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1. Rationale and Objectives

Background

The Atlantic Meridional Transects (AMTs) were conceived as a means of acquiring a time
series of oceanographic, biological, chemical and optical data over large latitudinal ranges
(500N to 500 S) and through a number of contrasting oceanographic provinces. The core
scientific objectives are to refine our understanding of the role of the ocean biota in the
biogeochemical processes, carbon fluxes and ultimately global climate and to develop
remotely-sensed measurements of global primary production.

The AMTs take advantage of the twice yearly passage of the NERC vessel, RRS James Clark
Ross, operated by the British Antarctic Survey, during its passage to and from Antarctica
each year. Since the only ship costs involved are to cover the additional time required for
course deviations and station work, the AMT is a highly cost-effective project for
fundamental marine science. AMT-3 is the third Atlantic transect in the current series.

Objectives

The AMT forms a significant component of two NERC PRIME Special Topic projects; P19:
‘The optical characterisation of zooplankton in relation to ocean physics; discrimination of
seasonal, regional and latitudinal variations’ (Robins, Harris & Pilgrim) and P20: ‘Holistic
biological oceanography: mesoscale to basin-scale and seasonal studies of phytoplankton
processes linked to functional interpretation of bio-optical signatures and biogeochemistry’
(Aiken and Holligan). In addition, through international coflaboration, the AMT also forms a
component of the calibration and validation of the NASA SeaWiFS and NASDA ADEOS
/OCTS programmes as well as providing input to SIMBIOS, a programme to develop the
methodology and operational capability to combine data products from various ocean colour
misstons. In the longer term, the AMT project aims to contribute to the refinement of global
(basin scale) primary production and ecosystem models which will be important for our
ability to predict climate change. The specific objectives of AMT-3 remained similar to
previous transects:

¢ To improve our understanding of the relationship between physical processes and
biological production.

o Identify, define and quantify latitudinal changes in biogeochemical provinces.
o Determine phytoplankton characteristics and photosynthetic parameters.
¢ [dentify nutrient regimes and their role in biogeochemical cycles.

e Characterise plankton community structure, including the accurate determination of
carbon values (to JGOFS protocols).

¢ Relate the partial pressure of CO7 (pCO2) in surface waters with the biological
production.

e Acquire data for the calibration of remotely sensed observations (primary validation).



¢ Secondary validation of remotely sensed products (e.g. chlorophyll concentration).
* Interpret basin-scale remote sensing observations.

» Develop models that enable the interpretation of satellite imagery in terms of total water
column properties.

2. Cruise Personnel

Plymouth Marine Laboratory:
TONY BALE
JiM AIKEN
RAY BARLOW
COLIN GRIFFITHS
CLIFF LAw
NASDA, Nagoya university, Japan:
KoJ1 SuzZuki
YOSHIHISA MINO
NASA, Goddard Space flight Centre, USA:
STANFORD HOOKER
University of Plymouth, UK:
CHRIS GALLIENNE
ANDREW Bowig
University of Oviedo, Spain:
IGNACIO HUSKIN
University of Vigo, Spain:
BEATRIZ MOURING
Southampton Oceanographic Centre:
EMILIO MARANON
MIKE ZUBKOV
CRAIG DONLON (ROSSA EXPERIMENT)
Rutherford Appleton laboratory, UK;
TIM NIGHTINGALE (ROSSA EXPERIMENT)
NASDA, Saga University, Japan:
YASUNORI TERAYAMA (ROSSA EXPERIMENT)
British Antarctic Survey:
GRAHAM BUTCHER

NB Full postal addresses, phone and e.mail numbers are given in Appendix A



3. Cruise itinerary, track and sampling strategy

Itinerary
16 September -joined ship in Grimsby
17 -commenced installation of scientific equipment
20 -depart Humber Estuary
21 -called Portsmouth for fuel; sailed 18:00
22 -Station 1 (practice) SDY 266
24 -nearest approach to 47N x 20W; Station 3, SDY 268
30 -end science (EEZ); Station 9, SDY 274
02 October -start science; Station 10, SDY 276
16 -end science off R.Plate; Station 27, SDY 290
21 -depart R.Plate (Montevideo)
23 -resume science, station 297
25 -(am) final Station 30, SDY 299; move to Mare Harbour
25 -(pm) arrive Stanley
30 -flight to UK via Ascension Is.

NB A full list of stations, times and corresponding sequential day of the year (SDY) are
given in Appendix B

Cruise track and sampling strategy

The RRS James Clark Ross left Grimsby on the Humber Estuary on September 20 and sailed
for Portsmouth to load aviation fuel. Thereafter a course via the Western Approaches was
taken towards the first major waypoint (see Figure 1) at 470N 200W. At this station the
course was then altered to due south, with only minor deviations, as required, to stay outside
of territorial waters off Madeira, Africa and the Cape Verdes. At the latitude of 100N the
ship altered to a south-westerly course for the R, Plate entrance in Uruguay arriving in
Montevideo on October 17 to load stores and make repairs. On leaving Montevideo, the
course was generally southerly to the Falklands arriving in Port Stanley on October 25.

