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1. OVERVIEW

L1INTRODUCTION

RRS Discovery Cruise 221 was dedicated Lo the requirements of the PRIME Special Topic
Programme. The cruise formed the second component of the fieldwork associated with the
Programume, the olher component being the Mesocosm Experiments carried oul in Bergen carlier in
1996. A widc range of disciplines werce represenied on the cruise ranging from physics through {o
molecular biology: however, ane of the main hallmarks of the cruise programmic was the close
integration of the various science components represented. To a considerable extent the integrated
nature of the cruise reflected the emphasts placed on the modelling input to the development of the
overall cruise strategy. Although the underlying requircments of the modellers was important in
shaping the progranmune. the needs of the individual science components werc also carcfully
considered throughout within the overall context of the cruisc objeclives.

The cruise was divided into two legs with a mid-cruise port call being made at Revkjavik to allow a
changeover of part of the scientific company and replenishment of the ship’s freshwaler supply. The
first leg focused on oblaining an cight day time scries of observations in Lagrangian mode within a
ntesoscale eddy in the vicinily of 59°N 20°W. The sccond leg was designied to carry out a similar
range of obscrvalions al set stations on a transect between 59°N and 37°N along the 20°W meridian
and also o oblain a time series of obscrvations in the vicinity of 37°N [9°W comparable (o thosc
obtained at 59°N 20°W on the first leg.

There was considerable pressure on time over the duration of the cruise. One of the basic
requircients of the PRIME Progranune was to oblain the two sels of time series obscrvations from
markedly conlrasting biological oceanographic sites. However, in order to ensure fulfilment of the
requiremeni for contrasting. but focally consistent. conditions. it was necessary to scparate the two
main sampling locations by a considerable latitudinal spacing. This condition, which resulted in a
constderable amount of sleaming time, together with the required duration of the time serics and
neccssary back-up observations, gave rise to a tight cruise schedule.

Despite the tight schedule of the cruise programme. Lhe objectives were essentially all met. This was
due to a range of particularly favourable circumstances. Weather conditions throughout the cruise
were generally good. although uncomfortable at times during the first leg. The favourable conditions
were of particular significance to the work adjacent to 59°N 20°W where significant cruise time 10ss
duc 1o weather may have been expected. even in summer. but where the actual time lost during the
cruise was of the order of 6h. Even the local daily weather patterns at this northern focation
complemented well the planned day-to-day work schedules. Furthermore. no significant time losses
were sustained during the cruise as a result of cither ship or equipment problems. Full credit must also
be given at this point Lo the very hard work put in by the scientific party and the excellent co-
operation received from the ship's company and RVS techuical staff.

1.2 SPECIFIC OBJECTIVES

Three specific objectives were cncompassed within the overall objectives of the cruise:

(i) To obtain an cight day litne series of integrated physical. biological and chemical data in
Lagrangian mode al a location associated with a distinet mesoscale eddy feature in Lhe vicinity of
H60°N 20°W. There was a requirement that the time serics observations at this location be preceded and
succeeded by a large scate physical box survey centred around the {tme series site.

(i) To oblain a time scrics of data in Lagrangian mode comparable to that derived for Objective (i)
over a minimuim of seven days al a station adjacent to 35°N 20°W.

{iil) To derive a suite of data comparable to that in Objective (i) at a scries of slations along a transecl
between approximately 60N 20°W and 35N 20°W.

For all three objectives, it was a requirement that the data sets to be oblained should. as far as
possible. be compaltible with the needs and objectives of the PRIME modclting community and the



indtvidual PRIME cruisc participants, as outlined in the original ship-time proposal and subsequently
developed at cruisc planning meelings and al Lhe individual project level.

The objectives relating to the PRIME modelling cormmunity were endorsed al a meeting of the
conununily on 3 June 1996, with a copy of tlre endorsenient being sent to the PSO on RRS Discovery
on 6 June 1996.

1.3 CRUISE SUMMARY

Cruise 221 of RRS Discovery commenced with the departure of the ship from Southampton al 05.30h
on Tucsday [1 July 1990, following threc davs of foading scientific equipment and completion of the
preparation of shipboard facililies. Passage was made to he largel area of the Lagrangian Experiment
it the vicinity of 60°N 20°W via the south and svest of lreland. During the passage, opportunity was
taken (o sct up and commission the extensive suite of scientific equipment required for the first leg of
the cruise. including calibration of the ADCP svstem. Once ctear of Irish territorial walers. sampling
from the ship’s surface seawater supply was commenced with the U-TOW zooplankton sampler also
being deployed. A plan of the cruise track for the first leg of the cruise is shown in Fig. 1.

The immediate objective of the first leg was to attempt to locale a mesoscale eddy in the vicinity of
the target area which would act as a suitable feature for locating the Lagrangian Experiment.
Fortunalely a composite thermal image of the target area had been oblained for the six day period
prior o the connmencement of (he cruise, and from this the presence of two apparent cold core cddies
within the geueral area was inferred (Fig.2). The centre of the best defined feature, which was
characterised by a diameter of the order of 50 kin, was localed adjacent 1o 59°N 20.2°W aud the
decision was made to focus initially on this apparent eddy fealure as a possible site for the northern
Lagrangian Experiiment. As a consequence. course swas allercd during the later stages of the transit
passage 1o atlow commenccrient of an initial large scale physical survey around the feature somewhat
to the south of its centre at 57.5°N 20.25°W.

The location for the start of the initial large scale physical survey around the targel fealure was
arrived at by 16.30h on 14 June. Following arrival. a shakedown CTD and sampling slation was
carried out swhich revealed certain problems with the CTD svinch system. These. fortunately, were
able to be rectified the following day. The {irst component of the main physical survey. which swas
devoted 1o ADCP mieasuremenis, commenced al 22.00h with a transcct leg aligned slightly to the west
of north starting from ~57.5°N 20.25°W . The decision to focus on the feature identified from the
salellite image was soon vindicated both front the thermosalinograph (TSG) data which confirmed the
presence of a distinct pateh of cool water bounded by defined margins and also [rom the ADCP data
which showed an apparent circulatory [low associated with the area of cool water. In addition,
although there was no marked change in the surface chlorophyll fluorescence (chl) status of the water
associated with the patch, there sere hosvever significantly elevaled nutrient concentrations present in
the surface cooler water comparcd (o Lthe surrounding svarmer waters. The diameter of the patch of
cool water was conftrimed to be of the order of 50-60 k. that is. characleristic of the diameter of
mesoscale eddies in this sector of the North Atlantic. The initial TSG/ADCP survey was compleled by
15.32h on 15 June. by which time it was confirmed that the feature which was provisionally identified
from the surface data as a cold corc eddy, was discrete and approximately circular in shape. It was
also clear thal. contrary to expectation. the position of the eddy had not moved much since its original
location was established from the earlier composite image of 3-9 June.

Given the strength of the surface signals associated with (he eddy together swith both the circulatory
current patiern inferred from the ADCP measurements and the stability of the leature indicated from
the satellite images, a decision was readily taken lo focus the initial Lagrangian Experiment on this
feature. Conscquently Seasoar was deployed by 17.04h on 15 June 1o initiate an approximate 100 x
100 km box survey around the expecled centre of the eddy. The survey consisted of five legs aligned
E-W with lengths varying between 20 - 100km depending on their Jocation within the survey frame
together svith a final N-S leg running through the approximate centre of the eddy (Fig.3). The Seasoar
survey was highly successful and [rom data obtained from the surface 300m confirmed the presence of
a strongly defined cold core eddy. ADCP dala obtained during the Seasoar survey also confirmed an
unexpected [eature observed on the initial ADCP survey: that was, the presence of a strong anti-
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cvclonic ftow around thc centre of the eddy. From classical considerations, it had been expectled that
thie circulation associaled with a cold core eddy would flow in a cyclonic sensc.

Fotlowing the Seasoar survey, which was completed by 17.25h on 17 June and which allowed the
approximate localion of the centre of the eddy (o be defined. an Argos buoy was deployed some [0Okm
wesl of the defined centre at 59.367°N 20.433°W. Passage was then rapidly made to the surmiscd
position of eddy centrc where a full suite of CTD casls, zooplankion net hauls and waler boltle
sampling for biological and chemical samples was carried out. While this station was occupied. a
considerable ship drifl of the order of 50 cm s was observed suggesting that the location of this site
was distant from the the actual centre of the eddy. On completion of the station work. the notional
centre of the eddy was hence shifted 3.5 ki to the west of the originally inferred centre and on arrival
at this location two Arpos buoys and a GPS buoy were deploved in an equi-spaced triangular array
centred on the redefined notional focus of the eddy with 1 km spacing between the buoys. This
operation was completed by (04.35h on I8 June.

A major component of the first leg of the cruise was to attempt to follow a patch of water in
Lagrangian mode within the targeled eddy using SFs gas as the tracer of water movement. [deal
weather conditions with only light winds together with a shallow surface mixed layer prevailed on 18
June and deployment of the SFq patch commenced at 06.30h al 59.430°N 20.254°W and continued
throughout the day to 22.45h. The S8F4 which had been equilibriated over the previous three days in a
closed tank containing approximately 25001 of seawater, was deployed over the stern of the ship
through a length of reinforced plastic hosing fitled with a depressor. Problems were encountered early
on in the operation with kinking of the hose where it was altached (o the depressor, and after a short
trial 1t was found that it was nof necessary (o use the depressor and subsequently the hose was trailed
at the surface well astern of the ship in the wake.

Navigation was of critical importance during the deployment operation. In order to seed an
approximalely square area of sea surface of dimension 7 x 7 ki with SFg relative to GPS positions. it
was essential to correct the ship’s track for the influence of current drift. This was of particular
importance within the eddy owing to the strong currents (up to 50 ¢ s™') that were encountered,
Corrections [or the influence of current drift were continuously applied during the deploviment period
using data from the ship’s EM Log and the ship was navigated in real time using the corrected
positioning. The importance of the correcled navigational data is highlighted in Fig.4 where the
potential distortion of the SF; deployment, il it had been based solely on GPS positioning. is seen 1o
be very marked. From the correcied navigational data presented in Fig.4, the SF¢ is shown to have
becn seeded wiihin a box area with spacing between the individual legs of the box being of the order
of 1 k. The ship’s on-line seawater supply was switched off for the duration of the SFg deployment
in order 10 reduce the risk of SFs conlamination within the body of the ship during the subsequent
Lagrangian experient.

immedialely [ollowing the deployment of the SF4 patch, rouline time series sampling was cotenced
adjacent to the centre of the SFg patch, A basic daily patlern was ¢stablished (or the Lagrangian
experiment observations in which (he main hydrographic and water sampling was carried out between
approximately midnight and 04.00h in order to optimise sampling for production work and
zooplank{on hauls. A comparable but reduced sampling schedule was carried out between local noon
and 14.00h. The early morning sampling typically compriscd 801 water bollle cas(s for marine snow
samples followed by a series of zooplankton net hauls and two CTD casts, with one cast to 300m for
general water bollle sampling and confirmation of the physical structure of the water colummn and the
second cast to between 30-60 m for water samples (0 be used for the determination of production and
nutrient uptake rates. The sampling routine concluded with a series of Go-Flo walter bottle casts for
samples [or a variely of purposes as required for individual projects. The mid-day sampling routine
was generally confined (o 80! water bolttle casts as previously, logether with a 300m CTD cast for
general purpose sampling and zooplanklon net hauls. these latler allowing comparison of changes in
zooplankion vertical distributions between mid-day and midnight.

In belween the regular station work, the ship was deployed in survey mode with the core object of
tracking the movement of the SF; palch and locating its approximate centre, thus allowing definition
of the position for the succeeding CTD and sampling stations. The morning slot belween the midnight



‘9667 2unp g1 ‘yozed ©mm 70 juswiAoidep butanp ‘e3ep Teuot3ebracu s,d1ys
BuTsn mOTI 3USIIND I10J DPILOSIIOD pu® pa3o9x100dun ‘ioexl s,drys Jo sueld ‘¢ *bTJg

wewho|dep 94S - uonebineu S4O Lz A19aoosiq SHY

Aongsdb wes) peyoid sexi4  +
0 30NLI1Lv1 LV d3153rodd QIOH3HGS TYNOILYNHSLN]

Aelaall wouy pepold yoel] - -
1 $ PEROIdHoBIL (65 "Lv1 1V IIVOS TVHNLYN) 000051 OL | TIVDS

ABUIS®G WO peayold yoel]l — 4 "ON QgD ZOC.OW “..Omu_& IOF(QW_M W @

- NZLBS

1
x @PILZ OLL

X L0028 GLL

8590 0/ 7

] SL0L) 0L e -
y % BE'80 0L} !
2 OFR0OLL o .-~ g
<o ~I" J
625 041 <
= 3 .
4 R
x - NG2Z 66

1
x-ERE
X CEE) 0L

e e

MGc 0¢



wn

and nud-day stations was devoled entirely to surveying Lhe distribution of the SFq using semi-
continueus sampling from {he ship’s on-line seasvater supply and with the ship’s course being
determined from the real time output of the spatial distribution of the SFg. During the mid-day 1o
widnight slot, it was intended that a small spatial scale Seasoar survey of the arca numedialely
adjacent to the SF patch would be carried out on a daily basis. However it became clear that although
the distribution of SF¢ could be monitored during the Seasoar survey. the restriction on the
manocuvrability of the ship when lowing Seasoar together with the reduced spatial resolution of the
SFs data at the higher ship speed required to tow Scasoar effectively, resulled in only a limited ameount
of exira information being obtained on the distribution of SF, during this period. On a numbcr of days
during the Lagrangian experiment. il was not possible to achicve a clear picture of the SFy distribution
within the patch during the morning survey period alene and consequently only a timited number of
small spatial scale Seasoar survevs (four in total) were carried out during the aflernoons. The problem
of obtaining a satisfactory resolution of the patch position and structure became more marked when
stronger winds werc encountered, resulling in restricted ship capability, or when the current vectors
changed rapidly and also towards the end of the survey period when concentralions of SFg within the
patel were decreasing and the patch was becoming more diffuse. Some flexibilily was allowed in the
timing of the mid-day and early morning station sampling schedules in order (o ensure that as
satisfaclory a fix as possible on the SF; patch centre had been oblained for localing the appropiate
tinic scrics sampling site.

The rouline daily sampling at the centre of the SFx patch conunenced in full on 18 June and continued
through until 28 Junc with only two short breaks in the pattern as a result of weather conditions. In
the early morning of 24 June the ship was forced to heave 1o as a result of strong winds associated
with the passage of the decaying tropical storm “Arthur’ and the corresponding station sampling had
to be abandoned. SF; surveying was resumed at 08.00L. Wealher conditions also forced the
abandonment of the mid-day sampling routine on 26 June. with work being resumed by 18.00h on
thal dav.

Orver the period of the Lagrangian experiment, it was clear from the surface records. from satellite
images transmitted to the ship and from the siall scale Scasoar surveys that the eddy retained its
identity as a diserelc feature. Over the same period the Argos and GPS buoys separated little and
tracked in well defined anticyclonic loops of period 2-3 days. suggesting that they werc rotating
around the notional centre of the eddy (Fig. 5). Two of the Argos buoys and the GPS buov were
recovered on 26 June with the remaining Argos buoy being left deployed to be recovered at the
beginning of the second leg, Data {rom this buoy and also frowm (he other buoys indicated that the eddy
itself was also moving in an anticyclonic sense and it was considered possible that the eddy was
topographically trapped on the wesiern margin of the Hatton Bank. The nrel movernent of the eddy
over the period of the survey was minimal.

The track of the SF4 patch over the experimental period corresponded well wilh the nel movement of
the buoys. again displaying an anti-cycionic circulation pattern. Although confirmation of the net
separation of the centre of the SFs patch and the three buoys originally deploved at the pateh centre
awaits more detailed analvsis, it appears initially that their scparation after the ten days of the
experiment was of the order of 3 miles. This difference is not large and may refleet the gencrally low
mean wind speeds over Lthe period and the strength of the circulation associated with the eddv. As was
10 be cxpected. the SF; palch became more diffuse with time with a concurrent decrease in SF,
concentrations. The initial maximum detected concentration of SFs on a relative scale following
deplovment of the patch was of the order of 2x10°. with a corresponding value at the end of the
experiment of 8x10°. Vertical sampling indicated that there was little loss of SFg across the
thermoeline and it is hence assumed that the majority of 1oss was across the sca surface. Until the
obscrved distribution of SFs within the palich is corrected on a daily basis for the cflects of current
movement, it is difficult to assess the change in shape of the SF, patch with time, although there were
suggestions that towards the end of the experiment the patch was becoming elongated, possibly duc Lo
its being spun oul from the centre of the eddy.

As a result of the anomalous circulation pattern associaled with what had appeared to be. from the
hwvdrographic data from the upper 300, a cold core eddy. a transcct of seven deep CTD casts was
worked across the diameler of the eddy on 27-28 June inunediately prior to the final large scale



"9661 Alne p o3
ubnoayl Appe 3100 PIOD PBUTISpP 20¥IINs JO
213U20 ©3 ju=oelpe (ps] ABd) sunp gl Uo

fotdep Aong sobiy [exjues JO yoeal ¢ ~BTg
pefoTeer “ sualisod ¢ Aong Alaaoosi( SHH
cAong wad panod sswyd —
G 3QNULYY LY G 03rOtd GHOH3HAS TYNOLLYNEILNE
{65 LY LY 3705 WENLYNL 000005 OL | 37v0S
shonq was) panoid oAl = | ON 0D NOILO3rOHd HOLYOHIW =
s b — = T —
PR PN YT e e L L ET o _ Nes 95 |
o o 3 n.\ = w O s 3 @ o -
L& o 2 g 92 28 22932 2 8 3 o 1
= =3 @R = H g 2882 R ot = 5
m. = N - Lo [ o ]
. ¥ A, <
f o N \MVAW NO 65
= o -
M o b - =
v & “dhmﬁﬁ &2
ﬁ ~ S~ B 1
Fs - — - N
o —_— (= o
) 3 5 8 = & -
[ £ | 3 2 LR
[=) o = -
G820 42 K : 8
7@@9\ 20'LL 621 ~
¥ - {
L j
'

Ve
L9210 rLL

OFCL 641

R RRT e

"

[ g . ,
L ¥S0CLL Ee1® Hmth_mmv
@ —
T N g ¥ - | N
- w8 8 -
W = Ll e % eeiEz 28t
=] I i
- ! —
| g & /
& . 2 R
ﬁ o @ ¢
— i e —
. \/m_ M..: : -
f : 2 ]
o
L -
i ssis0gmL |
ﬁ ” 5520 081 N
L oL CIHAR TR
: 2 > @
m. P I =]
& ISR
F i m e 3 sEwl £8l
i l v 8
o et
=
L
L
i
r

NOtT 65

Ao Loy

[TV S S

PR



Scasoar survey of the fcaturc. The data oblained was extremely valuable and showed the surlace cold
core fcalure which defined the eddy, to be continuous with and capping a major intrusion of warmer
water in the deep layers below 600m. The influence of the intrusion, which formed a marked
thermostad between 200-800m, appeared 1o be fell (o Lhe bottom at a depth of the order of 2800m. The
deeper section of the eddy. that is below 6001n, thus exhibited the classic [eatures of a warm core eddy
and although it was not possible Lo estimale currents in the decper layers. it was assumed that (he
cirenlation in the deeper layers around the warm core was sirongly anticyclonic. The possibility was
suggested that this anticvelonic circulation in the deeper layers was of suflicient strength to
superimpose its signal on the circulation of the surface layers, thus resulting in the apparently
anomalous surface circulalion patlern consistently observed [rom the buoy and ADCP data during the
survey. 11 was considered possible that the eddy had originally been shed from the main flow of the
North Atlantic Current as a warm core eddy and had been present in (he survey area for a
considerable length of time while showing little ncl movement,

The transect of deep CTD stations, in which samptes were also laken outside the ambit of the main
body of the eddy. was also of value in highlighting some of the fealures of the biology of the eddy.
Surface concentrations of new nutrients were consistently clevated within the eddy thus giving strong
evidence of upwelling in the cool surface waters. Although phytoplankton chlorophyll fluorescence
values were nol markedly different inside and outside of the eddy. nevertheless there were clear
differences between the two constituent phytoplankion conununities. The community within the eddy
was mixed with representatives of diatoms. dinoflagellates, coccolithophorids (the dominany species
provisionally identificd as Coccolithus pelagicus) and a range of taxa of smaller sized organisins.
However, in the waters outside of the eddy. the smaller taxa were clearly predominant. while
coccolithophorids appeared (o be essentially absent. Possibly the most obvious biological contrast was
in the mesozooplankion. Within the ambit of the eddy a mixed comnwunity predominated with
representatives of copepods. euphausids and Sogifta. whereas in the waters without the eddy the
population was dominated by jelly-like forms. particularly salps and doliolids. with these latler groups
occurring at high densities.

The finat phase of the first leg of Lhe cruise consisted of a large scale Seasoar survey. Time was
insufficient 4o allow a repeal of the track pattern carried out at the slart of the experiment, and in
place a ‘cloverleaf” patltern survey of three essentially equi-spaced triangles wilh overall spatial
dimensions of 100 km was carried out (Fig. 6). The survey confirmed that the structure of the eddy
had changed very little over the course of the experiment and that the feature appeared Lo be well
established. Seasoar was recovered by 17.15h on 30 June aid course was set for Reykjavik following
deployment of U-TOW. A further calibration of the ADCP system was carried oul during passage.
Discavery docked al Reykjavik at 07.30h on 2 July.

During, the port call at Reykjavik. twelve scientists and one RVS technician disembarked and were
replaeed by thirteen scientists who had [lown out from the UK the previous Saturday. Three scientists
form the Icelandic Marine Research Institule were welcomed on board RRS Discovery by kind
permission of the Master and entertained to lunch before being given a tour of the ship. Having
replenished the ship’s freshwater tanks, Discoverv departed from Reykjavik for Leg 2 of the PRIME
cruisc at 19,10h on 2 July.

Passage was continucd on 3 July to the last reported position of the remaining Argos buoy deploved at
the centre of the eddy on the previous leg. The PES fish 1o be used for on-line sampling for iron
analyses. U-TOW and the UOR were also deploved during the morning when the ship was well clear
of coastal influences. Although the general locational area of the Argos buoy was reached in the early
hours of 4 July. visual contacl with the buoy was not able to be made: a DF signal was delected
shipboard but this proved dillicull 1o interpret and the search was tenninated by 03.30h as dawn
arose, causing the buoy marker light o be switched off automatically and thus greatly reducing the
chance of visual location. The surface TSG record at this point indicated the ship to be located on the
SE margin of the eddy. Further evidence for this location to be within the ambit of influence of the



cddy was provided [rom data [rom phytoplankion taxonomic samples which demonstrated the
presence of coceolithophorids; in the previous leg this taxon had been shown Lo be closcly associated
with eddy waters. A plan of the ship’s track during occupation of the lime series station adjacent Lo
37°N 20°W during the second leg of Lhe cruise is shown in Fig. 7.

Station work was commenced at 59.310°N 21.119°W at 03.35h in order to allow meaninglul sampling
[or productivily, zooplankton and other required samples in relation 1o the dicl cycle. This sampling,
which afso included a standard 300m CTD cast. was completed by (7.45h and was (ollowed by the
successful deployment of a 101 Go-Flo botile to 24001 for a sample of deep waler for the analysis of
dissolved and complexed iron species. A final shatlow CTD cast commencing at [1.25h was carricd
out at the slation for samples for stable isotope analysis before (he search was resumed for the Arpos
buoy. An update on the buoy position had been received by mid-morning and the buoy, whose position
had turned northwvards since the tasl posilion update lhe previous evening, was rapidly located and
brought inboard by 12.50h. The towing wire for the UOR, which had been damaged in the previous
deployment, was then retensioned following splicing thus allowing the UOR to be deployed. U-TOW
was also deployed and course was set at full speed for 47°N 20°W,

For the next three days during passage (o 47°N 20°W. that is between 5 - 7 July, a standard work
patlern was established with the ship hcaving to shortly afler midniglit for approximately three hours
to allow Lhe main daily biological sampling programme to be carried oul. The programme consisted
essentially of a suite of zooplankion net samples followed by a routine 300m CTD cast for general
sampling purposes and concluded with a range of 301 Go-Flo water botlle samples as required for
individual project work. UOR and U-TOW were subsequently deployed and towed until approximately
local mid-day when there was a further stop to allow a limited nuinber of zooplankion net hauls to be
made logether with an optical cast; this latter was inade over the starboard wing of the ship using the
afl crane to ensure that the optical sensor was well clear of Lhe ship. As it was possible to carry out the
net and optics sensor casis concurrently, the mid-day stop was limited to the order of an hour or less.
U-TOW and the UOR were again deployed during the resuined passage in the latter part of the day.
However, owing to lime constraints, it was found necessary (o suspend deployment of the UOR on the
southwards transect leg along 20°W from 6 July onwards. The average distance travelled each day
bctween stations aleng the transect was of the order of 210 wiles.

