CHALLENGER ARTICLE:

THE ECOLOGY OF THE MID ATLANTIC RIDGE: R.R.S. JAMES COOK SURVEYS
THE ABYSS.

Dr. Gavin Tilstone with photographs by Dr. Davich8le. 05 August 2007.

The Ecology of the mid Atlantic Ridge (ECOMAR) isaw £2 million research project funded

by the Natural Environment Research Council to expthe Mid-Atlantic RidgeKigure 1), a
mountain range about the size of the Alps, locdesb beneath the Atlantic Ocean. The research
will be mainly concentrated around the Charlie GiBbbbacture Zone (CGFZ), a giant canyon
hundreds of miles long and about 20 miles wide, ¢hiégs through the mountain range. The warm
Gulf Stream flows from west to east over the Ridgd Cold bottom water of Arctic origin flows

in the opposite direction through the giant canyofnthe Fracture Zone. This creates a boundary
between cold, fertile surface waters to the nofthral the less productive warm water to the
south.

The objective of the project is to determine thealand regional impacts of the Mid-Atlantic
Ridge and Charlie Gibbs Fracture Zone as phystoattsires on the ecology of the North
Atlantic Basin in terms of production, biomass dnotliversity from the surface to the deep-sea
benthos. The project is led by Professor Montyd#i®irector of Oceanlab at the University of
Aberdeen, and will provide a comprehensive ovenaéiwow all forms of life interact and
function in this environment. It feeds into thelggb project ‘Census of Marine Life’.
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Figure 1. Location of ECOMAR field work between 4900, 27.68W and 54.00N, 36.13W
in the central box. The location of the station i¥Mthe ridge is given as a yellow circle.



The researchers will be aided in their quest byudeof advanced technology and equipment,
including unmanned robotic vehicles, remote senS8mm satellites and precise acoustic
techniques used aboard the new NERC Royal Res8hiphlames CoolE{gure 2).

Figure 2. R.R.S. James Cook sets out from Southampton dackeothird voyage to conduct
research for ECOMAR¢ft pane). Robotic vehicles such as ISIS will be deployehf R.R.S.
James Cook in 200R(ght Pane). Images courtesy of National Oceanography Centre siteb

The consortia of scientists from Aberdeen Ocearidaltham University, National
Oceanography Centre (NOC), Plymouth Marine LaboyateML), Scottish Association
for Marine Science (SAMS) and St. Andrews Univgraite currently aboard R.R.S.
James Cook from 13 July to 19 August 2007 on s ECOMAR cruise. There have
been some spectacular findings so far:

PHYSICS: From 28 July to 2 August, we steamed from the IstwtNorth across the
Charlie Gibbs Fracture Zone following the trackaoforbiting satellite, TOPEX /
POSEIDON, which carries an altimeter able to adelyaneasure the elevation of the
ocean surface. As our ship track takes us acressaith Atlantic Current, which

follows the position of the CGFZ, the ocean surfdiagps by about half a meter. We can
neither see nor measure this directly, but Janel Reen NOC and Andy Dale from
SAMS are taking shipboard measurements of cureerd9rofiles of density so that they
could infer the slope of the surface and compaeevith the satellite measurements.
They also recorded the deeper structure that isibig to the satellite using deep
Conductivity-Temperature-Density (CTD) profiler tas

SATELLITE IMAGERY AND PRIMARY PRODUCTION: The location of fronts
over the mid Atlantic ridge and CGFZ is being guldby satellite images of Sea Surface
TemperatureKigure 3 and Ocean Colour sent directly to the ship bePWliller at the
National Earth Observation Data Analysis ServicBlginouth Marine Laboratory
(PML). Gavin Tilstone and Victor Martinez-Vicentem the PML are taking
measurements of remote sensing reflectahicpi(e 3 and chlorophyll-a to ground truth
the satellite data. They are also determining tiragry production (carbon fixation by
phytoplankton) of the water column to develop s$igemodels to estimate this



parameter. These models will be used to assessdhthly and inter annual primary
production over the area and the likely flux oftar to the ocean floor, on which the
deep sea fauna live and feed. They found that safitthe CGFZ chlorophyll-a and
primary production was low but increased to thetwéshe ridge and then decreased
over the CGFZ.

Figure 3. Left Panel;AVHRR Satellite image of Sea Surface Temperathoaving
warmer waters to the south and colder waters todini. The Northerly and Southerly
sampling stations demarcated as squ&eght Panel,deployment of the optical profiler
to determine how much light the phytoplankton drecabing during photosynthesis and
how much they are scattering back to the sea suvf&ich is detected by satellites

PELAGIC BIOMASS: Echograms from the EK60 echosounder have been used
throughout the cruise by Martin Cox from St Andrewrgversity to track scattering
layers in the water column which show the distiidrubf fish and zooplankton. These
acoustic signals are validated against the biomgslagic fauna caught using tows of
the Rectangular Midwater Trawl (RMT). Pelagic biaa& the RMT was dominated by
decapods, but there were also a number Cnidaaa®ghonophore, Copepods,
Amphipods, Euphausids (krill), Pteropods, Cephatispsuch aslistioteuthissp., and
diverse range of fish includingrgyropelecus hemigymngsatchetfish) an&tomias boa
(dragonfish) Figure 4. From these trawls, the acoustic data can be tosestimate the
abundance of different animals across the mid-Attardge.



Figure 4. Pelagic fauna have included squid suchissioteusthissp. (op lef), Atolla
sp. top righ®), amphipods such d&hronimasp. pottom leff and fish such aStomias
boa(bottom righj.

