20 cm) were retrieved from the
benthic chambers as well as from several multiple corer depioyments._The
sediment was extruded out of the plastic tubes and cut into 0.5-2 cm slices.
Subsequently, pore water was extracted using a low pressure-squeezer (argon,
1-5 bar), while squeezing the samples were filtered through a Q.Z Hm
polycarbonate Nuclepore filter. Pore water samples were coitec'ged in twc;
recipient vessels, an acidified (20 pi 30% HCI suprapur) for analysis of meta
cations and a non-acidified for nutrients. A small portion of each wet_ sediment
slice was collected for the analyses of organic carbon content, porosity and ex
situ pH. Unfortunately, all of the above procedures had to be conducted at

45



BIGSET Cruise Report POSEIDON 260

room temperature (about 15-20 °C) as no cold room was available aboard of
RV PoseIpon. Hence, temperature induced artifacts cannot be excluded.

The oxygen content and pH in the pore water of the surface sediments was
determined by an in situ-profiling instrument (OPI), mounted into a lander
system. Profiling was executed by means of oxygen and pH microelectrodes
{ARCHER et al., 1989; RevsBecH and JORGENSEN, 1986) permitting a step-
resolution of 0.1-0.2 mm. In case of the oxygen sensors a two-point
calibration was performed by determining the O,-concentration in the bottom
water by Winkler titration (GrassHoFF et al., 1999) and the zero current in an
anoxic sodium dithionite solution at in situ temperature. Whereas the pH glass
electrodes were calibrated using three buffer solutions (Ampy, TRIS, BIS) at
pH-values of about 7.3, 8.8 and 9.5, respectively (Dickson, 1993). In situ
oxygen measurements are necessary to determine reliable benthic O»-
utilization rates, as ex situ data are considered to be afflicted with 6x
decompression artefacts while retrieving the gear from greater depths (GLup et
al.,, 1999; GLup et al., 1994). Similarly, ex situ pH measurements are
artificially altered by calcite precipitation, which is also induced by
decompression, i.e. the interstitial water becomes more acidic.

Analyses for the nutrients NO3, NHs*, PO,*, Si04* were completed on board
using a spectrophotometer. The respective chemical analytics follow standard
procedures (GrRassHOFF et al., 1999), i.e. nitrate was detected as sulphanile-a-
naphthylamide, ammonium as indophenol blue and phosphate and silicate as
molybdene blue. The total alkalinity of the pore water was determined by
titration with 0.001N HCI against the Tashiro indicator (a mixture of methyl red
and methylene blue). IAPSO sea water standard was used for calibrating the
method.

A list of the measured properties is presented in Table 11 including a short
description of the analytical method and its analytical precision.

Table 11: Analytical methods for determining pore water parameters.

Parameter Method Error (Detection
, limit)
7] microelectrode 2 ymol/l

{1 pmol/l)
NOy photometer 5% (1 umol/t)
NH," photometer 5% (2 pmol/l)
PO.* photometer 1 pmol/!

(2 umol/l)
SiQ,* photometer 5 umol/l

(1 ymol/b)
pH glass electrode 0.05
atkalinity titration 0.05 meg/}

Other parameters, such as of Coqg, Mn®*, Fe?*, SO,%, Ca?*, CI', Br and
porosity, are determined after the cruise at shore-based laboratories.
Therefore, the solid phase (squeeze cakes and wet sediment) as well as the
pore water samples (acidified and non-acidified) were stored frozen with dry

46



BIGSET Cruise Report PoseIbon 260

ice (about -30 °C). The samples for the adsorption experiments of ammonium
were suspended in 20 ml 2N KCI solution, i.e. the first step in the extraction
procedure (LAIMA, 1992; ROSENFELD, 1979), and also stored frozen at -30 °C.

Preliminary results and Conclusions

The pore water data (Figure 18) at the BENGAL site reflect the expected
natural background situation with respect to early diagenesis: the degradation
of organic matter currently proceeds through oxygen respiration and
denitrification within the upper 30 cm of the sediment, whereas the following

diagenetic stages, manganese, iron and sulfate reduction, are not reached (not
shown).
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Figure 18: Nutrient and alkalinity pore water distributions at the BENGAL site
(North Atlantic).

Starting from a mean bottom water concentration of about 240 pmoi/t,t(gz
penetrates about 10 to 15 cm into the sediment (data not shown). Thus, the
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nitrate profile shows a subsurface increase with a maximum of nearly
40 pmol/l at 8-10 cm sediment depth. Further downcore the nitrate
concentration slowly starts to decrease again. Ammonium and phosphate, as
products of the organic matter degradation, stay at a low concentration level
near the detection limit throughout the sediment core, whereas alkalinity
increases generally about 0.5 meg/! to greater depths. Following Emerson et
al. (1980), organic matter degradation through oxygen respiration and
denitrification alone would only contribute to a potential alkalinity increase of
0.1-0.2 meqg/| at greater depths. However, the observed alkalinity production
can easily be explained by an additional proceeding calcite dissolution and
precipitation, as the BENGAL site is located deeper than the carbonate
compensation depth (CCD).