A well-defined front was encounlered during the transect immediately before the mid-day station on 6
July at approximately 51.5°N. Between the northernmost station and the front, conditions had
remained relatively constant with only a slow latitudinal increase in surface temperature southwards
(Fig. 8) and surface nitraie concentralions generally being in the range 3-5 pM. The composition of
the mesozooplankton as determined from initial inspection of net hauls had alse remained similar
wilh clear domination of the population by gelatinous forms. Biological changes across the were
marked. A clear increase in chlorophyll a fluorescence was noted to the south of the front with a
concomitant decrease in surface NO, concentrations to values <0. lpM, while the salp and doliolid
dominated mesozooplankionr community was replaced by a more balanced community characterised
by copepods and amphipods and a range of other species more typical of warmer waters. Although the
immediate frontal boundary was clearly defined. considerable variabilily in the temperature and
biological conditions was apparent in the continuous surface records up to 100km {o the south of the
front: this variability was assumed {0 reflect mesoscale activily in the southern boundary region of the
front. As the frontal boundary region was exited to the south. surface conditions became more uniform
with NQ; concentralions consistently ~10nM or less and chloroplhyll concentrations <0.05 mg m™,

An extended sampling programme was carried oul on arrival at 47°N 20°W at 00.30h on 8 July. Extra
Go-Flo samples were taken following the routine early morning zooplankton and CTD casts in order
1o accommodate a wider range of biological experimentation. Upon completion of the early morning
sampling al 04.39h, a LHPR tow was undertaken afier which the ship was repositioned on 47°N 20°W
before further zooplankton net sampling was intiated at 10.26h. Work at the station was completed by
a shallow CTD cast and optics cast before passage (0 the second time series slation at 37°N 19°W was
resumned. A daily sampling programine similar o that carried out between 59°N - 47°N was
undertaken on 9 and 10 July prior to arrival at 37°N 19°W on 11 July.
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The localion of the southern time series station was moved from the originally designated position of
35°N 20°W Lo the new position in order Lo ensure thal Discovery would remain outside of Portugesc
territorial walers for the duration of the lime serics observations. Arrival at the site by 01.28h on 11
July allowed a full day’s suile of samples to be collected during the early morning, this initiating the
time scrics of observations. In addition to the usual range of samples being taken between 01.41 -
05.[5h. a further zooplankton net haul and CTD cast were subsequently made, Lhe latter dedicated to
sampling at selecled depths for PNA analysis of the cvanophyle and Prochlorococcus populations.
CTD [luorometric and analytical flow cylowmeler dala oblained from the stations occupicd on the two
days prior to arrival al 37°N 19°W indicaled the progressive development of a deep chlorophyll
maximum (DCM) and increasing dominance of the picoptankion within this layer with cyanophytcs
and Prochlorococcus becoming the major representatives.

On completion of the early sampling schedule, an Argos buoy was deployed at 37.007°N 19.012°W in
order (o act as a Laprangian marker for (he remainder of the {ime scries sampling to be carried out at
the southernmost station. A deep CTD casl to 2500m was Lhen made Lo obtain samples for the
processing of bacterial production estimates, lis being followed by a series of zooplankion, optics,
CTD and water bottle sampling runs. Problems had been experienced with the spooling gear on the
CTD winch during the iorning deep cast with the cable crossing on the winch drum before reaching
one of the end plates. A dummy deep run on the CTD winch was made during the afternocon 1o ailow
adjustiment of the spooling mechanism and this ensured satisfactory operaticn of the winch system for
the remainder of the cruise.

Following the sampling carricd out on the first day. a core daily sampling schedule was established
which was repeated on the succeeding days and which was complemented by other sampling activities
as requircd on a daily basis. The core programime consisled of the standard early morning
zooplankton net hauls. CTD casis for both gencral experimental and samipling usage and productivily
deicrminations and Go-Flo waler bollle casls [or a range of large volume sample requirements. Mid-
dav sampling for the core programme routincly included both a shallow CTD cast for samples for
slable tsolope analysis and a standard 3001 cast together wilh zooplankton nel hauls, oplics casls and
further Go-Flo samples as required. It became apparent during sampling on the first day that there
was constderable short-term variability in the structure of the DCM at the lime series stalion and
conscquently two further CTD casts were made on a daily basis at approximately 06.00 and 18,00k,
All sampling at the southern station was done adjacent 1o the Argos buoy which drifted consistentiy
soullnwards at an avcrage speed of 20 cm s during the time on the station (Fig. 9). The daily
sampling schedule was augmented by deep casts for iron samples. four LHPR samples taken during
both the early morning and afternoon on the 13, 15, 17 and 18 July and extra CTD casts made for a
range ol sampling requircments together with further zooplankton nct hauls. On two further days
samples were taken on a six-hourly basis from the 300m CTD casts for the estimation of nutrient,
dissolved oxygen and plant pigment concentrations and for other routine purposes in order to
cstablish the pattern of diel changes in the main biclogical parameters. In addition, on 13 and 15 July
ir situ rigs were deployed between dawn and dusk (or the estimation of primary production. nutrient
uplake and microzooplankton grazing rales Lo allow comparison with parallel cstimates made
shipboard using ‘on deck’ incubation procedures.

A full datly sampting schedule was performed over the eight davs of occupation of the southern time
series station between L1-18 July, During this time the overall hydrographic conditions changed litlle
with a sharply defined surface mixed layer of average depth 30m and a DCM, characlerised by the
dominancc of Prochiorococcus. being consistently observed. Cell densities of Prochlorococcus were
typically of the order of 1x10°® cells I''. Nutrient concentrations in (he surface layer remained low:
NQO; concentrations were at or less than the level of detection (10nM) while NH; concentrations also
were particularly low. However in the case of Si concentrations, although the values were again
generally tow (<0.2pM), local increases in the surface laver Lo values of the order of 0.6uM were
apparent over the observational period. Chlorophyll o fluorometric concentrations in the surface layer
werc also uniformly low with values typically <(.03 mg m™, The 1% PAR light depth was usually
located at around 100,

Santpling at the southern time series station was compleled by 17.58h on 18 July and [ollowing
recovery of the Argos buoy used as the Lagrangian marker for the study, course was set for

o



37 ON

19 30W

i rrae [t 1 e e B A e Rt A e T st el ek A Y el T e it e Il i 2 ’I'l*rTT"""'l-
i
1
~3655N | i o o
] i
i
|
36 50N .
i
I. -
195 07-.33%<
" 36 45N | 195 13:57 <
!; 196 13:52% i
$- 1
i 196 k32
3640N \ R e
i § Fig. 9. Drift cof Argos buoy
36 35N 197 346 ¥, : at southern time series
e SRR W ‘ St il station inothe vicinity
: 1 G
I 9720:31\ ] of 37°N 207w, 12-18 July
I ! | 1996. '
] ! i
! R
36 30N ; 1
198 03:52 % .
L \ A
\
: 198 10:11 \} y
36 25N 198 15:18 -
A 1
198 19:53 X _
-36 20N o \ .
b9 01:58 !
199105:21 > l
. 199 08:08 _
-36 15N 199 09:48
i I A A g 1324 X T T
199 15104
199 17:48
~36 10N s | .
i i
/ ]
_ 200(3:2\}@;%' ]
36 5N L @ e
P
b ! ]
z z z zl Y 2 ]
8 S “ S 5 3|
: @ 2 @ 2 2 9-’4
‘qq EQN.J,I.‘T. £ UL I O T OR FR "A FO  O  JJO U Ny Uy N V5 0 ) O . O O (O S S N N 0
{a_\g MERCATOR PROJECTION GARID NO. 1 —. Track plk

SCALE 1 TO 409000 (NATURAL SCALE AT LAT 27y

INTERNATIONAL SPHERQID PROJECTED AT LATITUDE ¢
+ Fixes ple

S Discovery - 37N buoy

Scalad to fit



Southampton. U-TOW was deployed for a further 36h before being recovered owing (@ a syslem
malfunclion. On-linc sampling continued for a selection of parameters until 22 July when the ship
crosscd the shelf-break in (he Western Approaches. RRS Discovery docked at Southampton at
approximaicly 08.30h on 23-July on completion of the cruise.

[.4 SCIENTIFIC ACHIEVEMENTS
i. Successful execution of a SFy Lagrangian tracer experimment in a high energy marine environment.

2. Location and demonstration of the presence of a strongly defined. slowly advecting eddy in the
north-west Atlantic Ocean characterised by a deep warm corc structure on which was superimposed a
surface cold core structure exhibiling a strong anti-cyclonic circulation.

3. Complelion of a dctailed hydrographic survey of the defined eddy.

4. Demeonstration of strongly contrasting planklonic community composition and structure in the
surfacc layers within and without the surface delined cold core eddy. The surface walers of the eddy
appeared 1o be influenced by upwelling conditions.

5. Acquisition of approximatc eight day suites of continugus time series data describing all major
aspecls of the plankfonic ccosystem at (wo sites in northern temperate and sub-tropical Atlantic
walters. The data sets were designed (o be compaltible with the requirements of novel generic plankton
ecosystem models being devcloped by the PRIME community.

6. The testing of novel techniques and approaches for investigation of selected aspects of the plankton
ecosysiem as cncompassed by the PRIME Scientific Programime.

7. Demonstration of strong physical-biological inleractions controlling the vertical structure and
exltent of the sub-surface chlorophyll maximum inthe area of formation of the sub-tropical component
of Eastcrn North Atlantic Central Water.

8. Characterisation of physical and biological changes in transiting rom north temperate 1o sub-
tropical walers along 20°W and confirmation of the importance of associaled frontal regions as
biological boundary zones.

1.5 EQUIPMENT PERFORMANCE

In overall terms, both ship and scienlific equipment performed wellduring the cruise and this resulted
in only minimal loss of working time oult of the scheduled progranune. Where problems did occur,
these were able for the nost part to be rectified or ameiiorated by expert on-board assistance, The help
received [rom several personnel, particularly those front the RVS Technical Support staff, is readily
acknowledged.

Concerning ship equipment, {he major on-going problem related to the communications facilities.
Given the highly integrated nature and complexity of the cruise, a high communications usage had
been predicted. However it became clear that there were cerlain inefliciencies in the system which
were a function of the age of the equipment installed. Following completion of the cruise, it is
understood that updating of the comniunications equipment on RRS Discovery has been confirtued.
Miner problems were experienced with the spooling mechanisim on the CTD winch; (hese fortunately
were able to be rectified by RVS Technical staff with no significant ioss of working lime,

1n terms of scientific cquipment, one 200pm WP-2 zooplankion net was lost under difficult wind and
~current condifions during Leg | when the net caught on the bilge keel of the ship when being hauled.
Scasoar performed well, although some problems which could have been more serious were
encountered with the towing cable out of the sheave on the main “‘A’-Frame block and becoming
trapped between the sheave and the wing of the mounting {rame. The problem again appcared 1o
relate Lo the relatively strong current conditions encountered. Some minor damage occurred (o the
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Scasoar fish and the body of the UOR during recovery operations under difficult conditions. The CTD
and Rosetle systems performed reliably with lermination problems on the CTD cable only causing any
problcits. Appropiate calibration data were not immediately availabte {or the CTD and Seasoar
rccording unils and although these data became available during the latler part of the cruise, some
delays in the on-board dala processing were encountered. One CTD transmissomeder unit and one
TSG luoromeler failed during the cruise: bolh units were replaced sith spare units carried as part of
normal RVS instrument stock.

Three Argos buoys together with one GPS Argos buoy were deployed during Leg | of the cruise. All
four buovs perfornied satisfactorily and were recovered before departing from the northern Lagrangian
experimenl arca.
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2. CRUISE NARRATIVE

Saturday § hune 1996
The scicntific party commenced loading equipment during the morning and this continued throughout
the day.

Sunday ¥ Jung 1996

A slart was made on the selting up of the scientific equipment, wilh this aclivity continuing over the
course of the day. Modifications to the starboard ganiry and the afl ‘A’-Frame were completed by
RVS stalf and contractors. although testing of the gear had 1o be left (o the following day. RVS stafT
were also engaged in the fitting out of the new radiotracer and elean chemistry Conlainer
Laboralorics.

Monday 10 June 1996

The sciting up of the scicnlific equipmicnl conlinued. With the exception of the air conditioning units,
the fitting oul of the new Container Laboraiorics was completed by the early afternoon. In order to
allow completion of the filting and testing of the air conditioning units and also to facilitatc crewing
arrangements. a decision was made in mid aflcrnoon (o postponc the sailing time unttl 05.00h the
following morning. This fortuitously allowed repairs to be made to a hydraulic pipe on one of the
main crancs which had broken during loading operations in the carly evening. The scientific party
rceeived a pre-cruise safely bricfing during the afternoon.

Tuesday 11.6.96

Departed Southamplon al 05.30h on a grey. cool morning. Course set for the study arca (o the south of
Iceland passing to the south and west of Ireland. Work continued throughout the day on the setting up
and commissioning of the scientific equipment and ancillary syslems. A meeling of the scientific parly
was held in the afternoon to allow an update of cruise plans, o review progress in commissioning
cquipment and 1o confirm sampling rcquirements in order 10 allow sampling schedules to be drawn
up. Weather conditions deteriorated in the late afternoon, stowing progress in the preparation of
facilities.

Wednesday 12.6.96

Ship-time was rcsel to GMT in the carly morning, Weather conditions were excellent all day and a
successful calibration run for the ADCP, consisting of eight “zigzag’ legs set at 90° and of 30 mins
duration cach. was carried out al eight knols commencing at 09.05h and ending at 13.00h. The
background. objectives and stratcgy for the cruise were described to the officers and crew at a meeling
convened by the Principal Scientist. Excellent progress was made in the preparation of the scientific
and ancillary equipment over the course of the day.

“Thursday 13.6.96

A mecting was held in (he morning between the scientists involved in the SFs patch dynamics and (he
Master and the navigating officer to confirm the basis and arrangements for the deployment and
tracking of the SF¢ pateh. In the absence of real-time position data from a GPS reference buoy, the
ship's course during both the deployment and subsequent survey of the SFg paich was (o be corrected
for current drifl using data from the ship’s gyro compass and EM log. At the meeting, lan Wade
presenicd a compesite thermal image of the Nortlt Atlantic for the period 3-9 June which had been
reecived that morning from Steve Groom at PML. The image showed wo well defined discrete areas
of coot waler of approximale diameter 50-70 kum centred on 59.2°N 20.6°W and 58.2°N 22.0"W
together with a less clearly defined patch of warmer water localed around 57.53°N 20.2°W. Images
laken prior 1o the composile had indicated the cool water feature centred at 59.2°N 20.6"W to have
held approximately the same position for the weck previous to 3 June. Following the meeting, various
options were considered for a track for the initial ADCP survey and it was decided to commence the
survey at 57.5°N 20.25°W and then follow a course slightly west of norih to 59.7°N 20.7°W in order to
have ihe possibility of crossing both the warm water and northernmost cool waler feature,



Seasoar was deployved in mid-aflernoon {or test purposes and also 1o repair the cable fairing. The
operation was successiully completed by 20.301, following which the two 801 waler boltles to be used
on this Leg were thoroughly ffushed by lowering from the aft gantry to remove the hvdraulic ot with
which they had been accidentally coated as a result of the hydraulic burst on the main crane in
Southampton prior to sailing. U-TOW and the PES fish to be used for on-line sampling for dissolved
iron were also successfully deployed before resuming course for 57.50°N 20.25°W at 21.40h.

Friday 14.6.96

A brief meeting of the scientific party was held in the morning to update members with the revised
plans together with the rationale for the initiaf ADCP survey and also to confirm arrangements for the
“shakedown” CTD station scheduled for immediately prior to the start of the ADCP survey. Data on
the nutrient concentrations and pCO- values obtained from the first on-line samplings were also
presented. These dala (~7uM NO;. ~0.4pM PO4, ~0.8uM Si, ~0.1uM NH; and average pCO, values
of 330 ppm} indicated that substantial uptake of Si by diatoms had occurred previously, although this
uplake had not beer matched by an equivalent uptake of NO;. The smatt change in the pCO; value
from equilibrium suggesled that substantial growth of the phytoplankton, such as may have been
associated with a spring bloom had not occurred,

On arrival al the start point for the 24h initial ADCP survey (57.53"N 20.25°W) at approximately
16.30N. the U-TOW was brought inboard prior to commencement of a “shakedown’ CTD, waler
sampling and zooplankton nel station routine to be used later during the survey. The two 80 1 “Snow-
Catcher™ water boltles were successfully deployed wlile only minor problems were encountered with
the zooplankion net hauts, However. during the initial CTD dip. although the CTD and associated
Rosetle water bottle sampling systems performed satisfaciorily. major problems were encountered with
the CTD winch and the dip was aborted at 90m. The problem was traced to the cluich mechanism for
the spooling drive. Following recovery of the CTD at 21.15h, it was decided to terminate the
“shakedown” station and to commence the initial ADCP surveyv. the results {rom the earlier ADCP
calibration having apparently proved successful. U-TOW was deployed and the 241 initial ADCP
survey was commenced al 22. [0h with a course being steered towards 60.0°N 20.75"W at a speed of

I kis.

Salurday 13.6.96

Passage along the northerly transect was continued during the early part of the day. However,
although the previous calibration run for the ADCP had appearcd success{ul. considerable problems
were cucountered in applying the necessary correclions and it was not found possible to output current
vector dala of sufficient accuracy to allow definition of specific dynamic features. As a consequence.
the hydrographical structure of the area was assessed primarily from on-line surface data.

Data from the transcct indicated surface temperatures to be generally in the range 10-11°C. At
approximately 04.30h a marked temperalure increase of the order of 0.4°C was observed with a
concurrent increase in chlorophyll fluorescence and this feature was interpreted {o represent the Sub-
Antarctic [ront separating Lhe branch of the north Aliantic Current lowing to the north-west of the
Hatlon Bank from cooler water to the north. Northwards of the front, surface temperatures were
approximately constant for about 10 miles. following which they decreased steadily by about 1°C over
30k before increasing again by a similar magnitude over the next 30km. The temperature decrease
was mirrored by an increase in silicate concentrations to a maximum of the order of 2.5pM. The
centre of the cool water patch was located al approximalely the same position as the cool water patch
observed on the 3-9 June composite thermal image centred at 59.2°N 20.6°W and it was hence
assumed that the cold core feature observed was coincident with the eddy recorded in the image. It
thus appeared that the cold core eddy had been present at an essentially constant position for
approximately three weeks before the survey commenced. In subsequent discussions afler exiting the
domain of the eddy, the decision was laken to focus the PRIME 60°N Lagrangian Experiment on the
observed cold core eddy.

The initial 48h large scale Seasoar sunvey was scheduled to be centred on the location of the
temperature minimum recorded on the northwards transect. and at 13.00h course was sel to 59.75"N
19.92°W 10 commence the Seasoar survey. A slop was made one hour before arrival at the start
location of the survey in order to recover U-TOW aud to deploy Seasoar. A trial run of the CTD



winch was also carricd oul to confirm that the systein had been repaired satisfactorily. At 18.18h the
Seasoar survey was conumenced with the initial transect of 100km being aligned West-East. The final
survey pattern was designed to consist of four further W-E legs of [00km length with 20km spacing
between each leg, as shown previously in Fig.2.

Sunday 16.6.96

The large scale survey of the cold core eddy continued throughout the day according to schedule.
Seasoar performed well and we had the first period of clear skies and sun since arriving in the
working area. wilh the hope of a possible satellile iimage for the following day. The decision was taken
later in the day 1o truncate Legs 7 and 9 of the survey grid at their western ends as il was clear thal the
ship was out of the ambit of the eddy well before the location of the ends of the Legs as designed in
the original survey plan,

In the early evening the [irst corrected plot of ADCP current vector data for the northwards transect to
60N and Legs and Legs 1-3 of the Seasoar survey became available. These indicated on anti-cyclonic
circulation around the cold corc eddy, contrary 1o perceived dynamical understanding. while the
location of the centre of the eddy as deflined by the current data coincided well with the position of the
centre as inferrcd from the hydrographic data. In order to provide inittal confirmation of the sense of
the ADCP current scctors. the ship held a constant heading of 278" when travelling E-W on Leg 7.
The resultant plot of the actual ship’s track indicated a heading of 273-274° to the east of the
sugpesied eddy centre and a reduced southwards drifl westwards of the centre, thus supporting the
conclusions of an anti-cyclonic [low pattern derived from the ADCP.

Mondayv 17.6.96

A grey day. but winds generally moderating all the while. The main Seasoar survey continued through
the carly morning and included an extra track to a point 20km south of Leg 9 on longitude 20.33"W
in order to attempt to define more closely the southern limit of the eddy. At 08.531, course was altered
to the north at the southernmost point of the survey in order to do a north-south transec( to define the
centre of the eddy in the meridional sense. Seasoar again performed well over the dav and was
recovered at (he northernmost point of the survey at 17.25h. Coursc was set at full speed at 17.38h for
a sile approximately [2km to the west of the approximately inferred location of the centre of the eddy
10 allow deployment of an Argos buoy {o confirm the circulation pattern around the eddy. During
passage a close assesstment of the complele data set obtained during the Seasoar survey was made,
including the ADCP data. and a decision was taken to locate the SFg experiment at 59.37°N 20.25°W,
the projecied centre of the eddy. The Argos buoy which was drogued at 14m, was subsequently
deploved at 59.37°N 20.43°W . Course was then resumed due castwards and the SFg deploviment
location was arrived at al 21.581.

An initial CTD dip to 1000m was carried out on arrivial at the station to check the CTD winch
spooling mechanism and 1o establish the deep structure of the eddy. This was [ollowed by a scheduled
CTD. water sampling and zooplankton station with a maximum CTD depth of 300m,

Tuesday 18.6.96

Following completion of the CTD slation started late the previous day, position was taken up at the
estimnaled location of the centre of the eddy. Additional ADCP and hydrographic data had indicated
this position (o be some two miles o the west of the previously estimated location, Deployment of the
SF¢ deplovment commenced at the central location at approximatcly 06.30h at the position 59.430°N
20.254°W and. [ollowing some initial problems with a leaky scal on the SF¢ tank and kinking of the
SFs deployment hose which was overcome by using the ship’s reinforced deck hose, continued without
problents over the day. Although the day was overcast, conditions for the deployment were ideal with
very light winds and a thin surface mixed layer of 25-30m thickness. During the deployment, the ship
described a grid survey within a 7.5x7.5 km box with legs aligned E-W and spaced at 0.5km inlervals.
The box was centred on the speculaled location of the core of the eddy with the grid being defined
from the ship’s position corrected from the forward component of the ship®s EM log in order to
conpensate for the movement of the water relative to the ship. Comparison of the GPS and EM-
correeted plots of the ship's track was particularly instruclive and again indicated the strong anti-
cyclonic nature of the surface circulation associated with the eddy (Fig.4). In the final stages of the
SFe deplovinent. the arca immedialely adjacent to the centre of the grid was reseeded and the
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operation was completed al approximately 22.45h with the ship being on station at the centre of the
palch at 59.306°N 19.981°W. The day ended with the commencemen! of a routine CTD. water boltle
and zooplankton sampling station at the estimaled location of the cenlre of the SFg patch.

Wednesday 19.6.96

The CTD sampling comumenced late the previous day was completed by 03.30h and this was followed
by the start of a detailed on-line survey of the distribution of SFy within the patch area. Comparison of
the ADCP data with that [rom the Argos buoys suggested at this stage that the position of the SF;
patch was located somewhat (o the SE of the centre of the eddy. The initial leg of the SF¢ survey,
whicli was carried out in a westwards direction from 59.193°N 20.020°W showed the outer edge of the
patch 1o be sharply defined. Unfortunately, serious problems devcloped with the on-line SFg analytical
svstem soon afler completion of the first leg which prevented further use for the remainder of the day.
As a result, a course was sicercd later in the morning towards the projected centre of the SFg palch
(59. 133°N 20.083°W) which was used as the location for the routine noon CTD and biological
sampling station. After completion of the station work, Seasoar was deployed and although some
initial problems were encountered in setting the poise of the fish. possibly as a result of the strong
cross-currents associaied with the eddy, the system eventually settled down and llew well for the
remainder of the day. A series of transects aligned generally in an E-W direction were covered over
the day. ending up with a short southerly leg to the estimated position of the central GPS buoy which
had been updated al 16.54h by DML and telexed to the ship. Seasoar was recovered at 22.55h and the
GPS buoy cbserved from the ship at 23.15h. The weather throughoul the day remained overcast with
occasional showers but light winds.

Thursday 20.6.96

A good day ~ with the winds staying light and the clouds clearing away around mid-day to give a
rcally bright afiernoon. allowing the sighting of some sun-seckers on the foredeck, but only, it seemed
where therc was shelter from the moving. cool air! Earlier the day had commenced in what was by
now Lhe standard way with a routine CTD cast to 300m together with the required water sampling and
a range of vertical zooplankton net tows al a station adjacent 10 the estimaled position of the centre of
the eddy. Both the morning and afiernoon survey periods were given over solely o surface SFg
monitoring with no deployment of Seasoar; this strategy was taken Lo allow improved chances of
defining the centre of the SFg patch following the SFy analytical problems of the previous day. During
the morning survey, it was initiatly assumed from the previous ADCP and ship drift observtions that
the eddy was still tracking westwards. However, some fruitless time was spent steamting (o the west of
the national patch centre, as inferred previously. belore it became apparent that the SFs palch was, in
fact. tracking northwards. This problem resulted in a slight delay to the noon CTD station. which
commenced at 13.00h. Valuable information on the possible locus of the patch was provided by an
updatc of the posilion of the GPS buoy at 11.10h wlich indicated that the true centre of the patch was
to the east of the noon sampling location. As a consequence, the location of the alternoon/evening
survey period was concentrated well to the east of the earlier arca and a clear SF; patch centre was
defined by lale evening in time for the first CTD station of the foltowing day. [t thus appeared that the
SF¢ patch encounlered carlicr in the day to the west may have represented a secondary feature spun off
from the original patch. The day’s operations provided a much clearer picture of the overall patch
dynamics. The day ended with a superb sunsel.

Friday 21.6.96

Surveying of the SFg palch was commenced following successful completion of Lthe standard earty
morning CTD and water and biological sampling station. Dala from the Argos drogues and ADCP
had indicated that the main patch was moving lowards the NW and during the early part of the
morning the general area (o the west of the early morning CTD station was surveyed Lo confirm
whether separation of the patch was occurring. Although moderately high concentrations were again
recorded from the sccondary SFg patch (o the west suggesting spin-off of this feature from the main
patch, confirmation of this will await more detailed analysis of the data on return to the laboratory.
Following an updale on the position of the GPS buoy by DML in the late morning. initial thinking
indicated that the centre of the SF,; patch, as represented by the zone of maximum concentration, had
split away from tie GPS buoy which had originally been deployed in the patch centre. Fortunately (his
initial concern proved unfounded when a winor computer error was noticed. Resolution of the
problem indicated that, in fact, the position of the GPS buoy had remained faithful Lo the SF¢ patch



centre. this presumably reflecting the light wind conditions which had been cxperienced. Further
confirmation of the concordance of the buov posilion and the palch was given by a sighting of the
buoy adjacent to the ship when heaving to for the. stightly dclaved, noon station.

