Preface

The expedition ARK XIX/3 with the German icebreaking RV "Polarstern" was jointly
organized between the Alfred Wegener Institute for Polar and Marine Research
(AWI) and the Institut Francais de Recherche pour I'Exploitation de la mer
(IFREMER), the latter providing the unmanned deep-sea submersible "Victor 6000".

AWI and IFREMER offered this unique combination of infrastructure in 2003 to
European scientists to permit access on advanced technology in marine research to
a broader community. Therefore, this cruise was not only a milestone in the Franco-
German cooperation but also an important contribution to the European marine

research initiatives.

All still pictures and videos taken with "Victor 6000" during the expedition "VICTOR IN
THE NORTH" are joint property of AWI and IFREMER with copyright by IFREMER.
This material can be used for scientific purposes with the indication of IFREMER's
copyright. It would be very much appreciated if the joint effort of AWI and IFREMER
in organising the cruise ARK XIX/3 would be mentioned in the acknowledgements of
any future publication written on the basis of material collected during the expedition.
Any commercial or other than scientific use of either pictures or videos collected with
"Victor 6000" needs the written formal approval of IFREMER.
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The entire cruise report is also available in digital format on a CD-ROM attached to
this booklet because many of the pictures and graphs are in colour. All hand written
dive log files are permanently stored at the AWI. For a certain period of time the

cruise diary will be still accessible via the internet at www.polarstern-victor.de.
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The ARK XIX/3 expedition

A. 1 Itinerary and summary ARK XIX/3
Klages, M., Thiede, J., Foucher, J.-P.

During the third leg of RV "Polarstern" expedition ARK XIX/3 the French deep-sea ROV
(Remotely Operated Vehicle) "Victor 6000" was onboard. Shiptime demand was so high
that the cruise leg was separated into three sublegs in order to make "Polarstern" and
"Victor 6000" accessible to as many European research groups as possible. Three
geographical areas with different scientific objectives were investigated: (i) the Porcupine
Seabight and the Porcupine Bank southwest of Ireland with focus on deep-water
corals(Fig. A1-1), (ii) the Hakon Mosby Mud Volcano (HMMV) northwest of Norway at
about 1250 m water depth where the greenhouse gas methane enters the hydrosphere
(Fig. A1-2), and (iii) the AWI long-term deep-sea station "Hausgarten" west of Svalbard at
2600 m water depth where causes and effects of physico-chemical gradients at the
sediment-water interface are studied in detail with regard to biodiversity in Arctic deep-
sea sediments (Fig. A1-3).

After departure from Bremerhaven in the early morning of the 23" of May "Polarstern”
headed to Brest harbour for installation of the ROV which lasted from 25" of May until 1
of June. The 43" Board meeting of the AWI took place onboard "Polarstern" in transit to
Brest. The first visit of "Polarstern" in Brest was used to introduce high delegates of the
German and French ministries for science and technology into the results and
perspectives of the French-German cooperation in the field of marine and polar research.
Over 40 marine scientists from institutions in Ireland, Belgium, the UK, France and
Germany were participating the first cruise leg of this expedition. They have completed an
intensive study program on Irish coral locations using “Victor 6000”, an unmanned deep-
sea remotely operated vehicle that can dive to 6000 m water depth, weighing about 4.6
tons equipped with cameras and manipulators that allow the collection of samples and
data with unprecedented precision.

It was cloudy and windy as "Polarstern” left the port of Brest early in the morning of the
2" of June. While heading towards the first working area in the Porcupine Seabight some
scientific instruments were activated for some trials and calibration. Soon after breakfast
the new scientific party was introduced to the rules onboard and the working schedule of
the next few days. After some discussions the laboratories onboard were allocated to

different working groups and soon after the various researchers started to install and test



their equipment, because first station work was scheduled for the morning of the day

after.
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Fig. A1-1: Cruise track of "Polarstern" from Brest to the Porcupine Seabight and Porcupine

Bank during ARK XIX/3a.

On the 3rd of June the first station work started. After a CTD profile was made, we
deployed an underwater beacon at 1600 m water depth in order to calibrate our ultra

short baseline navigation system "Posidonia". This system is necessary for precise
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positioning and navigation of the "Victor 6000" during the dives. In the afternoon the first
two Multicorer stations were sampled.

In the early morning of the next day at about 4 am "Victor 6000" was deployed for the first
time during our expedition. At 1600 m water depth a multibeam echosounder survey
along a deep water canyon started. However, after several hours of proper operation the
signal of the underwater beacon necessary for positioning failed and had to be replaced
by a spare part. In the meantime we worked on further video guided multicorer casts. In
the early evening the ROV was sent back to the canyon and started its mission. The
positioning system worked properly and the hired multibeam echosounder produced good
data.

During the morning the weather became as poor as predicted by the meteorologist
onboard. Wind speed of about 8 Beaufort and a rough sea state forced us to recover the
"Victor 6000" for safety reasons. At 1 pm an actual satellite photograph of our area
showed us that it was unlikely to possibly deploy the ROV again within the next hours.
Station work originally scheduled for the next days was therefore started. Work with the
multicorer at various locations lasted the entire night.

At one of the first the regular scientific lectures onboard, scientists from Belgium and
Ireland reported on our next area of investigation the Belgica mound province. It was
intended to carry out a second multibeam survey in that area at a specific mound location,
the so called "Moira mounds". The weather became better during the night allowing us to
undertake the microbathymetry survey over the "Moira mounds". At 11 am "Victor 6000"
was deployed and the multibeam echosounder installed on the vehicle sent back good
data on seabed structure and morphology. In the afternoon the wind speed increased
considerably up to 7-8 Beaufort. The track lines surveyed by "Victor 6000" were rather
close together requiring similar small scale navigation of the "Polarstern" at the surface.
The combination of low speed through the water, high wind speed and changing the
position of the vessel in an area less than 2 square kilometres caused some problems.
For about three hours the ship operated therefore in a so called station keeping mode
and the multibeam survey was interrupted. In the meantime a video inspection of the
seafloor and the benthic communities living at about 1000 m water depth was carried out.
At 9 pm the wind speed was much lower than before and we proceeded with the
multibeam survey again shortly before being interrupted due to strong bottom currents
which hampered the "Victor 6000".



The microbathymetry survey of the "Moira mounds" was successfully completed on
Saturday afternoon. Before the end of the dive a pre-site survey across the summit of the
Galway mound was carried out in order to identify and select appropriate locations for a
lander and several current metres to be deployed on Sunday morning. After deployment it
was planned to use the ROV to locate them at the seafloor and to move them to different
locations around the "Galway mound". Therefore, the module containing the multibeam
sonar was disconnected from "Victor 6000" and another module allowing sampling and
landing at the seabed was attached during the night. At the same time benthos samples
were taken using the giant box corer, a heavy grab which takes a representative square
sample of the seafloor of 50 by 50 cm. This was the first of a number of such samples
and contained living corals, sponges, crustaceans and other invertebrates. Such single
point samples will help the scientists, for example, to identify individuals observed in the
video transects and still photographs to species level.

On Sunday morning the lander and current metres were deployed using the winches of
"Polarstern". Subsequently, the ROV started to search for them which lasted less than
one hour. After location pictures, showing the environment in which the lander was
standing, were taken and the various current metres became distributed. During the night
the wind increased again and it was decided to abort the dive. The final tracks for video
surveying and mosaicking, the latter a technique were overlapping video images are
overlain by computer software to get long stripes of seafloor images, was scheduled for
Monday afternoon under the expected better weather conditions.

During the night of Sunday 8" June and all day Monday the box corer was used for an
intensive quantitative sampling programme of preselected seabed sites. A selection of the
live material from the box corer samples was immediately transferred to aquaria and
placed in a cooled laboratory container onboard where the fauna was kept alive at about
8 °C water temperature until transfer into larger aquaria in Galway at the end of the cruise
leg. In between box corer deployments several CTD casts were executed and the 38 kHz
fisheries echosounder used to locate potential fish shoals which may aggregate above
the mounds.

Soon before midnight the "Victor 6000" was sent down to the seafloor again to continue
with the dive which had been aborted the previous day. Tuesday the 10" of June was
fully occupied by this "Victor 6000" dive which lasted about 36 hours in total. After
deployment during the night the ROV started with a video transect at around 900 m water

depth. Flying at an altitude of about two meters above the seabed a predefined dive track
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was followed to obtain video material of the coral communities and reveal their patterns of
distribution. Where animal aggregations of special scientific interest were encountered
the ROV was directed closer to the seafloor to take high resolution digital still
photographs. At the scientific lecture on Tuesday evening all participants of the cruise
were informed that an estimated 60 percent of all deep-water corals occurring along the
European continental margin are concentrated in Irish waters.

Before the end of the dive which had started in the early morning of June 10™ the ROV
was navigated towards the last few current meters waiting repositioning from the initial
deployment site on the "Galway Mound". In order to navigate back to this site and locate
the current meters the accurate underwater navigation systems of "Polarstern" and
"Victor 6000" including the ultra short baseline system were put to the test and
successfully demonstrated their ability to navigate to small objects such as these current
meters on the deep seabed. The ROV proceeded to transport each current meter to its
individual station around “Galway Mound”. These current meters were preprogrammed to
do continuous measurements of current speed and direction around the mound until
summer 2004. Scientists hope that this kind of data will help to answer open questions
concerning mound formation and distributional patterns of the deep water corals.

Following recovery of the ROV at 1 pm on 11"

of June we left the Porcupine Seabight
and steamed to the next area of investigation, about 150 nautical miles to the northwest.
During transit to the NW Porcupine Bank two further box corers were taken at 300 m
water depth to ground truth existing data sets. We then proceeded to our next waypoint in
the northwestern area of the Porcupine Bank at 53 ° North and 14° 48' West. In the early
morning we passed through the outer edge of a deep where increased wind speed
caused stronger pitch and roll movements of "Polarstern” than before.

Fishing vessels from various countries operate in the area of the Porcupine Bank and
several of them were observed as echoes on the radar screens on the bridge, some were
even close enough to be sighted by eye. The impact of this fishing activity was also being
studied as part of the working programme of some of the Irish scientists onboard who are
seeking to obtain quantitative data in this area on the effect of bottom trawling on the
benthic communities.

After the last "Victor 6000" dive crossing the "Twin mounds" on Friday the 13" the vehicle
was recovered in the morning. Biological samples taken during the survey with the
manipulator arms of the ROV were successfully transferred into either a cooled laboratory

container or dry labs as required. However, during the dive several alert messages had
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indicated an insulation problem with the "Victor 6000" so after recovery the engineers
started to work immediately to identify the source of this problem. It was decided to
change the tether cable which was the suspected cause of the problem. The spare cable
was installed during the late afternoon; however, the following system check indicated
that there was no communication between the ROV and the depressor. Since the tether
cable has several fibre optic cables inside, the engineers switched the communication
data link from one to the other. This time consuming procedure lasted until midnight.
While repairing the "Victor 6000" system several CTD casts were carried out at stations
along various mounds in the vicinity. Some complementary 38 kHz echo sounder profiles
were also on our station list before the next dive of the ROV.

Another operation of the ROV took place at the so called "Giant Mound Cluster", a group
of several mounds close together on the Porcupine Bank followed by a survey course
over the "Scarp mounds" at about 800 m water depth. This microbathymetry survey at
altitudes above seafloor of about 10 metres was from time to time interrupted by video
surveying the seafloor at closer distance. The weather conditions were favourable to
continue this dive from Sunday until Tuesday evening. Dive operations of about three
days are possible without any problems with such a work-class ROV. This is one of the
main advantages in using ROVs instead of manned submersibles in deep-sea research
because manned vehicles are much more time limited in their operation.

Shortly after the end of the "Scarp mound" mission the wind increased considerably as
predicted by the meteorologist onboard. Wind speed around 8 Beaufort would have
caused severe problems during the recovery operation. Until 5 o'clock in the morning
such wind speeds were measured — by far too high for save deployment and operation of
a ROV. In order to complete our data set we decided therefore to operate other gears,
used the ship borne multibeam and sediment profiling sonar system together with the
ship borne fishery echosounder. At 4 pm — the wind speed did already decrease during
the morning but the sea state needed some hours more to calm down — "Victor 6000" was
deployed for the last dive at the "Hedge mounds" during this cruise leg. On Thursday the
wind increased suddenly as the swell did. The recovery of "Victor 6000" from its last dive
became rather difficult. Because of the experience of the 1%t officer and his crew on deck,
the well trained ROV pilots and the officers on the bridge we got the ROV safely out of the

water.



On Friday morning the 20™ of June we arrived in Galway and the first part of this cruise
leg was finished. To present the preliminary results of this European expedition a press
conference was held onboard "Polarstern" followed by a reception for invited guests some
of them representing institutes having participants onboard.

Weather conditions over the last few weeks would have seriously curtailed the dive
programme on a smaller ship. However, the "Polarstern" permitted a series of dives to
take place. More than 100 hours of high-resolution video imagery have been shot on the
seafloor and many samples collected over more than 100 km? of seafloor. Between dives
systematic surveys have been conducted by means of grabs, multicorer (precision
sediment sampler), CTD (water profiler) and ship borne sonar systems mounted on the
"Polarstern”.

Shortly after the last participants of the first cruise leg did leave "Polarstern" the work
onboard went on and the first containers with the equipment of the new scientists
expected to embark in Tromsg were opened after leaving Galway in the afternoon of 20"
of June. The material was stored in various laboratories to ensure that the new scientific
party can start to install its equipment soon after arrival.

In the early morning of Thursday 26™ of June "Polarstern” reached the port of Tromsg
(Norway). First action was the unloading of material of the French Polar Research
Institute Emile Victor (IPEV) to be transferred further by a company to the IPEV Arctic
station on Svalbard. The Norwegian research vessel "Lance" was also in Tromsg and
preparation for a new expedition took place while we were about 100 m behind her at the
pier. The first scientists of the cruise leg ARK XIX/3b arrived before lunch but the majority
embarked around 5 pm in the afternoon. Just after dinner all new participants were
introduced into the safety rules onboard. After customs clearance we left Tromsg for this
short stop over in the early evening. Before midnight the last mountains along the
Norwegian fjords disappeared behind the horizon and we headed directly to the Hakon
Mosby Mud Volcano. Scheduled time of arrival was Friday afternoon which caused that

many people worked until late in the night to get their laboratories and instruments ready.

The HMMV at about 72° N 14° E was first investigated during an international cruise with
the Russian RV "Logachev" in 1996, and most recently by a joint AWI / IFREMER cruise
with RV "L’Atalante" and the ROV "Victor 6000" in September 2001. It is the only mud
volcano in a polar region that has been studied in greater detail by photo and video

camera observation. The HMMYV is situated on the continental slope northwest of Norway
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at a water depth of 1250 m. It has a diameter of about 2 km, with an outer rim populated
by methane-depending, chemosynthetic communities and an inner centre of about 500 m
diameter where fresh muds are expelled. Between the central plain and the outer rim, a
complex topography of hills and depressions can be observed, derived from the transport
of young sediments. Methane is rapidly oxidized with sulphate in the anaerobic sediments
at temperatures close to the freezing point (-1°C), producing a source of sulphide to the
extensive mats of giant, sufide-oxidizing bacteria surrounding the central area. Despite its
rapid turnover in the sediments, large amounts of methane dissolved in the rising mud-
volcano fluids are seeping to the hydrosphere. It is unknown how much of the methane is
removed in the aerobic bottom waters and how much escapes to the water column. The
HMMV represents an ideal model system to study methane fluxes in polar seas. So far,
only few selected key locations have been sampled with the ROV (centre of the HMMV
crater, the south and southeast of the crater and the surrounding area). For a 3-D
modelling of methane fluxes and turnover rates at the HMMV as one geological model
system representative of a focussed methane source to the sea, there is a need to
accomplish a more thorough sampling. Complementary, intense geographical surveying
of the different areas at the HMMV was planned for the coming weeks to estimate the
aerial coverage of the different chemosynthetic communities around the centre with help
of the mosaicking technology of "Victor 6000". Based on ROV video surveys and
mosaicking technique the spatial distribution of key features at the HMMV should be
identified and mass budgets about the distribution of bacterial mats could be established.
Sediment and water samples taken with the ROV were intended to be used to further
improve present knowledge on methane turnover and the distribution patterns of bacteria
and archaea, as well as the rare methanotrophic-symbiont bearing tube worms.
Measurements of natural radiotracers such as Radon, Radium and Helium can help to
elucidate the flux and the fate of methane in the bottom water column. Sampling of
carbonates was planned to investigate the contribution of methane turnover to carbonate
formation (also an interest of GEOMOUND). Measuring microbial degradation of methane
in water column and sediments using radio labelled tracers was intended for the second
cruise leg as well as sediment samples to be taken with both, the multicorer and the giant
box corer. Additionally, it was attempted to sample gas hydrates with deeper penetrating
gravity corers. Water samples taken with two types of water samplers (rosette and
horizontal water sampler) were proposed to investigate the spatial distribution of the

methane plume in the water column. In situ experiments with micro-profilers measuring
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pH, resistivity, oxygen and HS™ at the sediment-water interface were envisaged using the
ROV to deploy the microprofiler at selected spots within the above mentioned key

locations.

The first working day onboard was dominated by meetings and the assignment of
laboratories. The working schedules of the next days were presented and instruments
were tested. In the afternoon we reached our first station where the CTD was used to
obtain information about water salinity and temperature at different depths. This data was
necessary for the calibration of our sonar systems because among others the sound
velocity in water is determined by temperature and salinity. Afterwards we worked the
entire night on a small scale survey grid with the multi beam sonar system Hydrosweep,
the sediment profiling sonar system Parasound and the 38 kHz echosounder. With the
latter we obtained data where spots of high methane release were located. This kind of
information allowed us to collect afterwards samples in the water column at high spatial
precision.

On Saturday sediment sampling started by using the multicorer while in the evening two
free falling lander systems were deployed and soon after the first ROV station started. At
1250 m water depth a video survey was carried out during the night and the information
obtained by doing this was used on Sunday to select some sites of special scientific
interest where sediments covered by white bacterial mats were sampled using plastic
tubes (push corers) operated by the manipulator arms of "Victor 6000".

After the first succesful mission of "Victor 6000" at the Hakon Mosby Mud Volcano which
was finished shortly before midnight on Sunday, we released the lander which was
observed before by the ROV at more than 1200 m water depth. About thirty minutes later
the lander was sighted about 100 m distance in front of "Polarstern”. At this moment we
had fog so the visibility was below 200 metres. However, the lander was equipped with a
radio beacon and flash lights providing safety systems for localization under such
conditions. After recovery of the lander we worked for about 12 hours on a heat flow
measurement programme. Therefore, a temperature lance of three metres length was
used with one of the ship‘s winches. The lance becomes rammed into the sediment and
measures the temperature at different depth strata. This procedure was repeated along a
given waypoint list. At the end of this work package we knew that the the temperature at

about 3 metres below the seabed might be much higher (close to 20 °C) than on deck of
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"Polarstern" (actual air temperature on 6" of July: 8,9 °C). Noteworthy, the water
temperature close tot the seafloor was found to be around the freezing point.

On Wednesday the second "Victor 6000" dive during this cruise leg was finished after 37
hours. After safe position on deck the shuttle was released and recovered, a procedure
being repeated for the lander soon after. The shuttle is, in principle, a metal frame
equipped with two large plastic containers which can keep scientific instruments and
sampling devices. After release of the shuttle it descends to the seafloor where "Victor
6000" docks on it, takes instruments out and put samples or other instruments into the
shuttle. Afterwards the shuttle is released acoustically (like the landers) and becomes
recovered by the ship's crew. In the meantime the ROV proceeds with its programme at
the seafloor. Calm sea state and excellent visibility favoured most of these operations
during the cruise leg.

While the engineers of Genavir changed the sampling module by the multibeam sonar
module and working on their maintenance procedures the CTD was used. In parallel the
gravity corer was prepared on the working deck, the sample tubes of the lander which
was just before recovered were exchanged and the horizontal bottom water sampler was
lifted in its position because it was the next gear to be used after the CTD. During the day
all instruments were used succesfully, some of them even two times. By using the 38 kHz
sonar system we were able to localize spots with high methane concentration in the water
column so we positioned our sampling instruments as close as possible to centres of
maximum activity. Exciting was the result of the gravity corer because we collected,
unexpected at the specific sampling site, some pieces of gas hydrate. Early in the
evening the temperature lance, way points were selected to cross the center of activity,
was used again and conformed the previous finding of temperatures of about 20 °C at 3
metres depth below the seabed.