Silicate concentrations increase asymptotically from 45 uymol/l in the bottom
water to 250 ymol/l within the uppermost ten centimetres of the sediment.
These are typical silicate distributions for pore waters in the North Atlantic with
relatively low biogenic silica contents in the sediment itself (3-4 wt%, RICKERT,
2000).

The 20-days /n situ lander experiments show a significant increase in the rates
of organic matter degradation after 240 hours, i.e. the nitrate concentration in
the averlying water decreases, while ammonium, phosphate and alkalinity
concentrations increase. The effect of the nutrition impulse on the benthic
microbial community is even reflected in the pore water profiles derived from
subcores taken from the benthic chambers: nitrate shows a subsurface
minimum and hence, ammonium a subsurface maximum. The shorter termed
lander experiments of 2.5 and 7.5 days do not show any significant changes in
the nutrient concentrations both in the bottom water and in the sediment.
These data will enable us to improve the existing state of early diagenetic
modelling because for the first time an extensive data-set including a time
series exists. By means of these data, a better description of how organic
matter degradation starts and proceeds after a distinct detritus impulse is
possible. This kind of knowledge is of major importance for modelling and
predicting the impacts of natural and anthropogenic impacts in the deep sea
like waste disposal or deep-sea mining, for instance.
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5.6 Sinking and suspended particles in the low bottom water column
and the sediment

N. Lahajnar and G. Schroll
Research programme

The objective of sub-project 4 was to collect sinking and suspended particles
and sampies of sediment and pore water. The project aims to measure the
particle flux in the deep sea, to compare the biogeochemical composition of
sinking particles with suspended particles and sediments as well as to examine
early diagenesis of organic matter with the help of detailed analyses of labile
organic compounds in sediments and pore waters. The carbon and nitrogen
isotopic compaosition of sinking particles will be compared with those of the
sediments. The alterations of the primary isotopic signals reaching the seafloor
will be interpreted in combination with the data on labile organic substances in
sediments and porewaters.

At station BENGAL a sediment trap mooring system (e.g. Honio and DOHERTY,
1988) was deployed for 7 weeks. This mooring consisted of two Mark 7
sediment traps ("BENGAL-Shallow" and "BENGAL-Deep"). Each trap was
programmed for a weekly sampling interval (7x7 days). In addition to the
mooring a trap (Kiel type) installed on a benthic observation lander ("BENGAL-
lander") was deployed at the same location for six weeks (6x7 days).

Sediment and pore water samples were taken from multiple corer from three
stations at BENGAL. Furthermore, a seamount near BENGAL was sampled at
five different spots. At every station (BENGAL and seamount site) water
samples for DOC-measurement were taken from various depths.

In co-operation with other sub-projects several experiments with isotopically
labelled algal material (}C and *°N) were carried out at the sediment-water
interface during POS260. Sediment samples with their corresponding bottom
water were taken from benthic chambers, which had been incubated for ~2.5,
~8, and ~20 days, respectively.

Station works and methods

The mooring system information is shown in Table 12 and Figure 19, the
deployment schedule is directly taken from the timer boards (Table 13).
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Table 12: Mooring system and deployment information for sediment traps
during POS260

Region

BENGAL

BENGAL (Sub-project 2)

Mooring name

BENGAL-Shallow

EENGAL-Deep

BENGAL-lander (FFB-01)

Mooring position

48949.588' N 16°30.108' W

48°49.89" N 16°31.80' W

Deployment

30.04.2000, 15:45-16:55 UTC

06.05.2000, 18:18 UTC

Deployment station

65#1

67#1

Recovery 19.06.2000, 06:00-08:25 UTC 19.06.2000, 12:32 UTC
Recovery station 161 163
Water depth (m) 4802 4808
Trap depth (m) 4233 4767 4806
Dis)tance to seafloor] 569 40 2
m

Sampling start

01.05.2000, 01:00 UTC

08.05.2000, 01:00 UTC

Sampling end

19.06.2000, 01:00 UTC

19.06.2000, 01:00 UTC

Sampling duration
(d)