A Scasoar leg was run in the aflernoon and evening from outside the ambil of the eddy
{approximately 50k from the inferred centre) back to the centre following a westwards course. The
survey gave no obvious indicalions thal the eddy was breaking up or relaxing and showed clearly the
micnsificalion of the thermocline resulting from the heating cffect associated with the good weather
conditions of the previous two days. During recovery of Seasoar at 22.47h, the faired cable slipped ofl
the block and jammed between the sheave and the framme, Prompt action by the winchman fortunately
prevented any sertous damage Lo the cable and Scasoar was successfully recovered by 23.42h after a
delay of about onc hour. An casterly course was then set 1o re-locate the expected centre of the SFg
patch.

Saturday 22.6.96

Sampling at the early morning station cominenced at 01.19h and was successfully completed by
04.39h. Extra Go-Flo samples were laken at this station between 50-200m for lhe estimation of
dissolved Fe concenlrations. Wilh the exception of the noon sample station, the remaindcr of the day
was devoted to surveying the SFg patch. The survey was highly successful and resulted in cxcellent
definition of the patch; this, in part, appeared o be due o the increased winds experienced during the
day having homogenised the lateral distribution of the SFg within the patch. SFq concenltrations were
believed Lo have remained high owing Lo the generally light winds experienced since the deployiient
of the patch while SF; losses downwards through tie water column were reduced as a result of the
intensification of the thermocline. The survey clearly indicated that the patch had relained its inlegrity
while increasing in size o a diameter of approximately 15km over the four days of ils existence.
Updated data from the Argos and GPS buoys again indicaled that these had remained near the centre
of the patch and showed well that the patch had circulated around the centre of the eddy describing an
open loop. willi the suggestion thal the eddy cenire had tracked in a southerly direction over Lhe
previous four days.

Sunday 23.0.96

A strong southweslerly residual current was evident from ship drift during he early stages of the
midnight sampling station and the position of the ship had to be relocated to the east following
completion of the zooptankion net samplng in order to remain near the centre of the SFs patch. The
stalion was successfully completed bv 03.28h with SFs concentrations remaining high following
relocation of the ship and the strong southwesterly drifl being maintained. The surface SF,
distribution was surveyed over the remainder of the morning with a good definition of the patch again
being achieved. However, the wind strength had increased consistently since the previous evening and
this had been accompanied by a marked decrease in SF,; congentrations from the day before as a result
of the tncreasing loss of SFg across the sea surface.

A Seasoar survey was successfully carried oul in the afternoon through to the cvening covering the
main area of the SF patch and outer boundary, The 8.0°C isotherm, which was assumed (o define the
boundary of the cold core waler of the eddy. remained, on the basis of comparison wilh earlier
surveys. at a depth of approximately 100, thus providing further evidence that the eddy structrue
was continuing to maintain its integrity.

Al a brief meeting held in the afternoon, preliminary accounts were given of the biological and
chemical characteristics to date. Overall the impression oblained to this point indicated that a
relatively stable situation prevailed within the ambit of the SF4 palch in the eddy. Nutrient and pCO,
values remained quite high while chl @ concentrations had changed very little over the period of
observation, although there was evidence of changes in the structure of the phytoplankion and
flagellate population structure. Marine snow concentrations appeared Lo be quite variable while,
interestingly. the low DMS concenlrations associated with the centre of the eddy showed a steady
increase in the mean. with values increasing centrewards from the edge of the eddy. No major shifts
in the biology had been noled as yet as a result of the better weather conditions experienced over the
previous (wo days or so.



Monday 24.6.96

Strong southerly winds (30-35 knots) associaled with the decaying tropical storm ‘Arthur’ prevented
sampling at the usual midnight station and the ship was hove 1o until 08.00h. By that ttme. the sea
had moderated somewhal. although a strong swell remained and the decision was taken 1o resume the
SFg survey. Despite the strong currents experienced late the previous day. the SFg palch was soon
relocated wilh its centre still keeping near to the marker buoys. Overall, the concentrations of SFg had
dropped significantly from the previous day as a resull of the winds. The usual noon sampling,
schedule was undertaken at the approximate location of the centre of the SF; patch. Some difficulty
was expericneed in getting a firm picture of the lotal paich shape during thie resumed SFq survey in he
afterngon/evening pertod as a result of the effect of the earlier winds. The overall distribution
appeared morc irregular whilst there was some evidence that the patch had elongated in an E-W
direction. Il was not clear whether an area of higher §Fq elongated in an E-W direction was a
strcamer breaking ofl from the main patch or represented an overall change in the shape of the patch.
Insufficient time was available (o establish the continuity of the elongated segment with a broader, but
apparently lower concentration area encountered on a section to the NE of the elongated patch.
Resulting from the survcy, the decision was taken to eslablish the forthcoming midnight station
within the clongated palch at approximately 59, [32°N 20.758"W.

Tuecsday 25.6.96

The day was generally bright with a [resh wind and commenced with the usual CTD and biological
sampling al the estimated location of the patch centre. Although (he magnitude of the SF, signal
remained more than adequate for establishing the location of the patch, neveriheless the distributional
pattern was becoming more difficult to interpret as a result of the patch circulation dvnhamics and
wind effects. In addition, the relationship between the patch and marker buoy positions was becoming
less clear. However, a reasonable {ix on an area of high 3F; was made in time for the noon. CTD and
biological sampling and this work was compleled satisfactorily. Despite the increased irradiance, no
obvious changes in (he biolopy were yet apparent.

Scasoar was deployed following completion of the noon station and a survey was initialed covering an
area in an eastwards direction in order L0 assess the phvsical structure in the main direction of
inovemet of the SFg. The Seasoar data again gave no indication of that the eddy structure was
beginning to break down. Some delays and problems were encountered in receiving buoy posilion
updaltes during the day which made assessment of the tracking of the patch within the cddy difficult;
however the results from the SFy survey overall were excellent and showed the SF; paich to have
followed an casterly coursc in the morning and turning towards a more southerly direction in the
evening,

The wind increased over the course of the day maintaining a westerly quarter while a pattern of
frequent squally showers had developed by (he late evening. Some minor damage was done to Seasoar
during recovery in the late evening resulting from the faired cable again jumping out of the biock and
beconting jammed. Although Seasoar was recovered successfully. the cable had to be parted to free it
from the block with a subsequent re-lermination in the vehicle.

Wednesday 26.6.96

Uncomfortable working conditions were experienced during the midnight sampling sequence.
although a [ull suite of samples was able 10 be collected, including ‘clean’ samples for iron analysis.
SFs patch surveving was resuned at 05.25h and although a zone of high SFy concentration was
located by 12.00h, the routine sampling at this station was not possible owing to the confused sea and
swell conditions. However frequent updating of the focations of the Argos and GPS buoys had been
requested and a course was set towards their location at 14.00h at reduced speed in order Lo effect
recovery when sea conditions allowed. Fortunately all four buoys had remained very close together
and at 15.50h Argos buoy No. 8 was spotled and, as sea conditions had improved, was able to be
recovered by 16.10h. Arpos buoy No. 2 and the GPS buoy were also localed visually shortly
aflerwards and sere recovered by 16.40h and 17.17h respectively. The track of the buoys in their final
hours before recovery indicated that the SFg patch was advecting rapidly westwards with a velocity of
the order of 30-40 cm §°'. This conclusion was fully supported by the observations from the SFg survey
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which was continued successfully for the remainder of the day, and which demonstrated the paich 1o
be distributed, with reference lo GPS, as a thin filament aligned approximately E-W. An area of high
SF¢ concentration was relocated in (he lale evening and the ship hove (o at 22.38h ready (o commence
the routine 00.00h station sampling the following day.

Thursday 27.6.96

Bolh the 00.00h and 12.00h routine CTD and biological sampling progranimes were successfully
carricd oud at the approximate positions of the SFg patch centre. The final detailed SFq survey of the
patch was compleled in the morning and showed the patch to have remained elongated in an E-W
dircction on a geographical basis. consistent with the continuing strong westward drift of the
remaining Argos buoy over the preceding period. Following completion of the station at 14,10k,
course was sel for the first of seven deep casl CTD stations to be occupied on the E-W transect across
the eddy. Stations were located at 20km intervals across the transect. giving a tolal transect length of
120k compared Lo an approximale eddy diameter of 60km. Routine CTD and biological samplings
were scheduled for the two stations at the ends of the transect (CSland CS7) and also al the station al
the eddy centre (CS4), The exercise was designed to provide comparative information on biological
conditions outside of the eddy and also (o obtain physical data which could allow insight into the
dyvnamics controtling the eddy structure. Deep CTD casts to 2500 and 2800m respectively were
carricd oul al both stations CS3 and CS2. focated some 20km 1o the east of slation CS83. in addition Lo
a WP2 net cast at cach site.

Friday 28.0.96

In terms of wealher conditions, the best day yet. Although there was a fresh breeze all day. skics were
virtually clear with a delightful “midnight sun™ sky at the time of the midnight sampling. Station CS}
to the outside of the easlern side of the eddy was occupied at 00.38h at a position 59.097'N 19.449°W
and a [ull CTD and biological sampling progranuue was carried out in the top 300m. Some delay was
experienced in conunencing the subsequent deep CTD cast to 2800m owing (o a break in the CTD
conducling cable which required retermination. As a consequence. the water samples required [or
produclivily experiments were collected using Go-Flo bottles rather than from the CTD rosette. On
completion of station CS1. course was made for station C54 at the centre of the eddy with estimated
position 59.43°N 20.5°W wilh, as previously at station CS1. a full complement of CTD and biological
sampling being underiaken prior 1o a deep CTD cast being done. Station CS4 was occupied between
12.43-17.12h. Deep CTD casts to 2800m were also carried out later in the day at stations CS5 and
(S0 tocated approximately 20 and 40km 1o the west of the eddy centre respectively.

Saturday 29.6.96

Station C87 on Lhe western end of the transect line was shified westwards of {he originally intended
position 1o 59.11°N 21.71°W in order o allow for Lhe westward drift of the eddy assocjated with the
anti-cyclonic movement of the eddy centre indicated by the positions of the Argos buoy. The station
was arrived al al 02.47h and a full suite of CTD and biological sawpling was carried out prior to the
deep CTD cast. Following breakfast, the UOR wire was tensioned on the winch drinm and this
operation was succecded by the deployment of Seasoar. This operation took slightly longer than usual
as a new rigging system on the aft *A” frame was used (o allow grealer control of the lowing cable and
sheave. The system involved lowering the block during deplovment using the crane and then
transferring the block to the UOR winch for towing so as to bring il closer to deck level. Seasoar was
fully deployed by 10.23h with a ship heading of 025" to start the final large scale survey of the eddy
area based on a “three-leal” patlern. Conditions were excellent for towing Seasoar and the remainder
of the day was spent Seasoaring along the survey track.

Initial resvlts from the deep CTD transect showed that the influence of the cold core eddy extended
well (0 2500m with a thermostad defined by the 8°C isotherm extending some 600m between 300-
900m. The deeper warm core section of the eddy was presumed Lo be associated with a strong anti-
cyclonic influence and it was considered possible that this circulation imprint was sufficiently strong
to nullify a cvclonic circutation signal associated with the cold core upper section of the eddy. Dala
from the first Seasoar transect across the eddy showed SFe still to be present in a deftnable patch at
the eddy centre and the eddy still to be clearly demonstrated in the upper layers.

Sunday 30.6.96
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The final Scasoar survey was continued along the planned survey track for most of the day. Strong
winds gusting to >335 knots and a heavy swell made conditions difficult, particularly during the carly
part of the morning. when speed had to be reduced for about 2 hours, making the control of Seasoar
difficull. Although the sea state fell away over ihe day, the swell remained and with the gencral course
of the ship abeam (o the swell for much of the survey track, an uncomflortable day was had. Despite
the conditions, Seasoar was recovered successfully by 17.15h and U-TOW deployed for the final run
1o Iceland. During the early part of the evening a second ADCP calibration was run with the ship
slcaming a “saw-looth’ track consisting of lwelve legs of 20 mins duration each with allecrnate
headings of 030° and 300°. A fixed specd of 8 knots was maintained for the run.

Monday 1.7.96

The passage to Reykjavik was continucd with sca conditions much improved from the previous day.
The transition to Lhe richer shelf waters of [ccland was clearly marked by the grecner colour of the sea
and the increased numiber of seabirds and presence of whales. U-TOW conlinued to be deployed until
recovery al 19.38h.

Tuecsday 2.7.96

Docked in Reykjavik at 08.00h. The incoming scientific party for Leg 2 arrived at the ship at
approximalely 09.150 while the outgoing party organised a short tour of some of the more spectacular
local sightseeing places prior o departing for the airport at 14.00h. Three mcmbers of the [celand
Marinc Institute were invited to lunch by courtesy of the Master and given a tour of the ship. During
the aftcrnoon. the incoming scientific party sct up their equipment or effected the transfer of
cquipment from personnel on Leg | as appropriate.

Discovery departed from Revlgavik at approximately 19.10h and having cleared the harbour at 19.25h
sct course for the approxiniate location of Argos buov No 3 at 59.33"N 20.25"W which had remained
deployed al the Leg | Lagrangian survcy silc.

Wednesday 3.7.96

Passuge was continued during the morning (o the estimated position of the Argos buoy. with the
coursc being altered later to allow for updated buoy positions as received from RVS on an hourly
basis. These positions tndicated that the buoy was still describing a series of anticyclonic loops.
presumably within the cddy system, and that the centre of the eddy itself was continuing Lo track
anticyclonically. Although only light winds prevailed. an uncomfortable beam-on swell was fell over
the day as a resull of the passage of a relalively deep depression the previous day. Despile this, both
U-TOW and the PES-fish for tron sanipling were deploved during the morning fogether with the
UOR. The UOR was recovered at 16.52h for checking and data assessment and subsequently
redeployed at 19.07h. A later check indicaled thal the stopper used to hold the UOR towing cable
when undenway was beginning lo chafe the lowing wire and an alternative stopper was fitled and uscd
for the remainder of the tows. The chafe on the wire was repaired the following morning with a
splice.

Thursday 4.7.96

U-TOW and UOR were both recoverd by 01.00h and passage was continued (o the Argos buoy
position as estimaied from the last previous fix of 12.45h the previous day. Despitc good weather
conditions. a preliminary search for the buoy starting at 02.30h failed to locale il, possibly because
dawn was breaking causing thc marker light to switch off. The DF syslem received a weak bul
inconsistent signal from the buoy possibly indicating it 1o be (o the north and west of the ship’s
position, and from this information and previous buov track data, the ship was headed north and west.
Although (he buoy was not located, the ship stopped on station 201 at 59.3 10N 21 119°W at 03.32h
lo commence sampling. A full suite of zooplankion net, CTD and biological sampling was
successfully carried out over the course of the morning including samples for productivity, iron and
slablc isotope cstimates and a deep (2400m) cast for a sample for the estimation of dissolved iron. For
the latter sample, the 101 Go-Flo bottle was atlached to the bettom of a 30m length of Kevlar line
which in turn was attached to the end of the CTD cable from which the CTD had been disconnected.
The Go-Flo boltle was fircd by a messenger located on the Kevlar line attached to a dumy 101 Go-
Flo betile mounted on the CTD cabic immediately above the termaination point with a long length of
monofilament spanning the join belween the CTD cable and the Kevlar line. This arrangement was



21

uscd in preference Lo the hydrographic cable in order o save changeover time on the winches. Great
enjovinent was given at (his station by a school of playful and highly inquisitive pilot whales which at
times camc remarkably close (o the ship. Station work was completed by 11.51h and course was sel
for the latest updated position of Argos buoy No 5 received that morning, which was rapidly lecated
and recovered by 12.500h. The UOR and U-TOW were subscquently deployed by 13.45h and were
towed for the remainder of the day.

From a preliminary examination of the data, it was clear that station 201 was not located within the
main body of the eddy studied in the pevious leg, but was situaled on the margin. This was
demonstrated from the surface temperature record and also from he considerable difference observed
in the near surface temperature structure recorded between the down and up CTD casts. suggeslive of
aclive nuxing on the margins of the eddy. However, coccolithophorids similar to those observed
previousty within the eddy. were present although not in as high numbers as in the main body of the
cddy. Very shortly afler leaving the CTD slation to pick up the Argos buoy, the surface lemperature
decrcased and the water gained a milky appearance characteristic of increased coccolithophorid
biomass. indicating that the buoy had remained closely associated with the eddy.

Friday 5.7.96

A gencrally cloudy day with a fresh wind and following sea. The dav commenced with the routine
zooplankton nct hauls, CTD casts and biological sampling at station 202 (57.545"N 21,1 17"W) as
schicduled for the interinediate transect stations, Both U-TOW and UOR were deployed following
completion of the station until a stop was made al mid-day to allow an optical cast and zooplankton
net haul o be carried out. To allow the optlical cast. the ship was manoeuvered as so the afl was facing
approximately south. However this caused problems associaled with the formation of bubbles (rom the
hcaving of the ship’s counter and il was decided to undertake future casts using the starboard aft crane
to deploy the sensor well clear of the ship’s influence. Following the mid-day slation work. the PES
{ish was brought inboard (o reconnect the hosc Lo the inlet cone. On completion of repairs. the PES
fish together with the UOR were redeploved and course resumed at full speed for 47°N 20°W.

Salurday 6.7.96

For (he first time there was a hint of warmer climes in the air during both the midnight sampling
station and also later in the day! But then, of course, the night sampling was marked by the absence of
any davlight] The regular sampling programme of CTD and zooplankton net casts and biological
waler sampling was carried out at station 203 at 53.993°N 20.699"W_ followed by redeployment of U-
TOW. Given various constrainis in the ship programme, a decision was laken at this time (o suspend
deplovinent of the UOR. However, it was conlirmed that the optical casts would be continued al the
mid-day stations and this was implemented al the noon station. which also comprised a zooplankton
nct low. The optical cast was [ound to be highly successful based on deployment of the optical sensor
well clear of the ship using the afl starboard crane and UOR winch. U-TOW was redeployved following
complction of the station,

Iimmediately before stopping at the mid-day station. a sharp rise in the surface temperature. salinity
and chlorophyl! fluorescence valucs was recorded together with a concurrent decrease in nutricnt
concentrations. indicative of crossing a frontal boundary. Further. initial inspection of
mesozooplanktion samples revealed a marked change in the population collected in the mid-day net
haul from that from the frontal region. Whereas previously on the transect the communities had been
dominated by salps and doliolids and other jeliy-like forms, in the warmer watcrs of the frontal region
a much more mixed community was recorded with substantial contributions from copepods.
cuphausiids and chaetognaths. The initial impression given was that this communily was quite similar
to that observed within the eddy on the previous leg. Following departure from the mid-day station
considerable variability and patcliness was observed in the surface physical, nutrient and biological
fields before more stable, oligotrophic conditions were encountered later in the day.

Sunday 7.7.96

A relatively straightforward day’s schedule whilsl on the transect run. commencing at 00.52h with the
usual transit station rouling of CTD and zooplankton nel casls and water sampling at slation 204 at
50.336°N 20.326"W, and continuing with the later mid-day station involving a zooplankton nel haul
and oplical cast. The hosc from the PES [ish used for on-line Fe samples again became kinked during
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the morning preventing flow, and this was repaired and redepioved following completion of the mid-
day station work. U-TOW was successfully deployed during the morning and altcrnoon passages.

Mondayv 8.7.96

The mid-transect sampling site at 47°N 20"W (slation 205) was arrived al at (0.30h and a major
sampling programime commenced at 01.00h. following recovery of U-TOW, with a series of both WP-
2 and Apstein zooplankton net hauls. Although some problems concerning tensions on the CTD cable
were encountered during the main CTD casts {Casts 49 and 50). thesc were readilv rectified. A very
full suite of Go-Flo samples was subsequently {aken in order to allow a full range of biclogical
experimentation to be carried out and to patch in for misfires on the CTD rosette sampler. The first
cruise deployment of the LHPR was carried out following completion of the water bottle sampling.
Calm conditions were experienced throughout the day and the LHPR was deploved on 10G0m of cable
at a lowering rate of 30m min” and hauled in at 15m min® sowe ten minutes after full deployment.
The LHPR was brought onboard by 07.10h and initial inspection indicated that it had performed
successfully. Course was then set to recover the sampling location at 47°N 20"W. Work at the station
concluded with a further set of zooplankton net lows. a CTD cast (Cast 50) for waler sampiles for
stable isotope analysis and an optical cast. U-TOW was deploved by 12.26h and course resumed for
37'N 19"W.

Tuesday 9.7.90

A routine transit slation sampling programme was commenced at station 206 located at 44 .4G4°N
19.730°W al 01.30h. However, the CTD failed due to conducting core breakage in the cable on the
up-run of the main (300m} CTD cast and those slandard water sampling depths (30, 40 and 30m)
were subscquently covered by Go-Flo samples, as were the productivily samples normally taken on the
shallow second routine CTD cast. The CTD cable was repaired following resumption of passage al
04.121h. The standard mid-day lransit station progranmune of a zooplankion net Low and optics cas{ was
carried out at 42.968"N 19.568"W following which passage (0 37°N 19°W was resumed. A meeting of
the scientific party was held at 10.00h to assess the data obtained to date on the Leg and also to
establish sampling requireinents at the time series station at 37'N.

Wednesday 10.7.96

A successful transect slalion sampling programme of CTD casts and zooplankton net hauls was
carried out in the early morning at station 207 (40.606°N 19.340°W), together with the usual mid-day
optics cast and net haul which were done at 39.188"N 19.218"W. Although some sunny intervals
occurred over (he day. there wer¢ [requent showers and a fresh NE wind. Good time was made on the
passage legs.

Thursday 11.7.96

The arrival at the time series station at 37.008"N 19.002W at 01.28h was grected with a fresh NE
wind and no sight of moon or stars and the generally overcast and humid conditions were the pattern
for the remainder of the day. A very full sampling schedule commencing at 01.41h initiated the time
series of observations at the station including. in sequential order. three 200um zooplankion Bongo
nel hauls, a CTD cast (54) 1o 300m for general sampling. a series of Go-Flo water bottle samples for
various biological measurements, a CTD cast (55) to 110m [or productivity samples. further Go-Flo
bottle satuples. zooplankton net haul (500pm) o 200m and a further CTD cast to 90m (36) for
phytoplankion DNA samples. Following the initial satpling run, an Argos buoy drogucd at 14m was
deploved at 06.38h at 37.007°N 19.012"W, with a CTD cast to 2500m being carried out subsequently
10 oblain deep walter for bacterial work. A marked feature of the CTD profile was the presence of the
warm. high salinity Mediterranean outflow waiter centred at a depth of 1100m. During the up-run of
the casl. minor spooling problems were encountered with the CTD winch which were remedied laier
in the allernoon during a dummy CTD drop to 1200m. Routine station work continued around noon
with three zooplankion net hauls, wo optics casts. CTD casls 58 (for stable isotope samples) and 59
(for peneral sampling) and a final suile of Go-Flo boitle samples. Sampling for the day was completed
with a final set of zooplankton net hauls commencing at 21.00h.

Friday 12.7.96

The main sampling activity for the day was centred around core 300m CTD casts laken at
approximately Gh intervals at 02.00, 06.00. 13.00 and 18.00h designed to establish diel changes in the

a0
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upper water column {CTD casts 60, 62. 64 and 65). This core programme was complemented by the
standard routine of zooplankton net hauls at approximately 00.00, 05.00, 12.00 and 21.00h, Go-Flo
bollle sampling foliowing (he main CTD casts and an optics cast at mid-day. together with shallower
CTD casts in the early morning and pre-noon for productivity and stable isotope samples respeclively.
Generally aovercast conditions prevailed over the day. although the {resh NE wind showed signs of
moderaling during the evening. The Argos buoy continued to drifi southwards at a steady speed.

Saturday 13.7.96

Al the commencetnent of the day’s sampling a fresh NE wind was still blowing with the current
conlinuing to flow in a southwards direction. While maintaining station for the second zooplankion
“Bongo™” net haul. the net caughi under the bilge keel of the ship and was lost from the Kevlar line.
Further net tows at this time were suspended. The programme resumed at 02.08h with a standard
CTD cast (o 300m (Cast 66) followed by Go-Flo waler boltle sampling, a further CTD cast to 100m
(Cast 67) for productivity samples. further Go-Flo sampling and a 500pun zooplankion Bongo net
haul from 200m. In all. a total of twenty 30t Go-Flo waler boltle samples were collected between
02.43-405.09h - a record for the cruise to date. The ship was positioned about 2kun distant from the
Argos buov by 06.02], immediately prior to the deployment of an in s/itu productivity rig comprising
lwo joined floats from which were suspended samples (o determine nriscrozooplankton grazing rates
and samples [or the estimation of primary production and phytoplankton nutrient uplake rates. The
ship then proceeded to return to the Argaos buoy position to allow a LHPR tow Lo be carried out with
the deplovment of 1200m of cable. The tow was successful and the LHPR was brought inboard by
(Y8.33Dh foltowing which Discovery was again re-positioned adjacent to the Argos buoy. The usual
CTD casts {Casls 08 and 69) were carricd out around noon for stable isotope and general samples
respectively. {ogether with an optics cast and zooplankion net hauls.

During the allernoon a deep bottle cast to 4000m was made lo collect samples for Fe analysis.
Unfortunately the Go-Flo bottle failed to firc and a further attempt Lo collect the sample was scheduled
for 15 July. The up-run for the cast took longer than expecled owing Lo spooling difficulties with the
CTD winch. As indicated previously. the CTD data from 12 July indicaled substantive changes in the
upper lavers of the water column which appeared to have consequences for the vertical distribution of
the DCM. Resulting {rom this, a prograimme of approximately 6h CTD casts to 3001 was
implemented for the remainder of the time at the station. which involved daily casts at around 06.00
and 18&.00h in addition to the siandard 02.00 and 12.00h casts. It was only possible, however. 1o lake
L1 chl measurements and salinity calibration samples {from the extra casts on a regular basis. The first
extra cast (CTD Cast 70) commenced at 19.09h, Following the cast. Discovery was relocated on the in
sitw productivity rig which was recovered successiully by 20.03h. The wind had fallen away
considerably over the course of the day and the first consistent spell of sunshine encountered at
37"19"W was recorded over the day. Operations concluded with a zooplankton net haul at
approximately 21.00h carricd out adjacent to the Argos buoy.