The scientific work fell into two main components: 1) a conventional station, generally once
a day to make CTD profiles, take bottle samples and make optical measurements; 2)
continuous or intermittent underway measurements on samples drawn for a number of
determinants from the pumped surface water supply while on passage between stations.

Operations on stations

At about 10:00hrs each day the vessel stopped for typically 90 minutes and two CTD/rosette
casts were made to a maximum depth of 200m. The timing of the station was a compromise
between the requirements of the primary production specialists who would ideally sample at
dawn and the optical scientists who would prefer to work closer to local noon. Water
sample bottles were fired at typically 10 depths on each cast and the sampling depths were
chosen primarily by reference to the CTD fluorometer which was installed for this work.
The positions of the stations are given in Appendix B and the water bottle sampling depths
for each station are given in Appendix C. The samples taken were used for a number of
determinations which are described in the individual reports.
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Figure 1. Mercator projection of the Atlantic showing the cruise track for AMT3 and the
location of the principal, mid-moring stations.
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Simultaneously with the CTD casts, vertical hauls were made to 200m for zooplankton from
the forward crane and an optical cast was carried out from the aft telescopic crane. For these
the ship was oriented, when possible, with the sun on the starboard side to minimise the
effect of ship shade on the optical results. In addition to the wire-deployed light meters, a
free-fall light meter and tethered surface reference meter (NASA) were deployed on most
stations and a tethered surface up- and down-welling light meter (NASDA) were allowed to
drift away from the starboard quarter on each station. Various ancillary samples and
observations (e.g. sea and sky photographs) were also taken on each station. The scientific
log recording the timing and order of all scientific operations is given as Appendix D. From
October 12 - 16, extra optical casts were made during the afternoon to increase data
frequency co-incident with the trials of the OCTS/ADEOS satellite trials

Underway measurements

The underway measurements included salinity, temperature and fluorescence which were
measured using flow-through sensors connected to the uncontaminated sea water supply
drawn from a nominal depth of 7m below the hull. These data were logged continuously to
the Level C logging system. The inherent optical properties of the water were monitored
using an AC-9 system fed from the seawater supply and logged to PC. In addition,
meteorological, environmental and navigational data were also logged continuously to the
main computer (Table 1). Dissolved gases (CO3, CHgq & N2O) were extracted from
scawater samples taken from the pumped seawater supply and analysed semi-automaticatly.

At intervals, generally following the daily station through until nightfall, an Undulating
Oceanographic Recorder (UOR) instrumented with CTD, F, transmissometer and up- and
down-welling light meters, was towed at passage speed.

A number of radiometer systems were deployed, mainly from the foredeck and foremast, to
measure sea surface skin temperatures underway for comparison with satellite-derived data
and to enable relationships between skin temperatures and bulk surface temperature to be
derived (ROSSA).

In support of the radiometric work, a meteorological, radio-sonde balloon was launched daily
and a detailed (hourly) log of meteorological and sea state conditions were recorded by the
bridge officers and tabulated by Jenny Rust of BAS. A sub-set of this data at four hourly
frequency is given in Appendix E.

In addition to the continuous measurements, a number of discrete samples were taken from
the pumped supply at various time intervals (see Appendix F). These were analysed for
major nutrients, and chlorophyll and samples were taken for iodine/iodate determination and
for Bacterial enumeration (see below). Samples were taken from the sea water supply and
from CTD bottles for accurate measurement of salinity using the Guildline Autosal precision
salinometer on board. These data were used to check the calibration of the Neil Brown
conductivity sensors on the CTD and SeaBird sensors on the flow through system. Precision
thermometers were deployed with the CTD and used to check the temperature of the effluent
from the SeaBird thermosalinometer in order to check the temperature responses.



‘Stream Rawor Samp Variables logged | Comments
_ Pro rate _ .
sim500 Raw 15 sec uncdepth, rpow, angfa, angps
basctd Raw 1 sec pres, temp, cond, cht, deltat Uncalibrated voltage readings
em_log Raw 5 sec speedfa
-dop_llog Raw 1sec speedfa, speedps
gpé_trirn ‘ Raw 1sec lat, lon, pdop, hvel, hdg, svc
gﬁ_s__ash | Raw 1sec sec, lat, lon, hdg, pitch, roll, mrms, brms, attf 3D GPS - pitch roll etc
-oceanlog Raw 10 sec atemp, mstemp, sstemp, hum, par, tir, fluor, flow, psy1, psy2,
' e soap, press, cond, temp_h
:r';yrb | raw 1 sec heading
stem - . | Raw 2 sec XY,z 3 Component Magnetometer
_'adcp__raw a Raw 1 sec rawampl, rawgood, beamno, bindepth
_a.nemom-‘ “ | Raw 1 sec wind_dir, wind_spd
isshrp Raw 10 sec hacc, vace, heave, roll, pitch
.adcpfrst - | Pro 1 sec bindepth, roll, pitch, heading, temp, velps, velfa, velew, velns,
R velvert, velerr, ampl, good, bottomew, bottomns, depth
bésthav | Pro 30 sec lat, fon, vn, ve, cmg, smg, dist_run, heading Derived from several instrmts
béétdrf ' Pro 30 sec vn, ve, kvn, kve same
rélmov - {Pro 30 sec vn, ve, pfa, pps, pgyro same
2ééctd1 Pro 1 sec press, temp, cond, salin, petemp, sigmat, svanom, potemp, 2 of these files per day - numbered
sigmap, depth, soundyv, dyhigh, stab, sigs, chloro, fluor gglil:'g?gdfiays - some readings not