Thursday morning "Victor 6000" was deployed for a mission scheduled for about two
days. The multibeam echosounder module was installed under the ROV for this
programme the day before. During this operation the ROV followed given courses at
constant altitude above the seafloor to collect data on the microbathymetry of the Hakon
Mosby Mud Volcano. The data was transferred to the computers onboard "Polarstern”
close to real-time allowing the scientist to verify the quality of data permanently.

On Saturday morning just one minute was missing and "Victor 6000" would have been for
exactly two days underway. After safe position on deck the sonar module was

disconnected and the sampling module attached to the ROV. In the meantime other
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winch operated gears were used again. On Sunday morning we started our fourth dive
operation with "Victor 6000" aiming at sampling sites close to the centre of the mud
volcano. During a previous dive close to this position we observed gas bubbles coming
out of the sediment. This location, easily to be revisited through the ultra short baseline
navigation system installed onboard "Polarstern", was in the focus of scientific interest
during this dive.

On monday evening at 9:30 the dive of "Victor 6000" did end. Shortly after recovery the
shuttle was released and needed exactly 17 minutes for his way from 1250 m water depth
to the sea surface. A lander, subsequently released, needed about 24 minutes for the
same ascending. After all gears were safe on deck the huge sample material was
distributed to the scientists involved in the respective missions. Another lander was
deployed before midnight in the northern area of the mud volcano, followed by a CTD
station and the horizontal bottom water sampler. At 3 o‘clock in the morning an intense
sonar survey programme followed aiming at elucidating the influence of tidal cycles on
methane release. On Tuesday, based on the sonar information obtained during the
survey which started in the early morning, we knew much more about the spatio-temporal
distribution of methane in the water column down to the seabed. Scientists onboard, while
processing the data, were already discussing the preliminary results which afterwards
had an influence on our further station planning.

In the early evening of Tuesday the shuttle, equipped with two autonomous instruments
to be positioned later with the ROV, was deployed. About one hour later "Victor 6000"
followed, this time for the last mission during the expedition ARK XIX/3 with one of the
two multi beam sonar systems which were hired for this cruise from commercial
companies. Final gaps in our data set on the microbathymetry of the HMMV had to be
filled.

The very good cooperation between crew and scientists did help us on Saturday to finish
all our station work in time. Therefore, "Victor 6000" was launched even earlier than
scheduled for his pre-last dive at the HMMV. During this 48 hours dive we started in the
south-east for some samples to be taken there, crossed then the centre to work finally in
the more northern part of the crater. Because we used so many instruments we had to
launch and recover the shuttle two times during the dive. However, for the first time
during this cruise leg the weather influenced our operation: fog led to visibility below 100
metres. Because the shuttle is only equipped with a flag and an underwater beacon for

position determination we decided to send the release command later. Since "Victor
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6000" was still at depth "Polarstern” would have been hampered in search manoeuvres
for the shuttle in the fog. The meteorologist onboard predicted better conditions for the
next morning so the risk to loose the shuttle after release was not taken under these
circumstances.

During the final days of the second cruise leg of the expedition ARK XIX/3 the water
column above the HMMV was investigated with almost all instruments we had onboard.
The CTD and water sampler, for example, were additionally equipped with a methane
sensor and a camera. According to actual sonar data information we placed these
instruments in different regions, either with high methane concentration, at borders and at
such depth where no methane was acoustically detected.

Wednesday morning (16.07.2003) the last dive of "Victor 6000" during the second part of
the cruise leg ARK XIX/3 started. Twenty minutes earlier the shuttle was send down to
the seafloor — also its last launch. The shuttle was additionally equipped with a radio
beacon. Because we had to leave our area of investigation on Thursday in time we could
not risk that fog, which might have come up the next day, delays our departure. The final
dive of "Victor 6000" was again used to work with autonomous instruments. Among a
system which measures the exchange of solutes between sediment and the water column
another system measuring the current speed was used to get data on fluid and gas
release rates out of the sediment. Such data might help to estimate the amount of
methane release at the Hakon Mosby Mud Volcano.

After safe recovery of "Victor 6000" and the shuttle on Thursday the research activities
were stopped and "Polarstern” started to head northward to Longyearbyen on Svalbard,
some 400 miles away. The last hours onboard were used to get all material stowed into
the boxes and containers, final treatment of some samples, writing of the cruise report

and the closing colloquium where all working groups presented their preliminary results.

At July the 19" the majority of scientists, technicians and all ROV pilots disembarked in
Longyearbyen (Svalbard) while other personell came onboard for the final leg ARK
XIX/3c. This leg was dedicated to work at the AWI long-term deep-sea station
"Hausgarten" at 79 ° N and 4 ° E. First long-term experiments with special emphasis on
Arctic deep-sea biodiversity and exchange processes across the sediment-water interface
were already launched during the "Polarstern" expedition PS ARK XV/1 in 1999 using
"Victor 6000" and two years later again with the ROV onboard the French RV "L'Atalante".

Sampling of long-term experiments started during both expeditons, e.g. sediment
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sampling at exclosure experiments, retrieval of artificial hard-substrates, sampling of
"mimics" being deployed in 2001 and sampling at a physically disturbed area was
scheduled for 2003. Furthermore, new developed autonomous instruments such as
microprofilers and current metres should be deployed by using the ROV at pre-selected
areas at the seafloor to study processes and interactions at the sediment-water boundary
layer fueling gradients in physico-chemical parameters.

After the departure from Longyearbyen in the early evening of the 19™ of July the safety
and other relevant instructions were given to all new scientists onboard. Most of them
started the same day with the installation of their laboratories and continued to do so on
Sunday while we had already first station work in the morning — a mooring was
succesfully recovered after one year of continuous measurements. All instruments
worked properly, thus another annual data set was collected which will help us on a long-
term perspective to improve our understanding in whether changes of the system or
natural variability causes some of the differences in organic carbon and particle flux, ice
cover etc we observed in past years. In the late evening we started to work with different
winch operated gears like the giant box corer.

The first mission of "Victor 6000" was scheduled for Sunday afternoon. Colleagues from
Scotland failed in recovery of a free falling lander system in June last year and asked for
some assistance. After some hours at the seafloor scanning the area of the suspected
position of this instrument with the forward looking sonar of the ROV we finally stopped
the dive because we did not find anything of the lander. We may speculate whether the
information about the position was wrong or the lander surfaced in the meantime. If the
latter should have happened during Arctic winter with ice cover there is probably little
chance to find the system.

The second dive of "Victor 6000" started in the afternoon of 21% of July. Main objective
was the localization of experimental setups launched in 1999. After some time of
searching at the seafloor we were finally succesful. However, before starting with
sampling an ice floe of several square kilometers approaching from the north forced us to
move to a more southern position. Because this situation would not change within some
hours it was decided to stop the dive and to leave three instruments which were deployed
at the seafloor. The shuttle was recovered just in time as the ice edge was only some
hundred metres north of its position. The next stations to be sampled with winch operated
gears were more to the west at water depths between 3000 and 3500 m. Analysis of

actual satellite images about the ice situation led to the decision to remove the ultra short
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baseline navigation antennae which are exposed to ice below the keel of the ship. Any
damage by ice floes would cause severe problems for further "Victor 6000" dives. Indeed,
some hours later we entered a large field of drifting ice floes which initiated some other
activities onboard — nearly everywhere people were taking pictures. However, ice of this
thickness is no problem for the vessel — without any special effort "Polarstern" passed
through the ice to reach the next position. The deployment and recovery of winch
operated gears at starbord side is also something like routine operation for the crew.
Saturday morning we intended to release one of our lander systems which were deployed
in April this year at 2500 m water depth. After sending the acoustic release command to
both of the releasers we waited for about 50 minutes that the system appears at the sea
surface. But the instrument did not ascend and some of us immediately thought about our
Scottish colleagues and the fate of their lander. But having a Remotely Operated Vehicle
with us we decided to spend during one of the following days some hours to check the
situation and the reason of this malfunction at the seafloor. However, shortly later our
schedule was suddenly completely different — ice was again drifting towards our position
so we decided to leave the area heading to the southeasterly position of the lander which
was one nautical mile away. After arrival at the seafloor — the lander was clearly visible at
a distance of 200 m in the forward looking sonar image — we could observe that the
lander was still standing at the seafloor although both relasers were. A slight push with
one of ,Victor's“ manipulator arms was sufficient enough and the lander started ascending
to the surface.

After termination of the time and energy consuming icebreaking on Sunday evening the
27" of July we continued with station work at a more southern location. This sudden
change in our programme did lead to another night for many of the scientists on the
working deck and their laboratories. In the morning of the 28" we released another
mooring like the one we recovered at the early beginning of this cruise leg. Because the
top floater unit was only 200 metres below the sea level the expected time of arrival at the
surface was only some minutes after the release code was transmitted but nothing
happened. Therefore, a rubber boat was launched to try the release procedure again at a
certain distance to "Polarstern”. Surface vessels produce some underwater noise by their
own sonar systems, the propellers and thrusters which might cause that the release
command becomes not properly transmitted. However, soon after sending the command
in this way the orange top unit appeared at the surface and the 2400 metres long mooring

was succesfully recovered. Monday afternoon we reached our next location where the
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deep-sea research group of the AWI already worked with "Victor 6000" onboard the
French RV ,L’Atalante® in 2001. Experiments initiated two years ago were sampled during
the night.

On Wednesday the 30™ of July we started with the preparation of a rather ambitious
project: the installation of a current flume in the Arctic deep sea. Two packages of
compartments of this roughly 10 m long channel were deployed with the ship’s winch and
"Victor 6000" was subsequently send down to put them together. For one day the ROV-
pilots were constantly working on this task and finally succeeded in the installation of the
first current channel in the Arctic deep-sea to simulate and create gradients at the
seafloor. Because of the shape of the flume the current speed should increase inside,
thus causing different environmental conditions for the sediment inhabiting fauna, the
settling regime for organic particles as well as alterations in exchange processes between
sediment and water. The installation of such infrastructure at great water depth is only
possible by using working class ROV’s like "Victor 6000".

During the last dive of "Victor 6000" at the central station of the long-term deep-sea
station at the beginning of the last week in July we had to recover the ROV very fast
because another drifting ice field approached. The shuttle and two scientific instruments
had to be left at the seafloor. During the following days "Polarstern" worked at other
locations, the current flume was somewhat further in the south installed, but the ice
situation was constantly evaluated according to actual satellite images provided by the
meteorological service onboard. With regard to the end of the cruise leg and the
termination of ROV operations some days in advance to ensure that everything of the
ROV system is stored before arrival in Tromsg, our last chance to recover the instruments
came on Friday. The ice was drifting further northeastward and the ROV was immediately
launched under ice-free conditions to recover the instruments and to get some final
samples.

After safe recovery of "Victor 6000" from its last dive during this expedition the final days
of our cruise leg were used to work with winch operated gears, free falling lander systems
and the deployment of moorings. In the meantime the ultra short baseline underwater
navigation antenna was also removed from the ships’s keel so that we were more flexible
in our operation between floating ice.

In the early evening of the 4™ of August all station work was completed and "Polarstern"
started to head south to Tromsg where the cruise leg ARK XIX/3 ¢ was terminated in the

morning of August 7"
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A.2 Meteorological observations
A. 2.1
Moller; H.-J.

Weather situation during the cruise leg ARK XIX/3a

Leaving Bremerhaven a warm front of a North Atlantic low crossed the East Frisian

Islands with some rain, drizzle and poor visibility. Weather improved in English Channel

rapidly and approaching Brest fine high pressure influenced weather was observed.
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Settings sails at Brest on 2003-06-02 a
great and stabile low had formed at the
sea area between Iceland and Ireland. It
influenced weather at Porcupine Sea
Bight with mainly south-westerly winds
about 5 Bft. But by passing of fronts,
troughs or secondary lows wind
changed to south and increased to 7 Bft

with gusts up to 8 Bft. Then sea state

grew up from 2 metres to 4 metres for

a time.

Approaching Porcupine Bank on 2003-06-11 weather did not change fundamental. Again

mainly south-westerly winds force 5 or 6 Bft with seas about 2 metres were observed. But

on 2003-06-12 and 2003-06-14 wedges of high pressure crossed the area eastward with

decreasing wind and sea state.

In the following a great cyclone formed south of

Iceland and the well-known

situation set in again. On 2003-06-17 a secondary low
deepened to a gale centre in the central northern
Atlantic. It moved to northeast quickly. Its fronts
crossed to operation area of RV “Polarstern” in the
following night with storm force south and southwest.
The sea state up to 5 metres and wind force 8 Bft

decreased slowly in the afternoon of the 2003-06-18.

large-scale weather
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At end of the leg pressure rising build up a high southwest of Ireland and weather

improved while arriving at Galway on the 2003-06-20.

A. 2.2 Weather situation during the cruise leg ARK XIX/3b
Suldebach, J.

During the transit fom Tromsg to the research area above the Hakon Mosby Mud Volcano
a small low north of the operation area caused southerly winds up to force 5Bft and some

rain. Later in the afternoon the wind veered to Northwest.

From 28th until 30th high pressure influence caused weak winds and mainly misty or
foggy weather. According to this situation the lines of temperature and dewpoint from the
radio sounding of 28" 12 UTC

show a significant low inversion

O

with moist air below.

150

F100— 700

1 On the first day of July a weak

50

{ coldfront passed our area. In its

rear unstable air with good

visibilities, rapid change of cloud
Flg A2.2- 1: Radio Sounding 2003-06-28 12 UTC Coverage and some showers

dominated the actual weather.
The wind blew mainly weak out of various directions until 2003-07-06.
During the following days until 2003-07-10 small lows over the Norwegian Sea and the
Greenland Sea caused sometimes wind force 5 Bft. Due to unstable air we had good to
excellent visibilities interrupted by some showers.
During the next period until 2003-07-15 wind force 5 Bft was observed at the most. With it

mild and humid air caused misty weather very often. In the afternoon and evening of
2003-07-12 and in the night to 2003-07-13 dense fog wrapped our ship.

-22 -



After the passage of a cold front in the night to 2003-07-16 visibility improved. On 2003-
07-17 we were between a high over the Norwegian See and a low over Northeast
Greenland. This situation brought us increasing westerly winds up to force 6 Bft. In the
late afternoon research work came to an end und we left the area. During our transit to

Longyearbyen fresh to strong southwesterly winds were observed.
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The temperatures during the cruise varied between 6 and 12°C, the water temperatures
between 8 and 11°C.

A. 2.3 Weather situation during the cruise leg ARK XIX/3c

Dittmer, K.
At the beginning of this leg a low pressure system over Spitsbergen moved eastwards
slowly to the Barents Sea and later to Severnaja Zemlja. On July 20 in the rear of the low
it was raining at first and for a short period the northwesterly wind increased to Bft 5-6, but
then abated for a time, the visibility improved and the sky became sunny. Even on the
next day, when the wind was backing to southwest and south and increased again to Bft
5-6, the research activities could be carried out in bright and sunny weather with excellent
visibility.
Afterwards the typical “summerweather” of the arctic ice edge was encountered with low
clouds and often poor visibility as well as fog banks. Southerly winds of Bft 4 to 6 caused
this situation, which continued until July 23. The southwinds were produced by a high,
which developed near Jan Mayen and moved across the Barents Sea to northern Siberia.
On July 24th the wind became light and variable and in the ice-region it was very foggy.
On July 26th a new high pressure system had developed east of Svalbard. With
simultaneous pressure falling over northern Greenland a warmfront crossed the
Framstrait and it was raining. The southwind during the next night increased to 6 Bft
accompanied by a sea of 2 meters. In the inflowing humid airmass wide-spread fog
occurred. Two days later a second warmfront with rain was moving northward over the
research area and on the next day a low approached from the south, moving in the same
way, causing light and variable winds as well as fog in the Fram Strait. Due to stormy
easterly winds in the Barents Sea a swell of 3 to 4 meter arrived at the ship’s position.
During the night from July 30" to 31%' a new secondary depression developed over the
Greenland Sea. In the rear of the low the maximum wind speed measured was Bft 7 (14
m/s) in the evening of July 31st.
On the first of August this low drifted into the North Polar Sea and the weather improved
significantly: With southwesterly winds of Bft 5 the clouds disappeared and the visibility
became very good. But this situation was not stable. In the evening stratus clouds

approached from the ice in the west and during the next day the visibility was very poor
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due to shallow evaporation fog. Temperatures dropped to minus 3 ° C, which at that time
was the lowest record on the northern hemisphere.

During the first days of August the steering low pressure system for secondary
depressions between Iceland and the Kara Sea was situated in the vicinity of the pole.
From there a Swedish ship sent regularly weather observations. From August 2nd to 3rd
a couple of secondary lows moved from Jan Mayen to the northern Barents Sea. Thus
the wind veered northerly and under few clouds the visibility became very good.
Spitsbergen could be seen at a distance of about 130 km, at times associated with
mirages. In the evening of August 4th the research activity ended and “Polarstern”
headed towards Tromsg. During the transit winds came from south, later southwest to
west for a time about Bft 5. The distribution of wind and visibility is shown in the following
figures (Figs. A2.3.1-3).
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Most frequent wind direction was south and southwest, strong winds occurred in less than
5 per cent of the time. Due to the predominating southerly winds the visibility was often
poor. Fog (visibility less than 1 km) was observed or measured in 25 per cent of time. The
fog frequency corresponds to climatological values, the most frequent wind direction does

it not. Normally there should be more northerly winds.

A. 3 The Remotely Operated Vehicle (ROV) "Victor 6000"
Christophe, A., Triger, P., Opderbecke, J.

During the expedition the Remotely Operated Vehicle (ROV) "Victor 6000" was used at all
sites of scientific interest. This ROV, depth rated for 6000 m, is equipped with various
instruments to be used for scientific operations in the deep sea such as two manipulator
arms, seven digital cameras, water sampler, slurp gun and temperature sensors. The
design of the ROV follows a modular concept based on two sub-systems: (i) the vehicle
itself including servicing equipment (propulsion, video survey, lighting, remote control,
navigation and miscellaneous services), (ii) the scientific module composed of a 0.7 m®
structure placed under the vehicle in which the majority of scientific equipment, specific to
the mission, is located. The "Basic Sampling Toolsled” was used during the expedition
containing all necessary tools to collect samples (sediment, water, organisms, rocks, etc).
Additionally, instruments and sensors placed elsewhere in the vehicle were also used,
e.g. temperature sensor, slurp gun, release of passive markers etc. A schematic

illustration of the system is given in Fig. A3-1.

Compared to the first expedition with "Victor 6000" to the Arctic in 1999 onboard the
German RV "Polarstern" (Krause 1999; Soltwedel et al. 2000) some improvements
concerning the following technical aspects were made. The navigation system was further
improved by adding accurate position reckoning sensors —optic fibre gyro and Doppler
log. The performance of the position reckoning sensors (drift <10 m per hour) combined
with POSIDONIA positioning system precision (0.5% of water depth in standard acoustic
environment), led to a quality in sensor trajectory measuring data suitable for map

drawing.
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Together with the installation of a high-resolution vertical camera aiming at providing high
quality images of the seafloor new imaging software can be used to produce on-profile
mosaic images from successive shots. Forward facing lights have been fixed on the
bottom of the ROV to enhance optical contrast. Close to the main camera a high-
resolution digital still camera (HYTEC VSPN3000, 3 Mpixels, autofocus, and optic zoom)
was installed to allow scientists to take up to 200 high quality pictures appropriate for
publication. Additionally, laser beams were placed around the main camera to have a
scale for estimating distance and size of objects. Concerning handling and sampling
operations, the MAESTRO slave/master arm has been improved with regard to both
robotics and manoeuvring. A second grasping arm has been installed. Based on
experiences with the manned submersible "Nautile" a shuttle was adapted to be used
with the ROV. This prototype was tested and used to transfer equipment and samples

from the seabed to the surface (and conversely) during dives. A total of 23 dives were

carried out during the entire expedition.
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Fig. A3-1:  Schematic illustration of the "Victor 6000" system with its main components: (1)
Hydraulic direct coil winch, 8500-m 20-mm diameter umbilical cable; the total mass
of this ensembile is 30 tonnes. (2) Vehicle 3.1 x 1.8 x 2.1 m, mass 4 tonnes + 600 kg
for the module. (3) Depressor 1.5 x 0.8 x 0.5 m, mass 1.2 tonne. (4) Tether 100 to
300 m, 35-mm diameter. (5) Five 20-ft containers for power supply to vehicle,
hydraulic plant for winch, command post, mechanics workshop, storage.
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A. 3.1 High resolution seabed mapping with "Victor 6000"
Opderbecke, J.

On the cruise ARK XIX/3a-b, ROV-borne seabed mapping techniques were available. A
high frequency multibeam echosounder allows high resolution, small scale bathymetric
mapping. The sonar signal of this equipment gives backscatter information that can be
associated with the measured depth profile.