Sundav 14.7 96

Scientific activily for the day commenced with a series of four successful zooplankton net tows,
followed routinely by a 300m CTD cast (71) for general sampling purposes and eighteen Go-Flo bottle
samples for a range of biological sampling requirements. [n order to allow comparison of the whole
column waler mass structure with that recorded at the northern end of the transect line. a deep CTD
cast (72) was commenced al 06.03h with the CTD being stopped at 5026m at 08.30h, A delay of
approximately 1h was experienced during the up-run to allow adjustments to be made to the CTD
winch scrolling gear, By the tume the CTD was inboard, visual contact with the Argos buoy had been
lost and the ship steamed 2.5 miles in a southerly direction. as inferred from the DF. However.
although a DF signal was picked up. the buoy was not located visually and as a considerable delay on
the start of the mid-day sampting had been incurred. the decision was taken to conunence the mid-day
sampling schedule at 13.38h. The schedule started with CTD cast 73 to 150m for stable isolope
samples and continued willi the usual series of zooplanktion nel hauls, oplics cast. 300m CTD cas(
(74) for general samptles and Go-Flo botlle samples.

Afler completion of the delayed sampling schedule. DF contact with the Argos buoy was again made

and the ship sieamed an approximately NE course and closed the buoy within a distance of 1.5 miles.
A part of the reason why Lhe buoy had been lost sight of originally was the loss of the marker {lags

~
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very soon after the original deployment. As a consequence. the buoy was brought inboard al 17.41h
and a new marker {lag attached before relurning the buoy oulboard by 17.45h. Updates on positions of
the Argos buoy conftrmed that although the nel movement over the day was stil} in a southerly
direction, an eastward component of drift had developed. The day was completed witlr a 300m CTD
cast (75) and a {inal 500 mesh zooplankton net haul.

Monday 15.7.96

A very full day’s schedule commenced at 00. 130 with the standard early morning round of
zooplankton net hauls, CTD casts (Nos. 76 for general sampling and 77 for productivity sampies) and
Go-Flo bottle sampling for both biological samples and Fe analyscs. A productivity rig was deptoyed
at 05.510 at 36.660"N 19.237°W, that is approximately 1 mile NW of the Argos buoy, for the in situ
estimation of microzooplankton grazing rates at 10m and columin production and nutrient uptake
ratcs. The rig was successfully recovered by 19.47h. Following a standard 300m CTD cast at 06.15h.
a deep bottle cast to 4000m was made for samples for Fe analysis. with the botile operating
successfully in this instance. The. by now. routine lunch-time sampling schedule of standard 300
and shallow stable isotope CTD casts (79 and 80 respectively} together with zooplankion net hauls.
optics cast and Go-Flo sampling was carried oul on time and this sequence was followed by a
successful LHPR deploviment on 12(0m of cable. Discovery was subsequently repositioned on the
Argos buoy prior to a further 300m CTD cast (81) at 18.40h and, after recovery of the productivity
rig. the day’s saipling was completed with a further Go-Flo bottle saimple and zooplankton net haul.

Tuesday 16,7.96

The main focus for the dayv’s science was 1o obtain a further scrics of observations on die! changes in a
range of biological and chemical properties al the time series station. The programme centred on the
four main CTD sampling periods over the day of 02.00. 06.00. 13.00 and [8.00h. with the standard
300m CTD casts at three imes being supplemeniced by the, by now. standard rouline of zooplankion
nct hauls, Go-Flo boltle sampling and optics cast. All operations were carried out successfully and
although the morning was overcast. the sun eventually came oul in the afiernoon to hetp things along
in the final stages of the scicatific work. As was usual. the sampling for the day concluded with a
zooplanidon nel haul around 20.00l. As on the previous day, subsiantial variability was observed in
the detailed structure of the water column over the course of the day, with this again being related to
the finc scale pliysics of the upper lavers.

Wednesday 17.7.96

The {irst really {ine and sunny day encountered at the southern time series station. The previously
established sampling progranune was continued conmuencing with a series of zooplanktion net hauls
shortly afier midnight followed in sequence by a 300m CTD cast (89) and Go-Flo botiles for general
sampling. two further shallow CTD casts for productivity and DNA analysis samples (90 and 91)
separated by more Go-Flo sampling. and with a zooplankton net haul. leading into the next 300m
CTD cast (92) at 06.16h. The LHPR was subscquently successfully deploved on a 1200w cable haul
during the late morning. The ship was then repositioned on the Argos buoy to allow the start of the
mid-day samipling schedule. This took the usual format but with the addition of extra Go-Flo samples
to allow a close time sequence of DNA clhianges to be followed, and an exira optics cast. A further
samplc for DNA analysis was taken at 20.02h and the day {inished with the regular 500pun
zooplankton Bongo net haul to 200m at 20.23h.

Thursday 18.7.90

The {inal day’s sampling was carried out under ideal condilions with warm, sunny weather and ouly a
light breeze occurring over the whole day. A full sampling schedule was undertaken 1o allow
completion of an erght day time series of observations at the station. Following the series of
zooplankton net tows starting just after midnight. sampling continued at 02.02h with a 300m CTD
cast (90) for general scientific purposes with a further similar cast (98) betng undertaken at 06.044h.
A shallow CTD cast (97) for produclivity samples was interpersed between the two 300m casts.
together with 13 standard 30! Go-Flo bottle casts and a zooplankion nel haul. Subsequent to the early
morning sampling. the LHPR was successfully deployed on 1200m cable. Sampling recommenced at
L1.0%h with a shallow CTD cast (99) for stable isotope samples, (ollowed by the usual CTD net hauls,
optics cast. 300m CTD cast (100} and Go-Flo sampling. The final standard 300m CTD cast (101} of
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the cruisc was commenced at 17.31h. Following completion of the cast, Discovery recovered the
Argos buoy No. § tocated adjacent to the site of the CTD station which had been used as the marker
for the Lagrangian Experimeni and then proceeded to deploy U-TOW. Course was then sel at 18.36h
at full speed for Southamplon. On-tine sampling of sefected variables continued during the passage.
Later during the evening an intermittent faull developed on the on-line fluorometer, which was
(racked Lo a faulty conneclor. The problem was subsequently rectified.

Friday 19.7.96
Passage continued to Southamplon under excellent conditions with U-TOW deployed and on-line
sampling continuing, Decommissioning of equipment commenced.

Salurday 20.7.96

On passage to Southampton. U-TOW recovered at 09.07h following data transmission problens,
logether with PES f{ish. On-line sampling for selected variables conlinued over the day, together with
decormmissioning and packing of equipiment.

Sundav 21.7.96
On passage to Southamplon. Decommuissioning and packing of equipment continued.

Mondayv 22.7.86
OCn passage (0 Southamplon. On-line sampiing discontinued a.m. Decommissioning and packing of
cquipment continued.

Tuesday 23.7.86
Arrival al Southampton 08.30h,

LY
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3. SCIENTIFIC ACTIVITIES: LEG 1

3. LPhysical Oceanography (Adrian Martin, fan Wade)

Satellitc images of AVHRR Sca Surface Temperalures {(SST's) were made avarlable for the few weeks
before the cruise by Steve Groom (PML). Although cloud cover was typically greater than 60%
scveral fcatures were observed that were marked as being suitable for this study. Generaily the cold
core rings werc much more clearly defined than their warmt core counterparis on salellite images in
the study arca, A well defined cold core ring was identified at approximately 59.5°N 20.5°W that had
been present al this focation for several wecks and it was decided initially to head for this feature. A
composile SST image was scnt 1o Discovery soon aller lcaving Southampton covering the period 1 to
9 Junc. From Lhis image a second [eature. a poorly delined warm core ring, was located at
approximately 58.0°N 20.0°W. The initial heading norih to 60°N 20°W was altered slightly o cut
across bolh cddics.

Thermo-salinograph (TSG) results showed the more northerly cold core eddy to be a better choice for
an initial Scasoar survey as the apparcnl warm core {eaturc did not show up clearly on the TSG
scction, The estimalted length seale of a temperature drop (up lo 1.2°C) was approximately 60 kin
across suggesting that we had transceted the cold core eddy close Lo centre. The centre was estimated
as being at approximately 57,30°N 20.25°W. A 100 x 100 km Scasoar survey was initiated using this
position as a centre point. The cold core eddy was clearly identificd in the centre of the survey arca.
An cxtra south-north scetion was done through the centre to help define the meridional limits.

The anticipated cvelonie circulation around the centre of the eddy was ¢ontradicled by ADCP resulls.
Afler carclul checking of the ADCP we could come up with no obvious reason why this cold corc
feature should rotale anti-cyclontcally against whalt basic geostrophic theory dictates. Any anti-
cvelonie circutation should force niass into the eddy centre producing downwelling. Instcad. both the
domed isopvenals and silicatc, nitrate and DMS distributions suggested that there was upwelling at
the corc. It was decided (o perforin a series of decp (at least 2500 m) CTD stations across the eddy at
{he end of the Lagrangian experiment o (ry and answer somc of the dynamical questions raised.

An Argos buoy (drogued at 14 m1) was rclcased just west of the predicled cddy centre to track the
rolation of the eddy. We then sleamed (o the predicted eddy centre for an initial CTD station 1o 1000
. A drift of 4 nm in 4 hours 1o the soutlicast and then south during the CTD slation suggesied thai
perhaps we were not at the centre and the sile was moved 2 nm west for the beginning of the SFq
refcase. Three buovs were released close Lo the new predicied eentre (2 Argos and 1 GPS). During the
cruise we were kepl informed of the positions of the GPS buoy on a dailv basis by David Meldrum of
DML and of the Argos buoys by RVS. The trajectories of alf four buoys remained remarkably close
throughout the entire study period. rarely deviating more than the initial distance apart [rom one
another. All buoys followed a general anti-cyclonic circulation with a secondary ‘looping’. Towards
the end of the Lagrangian experiment two of the Argos buoys and the GPS buoy were retrieved
feaving one Argos buoy to be collected on Leg 2. Indications of a slight south o southwesterly drift of
the entire eddy was suggested by the estimated centres of rotation {rom each loop in the trajectory.

An analysis of the ship’s path when navigating by dead-reckoning o lay the SF; also revealed a
strong anti-cyclonic circulation. Modified versions of a program used to analyse the drift were later
uscd Lo estimate the position and shape of the patch at a given timce and the expecled pesition of the
buoys. This technique was only partially successful with the best estimations being predicted when we
had been closce to the buoy positions for most of the day. On leaving the area (e.g. to perform Seasoar
sections) we cxpericnced different current regimes 1o the buoys and thercfore the predictions became
less reliable.

Subsequent Scasoar surveys {although limited spatially) showed no relaxation of the density gradicnts,
implying that the cddy was remaining coherent. A final calibration for the Seasoar sensors was not
available until comparativelv late in the cruise. The biggest problem was the calibration for the
pressurc scnsor. We had been given a calibration for a 6500 dbar sensor instead of (he more shallow
sensor that we were using. Evenlually tests performed on board by Phil Taylor (RVS}) and the use of
polynomial fitling software found aboard cleared this probiem up and processing could be completed.
Scasoar data for the initial and final surveys were clecaned and calibrated up to the final TSG
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calibrations on board using pre-tested PSTAR execs. One obscrvation that was clearly noticed in the
‘despiking” phase of the data cieaning was the presence of quile intense interlcaving (inaking
despiking rather difficult) at the edges of the eddy al intermediate pressures of between 400 and 700
dbars.

The deep CTD line across the eddy consisted of 7 stalions extending to pressures in excess of 2500
dbars, often to within 50 dbars of the bottom. Initial results showed a strong pycnostad belween g =
27.40 and 27.45 centred at 600 dbar. This density range extended approximalely 600 dbars in the
vertical at the centre. The strong reversal from doming isopycnals in the surface 600 dbars (as scen
{rown the Seasoar survey in Lhe top 350 dbars) to depressed isopycnals belos this depth is likely to be a
major cause of the observed anti-cyctonic surface circulation around a northern hemisphere cold-core
feature. Depression of the 1sopyvenals was clearly seen as deep as al least 2500 dbars on the oy = 27.80
surface. A salinity minimum centred at 1800 dbars associated with Labrador Sea Water was clearly
observed overlying a slightly more saline boitom waler thal has probably formed in the northern seas
and flowing over the ridges belween Scotland and Iceland.

Surface driven anli-cyclonic rotation of the eddyv - a theory?

The cddy exhibited clear anti-cyclonic ffow below 600 dbars characterised by marked depressions in
the isopycnals. 11 is possible that this fealure originaled as a warm core eddy shed {rom the Subarctic
Front prior to the last winter mixing in {his region and subsequently moving northwards. Typical
winter mixed layer depths in this region are 600 dbars and occur around March/April. IT this cddy
expericnced a homogenisation of the upper 600 dbars through winter mixing the convergence al the
decper levels can now create up and down-welling {rom this 600 dbar layer Lhrough conservation of
mass. When the wammt core ring extends 1o the surface. mass can only be forced downwards. This
could give the observed pycnostad structure, but why should a strong anti-cyclonic {tow at depth also
lcad to anti-cyclonic flow al the surface 7 An answer 1o Lhis imay come {rom the thermal wind
cquations -
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where [ is the Cortolis parameter, p is the density and g the acecleration due Lo gravily.

[ below 600 dbars we have an anti<cyclonically rolating structure with density increasing out from Lhe
centre then these equations imptly that the magnifude of the currents increase as we move up the water
coluran. On encountering the pycnostad however the bulging of isopycnals due o convergence causes
the density gradient to be reversed with denser water now on the inside of the eddy. The thermal wind
equations now predict that the magnitude of the current wilf decrease as we move lurther upwards. but
the {low is still anti-cyclenic. The displaced isopycnals are allowing the eddy to mflucnce the walers
above il. Henee we have the curious situation of what looks like a cold-core eddy rotating anti-
clockwise at the surface. This malches both ADCP current data and observations of nutrients. silicate
and DMS which all point {0 upwelling at the surface inside the eddy. Using continuity and the
Thermal :Nind cquations it can be shown that the upwelling velocily at the eddy centre is 0.005 cm s™
(5 mday").

3.2 ADCP Measurements (Mark Hartman)

The RDI 150kHz Acoustic Doppler Current Profiler (ADCP) mounted aboard RRS Discovery is
primarily a current measuring device that produccs waler velocities relative o the ship. When used in
conjunction with salcllite navigation (GPS) waler velocities relative Lo the Earth are achicvable. A
sccondary feature: measureinent of acoustic backscatter from the instrument, provides estimates of the
abundance of scatterers such as euphasiids when it is combined with hydrographic data. The ADCP
was run continuously throughoul cruise 221, sampling 128 4ni bins and averaging o a 2 minule
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inlerval. This enabled measurements ol walter currents and acoustic backscatier to be made between
depths of 11 and typically 300m. The raw beam dala was logged as well as averaged.

Calibration of the instrumenl was made on the passage leg at the start of the cruisc in shelf walers of
approximatcly 100m depth and was perforimed in water tracking mode. GPS coverage was good with
PDOP only rising above 4 for some scattered points during two of the legs. Unfortunalely coverage by
the 3 dimensional Ashlec GPS system was only good lor the last 3 legs of the calibration run and this
was not deemed sullicient for ADCP calibration purposes. The run itsclf consisted of a zig-zag track
of 8 x 30 minute legs cach leg perpendicular to ihe previous. the first being to the North. (he next
West, then North again, ¢lc. The ship was required Lo steam al 8 kts throughout, The pointing angle,
phi. was calculated to be 6.065 degrees and the amplitude scaling factor 1.029

It was found necessary Lo edit out data during a 15 minute interval following the commencement of
cach turn in order to obtain data where the gyrocompass oscillation had died away to acceptable
fimits. The GPS scatter was estimaled from data while the ship was alongside at Southampton. Over
an interval of 45 minules the positional error was as large as 25m. The calibration provided currents
that were indrcative of Lthe trend of the flow but that were not satisfactory for detailed analvsis. as
results from an antiparalle] leg of the cruise track revealed discrepancies between it and the previous
leg that were {oo large to be accounied for in terms of a change in current.

A sccond calibralion run was performed towards the end of the eruise in an attempl to improve the
accuracy of the current mecasurements: this consisted of 12 legs, 20 minules per leg. on headings of
030 and 330 degrees. These data have not as yet been analysed bul with post processing of the data
set and the incorporation of Ashice data matters should improve,

The ADCP was successlul in identilying that the eddy singled owt lor investigation was rotaling
contrary Lo how it was expected (o rotate. This was confiricd by subsequent measurements such as
ship drift and the paths of satellite tracked buoys. Some preliminary proccssing of backscatter
measurements revealed that the eddy possesses an inleresting bioacoustic structure worthy of further
invesligalion ol the data set at a later stage.

Data processing

The data [rom the ADCP's data acquisition sollware (DAS) were passed via a prihter bufTer to the
RVS level C: il appears thal somewhere during this path the data stream was periodically corrupied
and preventedthe ADCP data [rom being logged. This loss of data was minimised by restarting the
dala logging automatically each Lime this occurred. Unfortunately shen this happened a single record
was wrillen where there should have been 128 and this consequently involved manual editing of the
files until an automated method of removing these single records was devised. This was not an ideal
remedy but sulliced until the problem in the logging can be identified and resolved.

The data processing rouline is alrcady (airly well documented but a brief summary follows:-

Aller the data is read from the RVS system. they are processed using the PEXEC suitc of Fortran
programs. Because of the quantity of data, running these manually would have been verv time
consuming so they were run [rom UNIX scripts called ADPEXEC-0 through ADPEXEC-4. These
read the data from RVS formal, average the data (o (in this case) a 10 minute sampling interval. add a
pointing angle and amplitude scaling factor correction and then merge the data with navigational
information to produce absolute current measurements,

Salinily measurcments

Samnples werc taken on a 2 hourly basis throughout the first leg of D221 from the non-toxic supply (o
the thermosalinograph (TSG) with the exception ol the period when the supply was interrupted for the
SFs deployment. As well as the time of the sample. the temperature and salinity as recorded by the
TSG were noted. Samples were also laken from the deepest and shallowest bollles {from each CTD
station with additional samples being obtained from the seven deep CTD stations.

The samples were analvsed afler allowing at least 24 h to achieve ambient laboratory temperature. A
Guildline Autosal model 8600A svas used 1o measure the salinity of the sainples using standard
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scawater Balch P28 with K= 0.99986 and corresponding salinity of 34.994 as a standard. The
satinomeler was allached to a PC. SiS Softsal V1.2 softwarc was used o generate the salinities from
the conductivity ratios: these values were also checked against those gencrated by using the cquations
for salinity. From comparison of these resulls and tlic TSG values, it was apparenl that there was a
positive lincar offsel to the TSG data of 0.1693. with the standard deviation of the differences between
the TSG and bottle samples amounting to 0.0147 for the period slarting on 14 Junc at 19.53h and
ending 27 Junc al 12.01h.

3.3 SF¢ Tracer Studies (CIlf Law, Malcolin Liddicoai and Jane Robertson)

The wan-made gas sulphur hexafluoride (SF ) has been used as an occanographic tracer in a number
H

of applications in recent vears. including measurcinents of air-sea exchange. mixing within the
thermocline and in-situ anipulation experiments studying phvioptankton micronutrient limiation.
1ts increasing usc is due to the polential il provides for studving mesoscale {eatures with relatively
stual! quantitics of tracer. partly resulting {rom the sensitivity of the analytical systems and partiy the
extremely low oceanic background levels. The PRIME cruise provided the first opportunily (o use Sfq

as an obscrvational ool of temporal biological and biogcochemical change, and also mixing and
circulation of the mixed layer within an eddy. As such, the SFg funclioned as a label for the surface

walers of the eddy centre. and so provided a ramework and strategy for Leg 1.

Saturation and Release
Initially 2300 fitres of surface scawalcr were saturated with purc SFg in a steel tank during the

passage leg. The saturation took longer than the anticipated 30 hours as a result of resiricted
circulation it the pumping systcm. Monitoring by TCD-GC (Thermal Conductivity Detector- Gas
Chromatography) determined that saturation was complete by 72 hours, and the lank was sealed 10
hours prior to release. The SFg-salurated waler was released into the surface waters al a rate of

approximately 2.2 I/min by gravity {ced. Freshwater inpul [rom an overlying header tank filled a large
bladder within the tank ejccting the saturated water and preventing foss of SFg by volatilisation and

also dilution of {he tracer signal. The saturated walter was mixed immedialely with a make-up flow of
surface seawater (150 I/min} to assist mixing and dispersion, and Lhen released at a depth of 7.5-10m
through a tube atlached to a 45kg depressor. The release began at 06.004 at a ship speed of 4.5 kis on
the 18 June and, afler initial probleimns with ihe releasc line. continued uninterrupted until 22.45h, The
rclease was centred around three ARGOS buoys and one GPS-ARGOS buoy which would function as
locators of the patch centre during the following survey.

A dead-reckoning method was used to produce a coherently-labelled palch of surface water with a
concentraled centre. This was achieved by supedimposing Lhe release (rack, of a square with
dimensions of approximatefy 7.5 x 7.5 kin. upon the actual surface water advection by incorporating
data from the ships gyro and electromagnetic log. Whereas (hc patch would be ideally centred around
a particular point. this would be noving within space and time during the relcase; the dead reckoning
method provided the best correction procedure using the assumption that the ship and centre point
were stmifarly influenced by surface advection with the track being corrected accordingty. This
mcthod was ideally suited to the exceptionally calm nmicteorological conditions during the release day.
and the dead-reckoned cruise track (liventav) and aclual ships GPS position (besinav) are shown in
Fig. 4. The ships GPS track shows that the labelled water body was advected relatively rapidly in a
narrow band around the northern edge of a loop which was to beconie a regular feature of the
lollowing patch sunvey, Post-cruise correction for surface water advection using the buoy data will
confirin whether the dead-reckoning method was completely successful.

Surveving

Continuous analysis of surface water SF, concentrations began at 06.00h on the 19 June
approximaiely 24h alter the release start. Measureiments were obtained every three minuies using a
fully aulomated stripping and cryogenic trap svstem with detection by ECD- GC (Electron Capture
Detcctor-Gas Chromalography). The patch was initially surveyed at a ship speed of 5 kis but this was
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increased to 7.5 kis (one measurement every 0.75 kniy as (his provided greater coverage with no
significant decrcase in reselution. The patch was located Lo the south-east of (he release position and
appearcd (o be relalively coherent with seme suggestion of fringing (o the east on the outer edge of the
cddy. Concentrations in the centre exceeded 50 fmol/l (1 fmol = 1 x 107" mol) which was
approximatcly 160 times greaterthan the background levels.

The buovs were regularly sighled during surveying with all four remaining in close contact with the
patch cenlre throughoul the survey period. This was an unexpecied bonus. resulting from the good
mcleorological conditions and the low windage of the buoys, and considerably aided location of the
patch centre throughoul the survey period. particularly during the large scale Seasoar surveys. Both
patch and buoys circumnavigaled the eddy centre. completing the first revolution within two-three
days. Fig. 10 shows a contour plot of the patch five days after relcuse (D3) with the ships track
superimposed. At this stage the palch was approximately 14kin?, witl a broad centre of 60 fmol/1 and
relatively sharp boundarics. This estimale was corrected for drift based upon comparison of the ships
GPS position and EM log data, and will be further refined using the buoy data during post-cruise
analvsis,

Surveving was suspended overnight on D5 whilst the ship was ove Lo in the tail of tropical storm
Arthur ( winds Force 8-9. 35 kis gusting to 40). The patch was relocated relatively quickly on Do, still
will the buoys closely associaled. SF; concentrations had dropped to about half the previous day
through loss to the atmosphere and dilution and mixing, with the patch appearing 1o be less
homogenous and with some evidence of filamenting, Surveying over the following few davs showed
{hat (he patch was still revolyving anti-cyclonically around the eddy but had become strained out along
its circular path. Despite further periods of high winds the patch remained stable in both shape and
concentration during D6-D9. During the final large scale Seasoar survey over D11-D12 the SF_patch

with a data poind cvery 30 scconds during the surface was still deteclable at the cddy centre. as a long
[tlament stretching in an cast-west direction, with maximum concentrations exceeding 10 fmol/l (11 x
background [evets).

Verlical structure

The daily surveying routine included location of the patch centre, or at least a localiscd "hol-spot”. at
midday ahd midnight in order Lo undertake the required routine biological and biogcochemical
sampling. Vertical profiling within the SFs patch to a depth of 100m was achieved by colleclion of
350ml samples from Go-Flo bottles on the CTD and analysis by a similar discrete system svhich
incorporated a vacuum-sparge sicp. Twenty-four vertical profiles were obtained. which predominantly
exhibited a trend of uniformly high SF‘5 concentrations in the mixed layer decreasing sharply at the

pycnocline 1o background levels (as shown in Fig. 11). Occasionally the SFg profile deepened in
associalion with a weaker pyenocline gradient, This was most pronounced in Cast 20 focated on the
edge of a filamment where SF s penctrated to 75m coincident with a decrease in the thermal structure of

the upper waler column, possibly as a result of shear.

In addition to the standard 100in profiles we also took advantage of the deep physical oceanography
casts during the 27 and 28 June to examine the penetration of atmospheric SF_into the deep watcr.

Rather disappointingly an increased SF6 signal was nol apparent in the decp saline watcr originating
from walers recently venlitated in the Northern Seas.