Table 1. List of variables logged on the level ABC on-board computer.
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4. Specific reports and preliminary results

4.1Water chemistry and bio gases

4.1.1 Total Iron Analyses
Andrew Bowie, University of Plymouth

Introduction

The marine biogeochemistry of iron is complicated by its redox speciation, low solubility
and involvement in biological cycles. Fe(III) is the thermodynamically favoured redox state
of dissolved iron in seawater, but undergoes rapid hydrolysis to form insoluble mixed oxy-
hydroxides. Fe(Ill) is colloidally stabilised by organic ligands which also photoreduce
Fe(IH) to Fe(II). This results in a redox loop which is thought to retain dissolved iron at
nanomolar levels in seawater. Furthermore, iron is an important trace nutrient for
phytoplankton growth and actually limits primary production in certain nutrient-sufficient
oceanic waters.

Objectives

To determine the total reducible iron levels in various depths obtained from daily CTD casts
and underway samples. The analyses will focus on evidence of Fe delivered from Saharan
dust fallout off NW Africa, increased Fe through upwelling regions, and the extent of
possible Fe limitation in the Southern Ocean sectors of the transect.

Analytical methodology

Shipboard determinations were performed using an automated flow injection
chemiluminescence (FI-CL) analyser. The system is based around the oxidation of luminol,
which is catalysed by Fe(ll) ions, emitting light. After in-line Fe(III) reduction, iron is
preconcentrated and separated from the seawater matrix using a 8-hydroxyquinoline cation-
exchange resin column, This allows the elutant Fe to be determined in the sub-nanomolar
range in open ocean waters,

Unfiltered seawater samples were acidified to pH 2 with Ultrapur® HCI prior to analysis,
and the Fe content determined by standard additions. Identical CTD samples were collected,
acidified and stored for subsequent laboratory analysis of total dissolvable (including labile
particulate) Fe, together with analysis of other micro-nutrients (e.g. Co, Zn) and aerosol
delivered metals (e.g. Al, Pb).

Early Results

No significant problems were encountered and the system performed well in what was its
first open-ocean sea trials. Initial difficulties with the injection valve and sample pump were
resolved, and the system was stable and reliable from day to day. The detection limit of the
analyser was 0.1nmol 1-1 when 1.1ml of sample was passed through the column. Total Fe
levels ranged from the limit of detection, measured in the waters of the southern oligotrophic
gyre, up to 5nmol I-1 which was observed on the European shelf. A surface water profile of
the transect, using samples collected from the CTD 7m depth, is contained in Figure 2. A
typical CTD depth profile (2-200m) collected at station #9 (N 200 05.14°, W 20 © 37.74") is
shown in Figure 3.
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Although the profiles fluctuate somewhat, early indications indicate that elevated iron
concentrations in surface seawater are possible due to high atmospheric input and upwelling.
Increased Fe levels, due to sedimentary regeneration, are found on both the continental
shelves of the Western Approaches and off East Falkland. A clear increase is noted at 200N
off West Africa, a dual Fe input of aerosol dusts and the Mauritanian upwelling system.
Further enrichments are observed at the Equatorial upwelling zone, and at 3508 in the frontal
system where the cold Falklands’ current mixes with the warm Brazilian current.

The Fe laden atmospheric input will be verified through measurements of Al and Mn on
replicate samples collected for laboratory analysis. Other macro-nutrients levels (shipboard
auto-analyser data) and micro-nutrients (Co, Zn) will be determined by cathodic stripping
voltammetry analyses to correlate with Fe enrichment through upwelling systems. In order
to estimate particulate iron levels through the transect, laboratory samples will be subjected
to a strong acid leach, determining total dissolvable Fe, and comparisons made with the
Coulter multisizer particle data. Finally, any organically bound Fe will be recovered after
on-line UV photo-oxidation.