7x7

6x7
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Mooring-1.D.: BENGAL Deployment Date: 30.04.2000
Start; 15:45 UTC
Release: Enable 2C, Release 2B
Radie Frequeney: 156,425 MHz, Channel 68 Recovery Date: 19.06.2000
Anchor Drop: 48°49.588' N 16°30.108' W 16:52:00 UTC Start: 06:00 UTC
Buoyancy speed: 50.75 w/s (ealeulated during recovery)
Mouoring .. Deploymen
Diagram Mooring Description t ) Recovery
prad. L mabs, Timeout : onDeck
: uTc ;. UTC
597m | 4205m 3 Balt Radio Float + Flasher 15:48 07:48
: 2 m Chain
594m | 4208m G-6600-3 Triple Float 15:50 07:49
$93m | 4209m G-6600-3 Triple Float 1550 | 07:49
20 1 Mylon Rope *
; 2 m Chain
$69m | 4233m Mark 7 Sediment Trap 554§ 07:54
: BENGAL-Shaliow ;
g 2 m Chain
500 m Wire Rope 16:06 | 08:09
tim | 47Hm G-6600-3 Triple Flot 16:14 1 08:10
2 m Chain :
om ; 4762m Mark 7 Sediment Trap 1623 | 0815
5 BENGAL-Deep :
2 m Chain :
5 m Chain :
Bwm o L 4T6Tm G-6600-3 Triplefioat 135 7 0821
Mm 17 m Benthos Release i5:44 E 08:21
3 m Chain :
26 m Nyion Roge é
2 m Chair i
Bm ;. 382m Anchor (2 Radlroad Wheels) Om 2 4802 m

Figure 19: f&&dmeﬁt trag:s System moored during POS260
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Table 13: Deployment schedule for BENGAL-Shallow and BENGAL-Deep

Deployment schedule BENGAL-
Shallow

Deployment schedule BENGAL-
Deep

McLane Research Laboratories, USA
MK7G-21 ITC Sediment Trap
Operation Program V2.02

MclLane Research Laboratories, USA
MK7G-21 ITC Sediment Trap
Operation Program V2.02

3 3 3k K KK 2K 3K KK KK koK Rk ok sk kR ok ok kR ok K

* MAIN MENU *

3k 3K 3K 3K 3K 3K 5K K K K K R R kR KR SRR SRR ROR SR kR

>k 3k 3K 3K 3K ok ok Rk koskokok sk sk kR sk kock sk Rk kR ok

* MAIN MENU *

3K 3k 3K 3k 3k 3K 3K 3k ok K oK 3k 3K 3k ok ok ok K KKk kR ok K ok

TRAP V2.02
Poseipon 260 BENGAL-Shaliow
S/N 1376 04/29/00 21:56:20

TRAP v2.02
POSEIDON 260 BENGAL-Deep
S/N 1380 04/29/00 21:38:55

-------------- VERIFICATION--------~-——
Event 01 of 08 = 05/01/00 01:00:00
Event 02 of 08 = 05/08/00 01:00:00
Event 03 of 08 = 05/15/00 01:00:00
Event 04 of 08 = 05/22/00 01:00:00
Event 05 of 08 = 05/29/00 01:00:00
Event 06 of 08 = 06/05/00 01:00:00
Event 07 of 08 = 06/12/00 01:00:00
Event 08 of 08 = 06/19/00 01:00:00

-------------- VERIFICATION------------
Event 01 of 08 = 05/01/00 01:00:00"
Event 02 of 08 = 05/08/00 01:00:00
Event 03 of 08 = 05/15/00 01:00:00
Event 04 of 08 = 05/22/0001:00:00
Event 05 of 08 = 05/29/00 01:00:00
Event 06 of 08 = 06/05/00 01:00:00
Event 07 of 08 = 06/12/0001:00:00
Event 08 of 08 = 06/19/00 01:00:00

! Time in UTC

Sediment trap sample processing and description

The recovered samples were kept cool at 4°C until processing, which was
carried out within 12 hours after retrieval. _

For the analyses of dissolved organic compounds the.supematant in the
sediment trap cups was filtered through glass microfibre filters (GF/F, 0.?’ pHm,
pre-combusted at 450°C) as well as through 0.2 pm cellulose acetate ﬁltgers.
The filtrate was filled into 10 mi glass ampoules (pre-combusted at 550°C),
sealed under nitrogen atmosphere and stored frozen at —20°C. For further
analyses 100 ml of the supernatant were filled into pre-cleaned PE-bottles and
stored frozen at —20°C. ) _
After initial macroscopic description of the samples ?hey were split us'sng g
rotary splitter (Table 14). The sub-samples were f;ltered‘ on pre-weighe
polycarbonate filters and dried (50°C) for further biogeochemical analyses.
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Table 14: Splitting protocol for sediment trap samples applied during POS260