Geo-referenced video mosaicing creates large seabed images with correct geographical

orientation, positioning and sizing.

ROV-borne “Micro”-bathymetry

Two models of multi-beam echosounders are available for "Victor 6000", allowing the
production of micro-bathymetric maps up to a resolution of 20cm. The systems used on
the cruise were the SIMRAD EM2000 and the RESON Seabat-8125. The backscatter
information was recorded from both of the two sonar models. The multibeam
echosounder to be employed was mounted on "Victor 6000" in a special “seabed
mapping module”, this means that dives were either sampling or mapping dives,
depending on the module installed. Changing the modules is possible between two dives,
but is constrained by convenient weather conditions and requires approximately 4 hours

in addition to the 8 hours of normal reconditioning of the ROV.

Multi-beam echo- Max depth N° of Frequency  Angular Backscatter
sounder beams resolution (sidescan)
Simrad EM2000 3000 m / 111 200kHz 1.5°x2.5° Range/incidence
6000 m optional compensated
Reson Seabat 8125 1500 240 440kHz 0.5°x 1.0° Raw

Video mosaicing

Geo-referenced video mosaicing from a vertically mounted camera is possible with any of
the two modules. The vertical camera has an opening angle of 60°, the footprint on a flat
and parallel sea-bed is then the same size as the fly-height. For good quality colour video,

the ROV should not fly higher than 3m above the seafloor.
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Navigation

High resolution mapping is not possible without precise navigation information. The
multibeam resolution (~10cm horizontally) and the one of video mapping (~1cm
horizontally) ideally imply navigation data of the same level of accuracy.

Underwater positioning, with the absence of radio-electric signal transmission in
seawater, is based on acoustic measurements with respect to reference transponders
that are mounted under the vessel or moored on the sea-floor.

On the present cruise, "Victor 6000" was positioned by the USBL system "Posidonia"
installed onboard "Polarstern" which yields a positioning accuracy of about 0.5% of the
slant range — depending on ship noise, meteorologic conditions (turbulent water around
the transducers, roll, pitch and heave dynamics), and system calibration 5-sonic velocity
profile, geometric adjustment).

Acoustic positioning, which is not sufficient for map construction, is completed by
"Victor’'s” inertial navigation system. Using a 3D fibre-optic gyro and motion-sensor
(Octans/Ixsea) and a Doppler Velocity Log (DVL - Workhorse600/RDI), this relative
navigation technique integrates the displacements of the ROV in time, starting from a
given USBL-position. The integration of measurement noises allows positioning error to
drift, at a rate of less than 10m/houir.

The mapping procedures use the inertial gyro-Doppler navigation, which is reset on
USBL-positions at given intervals (1-2 hours) before or after the individual survey lines.
Reset of the gyro-Doppler navigation during a track line would lead to map distortions
difficult to correct in post-processing.

Roll and pitch compensation is carried out with data from the Octans system, which
measures these angles with an accuracy of 0.5mrad. The measurement of vehicle depth
is obtained by a Digiquartz — Paroscientific pi€zo-depth cell with an accuracy of a few
centimetres. Tidal corrections can be carried out in post-processing, if corresponding tide

estimations are available.

What can we expect from ROV-borne seabed mapping?

Compared to surface-borne mapping, mapping with an ROV increases the spatial
resolution of the observations with high frequency bathymetry as well as sonar or video
images. This gives an insight to the local morphology of the seabed, allowing recognition

of structures with only a few centimetres of relief.
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On the other hand, the accuracy of underwater navigation in the horizontal plane and in
the vertical axis, is less accurate than at the surface. As an example, (D)GPS positioning
at the surface is only one element in the measurement chain of underwater positioning —
GPS, acoustic relative position, attitude compensation, sound-velocity linked refraction
computation. Dead-reckoning induces a short term drift that builds up to a few meters
during a 1km survey line. This means that the assembly of the map will show
considerable artefacts between joining survey lines. Even slight variations in the vehicle
depth may cause vertical shifts: a 10 scale error in the pressure-to-depth conversion
would create 10cm residual artefacts.

One needs to keep in mind that the depth measurements building the map are the
product of a complex measurement system including the acoustic soundings, navigation,
heading and attitude, sonic velocity etc. The accuracy of the resulting map cannot be
directly deduced from the technical specifications of the multi-beam echosounder. The
sonar backscatter information will have to be analyzed in order to state it's potential for

discriminating seabed characteristics.

Dive overview

Dive n° Length Date of Work zone Module Echosounder Types of survey
(Victor) hours/km start
210 5/? 04/06  Gollum Channel Mapping Seabat 8125 (dive interrupted,

navigation failure)
21 10/10 04/06  Gollum Channel Mapping Seabat 8125  Bathy transects & small

grids

212 31/20 06/06  Moira mounds Mapping EMZ2000 Big grid

213 9/? 08/06  Moira mounds Sampling -

214 35/27 10/06  Belgica mounds Sampling

215 17/10 12/06  Twin mounds Sampling -

216 24/20 14/06  Giant mounds Sampling -

217 42/25 16/06  Scarp mounds Mapping EMZ2000 Video transects & bathy
grids

218 17/10 18/06  Hedge mounds  Mapping EM2000 Video transects & bathy
grids
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A.4  Cruise leg ARK XIX/3a

A. 4.1 Deep-water corals along the Irish continental margin: multidisciplinary studies on
the Porcupine Seabight and Porcupine Bank — an introduction
Grehan, A., Wheeler, A., Unnithan, V

A series of ROV dives were undertaken in the Porcupine Seabight and Porcupine Bank to
study various attributes of carbonate mounds that are colonised by deepwater corals.
These represent unique habitats both in terms of biodiversity, as significant sinks for
carbon and potential high resolution records of climate change. Understanding these
unique environments is of recognised importance and has been the focus of numerous
national and international research efforts including a former dive campaign of the ROV
"Victor 6000" during an expedition with the Ifremer R/V "L'Atalante" in 2001
(CARACOLE).

The deepwater coral Lophelia pertusa (Linné) is widespread along the European
continental margin and is often associated, although not exclusively, with coral mounds.
Coral mounds in this context refer to positive topographic features that owe their origin,
partially or entirely, to the framework-building capacity of deepwater corals and include
reefs, banks, carbonate mounds and coral build-ups. These mounds vary in size and
shape, ranging from small, low relief ovoid features a few metres high and tens of metres
across to giant mounds hundreds of metres tall and a few kilometres across. The origin of
these mounds has been related to hydrocarbon seepage or autogenic processes
stimulated by high current speeds and food supply. Despite these debates on mound
genesis, little evidence exists for the hydrocarbon seepage model whereas recent
evidence suggests that hydrodynamic conditions have a strong influence on mound

morphology and growth.

The results from CARACOLE demonstrated the power of the ROV "Victor 6000" in
unlocking the secrets of these difficult to explore environments. This leg builds on those
former studies and also explores new mound sites that offer greater insights into the
functioning of deepwater coral-colonised carbonate mounds.

Between dives there were also additional non-ROV investigations using available
winches. A number of boxcores were taken on previously unsampled mound sites, on

baseline off-mound stations as well as detailed sampling, to complement prior studies.
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The sampling campaign was also undertaken to address the primary aim of quantifying
the biology of the mounds and assess inter-mound variation. As some mounds have
already been previously sampled, these particular mounds were not resampled in order to

conserve this habitat.
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Fig. A4.1-1:  General location mapping showing the main study areas

A number of CTD stations were also undertaken to quantify water mass characteristics

and study short-time scale variations in water mass properties around mound features.
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The geophysical mapping of mound area using the ROV based multibeam systems was
also supplemented by a more analytical investigation of multibeam technology performed
in the adjacent Gollum Channel systems.

In this context, this ARK XIX/3a report is separated into 3 study areas (Fig. A4.1-1):
Gollum Channel (Porcupine Seabight) (section 4.2), "Belgica mounds" (Porcupine
Seabight) (section 4.3) and the Porcupine Bank (section 4.4). Investigations from each of
these areas are presented separately below followed by discussions of wider issues
(sections 4.5-4.10).

A. 4.2 Microbathymetry surveys along deep-water canyons (Gollum Channel) in the
Porcupine Seabight
Beyer, A., Krocker, R., Pokorna, M., Rathlau, R., Dabrowski, P.

Technical Aspects of the "Victor 6000" bathymetric system

Two modules are available on the ROV "Victor 6000" intended for sampling and micro
bathymetry. On this cruise the micro bathymetric systems EM2000 (Simrad) and Seabat
8125 (Reson) were available for deployment.

The Reson Seabat 8125 multibeam system operates at 455 kHz. It has a swath width of
120 degrees. The beam spacing is 0.5 and 1 degree for the across and along track
directions respectively. The maximum selectable range scale is 120m. Physical
specifications of the sonar head allow this system to be deployed at depths down to
1700m water depth. Position is computed from inertial navigation systems of "Victor".
Absolute positions (with respect to the vessel) and re-initialisation is determined using
POSIDONIA at appropriate intervals. However, the bathymetric data is effected by
navigation offsets which induce artefacts on the terrain model. These are mainly due to
the pitch of "Victor" and navigation offsets.

Post processing of the recorded data can be caried out using the QINSY software. The
data can also be exported in the XTF (Extended Triton Elics Format) for further

processing utilizing different commercial hydrographic software.

Validation of angular backscatter measurements utilizing "Victor 6000" and video
controlled sediment sampling
Multibeam systems are widely used to cover large seabed areas by bathymetric

measurements in a comparatively short time. For this purpose, the multibeam system
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Hydrosweep DS2 is installed onboard RV Polarstern. It operates at a frequency of
15.5kHz. In addition to depth measurements, echo amplitudes are recorded by the
system. The amplitudes can be converted into multibeam sidescan and angular
backscatter data. The main application of sidescan is to detect small scale features which
cannot clearly be recognised in the bathymetry (e.g. shallow channels or iceberg plough
marks). In contrast, angular backscatter shows the same resolution as the depth
measurements but supplies additional information about physical properties of the

seafloor (surface- and volume roughness) (Fig. A4.2.2-1).

backscatter [dB]
backscatter [dB]

incidence angle [°] incidence angle [°]

Fig. A4.2-1: Angular backscatter curve for a) rough and b) smooth seafloor.

Therefore, the backscatter strength and its dependence on the incidence angle of the
acoustic pulse onto the seafloor is considered. Using a terrain model and taking into
account the effect of the water column as well as internal signal processing of the
multibeam, the recorded amplitude values are transformed into angular backscatter
strength. Maps showing the spatial extension of the backscatter data are used as a basis
to segment the seafloor into regions of different backscatter characteristics. The
segments are based on different echo levels and changing slope of the angular
backscatter fall (dB per degree incidence angle). The combination of these maps with
surface samples helps to determine different sediment properties in the segments and the
spatial validity of surface samples can be extended from the sampling spot to the
segmented areas. Thereafter, the sediment data can serve as input for seafloor

classification.

The aim of this study is to investigate the link between seafloor properties and angular
backscatter in order to use Hydrosweep bathymetric measurements for remote sensing of
the seafloor. Sparsely distributed seafloor samples and related seafloor properties will be

utilised to enhance interpretation of the entire area where backscatter data is available.
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During the leg ARKXIX/3a ground truths for the backscatter analyses were collected at
different sites along the eastern slope of the Porcupine Seabight southwest of Ireland.
One site is located in the Gollum Channel system and a second area is situated south of
the Belgica mound province (->reference to overview map). The locations have been
determined based on bathymetry and backscatter data recorded during leg ANTVII/4. The
sites were selected because of a significant change in backscatter characteristics. The
changes within the Gollum Channel may be due to the flow regime in the channel that
had driven the sedimentation. The segments south of the Belgica province are isolated
areas and represent different seafloor facies, such as a depression area, a sloped area
and a stripe of low backscatter indicating flowing activity. The focus of the cruise was to
get a complete data set of the selected seafloor areas. It includes bathymetry, micro
bathymetry and angular backscatter data, sediment samples and video observations.

The deployment of ROV "Victor" 6000 was realised in the northernmost Gollum Channel
(Fig. A4.2.2-2). Using the multibeam module of the ROV the micro-bathymetry of that
channel along with video observations and vertical images have been recorded to obtain

information about the microstructure of the seafloor along the track lines.

Due to bad weather conditions the planned transect could not be finished completely.
Finally, a transect of the Channel and grid surveys at three selected locations were
completed. The grid surveys were selected to investigate differences between the
Polarstern Hydrosweep system (15.5kHz) and the Seabat 8125 micro bathymetric system
(455kHz) in terms of accuracy and resolution of the depth measurements and backscatter
data. The application of a shallow water echo sounder onboard "Victor 6000" establishes
the opportunity of recording backscatter data in addition to the Hydrosweep data for

comparison of areas.

The grids have a size of approximately 150 x 150m that corresponds to 3x3 footprints of
the Hydrosweep system. Since the seafloor segments represent homogenous seafloor
cover (based on the Hydrosweep backscatter data), results of the grids can stand for the
entire segment. The data of the tracks between the grid sites are recorded to examine the
backscatter and micro bathymetry change along the bottom of the channel. The flight
height during the survey was 10m. Altogether approximately 7nm of micro bathymetry

survey line have been recorded. The depths range from 1700m to 1300m.
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Fig. A4.2-2: Normalized backscatter of the Gollum Channel area indicating the targets of
investigation utilizing multicorer and ROV "Victor". Different acoustic facies have been segmented
based on the backscatter level.
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First results show that the seafloor of the channel is flat on the micro bathymetric scale,
i.e. no distinct features at the scale of some 10cm have been found in the preliminary
processed data. However, height changes of a few meters are visible within the grid
survey areas at the scale of >10m. The micro bathymetry data are clearly influenced by
the movement of "Victor 6000" (Fig. A4.2.2-3). Insufficient pitch compensation of the ROV
becomes particularly visible in the data set as a wave structure affecting the entire data

set.

Fig. A4.2-3: Micro bathymetry recorded by Seabat 8125 mounted on "Victor 6000". The grid has a
size of approximately 150m x 200m. The depth ranges between 1525m (blue) and 1520m (red).

The height of these waves was determined as approximately 6cm that is close to the
Seabat accuracy. Navigation errors are also seen in the overlapping areas of adjacent
track lines. Due to the low topographic variation of the seafloor at the channel bottom
these artifacts are very pronounced and dominate the data set. The wavelength of the
Hydrosweep acoustic pulse is approximately 10cm. Thus, surface topography of the size
of the artificial waves can affect the backscattering of the pulse. In order to perform
statistical analyses of the micro bathymetry, these errors first need to be removed from
the data. To realize this process, thorough data analyses of the motion sensors of "Victor
6000" and other related navigation parameters need to be conducted. So far angular

backscatter data of the Seabat System have not been processed.
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In addition to the micro bathymetry data, video observations were conducted at each of
the grid survey sites. The main focus concerned capturing the surface structure utilizing
the vertical camera. The flight height during the video survey was 3m. Fig. A4.2.2-4

shows a vertical image of the seafloor of the western grid survey site. Main features are a

flat seafloor with some holes that indicate some live faunal activity at the seafloor.

Fig. A4.2-4:Vertical image of the seafloor during the first grid survey at the west end of the
northern Gollum Channel.

A second ROV dive was planned along the same track line to obtain detailed video
observations and sediment samples. Due to unfavourable weather conditions, this dive
was replaced by video guided multicorer sampling. Thus, seabed information regarding

visual and sediment data was also collected.

Since the "Victor 6000" system is designed for long term dives of several hours, the
multicorer was deployed for sampling the seafloor at selected sites. Altogether 15 stations
have been sampled utilizing the multicorer. The attached video camera provides images

from the seafloor that enhance the sediment interpretation. In particular current and
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particle flow, macro fauna and surface structures such as ripples or bumps have been
found.The upper part of the sediment layer has been sampled since it is the predominant
effect on the backscatter of the acoustic pulse. The cores were sampled in 1cm slices
(from 0 to 10cm depth) and every second 1cm slice was sampled below 10cm. The

description of the multicorer stations is given in Table A4.2.2-1.

Backscatter analysis

Angular backscatter data are difficult to display on bathymetric maps. Since the
backscatter strength is mainly affected by the sonar beam angle, the images show
artifacts parallel to the track lines. Therefore, the angular backscatter was processed and
the mean angular dependence has been removed from the data. As a result normalized
backscatter (grey level) is used for seabed analysis and represents the angular
backscatter data as approximate values.

The backscatter grey level of the area shows a range of 12dB. The background
sediments of the margin have backscatter grey levels of about -42dB. The area of the
"Belgica mounds" reaches higher backscatter levels up to -35dB. The highest value of -
30dB was found to exist at a strong slope of a depression area. The multicorer video
deployment indicated corals on this slope.

For a preliminary investigation two channels have been selected for studying sediment
(grain size, stratigraphy) and backscatter properties: channel 1 and the northern Gollum
Channel.

Grain size analyses were carried out using a binocular and a 0.1mm surgical sewing
thread as a reference scale. The classification of the sediments to sand, silt or clay was
made visually. The sediment grain size of the selected stations is given in Table A4.2.2-2.
The southern part of the area of investigation including the channels is displayed in
Fig. A4.2.2-2. The segmentation of the channels based on the backscatter grey level is
also indicated. In Table A4.2.2-2 backscatter levels and sediment properties are given at
the multicorer stations. At channel 1 we found that the higher backscatter in the eastern
(upper) part corresponds to a low penetration of the multicorer. The upper part of that
channel shows -36.6dB versus 26cm penetration compared to the western (lower) part
which shows -39.5dB versus 16cm penetration. This situation also exists if one compares
the background sediments with the mouth of channel area, i.e. -36.6dB / 28cm and -39.6 /
20cm, respectively.

The northern Gollum channel was subdivided into four segments which have an average
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backscatter value of -37.0dB, -38.9dB, -37.3dB and -41.2dB from west to east. In this
channel the backscatter grey level also correlates to the penetration depth of the
multicorer. However, the easternmost segment of the channel has the lowest dB value

but also the lowest penetration.

In the channel segments 1, 2, and 3; 2, 3 and 2 samples were recovered respectively.
From segment 4 one sample was recovered. The results of the penetration depth are
similar in each of the segments. This shows that the segmentation was properly done and
supports segmentation based on angular backscatter data. Fig. A4.2.2-5 shows the
relation between backscatter and sediment properties. Different grain size is indicated by
colour. Vertical changes in the sediment structure are indicated by a horizontal line. A line

in the middle of the bar means a gradual change in the sediment.

Sedimentation Sedimentation Gollum Channel
Station Number Station Number
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Fig. A4.2-5: Grain size and penetration depth at selected locations. Normalized backscatter and
penetration show a clear correlation. Vertical changes in the sediments are indicated by a
horizontal line. If the line is drawn in the middle of the bar, the sediment changes gradually.

Although this first analysis of the data did not show a close correlation between
backscatter grey level and grain size, the lower dB level could be due to the coarser
material in this shallower part of the channel (segment four). The grain size analyses
indicate a change from coarser material (sand, sandy silt) in the shallower part to finer

sediments in the deeper part of that channel (silty clay, clay). Hence, thegrain size
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distribution agrees with the assumption that coarser sediments are deposited first as the

current runs down the channel and decreases in speed.

Since the penetration depth of the multicorer is mainly driven by the water content of the
sediments. The results of this study indicate that a higher backscatter grey level is caused
by a higher water content of the sediments. However, a distinct effect of the grain size
variation of the fine grained seafloor sediments on the backscatter grey level are not

evident in this investigation.

Shipborne Bathymetric surveys during the cruise ARKXIX/3a

Hydrosweep is capable of determining the mean sonic velocity that is required for
refraction correction of the slant sonar beams. This technique is known as cross fan
calibration. However, in order to apply a local water sonic velocity profile and to prevent
data gaps due to the calibration mode, CTD profiles of the water column recorded at
various locations during the cruise were processed and finally used during the data

acquisition with Hydrosweep.

The Hydrosweep system recorded data during the entire cruise and provides detailed
bathymetric data at the investigated locations. These locations are at the northernmost
Gollum Channel and at the Belgica mound province at the eastern slope of the Porcupine
Seabight, at the "Scarp" and "Hedge mounds" at the Porcupine Bank. Due to the slow
speed during the operation of "Victor 6000" a gain in data quality is expected.

During the bathymetric survey of the northernmost channel of the Gollum Channel system
70nm survey line have been covered. The aim of this survey is to extend the existing
Polarstern bathymetry and backscatter data of that area towards the mouth of the
channels in the west and to check whether changes of the backscatter data have
occurred with respect to the cruise ANTXVII/4. Due to the video system attached to the
MUC it became obvious that this channel is not active. This indicates comparable
backscatter data from the leg ANTXVII/4 and ARKXIX/3a.