Future improvements to the FI-CL analyser, which will be investigated after the cruise,
include adaptations to allow continuous Fe determinations via the JCR’s pumped surface
seawater supply. The acquisition of an autoanalyser to couple with the Fe monitor will
improve sample throughput, and any modification which would allow the Fe(II) and Fe(1IT)
content to be evaluated individually would help clarify iron redox speciation and
undoubtedly lead to a greater understanding of iron’s role as a micronutrient for primary
production.

Surface Water Profile: CTD 7m Depth
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Figure 2: Surface Water Profile, Portsmouth (UK) to Stanley (FI)
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CTD Depth Profile
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Figure 3: Typical CTD Depth Profile, Station #9, SDY 274

4.1.2 Todine/Todate
Tony Bale for Victor Truesdale, Oxford Brooks University

Samples for iodine-iodate/iodide analyses were collected for Dr Victor Truesdale of Oxford
Brooks University. A 15ml tube was flushed and filled from each of the sample bottles on
the “productivity” CTD cast (see appendix C). Generally, ten depths were sampled between
7m and 200m with extra samples concentrated around the chlorophyll maximum. From
about 100N to 409S, underway samples were taken from the ships pumped supply at about 4
hourly frequency, the sampling times for these are given in Appendix F which lists all the
underway sample events. The samples were stored at 4°C and were transported to Oxford for
subsequent analysis.

Generally, iodine is present in the oceans at about 0.5 pmol, as iodide and iodate; in deeper
waters there is little iodide. It has been suggested that the ratio of iodide to iodate might
indicate something about the redox condition of seawater, but more recent ideas focus upon
the iodine cycle resembling that of the nutrients, with uptake and regeneration akin to the N
system. The pioneering work of Sugawara and Terada showed that there is a general
depletion of total iodine as the tropics are approached from either the N or S in the Pacific.
At the same time, iodate is reduced to iodide in the surface waters. There is no other
published meridional transect. This study was therefore undertaken to "confirm" this trend,
and to check that the Atlantic behaves as the Pacific. The methods used are different to those
of Sugawara and Terada, and that is an interesting dimension in itself. Here, total iodine is
determined by the catalytic action of iodine on the reaction between Ce(IV) and As(IIl), and
iodate by converting it to 12 by acid and KI. (The others used precipitation by silver.)

10
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The results shown in Figure 4 illustrate the expected trend clearly. However, the loss of total
iodine is less than expected. Indeed, it suggests that the system could be modelled entirely
without assimilation as the dominant process. That is, iodate reduction could be non-
assimilatory. If this is so the quasi-nutrient status of iodine can be dropped. It is believed
that iodate can be reduced in oxic bacterial cultures, so maybe the iodate reduction really
reflects bacterial action in the general regeneration of detritus. It will be interesting to
examine how well iodine correlates with nutrients, chlorophyll, etc.

Figure 4. Total iodine and iodate/iodine results for AMT3
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4.1.3 Inorganic nutrient analyses
Colin Griffiths, Tony Bale, Plymouth Marine laboratory

Objective: To determine the concentration of dissolved nitrate, nitrite, silicate and
phosphorus in CTD and underway samples in order to contribute to the definition of
biological ‘provinces’ and to support the primary production measurements.

Methods: The concentrations of nutrients were measured colourimetrically using a 4-
channel, Technicon auto-analyser with standard methodologies. All depths from the CTD
(typically 10) were measured on each cast, generally within 2 hours of collection. Surface
samples taken at approximately 4 hourly intervals were stored at 4°C and analysed with the
samples from the following CTD cast. A list of CTD stations and the underway samples are
given in Appendices B and F, respectively.

Results: All samples were analysed except for one batch where the phosphate channel was
lost temporarily. There were a number of technical problems throughout; these consisted of:
1) noisy colourimeter responses initially, particularly for the silicate channel which was also
prone to drift non-linearly. However, this improved with time and became less problematic
as the voyage progressed. 2) All the colourimeters blew bulbs, sometimes frequently. There
are only a few spare bulbs left. 3) The orange-green pump tubes in the present batch only
lasted a few days despite being run for only 4-5 hours a day. All the analytical results are
presently stored as colourimeter responses on paper traces and await digitisation before the
responses can be converted to quantitative results. At the time of writing, the nitrate and

11



silicate data has been digitised and it is anticipated that the phosphate and nitrite will be
completd by the AMT3 workshop. Qualitatively, the surface water nutrient samples and
surface mixed-layer samples from the CTD were always below detection except in the shelf
waters of the Western Approaches and in the Falklands Current waters. Nutrient values
increased with depth and were markedly elevated in the Mauritanian and Equatorial up-
welling regions.