~

TYIITIY N almlelwloln

BI2i3131313 123 ninimjeimloin il il Ll E

Q [~} ° [=3 [~ Q ° ] ¥ 3 i i [ 1 ] [ o o o @

Samples HHHHEHEHH HHEBRHEH HHHEHE

£ clolololelola

AR EE B HEEE R

ijﬁ‘md Ont(? polycarbonate wjvz|w vy jwlufnlwlnjnineivveleieiviv|v],,
filter and dried at 50°C

i 5 i 83 1 83 3 3 3¢ il 67/ | 19/ | 83/ § 66/ | 83/ 1 35/ § B3/ | 83/ | 83/

Filled into PE-bottles and il el Bl Bl Bl bl Bl POl R I B Bl Bl g B Bl Bl Bl e B

stared at -20°C s | 616 16il6]6|cBelolelselecloleloleislislsls

Filtered onto  GF/F-filter vivivlvloviviviviviviv]ivlvlivluvlvivivivie

(0‘7pm} 16 16 1% 16 16 16 16 16 16 16 16 16 i6 16 16 16 16 16 16 18

and dried at 20°C (SP-2, POC)
Filtered onto GF/F-filter ot , ) ,

(0.7um), sealed in Al-foil and § 3¢ | 1 | 1|6 |16 | 16| 16 e | 16| 16| 16| 16| 16| i6f 16| 16|16 16] 16|16
stored at -20°C {SP-2, Chi-a)
Fiitered onto 142mm PC-filter 1
(0.4pm) and dried at 20°C 21 64 {64 | 64 | 6 {64 {68 Joa ) 6a | caloa|oefcs|calos]ca]aa]ealealea
(SP-2, ¥**Th)
Filtered onto cellulose-nitrate} |, |, |y lo{ulwvbulviv|vliuvlulvlvlvluvlviv]y
filter (0.45 wm) and dried at§zs {25 {25 {25 {25 {25 125 Pas 25 {25 {25 |25 {25 {25 §25 |25 |25 {25 |25 |25
20°C (SP-5, REM),

Sediment and porewater sampling

Sediment and pore water samples from several cores were taken by a
"regular” multiple corer (MC) and by a small multiple corer (mMUC),
respectively, at station BENGAL as well as from a seamount near BENGAL
(Table 15). For both multiple corers liners of 10 cm in diameter were used.
Sediment samples were split into sub-samples by applying the following
splitting intervals:

6-0,5; 0,5-1; 1-1,5; 1,5-2; 2-2,5; 2,5-3; 3-4; 4-5; 6,5-7,5; 9-10; 14-15; 19-
20; 24-25; 29-30 cm.

Bottom water was obtained from multiple corer supernatant. The samples were
centrifuged at a temperature of 2°C at 2000 rpm for 20 minutes.
Subsequently, the bottom water was filtered through glass microfibre filters
(GF/F, 0.7 pm, pre-combusted at 450°C) or through cellulose acetate filters
(0.2 uym).

Similarly, pore water for the analysis of dissolved organic compounds was
centrifuged from the sediment subsamples at 2°C at 2000 rpm for 20 minutes.
After centrifugation the supernatant pore water was removed with syringes
and filtered through glass microfibre filters (GF/F, 0,7 pm, pre-combusted at
450°C) or through cellulose acetate filters (0,2 pym).

Both bottom water and pore water samples were filled into 10 ml glass
ampoules (pre-combusted at 550°C). The ampoules were sealed under
nitrogen and deep frozen (-20°C).

At each station blanks (double deionized water) were taken and treated
similarly to the sampling procedure (centrifuged, filtered, and stored in
ampoules).
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Table 15: Overview of sediment samples taken during POS260

Date Station Position | Number |Water Core Sediment | Water Water
Number. Multicore | Depth length untreate |samples |samples
r Im] [cm] d [0.7 pm] | [O.2 um}
07.05.00 |{BENGAL 48°50.08'
6941 N
16°37.00" MC-04 4806 33 yes no yes
W
02.06.00 |BENGAL 48949.98"
118 N
16°35.99° mMUC-23 | 4803 20 yes yes yas
W
03.06.00 | BENGAL 48°49.77"
121#1 N
16°40.82' mMUC-24 | 4798 20 yes yes yes
w
05.06.00 | Slope-East | 49°04.06'
127 N
16°33.46' mMUC-27 |} 4557 20 yes yes yes
W
06.06.00 | Siope- 49°(Q7.38"
North N _ es as
134 16935.66' mMUC-29 {4358 20 yes Y b 4
w
08.06.00 | Siope- 49°08.64"
West N _ 0 es es yes
14342 16°40.13" mMUC-32 | 4468 2 y y
W
09.06.00 |Summit 49°07.03"
150 N ~ 20 es Qs Y es
16°38.35" mMUC-34 | 3850 Y Y
W
10.06.00 | Slope- 49°05.79"
South N . 20 es yes YEes
153 16°43.02" mMUC-35 4750 y
W
17.06.00 | BENGAL 48°49,35"
156 N _ 4711 25 yes yes yes
16°36.86" | MMUC36
N