Towards the end of the cruise a detailed survey of approximately 25nm was started

closed to the "Hedge mounds". In this location there are channel heads cutting the

continental margin. The data is appropriate for comparison with the Gollum channel
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bathymetry and angular backscatter data.

Table A4.2-1: description of the multicorer samples

Station number Position Lat | Position Lon Depth | Penetration Comment
(m) (cm)

PS64/235-3 50° 35.09'N 11°25.92' W | 1686 28 sandy, soft, no
stratigraphy
visible

PS64/236-1 50°46.08' N | 11°24.02' W 1021 20 muddy
surface,
thereafter
more
compact,
anemone

PS64/239-1 50°53.28' N | 11°24.64' W 1160 26 sandy top,
soft, compact
layer

PS64/240-1 50°53.30'N | 11°28.95' W 1350 16 fine sand

PS64/242-1 50°43.99'N | 11°15.69' W 1092 10 top fine sand
with little clay,
ripples

PS64/243-1 50°42.62'N | 11°19.24' W 1341 14 sandy with
little clay,
macro fauna

PS64/244-1 50°42.45'N | 11°22.32' W 1522 32 sandy, soft,
probably
organic rich

PS64/245-1 50°42.17'N | 11°26.07' W 1674 26 mud, soft, no
ripples

PS64/246-1 50°42.32'N | 11°28.13' W 1730 26 mud, soft, no
ripples,
lebensspuren

PS64/247-1 50°42.15'N | 11°24.10' W 1603 34 mud, soft, no
ripples

PS64/248-1 50°42.46'N | 11°21.07' W 1479 32 fine sand, soft,
no ripples,
unstructured

PS64/249-1 50°43.78' N | 11°17.54' W 1191 24 fine sand, soft,
no ripples, lots
of macro
fauna

PS64/250-1 51°10.40'N | 11°47.09' W 1536 | norecovery, | corals, strong
current

PS64/251-1 51°12.11'N | 11°40.78' W 1017 30 sandy,
stepwise
penetration

PS64/252-1 51°11.16' N 11°34.88' W | 723 28 sandy, soft,
ripples

Table A4.2-2: Physical and acoustic properties of selected sediment samples. The depths of the
grain size estimation and sediment changes were determined visually. The backscatter value
represents the segment in which the sample was taken.
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station Penetration | normalized | Grain size at sample depth
(cm) backscatter
(dB)
PS64/235-3 28 -36.6 2cm: sandy silt, 22cm: silt, smooth change
PS64/236-1 20 -39.6 5cm: silty clay, 15cm: clay, change at 5cm
PS64/239-1 26 -36.6 1cm: sand, 7cm sandy silt, 16cm: silt,
change at 2.5cm, 11cm, 12.5cm
PS64/240-1 16 -39.5 3cm: sandy silt, 13cm: silt, change at 6¢cm,
end of core
PS64/242-1 10 -41.2 1cm: sand, 6cm: sandy silt, change at 2cm,
9cm
PS64/249-1 24 -37.3 3cm: sandy silt, 18cm: silt, change at 6cm
PS64/243-1 14 -37.3 2cm: sandy silt, 14cm: silt, change at 5cm
PS64/248-1 32 -38.9 1cm, 8cm, 30cm: silt, change at 3, below
smooth change
PS64/244-1 32 -38.9 4cm: silt, 14: silt, smooth change
PS64/247-1 34 -38.9 3cm: silty clay, 15cm: clay, 30cm clay,
change at 7cm, below smooth change
PS64/245-1 26 -37.0 3cm: silty clay, 25cm: clay, smooth change
PS64/246-1 26 -37.0 2cm: silty clay, 13cm: clay, 23cm: clay,

change at 5¢cm, below smooth change
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A. 4.3 Sedimentary and hydrodynamic processes and interactions in the "Belgica Mound"
province, Porcupine Seabight
Wheeler, A., Foubert, A., Dorschel, B., Gault, J., Kozachenko, M., Thomsen, L.,
Unnithan, V.

A. 4.3.1Introduction to the "Belgica Mound" setting
Foubert, A.

The "Belgica mound" province is characterised by conical mounds asymmetrically buried
along the eastern continental margin in the Porcupine Seabight (De Mol et al., 2002; Van
Rooij et al., 2003). Multibeam imagery (Beyer et al., 2003) revealed that this part of the
basin is dominated by surface mounds and some buried mounds, with a north-south
orientation at depths of 500-1000 m. These mounds can rise up to 300 m above the
seabed and can measure up to a few km across. Some mounds are characterised by
depressions at the steep downslope side of the mounds that are probably the result of

strong bottom currents around the mounds (Van Rooij et al., 2003).

De Mol et al. (2002) and Van Rooij et al. (2003) attributed the net south-north alignment
of the coral banks to the presence of eroded ridges of an acoustically transparent unit of
probable Miocene origin. Since corals grow preferentially in elevated locations
(Frederiksen et al., 1992; Freiwald, 2002), the local morphological characteristics make
this site attractive for deep-sea coral settling and growth. In the vicinity of these large
coral mounds, small mounds (the "Moira mounds") exist (Wheeler et al., subm).

As well as these mound structures, a multitude of channels are also observed in the area.
A large, along-slope, north-south to northeast-southwest channel forms the western limit
of the Belgica Mound province. Shallow south-west trending downslope gullies feed into
the north-south channel (Van Rooij et al., 2003). Contourite drift systems dominate the
sedimentological processes in the Belgica Mound area, shaped by the presence of giant
carbonate mounds and channels (Van Rooij et al., 2003). Moreover, high resolution side-
scan sonar imagery in inter-mound areas revealed the presence of extensive sand sheets
with numerous bedforms (sediment waves, barchan dunes, gravel ridges, seabed
striations) indicative of high benthic current strengths and active sediment transport
(Wheeler et al.; 2000; Huvenne et al., 2002).

During this cruise, focus was placed on mound formation processes, mound dynamics
and sediment interactions and biodiversity differences between mounds in the "Belgica
Mound" province. Two dives were carried out with the ROV “Victor 6000” (Fig. A4.3.1-1):
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- Areconnaissance video survey over numerous steep-flanked "Belgica mounds".
- A microbathymetric survey with the multibeam system SIMRAD EM 2000 mounted
on the ROV over the "Moira mounds"
In addition, boxcores were taken for benthic analysis, seven current meters were
deployed in S-N transect and W-E transect over Galway Mound, a Lander was placed on
Galway mound and some CTD profiles were collected to give an overview of the influence
of the different water masses in the Belgica mound area (Fig. A4.3.1-1).
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Fig. A4.3.1-1: Location of the boxcores, current meters, lander, CTD casts and ROV-dives in the
"Belgica mound" Province

A.4.3.2 Variation in sedimentary facies in the "Belgica mound" area

Foubert, A., Kozachenko, M., Dorschel, B., Wheeler, A., Gault, J.
Recent sedimentation in the Porcupine Seabight consists mainly of (hemi)pelagic and
locally reworked successions. Previous studies showed that the uppermost sedimentary
layer mostly consists of Holocene foraminiferal sands, representing the interglacial

sedimentary environment, followed by several meters of silty clays deposited during
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glacial periods. There is also evidence for the presence of rock debris on the seafloor
(Kidd & Huggett, 1981). These authors also reported a large amount of dropstones
(clinker and coal residues) dumped from the steamships. Surprisingly, these residues are,

in some locations, even more abundant than ice-rafted debiris.

The sedimentary processes and the evolution of the sedimentation in the Belgica mound
area was described recently by Van Rooij et al. (2003), followed by a more detailed study
of the present-day sedimentary pattern and seabed features recognised on TOBI side
scan sonar imagery (Huvenne, 2003; Wheeler et al., subm.). Present day environment of
the "Belgica mounds" area was also detailed by mapping using high-resolution
100/410kHz side-scan sonar techniques during RV Discovery 248 cruise in July-August
2000 (Wheeler et al., 2001; Kozachenko et al., 2003).

Video imagery collected during ROV Victor dive 214 was the subject of facies analysis.
This was performed in order to emphasise changes in the distribution and type of coral
populations (e.g. live/dead; dense/patchy) on mounds and mound’s flanks, and
characterise types of seabed in the off mound areas (e.g. rippled/unrippled sands;
dropstones). On the basis of video observations a number of facies characteristic for the
study area were derived (Table A4.3.2-1). Each of the facies was given a code that was
typed in the added column in the navigation file of the dive. Consequently this data was
integrated within GIS using Arc View 3.2a and each facies was colour-coded, therefore
giving a visual insight into seabed facies distribution in the surveyed area.

Table A4.3.2-1: Seabed facies classification used for the ROV Victor dive 214 video interpretation.

Facies No Facies name
1 Dense coral coverage (live & dead)
2 Dense coral coverage (mostly dead)
3 Sediment clogged dead corals and/or rubble
4 Patchy mostly live corals on rippled seabed
5 Patchy mostly dead corals on rippled seabed
6 Patchy mostly dead corals on unrippled seabed
7 Dropstone (gravel and/or boulders) dominated seabed
8 Dropstones (gravel and/or boulders) - patchy distribution on unrippled seabed
9 Dropstones (gravel and/or boulders) - patchy distribution on rippled seabed
10 Rippled seabed with occasional dropstones
11 Unrippled seabed with occasional dropstones
12 Rock outcrops(?)
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Figure A4.3.2-1 shows the interpretation — facies map of the "Belgica mounds" area that
was surveyed during ROV "Victor 6000" dive 214. Dive track with colour-coded facies
distribution is plotted on top of existing TOBI 30kHz side-scan sonar data (Henk de Haas
et al., 2002). Figures 4.3.2-2 & 4.3.2-3 highlight different seabed facies.
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Fig. A4.3.2-1: Facies-interpretation of the ROV Victor dive over the "Belgica mounds"

Evidence of the deep-sea fishing activity in the study area were also documented during

the dive, and are shown on Fig. A4.3.2-1
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Fig. A4.3.2-2: Visualisation of different facies
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Fig. A4.3.2-3: Visualization of different facies
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It seems that all the mounds along the transect from "Challenger mound" to "Poseidon
mound" are covered with dead coral and coral rubble, which means that this mound
ridge can be interpreted as a dead ridge. Probably the present environmental
conditions aren’t that favourable for the growth of deep-water corals in this
easternmost part of the "Belgica mounds" area. Only "Galway mound" and the small
mound in between "Galway mound" and "Poseidon mound" were covered with a high
amount of living coral. During the Caracole-cruise in 2001, ROV video imagery
showed that "Thérése mound" is also covered with a high amount of live coral. It
seems that the present hydrodynamic conditions stimulate deep-water coral growth on
these more westerly located mounds.

A whole range of local current effects and local current intensifications can be
recognized between the mounds, expressed by the occurrence of coarser material.
The finer fractions are winnowed away. The interaction between currents and local
irregularities are responsible for the typical deposition of patches of very well sorted

sands behind these obstacles and for the observed scouring marks.

The overall image of the sedimentary pattern and bedform occurrence fits very well
with the general idea of a northerly directed slope current. However, the orientation of
the sand waves and ripples on the flank of some mounds shows that downslope
orientated transport plays also an important role in the interaction between mounds

and alongslope sediment transport.

A. 4.3.3 Benthic Faunal Sampling in the Belgica mound province
Roberts, M.

The sampling objectives as outlined at the start of cruise ARK XIX/3a are given below.
Copies of box core photographs listed by "Polarstern" station number were submitted

to the Public file server at the end of the cruise.

Objective
To describe benthic infaunal and epifaunal communities both on and off carbonate
mounds supporting cold-water corals. To collect live coral for laboratory study and

calcareous macrofauna with potential for use as temperature proxies.
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Hypotheses

HO1: The presence of coral rubble habitat has no effect on the diversity of the
associated community.

HA1: The presence of coral rubble habitat enhances the diversity of the associated

community.

If evidence for bottom trawling is detected at some sites:

HO2: Fish trawling has no effect on the community composition of fauna found in coral
rubble or background sediment.

HA2: Trawling alters the community composition of fauna found in coral rubble and

may increase the abundance of scavenging species.

Tasks

Collect samples of the seabed sediments both with and without coral rubble. This will
mean locating suitable sampling sites from "Victor 6000" ROV surveys within areas of
coral rubble and within areas where there is no rubble present, i.e. both on mound and
off mound. The areas should be broadly comparable in terms of depth, temperature,
current etc. If possible this process should be repeated in areas that have been
affected by bottom fishing activity (assuming that the other samples are from unfished

areas). Samples were taken by box corer.

Preferred locations
To be amended on basis of "Victor 6000" dive information.
1) On "Galway mound" 800m depth, 51° 27' 5.2" N 11° 45' 8.8" W, 3 coral-rich cores
needed.
2) Off "Galway mound" 910m depth, 51° 26' 33.17"N 11°44' 42.49" W, 3 coral-free
cores needed.
3) On "Moira mound", 51.4333548 N -11.7570262W
Methodology
e Overlying water passed through 250 ym sieve
¢ Once the core is recovered, the surface is photographed and notes taken

e Live coral may be transferred to aquaria and notes documenting this taken
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¢ Visible calcareous fauna removed (bivalves etc.) and noted — both number of
individuals and species

e Delicate epifauna picked off

e If possible the core is sliced to separate the upper 10cm from the lower portion
of the core. The two sections will be processed separately and we may only
process the upper 10cm.

e Samples then sieved using filtered seawater through stacked sieves (1000, 500
& maybe 250 um)

e The sievings are then stored in separate sample buckets with 10% formalin
(equivalent to 4% formaldehyde) borax-buffered filtered seawater containing
rose bengal for 24 hours minimum giving:

e coral rubble
e 1000 pm sieving
e 500 um sieving
e 7250 pm sieving
e Then transferred from formalin, washed in filtered seawater and preserved in

95% ethanol 4% glycol (if sufficient ethanol is available).

Sampling sites for biological box cores

"Moira mound" (x1 exploratory core + 2-3 later)

"Galway mound" (x3 on mound), sediment waves (x3 off mound)

" Thérése mound", on mound (x2), off mound (x2) if time — focus on collecting live
coral

"Twin mounds" (Porcupine Bank — see section 4.4.2), untrawled on mound (x3),
trawled on mound (x3), off mound (x2)

This gives a total of up to 22 box cores of which 14 would be fully processed for

benthos.

Box Core Stations
The box core sampling stations are summarised in the following log sheets and plotted
in Figs A4.3.3-1 & A4.3.3-2.
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Fig. A4.3.3-2 Location of SAMS Photolander, "Bremen current meters" and box core stations
on the "Galway mound".
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Box Core Sample Log Sheet

Station No. PS64/254-1 Date 7 June 03
Box Core No. 1 Time of sample 2105
(UTC)
SAMS Station No. | 973 Depth (m) 857
Position 51°26.970N Operator O Pfannkuche
11°45.002W

Sample Description

Core target, ‘on Galway Mound'.

Core washed on recovery (not quantitative). Contents dominated by Madrepora oculata some Lophelia
pertusa and glass sponges (Aphrocallistes). Coral rubble and live coral present, the latter and Eunicid
polychaetes transferred to running seawater tank on deck with a subsample transferred to cold room at

9°C.

Depth core penetration

n/a Core washed

Depth from surface of core Sieve mesh size Surface area core sieved
1000 Whole sample
500 Whole sample
250 subsample

Sample removed No. individuals / No. sub- To whom?

cores

Lophelia pertusa

2

J Hall-Spencer

Madrepora oculata

2

J Hall-Spencer

Bivalve

1

J Hall-Spencer
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Box Core Sample Log Sheet

Station No. PS64/254-2 Date 7 June 03
Box Core No. 2 Time of sample 2307
(UTC)
SAMS Station No. | 974 Depth (m) 852
Position 51°27.144N Operator O Pfannkuche
11°45.079W

Sample Description

Core target, ‘on Galway Mound'.

Core approximately half full of coral, sediment in lower portion. Core not intact, not quantitative.
Madrepora oculata dominant, glass sponges common, some live Lophelia pertusa present.
Live material transferred to running seawater tank on deck. Initial sorting separated in glass
sponge, delicate fauna, Madrepora and Lophelia.

Depth core penetration n/a Core washed

Depth from surface of core Sieve mesh size Surface area core sieved
1000 Whole sample
500 Whole sample
250 subsample
Sample removed No. individuals / No. sub- To whom?
cores
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Box Core Sample Log Sheet

Station No. PS64/254-3 Date 8 June 03
Box Core No. 3 Time of sample 0008
(UTC)
SAMS Station No. | 975 Depth (m) 875
Position 51°27.282N Operator O Pfannkuche
11°45.039W

Sample Description

Core target, ‘on Galway Mound'.

Core washed out only retaining one sizeable Lophelia colony and a few Madrepora fragments (all live)
with attached hydroids and bryozoan on the older skeletal parts. Placed in aquarium on deck with
subsample to cold room.

Depth core penetration n/a Core washed

Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
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Box Core Sample Log Sheet

Station No. PS64/257-2 (repeat Date 8 June 03
254-3, labelled as 254-
4)

Box Core No. 4 Time of sample 0337

(UTC)

SAMS Station No. | 976 Depth (m) 798

Position 51°27.056N Operator T Beck
11°45.142W

Sample Description
Core target, ‘on Galway Mound'.

Core washed, not quantitative. Living Madrepora, dead Lophelia, Bathynectes, Pandalus, many

hydropolyps, Aphrocallistes and fine coral debris. Subsample of live Madrepora transferred to running

seawater on deck. Sediment taken for SAMS photolander instrument calibration.

Depth core penetration

n/a Core washed

Depth from surface of core Sieve mesh size Surface area core sieved
Tmm Whole sample
0.5mm Whole sample
0.25mm Sub-sample
Sample removed No. individuals / No. sub- To whom?
cores
Unprocessed sediment 1 litre JM Roberts
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Box Core Sample Log Sheet

Station No. PS64/258-1 Date 8 June 03
Box Core No. 5 Time of sample 0435
(UTC)
SAMS Station No. | 977 Depth (m) 910
Position 51°26.541N Operator T Beck
11°44.681W

Sample Description
Core target, ‘off Galway Mound'.
Small living Madrepora colony attached to dead coral fragment with small green branched hydroid. Two
large Pliobrothus sp. colonies, one with gastropod attached (Pedicularia). Cm-dm of dead coral.
Aphrocallistes fragments (old). Abundant pteropod shell on surface. Cidaris spines, medium to coarse
sand.

Depth core penetration

11cm

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed No. individuals / No. sub- To whom?
cores

Madrepora oculata ? T Beck

Pliobrothus 2 T Beck

Stylasterids (Pliobrothus) 2 J Hall-Spencer

Stylasterids (Pliobrothus)

2 fragments

JM Roberts
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Box Core Sample Log Sheet

Station No. PS64/259-1 Date 8 June 03
Box Core No. 6 Time of sample 0542
(UTC)
SAMS Station No. | - Depth (m) 942
Position 51°25.903N Operator J Gutt
11° 45.387W

Sample Description

Core target, summit Moira Mound. Core missed target and was not processed.

No information recorded on log sheet, but this core corresponds to photograph labelled 263-1, Box 6,
942m.

Depth core penetration Not recorded

Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
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Box Core Sample Log Sheet

Station No. PS64/263-1 Date 9 June 03
Box Core No. 7 Time of sample 0014
(UTC)
SAMS Station No. | 978 Depth (m) 921
Position 51°26.130N Operator O Pfannkucke

11° 43.970W

A Grehan

Sample Description

Core target, ‘off Galway Mound'.
Dropstones between 1 and 30cm, rounded pebbles/lag. Live sea urchin, hydroids, ?sponge, 7 octocoral
colonies (JMR note, this could refer to the 7 hydrocoral Pliobrothus colonies visible in the photograph),
brachiopods, shell debris, small dead Lophelia. Coarse sandy sediment, brown in colour.

Depth core penetration

37-44cm

Depth from surface of core

Sieve mesh size

Surface area core sieved

0-5cm

1, 0.5, 0.25mm

Whole cored, with subsample of
0.25mm fraction

5-10cm

not recorded

Sample removed

No. individuals / No. sub-
cores

To whom?

3 small dropstones and
Pliobrothus

3 stones and Pliobrothus

J Hall-Spencer

Pliobrothus

2 colonies preserved in
ethanol

JM Roberts
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Box Core Sample Log Sheet

Station No. PS64/263-2 Date 9 June 03
Box Core No. 8 Time of sample 0115
(UTC)
SAMS Station No. | 979 Depth (m) 927
Position 51° 25.990N Operator A Grehan
11° 44.346W

Sample Description

Core target, ‘off Galway Mound'.
Dropstones 1-10cm diameter, rounded and angular, pebbles/lag. Brownish sandy sediment (medium).
Pteropod shell fragments, gastropods, Pliobrothus (Stylasterid). Polychaete tube (terebellid) shell
encrusted. Top 10cm coarse with fragments shell etc., fine below, brown colour.