DEEP SEA BENTHIC FAUNA: Underwater digital cameras and photography have
revolutionized deep sea ocean research. It wastiltthe last ten years that scientists
were able to see, in a non destructive manneditlesity, complexity and seasonality of
the sea floor. A number of new instruments have lssployed on this cruise to provide
real or near real time film of life in the abyss:

The Photographic and Acoustic Lander (PAL) anditbensified Silicon Intensifier
Target (ISIT) lander, developed by the team at Ersity of Aberdeen, Oceanlab, are



aluminium tripods carrying downward facing camdrasised on a single mackerel bait.
The PAL lander has a digital stills camera whidtetaan image once per minute for up
to 24 hours, and the ISIT lander has a highly Iggisitive video camera which records
bioluminescence produced by scavenging animakscatil to the bait. It has a total
record time of 60 minutes split over approximatlyours. Both landers can be deployed
for up to 3 days and have returned some spectaoudayes Figure 5 of scavenging fish
such as cusk eelSpectrunculuspp.), the abyssal grenadi@uafyphaenoides armatys

the blue hakeAntimora rostrata and chimaeradHydrolagus affini}.

Figure 5. Digital image from the PAL lander. Species photgpdred are the smalleyed
rabbitish,Hydrolagus affiniga), cusk eelSpectrunculus grandi®), and blue hake,
Antimora rostrata(c).

The Deep Ocean Benthic Observatory (DOBO) was geglon the CGFZ on 01 August
2007 Figure 6 and will remain on the ocean floor for one yeatillR.R.S. Discovery
retrieves it during the 2008 cruise. DOBO has a @@Mera focused on a series of 9
mackerel baits, one of which is currently open, aridrther 8 which will be released
from a sealed Perspex tube every 30 days by steppter and controlled release. The
camera records the scavenging animals attractixd thait over 9 months, and is housed
in a large titanium frame. The DOBO allows thesggshers to conduct baited camera
deployments in the CGFZ over the winter months wihenwveather would prohibit
research cruises. Mounted above the DOBO is a MABup whale listening device
consisting of two glass spheres; the bottom onesihgua battery and the upper is the
recording device and a piezo-hydrophone. It isendpd 42.5m above the seabed and
above the DOBO and will gather data on cetaceahal@s and dolphins) in the CGFZ
for one year.

The NOC group lead by Alan Hughes has been usmiytiGA-CORER Figure 7)
throughout the voyage. This instrument consist wiimber of 10 cm diameter Perspex
cylinders that are lowered onto the sea floor layra to collect sediment cores from the
seabed. As the mega corer nears the seafloohytimulically dampened so as not to
disturb the tiny benthic animals that live in thgparmost surface layer of the sediment,
which would otherwise be disturbed and washed a®age dampened, the instrument is
activated automatically using a series of leveas thrust the Perspex tubes into the soft
muddy substrate and then seals the tubes top ataihrbo



Figure 6. DOBO Landerleft pane) being deployed over the mid Atlantic Ridge.
Mounted above DOBO is MARU, a mammal listening dewuo record whales and
dolphins (ight pane).

The resulting cores can be anything from 20 tor8Gdeep. Once back on board they are
fixed in a preservative and stored for analysikbadhe laboratory, which can take up to
three months. Alan’s group are studying the abucelamd diversity of Benthic
Foramanifera, single celled animals that live ia $lediments that are formed from
detrital material raining down from the upper oceBmere have been very few studies of
these tiny creatures and with each mega-core iherdigh chance of discovering new
species.

Figure 7. Mega-corerlgft pane) and SHRIMP Kight pane).

The Seafloor High Resolution Imaging Platform (SMIR) has also been deployed
throughout the cruise by lan Rouse of NMF Sea 8yst&outhamptorF{gure 7). It
consists of a very heavy duty stainless steel fr@approximately 1 meter high and wide
and 3 meters long) loaded with very powerful higtensity lights (400w), underwater
CCD colour video and photographic cameras whiciyregal time footage of life on the



deep sea floor back to the ship through a fibrecagatble. As it was lowered through the
water column, myriads of tiny copepods can be sesining past like shining stars,
skeletal jellyfish amble by and the occasional figints from view. The instrument is
suspended 2.5 mts above the seafloor and then tai@8 knots. As the instrument
neared the bottom it caused small plumes of sedinreating interest for the
carnivorous Blue Hake and disturbing Snail fish &ads tails. As it moved along the
plateau and eventually down the slope of the Mitic ridge we saw Brittle Stars, Sea
Cucumbers, Sea Urchins, Sponges and Grenadiedasggliast us. We spotted the
elusive Dragon FishBathysaurus fergxwhich has an array of massive front teeth and
lies in wait for unsuspecting prey. We also sawS3peal Poo Worm, which until 3 years
ago on a voyage to the same area, was only knovasil records.

To complement the digital camera observations, &atioon Otter Trawls (OTSB) have
been conducted by Ben Boorman of NMF at statiortegd\orth and South of the
CGFZ. The catch has been speciated by Nikki KinthefUniversity of Aberdeen,
Oceanlab, Alan Hughes and lan Cross from NOC artdrfma Rogacheva of the
Institute of Oceanology, Moscow. Many phyla haverbalentified within the trawls
(Figure 8 including fish species such as the bentnose réibhi(Hariotta raleighana,
Gilbert's halosaurid fistHalosauropsis macrochirand the shortbeard grenadier
Coryphaenoides brevibarbidnvertenrate species includedrcellanasterid, Pterasterid
andBrisingid Starfish,Madreporariancorals andhlcyonarians At least 16 holothurian
species were present some of whigbniagoneandMolpadia, Bathyplotesp. were seen
for the first time.

Figure 8. Glass sponge (top left), Bentnose rabbitfidartiotta raleighang, Polycheles
(bottom left) andHyphalaster(bottom right).