Chamber lander samples

Several benthic chamber landers (WITTE and PFANNKUCHE, 2000) were deploygd
and recovered at station BENGAL (Table 16). The detailed lander program is

described Tables 2 and 3. o _
The sediment and water samples were treated similarly to the multiple corer

sediment samples.
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Tab. 16: Benthic chamber sediment samples taken during POS260

{ander-No./ Position / Sampling Water Depth | Samp. Interval | Sediment | No. Ampoules | No. Ampoules
Chamber- No. Station No. Start / End fm] {em} samples 0.7 pm} 10.2 pm]
FFR-I¢ 48°50.00' N 19.05.00, 21:00 4820 chamber water - - 4
K2 tmarked)* 16°35.00' W 22.05.00.97.00 0-2 i - 4
BENGAL 9541 2-5 ! - 6
3-10 1 - 6
FFR-l¢ 48°50.00' N 19.05.00, 2100 4820 chamber water - - 4
&3 ymarkedy 16°35.000 W 22.05.00.07:00 -2 - - -
BENGAL 93#t 2-5 - - -
3-10 - - -
FFR-1d 48°50.00' N 250500, 1544 4820 chamber water - 2 i
K imarkedy 16°3500' W 14.06.00. 11:34 0-2 i 1 4
BENGAL 142 25 1 1 5
5-10 i 1 6
FFR-1 ¢ 485000 N 25.05.00, 1544 4820 chamber water - 2 8
K2eontrof)** 6735 00' W 140600 1134 0-2 i 1 2
BENGAL 112 2.5 1 i 2
3-10 1 1 3
FFR-li b 48949 92' N 11,0500, 16:52 4803 chamber water - - 2
K2 {control} 6736t W 19.05.00,05:22 0-2 I - 2
BENGAL 848} 2.5 I - 2
5-10 1 - 2
FER-l b 483992 N 11.65.00. 16:52 4803 chamber water - - 2
K3 smarkedy 169364 W 19.05.00.05:22 0-2 1 - 4
BENGAL 8441 2.5 i - 2
5-16 ! - 3
FFR-i¢ 48°49 90°' N 20.05.00, 15:08 4820 chamber water - - 5
K2 tmarked) 16°3441'W 23.0500,01:38 0-2 1 - 5
BENGAL 97#1 2-5 1 - 5
3-10 i - 6
FFR-if ¢ 48°49.90' N 20.05.00, 15.08 4820 chamber water - - 2
K3 scontrob 1673440 W 23.05.00.01:38 -2 i - 2
BENGAL 97#1 2-5 1 - 2
5-10 i - 2
FFR-H d 48740 98'N 250500, 1448 4820 chamber water - 2 14
K tmarkeds 16°34 500 W 140600, 1118 0-2 1 1 2
BENGAL 111 2-5 H 1 2
310 i i 3
FFR- A $5749 98N 250500, 1448 4820 chamber water - 2 14
Kieomarked: 173450 W LRO6O0. 1118 -2 - - -
BENGAL 111 2-5 - -
3-10 - - -
FFRAL N WBIBLOUN 1Tason 1743 1820 chamber water - - 2
PRI toomimah &350 W 20,05 90, 6543 0-2 1 - 2
BENGAL 8851 2.5 I - 2
{ $-10 i - 2
FFR- b RO N 205001715 4824 vhamber water - - 4
K3 imarked: 23802 W 00500, 05 43 -2 { - 3
BENGAL 88# 2.5 i - 5
3-14 1 - 4
FFR-iL 4 FIOHY N 234500, 1928 820 chambervater - 2 8
K controb PR35 0 W 125600, 1548 -1 i - i
: BENGAL e {-2 i . 1
: 2.3 i - 1
; 31 1 - 1
: ; 4.5 1 - i
b i - 1
g 6-7 i - i
t 78 H - 1
o . i 8-9 i - i
FERAHL A POARIBGY N 13080 v 28 4824 chamberwater - 2 i8
Kivmarhed: | 1073300 W 120640, 13 48 {1 1 { i
BEMNGAL 16 -2 H - i
13 ! - i
34 { - i
33 l - i
35 ! - i
&7 1 - I
7- i - {
: : : 8-2 i - i
: _marﬁed = :sotppscauy {abelled aigae material added onto the sediment
** control = sediment sampies without adding algae material
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First results of particle flux studies during POS260

The sediment trap samples were examined macroscopically immediately after
recovery (Table 17 a-c). Subsequently most of the samples were analysed
under a binocular. The samples did not contain significant amounts of sinking
particles > 1 mm, except for a few pteropod shells. The composition of every
sample was dominated by phytodetritus, which indicated that the sediment
traps had collected sinking particles from the beginning of a plankton bloom.
Such a spring bloom occurs frequently in the NE-Atlantic (e.g. HONJO and

MANGANINI, 1993; NEWTON ET AL., 1994).