Depth core penetration

22cm

Depth from surface of core Sieve mesh size Surface area core sieved

0-5cm 1, 0.5, 0.25mm Whole core, subsample 0.25mm
fraction

5-10cm 1, 0.5mm

Sample removed No. individuals / No. sub- To whom?

cores
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Box Core Sample Log Sheet

Station No. PS64/263-3 * Date 9 June 03
Box Core No. 9 Time of sample 0213
(UTC)
SAMS Station No. | 980 Depth (m) 942
Position 51° 25.895N Operator A Grehan
11° 45.025W

Sample Description

Core target, ‘off Galway Mound'.

* Note core originally mislabelled as 213-3.

Sand with shelly material, small pebbles. Some well eroded fragments of Madrepora. Many small
stones (<5cm) at top, coarse sand with shell etc. fragments in top 10cm, muddy clay-like layer below,
brown colour.

Depth core penetration 15cm
Depth from surface of core Sieve mesh size Surface area core sieved
0-5cm 1, 0.5, 0.25mm Whole core, subsample 0.25mm
fraction
5-10cm 1, 0.5mm
Sample removed No. individuals / No. sub- To whom?
cores
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Box Core Sample Log Sheet

Station No. PS64/270-1 Date 9 June 03
Box Core No. 10 Time of sample 0901
(UTC)
SAMS Station No. | 981 Depth (m) 942
Position 51° 26.955N Operator O Pfannkuche
11°45.237W

Sample Description

Core target, summit of Moira Mound.

Good recovery box core with live Madrepora oculata colonies (10cm diameter), live coral at top with
dead bases buried in sand. Sediment is medium grained sand with forams, minor coral debris, small
shell fragments. Barnacle (?Bathalasma sp.), Clio sp., Diacria, glass sponge (Aphrocallistes sp.)
growing on Madrepora, bivalve (Clamis sulcata), fragment of Delectopecten vitreus. Sides of core
slumped when removed from corer, therefore the central portion of the core was sieved.

Depth core penetration 14cm
Depth from surface of core Sieve mesh size Surface area core sieved
0-5cm 1, 0.5, 0.25mm 0.0625m*
5-10cm 1, 0.5, 0.25mm 0.015625m”
Sample removed No. individuals / No. sub- To whom?
cores
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Box Core Sample Log Sheet

Station No. PS64/271-1 Date 9 June 03
Box Core No. 11 Time of sample 1029
(UTC)
SAMS Station No. | - Depth (m) 900
Position 51° 25.750N Operator Not recorded
11°46.180W

Sample Description
Core target, live coral at summit Thérese Mound.
No description recorded.

Depth core penetration

Not recorded

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed No. individuals / No. sub- To whom?
cores

Gorgonian Fragment preserved in JM Roberts
ethanol

Misc. epifauna Fragments JM Roberts
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Box Core Sample Log Sheet

Station No. PS64/271-2 Date 9 June 03
Box Core No. 12 Time of sample 1140
(UTC)
SAMS Station No. | - Depth (m) 919
Position 51° 25.766N Operator Not recorded
11° 46.253W

Sample Description

Core target, live coral at summit Thérése Mound.

Lophelia pertusa rubble with a spectacular array of epibionts including some live Scleractinia and glass
sponges. Small samples pickled e.g. Polychaeta.

Depth core penetration Not recorded

Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
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Box Core Sample Log Sheet

Station No. PS64/271-3 Date 9 June 03
Box Core No. 13 Time of sample 1251
(UTC)
SAMS Station No. | - Depth (m) 910
Position 51°25.760N Operator Not recorded
11° 46.160W

Sample Description
Core target, live coral at summit Thérese Mound.
No description recorded.

Depth core penetration Not recorded

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed No. individuals / No. sub-

cores

To whom?

-67 -




Box Core Sample Log Sheet

Station No. PS64/274-1 Date 9 June 03
Box Core No. 14 Time of sample 1645
(UTC)
SAMS Station No. | - Depth (m) 929
Position 51°25.921N Operator JM Roberts
11°45.792W

Sample Description
Washed core containing 5 Aphrocallistes glass sponges, small ?Munida crustacean, dead Madrepora, 1
?Lophelia recruit.

Depth core penetration n/a
Depth from surface of core Sieve mesh size Surface area core sieved
n/a
Sample removed No. individuals / No. sub- To whom?
cores
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Box Core Sample Log Sheet

Station No. PS64/276-1 Date 9 June 03
Box Core No. 15 Time of sample 2013
(UTC)
SAMS Station No. | - Depth (m) 704
Position 51°27.687N Operator JM Roberts / T Beck
11°41.970W

Sample Description
Core target, top of Propeller Mound.
Desmophyllum and fossil Madrepora with Cidaris sea urchin

Depth core penetration

35cm (bit half washed)

Depth from surface of core Sieve mesh size Surface area core sieved
Whole core 1mm 50%
Whole core 0.5mm 50%
Sample removed No. individuals / No. sub- To whom?

cores
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Box Core Sample Log Sheet

Station No. PS64/276-2 Date 9 June 03
Box Core No. 16 Time of sample 2107
(UTC)
SAMS Station No. | - Depth (m) 727
Position 51°27.690N Operator JM Roberts / T Beck
11°41.975W

Sample Description
Core target, top of Propeller Mound.
Fossil Desmophyllum, Madrepora, sparse epifauna e.g. sponge, echinoid.

Depth core penetration 19cm
Depth from surface of core Sieve mesh size Surface area core sieved
Whole core 1mm 50%
Whole core 0.5mm 50%
Sample removed No. individuals / No. sub- To whom?
cores
Coarse sample 50% T Beck
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Box Core Sample Log Sheet

Station No. PS64/276-3 Date 9 June 03
Box Core No. 17 Time of sample 2155
(UTC)
SAMS Station No. | - Depth (m) 737
Position 51° 27.685N Operator T Beck
11° 41.960W

Sample Description

Core target, top of Propeller Mound.
Fossil Desmophyllum and Madrepora with sponges and Cidaris. Lima marioni shells.

No photograph taken.

Depth core penetration

18cm

Depth from surface of core Sieve mesh size Surface area core sieved
Whole core 1mm 50%
Whole core 0.5mm 50%
Sample removed No. individuals / No. sub- To whom?
cores
Coarse sample 50% T Beck
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A. 4.3.4Influence of mound topography on water masses
Thomsen, L., Unnithan, V., Roberts, M., Dorschel, B.

As carbonate mounds are obstacles for the prevailing currents, small-scale current
regimes have been established around these mounds. As hydrodynamic factors are
expected to be actively controlling the shape and facies of mounds (e.g. Freiwald
2002), detailed information about these current regimes is essential for a better

understanding of the processes active at the mounds.

Sand-waves and ripples commonly found in areas adjacent to mounds accentuate the
influence of near seabed currents on sedimentation and sediment preservation. The
influence of local currents on biology may be even more pronounced, as for example,
the purely filter feeding ahermatypic cold water corals preferentially occur in high-
current areas with enhanced turbulence such as ridges and crests (Freiwald et al.
1999).

These numerous aspects connected to small-scaled current regimes, indicate the
importance of local hydrography in terms of what makes the mounds grow. Therefore
better information of the near bottom currents in particular is essential for a better
understanding of the various geological and biological processes active on carbonate
mounds. To address these processes a set of near bottom current data will be
collected by seven current meters at "Galway mound", "Belgica mound" Province in

the Porcupine Seabight within the next year (Fig. A4.3.4-1).

During leg 3a of the cruise ARK XIX seven sensor packages including an inductive
current meter unit and a CTD were deployed successfully with the ROV "Victor 6000"
on transects over Galway Mound. For deployment a north-south transect, parallel to
the dominant current direction had been chosen, with current meters up- and down-
stream at the mound base in 890 m water depth and at mid-slope (840 m water
depth). A fifth current meter was located at the summit. Additionally two current meters
were located in the east and in the west, again at 890 m water depth for 3-dimensional

resolution.
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The current meter will be recovered in approximately one year from now. In the
meantime they will analyse every current intensity and direction as well as salinity,
temperature and density of the ambient water mass every 15 min for 20 sec..
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Fig. A4.3.4-1: Lander and current meter locations

Fig. A4.3.4-2. Current meter deployed on the "Galway mound"
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A. 4.3.5 Photo lander deployment on the "Galway mound"
Roberts, M.

Corals such as Lophelia pertusa and Madrepora oculata, both of which have
widespread distributions in the NE Atlantic are commonly referred to as deep-water or
cold-water corals. These terms distinguish them from tropical corals that are in large
part restricted to shallow, well-lit waters and can develop to form tropical coral reefs.
To date, the vast majority of scientific research has concentrated on the shallow-water
tropical corals that often contain algal symbionts (zooxanthellae). The inaccessibility of
deep-water azooxanthellate species means that little is known about their basic
biology and inferences about their environmental sensitivity are often drawn from
studies of shallow-water tropical zooxanthellate species. Historically, the greatest
research effort on cold-water corals has been in the north-east Atlantic where one
species, Lophelia pertusa, appears to be the most significant in terms of its
occurrence in some areas as sizeable reef-like structures. Indeed, when compilations
of its distribution are produced, most records of L. pertusa are from the north east
Atlantic, probably reflecting the intensity of research work in this area (Roberts et al.
2003, Rogers 1999). However, recent results from the Porcupine Seabight show that
the scleractinian fauna on some carbonate mounds is dominated not by L. pertusa but

by M. oculata.

In the last ten to fifteen years, hydrocarbon exploration and production in deeper shelf
edge waters has driven discoveries of cold-water coral provinces. For example, in
Norway Statoil’'s Haltenpipe development project laid a pipeline through areas
supporting cold-water coral reefs. These have been mapped (Hovland et al. 1994a)
and several ROV surveys of the reefs and their megafaunal community completed
while pipeline inspection work was carried out (Mortensen et al. 1995). In the UK, a
joint industry wide area environmental survey of the Atlantic Margin discovered an
area of seabed mounds and tails colonised by corals, the "Darwin mounds" (Masson
et al. 2003). Between 1997 and 2000, a UK partnership of scientific research councils
and oil companies commissioned a series of projects under a Managing Impacts on
the Marine Environment (MIME) initiative. One of these focussed on the distribution
and potential environmental sensitivity of cold-water corals (Roberts 1997). In the last

two years, European research effort on these communities has developed under the
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EU 5" framework programme. This has supported a suite of projects in the deep
waters of Europe’s Atlantic margin including the Atlantic Coral Ecosystem Study
(ACES) as well as two projects researching the formation and structure of deep-water
seabed mounds (ECOMOUND and GEOMOUND).

A second major driver for research into cold-water coral habitats has been growing
evidence of damage by deep-water trawl gear. Recent surveys by the Institute of
Marine Research in Bergen have shown that 30-50% of Norway’s cold-water coral
reefs already show signs of damage (Fossa et al. 2002). Around Tasmania, corals and
other sessile suspension feeding organisms have been removed by trawlers from
seamounts (Koslow et al. 2001). The evidence has provoked debate on whether such
areas should be protected. Indeed in both Norway and Tasmania several areas have

now been designated as marine protected areas and closed to any trawl gear.

The overall objectives of the lander development described here have been to
produce a simple, robust and flexible platform to deploy a variety of cameras and
other sensors to record both the environmental dynamics and the behaviour of the
benthic biological community. This equipment was developed by the Scottish
Association for Marine Science in collaboration with Oceanlab at the University of
Aberdeen. To date it has completed two offshore deployments at 300m water depth by
the Sula Ridge reef complex. The present Porcupine Seabight work represents the
deepest deployment to date and, given the availability of the "Victor 6000" ROV, the

first opportunity to target the complex topography inhabited by live cold-water corals.

It was decided to make the lander deployment on the "Galway mound" within the

"Belgica mound" province.

Photolander design and research objectives
An existing benthic lander design from Aberdeen University was adapted to provide a
tripod frame giving a stable platform for time-lapse photography on the rough
substrata found in and around cold-water coral reef areas. The SAMS Photolander
was deployed with the following payload:

- Benthos 5010 digital stills camera, adapted for mass picture storage

- CAMEL Camera Alive film camera
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- UMI data logger controlling a transmissometer, light scattering sensor and
fluorometer

- 3-D FSl recording current meter with CTD

- 150Khz narrow band workhorse ADCP

The overall objective of the photolander is to relate the activity of benthic organisms,
here focusing on live coral and associated fauna, in relation to the prevailing
hydrography and near-bed particle regime. Steel ballast giving a 90 kg total hold-down
weight was attached at each of the three legs while a syntactic foam buoyancy sphere
containing the ADCP is held above the tripod frame forming a single module mooring.
The recording current meter is placed in this mooring line and the three optical

instruments are secured 0.5m above the bed.

Deployment details

In order to decide on a suitable site on the Galway Mound to deploy the SAMS Photo,
a video transect was run across the mound by the "Victor 6000" ROV (part of Dive
No. 212) at the end of a microbathymetry survey of the "Moira mounds". A

representative image of this area is shown in Fig. A4.3.5-1.

The lander was deployed by lowering to within 20m of the seabed on the ship’s wire.
When in position the mooring was released using a Posidonia release. The lander
station number was PS64/261-1. Two and a half hours after release, the lander was
inspected during "Victor 6000" dive No. 213. A photograph of the lander in situ is
shown given in Fig. A4.3.5-2 and an image of the fauna surrounding the lander

deployment site is shown in Fig. A4.3.5-3.
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Fig. A4.3.5-1. View of the coral fauna adjacent to the lander deployment site. Live
colonies of the coral Madrepora oculata and dead coral rubble can be seen across the
bed. The yellow-orange coloured gorgonian coral visible in the photograph may be
Acanthogorgia cf. armata (pers. comm. A Freiwald) and the glass sponge
Aphrocallistes is present in the centre of the image.

& Ifremer 2003

Fig. A4.3.5-2. SAMS Photolander deployed on the Galway Mound.
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& Ifremer 2003

Fig. A4.3.5-3. Close-up view of the fauna near the lander deployment site. The
scleractinian corals are dominated by Madrepora oculata, the purple octocoral is likely
to be Anthotela grandiflora (pers. comm. A Freiwald) and glass sponges
(Aphrocallistes sp.) can be seen.

Work programme, post ARKXIX/3a
The SAMS Photolander was collected by the RV "Celtic Voyager" in mid-July 2003.
Data were downloaded film from the cameras developed. The following data were
recorded:

- Film camera, 124 images

- Digital camera, 400 images

- Optical instruments, full data set

- FSI current meter, full data set

- ADCP, no data (instrument flood)

Early analysis of results from the third deployment of the photolander on the "Galway

mound" showed an even more intense current regime with a maximum recorded

velocity of 70cm s™'. Here the residual current flow of 13.6cm s™ was to the north-west
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and speeds exceeded 50 cm s on all diurnal tidal cycles 2-3 days either side of
spring tides (pers. comm. M White). The maximum mean daily currents occurred at
diurnal spring tides and the minimum at neap tides. Similar observations have been
recorded to the north of the Galway mound by Pingree and LeCann (1989, 1990). Full

analysis of this and other datasets is on-going.

A. 4.3.6 Influence of hydrodynamics on sedimentary processes: "Belgica mounds"
and "Moira mounds"
Foubert, A., Wheeler, A.

The "Moira mounds" are identified in the "Belgica mound" Province (Fig. A4.1-1) and
were first imaged on 100 and 410 kHz sidescan sonar (Wheeler et al., 2000). These
are small mounds up to 5-10 m high and 15 to 40 m across. The mounds include
isolated examples although most occur in swarms or clusters (Wheeler et al., subm.).
The "Moira mounds" located to the east of "Thérése mound" were investigated using
the ROV "Victor 6000" (Olu-Le Roy et al., 2002). These video dives and sidescan
sonar images showed that the "Moira mounds" occur in areas of active sediment
transport on rippled sand sheets in areas of sediment wave development (Wheeler et
al., subm.). A rippled sand facies with occasional dropstones and isolated coral
patches is present in between the mounds. The flanks of the mounds are
characterised by patches of live coral coverage in a rippled sand facies. Towards the
centre of the mounds the coral framework becomes denser (Wheeler et al., subm.).
The "Moira mounds" are confined to the present-day seabed surface with no seismic
evidence for buried components. This implies that the "Moira mounds" are probably a

recent feature (?Holocene).

The use of the multibeam echosounder SIMRAD EM2000 mounted on the ROV
"Victor 6000" made it possible to map the "Moira mounds" by producing a very high-
resolution microbathymetric grid with a pixel size corresponding to 20 cm. All the data
were recorded and processed in Qinsy (Fig. A4.3.6-1). The microbathymetric grid
helps a lot by interpreting the hydrodynamic setting of the "Moira mounds".
Sandwaves up to 50 cm high and with a wavelength of 15 to 20 m, are visualised and
seem to be aligned E-W. They demonstrate the presence of strong northerly-directed

benthic bottom currents.
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Lineated features are present NE of this sandwave-field and can be interpreted by
palaeo-features, aligned N-S and having a length about 200 to 250 m and possibly
formed by (helicoidally) strong currents.

The Moira-mounds themselves are clustered in front of and on these lineated features

offering a hard surface suitable for coral settlement and attachment.

© copyright FREMER 2003

Fig. A4.3.6-1: Microbathymetric grid over "Moira mounds"
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A. 4.4 Mound development on the Porcupine Bank: the influence of hydrodynamics
on geological and biological processes
Wheeler, A., Berov, D., Dorschel, B., Foubert, A., Gault, J., Grehan, A.,
Kozachenko, M., Monteys, X.F., Roberts, M., Unnithan, V.

A. 4.4.1Introduction to the carbonate mounds on the Porcupine Bank

Wheeler, A.
Four ROV dives, box-cores, CTD stations, sub-bottom profiler lines, fisheries
echosounder lines and a multibeam data were collected from the upper north-west

margin of the Porcupine Bank.

The Porcupine Bank (Fig. A4.4.1-1) is an upstanding block between the Rockall
Trough (to the west) and Porcupine Seabight (to the east) formed during Mesozoic
rifting associated with the opening of the proto-Atlantic (Naylor & Mounteney, 1975).
The northeastern bank is connected to the continental landmass by onlapping western
Irish continental shelf sediments. The banks northern western flank overlies the
Macdara Basin and basin boundary faults. Lower slopes (>1000m water depth) on the
margin are typified by submarine canyon systems and feeder systems (Fig. A4.4.1-1).
Carbonate mounds exist between 500-1200m water depth. These occur
predominantly on bank sub-parallel topographic ridges that overlie boundary faults
(Croker et al., 2003) and are interpreted as fault scarps (de Haas et al., 2002).
Headwall scars due to submarine slides are also evident. Upslope areas (<500m
water depth) are dominated by iceberg ploughmarks (de Haas et al., 2002). The
western margin of the Bank is subject to very strong currents with more southerly

locations characterised by vertical bedrock scoured by erosion.

A large number of carbonate mounds have been identified on existing side-scan and
multibeam data being predominantly 100 - >300m across and ranging in height up to
¢.200m. Seismic investigations suggest that this may in part be due to the longevity of
the carbonate mounds in this region with examples on the Porcupine Bank initiated on
common erosion surfaces tentatively dated as late-early Pliocene (Kenyon et al. 2003;
van Weering et al., 2003a; 2003b). Previous studies (Kenyon et al., 1998; de Haas et
al., 2002; Akhmetzhanov et al., 2003; Kenyon et al. 2003; van Weering et al., 2003a;
2003b) also note that the Porcupine Bank carbonate mounds ("Pelagia mounds") are

relatively isolated, discrete mounds existing in a strong current regime with
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intermediate nepheloid layers (Dickson & McCave, 1986; Kenyon et al. 2003)

providing an abundant food supply.

France

. .
16W 14'W 12°W 10°W 8'W W 4£'W W (" 2°E

Fig. A4.4.1-1. Carbonate mounds on the Porcupine Bank (from Wheeler et al., in press).
Topography courtesy of the Geology Survey of Ireland.

The Porcupine Bank carbonate mounds occur as both isolated features and in
association with the scarps. Mound shapes range from ovoid, to ridge-shaped running
sub-parallel to the isobaths, to complex forms. Some of the mounds, especially those
occurring as groups, are also surrounded by zones of high backscatter seabed that
represents erosion of unconsolidated material exposing the underlying lithified

sediment.