4.1.4 Ocean-atmosphere bio gas fluxes
Cliff Law, Plymouth Marine Laboratory

A. Nitrous oxide and Methane

Introduction

The ocean is a source of the biogenic gases nitrous oxide (N70O) and methane (CHy) to the
atmosphere, accounting for ~ 1-10% of total global emissions. These species are both
radiative gases which contribute to the greenhouse effect and influence tropospheric and
stratospheric chemistry. Variability in the oceanic source strength results from lateral
gradients at the mesoscale and also variability on seasonal timescales. This variability,
combined with the relative paucity of actual observational data, significantly reduces the
precision of present global ocean-atmosphere flux estimates and hence the quantification of
the impact of the ocean upon climate change. Continuous onboard measurement of these
gases in air and surface waters during AMT3 will contribute significantly to the oceanic flux
database. In addition, the potential for correlation of optical parameters and ocean surface
gas concentrations, with the development of algorithms across a range of water mass types,
will improve remote predictive capabilities. Prediction of surface concentrations and hence
flux fields from satellite imagery will also circumvent the problems and costs associated with
obtaining shipboard observational data, and hence contribute significantly to the
interpretation and prediction of climate change.

Instrumentation

The analytical system employed during AMT3 was a composite of two systems used
previously for the analysis of other trace gas species. It consisted of an equilibrator unit for
surface water measurements, and a pumped supply from the ships bridge for air
measurement, with chromatographic separation and detection of N2O by ECD (Electron
Capture Detector) and CH4 by FID (Flame Ionisation Detector). Two gas standards,
previously cross-calibrated with NOAA certified standards, were used to cover the sample
range for both detectors. The system ran in continuous mode throughout and was supplied
with surface water from a depth of 7m via the ships non-toxic system. An analytical routine
consisted of one surface water sample, one atmospheric sample, and two standards every 25
minutes,

The system performed well, particularly considering the limited pre-cruise time spent
configuring it. Data collection north of 400 N was adversely affected by equilibrator flow
problems and contamination and so the data is not presented. Approximately 1000
measurements of both air and surface concentration were obtained between 40° N and
Montevideo (35¢ S) following a change of equilibrator unit, with a break between 13° N and
69 N for further equilibrator tests. Measurements were made between Montevideo and Port
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Stanley, although data collection was initially restricted by the increased permeability of the

equilibrator. Daily downtime resulting from dessicant changes and data downloading was
minimal,

Results

Atmospheric N2O in the northern hemisphere exhibited a mean concentration of 312.7 +/-
0.8 ppbv (1 S.D.), declining to 312.1 +/- 1.2 ppbv (1 S.D.) south of the intertropical
convergence zone (ITCZ) as shown in Figure 5. The position of the ITCZ was not identified
as continuous sampling was suspended between 130 N and 60 N, but it has previously been
observed between these two latitudes. CHy also fell sharply at the ITCZ, from 1791.7 +/- 9
ppbv (1 S.D.) in the NH to 1753 +/- 3.9 ppbv (1 8.D.) in the southern hemisphere.
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Figure 5a Atmospheric nitrous oxide concentration
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Figure 5b. Atmospheric methan concentration

Figure 6 shows the percentage saturation of surface water relative to atmospheric
concentration for each gas. CHyq was always supersaturated relative to the atmosphere,
whereas N2O showed areas of undersaturation in the North Atlantic Gyre between 300 N and

" 230N (A). Strong localised sources were identified for N2O and CHy including the

Mauritanian upwelling system (B), Equatorial Upwelling/Front (C), the frontal system
between 320 S and 36© S (D) and the River Plate plume (E). The high supersaturations
observed in these areas concurs with previous observations from other productive regions.
Both gases exhibited strong relationships with fluorescence, chlorophyll and biovolume in
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some regions, but there was no significant trend throughout. CHy often exhibited a sharp
increase coincident with elevated fluorescence maxima, but also increased in the relatively
oligotrophic waters of the North Atlantic Gyre. The overall mean percentage saturation for
N0 was 103.5%, excluding the Mauritanian upwelling region, which compares favourably
with previous global estimates of 102.5%. CH4 exhibited a mean saturation of 106.2%,
excluding the Mauritanian upwelling. 1t should be noted that these are preliminary data in
that they are uncorrected for temperature changes between in situ and the equilibrator, and
are also relative to the uncorrected atmospheric data.
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Figure 6a. Surface water saturation values for nitrous oxide
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Carbon dioxide

Introduction

To assess the impact of climate change and global warming, it is vital that the behaviour and
cycling of carbon dioxide (CO27) is understood. Although it is presently unclear whether a
terrestrial or oceanic sink for CO7 is more significant to the global carbon budget, previous
studies have shown that the Atlantic, and particularly the North Atlantic, are important
buffers to the build-up of pCO7 in the atmosphere. The AMT cruises provide a perfect
opportunity to obtain a large number of measurements with extensive spatial coverage of
atmospheric and surface CO7. This data will expand upon the ApCO7 database for the
Atlantic ocean already obtained during other programmes, such as JGOFS and the PML Ship
of Opportunities project, and will contribute to global carbon cycle models, thereby
tightening estimates of the carbon budget and feeding directly into global environmental
policy decisions.