Table 17a: Macroscopic sample description for BENGAL-Shallow

BENGAL-Shallow Shallow-01_| Shallow-02 | Shallow-03 | Shallow:04 | Shallow-05 | Shallow-06 | Shaflow-D 7
Date of sample description 19.06.00 19.06.00 19.06.00 19.06 00 19.06.00 19.06.00 19.06.00
Supernatant volume (%) 99 98 97 9 95 84 28
Supernatant volume {ml) 247 215 243 240 238 210 70
Supernatant colour clear clear clear clear clear clear _clear
Subsample 4 pteropods - - - 1 pteropod
Particle volume (%) 1 2 3 4 5 16 72
Particle volume (ml) 3 5 7 10 12 40 180
Particle colour sreenbrown | green-brown | sreen-brown | green-brown green-brown | green-brown | w
Large amorphous aggregates T T T T T T T
Small amorphous aggreagtes M M M M M M M
Coarse-grained material T T T T T T T
Fine-grained material m m m wn 1 m m
Fecal pellets >1 mm - - - - =
Fecal pellets <l mm T T T T T T X
Gastropods T - - - T
Foraminifera T T T T T T T
Remarks Samples aimost exclusively consist of phytodetritus. Hardly any material >1 mm

Amount: M = major (50-100%), m = minor (10-50%), T = trace (< 10%)
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Table 17b: Macroscopic sample description for BENGAL-Deep

BENGAL-Deep Deep-01 Deep-02 Deep-03 Deep-04 Deep-05 Deep-06 Deep-07
Date of sample description 19 06 00 19 06 00 19 06 00 19 06.00 19.06.00 19.06.00 19.06.00
Supernatant volume (%) 9% 9% 97 96 96 92 60
Supernatant volume (ml) 47 345 243 240 240 230 150
Supernatagt colour clear clear c!eir clear clear clear clear
Subsample 1 preropod - 1 pteropod - - - 1 pteropod
Particle volume (%) i 3 3 4 4 8 10
Particle volume (ml) 3 5 T 10 10 20 100
Particle colour %u-bmwn &reen-bm\m greeu-bmwn green-brown Eecn-brom\ green-brown | sreen-brown
Large amorphous aggregates - - T T T T T
Small amorphous agereagtes M M M M M M M
Coarse-grained material T T T T T T T
Fine-grained material m m m m m m m
Fecal pellets > mm - . . . . ; .
Fecal pellets <l mm T T T T T T T
Gastropods T - T - - - T
Foraminifera 1 T T T T T T
Remarks

Samples almost exclusively consist of phvtodetritus. Hardly any material >1 mm

Amount: M = major (30-100%. m = minor {10-50%), T = trace (<10%)

Table 17c: Macroscopic sample description for BENGAL-lander

BENGAL-lander (8P-2)

ﬁlgl!_e_g—ﬁl wr-ﬁ.’i Egg_q-ﬂ-t l_a_l_x_t_!er-(ls ia_n_der—% lander-07
Date of sample description 19 6 60 14 86 tie 1906.00 19 06.00 19.06.00 19.06.00
Supernatant volume (%)} 99 49 98 98 96 81
Supernatant volume (ml} 315 115 313 412 105 340
{ Supernatant colour char slear clear clear clear clear
: Subsample 2 pteropods - . - .
Particle volume (%) { i 2 2 4 19
Particle volume (mh) 5 5 ' 3 15 80

| Particle colour

sellew brown

s et browss
i

Large amorphous aggrepates

5, el bronn

oot

yalluw-brown

- - - - (T T
Small amorphous aggreagtes w m m i m m
! Coarse-grained material . . T . ; T
F ine-grained material A A M M M M
i Fecal peltets =1 mm . . . . . .
: Fecal pellets <l mm T T 7 T T T
! Gastropods r . . . . .
- Foraminifera 7 T T T T
Remarks Samples almost exclusnels consist of phytodetrtus. Hardly any material >1 mm. Samples

zenerally fess muciiaginous than BENGAL-Shallow and BENGAL-Deep

Amgunt: M = major [30-100%), m = minor {10-50%), T = trace {=<10%:)
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The weights of the dried material from the filters were used to calculate total
fluxes of sinking particles (Figure 20). Total fluxes increase significantly from
the beginning towards the end of the deployments. Highest fluxes were
measured during the last interval (Shallow: 261.8 mg m? d™*; Deep: 199.6 mg
m2 d*; lander: 259.8 mg m™ d'!). Assuming an average sinking speed of 80
to 100 md" (ALLDREDGE and SILVER, 1988; AsPer, 1987), the formation of the
spring bloom in the year 2000 would have started between late March and
early April.