There is a clear tendency for some mounds to be aligned along scarps (Fig. A4.4.1-1)
and topographic highs. These scarps have a slight topographic rise upslope and a
steep scarp-face downslope. The shape and down slope acoustic facies suggest that
these are not major slope failures but represent either the edges of erosional scours
where shallow bedding planes are exposed or fault scarps. Comparable exposures of
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consolidated sediment exposures have been identified in this area during the
CARACOLE cruise with RV L'Atalante" and the ROV "Victor 6000" in 2001 and
previously imaged on high-resolution side-scan sonar. The scarps run sub-parallel to

the isobaths and are more dominant in mid- to upslope areas.

It has been speculated that this is probably the result of a combination of suitable
substrates for mound growth (formed by erosion of exposed high relief areas) as well
as high current speed accelerating over the topographic obstacle generating an
increased biological food flux.

An alternative hypothesis is that these alignments are tectonically controlled with
carbonate mound growing along fault scarps. Croker et al. (2003) suggested that a
spatial relationship between boundary faults, fault scarps and carbonate mound
occurrence might imply a cold seep origin to these mounds due to thermogenic
hydrocarbon seepage (sensu Hovland et al., 1994) from underlying hydrocarbon
reservoirs in the underlying Macdara Basin. Gas seepage from underlying
hydrocarbon reservoir (in the Macdara Basin) along boundary faults thus providing a
food sources for primary components of an ecosystem encompassing deep-water
corals.

Also studied on the Porcupine Bank is an anomalous mound ridge that runs
perpendicular to the isobaths (at 90° to other mound alignments) and is 2-3 times
higher than other mound features (Giant Mound). This, like some of the other mounds
exists upslope of a submarine canyon (be it a minor one). Another site of paired
mounds ("Twin mounds") was also studied where fishing impacts were previously

reported.

Fig. A4.4.1-2 shows the location of the "Twin", "Giant", "Scarp" and "Hedge mounds"

which are presented below (section A. 4.4.2- A. 4.4.5 respectively).
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Fig. A4.4.1-2. Location of main study sites on the Porcupine Bank. Topography courtesy of
the Geology Survey of Ireland.

The studies on the Porcupine Bank were undertaken to address the following research

questions.

e To what extent are carbonate mound growth processes influenced by
hydrodynamic processes?

e What is the extent of biotic heterogeneity between carbonate mounds?

e Do we find evidence of deep water trawling activity damaging the coral
ecosystem?

e Are the ridges on which carbonate mounds are located a focus for thermogenic
hydrocarbon seepage.

This last objective drew a negative conclusion. Despite 88 hours of dedicated dive
time on carbonate mounds, no gas bubbles, authigenic carbonate crusts, bacterial
mats, chemosynthetic fauna (e.g. tube worms, pogonophorans or distinct molluscs
species), pockmarks or any other evidence of cold seepage were found (see Dando &
Hovland, 1992; Sibuet & Olu, 1998).
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A. 4.4.2 Biogeoprocesses along the "Twin mounds" transect
Wheeler, A., Roberts, M.

An ROV dive and box-core sampling were performed (Fig. A4.4.2-1) to compare deep-

water coral habitats that have been trawled and untrawled.
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Fig. A4.4.2-1. Location map showing the ROV dive track and location of box-cores.

The dive transect covered 3 small untrawled upslope carbonate mounds. A significant

area of background seabed was then surveyed in transit to the "Twin mounds" to

facilitate on-mound and off-mound biological comparisons. Detailed ROV coverage

was then performed on the "Twin mounds" with abundant evidence of trawling

damage (see section A. 4.8). Box-cores logs are presented below.
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Box Core Sample Log Sheet

Station No. PS64/282-2 Date 13 June 03
Box Core No. 20 Time of sample 1152
(UTC)
SAMS Station No. | - Depth (m) 988
Position 53° 05.904N Operator O Pfannkuche
14° 54.707W

Sample Description

Core target, "Twin mounds".

Crinoids, small cm-dm size eroded coral fragments. Many ophiuroids on coral fragments. Aphrocallistes
fragment. Medium to coarse sand. Many gastropods.

Depth core penetration 18cm
Depth from surface of core Sieve mesh size Surface area core sieved
0-5cm 2,1,0.5mm
5-10cm 2,1,0.5mm
Sample removed No. individuals / No. sub- To whom?
cores
Crinoid, coral fragments A Grehan
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Box Core Sample Log Sheet

Station No. PS64/282-3 Date 13 June 03
Box Core No. 21 Time of sample 1250
(UTC)
SAMS Station No. | - Depth (m) 1003
Position 53° 05.955N Operator L Thomsen
14° 54.714W

Sample Description
Core target, "Twin mounds".

No sample recovered.

Depth core penetration

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed

No. individuals / No. sub-
cores

To whom?
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Box Core Sample Log Sheet

Station No. PS64/282-4 Date 13 June 03
Box Core No. 22 Time of sample 1338
(UTC)
SAMS Station No. | - Depth (m) 1001
Position 53° 05.887N Operator L Thomsen
14° 54.670W

Sample Description

Core target, "Twin mounds". Wrongly labelled as 282-3.

Coarse medium sand, cm-dm fragments of dead coral, abundant living ophiuroids on surface, large
crinoid, small galatheids. Shell hash, lots of brachiopods, bivalves. Core partially washed-out on either
side.

Depth core penetration Not recorded

Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
Washed-out parts Not recorded T Beck
Desmophyllum 2 J Hall-Spencer
Caryophyllidae 3 H Hall-Spencer
Piece of carbonate hard A Wheeler
ground for dating
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Box Core Sample Log Sheet

Station No. PS64/282-5 Date 13 June 03
Box Core No. 23 Time of sample 1432
(UTC)
SAMS Station No. | - Depth (m) 1008
Position 53° 05.922N Operator L Thomsen
14° 54.680W

Sample Description

Core target, "Twin mounds". Wrongly labelled as 282-4.

Coarse to fine-grained sand, dead coral fragments (5-10cm), 4 crinoids, several surface-living
ophiuroids, Stylaster cf. norvegicus, carapace of Bathynectes, Aphrocallistes fragments, brachiopod
shells.

Depth core penetration

Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
Madrepora, dead 1 J Hall-Spencer
Caryophyllid, dead 1 J Hall-Spencer
Stylasterid, dead 1 J Hall-Spencer
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Box Core Sample Log Sheet

Station No. PS64/283-3 Date 13 June 03
Box Core No. 24 Time of sample 1831
(UTC)
SAMS Station No. | - Depth (m) 973
Position 53°05.777N Operator JM Roberts
14° 54.399W A Grehan

Sample Description
Core target, "Twin mounds".

No sample.

Depth core penetration

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed No. individuals / No. sub-

cores

To whom?
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Box Core Sample Log Sheet

Station No. PS64/283-4 Date 13 June 03
Box Core No. 25 Time of sample 1940
(UTC)
SAMS Station No. | - Depth (m) 930
Position 53° 05.721N Operator JM Roberts
14° 54.396W

Sample Description

Core target, "Twin mounds". Wrongly labelled as 283-3.
Soft unconsolidated mud with dm sized coral fragments. No surface biology.

Depth core penetration

30cm

Depth from surface of core

Sieve mesh size

Surface area core sieved

0-5cm

1, 0.5mm

Not recorded

5-10cm

1, 0.5mm

Not recorded

Sample removed

No. individuals / No. sub-
cores

To whom?
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A. 4.4.3 Biogeoprocesses along the Giant Mound transect
Berov, D., Wheeler, A., Roberts, M.

One of the small mounds up slope from the "Giant mound" directly overlies a
boundary fault and, on the basis of information from the Petroleum Affairs Division of
the Irish Department of Communication, Marine and Natural Resources, was the most
likely mound to show evidence of gas seepage. On inspection this was not the case.
In contrast, this mound showed evidence of seabed erosion. The summit of the mound
was dominated by a hardground on which various fauna were living. Strong current
activity had eroded away the soft sediment on top of the mound until it had reached
the hard lithified (cemented) layers beneath. There was also evidence that erosion
had continued with some less well cemented layers eroded, causing the overlying
hardground to topple. This chaotic seabed provided a number of holes and crevasses
in which fish were hiding. In order to find out the age of these hardgrounds, a large
section (63cm long x 46cm wide x 13cm thick) was recovered by "Victor 6000" and

brought back to the surface.

This recovered specimen was examined and found to be composed of heavily bored
and cemented marl with numerous organisms encrusting the surface. A small live
Lophelia colony was recovered with several sponges attached at the base of the coral.
Also present was an erect stylasterid as well as several soft bodied anemones.

molluscs occurred, hiding in the burrows in the hardground.

Box-cores

A series box-cores were also collected from the site for sedimentological analysis and

are logged below.

-94 -



Box Core Sample Log Sheet

Station No. PS64/294-1 Date 15 June 03
Box Core No. 26 Time of sample 1036
(UTC)
SAMS Station No. | - Depth (m) 915
Position 58° 11.551N Operator O Pfannkuche
14° 48.615W

Sample Description
Carbonate-rich sediment on the surface with shell fragments, small gravel (approx. 5mm), particle size
muddy sand.

Depth core penetration 24cm on side
10cm the other

Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
Push cores 2 A Wheeler
(UCC sediment analysis)
Sieved sediment T Beck
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Box Core Sample Log Sheet

Station No. PS64/295-1 Date 15 June 03
Box Core No. 27 Time of sample 1125
(UTC)
SAMS Station No. | - Depth (m) 815
Position 53° 11.980N Operator O Pfankuche
14° 48.336W

Sample Description

Carbonate-rich sediment covered in coral rubble from the surface (mostly Madrepora), also shell
fragments some bioturbation by worms. Live Madrepora and a spiral-shaped antipatharian colonies
present.

0-5cm layer light brown

5-20cm grey with oxidised layers

Depth core penetration 19-21cm
Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?

cores
Push cores 2 A Wheeler

(UCC sediment analysis)

Live Madrepora 1 colony (aquarium) JM Roberts
Antipatharian 1 colony (preserved) JM Roberts
Sieved sediment T Beck
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Distribution of Benthic Fauna on the Giant Mound area in the Porcupine Bank

During the "Polarstern" ARK XIX/3a expedition the morphology and biology of several
coral mounds in the Porcupine seabight and Porcupine Bank were studied. Studies
from this and previous cruises obtained with the ROV "Victor 6000" suggested a
correlation between carbonate mounds and Lophelia coral reefs. However, during dive
216 a mound was studied that had far less coral reefs in comparison with other
carbonate mounds in the area. By mapping the distribution of benthic communities on
the mound and relating these results to some environmental factors, the possible

reasons for difference in Lophelia coral reefs are studied in this report.

Materials and methods

The mapping of the benthic communities on the "Giant mound" was done based on
data provided by the "Victor 6000" dive 216 from "Polarstern" cruise ARK XIX/3a. The
dive started at 07:30 on 14.06.2003 at N 53,1737167 W 14,723346 and ended at
09:51 0on15.06.2003 at N 53,2063783 W 14,8305867. During the dive the video
stream from the central 3CCD camera, from the vertical high resolution camera and
from the pilot camera, was recorded continuously on DVDs. These DVDs, however,
were not used for the creation of the current map as the access to them was limited.

Low quality snapshots were taken through the vertical camera whenever a change in
the bottom morphology was observed. High resolution photos of benthic fauna and
geological features were taken through the 3CCD camera. The photos were uploaded
via the optic cable connection and stored in a database onboard "Polarstern". A
database of the position of the ROV every 5 seconds was also kept. Later, with the
help of the Adelie software, these two datasets were combined and a map of the exact
course of the ROV was created. The map included a set of photos taken throughout
the dive. This map was used for the complete description of the benthic communities
on the seafloor throughout the dive. The log sheets with the observations of the
responsible scientist that were monitoring the dive were also used (log sheets from

dive 216 were available on the "Polarstern" intranet for usage by scientists onboard).

Based on similarities in species and morphology of the seabed several categories of

benthic communities were created. The observed benthic communities were included
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in the database with the exact position of the ROV throughout the dive. With the help
of the ArcView software, maps of the benthic community distribution were created
(Fig. A4.4.3-2/3). The percentage distribution of the different communities was also
evaluated (Fig. A4.4.3-1).

During the dive several samples of benthic fauna were taken, which included a
Lophelia and a gorgonian. These samples were classified. The fauna observed on the
still images and video stream were classified based on catalogue of benthic fauna
provided by the ROV team and on a zoology book (Storch & Welsch.1997).

Results

Percentage distribution of benthic communities in the studied area

25

B Lophelia patches
ELophelia on dropstones
DOdense dead corals

B patches of dead corals

B debris of dead corals

B patches of Gorgonians
DFields of Gorgonians
DOGorgonians on dropstones
B Crinoids

D Stylasterid field

B Dropstone community

B Crustaceans
DOEchinodermata community
B Antipatharian

B Fishlines and trawl marks
B Lophelia total coverage

B Lophelia dense coverage

20 A 19,37

communities

Fig. A4.4.3-1: Percentage distribution of observed benthic communities
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Distribution of Benthic Fauna in the Giant Mound Region

14°49 14°48 14°47 14°486" 14°45 14°44' 14°43'
53713 13
53712 12
53211 5391
Nav_estime21644idbf
53010 @...live Lopheliaitatal rag 10

@ live Lopheliaidense coverage
W fishing nets énd trawl marks
@ antipathariarjs
o Cidaris, black sea urchin and otfier echinodermate

high density bf Crustaceans
® Dropstone community
A Stylasterid field
Crinoids
live Lopheliaipatches
@ live Lopheliaion dropstones
@® dense dead corals
@ patches of déad corals
& depris of dedd corals
@ patches of Giorgonians
rgontan-frétd
& Gorgoninans on dropstones
no significant benthinc fauna
/. Giandmoundbat shp

ommunities|”

2/ Kilometers,

i i
| i

R T R 7 : 5

14°49' 14048 14047 14048 14045 14244 14243

Fig. A4.4.3-2: Distribution of benthic fauna in the Giant Mound region

Distribution of Benthic Fauna in the SE part of Giant Mound Region
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Fig. A4.4.3-3: Distribution of benthic fauna in the SE part of the Giant Mound region
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The areas with significant benthic communities consist 11,78% of the total points

included on the database. For the rest of the track, no significant benthic fauna was

observed, or no information was available (DVDs were not used for the mapping, only

snap shots).

The following benthic communities were mapped:

Communities with predominant Lophelia:

Lophelia total coverage is present only at one spot in the central part of
the Giant Mound. This community characterized by dense live and dead
Lophelia coral structures that cover the sea bottom. The alive polyps grow
on top of the dead structures of the old corals, thus ensuring the continuous
growth of the coral reef. Madrepora was often present among the Lophelia
corals and seems to be a secondary coral building species. Suspension
feeders such as gorgonians, anemones and other anthozoans, crinoids also
occur here. Abundant numbers of fish were observed in the vicinity of the
coral reefs, which indicate the importance of these structures for the fish
populations.

Lophelia dense coverage and Lophelia patches were observed
throughout the track. The former formation is present at elevated areas on
mounds and the latter at almost any place where hard substrate for the
Lophelia growth is present. The dense coverage covers 40-60 % of the sea
bottom and has similar characteristics to the total coverage. The patches of
Lophelia are on isolated spots and don’t appear to create a large structure
that can maintain a diverse benthic community.

Lophelia on dropstones is a distinct form, which is characterized by polyps
growing on dropstones. As dropstones are the only hardgrounds in sandy
areas, the corals make use of this and grow there. No large structures can
grow on dropstones, as the space is limited. However, it was noted that
such corals serve as hideout for small fish and crustaceans from predators

and strong currents.

Other benthic faunal communities:

Gorgonian fields are areas where gorgonians are the predominant benthic

species. Such formations were observed at several locations at the highest
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parts of the central mound, indicating the need of these suspension feeders
for high current speeds.

Patches of gorgonians consist of single gorgonians growing on a hard
substrate away from the moving sediments on the bottom, but without being
abundant. Such formations were observed on the mounds as well as off
mound, indicating that the gorgonians tolerate diverse environments.
Gorgonians on dropstones are another distinct form in which this group
of substrate feeding octocorals is present. Single gorgonians attach and
grow on dropstones that provide hard substrate and elevation above the
sandy bottom.

Stylasterid fields occur at the central area of the ridge, a peculiar formation
that was not observed in any of the previous dives. The observed
stylasterids were quite large indicating that they are old.

Cidaris cidaris, black sea urchin and other mobile echinodermates —
this diverse community was observed on sandy tracks of the dive where
there is no hard substrate that allows the growth of nekton fauna. The
predominant species is Cidaris cidaris, with occurrences of black sea
urchins, different astrozoans and other mobile echinodermates. The mobility
of these species allows them to change their position and react to the rapid
changes on the seabed that occur because of sediment transport.
Crinoides communities — suspension feeding nekton echinodermates that
are found in large quantities in one area on the western side of the mound.
Antipatharia communities consist of hexacorals (they are not reef
builders) that are attached to the hardground at a few spots on the eastern
side of the mound.

Crustaceans high concentration — in one area of the mound high
concentrations of crustaceans were observed. The same place is mapped
as an area with the occurrence of Lophelia on dropstones, the crabs use the
corals as shelter.

Dropstone communities — a term that is used to describe a diverse group
of nekton fauna that grows on dropstones throughout the area. This
includes Lophelia and Madepora, gorgonians, different species of sea
urchins, anemones etc. This community supports a variety of deep sea fish

and crustaceans that use the nekton and the dropstones as a hideout from
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predators and strong bottom currents. The nekton species themselves grow
only on dropstones, but not on the sandy sediments that surround it. The
dropstones are an ‘oasis’ that provides a hard substrate and also elevate
the substrate feeders over the bottom, thus protecting it from the damaging
influence of the sand particle transport that occurs near the surface.

- Fishing lines and trawl marks - this category includes areas on the
seabed where evidence of fishing impact on the benthic communities was
observed. Fishing lines lying on the bottom of the sea with coral debris and
even live corals ( as it was in the center of the mound) , plough marks from
the trawling and other damage on the seabed was observed in there areas.
In some cases the fishing lines provided a hardsubstrate for different nekton
species that grow on top of them, creating an artificial habitat. This indicates

the flexibility and readiness of the studied benthic fauna to use new habitats.

Percentage distribution of benthic communities

The high percentage of fishing line and trawl marks in the diagram (Fig. A4) is due to
the long time that the ROV spent in the area where these artifacts were. If a
percentage distribution based on the actual territory of the different categories was
made the weight of this category would be much less, probably smaller than that of
the major benthic communities in the diagram. Such a diagram would require more

advanced data processing that cannot be performed for now.

The predominant communities are that of patches of Lophelia (12,5%) and gorgonians
(14,7%), followed by the stylasterids field (10,3%) and the dropstone communities
(8,6%). The dense and total coral coverage that were so typical in previously studied
mounds on the "Polarstern" XIX/3a cruise, such as the "Belgica mounds", are
underrepresented on this mound — total coverage is 0,98% ( one occurrence on the
S - slope of the mound ), dense coverage — 2,5%. This result indicates that the
environmental conditions on the Giant Mound are not suitable for Lophelia growth.
The high percentage of gorgonian fields 7,6% implies that the mounds provide more
suitable conditions for the growth of this suspension feeder. A comparison of the
ecological requirements of Lophelia and gorgonians can provide some explanations

for why Lophelia is so scarce on the "Giant mound".
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Lophelia reef occurrence in the area

Environmental factors such as current system, water masses in the area and depth
can also be a reason for the poor occurrence of Lophelia on this mound. The mean
depth of the track is 717 m, which is probably lower than that of the "Belgica mounds"
for example. At approximately 800 m salty Mediterranean deep waters and North
Atlantic overflow water meet (with lower salinity), creating a pycnocline where organic
particles coming from the surface are accumulated (presentations during cruise
XIX/3a). A Lophelia coral at this depth would receive much less organic particles input

as compared to a coral at depth of 800 m.

There is a clear influence on the current system on the distribution of benthic
communities on the mound. Lophelia dense coverage and gorgonian fields are
concentrated on the S slope of the mound where they are under the influence of the
dominant northerly currents in the area. This holds true also for the small mound
structure in the beginning of the track, where dense Lophelia coverage is present on

the southern slope of the hill.

It was suggested that the "Giant mound" was more active in the past and supported
large Lophelia colonies (presentation during XIX/3a cruise). Indications for this are the
large amounts of coral debris and rubble observed on top of the mound (5,3% of the
communities) and the presence of hardground that could be formed by calcified coral
rubble. If the mound was biologically more active in the past, palaeontological studies
of samples taken in the area can indicate which environmental factors changed over

time and lead to an alteration in the benthic diversity patterns.