Instrumentation

Continuous measurements of atmospheric and surface water COy were made using an
autonomous analytical instrument designed at PML, and used previously on AMT1 and
AMT2. The computer controlled system consists basically of a series of solenoids which
direct gas samples from a percolating packed bed equilibrator, a pumped air supply from the
ships bridge and two WMO traceable standards, to an infra-red transmissometer (LiCOR).
The system is also equipped with a GPS receiver so that measurements are logged relative to
time and position.

Initial problems were experienced due the lack of maintenance and attention given to the
system following its use on the previous summer cruise to the Arctic. Initial blockage of the
marine air line was cleared and a PTFE trap installed to try to prevent this in future. Water
had penetrated in both marine air and equilibrator gas lines, and consequently the system was
badly corroded internally. As a result the apparatus required a complete mechanical overhaul
during the first few days of the cruise, after which the system ran continuously from 490 N

to 350 S. After shutdown for four days in Montevideo the system required further
maintenance with replacement of an air pump and a solenoid valve, but data collection
continued between 330 S and Port Stanley. Some software problems were experienced during
the cruise but these had minor impact on data collection.

Results

Generally the pCO7 data shows similar trends to AMT1, with variability over shelf and
upwelling regions and fronts associated with elevated productivity, increased nutrient
availability and enhanced mixing. Undersaturation was observed in the higher latitudes
around 459 N, resulting from the relatively more rapid cooling of these waters compared to
the rate of re-equilibrium with the atmosphere. Of particular note is the region of
undersaturation centred on 5 N (see Figure 7), which was also observed on AMT!. This
feature exhibited similar levels of undersaturation on both cruises, of approximately 20-30
patm, but was more spatially restricted than on AMT]1 to 30 N to 7.5% N. Once again this
feature was associated with a salinity minimum of < 35 psu. Also apparent in Figure 7 is an
area of undersaturation around 10© S, which exhibited a maximum drawdown of 20 patm.
This feature was also observed during AMT1, but was not associated with a salinity
minimum; it corresponds to the boundary of the SEC and the S. Atlantic gyre. It should be
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noted that these are preliminary data and have not been filtered for atmospheric
contamination from ships emissions whilst on station.
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4.2 Bacteria and phytoplankton distributions

4.2.1 Microbial web studies: bacterial dynamics,
Mike Zubkov, Southampton University

Introduction and objectives

The studies of the microbial web included quantification of the activity of two general
groups: bacteria and nanoplanktonic flagellates in terms of vertical distribution, size
structure, bacterivory and control of bacterial numbers byprotozoa.

Bacterioplankton size structure, abundance and production

The samples from ten depths were collected daily from the ‘productivity’ CTD casts to
provide vertical distribution of bacterioplankton using flow cytometry (carried out in the
laboratory on return from sea). Also the samples collected from these depths were pooled
into three integrated samples (on the basis of vertical profiles of temperature, salinity and
fluorescence) representative for surface mixed layer, deep chlorophyll maximum layer or
layer of hydrophysical gradients and a layer below seasonal thermocline down to 200m. Size
fractionation of bacteria was used to estimate the median cell diameter of bacterial
populations that inhabited these layers. Samples were filtered through Nuclepore filters with
pore size 0.2, 0.4, 0.6, 0.8 and 1um and filtrate fixed for subsequent analysis by flow
cytometry. Bacterioplankton production was estimated using simuitaneous uptake of 3H-
thymidine and 14C-leucine by bacteria. The integrated samples were inoculated with
radioactive precursors and incubated in the dark at in situ temperature.

Abundance of nanoplankton and bacterivory

The samples were collected from the same CTD casts and integrated into three pooled
samples to estimate abundance of nanoplankton and common microplankton using
epifluorescence technique. Assay of enzymes that cut off glucosamine at acid pH (disrupting
bacterial cell wall in protozoan food vacuoles) was employed to estimate the activity of
bacterivorous protozoa. These analyses were conducted in conjunction with the
measurements of bacterial production. The experiments to study bacterivory were carried out
using dilution technique and dual radioactive labelled natural bacterioplankton.
Supplementary bacterial numbers, bacterial production and protozoan enzyme activity were
monitored in dilution series.

The analysis of all coliected material and samples was carried out in the laboratory and the
results are summarised in Figure 8.
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picoeukaryotes (squares) in underway surface samples along the AMT-3 track from 20 N to 52 S.

{‘-1 8 . Undcrway surface samples to measure the concentration of picoplankton by flow cytometry were collected at 2 h intervals from 2010 5 N and
T at 4 h intervals from there down to the Falkland Islands. There were considerable changes in picoplankton structure and abundance along the

the track. In general heterotrophic bacteria and prochlorophytes dominated numerically in tropical waters. The concentration of cyanobacteria

gradually decreased to the southem oligotrophic gyre and increased again towards the frontal system between wam Brazil and cold Falklands

Currents. The picocukaryotes showed a roughly similar trend. These data will be compared later with the results of analysis of profile samplcs.