300

250 { | —®— BENGAL Shaliow
| —y— BENGAL Deep
E B BENGAL Lander

B 200

150 A

100 +

50 -

0 T o I f e e o B I S LA

01.05.00 08.05.00 150500 220500 290500 05.06.00 12.06.00 19.06.00

w Bw] xni4 |g10L

Deployment date

Figure 20: Total fluxes of sinking particles at station BENGAL measured by
sediment traps during POS260.
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5.7 Cycling of particulate matter in the bottom-near water column.

B. Springer, R. Turnewitsch, H. Pielenz, B. Christiansen, S. Bihring, N.
Plathner, C. Bddeker, S. Ihnken, J. Kleine, J. Lakowski, G. Schroll

Research Programme

The principal aims are to quantify particle-associated transport processes in
the near-bottom water column and in the upper layers of the sediment and to
investigate how they are coupled. The processes in this zone form an essential
'intermezzo’ between processes in the upper water column and processes
below the bioturbated zone of the sediment as they are important for
diagenetical changes of settling and settled particles before being buried
(RUTGERS VAN DER LOEFF and BOUDREAU, 1997).

Profiles of potential temperature, transmission and/or particulate and dissolved
***Th obtained on earlier cruises during the first phase of the BIGSET project
indicated a subdivision of the near-bottom water column into a benthic mixed
layer (BML) with contact to the bottom and a thickness of 10 - 70 m mixed on
a time scale of <100 days and a layer above the BML reaching up to the upper
boundary of the BNL (ca. 1000 mab). The latter is slowly mixed and still shows
a #*Th/**®y disequilibrium up to 1000 mab. The excess 2>*Th content in the
sediment is not able to balance this disequilibrium which points to a 2>*Th sink.
In his PhD thesis R. Turnewitsch calculated residence times of 23*Th within the
two layers of different mixing intensities (TurRNEWITSCH and SPRINGER, subm.). In
the BIGSET-II phase we will upgrade the model and try to calculate and couple
fluxes of 2**Th to fluxes of SPM and carbon. Another goal is to separate
primary flux from resuspension flux in the BNL by deploying 3 sediment traps
within and above the BML (2, 40 and 569 metres above bottom) in co-
operation with subprojects (compare chapter 5.6.).

During previous studies we focussed on the BNL of the abyssal plain at the
central stations of the BENGAL and BIOTRANS sites. In recent years there is
evidence from other studies (e.g. Lueck and MubGe, 1997; PoLziN et al., 1997;
LeoweLt, 2000) that deep circulation and mixing intensities are linked to
underlying bathymetry. In this campaign we also focus upon topographically
influenced BNLs and sampled the bottom-near water column and the sediment
around and over a small seamount northeast of the BENGAL central station
(elevation ca. 900 m above the plain).

On the Porcupine Abyssal Plain, epibenthic megafauna is a major constituent of
the benthic boundary layer biocoenosis. It comprises a wide variety of different
taxa, but holothurians are the most important faunal group in terms of
abundance and biomass. However, the investigations on the epibenthic
megafauna of the Porcupine Abyssal Plain so far focussed only on the flat plain
of the so-called 'BENGAL trawling area' at a water depth of ca 4800 m,
whereas the surrounding hills had not been sampled yet. Our main aim was to
find out if the faunal composition and abundance on the abyssal hills is
different from that of the plains as found for other seamounts (e.g. de FORGES
et al., 2000; Haury et al., 2000).
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Station work

1. Investigations of the Bottom Nepheloid Layer (BNL) at the BENGAL
site

The water column of the BNL at the central station was sampled with high
spatial and temporal resolution. A typical profile consists of 13 sampling points,
normally 0.3, 0.8, 4, 9, 25, 40, 55, 100, 250, 500, 1000, 1500 and 2500
metres above bottom (mab). During leg 2 these profiles were sampled twice
and once during leg 4 three weeks later.

5 - 10 liters of water samples from the bottom water sampler (BWS, sampling
at 0.3 and 0.8 mab) and from the CTD-rosette (sampling points, see above)
were taken for determination of suspended particulate material (SPM)
according to the method of Lenz (1971), of particulate organic carbon (POC)
and particulate nitrogen (PN) on the same filter (for methods see VERADO et al
1997). 5 - 10 litres were filtered for determination of chlorophyll a and
phaeopigments with the HPLC method. For bacterial abundance and volume
determination 100 ml-samples of water preserved with buffered formalin were
taken. They will be stained with DAPI and analysed with an epifluorescence
microscope in co-operation with subproject 3. Subsamples were also taken fpr
the determination of dissolved organic carbon (DOC) that will be anaiyse.d in
co-operation with subproject 4. Some samples were taken for REM analysis of
particles on filters in co-operation with subproject 5. .
While sampling near-bottom water with the BWS the programmed p_art:c!e
camera (a camcorder with a close up lens in a pressure housing, described in
THOMSEN et al., 1996) mounted on the BWS filmed aggregates (about 30
minutes during bottom time each deployment). The videotapes of the particle
camera will also be analysed with an image analysis system for amo unt, size
classes and velocity of aggregates.