The PRIME SF; Langrangian study was judged to have been particularly successful, and bodes well
for futurc applications as a tool for studying temporal change in the ocean. In additien to a general
thanks (o all the “water-watchers”™, we would particularly like to thank lan Wade, Graham Savidge
and Adrian Martin for their help during the survey. Malcolm Woodward, Andy Rees, and Rob Lloyd
for assistance with the release and Dave Teare for the buoy deployments. We would also like Lo thank
Dave Meldrum and Neil McDougail of DML for the loan of the GPS-ARGOS Buoy and their daily
posilion updates.
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3.4 pCO;, TCO; and Underway Oxygen Electrode (Jane Robertson)

RCO:

An underway “on-line’ systemn lor measuring pCO» using FID gas chromatography was used during
the cruise, The system was connecled to {he ship’s de-bubbled non-{oxic supply and carbon dioxide
stripped [rom the system using a ‘spray-hcad’ type cquilibrialor. A sampling lube [or pumping marine
air into the instrument system was placed above the bridge and cennected via the ship’s superstructure
down into the laboralory. A sampling programme of 13.5 mins was used with two measurciments ol
CQ., one of standard and anothier of marine air per cycle. initial runs of the equipment showed a poor
reproducibility of standard and marine air measurements which was traced to the draught that came
into the deck laberatory when the door 1o the hangar was kept open. A large sheet of wood was [itted
onlo the bench in front of the machinc by the RVS Enginecring Group, shielding the GC and this
successlully reduced the problem to an acceptable level. The temperature in (he equilibriator was
recorded and showed an average increase of 0.75 degrees above the temperature recorded at the intake
of the non-toxic supply. The CO: measurcments will have to be corrected for this slight warming
belore the data are placed on the BODC database. The system was run during all SFs and Seasoar
surveys and perforined well with no major faults or breakdowns, In general, the levels observed within
the pateh (335-340 ppmy) were slightly higher than those outside (320-330 ppim) although no large
deficits with respect Lo the almospheric levels were observed during the cruisc {gencrally 20-30 ppm
below almospheric CO» fevelsy. The higher levels associated with the pateh and cenire of the eddy are
presumed to have resulted from the upwelling of deep, high-CO, waler. No signilicant change in the
surface COslevels over time was observed from the initial datasel. Temperalure correction and
additional calibraiion may provide cvidence of change due to produclivity once the dalasel has been
checked through.

TCO-

Discrele analyscs of tolal dissolved inorganic carbon (TCO;) were made coulometrically from the
surface non-toxic supply and from various depths taking sawiples from both the C'TD Roselic and 301
Go-Flo bottles. The system performed well with no major fauits or breakdowns. The discrete numbers
will need to be calibrated against scuwaler standurds used during the cruise and corrccted for satinity
once a final calibration for the TSG and CTD conductivity cells exist.

Online Oxveen Eleclrodes

A system for recording underway oxygen values was placed on the cruise by Dr D Purdic from
Souwthampton University. Data from two electrodes were recorded throughoul the cruise during all SFy
and Scasoar surveys. Discrele oxygen samples were taken three times a day (three replicates each
time) 1o provide a calibration set for the electrodes.

3.5 Micro and Nano Nutrient Analyses (Maleolm Woodward, Andy Rees)

Objectives

To study the spatial and temporal variations of the micro nutrienis nitrale, nitrite, phosphate, silicate
and ammonia in (he water column, and 1o deploy for the first timic in the Atlantic Occan a nanomolar
ammonia analysis sysiem, and also where required to use a nanomolar chemiluminescence analysis
system for detection of nilrale and nitrite. A specific objective during Leg | was Lo study the nutrient
distributtons relating to the anli-cyclonie eddy struclure studied during the SFg tracer experiment.

Methodology
The mcthodologics to be deseribed were cmployed during both Legs | and 2. The nutrient analyscr

uscd was a 5 channel Techinicon AAIL segimenied flow autoanalyscr. The specific chemical
methodologies used were as follows:

Nitrate: (Brewer and Riley, 1965); nitrite: (Grasshoff, 1976), phosphale: (Kirkwood, 1989); silicalc:
(Kirkwood, 1989) and ammonia; (Mantoura and Woodward, 1983). Nanomolar nitrate and nitrite
detection was according to Garside (1982), with (he nanomolar ammonia system adapled from the
method of Jones (1991).
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Sawmples from the CTD Rosctie bottles were sub sampled into clean Nalgene bottles and analysis of
the samples was in cvery case compleled within 2 b of sampling. No samples were stored. Undenwvay
continuous surface samples were derived from the non-tosic water systeny, for which the water flow
was in-linc filtered (Morris ef af, 1978) before analysis. Data oulput from the analytical system was
stored on the ships mainframe computer for afl 5 channels with a data point recording frequency
olevery 30 seconds during surface sampling mode.

Equipmen( Performance

All CTD samples were analysed successfully with a very low sample loss rate. The loss of silicate data
from two CTD casls may be highlighted: this was due (o a peristallic pump failure which was
subscquently rectified. Overall, the Technicon Autoanalyser sysiem showed its reliability and
reproducibifity in the extreme cnvironment of marine research,

A new valve system on the ranomelar ammonia syster caused many problems during Leg 1, but
repairs were finally effected allowing pood analyses o be carried out during the whole of Leg 2. The
new system was shown 1o work well both for undenvay surfice sample analysis from the filter block.
and for discrete sample analyses of aliquols derived from (he large volume autesampler deptoyed
during Leg 2. This sample system cnabled both the 5 channel nutrient analyser and the nanomolar
ammonia systcm (o sample {rom the same sealed sample vessels, thereby reductng atmospheric
conlamination Lo an absolule minimum. The nanomolar nilrate/nitrite chemiluminescent system
worked as expected. although the technique was at the limits ol its detection for many samples at the
oligotrophic station at 37°N. A-summary of the CTD nutrient samples analysed during Leg 1 and the
on-line sampling schedule appears in Tables | and 2 following,

Table 1. CTD nutrient samptes analysed: Leg L.

CTD DATE/AD DEPTHS CTD DATE/ID DEPTHS
CTD 02 17.6/169 1 depth CTD 19 24.6/176 12 depths
CTD 03 18.6/170 12 depths CTD 20 25.6/177 12 depths
CTD 04 19.6/17] 11 depths CTD 21 P 25.6/177 8 depths
CTD 05 P 19.6/171 6 depths CTD 23 25.6/177 12 depihis
CTD 06 19.6/17] 12 depihs CTD 24 26.6/178 12 depths
CTD 67 20.6/172 12 depths CTD25P 26.6/178 7 depths
CTD08. P 2064172 6 deplhs CTD 26 27.6/179 12 depths
CTD (9 206/172 12 depths CTD27P 27.6/179 7 deplhs
CTD 10 21.6/173 12 depths CTD 28 27.6/179 12 depths
CTD11. P 216173 8 depths CTD 3t 28.6/180 12 depths
CTD 12 21.6/173 10 depths GoFlos 28.6/180 0 deplhs

CS1P
CTD 13 22.6/174 12 depths CTD 33 28.6/180 12 depths
CTD 4P 22,6/1714 8 depths CTD 34 28.6/180 3 depihs
CTD 15 22.6/174 L] depths CTD 37 29.6/180 12 depths
CTD 16 23.6/173 12 depths CTD 38 29.6/180 3 depths
CTbi7pP 23.6/175 8 depths
CTD 18 23.6/173 12 depths

Tabte 2.0n line snmpling schedule: Leg 1,

14.6.96 0930 - 14.6.96 1635

14.6.96 2110 - 16.6.96 2230

17.6.96 0330 - 17.6.96 1723

25.6.96 1604 - 256,96 2300

29.6.96 0840 - 30.6.96 1500




Preliminary Resulis

The nutrients concentralions recorded during Leg 1 were on average 4-6 wmoles "' for the surface
nitrate concentrations, the phosphale was up 10 0.5 umoles 1" in the surface and the silicate about 2
pmotes ' . However, during the surface mapping carried out during the detailed Scasoar surveys of
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the eddy structure, the surface silicale and nilrate congentrations were enhanced in the area under the
influcnce of the upwelled waters of ther eddy. The preliminary results derived from the surface
mapping cxereise during the first major Scasoar survey of the eddy are shown in Figs. 12 and 13 lor
nitrate and silicate. From these distributions it is clear that the area of enhanced nutrient

concentrations coincided wilh the zone of increased chiorophiyll and decreascd temperature,

3.6 Flow Cytomelry and Microbial Ecology (Glen Tarran)

Introduction and Objcctives

During Leg 1 of the PRIME cruise, flow ¢cytometry was used to study a number of aspects of the

microbiat ecology of the cold core cddy, as cenired on the approximate position 59° N 20° W. Studics
meluded the quantification of the nano and picophyioplankton community in terms of their
distribution, populatton and sizc struclure, phiytoplankton activily in the niixed layer and mortality of
phytoplankion duc lo microzooplanklon grazing,

Phytoplankten Community Structure and Abundance

A dual sampling protocol was used to analyse the picophytoplankton (<2pm) and nanophytoplankton
{approx. 2-20pm) scparately from the CTD casts {o provide vertical profiles of phyloplankton
abundance per litre (Table 3). Two picophytoplankton groups were present; cyanobacteria and
picocucaryotes. The nanophytoplankion could generally be separaicd into 6 clusters (see Scction 4.6),
one of which was subsequently identified as (he coccolithophorid Coccolithuy pelagicus.

Table 3: Leg 1 CTD casts sampled for phytoplankion commuuity structure wilh peak abundance and depth

Pecak ccll numbers per litre

Dale CTD cast Position Nanopplk | Depth Pico ppik Depth
Junc Pre-dawn Post
midday

18 3 50.346"N 20.175°W [ 9.80x10° 2 4.35x10°7 20
19 4 59.204°N 19.998°W | 1.20x10° 20 34tx10 20
19 6 SO 46N 20.084°W | 1.04x107 [2&20]  430x107 20
20 7 59.087°N 20.152°W | L.20xt07 | 2 3605107 2
20 9 59.089°N 20.5053°W | 9.65x10° 2 3.00x10 10
21i 10 59.243°N 20.338°W | 1.36x10° 20 2.75x10" 20
21 12 59.233°N 20.337°W | 1.21x107 [2& 20|  2.75x10] 20
22 13 39223°N 20.154°W | 1325107 i 2.80x107 30
22 t5 59.089°N 20.029°W | 1.83x10° 20 3.00x10° 30
23 16 58.984°N 20.007°W | 1.73x107 20 2.40x%107 20
23 18 38.976°N 20.362°W

24 19 39.063°N 20.619°W | 1.42x107 20 2.70x 107 10
25 20 59.132°N 20.758°W | 1.32x107 | 2-20 2.40x10° 20
25 23 59, 194°N 20.628°W

26 24 59.189°N 20.495°W

27 26 58.997°N 20.644°W

27 28 59.050°N 20.978°W | 1.32x10" 2 1.70x 107 2
28 31 50.099°N 19,438°W

28 33 59.094°N 20.506°W | 6.8x106 2 1.4x107 2-20
29 37 59 105°N 21.710°W

Crazing Experimients

Three types of grazing experiment were conducted during the cruisc as follows:
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a) Diel experiments (DIELL) - Successive samples taken over a 24 h period using a combination of
the dilution technique and flow cylometry to quantify the daily turnover of phytoplanklon standing
stock by microzooplankton and also 10 study times of day when grazing was most intense (Table 4).
b} Bottle effect experinents (BE) - Study of the effects of using different sized incubalion bottles on
microzooplankion grazing and sampling at TO and T24 hours (in collaboration with Elaine Edwards)
) Start point experiments (DI1.2) - Study of the elfects of (he start point of incubations on
microzooplanklon grazing,

Table 4. Grazing experiinents carried oul with dily turmover rales of nanophytoplanklon standing stock

Dale Experiment Sample Position Bottles used | Phyloplanklon
lype depth turnover d”' %
m

18 June BE 10 39.346°N 20.175°W 21 2496
(1251 9.58
Y June DIEL! 10 39.286°N 20.084°W 0251 384
DIEL2 10 39.132°N 20.127°W 0251 16.7
20 June BE 10 59.085°N 20.505°W 21 14.08
0.251 31.29
21 june DIELI W 59.243°N 20.538°W 0251 2289
DIEL2 10 59.240°N 20.330°W 0.251 38.54
22 Jung BE 13 39.220°N 20.132°W 21 28.78
' 0251 3171

23 June DIELI 15 58.973°N 20.018°W 0.251 0

DIEL2 15 38.976°N 20.362°W (.25} 9.1
25 June BE [ 39.139°N 20.751°W 21 13.14
0.251 16.3
26 June DIELI ) 59.189°N 20.495°W 0.251 3137
27 June BE 10 21 20.0
58.997°N 20.644°W .25 37.63
28 Junc BE [5 39.099°N 19.438°W 0.251 10.38

Size Distribution of Pintoptankion by Size Fraclionation

Water samples from the mixed layer were gravity filtered through 10, 5, 3, 2, 1, 0.6. (+.4 and 0.2pum
Nuclepore filters and the filtrale analysed by flow cytometry to cnumcrate the phytoplankton. The cell
counts were then compared Lo unfliliered seawater ¢ell nusibers by plotiing % cells remaining
compared Lo unfliliered scawater against {iller pore size . The median cell diameters were read off the
X-axis where they intersected with the 30% ling on the Y-axis (Table 3)

Table 3: Mcedian cell diameters (tun) recorded trom flow gylomelric analysis during Leg |

Date Nanophytoplankton Picocucaryoles Cyanobacteria
(~2-20pm) {(~<2um)
18 Junc 2.92 [.5 0.83
20 Junc 2.84 1.36 0.80
24 June To be determined To be determined To be determined
Summary

On arrival at the study site the total nanophytoplankton population density was just below Fx10 cells
I"". Abundance reached 4 maximum of 1.83x10” cclls ' afier 8 days and had decreased 10 6.8x10° "1
by the end of the study. Picophyloplankton abundance was at +.35x10" "' at the beginning of the
study, with the population consisting mainly of eyanobacieria, Their abundance decreased steadily
during the study and was approximately onc third of the initial abundance by the end of the study. The
most striking component of the phytoplankion community was the presence of the coccolithophorid
Coceolithus pelagicns. il persisted throughout the study and was found 1o be confined to the eddy with



none being found at the two CTD stations CS1 and CS7 localed outside the eddy. Although cell
numbers never exceeded 4x10° cells I {hey still contribuied significantly 1o the phytoplankion
biomass and were clearly visible in the deck incubators as a mustard coloured silt.

Preliminary results of microzooplankton grazing showed that il was significant throughout the study,
9 10 38% of the nanophytoplankion community being lurned over daily (Table 4). Further analysis
will be carried out back in he iaboratory Lo asscss the contribution of the different nanophytoplankion
clusicrs identificd to tolal grazing.

3.7 Phytoplankton DNA/RNA Characterisation (Mike Wyman)

An inlensive sampling programme was completed 10 obtain high quality phytoplankion DNA, RNA
and protein samples [Tom surface waters within and outside of (he eddy. Routine samples were also
taken daily from a depth of 2m for detcrmination of photosynthelic parameters by "'C-incorporation
and analysis of phytoplankton pigments by HPLC.

The spatial variability in pigments and phyloplankion DNA was exanmined at the beginning and at the
completion of the drifting station and an jnter-comparison belween the (wo datasets will be made on
shorc. Taxonomic information from HPLC will be compared with the distribution of phytoplankion
DNA utilising group specific labelled oligonucleotides targeted to the gene (rbel) encoding the Targe
subunit of RubisCO.

Temporal variability in the abundance of transcripls originaiing from chloroplast encoded genes
including rbel will be examined utilising RINA samples obiained twice daily from 2m (03.00h and
14,300 during the course of the drifting stalion. In addition four dicl experiments were completed on
alternale days during the nine day occupancy of the drifting station. RNA samples were oblained from
the ships non-loxic supply every 2-3 hours during the diel experiments from within the SFs patch.
These samptes will be analysed to examine the diel variability in the relative abundance of rbel and
psbA transcripts utilising general and group specific probes for rbel and a universal probe for psbA.

Pras Was defermined for (he entire phytoplank(on community on each day of the drifting station by '*C
incorporation during short term incubattons in a light box. Uncorrccted data for the experiment reveal
that Py, varied by a factor of 2 during the course of the study being higher at (he start (19-20 June)
and end (25-27 June) of the experiment than for the period between the 21 and 23 June.

A number of otber samples of a more opportunistic nature were obtained during (he cruisc. These
included samples of aggregates obtained from 300m during CTD cast #CS3 for the investigation of
bacterial composition by amplification of 165 rRNA gencs by PCR, a coceolithophorid enriched
sample obtatned from setlled material in a deck incubator for amplification of rbcl, and 15 salp
stomachs contributed by Dr. D. Pond for investigation of the bacterial nature of this animals diet.

3.8 Nutrient Uptake and Primary Production (Kirsten Donald, Andy Rees)

Samples were collected during both legs of the cruise for the estimation of phyloplanklon nutrient
uptake rates and primary production at the two major time series stations (60°N 20°W & 37°N20"W)
and also during the southerly transect along the 20"W meridian. Al cach sampling poinl, a scrics of
incubations of seawater sampled (rom throughout the cuphotic zone {defined as the limil of the 1%
light depth) was made following the addition of radioisotopes ''C and *P and the stable isotope '*N.
The additions were made in order to provide rate estimates of carbon fixation and phosphate
assimilation together with relative uptake rates of nitrate and anunonium to allow derivation of new
production. Waler samples were coliected from eight depths pre-dawn using the CTD-rosctte systen..
To avoid light shock to the phytoplankton, the water was kept in the dark and following addition of
the relevant tracers, samples were incubated cither on-deck in a scries of plastic boxes covered wilh
neutral density (ilters o give a simulated ambient light profile, or in situ using a free floating buoyed
rig. Samples incubated on-deck were maintained at surface temperature by pumping seawater from
2.5m through the system.



"'C and *p

Aliquols of waler collected from cach depth were (ransferred inlo two triplicate 60ml clear
polycarbonate bottles and 2 x 60ml black polycarbonate bottle prior 1o inoculation with 10 pCi
NaH'"'CO; and t uCi “P-orthophosphate. Incubations were lerminated afier 241 by filtration onto
polycarbonate {iltcrs through a cascade system of fillers whicli allowed phyloplankion o be size
fractioned inlo >5 pm, <53->2 and <2 size classes. Filters were then placed in scintillation vials
prior 1o counting of incorporaled material using the onboard liquid scintillation counter.

15

N
Assimilalion rates of nitrate and ammonium were determined following the incorporation of the stable
isotope "°N. Triplicate samples of water from each depth were distributed into 500ml clear
polycarbonale botties 10 which were added PN-NO, and "*N-NH, to give a {final concentration of 10%
ambient nitrate or ammonium concentration. Incubations were made for both 24h and for shorter time
periods of approximately 4l over midday as described previously. Incubations were then (crninated
by filtration (<40 cn Hg vacuum) onto ashed Whatman GF/F fitters, whiclh were then stored {rozen
until return to the lkaboratory, where they will be analysed by continuous flow nitrogen analysis-mass
spectrometry.

Chlorophyll-a concentration

Total and size-fractionated chiorophyll concentrations were measured by fluorometric analysis of
extracied pigments (90% acetone). Two x 100m! of waler collected from cach depth were filtered (a)
through the cascade sysiem of filters (o imncasure size fractionated chlorophyll concentrations and (b)
through 0.2 pm polycarbonate filters to measure total chiorophyll present.

Dissolved Orpanic Carbon

Seawater samples for the analysis of DOC by Axel Miller (PML) were collected from the CTD rosctie
Go-Flo water bottles at a number of stations throughout the cruise. Samples were decanted inte 250ml
plass bottles and filtered under positive pressure through a GF/F filter. Duplicate aliquots were scaled
in glass ampoules and stored in the dark at 4°C prior to transfer to PML for processing. Samples were
laken on the following dates over the number of depths indicated:

Dale . Station No. of Depths
18/6 CTD 03 7
2076 CTD 09 8
22/6 CTD 15 3
25/6 CTD 23 7
27/6 CTD 28 8

/3.9 Level I Chlorophylls and POC/PON (Gracme Hays)

Estimaics of chlerophyll a concentrations to be used for the calibration of the on-line chlorophyil @
fluosometer were made using an acclone extraction and Nuorometric assay procedure from samples
collected underway every 2 hours during the initial and final Seasoar surveys of the eddy. Concurrent
samples were also taken for POC/PON analysis. Chlorophy!ll concentrations were also assayed for
calibration purposes in samples taken {rom 8 depths during the midnight and nudday CTD stations;
complementary POC/PON samples were only taken {rom the midnight CTD casts. All chlorophyll
samples were analysed onboard while the POC/PON samples were [rozen and will be anatysed post-
cruisc at PML by Bob Head/Roger Harris with Level 1 funding,

3.10 Mesozooplankton (Roger Harris, David Pond)

Sampling concentrated on the main Lagrangian patch study. although additional underway sampling
of surface particulate material was undertaken on the {wo Scasoar surveys as required.
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The sampling programme during the SFe tracer release focused on the midday and midnight periods
of the dief cycle, using verticaily hauled 20011 WP-2 rels to sample the upper 100m following the
JGOFS “Level 17 protocol. Samples were size [tactionated in 10 JGOFS size categories, >20001u,
2000-1000pm, 1000-300um, and 300-2001un, using wet sicving. Triplicate samples were then taken
for CHN analysis and gut piginen( analysis, onto glass-fibre and “sharkskin” filters and immediatcly
deep frozen. The remainder of each sample was preserved in formalin for idenlification and counting.

Samples were also taken using a vertically hauled 30 WP-2 net (0-100m) to sample the carly
developmental stages of copepods in order to allow a wore comprehensive analysis of Lhie population
dynanuies.

In addition, live zooplankion were collected with vertically hauled 500um WP-2 nets (O-100m) for
experimental work. These collections were used Lo provide adult female Calanus finmarchicus, the
primary {ocus of the lipid and stable isotope work. Daily egg production experiments were conducted,
both on individual females, and replicates of 20 animals. Eggs produced were counted and stored [or
lipict analysis. The live samples were atso used to 1solale Calanus for CHN and body lipid estimation.
Other dominant representalives of the mesozooplanklon {(medusae, CV Calanus, adull luchaera,
Metridia, Plerromamma, Clione, Sagitta, Ctenophores, Euphausiids, Doliolids. Salps, Ostracods.
fteettosio and Fomopteris) were atso sorted for CHN, carbon stable isotope and lipid biochemisiry

A Tisting ol all zooplankton samples taken is given in Tablc 6.

In addition to cach day:night zooplankton net sampling, 301 Go-Flo samples {rom 10 and 30m were
also taken. Analyses of Lugol and formalin samples, chlorophbyll, CHN and particulate [atly acids wtll
be used to characterise the nutritional environment in relation to the Cefanuy cgg production
experiments.

During the two undenway Scasoar sunveys, surface samples were collecled every 2h for Lugol and
formalin. chlorophyli, CHN and lipid biochenuistry, These will be used to “inap” the temporal and
spatial cvolution of the surface particulate environment during the cddy study.

Compared with previous BOFS cruises in the area, the most striking fcature of the zooplankton
communily was the abundance of large predatory organisms (Sagiria, Medusac and Enchaeta)
together with other gelatinous zooplankton (Clenophores, Salps and Doliolids), Calanus were
relatively abundant enabling a [ult experimental programme 1o be achicved successfully (unlike some
previous BOFS cruises). Calanis egg production was generally in the range of 3-16 ¢ggs/female/day.
This valuc is tow relative to the physiological reproductive maximum, indicating possible food
limitaiion, consistent with the relatively fow chloropliyll fevels 0.4 - 1.1 pg/l obscrved.

The objectives of the mesozooplankion project were generally successfully met. the main limitation
being the number of days allocaled 1o process work on (he cruise. RRS Discovery was al sea for
lwenty-lwo days. of-which twelve were devoied 1o the pateh study time-series itsclf

3.11 U-TOW (Gracme Hays)

The U-TOW was towed [or about 700 miles on passage Lo the eddy and then on passage to Iceland.
The U-TOW samples mesozooplanidon in discrete 10 mile sections of tow al a depth of 10m as well
as recording the temperature and salinity and depth of the tow vehicte. Samples will be anatysed post-
cruise and will allow {a) the mesozooplankion abundance 10 be compared with results obtained over
the last 45 ycars using CPRs and (b) will allow the large scale distribution of mesozooplankton to be
analysed in relation to mesoscale hydrographical fcatures.
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3.12 Microzooplankton Herbivory und Community Structure (Elaine Edwards)

The specific aims on this cruise were to a) quantify herbivorous interactions belween
microzooplankton and phytoplankton in the surface waters during the SFs Lagrangian experiment b)
collect and [ix water samples in order lo gencrale a Lime series of microzooplankton (20-200 nu) and
heterotrophic nanoplankion (2-20 mm) community structure within the surface walers and ¢) collect
phytoplankion and bacteria samples for other PRIME collcagucs during the same time-scries
experinent.

Grazing experiments

Microzooplankton grazing cxperiments were carried out using the dilution technique described by
Landry & Hassctl in 1982 (Mar Biol 67: 283-288). This method has been developed and used
successfully during previous projects ( cg. BOFS, ARABESQUE, OMEX).

Experimental water was colleeled pre-dawn from the surlace mixed layer using 30 litre Go-Flo
botlles. Hall ol this water was [iltered through a 0.2 pun Gelman Supor-capsule [ilter which had been
pre-rinsed in deionised water. The remaining water was pre-sereened using a 200 pum mesh bag, A
scrics of dilutions were made up by gently combining the sereened water with the filtered water in 2 ]
polycarbonate boltles. Sub-samples were Llaken at TO [rom cach dilution botile for the measurement of
chlorophyll, flow cytometric analysis by Glen Tarran and for the determination of community
structure. Each bottle was then gently topped up to remove any air and placed into the deck incubator,
All incubations lasted for 24 h (with the exceplion ol one on 23 funewhich due to weather conditions
lasted 28h) and werce incubated on deck using a 33% or 55% light screen. At the end of the incubation
period. further sub-samples were taken for chlorophyll and flow cytometric analysis and fixed in
Lugols for communily structure determination. All chlorophyll samples were extracied with 0%
acclone and analysed on board by fluorometry. All communily structure samples will be analysed on
return 1o the laboralory.