Conclusion

The distribution of benthic organisms in the benthic mounds is different from that in
mounds studied in previous dives during the XIX/3a "Polarstern" cruise. The main
difference is the lack of large Lophelia reefs on the mound. In order to confirm this
difference similar mapping as done here has to be done on a second carbonate
mound. The reasons for this lack of Lophelia can be local hydrographic conditions, the
depth of the coral mound and its interaction with the water masses in the area and
others. It is possible that in the past Lophelia corals were present in the area and after

a change in environmental factors the mound reached its present state of benthic
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faunal distribution. Palaentological studies that can reveal the changes in
environmental conditions such as current systems and interaction of different water
masses in the area can indicate which the main factors that influence Lophelia
abundance are. A comparison between Lophelia’s optimal environmental conditions
and that of the gorgonians found on the mound (which seem to be quite abundant
here) can provide further indications to what are the reasons for the poor Lophelia

coral presence in the area.

A. 4.4.4 Biogeoprocesses along the "Scarp mounds" transects
Wheeler, A., Roberts, M.

On the longest dive of the cruise (Fig. A4.4.4-1), "Victor 6000" surveyed one of the
main points of interest for the cruise — a scarp that runs for a distance of 21 km
(although intermittently in places as we discovered) at around 53 43.7’N 13 59'W.
Former acoustic surveys (TOBI side-scan sonar and Geological Survey of Ireland
multibeam echosounder bathymetry) had thrown-up questions as to the origin of this
scarp. The coincidence of the scarp with Rockall Trough boundary faults implied that it
maybe of tectonic origin. If so, then it was tantalising to assume that the carbonate
mounds that are imaged on this mound may be related to hydrocarbon seepage along
these boundary faults. A particular objective of this dive was therefore to assess the
interplay between coral communities, potential hydrocarbon seeps and the bedrock
geology of the area. Using "Victor 6000" we were able to film this enigmatic yet

impressive geological feature for the first time.

Although the scarp continued for several kilometres it varied in height from a few
metres to over 10 metres in height. In some places it was terraced whilst in others it
was vertical or very steep. Carbonate mounds were also associated with the scarp in
places although were relatively inactive (dormant) at present although some isolated

coral, and other suspension feeding communities were present.
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Fig. A4.4.4-1. Location map showing ROV dive route and sample stations

In one location, erosion of the carbonate mound was observed revealing a vertical
section of several 10s of metres through the mound. This section was recorded in
close detail with the cameras and will be logged. Initial observations show layers of
coral framework alternating with dropstone dominated layers. This section may prove
to be very useful in studying the rate of shutdown and start up of the carbonate

mounds.

Figure A4.4.4-2 shows the upper part of the scarp revealing a 10 cm capping-layer of
hard rock protecting softer carbonate-rich rocks below. This rock layer was collected
using the manipulator arm of "Victor 6000" for analyses in the laboratory. Initial
examination on the surface implies that it is a limestone hardground coated with a very
thin precipitate of manganese (or other metal) oxide. Similar precipitates have been

found at this water depth on the western side of the Rockall Trough. The scarp mantle

- 105 -



rocks predate the last glaciation, since ice-rafted dropstones litter the upper level of
seabed. The formation of the metal precipitate also suggests that this rock has been

exposed at the seabed for a considerable period of time.

Fig. A4.4.4-2 Mantle of sand-covered black rock at the top of the Porcupine Bank scarp. Note
the association of Desmophyllum cristagalli, Madrepora oculata and fish (Lepidion sp.) in the
overhang. This scarp was mapped in detail and dropped away for a further 10 m below.

However, despite the presence of this upper rock, video examination of lower
sediment layers show the rocks to be relatively soft and are interpreted as being
Quaternary in age. A lack of neotectonic activity along these boundary faults suggests
that these scarps are not of tectonic origin but are formed by seabed erosion. The
edge of the scarp clearly shows evidence of active erosion. Currents are strong in the
area, as evidenced by mobile sand lying on the comparatively level plains of the upper
and lower margins of the exposed rockface. There is a paucity of sessile fauna on the
scarp top, although large anemones were an exception and appear to be well-adapted
to these conditions. In places, the cliff was >10 m high and undercut or vertical. This
provided an oasis of hard substrata for saxicolous organisms including sponges,
anthozoans, scleractinians, gorgonians, serpulids, sabellids, brachiopods and
ascidians. Of note were dense stands of Desmophyllum cristagalli on overhangs and
in fissures. These scleractinian corals were seldom found in the other facies studied,

yet thrived along the scarp where they were protected from sand-scour.
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It now seems unlikely that hydrocarbon seepage is involved with this feature, which
appears to be being actively eroded by the fast currents. We have been able to
complete a series of photomontages and photoquadrats with excellent optical
resolution. These will be used to accurately map the geology as well as the zonation
of saxicolous organisms along the scarp face. We hope to provide a detailed
description of the scarp feature based on this extensive acoustic and photographic
data-set. One area of concern was that although Monkfish (Lophius) were common on
ledges along the scarp, lost fishing gear and other plastic waste were common.
Despite the remote location of this dramatic shelf-slope feature, man is already

affecting the ecology of the spectacular marine community.

Box-cores and multibeam coverages

A number of box-cores were also taken for sedimentological sampling and the
following logs presented. High resolution multibeam coverages were also performed to
quantify the topographic and morphological context and the scarp and associated

carbonate mounds sited on this feature.
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Box Core Sample Log Sheet

Station No. PS64/298-1 Date 17 June 03
Box Core No. 28 Time of sample 1949
(UTC)
SAMS Station No. | - Depth (m) 627
Position 53°44.241N Operator JM Roberts
14° 59.020W

Sample Description

Core target, Scarp Mound.

Core washed out, a small amount of sediment in box (5-7cm) containing coral rubble, some dropstones,
one large gastropod, Astarte and Limopsis present.

Depth core penetration n/a

Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
Sieved sediment T Beck
Whole sediment A Wheeler
(UCC sediment analysis)
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Box Core Sample Log Sheet

Station No. PS64/298-2 Date 17 June 03
Box Core No. 29 Time of sample 2033
(UTC)
SAMS Station No. | - Depth (m) 685
Position 53°44.281N Operator L Thomsen, T Beck
13°59.207W

Sample Description
Core target, Scarp off mound.

Core failed to fire, repeat station.

Depth core penetration n/a
Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?

cores
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Box Core Sample Log Sheet

Station No. PS64/298-3 Date 17 June 03
Box Core No. 30 Time of sample 2114
(UTC)
SAMS Station No. | - Depth (m) 681
Position 53°44.276N Operator T Beck
13° 59.184W

Sample Description
Core target, Scarp off mound.

Sandy surface medium to coarse, few dropstones. Several pteropods, gastropods (Amplissa), bivalves

(Limopsis). Sampled with push core. Note some photographs incorrectly labelled as 298-2.

Depth core penetration

18cm

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed

No. individuals / No. sub-
cores

To whom?

Push core

1

A Wheeler (UCC sediment
analysis)
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Box Core Sample Log Sheet

Station No. PS64/299-1 Date 18 June 03
Box Core No. 31 Time of sample 0028
(UTC)
SAMS Station No. | - Depth (m) 658
Position 53°41.940N Operator T Beck
14° 03.930W

Sample Description

Core target, Scarp mound.

Partly washed-out, fine-medium sand, few dropstones, living bivalve.

MRk ~rfn 20

BE 299- 1

Depth core penetration

Depth from surface of core Sieve mesh size

Surface area core sieved

Sample removed No. individuals / No. sub- To whom?
cores
Sediment in bags 5 A Wheeler (UCC sediment

analysis)
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Box Core Sample Log Sheet

Station No. PS64/302-1 Date 18 June 03
Box Core No. 32 Time of sample 0726
(UTC)
SAMS Station No. | - Depth (m) 710
Position 53° 35.526N Operator B Dorschell
14° 16.896W

Sample Description
Core target, Scarp mound.

Surface well-sorted silty sand, brownish in colour. Live Cidaris sea urchin, transferred to running
seawater on deck. Change in lithology seen in core at 5-10cm, upper layer brown well-sorted sand,
then a thin layer of coarser material followed by a siltier layer (grey in colour). Core slumped.

Depth core penetration 15cm
Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
Push core 1 A Wheeler (UCC sediment

analysis)
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Box Core Sample Log Sheet

Station No. PS64/302-2 Date 18 June 03
Box Core No. 33 Time of sample 0804
(UTC)
SAMS Station No. | - Depth (m) 707
Position 53° 35.672N Operator B Dorschell
14° 17.336W

Sample Description
Core target, Scarp mound.

Surface well-sorted silty sand, brownish-grey in colour. Upper 3-7cm light brown in colour silty sand,
3cm layer of grey silty sand followed by light brown material.

Depth core penetration 14-17cm
Depth from surface of core Sieve mesh size Surface area core sieved
Sample removed No. individuals / No. sub- To whom?
cores
Push core 1 A Wheeler (UCC sediment

analysis)
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Box Core Sample Log Sheet

Station No. PS64/303-1 Date 18 June 03
Box Core No. 34 Time of sample 0937
(UTC)
SAMS Station No. | - Depth (m) 746
Position 53° 30.792N Operator O Pfannkuche
14° 20.451W

Sample Description
Core target, Scarp mound.

Core washed-out, a medium-coarse sand with coral rubble and shell fragments.

ARK XIX 3a
BC 303 1

Depth core penetration

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed

No. individuals / No. sub-
cores

To whom?

Sample bag

1

A Wheeler (UCC sediment
analysis)
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A. 4.4.5 Biogeoprocesses along the "Hedge mounds" transects
Wheeler, A., Roberts, M.

An ROV transect and sampling campaign was undertaken to assess a series of
aligned mounds that exist at the head of a canyon system (Fig. A4.4.5-1). The ROV
was operated in both video and multibeam mode. The survey revealed that the
mounds are eroded in places with excessive current speeds inhibiting dense
colonisation by suspension feeders although isolated communities were present. This
highlights that, as in the general for the Porcupine Bank, the current regime at present
is not conducive to dense coral cover although isolated example of importance may
exist. The carbonate mounds on this margin are often eroding, a paradoxically
providing hard substrates for colonisation, although significant growth of carbonate

mounds must have occurred under former less rigorous current regimes.
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Fig. A4.4.5-1. Location map showing the ROV dive track and box-core stations.

Box-core logs are presented below.
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Box Core Sample Log Sheet

Station No. PS64/304-1 Date 18 June 03
Box Core No. 35 Time of sample 1039
(UTC)
SAMS Station No. | - Depth (m) 823
Position 53° 32.385N Operator O Pfannkuche
14° 23.678W

Sample Description
Core target, Canyon.

Muddy sand, brownish grey. 2 worms. Core washed out.

Depth core penetration

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed No. individuals / No. sub- To whom?
cores
Sample bag 1 A Wheeler (UCC sediment
analysis)
Whole sediment T Beck
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Box Core Sample Log Sheet

Station No. PS64/305-1 Date 18 June 03
Box Core No. 36 Time of sample 1133
(UTC)
SAMS Station No. | - Depth (m) 820
Position 53° 31.104N Operator O Pfannkuche
14° 25.550W

Sample Description

0-5cm light brown carbonate-rich sediment with abundant coral rubble, bioturbated by worms.

5-15cm grey more lithified sediment with shell fragments, some dropstones coral rubble less abundant.

Depth core penetration

15cm

Depth from surface of core

Sieve mesh size

Surface area core sieved

Sample removed No. individuals / No. sub- To whom?
cores
Push core 1 A Wheeler (UCC sediment
analysis)
Sediment in bags 2 A Wheeler (UCC sediment
analysis)
Whole sediment T Beck
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A.4.4.6 Biological and geological processes shaping the Porcupine Bank north-
west margin
Wheeler, A.

The above results highlight many of the significant findings that have been made
concerning the environmental dynamics on the Porcupine Bank margin and the
influences and controls that these exert on biological and geological processes. Prior
to these studies, the scientific community had a limited understanding of the nature of
the seabed in this area. The area had been mapped extensively with seismic lines,
regional side-scan sonar and multibeam echosounder but these data sets only reveal
the morphology and location of interesting structures and tell us little about the reality
on the seafloor. An exception to this is side-scan sonar backscatter that reveals areas
of high backscatter suggesting a hard rough seabed possibly as a result of either
extensive erosion and/or biological growth. It was therefore from this basis that the
dives and deck operations were planned in a successful attempt to understand the

meaning and significance of these key features on the Bank.

Two major conclusions can be drawn from these studies. Firstly, that the detailed
morphology and seabed features imaged on the Porcupine Bank by "Victor 6000"
reveal a story of seabed erosion. This erosion story has not only been active over
geological timescales but is also ongoing under contemporary conditions. The high

current speeds encountered by "Victor 6000" are testament to this.

Secondly, these high current speed are probably at the upper tolerance for Lophelia at
present times. Numerous, often isolated, although impressive communities of
Lophelia, as well as other suspension feeding megafauna, were encountered and
documented. However, it was obvious that there is not rigorous growth of Lophelia at
present on the Bank although exposed seabed remains and the exposed internal
fabric of the carbonate mounds suggests that this was not always the case. It is
suggested here that in the geological past, under more favourable conditions, this
Bank was teeming with life, similar to the lower "Belgica mounds" at present imaged
earlier in the cruise, but in contemporary times, the carbonate mounds are largely in a
dormant phase. One notable exception to this is the "Twin mounds" that do show
signed of recent rigorous growth of deepwater coral although this mound has been

heavily trawled. The targeting of this mound by fishermen is probably not coincidental
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and is probably a reflection of the abundance of life form here (and now largely

destroyed).

The other important discovery that deserves a special mention is the nature of the
numerous scarps that are found along this margin. These have been imaged both on
TOBI side-scan sonar and by the Geological Survey of Ireland multibeam dataset.
These scarps extend for 10s of km and often feature the growth of carbonate mounds.
The coincidence of these scarps with boundary faults and hydrocarbon reservoirs has
lead to the speculation that these may be the sites of cold seeps that have developed
into carbonate mounds. As a result of this cruise we can now dismiss this hypothesis.
The scarps are obviously erosional features with scarp faces revealing consolidated
Quaternary sediments that has then become colonised by suspension feeders. There
was absolutely no evidence of hydrocarbon seepage. Furthermore, where carbonate
mounds grow on this scarp they grow on the tops of the scarps, due to enhanced
hydrodynamics and not from the base up due to a process of feeding by cold seeps.
Although this is a negative conclusion, in many senses this is one of the most

significant finds of the entire cruise.
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A. 4.5 Box-coring suspected carbonate mound targets

Monteys, F.X.
Two additional boxcores were taken in transit from the Porcupine Seabight to the
Porcupine Bank to groundtruth anomalies on the Geological Survey of Ireland National
Seabed Survey multibeam coverage. These were potential carbonate mounds
although box-coring found no evidence to support this and both appear covered by

hemipelagic muds.

Box Core Sample Log Sheet

Station No. PS64/279-1 Date 11 June 03
Box Core No. 18 Time of sample 2345
(UTC)
SAMS Station No. | - Depth (m) 305
Position 52° 03.718N Operator T Beck
14° 17.964W

Sample Description

Core target, summit of seamount in a newly discovered cluster.

Sandy with a Thalassinid burrow. High silt content and numerous polychaetes and amphipods. Coarse
fraction (>1mm) quite shelly. Shrimp.

Depth core penetration 18cm

Depth from surface of core Sieve mesh size Surface area core sieved
0-10cm 1mm 50%
10-18cm 1mm 50%
Sample removed No. individuals / No. sub- To whom?

cores
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Live fauna X Monteys
Sediments X Monteys
Live fauna and sediments T Beck

Push core (18cm) X Monteys

Box Core Sample Log Sheet

Station No. PS64/280-1 Date 12 June 03
Box Core No. 19 Time of sample 0330
(UTC)
SAMS Station No. | - Depth (m) 281
Position 52° 36.713N Operator X Monteys
14° 15.311W

Sample Description

Core target, high point on newly discovered circular feature on Porcupine Bank.

Sandy sediments with dropstones. Small dropstones from mm to 2cm. Burrows present. High fraction of
small dropstones, gravel-size. Very large and numerous polychaetes and amphipods. Core slumped.

Fol Xik/3a
28-1
yagh3 AF 40

E-a ik
L1

Depth core penetration 8cm

Depth from surface of core Sieve mesh size Surface area core sieved
0-5¢cm 1mm 50%
Sample removed No. individuals / No. sub- To whom?
cores
Live fauna X Monteys
Sediments X Monteys
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A. 4.6 Hydrodynamics and coral communities
Thomsen, L., Wheeler, A.

The Porcupine Seabight and Porcupine Bank are areas of enhanced productivity, and
biologically-mediated transport of matter within the benthic boundary layer [BBL] may
be large. The BBL at continental margins is in the order of 5 to 50 m thick and the
roughness of a natural sea floor is affected by benthic organisms structuring the
microtopography of the sediment surface. However at the investigated coral reef sites,
the geological bottom topography strongly influenced the BBL processes with only a
minor impact on the flow field by the living coral communities and a major impact
produced by sediment ripples, sand-waves and the hill shaped carbonate remains of
former corals (carbonate mounds) The benthic organisms at the study site rely on
advective processes for their food supply. The BBL was loaded with large particles
transported within the bottom currents. Generally the majority (usually 80% or more by
numbers and taxa) of benthic animals at the continental margins are deposit feeders
that substantially modify sediment structure via bioturbation. However, while the
macrobenthic community seems to be depth-related, the coral reefs in the Porcupine
Seabight again reveal that the hydrodynamic conditions at this continental margin
strongly influence benthic community structure. Very often a peak in density and
biomass of interface feeders (ie. those animals, which are able to switch between
passive filter feeding and surface deposit feeding) between 800 and 1500 m water
depth coincide with strongest changes in sediment structure and bottom current
regime at the European continental margin. Suspension-feeding animals that rely on
labile organic carbon are dominant on the shelf and upper slope areas, interface
feeders are found primarily at the more highly energetic mid-slope sites, and deposit
feeders which feed on carbon of much lower nutritional value dominate the lower
slope and continental rise. By using the preliminary data on BBL dynamics one can
identify those oceanic regions where strong mean flow and strong eddy variability
occurs. This is in particular, the case for continental margin environments, where
boundary currents, internal waves and tides can create shear stresses exceeding the
threshold needed to erode the sediments. Advective near-bed fluid flow imports
particles from sources upstream and serves as food for benthic communities.
Generally, sediments at the continental slopes consist of a thin surface layer that is
resuspended as aggregates (mean diameter 100- 5000 ym) and is covered by a

bacterial flora. These aggregates, which occurred in high abundances at the study
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sites can subsequently be transported in the tide-related resuspension-deposition
loops over long distances and are expected to scavenge almost all small particle <=5
Mm in diameter. Total clearance of bottom nepheloid layers can thus occur during
times of transport of large aggregates and can prevent the feeding guilds of the corals

from clogging.

Rough estimates of BBL dynamics during the "Victor 6000" dives revealed flow
velocities of 5 to 50 cm/s at c.2 m height above bottom with currents mainly directed to
SE, S or SW. Most of the coral reefs were located at water depths ranging from 600 to
900 m and are therefore exposed to internal wave turbulence at the boundary
between Mediterranean Outflow waters and the North Atlantic current. Abundant coral
assemblages were mostly located above the mudline, eg in water depth where sand is

the dominant grain size.

As the transport of both lithogenic sediments and organic material is enhanced and
controlled by local topography and hydrography around the coral mounds, particle
input to the sediments is strongly related to sediment-transport processes around the
mounds. For at least two study sites there was a correlation between coral mound
shape and the dominant bottom current direction, as indicated by ripples and sand
waves. The mounds were elongated in the general flow direction and the live corals
were more abundant at the steeper slopes of the mounds were current velocities are
expected to be enhanced. At the last study site, terrace like carbonate structures with
overhangs of several tens of centimeters created turbulent flow fields which were
characterized by local eddies at the edges of the terraces (Gutt, pers. observation).
Here the live corals accumulated and created a diverse habitat for planktonic
organisms. As turbulence is an irregular rotational motion, and dissipates away from
the seafloor, these structures located at 1 — 2 m height above the next terrace or
seafloor below created ideal feeding conditions for the filter feeding coral communities.
At these heights mostly high organic/low inorganic aggregates are transported due to
their lower excess densities. At several locations during the cruise the CTD was
additionally equipped with a fluorometer to detect Chlorophyll a as an indication of
fresh phytodetritus. As the particles occurred in form of large aggregates the data from
the fluorometer were analysed for peaks and spikes as indicators of single large

aggregates passing the fluorometer. Despite high abundant aggregates in the BBL
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there were generally slightly higher Chl a signals detected in the BBL at the coral sites
and in downstream (southward) direction of the coral mounds. However the signals
were not strongly enhanced which lead us to conclude that the increased amount of
particulate carbon was of already inferior nutritional value. That indicates that the flux
of carbon in the BBL at the coral sites was high, but it mostly refers to less labile
refractory carbon which has already passed many resuspension loops. In order to
investigate the particles transported in the BBL, bottom water was sampled by a
multicorer and a box corer and the sediment surface was carefully resuspended in
order to sample recently settled material. The samples will be transferred to the
laboratory for the determination of settling velocities, critical shear velocities and

bioavailability.