4.2.2 Pigments and underwater optics, 8"°C in particulate organic material and
effect of UV-B radiation on primary productivity.

Koji Suzuki and Yoshihisa Mino, Nagoya University
(supported by NASDA and RESTEC, Japan)

1. Intercalibration exercise on the measurement of phytoplankton pigments and
underwater light field by Japanese and British scientists

A new Japanese satellite, ADEOS/OCTS, launched on 17 August 1996, is expected to
monitor changes of global biogeochemical cycles. To accomplish this objective, the
calibration and validation of remotely sensed data obtained from the satellite is needed at the
first priority. However, intercalibration exercises between laboratories on routine shipboard
measurements such as algal pigment analysis have seldom been conducted for the accurate
"ground truth” of ocean colour satellite data. Therefore, we tried an intercalibration exercise
on the measurements of phytoplankton pigments using HPLC as well as measurements of
underwater light field with Drs. R. G. Barlow (pigments) and J. Aiken (optics) from
Plymouth Marine Laboratory, UK.

Seawater samples were collected from surface to deeper layers (<200 m) using CTD-RMS
for algal pigment analysis. The water samples (1.5-4 1) were filtered through Whatman GF/F
filters (see Appendix C for details of the CTD bottle depths). The filters obtained were stored
in liquid nitrogen until analysis on land.

A spectroradiometer PRR-600 (Biospherical Insts. Co.) and a tethered optical buoy TSRB
(Satlantic) transported from Nagoya, was deployed to measure surface irradiance and
underwater light field in the almost same time of pigment sampling. The radiometers are
calibrated before and afier the cruise against a standard lamp which is traceable to NIST
standard lamp.

2. Latitudinal variations of "°C in particulate organic matter

Many investigations of photosynthetic 813C fractionation by marine phytoplankton have
been attempted over several decades, because stable isotopic characterisation of marine
organic matter can provide useful information on variabilities of biogeochemical processes in
surface waters. Recently, interest has focused on the relationship between 813C of POM and
some factors such as sea surface temperature, concentration of aqueous carbon dioxide
[CO7(aq)] and growth rates of phytoplankton (p). Therefore, we would like to examine the
effect of both CO2(aq) and m on the $13C of POM in the Atlantic ocean, taking advantage of
the wide range of environmental variability during the AMT cruise.

Sample collection and storage was conducted as following. All surface water samples were
collected from underway sampling system at each stations (see our table).

Suspended POM samples in surface water (15 1) were filtered through Whatman GF/F filters,
and the filters were stored frozen until isotope analysis.

DIC samples (125 ml) were poisoned with 0.1 ml of saturated HgCl solution, stored in a
dark serum bottle at room temperature. The total amount of DIC and its 813C will be
determined on land.



We determined the growth rate of phytoplankton using dilution technique under simulated in
situ incubation, on deck, in running surface seawater. This incubation was conducted in
polycarbonate bottles for 24 hrs. After the incubation, samples were filtered onto GF/F filter
for Chl a. The pigment was extracted in DMF at -20 C in the dark, and was measured by a
Turner Designs fluorometer with non-acidification method (Welshmeyer's method). Net
growth rate of phytoplankton was estimated from the changes in amounts of Chl 4.

3. Effect of UV-B radiation on primary productivity with special reference to the
production patterns and composition of photosynthetic products in marine
phytoplankton

Although the level of biologically harmful UV-B radiation (280-320 nm) arriving at low
latitudes is generally higher than that at high latitudes, the UV-B radiation at high latitudes
has enhanced because of the depletion of the protective stratospheric ozone. Hence, much
attention has recently focused on the biological effect of UV-B radiation. Most studies on
the impact of UV-B radiation on phytoplankton have dealt with its effect on photosynthetic
rates and on total primary production, but the biochemical implications of such effects have
not been well investigated. In addition, its latitudinal variation has never been examined in
the open ocean yet.

Therefore, we incubated surface phytoplankton, which were collected from
underway sampling system, both in UV-B radiation transparent quartz bottles and in non-
transparent polycarbonate bottles on deck during daytime after adding NaH13C0O3 as a
tracer. The seawater samples were filtered through Whatman GF/F filters, and the filters
were stored in liquid nitrogen. The amount of UV-B radiation was continuously measured
using a UV-B meter during this cruise. We will estimate the effect of UV-B radiation on the
production patterns and composition of photosynthetic products in marine phytoplankton in
relation to primary productivity, and its latitudinal variation in the Atlantic Ocean after the
cruise.
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4.2.3 Phytoplankton abundance, composition and production
Emilio Maraiién' and Beatriz Mourifio®

1 Southampton Oceanography Centre
2 Universidad de Vigo, Spain

Objectives

1.- To describe the latitudinal distribution of size-fractionated phytoplankton abundance and taxonomic
composition.