Delails of each grazing experiments carried oul are shown in Table7. The grazing work went very
weil and preliminary results suggest that microzooplankion grazing increased throughout the time-
scrics to a maximum daily turnover rate of 73% of the chiorophyll stocks per day.

Table7. Microzooplankton grazing
experiments

Date Station Depth
18/06/96 i 10m
1906796 2 10m
20/06/96 + 10m
22/06/96 8 15m
23/06/96 10 13m
23/06/96 14 I5m
27/06/96 16 3m
28/6/96  CS1 [5m

Water Sample Collection

Walfer samples were collected at 8-10 depths from 10 1 waler bottles on the CTD Roselle and were
fixed as follows:

Microzooplankion

500ml in 1% acid Lugols for the subscquent determination of total microzooplankton biomass
and species composition.



300ml in 2% hexamine bulfered lormaldehyde, lor the cnumeralion and identification of
autotrophic componenis of the comumunity.

The above samples will be analysed at PML using inverted microscopy and image analysis.
{leterotrophic Nanoplankton

23-30ml in 0.3% glularaldehyde, dual-stained with DAPI and proftavin {final concentration 3
mg ml"' ) and filicred onto 0.8mm black polycarbonalc fillers. The filtcrs were mounted onto
slides and [rozen unti subscquent analysis al PML by inverted fluorescence microscopy.

Bacieria

Triplicate 1.8 ml and duplicate 0.5ml samples were fixed in glutaraldehyde and stored [rozcn
until required for bacterial analysis by Mike Zubkov al the Untversity of Southampton.

Phytopiankian

F50ml of watcr sample was fixed in (i) Lugol's and {ii) formalin. These sampics will be
analysed by Marion Yallop at the University of Bristol for information on phytoplankion
specics composition and biomass.

Pigments

In addition to all the above samples, 2.1 1 of water were collecied from 8 depths and fiftered onlo
23mun GF/F glass fibre filters . The filters were frozen in liquid nitrogen until further anatysis of
pigment contenl using HPLC. Sawmple details are shown befow, This work will be carried oul by Stuart
Gibb al PML.. Dctails of all samples collecied are given in the following Table 8.

Table 8.
Date Station CTD Samples collected Depths
[B/OGAHG l #3 Phytoplankton: baetcria; HPLC 2-130m
Microzooplankion;, Nanoflagellates 2-100m
19/06/96 2 #4 Phytoplanktan; bacteria; HPL.C 2-150m
Microzooplankton; Nanoftageliates 2-100m
90696 3 #o Phytoplankion 2-150m
Microzooplankton (formalin) 10-301n
20/06/96 4 #7 Phytoplankton; bacteria; HPLC 2-150m
Microzooplanklon;, Nanoftagellates 2-100m
20/06/96 5 #9 Phytoplankton 2-150m
Microzooplankton (formatin) 100-50im
21/06/96 6 #10 Phytoplankion; bacteria, HPLC 2-150m
Microzooplankton;, Nanofllagellales 2-100m
21/06/96 7 #12 Phytoplankton 2-150m
22/06/96 8 #13 Phytoplankton; bacteria, HPL.C 2-150m
Microzooplankion; Nanoftagellates 2-100m
22/06/96 9 #15 Phytoplankion 2-150m
Microzooplankion (formalin) 10-30m
23/06/96 10 #16 Phytoplankton; bacteria; HPLC 2-130m
Microzooplankton; Nanoflageliates 2-100m
23/06/96 Il #18 Phytoplankton 2-150m
24/06/96 [2 #19 Phytoplankton 2-150m
25/06/96 13 #20 Phytoplankion; bacteria; HPLC 2-150m
Microzooplanklon; Nanoflagellates 2-100m
2506496 14 #23 Phytlaplankton 2-150m
26/06/96 13 #24 Phiytoplankton; bactcria, HPLC 2-150m
Microzooplankion; Nanoflagellates 2-100m

27/06/96 16 #26 Phyloplankton, bacteria; HPLC 2-150m



40

Microzooplankionr, Nanoflageliates 2-100m
27/06/96 L7 28 Phytoplankion 2-150m
28/06/96 CS\ #31 Phytoplankion; bacteria; HPLC 2-150m
Microzooplankton; Nanoflagellaies 2-100m
28/06/90 CS4 #33 Phytoplankion 2-130m
29/06/96 CS7 #37 Phytoplankion; Microzooplankion 2-150m

Apstcin Net Sampling

A series of Apsicin net hauls from 30m (o the surface were carried out between 19 June and 22 July,
The Apstein net was fited with a 20 gm mesh net and atlows the gualitative assessiment of the larger
rarer and less delicate of the microzooplankion such as the tintinnids, farge heterotrophic
dinoflagelliales, sarcodines and mictazoa, together with the larger phytoplankton cells. Samiples were
observed using an inveried microscope fitied with (fuorescence. This system was linked via a colour
camcera (0 an SVHS video system and was used (o capture live plankton images. The phyioplankton
community composition remained simitar throughout the duration of the cruise. The dominant gencra
was Ceratium with Cfusus, Cfirca, Caninntun being the most common specics, bul with other
specics also being represented. Of the diatoms, species such as Rhiizosolenia spp., Chaeloceros spp.,
Coscinidiscus sp. and Nitzschic spp. were the most common, while Dactyliosolen was abundant in all
net hauls, Of the microzooplankton, heterotrophic dinoflagellates seemied to be very abundant in the
nel samiples including Protoperidiniun spp, Pronoctiluca, Cochlodinium and other meinbers of the
Gymnodiniales, particularly Gyrodiniym spp. Of the tintinnids found, the most common was Favella
sp.; also present were Dictvocusta sp., Adcanthostomella, Codonellopsis spp., Salpingello spp and
Prychocvlis sp.. Ciliates were generally not common in nel samiples; however, some taxa such as
Tiarina fusus, Leegardiella and some Oligotrichs were observed. Radiolarians, acantharians,
foraminiferans and wetazoan nauplii were also present.

3.13 Aggregate Formation and Bacterial Activity (Richard Kirby, Katherine Davey)

The aim of the project was 10 comparc comumunity diversily and metabolic activity of bacteria
associated with marine aggregates with that of frec living bacteria in the water column. Samples were
collected using two marine snow catchers (801 and 901 water boitles) deployed at midday and
midaight at varying depths in the water column (Table 9). Sample depihs were chosen to provide a
coraposite profile of apgregates in the surface layers of the eddy as it was tracked during the
Lagrangian experiment, while samples (rom Sm were taken routinely to monitor the diversity of free
living bacteria within the surface layer. For the analysis of bacterial diversity, seawater was filtered to
0.22uin and the filters frozen at -70C for subsequent analysis of 16SrRNA sequence diversity,
Bacterial associated proteolvtic activity within both frec living and aggregate associated communilics
was delermined during the cruise by fTuorometric encymalic assay.

Table 9 details the sampling times, locations and depths and the anatyses performed. Throughout the
Lagrangian experiment free living bacteria were sampled at midday al a depth of Sm. Al midnight,
free hving and agprepate associated bacteria were sampled for diversily and mctabolic activity at
depths above thie (hermocline Unfortunately, despite careful monitoring of CTD profiles and choice of
depths, aggrepaie material was only obtained on two occasions during the cruise perhaps reflecting
tight coupling between autotrophs and heterotrophs with liltle production of detritat malerial. Despite
the lack of aggregate malerial, informative depth profiles of [ree living bacteria togelher with
estimales of metabolic activily were obtained. Bacterial counts were taken lor later analysis.

Although the tack of aggregate material was disappointing, this did nal prevent useful samples of the
free living bacterial community being colleeted. As discussed above, tight coupling between
autotrophs and heterotrophs may explain the absence of marine snow with the presence of a
coceolithophaore bloom and the relative absence of diatoms also being assaciated factors. Diatoins are
considered among the most significant contributors of TEPs (Transparcnt Exopolymeric Particles)
whicli are importan( in the formation of marine snow.
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TABLE 9.
Dale Time Position Depth Volume Proteolytic Prolcolylic Proleolylic
(Lat, Lon) () Fillered Aclivity in Aclivily in Activily on
]l;)arctcrial Fillered Seawaler Apgregales
diversity(} f;zafv?ler _ Vimax(uM/min) - Vmax{uM/mir.
) ' ';‘“'\(“M/“"“) . Km{uM) Km(uM)
, Km{uM)
18/6/96 00,00 59.33,20.16 OO0 4{)
18/6/96 (30.00 59.33, 2016 35 40 0.0015,104 0.0014, 104
19/6/96 00.00 59.26, 20.01 23 60
19/6/96 12.00 59.14,21.10 5 40
20/6/96 00.00 59.08, 20.33 23 40 0.0015, 105 0.0009, 416
20/6/96 12.00 59.10, 20,52 5 40
21/6/96 00.00 59.25,20.51 15 40
25/6/96 00.00 59.25, 20051 100 0.0005, 217 0.0003, 220
21/6/96 00.00 39.25,20.51 200 0.0002, 1435 0.0006,22 1
21/6/96 12.00 39.23,20.33 5 40}
22/6/96 00.00 39.18, 20.10 50 4} 0.0003, 447 0.0009, 226 0.0005, 273
22/6/96 12.00 59.08, 20.02 5 40 0.0004, 227 (10013, 106
23/6/96 00.00 59.96, 20.03 30 40
23/6/96 12.00 58.98, 20.36 5 40
24/6/96 00.00 - - -
24/6/96 12.00 59.06, 20.62 3 40
25/6/96 12.00 59.19, 20.60 5 40
26/6/96 00.00 58.59, 20.50 100 40
27/6/96 00.00 59.00, 20.64 5 40
2716196 12.00 59.05, 20.98 5 40
28/6/96 00.00 39.09, 19 .43 5 40) 0.0006, 750 0.0015, 189
28/6/96 00.00 59.09. 1945 23 40} 0.0005. 413 0.0016,169
29/6/96 00.00 59.01, 21.20 1000 40

3.14 Size-Fractionated Respiration (Tracey Bentley)

The core objectives of the project are listed as [ollows: (i) the collection from the mixed layer of size
fractionated samples for POC/PON and chlorophyll @ analysis [or incorporation into a size peneric
model of ihe plankton system, (i) to colleet information on size fraclionated respiration at the (wo
time scrics stations, (iii) 1o cstablish changes in whole communily and <0.8um sizc fraction
respiration rates along the N-§ transect between 60°N - 37N and (iv) to process discrele oxygen
samples for the calibration of both the CTD and on ling dissolved oxygen sensors.

Sampies were taken for the estimation of respiration raics and other parameters from within the ambit
ol the cddy on 18 June (Day 1), 19 Junc (Day 2), 20 Junc (Day 3}, 21 Junc (Day 4), 22 Junc (Day 3),
23 June (Day 0), 24 June (Day 7), 25 Junc (Day 8) and 26 June (Day 10). On all occasions waler was
sampled from the mixed layer (around 10my), size fractionated as required and sub-sampies used for
the estimation of POC/PON and chlorophyll concenirations and for the determination of size particle
distribution using a Coulter Counter. The range of size fractions used included: whole community,
<33um,<20um, <5um, <2um and <0.8um. Filters for POC/PON analysis were oven dricd at 60°C and
stered in a desstcator for later analysis back al the laboralory using a CHN Analyser.

Size fractionated respiration was measurcd using (hie automated “Winkler” oxygen tilralion technique
with respiration rales being deiermined from the difference in oxygen concentration belween the time
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zero sample and the equivalent sample incubaied for 24 1 in the dark. the full suite of size-
fractionated rales was deicrmined on three occasions, Day |, Day 6 and Day 10.

Size-fractionated Cholorophyll Data (img m™)

FRACTION DAY

1 2 4 5 6 8 9 10

1.8um 0.04 0.01 0.03 0.02 0.07 0.0 0.02 0.02
2.0um (.12 0.11 0.15 .15 0.23 0.21 0.22 0.2
5.0um 0.23 0.3 0.25 0.27 0.4 0.33 0.33 0.07
2¢um 0.47 0.80 0.63 0.47 0.72 0.67 0.67 0.6
33um 0.51 0.77 0.52 .49 0.8 0.67 0.61 0.61
wC 0.64 u.91 0,74 0.65 0.83 0.78 0.74 0.78

In general there was little change in the chlorophyll concentrations in the surface waters of the eddy
associated with the various fractions over the period of the Lagrangian experiment. Highest
congentrations were consistently found in the two largest fractions,

Preliminary data on size-{ractionated respiration raies are presented in the following table:

Size-fractionated Respiration Data (jumol 1)

Day 1 sd¢  (Day o sd  (Day 10 |sd
0.8um 4.48 1.1 0.3 1.2 |2.01 0.14
2.(um 6.41 1.t |0.56 0.5 |2.25 1.24
s.0um 6.98 1.6 [1.83 0.3 1234 0.2
20um 7.81 0.4 (382 0.1 1513 .18
S3um 6.04 0.8 [3.54 04 425 (.62
w(C 12.68 08 |5.17 04 422 0.21

Calibrations for the on-line oxygen sensor werce carried out at approximaltely eight hour intervals with
the CTD sensor being catibrated from depth profiles on scven occasions. Alihough the absolule
oxygen concenirations from depih profiles differed between casts, a similar patiern of distribution was
recorded [or each profile with minimal concentrations observed between 75 - 125m and maximal
values generally found betveen 10-20m.The difference belwecn the maximum and minimum values
was usually of the order of 16pmol 1.

Coulter Counter data were used to conlirm that the fractionating meshes and filiers were working
effectively. The data also showed that the size distribotion did not change significantly during the
period of observation will the chicl feature being a bimodal population with size peaks at Sum and
I pm. Larger organisms or {ractions were not represented in the samples.

3.15. Isotopic Composition of Suspended Particulate Organic Matter and the Disssolved
Inorganic Carbon System and Primary Productivity (Hilary Kennedy and Gidean Middlcton)

Introduction

The ratio of ’C/"*C in particulale organic carbon (8" Cpe) within the marine environment negatively
co-varied with the concentration of dissolved molecular CO; (COu,y). However, the physiological
factors which ultimately gave rise to this change are still being investigated, The explanations which
have been suggested o account for changes in the isotopic signal, can be broadly divided into tlirec
catcgorics concerning the acquisition of inorganic carbon by photosynthetic cclls:



L. That the phytoplankton are wholly dependent on the COx.,, poal for the supply of
inorganic carbon and shifts in the "' Cpor simply refleet a kinetic signal whick may
possibly indicate the degree of carbon limitation.

il Phytoplankton. under conditions of tow concentrations of COx,,,. increase the supply of
inorganic carbon by the active uptake of bicarbonate (HCOy') and therefore the tsotopic
signal refteets the relative proportions of COy,,, and HCO,' transported into the cell.

iir. In order 1o overcome the cffects of COx,, Hmitation, phvioplankton produce or
inerease the production of internat and/or external carbonic anhvdrase (CA) (o catalvse
the reaction between COxy,, and HCOy i order Lo ensure that the rate supply of
COxq via dilfusion into the cell is maximal.

Objecuive

To investigale the mechanism(s} which contribute 1o the observed changes in &3 C e In relation 10
[COsaq.) by modelling the chemical and isotope kinelics of the dissolved inorganic carbon svstem
(ZCO-) in and around actively photosynthesising phytoplankion cells.

Methodology
Samples were collected during the cruise for estimation of the fotlowing parameters required to

parameterise the model: 3'*Cpe, 8 Crear, [ECO2), pH and '*C primary productivity. In addition.
experiments were carried out on both Legs of the cruise to atiempt to directly assess the roles of CA,
active HCO;4 transport and the possible degree of carbon limitation. These experiments involved Lhe
addition of an anion exchange inhibitor {4, 4-diisothiocyanostilbene-2. 2-disulphonic acid (DS,
CA and a CA inhibitor (acetazolamide (AZ)). Samples for the estimation of 3> Cpee, 82 Crcon. pH and
[2CO-] were collected nwice daily at GU°N at approximalely 00.00h and 12.00h {rom a depth of 2m
using Go-Flo bottles. Approximatelv~concurrent 24 ''C primary productivity incubations were also
carried out over the appropiate daily period.

Resulls

Preliminary results from the pH and [ECO;] measurements are shown in Fig. 4 The increase in pH
tand decrease in {ECOs] that oceurred during the first haif of the experimental period indicated that
COxan was being actively removed from the surface waters by phytoplankion througl photosvihcsis.
By dav 174 the ratc of change of both these parameters had decreased and towards the end of the
sampling period a concurrent increase [£CO-) and pH was observed.

[TCOZ| ol
2,075 — - 7985
f : i  [TCOZ]
2,070 17.98 | (umoikg) |
i Y H . . :
2-065i . . . 7.975 | PHtotal) :
' oo i7or | !
2,060 o oo
: ) 1 7.965
2,055 ¢ )
. 17.96
2,050 - : 17.955

95

¥

45 7.
168 170 172 174 176 178 180 182
Day of year

Figure 14, Changes in the [ECO;| and pH during Leg | The pH results are not adjusted Lo in siti
temperatures and have all been measured at 20¥C.
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Initial results from the "'C incubations conducted to assess the different methods by which the
phytoplankton may be acquiring their inorganic carbon showed that the additions of CA and AZ did
not significantly alter the rate of net primary productivily and thus it appeared that the catalytic elTect
of CA was not important in maintaining the daily rate of photosynihesis obscrved.

3.16 Pimethy! Sulphide (DMS), Dimethylsulphoniopropionate (DMSP) and Dimethyl sulphoxide
(DMSO) (Sue Turner)

Two instruments were instailed on board for the {irst cruise leg: a prototype continuous DMSP
analyser designed (o sampie from the ship's pumped water supply and a discrete systein for manual
analyses. The DMSP analyser was used for a short period but demanded full time attention. since it
had not been possible to complete one aspect of the electranic control in time for the eruisc. Despile
the brevity of the iesl period, a favourable comparison was made between the resulls obtained from the
on-line instrument and a limited number of shipboard discreic DMSP analyses indicating that the
instrument could be used satisfactorily at sea. The discrele system employed a new GC, which was an
order of magnitude more sensitive than the instruments generally used. This, (ogether with the
relatively high concentrations found during the experiment, made it possible 1o doublc the normal rate
of sample analysis.

DMS concentrations were micasured in samples (n=480) {rom the ship's pumped water supply during
the majority of the large-scale Scasoar surveys, most of the SF palch surveys and in bottle samples on
CTDcasts 4, 6,9, 12, 15, I8, 1%, 23, and 28. Samples for DMSP particulale deterniination (n=300)
were stored for analysis back in the laboratory. Seventy samples for DMSO analysis were also taken
from the CTD casts and from the centrai part of the eddy as indicated by high SF¢ concentrations
during the surveys. These samples will also be analysed fater.

Preliminary Results,
1) The range of concentrations of DMS found (3.5 - 13nM) is consistent with data we have collected

on previous cruises in the NE Atlantic in June and July, where the highest levels were associaled with
bloosus of £ Auxlevi and other coccolithophorids.

2) Dala from the initial Scasoar survey of the study area showed that DMS was consisiently lower
within the eddy than in the surrounding water. Preliminary contour plots of surface DMS and
temperature show similar patterns in the distribution of major features.

3) DMS concentrations generally increascd in the SF; patch with time. There were also marked
conceniration gradients in DMS across the palch.

4) Results from the {inal Scasoar survey showed that DMS concentrations had increased over the
entire eddy and for the most parl were higher than those in the surrounding waier.

Full interpretation of the data will require deconvolution of the coordinates of time and space by using
positional data from the buoys and SFe measurcments. Informaltion from the SFg measurements will
also enable descripiion of lateral and vertical mixing which is vital if for the derivation of production
rates for DMSP and DMS. Information from cell counts/speciation and accessory pigment
distributions will also be valuable for interpretation.

i conclusion, this proved to be an extremely successful cruise and will, I believe, provide valuable
information following full assessment of the data set. Mt is tikely also that the sirong winds associated
witl the tracking of tropical storm Arthur may have been a blessing in disguise since these wouid
resulted tn an increase in the the degassing rate of DMS from the mixed layer and hence provide a
further aspect for the analysis of the data sct.

Many thanks go to Graham (PSQOy}, the crew, officers and RVS chaps who enabled the study.
Also Lo Cliff, Malcolm and Janc (the SF4-crs) and Ian and Adrian (the "buoys"), without whom
none of the DMS work would have been possible.
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3.17 Biogeochemistry of Tron (Alex Balker)

The primary objectives of (he progranime were as lollows: (1) the continuous measurement of Lotal
iron concentrations in surface water and (ii) the measurement of Fe [I/ 11l redox speciation in discrele
surface and deep samples. In addition discrcte samples were to be collected for the further study in the
laborajory of iron biogeochemistry and for analysis for other metals (e.g. Co, Zn, Ni).

Measurement with the discrete, and panicularly, the continuous analysers was severely hanipered by
the strong vibrations experienced in the clean chemistry container. The source of the vibrations was
principally from lhe ship’s engines and winches and occasionally from the container itself rocking on
its mountings. A number of allempts were made 1o dampen the vibrations experienced by the
continuous analyser which was also retocated 10 the Chemistry Lab and later to the Siable Laboralory
which appeared to have lower levels of vibration. The assistance provided in this by Tony Poole and
Chris Rymer of RVS Mechanical Engineering Group is greatly appreciated.

The instrument manufacturers in the Netherlands were also contacted during the cruise and the
instrument’s sofiware was altered to provide an alternative measurcment technique. Unfortunately
none of these measures proved (o be successful and the coniinuous analyser did not provide any useful
data. Measurement with the discreie systemn also proved (o be very difficult, but some data on total
iron concentrations were oblained. Relocation of the discrelc syslem (o another laboratory was not
viable, as none was equipped with facilities for clean trace metal work.

Problems were also experienced with the clean water supply connection to the PES fish. At high
speeds the drag on the pipe causcd it o buckle and break off the fish (as on 14 and 27 June). On the
latter occasion, which occurred during the final transect of the eddy, there was not sufficient time 1o
make a repair immediately and shallow (3m) Go-Flo samples were substituted at most of the transect
stations. The fish was not reconnected before the final Seasoar survey of Lhe study area and thus it was
not possible to take samples for a more detailed spatial study al (his time.
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4, SCIENTIFIC ACTIVITIES: LEG 2

4.1 Physics and Chlorophyll ¢ Fluorescence (Graham Savidge)

The more resiricted physical and chlorophyl] a fluorescence observations thal were made during Leg 2
ol the cruise compared to Leg |, and in particular the abscnce of Seasoar data, meant that althougls a
salisfactory background for (he biological and chemical data was able to be described, a full three-
dimensional physical interpretation of the hydrographic background was not possible.

On the N-8 transect made during the first parl of Leg 2, surface temperature as recorded from the
TSG increased relatively steadily southwards from approximately 10.7°C 1o 13.2°C belween 39°N and
the vicinity of 31.3°N. At this location, a marked (ront was evident characterised by tcmperature and
salinity increases of the order of 1.1°C and 0,18 respectively (Fig. 15). The [ront was assumed to mark
the boundary of the main body of the North Atlantic Current and may likewisce have delimited the
boundary between the (emperate Eastern North Atlantic Central Water (ENACW) and the sub-
tropical ENACW,. Considerable 1mesoscale activity was suggested in the region immediately to the
souwih of the front by the presence of marked focal variations in the surface temperature and slaintty
distributions, these being reflected atso in the corresponding chiorophyll distributions. The presence
of the Iront is shown clearly in the tlemperature, salinity and density sections along the (ranscel as
derived (rom the datly CTD casts (Figs. 16-18). To the south of the [rontal region, surface
temperatures again increased sieadily soulhwards.

Al the tinc scries station at 37°N 20°W, the gross charactcrislics of the water columin varied Iittle over
the cight days of observation. However, considerable chianges were recorded in the [ine scale structure
of both the water columu and the deep chlorophyll maximum (DCM) as may be noted from Figs. 19-
21. Over the first four days a complex water mass structure was cvident in the surface 1530m. Beneath
the main thermocline at 30m, a shaltow walcr body with vertical extent ranging belween 30 and 90m
and characterised by a pronounced salinity minimum with values gencrally between 33.9 -36.0
{(uncalibrated) was apparent. Beneaih this low salinity water was a band of higher salinity water
(uncalibrated values 36.0-36.3) extending al times down {o 250m. The presence of a rich
microstructure in the boundary region between the two waicr bodies indicated active mixing. The
cxpression of the band of higher salintty water was rather variable and there appeared to be a
relationship between the distribution of chlorophyll in the DCM and the definition gf the two waler
bodies. A sharper definition of the deeper higher salinily walcer was assoctated with a more sharply
constrained DCM with maximum chlorophyll a concentrations of the order of 0.3-0.4 mg >,
whereas when the salinity gradient of the decper waler was tess well defined the DCM was observed
1o occur over a vertical extent of approximaltely 8tm but with a maximum chlorophyli concentration
of <0.1 mg m™.

By 15 July a change in the basic distribution of surface waler bodics was apparent consislent with the
southwards drifi of the ship while on station. The low salinity water immediately below the surface
mixcd layer disappeared and relatively high salinily water (36.2 -36.3), presumably of simitar origin
to that observed in the previous four days at the station, was present from the base of the surface
mixed layer down 1o ~250m. The salinily of the surface mixed layer remained fairly conslant al
approximaiely 36.18 over the entire period on station. This structure prevailed through to 17 July and
was characlerised by a well-defined DCM of fimited vertical extent and low maxinum chlorophyll
concentrations, lypically of the order of <0.1 mg m™. Over the last two days, despite {he continued
southward drift of the ship at the station, there was evidence of a return of the lower salinity waler in
the layer immediately below the surface mixed layer accompanicd by an enhancement in the
maximin chiorophyll concentrations associated with the DCM. An overall pattern was thus
cstablished in which a DCM was present over the entire observational period at the southernmost line
serigs station, bul which showed maximal development of chlorophyll biomass when a marked
interface was presenl between the contrasting lower and higher salinity waler masses.
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4.2 Optics (Guy Westhrook)

The objective of the programme was 10 supply, configure, and operatc an undulating oceanograplhic
recorder (UOR) and a light metering system lor use as required during Leg 2 of the PRIME cruise. It
was decided this could best be achieved by using scparate systems, laking advantage {or the Fight
measurements of the availability of the Untversity of Plymouth high specification ScaWiFs irradiance
meter mounted on a platform suitable for vertical profiling. It became apparent during the N-8
transect that the irradiance data was likely (o be of greater overall value than the physical structure
data derived from Lhe UOR, and thus grealcr cfforl was put inlo obtaining irradiance profiles.