A. 4.7 Water mass properties and intra-province variation
Unnithan, V., Dorschel, B., Thomsen, L.

The Porcupine Seabight and Rockall Trough (of which the Porcupine Bank forms an
eastern margin) are situated along on the NE Atlantic margin. The Porcupine Seabight
represents an enclosed basin in which the hydrography differs distinctively from the
Rockall Trough. The latter is closely linked to the Atlantic thermohaline circulation. The
investigated areas are separated by the Porcupine Bank over which water shallows to
less than 300m.

On the basis of earlier investigations (White, 2001, New, 2001), the deeper water

masses in the Rockall Trough and Porcupine Seabight are broadly sub-divided into:

1) The ENAW that originates in the Bay of Biscay and is composed of mixed water
masses and extends down to 750m from the surface waters.

2) The MOW flows out of the Strait of Gibraltar and one arm flows northward along the
eastern margin of the Atlantic. This water mass occupies the intermediate waters
and is characterised by high salinity, low oxygen core and higher temperatures (?)

3) The Labrador Sea water is a cold, low salinity, high oxygen water masses occupies

the intermediate to deep parts of the water column.
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4) The NSOW has similar water mass characteristic but originates from the Norwegian
Sea. The origin and importance of this water mass in the Irish context is currently
disputed

5) The AABW occupies the deepest section of the water masses. It is characterised by
low oxygen, high Si and low temperatures. It is found only in the deepest parts of

the Rockall Trough and Porcupine Abyssal Plain.

The circulation pattern in the Porcupine Seabight and Rockall Trough is controlled by
the NE drift of the Gulf Stream and associated eddies which are formed by wind
shear. The ENAW and MOW are generally northward flowing, and in enclosed basins
such as the Porcupine Seabight and restricted Rockall Trough form counter clockwise
gyres. Strong contour currents along the eastern margin of both basins are

responsible for sediment mobilisation (in the east) and (re)deposition (in west).

Other important phenomena are internal waves and tidal currents that are responsible
for resuspension, creation of nepheloid layers and water motion up and down the
slope. Over Porcupine Bank a seasonal Taylor Column can be observed causing local

algae blooms that can also be observed in the shipboard fluorometer data.

Objectives

Keeping the literature observation in mind, several CTD-casts have been carried out,
investigating the hydrography especially in the mound areas in the eastern Porcupine
Seabight and the eastern Rockall Trough. Therefore, primarily salinity and
temperature have been analysed up and downstream as well as on the summits of
carbonate mounds (Fig. A4.7-1).

Further objectives were to supply background information data for the current meter
and lander deployments at Galway Mound and to provide a better understanding of
the role of mound structures in the local hydrodynamics of the region (indications of

turbulence).

Results
21 CTD-casts were obtained during the ARK XIX/3a cruise with the RV "Polarstern" to
the Porcupine Seabight and Rockall Trough. For locations see station list in the

appendix.
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Fig. A4.7-1: Plot of all temperature data in Porcupine Seabight

Temperature and salinity profiles obtained from the CTD-casts reveal distinct

differences between the Porcupine Seabight and the eastern Rockall Trough. The

thermocline in the Rockall Trough is at approximately 60m and at approximately 90m

in the Porcupine Seabight.
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Fig. A4.7-2: Plot of all temperature data in Rockall Trough

The Porcupine Seabight thermocline is less well developed. The intermediate water

masses are more variable in the Rockall Trough, while in the Porcupine Seabight they

only occur below 500m water depth.
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Fig. A4.7-3: Plot of all salinity data in Porcupine Seabight
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Fig. A4.7-4. Plot of all salinity data in Rockall Trough
There is also greater variability in the salinity with respect to the Rockall Trough.

Generally the salinity decreases constantly below the thermocline in the Rockall

Trough while the Porcupine Seabight profiles clearly show an increase in salinity
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below 550m water depth. This trend is particularly pronounced in the T-S plot
(Fig. A4.7-5).
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Fig. A4.7-5: T-S plot Rockall Trough (grey graphs) and Porcupine Seabight (black graphs)

The increase in salinity in the lower part of the T-S plot for the Porcupine Seabight
could be interpreted as the MOW which has already been reported in previous work
and seems to play a key role in the development of carbonate mounds and their
associated fauna in the Porcupine Seabight (Freiwald 2002). In the T-S plots from the
Rockall Trough these patterns cannot be identified.

Further investigations will attempt to link the hydrographic data to video observations

carried out on this cruise, trying to find a connection between water mass properties
and coral occurrences.
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A.4.8 Deep water coral ecology and fisheries impact in the Porcupine Seabight
and NW Porcupine Bank
Grehan, A., Unnithan, V., Wilson, M., Guinan, J., Beck, T., Foubert, A.
Wheeler, A.

A. 4.8.1 Living deep-water coral distribution patterns in the Porcupine Seabight and

NW of Porcupine Bank

Unnithan, V., Grehan, A., Guinan, J., Wilson, M., Beck, T., Foubert, A.,

Wheeler, A.
The living deep-water coral distribution observed on the dives of the "Victor 6000" in
the Porcupine Seabight and Porcupine Bank during the Polarstern ARK XIX/3a
Cruise, show a remarkable patchiness. The dives on the "Moira mounds" show that
live Lophelia and Madrepora are present in rather isolated colonies interspersed
throughout the region, with general colonisation on hard substrates such as
dropstones, concretions or dead coral fragments. The dive to the "Galway mound"
showed some of the highest concentrations of living coral observed on a mound. On
this mound both Lophelia, and Madrepora are equally abundant. This mound is
additionally characterised by a diverse fauna including glass sponges, gorgonians,
and crabs. The dives on the "Belgica mounds" were surprisingly devoid of large
patches of living Lophelia. The only exception was a small area around the Poseidon
Mound. This mound consists primarily of dead Madrepora and very isolated colonies
of both living Madrepora and some Lophelia. During this dive it was observed that the
shallower mounds appear to have less living coral coverage than the deeper ones
such as "Thérése" or "Galway mounds". This suggests perhaps a bathymetric or

hydrodynamic control on the occurrence of living Lophelia or Madrepora.

In this short introduction to the distribution of coral, soft bodied coral such as
gorgonians, antipatharians etc have been excluded and the focus has been on

Lophelia, Madrepora, Desmophyllum and stylasterids.

The Porcupine Bank

As observed on the previous "Victor 6000" CARACOLE cruise in 2001, the distribution
of living coral in the Rockall Trough margin is very different to that observed in the
Porcupine Seabight. The Rockall Trough has perhaps a more active and dynamic
contour current system along with internal waves and tides which enhance

resuspension of sediments. The living coral distribution on the twin mound was difficult
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to map as extensive areas have been destroyed by trawling and finding pristine coral
growth was difficult. On the giant mound however, in addition to the living coral
observed on dropstone “gardens”, living coral, lophelia, some madrepora and giant
stylasterids were observed on the northward facing slope of the mound. There was
just one transect in this region. In addition to the abundant stylasterids, large red

gorgonians were also common.

The scarp and the "Hedge mounds" are typically characterised by patchy growth
which can be locally very luxuriant. In the "Hedge mounds" there are densely
populated lophelia colonies that have the same shape and dimensions of big boulders.
Another characteristic or favoured location for living coral seems to be ledges, scarps
or protruding hardground in a favourable orientation with respect to the currents.
Lophelia and desmophyllum are quite common, while stylasterids are rare and quite

small.

Further Work

Some of the interesting points that will be answered in the course of future work will be
- why do such regional variations occur ?

- is it possible to use the four species as a proxy for environmental conditions (we

know that Lophelia grows on hostile environments such as oil rigs) ?

A. 4.8.2 Alcyonacean forests of Ireland’s continental margin
Hall-Spencer, J., Brennan, C.

Overview

This project rides on an international surge of research efforts to unravel the
geological and ecological complexities of the astonishing biogenic habitats formed by
cold-water corals at high latitudes. Here we briefly summarise our observations on the
ecology and distribution of deep-water alcyonaceans (also known as octocorals as the
polyps have eight feeding tentacles). These organisms are amongst the largest and
most obvious sessile organisms so far found associated with extensive scleractinian

communities along the NE Atlantic seaboard. We list brief descriptions of the samples
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and video observations made. On return to the Plymouth Laboratories the main

objectives of the project will be:

1) identify the sampled Alcyonaceans through microscopic techniques, including
preparations of their skeletal spicules

2) review known biogeography and ecology of these species

3) identify and enumerate small fauna associated with sampled Alcyonacea

4) identify and enumerate large fauna associated with Alcyonacea on "Victor 6000"
films, particularly in relation to their provision of ‘Essential Fish Habitat’

5) estimate alcyonacean age through banding techniques

6) use video transects to provide an overview of their distribution and abundance

around Ireland’s recently surveyed coral provinces.

In addition, specimens have been preserved in alcohol and will be used to carry out
molecular genetic comparisons with west Atlantic populations and carry microprobe
geochemical analyses of skeletal bands to ascertain the hydrographic history of the

Belgica (Porcupine Seabight) and Scarp and Hedge (Porcupine Bank) coral zones.

Results

Alcyonaceans were seen on dives 3-8 using "Victor 6000". They were first seen on the
"Moira mounds", which are low relief, relatively small mound communities inundated
by sand. The conspicuous species observed was orange in colour forming planar
fans, similar to Paramuricea sp., up to 30cm tall. In places the denuded stems of these
seafans were lying loose on the hard coral matrix. These orange gorgonians were
then encountered in abundance on the large Galway Mound, part of the Belgica
Mound complex to the north. Extensive video observations were taped during lander
and current meter deployment over the mound. If these instruments work as planned
this will become the best-studied deep-water coral reef in the world, yielding useful
information about the rich alcyonacean habitat. Between "Victor 6000" dives three
box-cores were taken on "Thérése mound" to provide live specimens for aquaria,
these 50 x 50 cm cores yielded live and dead specimens of the orange planar

gorgonian (Fig. A4.8.2-1).
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The "Thérése mound" specimens were preserved along with their associated fauna,
which included zoanthids, abundant amphipods and what looked like a naked mollusc
species coiled around the branches (to be confirmed). The manipulator arm on "Victor
6000" was used to collect Alcyonacea on "Victor 6000" dives 6 and 7.

Fig. A4.8.2-1: Top left) Box core 271-1 "Thérése mound" 51° 25.75’N 11° 46.18' W 900m
orange planar gorgonian attached to the dead part of a live Madrepora oculata colony. Top
right) Box core 271-3 "Thérése mound" 51° 25.76’N 11° 46.16’W 910m gorgonian skeleton.
Lower left) Close-up of orange planar gorgonian shown in upper left corner with associated
fauna. Lower right) Close-up of gorgonian remains (shown in upper right) with hydroids.
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Fig. A4.8.2-2: This orange, planar gorgonian appears to be the commonest Alcyonacian in the
Belgica coral province (Porcupine Seabight) Top left) dense grove of large specimens with
three Munida? clinging on near the summit of the "Giant mound" on the Porcupine Bank,
14.6.03 Top right) "Victor 6000" sampling of a small colony on the "Twin mounds" on the
Porcupine Bank,12.6.03. Lower left) high densities of mature colonies with delicately branched
Madrepora oculata and glass sponges at the "Twin mounds" on the Porcupine Bank, 12.6.03.
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Fig. A4.8.2-3 Orange bushy alcyonacean colonies. Top left) "Victor 6000" subsampling whole
colony estimated to be 150 cm in height, sampled near the "Twin mounds" on Porcupine
Bank, 12.6.03. Top right) small colony with attached crinoids and small spider crab, "Giant
mound" on Porcupine Bank, 14.6.03. Middle left) small colony attached to Lophelia rubble with
one Munida? And a swimming crab sheltering below, "Giant mound" on Porcupine Bank,
15.6.03. Middle right) large colony with three ? Munida crustaceans attached and filter-feeding
crinoids in foreground at the "Twin mounds" on Porcupine Bank, 13.6.03. Bottom left) small
colony with attached ?Munida crustacean and crinoid on rock at the "Twin mounds" on
Porcupine Bank, 13.6.03.
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Fig. A4.8.2-4: Feather-shaped alcyonacean. Top left) "Victor 6000" collected large colony
attached to small dropstone near "Giant mounds" on the Porcupine Bank, 14.6.03. Top right)
Spider crab attached to large colony near "Giant mounds" on the Porcupine Bank, 14.6.03.
Lower left) Small colony attached to eroded carbonate rock with a seawhip alcyonacean in
background at "Giant mounds" on the Porcupine Bank, 14.6.03. Lower right) Large colony
attached to small dropstone, providing a refugia for a Lepidion (fish) on sand plain near the
"Twin mounds" on the Porcupine Bank, 12.6.03.
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Fig A4.8.2-5 White bushy alcyonacean. Top left) Two large colonies amongst orange planar
gorgonians on large dropstone with with the scleractinian Madrepora oculata and a sheltering
fish, Lepidion sp. "Twin mounds" on Porcupine Bank 12.6.03. Top right) Single large colony on
small dropstone near the Scarp on Porcupine Bank 16.6.03. Lower left) Detail of colony with
Munida? attached, 966m "Twin mounds" on Porcupine Bank 12.6.03.

Fig. A4.8.2-6 Purple irregularly branched alcyonarian. Left) large colony on gravely sand with
Cidaris cidaris in backgound near the "Giant mounds" on the Porcupine Bank, 14.6.03. Right)
small colony with pink cushionstar in foreground near the "Giant mounds" on the Porcupine
Bank, 14.6.03.
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Fig. A4.8.2-7: Top left) Yellow alcyonacean with thin irregular branches attached to crab
carapace near the "Giant mounds" on the Porcupine Bank, 14.6.03. Top right) sample from
box-core 271-3 "Thérése Mound" 51° 25.76’'N 11° 46.16'W; 910m. Lower left) Yellow, curly
branched Alcyonarian A) "Victor 6000" removing whole colony from eroded carbonate rock
near the "Giant mounds" on the Porcupine Bank, 14.6.03.

Fig. A4.8.2-8 Less commonly observed Alcyonacea from the W Irish continental shelf-break
area. Left) Pink, sparsely branched gorgonian attatched to a dropstone, note the Lepidion fish
sheltering. Right) Heaviliy calcified white Isididae colony amongst coral rubble.
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Fig A4.8.2-9 Curly, unbranched antipatharian collected in Box-Core 295-1 ‘on mound’ Giant
Mound on Porcupine Bank. This small species may be inconspicuous on video but was taken
in two box cores, so may be more abundant than the video suggests.

Discussion

The Irish continental margin lies in the cold temperate biogeographic region of the NE
Atlantic where 21 species of Alcyonacea are known to occur. These include 1
Acanthogorgiidae, 3 Alcyoniidae, 1 Anthothelidae, 3 Crysogorgiidae, 2 Clavulariidae, 3
Isididae, 4 Nephtheidae, 1 Paragorgidae, 1 Plexauridae and 2 Primnoidae. Some of
these species attain large sizes, with banded skeletal tissue that is amenable to
geochemical studies of past hydrographic conditions. In Irish waters shallower than 50
m only one sea fan, Eunicella verrucosa, is able to survive the variable environmental
conditions. We have recorded at least 9 species from depths of 650-1200 m on the
present cruise. At these depths key environmental factors such as temperature and
salinity are less varied, yet strong currents and a rich supply of food allow suspension-

feeding alcyonaceans to thrive so long as hard substrata are present.

Hopefully with help from taxonomic specialists specimens collected on this cruise will
be identified and added to reference collections at the British Natural History museum.
Whilst it is too early to say which species we have recorded, we can say that
alcyonaceans are a diverse and abundant group in the deep-water coral provinces off
the Irish west coast. The Alcyonacea occurred on hard substrata in greatest densities
on topographically high hard substrata such as on coral rubble, large glacial boulders

and on eroded carbonate rock. They were scarce in areas disturbed by strong sand
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scour or demersal trawling. The group was of ecological importance in terms of
providing a habitat for other invertebrates (e.g. amphipods, crabs, crinoids) as well
adding structural complexity to the seabed as ‘essential fish habitat’ for fish such as
Lepidion which associated with the large gorgonians and antipatharians. We will
investigate whether the "Victor 6000" video shows statistically more fish near large
Alcyonacea than on surrounding low-relief sediment. We are fortunate to have been
able to see and collect specimens from areas that have not yet been impacted by
trawling activity. Most marine studies are carried out in areas that are heavily modified
by fishing due to a lack of pristine reference sites. Perhaps we are just in time, given
the extent of trawling damage to the "Twin mounds" region where the coral has been

reduced to rubble and no large, erect epifauna remain.

A. 4.8.3 Scientific Fisheries Echosounder Survey

Guinan, J., Grehan, A.
During the second half of cruise ARK XIX/3a, a fisheries survey was carried out
covering mound locations in the Porcupine Seabight and west of the Porcupine Bank
(Fig. A4.8.3-1) using a Simrad EK60 Scientific Echosounder.

o Scarp Mounds
™ Hedge Mounds
 J#% Giant Mnd Cluster

Mounds

Fig. A4.8.3-1: Fisheries survey transect over the four study locations (indicated by the blue
clusters) on the western Porcupine Bank.
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The echosounder provides information on fish distribution, which is fundamental to
understanding, and defining target areas where commercial fishing activities occur.
The primary objective of this survey is to use data from the echosounder to investigate
the relationship between mound features on the seabed and fish distribution. Certain
deep-water fish such as the orange roughy (Hoplostethus atlanticus) are thought to
aggregate in areas of high topographical relief where current activity is high. In
addition, the data collected from this survey will determine if fish aggregation on
mounds is related to the occurrence of coral on such mounds, either living or dead

coral.

Methodology: EK60 Echosounder

The EK 60 echosounder is designed for fishery research and uses the Microsoft
Windows display interface. The standard system consists of one or more transducers,
a General Purpose Transceiver (GPT) and a Processing Unit (desktop computer). The
GPT contains transmitter and receiver electronics and can be configured for single or

split beam operation. The split beam configuration was used throughout the fisheries

SIMRAD ER60 - Local [_ 1O =]
Operation Wiew Options Instal Output Window Help

b b e e AT E - B
BHlGPT 38 kHz 009072016ale 1 ES38B [[oIx]

959.36m

Fig. A4.8.3-2: Echo frame with strong reflection above seabed indicating a fish shoal in the
region of the "Twin mounds".
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survey at frequencies of 38, 70, 120 and 200 kHz. Depth ranges between 5 and

15,000m and ping rate is adjustable with maximum ping rate of 10 pings per second).

Data is displayed as an echogram (Fig. A4.8.3-2), which contains information about
the acoustical value. The range is used to specify the range used in the echogram
field and can be modified according to the bottom related echogram. To link acoustical
data with navigational data, the EK60 receives data from a Global Positioning System

(GPS) or another positioning system.

Results
Preliminary results from the survey are based on echogram observations logged

during the individual surveys and require further analysis and interpretation when the
data set is investigated in full. In general, a consistently strong signal reflection was
observed at 10-125m depth throughout the survey, suggesting that plankton exist in
this upper region of the water column. Fish aggregations were observed in particular
at both the Twin and Giant Mound areas of the survey track at depths of more than
750m. In particular, fish shoals were more common at the "Twin mounds" where a
fishing vessel was recorded in the area at the time of the survey, suggesting that the
"Twin mounds" are a target area for commercial fisheries. This was later confirmed by
video observations from the "Victor 6000" ROV when evidence of fishing gear and

nets were discovered on the seabed confirming these grounds are actively fished.

Discussion
A fisheries survey has provided information on the nature and distribution of deep-sea

fish in the Porcupine Bank area. Fish activity in mound areas is clear from first
observations. However, further investigations of the data will help quantify the
relationship between fish aggregations and mound features on the seabed and
answer questions relating to whether the nature of the mounds (live or dead) has an

influence on fish distribution.
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A. 4.8.4 Fisheries Impact Studies on the Porcupine Seabight and Bank
Grehan, A., Unnithan, V., Guinan, J., Wilson, M.

Previous detailed ROV surveys conducted during 2001 at mound sites in the
Porcupine Seabight and the Rockall Trough revealed limited evidence of fisheries
impacts in areas where there were corals (Grehan et al. 2003). Lost static gears were
imaged in the Belgica and Pelagia mound province.

The more extensive surveys during ARK XIX/3a particularly along the western edge