2.- To describe the latitudinal distribution of carbon and nitrogen standing stocks of the microplankton.

3.- To determine the patterns of carbon fixation by phytoplankton in different size fractions (pico-,
nano- and net-plankton).

4.- To determine the latitudinal and vertical variability of the photosynthetic parameters of
phytoplankton and their relationship with the physical and chemical environmental factors and the
taxonomic composition of the microalgal assemblages.

Methods

All sampling and experimental techniques were the same as previously used during AMT-2, and
therefore only a brief description will be included here. Phytoplankton stock and rate measurements
were conducted on water samples collected from the rosette at 7 depths on each station. Size-
fractionated chlorophyll & concentration was determined fluorometrically on 90 % acetone extracts on a
10 AU Turner Designs Fluorometer. The fluorometer had been set up to use the non-acidification
technique of Welchsmayer (1994) and was calibrated on two occasions during the cruise. In order to
compare the results obtained using this technique with the chlorophyil data from AMT-1 and AMT-2, a
number of samples were counted every day on both the 10 AU Turner Designs fluorometer and the PML
fluorometer used during previous cruises. Correlation between both measurements was high (r2=0.87)
and the slope of the regression line was not significantly different from 1. The results of this inter-
calibration exercise indicate that chlorophyll data from AMT-1 and 2 and AMT-3 are perfectly
comparable.

Both formaline and Lugol’s iodine samples for microplankton species identification and counting were
taken from each station at 3 depths: surface (7 m), deep chlorophyll maximum (DCM) and an
intermediate depth. These depths were the same as those where photosynthesis-irradiance experiments
(see below) were conducted. 1.5 litre samples from 5 depths at each station were filtered in duplicate
onto pre-ashed Whatman GF/F filters for particulate organic carbon and nitrogen (POC/N) analyses.
Filters were frozen, then dried at 60 °C for 24 hours and finally kept in plastic containers with silica gel
at room temperature.

Vertical profiles of size-fractionated primary production were obtained from 14C incubations conducted
in an on-deck incubator provided with a range of 10 irradiances from 97 % to 1 % of I,. Triplicate 70 ml
samples were spiked with 10 pCi NaH14CO3 and incubated for 7-8 hours at an irradiance close to that
of their original depth, as determined by the optical cast. At the end of the incubations, samples were
sequentially filtered through 20 pm, 2 pm and 0.2 pm polycarbonate filters and the radiactivity of each
fraction determined on a Beckman liquid scintillation counter after decontamination of the filters in acid
fumes.
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Photosynthesis-irradiance (P-I) experiments were carried out on a bench incubator equipped with an 100
W halogen lamp which provided a range of light intensities from 5 to 2500 pE m-2 s-1. P-I experiments
were conducted with water from 3 depths at each station (surface, deep chlorophyll maximum and an
intermediate depth) and lasted for 2.5 hours. At the end of the experiments, the samples were filtered
through 0.2 pm polycarbonate filters, decontaminated and counted as described above. All the samples
and experiments are listed in Appendix J.

Preliminary Results

Total chlorophyll concentration ranged from less than 0.15 mg m-3 in the upper mixed layer of the
subtropical north Atlantic and the tropical south Atlantic to more than 0.6-0.8 mg m-3 in subsurface
waters of the temperate regions (Figure 9). The vertical distribution of chlorophyll a was characterised
by the presence of a deep maximum (>0.3-0.4 mg m-3) during most of the transect. The DCM was
deeper in the tropical South Atlantic and shallower in the Mauritania upwelling region.

AMT-3
Chiorophyll a concentration (mg m'3)
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Figure 9.- Latitudinal distribution of chlorophyll a concentration (mg m-3) from 47° N to 52° S. Shaded
areas indicate chlorophyll a concentration >0.3 mg m-3.

The latitudinal distribution of primary production mirrored that of chlorophyll a concentration (Figure
10 ). Highest rates of carbon fixation (>1.5 mgC m-3 h-1) were measured in surface waters of the
African upwelling region and the temperate South Atlantic. Primary production took low values (<0.40
mgC m-3 h-1) throughout the water column in the subtropical North Atlantic and the tropical South
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Atlantic. Enhanced photosynthesis was detected in the region from 5° N to 5° S, which was presumably
due to an increase in the upward diffusion of nutrients as a result of the equatorial upwelling.

AMT-3
Total primary production (mng h™ )

Depth (m)

Latitude

Figure 10.- Latitudinal distribution of total primary production (mgC m-3 h-1) from 47° N to 48° S.
Shaded areas indicate primary production >0.4 mgC m-3 h-1,

Picoplankton was the dominant size fraction in terms of productivity during most of the cruise, usually
accounting for 40-70 % of total production (Figure 11). Maximum contribution (>70 %) of picoplankton
to total production took place in the equatorial and South tropical regions. Lower relative picoplankton
productivity was not always associated with increased total carbon fixation rates. Reduced picoplankton

produc