The files listed in the following table were successhully downioaded and processed: in the case of the
LOR the data were presented as time plots (for CTD-F) while for the irradiance (PRR-600) data
values for LWEA/R were recorded for wavelengths of 412,443,488,510,560 and 665 nm over (he
approximate depth range Z=0-90m. Valucs for the water teaving radiance (lw). temperature (°C).
chlorophyll concentration (mg m™) and the 1%, 3%, 7%, 14%, 20%, 33% and 53% PAR depths were
also determined.

UOR data files;

Tow 1 - 03/07/96 pY6071.dat from 09:35 (62.139435N/22.800403W)
0 17:00 (60.843225N/21.952323W)
Tow 2 - 3-4/07/96 pY6072.dat Irom 19:15 (60.452832N/21,683615W)
o 0100 (59.622433N/21.00634W)
Tow 3 - 4/407/96 p96073 dat from 13:45 (39 444855N/21.31938W)
1o 23:20 (37 345688N/21.114312W)
Tow 4 - 3/07/9 pY6074.dat froim 03:15(57.5310223N/2 1. 107687W)
. 1o 12:30 (Location from BODC)
Tow 5 - 3-6/07/96 p96075.dat from 16:15 (535.34715N/20.847562W)
to 0015 (54.008378N/20.704647W)

PRR data files;

Profile 1 - 3/07/96 pP60707a binferd start 12:39:42 end 13:00: 16
locatton - noon transect station
Profile 2 - 6/117/96 pP60706a bin/erd start 12:16:44 end 12:28:32
location - 1moon transect statien
Profile 3 - 7/07/96 pY60707a bin/erd start 12:13:30 end 12:38:20
location - noon transect station
Profite 4 - 8/07/96 pY60708a bin/crd starl 11:35:33 end 12:20:55
localien - nocn lransect station
Profile 5 - 9/07/96 pY6070%a binverd slart 12:10:19 end 12:32:27
location - noon transect station
Profile 6 - /07196 pY60710a bin/erd start 12:14:34¢nd 12:37:32
location - noon transect stalion
Profile 7 - 11/07/96 p9607] 1a.binferd start 10:52:04 end 11:17:37
location - ARGOS buay sile
Profile 8 - 11/07/96 p96071 Ib.binfcrd start 13:40:06 end ¥4:11:17
location - ARGOS buoy site
Profile 9 - 12/07/96 pY60712a bin/crd starl 12:36:27 end 12:55:41
location - ARGOS buoy site
Profile 10-13/07/96 p%607 13a binferd starl 12:18:31 end 12:31:04
location - ARGOS buoy site
Profile 11-14/07/96 pY60714a binserd start 15;03:53 end 15:20:46
location - ARGOS buoy site
Profile 12-15/07/96 po60715a.bin/erd slart 12:42:35 end 12:58:20
focation - ARGOS buoy site
Profile 13-16/07/96 p960716a.binfcrd start 13:03:53 end 13:17:01
location - ARGOS buoy sile
Profile 14-17/07/96 pY60717a binvcrd start 12:47:32 end 13:00:23

location - ARGOS buoy site



PRR Data Files Listing Continucd

Profile 15-17/07/96
Profile 16-17/07/96
Profile 17-18/07/96

Profile 18-18/07/96

Preliminary Resulits:

pY60717b.binfcrd start 13:00:42 cnd 13:08:46
tocation - ARGOS buoy sile
pY60717¢. binjerd start 15:1]:14 end 15:28:43

p960718a.binferd

pY607 18b.bin/crd

location - ARGOS buoy sile
start 12:53:14 end 13:23:20
location - ARGOS buoy site
start 13:23:36 end 13:33:18
location - ARGQOS buoy site
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The atlached table of values (Table 10) presents the Ed(488mn) and EJ(PAR) atlenuation coefficients
calculated for the profile siles, as well as the 1% PAR depths. Thc profiles were quality controlled
during processing by comparison with the chl-a {iltrations and CTD casts. The close relationship
belween the in-water biology and the light ficld in Casc | walers will enable relalionships between the
two controlling variables to be established.

4.3 Micro and Nano Nutrient Analyses (Malcolm Woodward, Andy Rces)

The overall objectives for Leg 2 were similar to thosc oullined for Leg 1 with the methodology
described previously for Leg 1 being applied (o the sonthwards transect from approximately 39°N to
37°N und also at the southern Lime serics stalion, Surface concentrations were monitored continuousky
during the transect and were supplemented by samples from daily CTD casts. Discreie samples taken
from CTD casts as required were assayed at the time series slation. Equipment performance during
this Leg is also covered by the commenls appended to the Leg | report above. A listing of the CTD
and Go-Flo casts sampled in Leg 2 is given in Table 11, while the corresponding data for the on-line

samptingruns appears in Table 12.

Table § 1. CTD samples analysed during Leg 2

CTD DATE/ID DEPTHS CTD DATE/D DEPTHS ]
CTD 39 4.7/186 12 depths  § CTD67P 13.7/195 6 depths |
_CTD40P 1.7/186 7depths | CTD 69 13.7/195 12 depths
CTD 42 5.7/187 12 depths CTD 71 14.7/196 12 depths
CTD43. P 5. 7187 7 depths CTD 72 14.7/196 9 depths
R‘TD 44 6.7/188 12 depihs CTD 74 14.7/196 12 depths
CTD43 P 6.7/188 7 depths CTD 76 15.7/197 12 depths
| CTD 46 7.7/189 12 depths CTD77P 15.7/197 8 depths
| CTD47P 7.7/189 7 depths CTD 80 15.7/197 12 depths
CTD 48 8.7/190 12 depths CTD §2 16.7/198 12 depths
CTD49P 8.7/190 7 depllis CTD&3P 16.7/198 5 depihs
CTD 31 9.7/191 12 depths CTD 85 16.7/198 12 depths
Go Flos P 9.7/191 4 depths CTD 87 16.7/198 [2 depths
CTD 52 10.7/192 12 depths CTD 88 16.7/198 12 depths
CTDS3IP 10.7/192 7 depths CTD 89 177199 12 depths
CTD 34 11.7/193 12 depths CTDYOP 1771199 8 depths
CTD 55 P 11.7/193 8 depths | CTD 94 17.7/199 12 depths
CTD 59 11.7/193 12 depths CTD 96 18.7/200 12 depths
CTD 60 12.7/194 12 depths CTD97P 18.7/200 8 depths
CTD6LP 12.7/194 7 depths CTD (00 18.7/200 12 depihs
CTD 62 12.7/194 12 depths
CTD 64 12.7/194 12 depths
CTD 65 12.7/194 12 depths
CTD 66 13.7/195 12 depths
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Table 12. On-line sampling schedule: Leg 2

4.7.96 1300 - 4.7.96 2359

5.7.96 0400 - 6.7,96 0052

6.7.96 0450 - 7.7.96 0030

7.7.96 0427 - 8.7.96 0025

Preliminary Resulis

The data on nitrate, phosphate and nitrite distributions obtained from the CTD roselle sampies
collected during the north-south transect are presented in Figs. 22-24 as a serics of seclions over the
upper 300m. The distributions of nitrate and phosphate showed sitnilar features with relatively
nutrient rich conditions in (he surface waters at 59"N with values decreasing gradually southwards to
44"N where a sharp frontal feature was identified, Lo the south of which the surface waters were
depleted in nitrate and phosphate, Depletion of new nutrients was consistentiy observed in the surface
layer down 1o the thermocline (50-60 m) during the lime series station at 37°N. The distribution of
nitrite concentrations generally demoustrited the presence of o primary maximum centred arcund the
region of (he thermocline and deep chiorophyll maximum. The depth of the nitrite maximum was
observed (o increase markedly from 50 1o 65 1w following the crossing of the front at $4°N.

Ammenia concenirations oblained from the new nanomolar analyser system showed surface ammonia
concentrations at 39°N in the range 100 - 150 nanomoles 1. A very marked ammonia maximum was
norially located at a slightly shaltower depth than the nitrite maximum and exhibited concentrations
on average between 0.8 - 1.0 umoles 1! of aznmonia, but with a maximum observed value around 2.0
umoles 17, The surface ammonia concentrations similarly decreased in the southerly transect and
south of the front at 44°N were generally between 50 - 80 nanomoles 17, With very few exceptions, the
maxima in ainmonia concentrations observed in the more northerly latitudes were absent front most of
the CTD samples laken at 37°N.

Acknowledgements

Our thanks to the officers, crew and fellow scientists for making this marathon cruise somewhal more
bearable. Special thanks to Polly Machin on this Leg for invaluable help in the data work up of the
CTD nutrient samples enabling the raw processing of the complete data set {0 be linished belore the
end of the cruise with the exception of thal obiained from the surface transecls which will be worked
up al BODC.,

4.4 Underway Oxygen Monitoring (Andrew Bedford)

The operation of the ENDECO oxygen nteter connecled in to the ship’s on-line seawaler supply was
monitored. The equipment was reset and run following departure of the ship from [celand, with the
retrieved data being aulomatically recorded in both seit and hard formals. Initial inspection of the data
appeared to indicale that both probes remained in good condition and that there was a general decline
in the concentration of dissolved oxygen in the surface walers as the ship progressed south along the
transect. However, confirmation of this conclusion depends on calibration of the data against discrete
samples {aken from the on-line supply analysed by Winkler titration as carried out by Tracey Bentley
and Claudia Castellani. The full suite of calibrated data will not be available untit after the return to
the UK.

1.5 Flow Cytometry and Microbial Ecology (Glen Tarran)
introduction and Objeclives

During Leg 2 of (he PRIME Cruise, flow cytomelry was used to measure the abundance of nano and
picophytoplankton and 1o carry out further grazing experiments as in Leg | in coltaboration with
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Clairc Stelfox. Ln addition to these studies there was collaboration with Luan Al-Haddad from the
University of Glamorgan who has been devetoping artificial neural networks for the identification of
phytoplankton specics from their flow cytometric signatures. Collaborative studies were also carried
oul to invesligate bacterial grazing and growth with Mike Zubkov from University of Southampton
and also with Willie Wilson and Dave Scanlan from the University of Warwick 1o characterisc the
abundance of Prochlorococcus spp. and Svrechococeus spp. As a final componen, a series of
experiments was planned to study the primary productivity of specific phytoplankton groups using a
combination of *C labelled populations and flow cytometric cell sorting,

Phytoplankton community structure and abundance

Both pico and nanophytoplankion abundances were initially measured at the northern end of the
north-south transcel; however, nanophytoplankton community diversity was observed 1o decrease over
the first few days of the transect to the extent that only smalt flagellates remained and these were
observed (o be present at very low abundance (<1x107 1), Thus afier 9 July (Julian Day 191)
measurements were made only of picophytoplankion abundance, some results for which appear in
Tablc t3.

Table 13: Leg 2: CTD custs sampled tor phytoplankion commumty structure. Table alse shows peak abundances
and associaled depth.

Peak ceil numbers per fitre

Date | CTD | Time Position Cvanobacteria| Depth | Prochioro- | Depth Pico- Depth
cast | GMT playles gucaryotes

July
4 39 | 0427 | S9.310°N 21.025°W | 1.10x107 |2 & 20 0 - 8.63x10° 2
5 42 | 0038 | 57.545°N 21.115°W | 3305107 | 2-30 0 - 1.70x10" | 20
G 44 | 0120 | 33.993°N20.700°W | 3.40x10° 2 0 - 4.68x10° 3
7 46 | OL18 | 30.336°N 20.323°W | 1.80x10° | 10-20 0 - 3.34x10° 10
8 48 | 0140 [ 46.998°N 20.001°W | 1.30x10° 30 3.00x10° 10 1.05x10" | 20

4 51 | 0158 | 44462°N 19.731°W | [ 33x1¢0° 20 1oox107 | 230 | 1.47x107 | 3-10

16 52 | 0205 | 40.606°N 19.341°W | 8.20x10 30 150x108 30 6.76x10° 40

11 54 | 0234 | 37.008°N 19.001°W | 2.80x107 30 1.39x10® &0 4.35x%10° 50

12 60 | 0207 | 36.969°N 19.146°W | 3.75x107 10 1.30x10¥ 30 IARXIO® | 40

12 62 | 0605 | 36.956°N 19.167°W | 2.10x10" | 40-60 | 1.20x10° | 30-40 [ 3.00x10° 30

12 04 1309 | 36.947°N 19.202°W | 2.10x107 30 I 11x10° 40 2.88x10° 40

12 63 1805 | 36.922°N 19.212°W | 1 63x10° 40 1.20x10° 30 2.93x10° 30

13 66 | 0208 | 36.918°N 19.219°W | 1.85x107 40 11x10° 30 | 235x10° | 20

13 69 | 1243 | 36.883°N 19.242°W | 145510 40 J0x108 30 2.1x10° 2

14 71 0207 | 36.824°N 19.237°W | 1.25x10° 40 60x10° 30 2.64x10° 30

15 76 0204 | 36.691°N 19.225°W LOOX10] 50 70x10% | 30-40 | 2.51x10° 40

13 78 | 1613 | 36.653°N 19.214°W | |.20x10 60) 80x10° 40 2.70x10° 20

i
1.
.

4| 74 | 1332 | 36.737°N 19.249°W | 700x10% | 50-60 | £.52x10% 30 | 2505106 | 20
.
L.
1.

15 80 | 1309 | 36.633°N 19.235°W | 5.87x10° GO T0x L0° 40 | 241x10° 0 20

13 31 1840 | 36.574°N 19.202°W | 3.46x10° 40 1.50x10° 50 2.50x10° 20

16 82 | 0207 | 36.918°N 19.219°W | 1.50x107 G0 1.90x10° 30 2 46x10° 2

16 | 84 | 0335 | 36470°N 19.197°W | 8357x10° 10 2.20x10° 50) 1.43x10° )

16 87 1333 | 36.420°N 19.183°W

16 88 1807 | 36.384°N 19.157°W

7 89 | 0210 | 36.319°N 19.150°W

17 91 0536 | 36.319°N 19.150°W

I8 96 | 0202 | 36.124°N 19.156°W

t8 101 | 1731 | 36.019°N 19.208°W | 1 .40x10] 60 2.10x10° 60) 2.38x10°

"

Cyanobacleria abundance was greatest between 50 - 44°N, exceeding 1x10% cells I between 10 and
30m (Fig. 25). Numbers then dropped by ahmost ar order ol magnitude through to 37°N. During the



time series al 37° N numbers fell a further order of magnitude from 3x107 celis I t0 3x10° cells 1

{Table 13). Picocucaryole abundance also decrcased at the study site by a factor of three.
Prochlorophyles were abseal at the north end of the transect bul were detected at 47° N. From 40.6° N

to 37N numbers remained above 1x10% cells I

During the time series al 37° N, prochlorophyle

numnbers increased. in contrast 1o the decline in eyanobacterial abundance. *
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Figure 25: Abundance of Cyanobacteria along the transeet [rom 39 o 37°N 20°W in cells It

Grazing, Experiments

Two types of dilution grazing experiment were carried out. In the first samples were analysed from

Claire Stelfox’s experiments to compare the effects of adding nutrients to diution bottles
{(NUTRIENTS). The sccond sel of experiments was carried oul with Mike Zubkov 1o quantify
microzooplanklon grazing on both picophyloplankton and bacieria and to tes( the effect of using

0.22um filtered scawaler and unfiltered seawater from 2300m on bacterial growth (BACTERIA).

Analysis of these experiments will be carried oul back in (he laboralory.

Tabte [4: Summary ol grazing experiments camed out during Leg 2.

Date Experinent Sample Position Botlles used
lype depth
m

4 July NUTRIENTS 10 59.313°N 21.175°W 21
5 July NUTRIENTS 10 57545°N 2L 115°W 21
6 July NUTRIENTS L0 33.993°N 20, 700°W 21
7 July NUTRIENTS 10 50.336°N 20.323°W 21
8 July NUTRIENTS 10 16.998°N 20.001°W 2]
10 July NUTRIENTS 10 40.627°N 19.357°W 21
13 July BACTERIA 30 36.918°N 19.219°W 0.251
15 July NUTRIENTS 23 36.691°N 19.223°W 0251
17 July BACTERIA 25 36.312°N 19.158"W 0.251
17 July NUTRIENTS 25 36.312°N 19.158°W 2]
18 July BACTERIA 25 36 024°N 19.156"W 0.251
18 July NUTRIENTS 25 36.124°N 19.156°W 21
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Otiher Expertments

A singlc ""C incubalion was carried to assess group specific primary production at 37° N 20°W.
However, aficr the 8 h incubation period flow cylometric analysis of the samples revealed that the
populations had changed dramatically, with both prochlorophytes and picoeucaryotes having
disappeared, with only cyanobacteria remaining in the samples. 1t was therefore decided Lo
discontinuc these experiiments. The work carried out with Dave Scanlan and Willie Wilson s ongoing
and wilt be completed in the laboratory.

Acknowlcdgements
1 would like to say a thank you lo the RVS technicians and to the officers and crew of RRS Discovery,
and particularly to the catering boys for providing such an endless supply of tempting goodies.

4.6 Phytoplankton Recognition by Artificial Neural Networke Analysis (Luan Al-Haddad)

Prior to the PRIME cruise various neural networks, both supervised and unsupervised. were trained
for recognilion of a-total of sixty-two species/strains from five taxenomic groups of marine
phyloplankton, based on their flow cytometric signatures. The unsupervised networks have been
trained for clustering taxenomic proups. The superviscd ncural nelworks were {rained as five separale
networks for each of the five groups to recognise individual species within their respective group.

Objectives

1. Totest Antificial Neural Networks (ANN's) developed in the laboratory.

2. To judge the performance of the ANN's by sorting naturai seawater samples and analysing the
sorted malerial by microscopy lo confirm cominunity composition.

3. To characierise different phytoplanklon communities along Lhe transect.

4. To add any new species 10 the database of species.

Resulls

The development of the artificial neural networks concentrated on samples from the northern end of
the transect since towards the southern end, samples did not contain swficient matcrial to allow
sonting of the three main groups that were present 1o take place, i.e. Svacchococcus spp.,
Prochlorococeus spp. and picocucaryotes were ot present in the 'lab grown' data, so were therefore
no! available for (raining the networks. The supervised nelworks performed exceptionatly well. 1t was
considered thal at this stage of the project that il was premature to use the Cortex-Pro networks so
previous models were adopled. However, these earlier models were based on no more than forty-two
specics. After selection of criteria with Glen Tarran, based on the microscopic analysis of gravity
filicred seawater samiples, it was decided to focus attention on forty-six of the sixty-two species. A
number of neiworks were trained and oplimised to a maximum, given the allowance for lack of
memory within the program limiting the number of hidden nodes available. This lack of memory was
due to the algorithm being originally designed for forty-two species only.
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Figs. 26 and 27 show six clusters from a two dimensional plot of Side Scatter (SSC-Height) against
red fluorescence (FL3-Height), The cluster R2 was identified as Coccolithus pelagicus a large (15-
20 pi m) coccolithophore and was Lherefore gated out, added to the species database and uscd as a set

of training data for a new forty-scven species nelwork. When tested, Cocealithus pelagicus gave a
98% correct classification factor as expected. due 1o its distinetive SSC-H v FL3-H plot. The cluster
R3 was suspected 1o be made up of small coccolithophores such as Emifiania huxleyi and this was
proved by 1he supervised trainced networks, which also classificd some of Lthe paticrns as large
coccolithophores and a very small percentage of other species, this latter owing to the galing process
being a rectangle around a cluster rather than a free shape. and hence including other events. R7 was
suspected to be flagellates in the size range 1- 4 £ mand this was conflirmed by the Radial Basis

Function networks identifying the cluster as Aficromonas pusifla, a flagellate, 1-3 £ m in size wilh a

98% classification success. Classes RS and R6 were suspected (o be large Magellates and this was
again validated by the networks classifying them as various larger {lagellates.
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A second group of files (Figs. 28 and 29) shows two clusters in the upper regions of the plois
suspected (o be dinoflagellates. The RBFs gave confirmaltion of this, idenlifying mainly arcas of Jarger
dinoflagellates and some [lagellates. Again the arcas of discrepancies lie in the galting process and the
memory problem of using a network for forty-seven species that was desigued for forty-two. Using
Cortex-Pro to display SSC-H v FL3-H for the individual taxa gave further conflirmation of the specics
in Figs. 26 - 29 cven though the Cortex-Pro plots were drawn [rom laboratory grown cultures.

1t was considered that the cruise, if a little early in respect of some of the Artificial Neural Networks,
was highly valuable. Opportunity was provided lo analyse the neural networks performance in the
actual environient that they are required for and also to ascertain what is necded of them with
regards to their on board use in conjunction with the flow cylomeler. [t was of particular valuc being
able to work dircctly wilh both Gien Tarran and Claire Siclfox and 1o appreciate from [irst-hand
experience of observing other areas of biological occanographie research, the importance of having a
sound knowledge of the structure of phytoplankton populations which. in turn, is based on rapid and
objective identification of the individual population components.

4.7 Phytoplankton Chemotaxonomy and Chemotaxonomic Primary Production (Stuart Gibb)

Introduction

In biological oceanography the photosynthctic pigments, in particular chlorophyll a, have long been
recognised as unique and convenient imarkers of phytoplankion biomass. Alihough spectrophotometric
and {luorimetric techniques have been widely used to determine biomass, the utilisation of high
performance liquid chromatography (HPLC) nol only permits a more accurate measurcinent of
chlorophyll a, but also allows simultaneous separation and quaniification of a range of other



chloropigments and carotenoids in marine phytoplankion. Many of these secondary pigments have
strong chemolaxonomic associations throupgh which is it is possible 1o oblain an understanding of the
taxonoinjc composition of the overall phytoplankion biomass e.g. measurement of the carotenoid
fucoxanthin is used to tnfer the presence of diatoms, whiist the presence of 197-
hexanoyloxyfucoxanthin is used as a biomarker of prymnesiophytes inctuding coccolithophores. There
is growing cvidence that the various classes of phyloplankton exhibil a unigque impact on ocean
chenvistry and this has important implications for biogeochemical cycling.

An imponant advanee in the utilisation of pigments in occanography has been the ability 1o determine
specific growth rates and carbon biomass of growing phytoplankton using 'C labelled pigments in
extracts of '"C primary production filters. This technique has been developed to derive taxon-speeific
growth rates for dialoms, cyanobacieria, and prymunesiophyles and vused Lo map specific production
rates of (hese algal groups in different watcr masses. Such techniques can thus be used in tandem with
pigment chemolaxonomy to both map spatial bloom development and to monitor taxen-specific
primary productivity.

Objcclives

» To map the laxonomic composition of the overall phytoplankton biomass spatially along the (ransect
60°N (o 37°N and temporally at 37°N using the distribution of chemotaxonomic marker chlorophyli
and cuarolenoid pigments.

¢ To clucidate the spatial relationship between the respective concentrations of pariiculate silicate and

calcite with the carotenoid bicmarker pigments fucoxanthin (diatoms) and 19°-
hexanoyloxyfucoxauthin (prymnesiophyies).
» To determine the specific growth rates of chemotaxonomic groups of phytoplankion using "*C
incubations and HPLC separation for the analysis of '*C labelled pigments

Sampile Collection

J. Day  Station (CTD) CHEMOTAXONOMIC MARKERS PRODUCTIVITY
Pigments Culcite Silicate “C lubelling
(no. samples) (no. samptles)  (no. samples) experiments
185- Underway every 4hrs every thrs every 4hrs
193 201-208 (80% in triplicate)
186 201 (39) ()-30()11i-(12) 0-300m (12 0-300m (10) depth profilc
187 202 (42) 0-300m (12) 0-300m (12} 0-300m {11) 24hr time series
188 203 (44 0-300m (12) 0-300m (12)  0-300m {12)
189 204 (46) 0-300m (12) 0-300m (12)  0-300m (12}
190 205 (48) 0-300m (12) 0-300m (12) 0-300m (11) depth profile
191 206 (51) 0-300m (12) 0-300m (12)  0-300m (12)
192 207 (32) 0-300m (12) 0-300m (12) (-300m (i2) 24hr time series
193 208 (54) 0-300m (12) 0-300m (12) 0-300m (8) depth profile
208 (39) 0-300m (12)
194 208 (62) 0-300m (12) 0-300m (12)  0-300m (12)
208 (64) 0-300m (12)
195 208 (66) 0-300m (12} 0-300m (i2) 0-300m (12)

208 (69)

0-300m (12)



196 208 (7hH 0-300m (12)
208 (19 G-300m {12) 0-300m (12) 0-300m (12)

197 208 (76,78,80, 0-300m (12, 12, depth profile

81) 11, 12)
198 208 (82, 85, 87, 0-300m (12, 12,

88) 12, 1)
199 208 (89,92, 94)  0-300m (12, {2,

12)

200 208 (96, 100 0-300m ({2, |2)

Post-Cruise Objeclives

» Analysis of chiorophyll and carotenoid pigments and their associated breakdown products in filter
extracts by reverse phase HPLC with absorbance and fluoromelric deleclion.

+ Determination of particulate calcite and silicalc coneentrations in coincident filters and examination
of relationship between their concentrations and those of the caroicnoids fucoxanthin and 19°-
Texanoyloxyfucoxanthin.

e Development and optimisation of extraction, preconcentration and clean-up procedures for the
HPLC analysis of "'C labelled pigments. Utilisation of this technique 1o determine laxon specific ''C
uptake in PRIME samples

« Full data sel compilation, interpretation and presentation.