For bottom near current measurements, transmission and bottom near CTD
data a Falmouth Scientific CTD with acoustic current meter _and
transmissometer (part of the BWS) was used. The current met:er gives
information about all three velocity components and also about tr_1e tilt of the
device. Further information on currents on a longer time scale will be gained
from ADCP measurements on the long-term observation lander system.

The sediment traps were deployed for 49 days (the trap on top of the iOF;Q‘
term observation lander-trap for 42 days) near the BENGAL _centrat station (dor
details see chapter 5.6). In addition to SPM, POC, PN and pigments (msthgras,
see above) particulate Z*Th was also measured in samples from itteﬁ“Tg
moorings. The methods for the measurement of dissolved and particu 3: he come
are published in detail by RUTGERS VAN DER LoerrF and MOORE (1999) wi
modifications (see TURNEWITSCH and SPRINGER, subm.).

All analyses are still in progress. From the CTD data we ca

thickness of 20 — 70 metres.

lculated a BML
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2. Investigations at a small seamount

During leg 4 investigations focussed on a small seamount (“Mount Ben Billett”)
which lies northeast of the BENGAL central station and peaks about 900 m
above the plains. The dimensions are ~ 10 nautical miles in length and ~ 5
nautical miles in width.

For determination of influence of this single topographic structure on particle
characteristics in the BNL we sampled five stations, four located in each
orientation on the mid slope of the hill and one station on the summit.
Sampling heights were the more or less same than for the central station (0.3,
0.8, 4, 9, 25, 40, 55, 100, 250, 500, 1000, 1500 and 2500 mab) as well as the
determined parameters (SPM, POC, DOC, PN, pigments, REM images,
dissolved and particulate “>*Th, salinity, temperature, transmission and current
velocity during bottom time of the BWS). At all seamount-stations sediment
samples were taken with a multiple corer for 2>*Th measurements.

The analyses are still in progress. From the first view of the sediments one can
see that the sediments of the seamount are different from the plain - they are
coarser with layers of different colours. The shape of the BML (derived from
profiles of potential temperature and transmission) seems more complex at all
hill stations in comparison to the central abyssal plain station.

In addition one goal of this study was to find out if the faunal composition and
abundance on the abyssal hills is different from that of the plains. This was
undertaken in collaboration with B. Christiansen and S. Biihring. A Deep-Sea
Observation System (DOS) which consists of a frame carrying a Benthos
Standard Camera, a flash and an altimeter to monitor bottom distance was
employed to take photo-transects along the slopes. The camera has a capacity
of 800 frames and was loaded with Kodak Ektachrome 100 film. The DOS was
lowered above the top of the hill until 3 mab, then the ship drifted to the
north-east with a speed of ca 1 knot. Wire was paid out to keep a bottom
distance of ca 3 m when the DOS moved downwards the slope. Due to the
swell the actual bottom distance ranged between 0.5 and 6 m.

During the first haul (DOS 10), the camera was equipped with a bottom
contact switch which was supposed to trigger the camera at a bottom distance
of three metres. Because the switch did not work properly, no frames were
obtained from this haul. Two more hauls (DOS 11 and DOS 12) were
conducted with automatic triggering of the camera, the interval set to 6 sec.
These hauls were successful and delivered a total of 800 frames each.
Additional amphipod traps were deployed both in the piain and on top of the
hill. Scavenging amphipods were captured for lipid analysis and to study their
vertical distribution in order to gain information of their life strategies and
feeding behaviour. They were caught with a free-fall trap system. The traps
were fastened to the system at 0 m, 1 m, 8 m and 30 mab and were baited
with fish heads and tails. The fish was wrapped in gauze netting to prevent the
animals from feeding on the bait. A total of 3 trap system deployments were
conducted. Stations 117 and 133 located at the BENGAL central station on the
deep-sea plain and station 141 on the summit of a seamount (see station list).
The bottom time of each deployment was between 20 and 29 hours. In all 3
deployments amphipods were caught at all depth layers.
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The bottom traps of station 117 and 133 contained large amounts of small
amphipods, most of them Paralicella tenuipes, Paralicella caperesca and
Orchomene spec. Some small individuals and juveniles of Eurythenes gryllus
were also abundant in the 0 and 1 mab traps. In the upper traps only
Eurythenes gryllus was caught. At the seamount station no specimen of the
genus Paralicella was found.

After recovery, the samples were immediately transferred into a refrigerator,
until intact specimens were sorted under a stereomicroscope. They were put
into glass vials and stored at -80 °C for further analysis in the laboratory.
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