4.8 Prochlorococcus: Community Structure and Nutrient Status (Dave Scanlan)

The free-living marine prochlorophyte Prochiorococcus marinus represents a major component of the
picoplankion in several ocean provinces, particularly in oligotrophic regions, including the Atlanlic
and Pacific Occans as well as the Medilerranean Sca. Prochlorococcus is the first prochlorophyte o
be described that possesses three chlorophiylls: it contains {ow amounts of a Chl e-like pigment besides
unique divinyl derivatives of both Chl @ and b. Sequence analysis of 16S rRNA, RNA polymerasc and
psbA genes indicates that Prochlorococcus are most closely related to the marine cyanobacleria. but
that they diverge greatly from the other known procllorophytes Prochlorothrix hollandica and
Prochloron didemni. This projects specifically aims to use motecular techniques to identify the factors
responsible for the ability of these organisms 1o grown in high-light nutricnt-deplete surface walters as
well as at depths less than 100m (low-light nutricnt-replete conditions).

Speceific Objectives ‘

i. Collection of a depth scrics of DNA, RNA and protein samples al 37N 20°W for subscquent
cxamination of the genetic diversily and phosphorus stalus of Prochlorococens within the water
column.

ii To make opportunistic usc of a spatial serics of samples along the 20°W transect to cxaming the
phosphorus status of marine Synechococcus using a specific molecular marker, Pst.S.

Prochlorococcus community structure

Inn order o examine the genetic diversily of Prochforococeus within a single water column in the
natural environment a serics of depth profile sampies as collected at 37°N 20°W ranging from surface
waters down (o 110m for subscquent extraction of DNA and RNA. At the 37°N 20°W station
Prochlorscocens typically represented belween 93-97% of the total picoplankion population (1-2 x
10° cells ml™'). Using the PCR (polymerase chain reaction) we shat! specifically amplify a region of
the 165 rRNA from these organisms and examine the change in genotypes through the waiter column.
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Prochlorococens P slaius

To correlale changes in genotype with phenotypic changes we also collecied large volume samiples (ca
1500) at depths of 3, 30m, 40m, 30m and $0m for protein extraction and examination of the
nulritional status of thesc organisins, with particular regard 10 phosphate. Samples werc concentrated
(o ca 250ml by tangential Now filtration using a 0.3 um cut-off membranc and cell pellets collecled by
centrifugation. This approach will use a protein marker, specifically a periplasmic phosphate-binding
protein (PstS) identified n pure cultures, and induced or de-repressed only when tnorganic phosphale
(P) levels are less than 50nM, as indicalive of P stress. Anlibodies raised against this protein
specifically eross-react only with the Prochlorococeus and Synechococcus genera and can be used (o
identily PstS expression in populations of cells (using Western blotling) and recently in single cells
using a Nuorcscently tagged sccondary antibody and Muorescence microscopy. At each depth, 24 h on-
deck incubations were sel up in order (o examine changes in PstS expression following addition of
1uM P or N (the lalter as nitrate or ammonium). At 37°N 20°W phosphalc ¢concenlrations were
typically between 20-30nM at the surface, ranging 1o 0.5uM at 300m,

Svnechococeus P stalus

During the north-south transect belween 60°N and 3TN, large volume samples (ca 1501) were
obtained daily from the ships non-toxic supply for subscquent protein extraction and examination of
PstS expression, as well as lor on-deck incubations to asscss changes in PstS abundance following
nutrient addition, using the techniques as described above.

4.9 Phytoplankton DNA/RNA Characterisation (Andrew Bedford)

The programme was designed to continue the sampling of phytoplankion for DNA/RNA analysis
commenced on the first Leg by Mike Wyman. As on the previous Leg, all samples collected on Leg 2
were stored following initial processing for analysis on return to the Universily of Stirling,

On passage from Iceland to 37°N samples werg taken every 4 h from the non-toxic supply and stored
for the later analysis of phytoplankton DNA and HPLC assayed pigment concentrations. Additionally,
at around 04.00h at cach of the underway stations a Go-Flo sample was taken [rom 2m and processed
as above, with an additional sample being taken for the determination of the maximum pholosynthetic
rate (P,.) by ""C incorporation. These data will be made available later.

On slation at 37°N 20°W, two separate sampling strategies were undertaken. On each day two Go-Flo
samples were taken from 2m at around 04.00 and 13.00h. Both of the samples were filtered and slored
for analysis of phytoplankton RNA and HPLC assay. In addition the P, value was determined using
the ''C technique for a sub-sample from the 04.00h Go-Flo sample. As well as the daily sampling
programme, three diel cxperiments were carried out on the I, 13 and 16 July, Samples were retrieved
every 2-3 h over the 24 h period from the non-toxic supply and preserved for future RNA and HPLC
analysis. Unfortunately owing to iflness, it was not possible to collect the final two samples of Lhe firsl
diel experiment,

Following departurc from the time serics station at 37°N 20°W on 18 July, regular sampling al four
hourly intervals from the non-toxic supply for DNA analysis was resumed. This sampling was
continued until the cdge of the continental shelf was rcached.

4,10 Nutrient Uptake and Primary Production (Kirsten Donakld, Andy Rees)

The methodotogies and sampling rationale cmployed for this project during Leg 2 are described in
Section 3.7 above.

Samples were (aken from a series of stations atong the N-§ transect and also on the majorily of days at
the southern time scries station for the determination of size-fractionaled chlorophyi concentrations.
primary production and phosphate uptake rates. As on the previous Leg, the parallel inorganic
nitrogen uplake rales were based on whole community activity



P vs [ incubationg

A serics of P:l incubations were also undertaken during the Leg on behall of Dr M Wyman (o allow
estimation ol P, [or whole [raction samples. In these experiments, the rate of incorporation of He-
labelled bicarbonate was determined for water samples incubated in a light box at a range of
irradiances in order o estimate a value for P, 4t cach station. 300m1 of water was collected [rom a
depth of 3 m using a pre-cleaned 30 1 Go-Flo bottle. The waler was distributed mlo 3 x 60 ml
polycarbonate bottles and 10 pCi NaH''C0; added 1o cach bottle. These were then incubated in a light
bax for approximately 5 h. Incubations were lerminaled by filtration onto 0.2 pm polycarbonale
filters. Filters were dried prior to counting of the **C incorporated using the onboard liquid
scintillation counter. The sampling schedule was as [ollows:

Dale Position Date Posilion

447 S9310N21123W 13/7  36.910N19.217W
5/7 37 544N20.692W 137 3G.083N19.227W
6/7 54 QUSN20.692W 16/7  36.490N19.216W
77 30.338N20.343W [7/7  36.308NI19.163W
8/7 47 001 N20 005w 18/7  36.12INIV ITIW

10/7  10.627NI9.3358W

Dissolved Organic Carbon

Tiic collection of samples for the analysis of DOC by Dr A Miller that was commenced on the
previous Leg was continued on Leg 2. the approach used for the sampling was the same as that
cmploved on Leg [, The sampling schedule was as lollows

Date Station No. Depths
57 CTD 42 |
6/7 CTD M4 1
777 CTD 46 |
8/7 CTD 48 3
917 CTD 51 l
10/7 CTD 32 |
12/7 CTD 64 8
15/7 CTD g0 8
\7/7 CTD w4 8
18/7 CTD 100 8

£.11 Level T Chlorophytls and POC/PON (Gracme Hays)

The methods used (or the collection of the chlorophyll and POC/PON samples during Leg 2 and for
their subsequent processing for storage or analysis as appropialc were the same as those cmployed
during Leg 1. Estimates of chlorophyll concentrations were made every hour on (he southwards
transect along 20°W and samples taken (or POC/PON analysis every 8 h. At the 37°N lime serics
station extracted chlorophyll concentrations for CTD calibration purposes were typically measured
four titnes o day at eight depths at the dawn, midday, dusk and midnight CTD stations with
POC/PON samples being taken from eight depths at each midnight station only

4.12 Mesozooplankton Grazing (Bob Head)

Objeclives

The overall objective during the sccond teg ol the PRIME cruise was 10 oblain data 10 complement
that derived from the AMT-translalitudinal study of zooplankton communitics using optical
techniques. For the comparison to be effective it was important (o ensure that the sampling protocols
and stategies used remained consistent between the AMT and PRIME cruises. The specific objectives
relating to the PRIME cruise are listed in order of priority:



»  To make core mcasurements as developed for the AMT Programme of integrated
mesozooplankion biomass and seawater particulate distributions at midday and midnight for both
the transcet from 60°N to 37°N and for the time serics sampling al 37N,

» To obtain a scries of Level | integraled mesozooplankton WP2 net hauls at 37°N for samples for
size [ractionated carbon biomass and gut fluorescence estimates in order (o establish temporal and
diurnal variability during the time series at sampling 37°N.

e To characterize surface water properties along the transect from 60°N to 37°N.

Sampling Protocol; Transect along 20°W from 60°N to 37°N.

(a) Underway Sampling.

Samples were taken {rom the non toxic supply at regular inlervals for the determination of chlorophyll
concentrations, particufate C/N ratios and phytoplankion specialion.

{b) Midnight Station Sampling.

(1) Mesozooplankton.

Integrated vertical hauls of mesozooplanklon were carried out with a WP2-200um net from 200-(hm,
[00-0m and 20-0m at a haul rate of 0.5m sec”'. For stations 201 and 205 only (59" 18’N and 47'N
20°W), verticat hauls were taken at 200-0m, 100-0m and 20-0m. Samples from (he 200m and 100m
hauls were split, with hall being used [or the OPC/video and the other hatf for size fractionated
biomass estimates. Biomass size fractions (2000- 10000, 1000-300 pm and 300-200um) were
subsampled onto 24mm GF/C microfibre fillers and frozen at -20" C for estimation of carbon and
nitogen on return to the laboratory, The half used for the OPC and the remaindcr of the biomass
samples were preserved in 4% formaldchyde. The shallow 20m sample was preserved after OPC/video
work,

{(i1) Seawafter Particulates.

Sampiles were taken from Go-Flo bottles from two depths inumediately afier the main 300m CTD
profile al m {non loxic depth 1o give compatability wilh underway sampling) and with the other
depth varied to coincide with the chlorophy!l fluorescence maximum. Samples were then fillered for
total chlorophyll concentration and in triplicale for size fractionated C/N (lotal, <200pun, <10pm,
<5pm and <2pm) and with a further sub-sample preserved 1 Lugols/formalin for phytoplankion
taxonomic analysis.

{c) Midday Station Sampling,

(1) Mesozooplankton Sampling

Due (o time allocation only a singte vertical nct haul of 200-0m was carried out al midday stations.
The samplc was processed as in (b){i) above.

(1) Seawater Particulates.

Water was sampled from the non-toxic supply for the determination of chiorophyll concentration, size
fractionaled C/N{tolal, <200pm, <10pm, <5 and <2pm) and for phytoplankion taxonomic
analysis.

Sampling Protecol: Time Series Sampling a1 37°N 20°W.

(a) OPC/Video.

Integrated WP2-200pm net hauls of 200-0m and 20-0m were collecied at mid-day and midnighl for
the duration of the station. The 200m haul was split for OPC/video and size fractionated biomass
estimales. Biomass size fractions (2000-1000pum, 1000-500pm and 500-200pm) were subsampled
onto 24mm GF/C microfibre filiers and frozen at -20° C for estimation of carbon and nitogen. The
OPC half and the remainder of the biomass samplcs were preserved in 4% formaldehyde. The shallow
20m sample was prescrved after OPC/Avideo work.
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(b) Level | Size Fractionated Biomass and Gut Pigments.

(1) Sizc Fractionailcd Biomass.

A single integrated vertical WP2-200um net haul 100-0m was made for estimates of size {ractionated
biomass. Biomass size fractions (2000-1000pm, [000-500p0m and 500-200m) were subsampled onto
24mm GFE/C microfibre filters and frozen at -20" C for estimation of carbon and nitogen. Afier
subsanipling the individual fractions were preserved in 4% formaldchyde.

(11} Size Fraclionated Gut Pigments.

A single integrated vertical WP2-200pum net haul 100-0m was made for analysis of the size
fractionated gut pigmenlt content. Afler anacsthetising the zooplankton with carbonised water and size
fractionation {2000-1000um, 1000-300pm and 500-200pn1) samples were filtered onto sharkskin
filters (Schieicher and Schuell) and frozen for subsequent piginent analysis.

(c) Seawaler Parliculates

Samplcs werce taken from Go-Flo bottles immediately afler the early afternoon 300m CTD profile
from two depths, 5m (non toxic depth to give compatability with underway sampling) and with the
other depih varied to sample at the chlorophyll fluoresence maximum, normally 63m. Samples were
then fillered in triplicate for size fractionated chiorophyll @ (lotal. > (0um, >35pum, >2pm and > 1pm)
and for size {ractionated C/N {total, <200, <10pm, <5pm and <2pm} and a further subsample
preserved with Lugols/formalin for phyloplankton taxonomic analysis.

3. Provisional Resulls.

Chlorophyll values at 37°N were extremely low at the surface with values of the order of 0.05ug 1!
(mean 0.052 pg I, sd 0.005). The water column exhibited a deep chilorophyit maximum at 60-80m
with concentration in (he range 0.2-0.5 pg "' (mean 0.228ug 1", sd 0.127). These values are in closc
agreement with data collected on RRS Charfes Darwin cruises CD66/91, CD83/93 and CDY7/95 in
the same area.

Table 15 sumimariscs the mean size fractionated chlorophyll @ data during the time serics at 37°N.
One obvious feature of the results is that the average retention of a 1pun nucleopore was ~15% or less
of the total chlorophyll. (as mcasurcd on a GF/F filter) Reports in the literature suggest that GEF/F
filters (nominal pore size 0. 7pm) may not retain all the pigment containing particles in oligotrophic
waters. An experiment was carried out (o compare the retention of GE/F filters versus 0.2 pum
Nucleopore fillers using water collected from both 3m and 65m. Table 16 gives the results of this
comparison.

Table 15. Summary of size fractionated chlorophyll valnes recorded during 1he time series at 37°N.

(a) Waler collected from 3m at 15.00h on 16 July.

Size fraction Total Chi >10pm Chl >3um Chl >2pun Chl >lpm ClY
Mean (mg m™) 0052 0.004 0.006 0.007 0.008
Std-dev 0.005 0.002 0.002 0.002 0.002

% Total Chl 100 8.2 10.7 13.4 15.8

(b} Water collected from 63m at 15.00h on 16 July.

Size fraction Total Cll >10pm Chl >5um Chl >2pm Clil >1pum Chl
Mcan (mg m™)  0.228 0.014 0.022 0.032 0.032
Std-dev (127 6.008 0.009 0.014 0.007

% Total Chl 100 6.2 9.8 4.1 13.8
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Table 16. Comparison of chlorophyll values derived from samples filtered through GF/F and 0.2pm
Nucleopare fillers. Water collected on 16 July using 30 litre Go-Flos from 5m and 63nt.

Depth (n1) Chl (mg m-3) Std-dev Chl (mg m-3) Std-dev

GF/F GF/F 0.2pum Nucleopore  0.2pm Nucleopore
10 0.030 0.002 0.048 0.004
63 0.196 0,005 0.193 0014

4.13 Optical Plankton Counter (OPC) and Video System (Chris Gallienne)

Objectives

The optical characterisation of mesozooplankion in the surface layer using laberatory OPC in bolh
flow through mode using the ship’s surlace non-toxic supply and pump through mode using samples
cotlected from 200-0m WP-2 net hauls. The work carried owt was designed to extend PRIME
supporled work carried out on AMT cruises from 47°N southward on the 20°W meridian.

The OPC work was combined with developmental trials of an automalted video zooplankton
classification systen; however data on this system are nol presented as the device is stll under
development.

Sampting Protocol: Transect from 60°N 1o 37°N

During the transect from 60°N to 37°N, surface seawater from the ship’s non-toxic supply was
conlinuously sampled through the OPC and video system with the sampling being inlerrupled {wice a
day at approximately midnight and mid-day at 60°N and 47°N for WP-2 net hauls from 200-0 m with
the discrete samples being passed twrough the OPC and video sysieins. Aliquots of the discrete
samples were preserved for later detailed analysis.

Sampling Protocol: Time Series Sampling at 37°N

Discrete samples obtained from WP-2 nel hauls 200-0m at approximately midnight and mid-day were
run through the OPC and video systems wilh an aliquot preserved as previously. Work was continued
on the development of the video zooplankton analyser using net sampies collected at various tinies
during the time at ihe station.

Results:

Data were processed on board and are presented in summary form as diagrams of raw counts per
cubic metre (underway: in top two following dragras) and as continuous records of biovolume in
p.p.m. (mg m ) in four JGOFS size classes for transect stations (following bottom left diagram) and
station work at 37°N (following bottom right diagram). The latter two [igures show allernating
day/night dala in both cases, against latitude for the transect dala and against sequential cast number
for the station at 37°N. beginning with midnight on day 193



OPC Raw Count - Days 185-188

Underway
40000
32000
E
= 24000
o |
2 ! ;
2 16000 -‘ T
O : ; i
8000 4!‘7
22 4 10 16 22 4 10 16 22 4 10 16 22
Hours
Vertical 200m. Net Hauls Thro' OFPC
Transect
200
o
q 150
a
[45)
c 100 1
=
5
3 50
&0 =
O [ - “7 ‘ '.. l PR e —"-""."::'s‘l:"-'.- . = == |
59 56 52 49 47 43 39 37
Latitude
72 200-500 [—1500-1000 [-J1000-2000 {]>2000
OPC Raw Count - Days 189-192
Underway
40000 ;
32000 - '
£ !
- 24000 ;
(5] B
b=, .
3 16000 :
S o
8000 -~ _]

0 6 1218 0 6 1218 0 6 1218 0 6 12 18
Hours

0



63

Vertical 200m. Net Hauls Thro' QPC

Station

50
5 40
2
£10
£
=20 1
[e]
3
& 10 4 _

0 :~|"=5}-': zf t :4'3&; q
1 2 112 13 14 15 16

Station

200-500 [ 1500-1000 []1000-2000 [_1>2000

4.14 LHPR Tows (Graemc Hays)

Preliminary work was carried out on the LHPR during the passage south (rom Iceland in order to
establish the operation of the equipruent. The system was successfully deployed initially at the transect
slation at 47°N 20°W and was subscquently deployed a further four times at the lime series station al
37°N 20°W. For cach 1ow approximately 1200m of wire was paid out allowing sampling of the
mesozooplankton at discrete deplhs down to around 400m with the temperature/deptl and salinily of
cach sample being recorded. In addition, data from the ship's ADCP was logged on each tow. The
zooplankton samples will be analysed post-cruise with the data being used to validate the ADCP
readings recording back-scatier from mesozooplankion. Data from the samples wilt also supplement
other zooplankton obscrvations froni the cruise and will be of particular assistance in quantilying the
day-time vertical distribution of various specics. This will allow more rigorous interpretation of both
the vertical WP-2 net hauls (typically 0-100m or 0-200m), the U-TOW samples (10m) and the data
obtained from the on-line OPC/video imaging system.

4.15 Microzooplankton Herbivory and Community Structure (Claire Stelfox)

Obijccetives

The specific objectives of the work were similar o thosc carried out in the same discipline on Leg |

and included:

» Quantification ol the grazing impact of microzooplankton on phytoplankton along the transect
from 60°N to 37°N and to perform a time scrics of grazing cxperiments at the southerly slation.

» Investigation of the effect of nutrient limilation on microzooplankion herbivory,

* Comparnson of the dilution and fluorescently labelled algae lechniques as cstimaiors of
microzooplankton grazing rates using simuliancous experiments.

o  Comparison of herbivory rates of microzooplankton populalions sampled during Leg 2 with
comparable rates obtained during Leg 1.

¢ The collection from (ransect and time scrics stations of preserved microzooplankion and
phytoplankion samples for later taxenomic and community structure analyses for other PRIME
programmes.

Microzooplankion herbivory

Two techniques were uscd for quantification of microzooplanklon grazing, the dilution experiment
appreach of Landry and Hasset (Afar Biol, 67:283-288, 1982) and the fluorescently fabelled algae
approach (FLA) described by Sherr et af in 1987 (Appl Inviron Aicrobiol, 33:958-963).

Waler was collected pre-dawn from a depth corresponding to the 33% PAR level using replicale 301
Go-Flo waler bottles as required. Forty litres of sample was Nltered through a 0.2pum Gelman Supor-
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capsulc filier and combined with the remaining unfillered water by passing through a 200pm mesh
bag into 2 31 polycarbonate bot(les to make a series of 10, 40, 70 and 100% dilutions. In most of the
experiments additional bottles were prepared in the same way and spiked with nutricnis made up from
a stock solution. Sub-samplcs were taken at time z¢ro for chlorophyll, flow cytometric and communily
analyses. Each samiple botllc was then gently rc-filled to (he same ditution and incubated in the deck
incubator using a 33% light cover for 24h. Two cxperiments were also incubaled in-situ. At the end of
the incubation sub-samiples were apain taken for chlorophyll and for flow cytomelric and community
structure analysis. Chlorophyll was exiracted using 90% acetonc and analysed shipboard by
fluorometry. The community structure of the picoplankton was analyscd by Glen Tarran using the
flow cytometer, whilst niicrozooplankton samples were fixed in 1% Lugols and 0.3% glutaraldehyde
{see below) for later analysis in the laboratory.

Aliquots of unfiliercd waler from the Go-Flos was also gently passed through a 200pm mesh bag into
two polycarbonate boitles and incubated ondeck using a 33% light filter. One botiic was inoculated at
tracer concentrations (10-20% of natural prey abundance) with Chlorefla stigmatophora and the
second with Synechococcus sp which had been heat stained using the Nuorescent dye DTAF. Sub-
samples were fixed in 1% Lugols at TO and al 10 minute intervals thereafier for one hour 1o obtain
short term uptake rates. The experimental botiles were incubated for a further 24 hours when a final
sample was taken. Analysis will lake place in the laboratory by seltlement microscopy to quantify the
short-term uptake rates by specific protozoa and by {low cytonetry to measure the rate of fluorescence
disappearance over 24 h and thus quantify microzooplanklon grazing. A listing of the grazing
experiments carried out is given in the following table:

Date Grazing Experiment Depth
4.7.96 Dilution 10m
5.7.96 Dilution & FLA 10m
6.7.96 Dilition & FLA 10m
7.7.96 Dilution & FLA Hm
8.7.96 Difution & FLA [0m
16.7.96 Dilution 10m
11.7.96  Dilution & FLA 25m
13.7.96  Dilution” & FLA 25m
15796  Dilution” & FLA 25m
16.796  Dilution & FLA 25m
17796  Dilution & FLA 25m

Phytoplankton and microzooplankton community structure

Phytoplankion samples are (o be analysed by Marion Yallop at the University of Bristol for

community abundance and biomass whils( the niicrozooplankton and nanozooplankton will be

analysed by Elaine Edwards at Plymouth Marine Laboratory. Water samples were coliecied daily by

Luan Al-Haddad from CTD casts and fixed as foltows;

e  For phyloplankton 100mi of water from 10 depths per profile were fixed in Lugols and a further
100mi fixed in formalin.

+  Microzooplankton samples from 8 depths per profile (500ml) were fixed in 1% Lugols for
laxonomi¢ identification, cell concentration and biomass determination. 300ml were also fixed in
2% hexamine-buffered formaldehyde for the identification and enumeration of the autotrophic
and mixoirophic microzooplankton.

o Nanozooplankion samples were fixed (25-30ml) in 0.3% (final concentration) glutaraldehyde.
Samples were then dual stained with 3ing mi”! (final concentration) DAPI and Proflavin, filtered
onto 0.8pm black polycarbonate filters and mounted onto slides and immediately frozen.

" In-sitn rig and deck incubation



A record of samiples taken for the determination of phytoplankion and microzooptankion community
structure appears in the lollowing table:

Date CTD 4 Sample collected ~ Depth
4.7.96 39 Phyto-, Micro- & Nanozooplankton 2-150m
5.7.96 42 Phyto-, Micro- & Nanozooplankton 3-130m
6.7.96 44 Phylo-, Micro- & Nanozcoplankion 2-130m
7.7.96 46 Phylo-, Micro- & Nanozooplankton 2-150m
8.7.96 48 Phylo-, Micra- & Nanozooplankton 2-150m
9.7.96 51 Phytlo-, Micro- & Nanozooplankion 2-150m
10.7.96 52 Phyto-, Micro- & Nanozooplankton 2-150m
11.7.96 54 Phyto-, Micro- & Nanozooplankion 20-200m
12.7.96 60 Phyto-, Micro- & Nanozooplankton 2-150m
12.7.96 64 Phytoplankton 2-150m
12.7.96 65 Phytoplankton 2-150m
13.7.96 66 Phyto-, Micro- & Nanozooplankton 2-150m
14.7.96 71 Phyto-, Micro- & Nanozooplankton 2-150m
14.7.96 74 Phytoplankion 2-150m
15.7.96 76 Phylo-, Micro- & Nanozooplankion 2-130m
13.7.96 80 Phytoplankion 2-130m
16.7.96 82 Phyto-, Micro- & Nanozooplankton 2-150m
16.7.96 87 Phyloplankion 2-1530m
17.7.96 89 Phyto-, Micro- & Nanozooplankton 2-150m
17.7.96 04 Phyloplanklon 2-150m
18.7.96 96 Phyto-, Micro- & Nanozooplankion 2-150m
18.7.96 100 Phytoplankton o ‘ 2-150m

Qualilative microzooplankion communily struclure

An Apstein not filted with a 200pm mesh was hauled vertically through the upper [00m at each of the
three transect stations. The cotlected sample allows the qualilative analysis of the larger, less delicale
microzooplankton, namcly the dinoflagellates and tintinnids. 250ml of the fresh sample was fixed in
1% Lugois for futurc analysis, The remaining sample was immcediately analysed using an inverted
microscope fitted with fluorescence source and linked via a CCD camera to an SVHS video.

Along the transect the microzooplankion communily showed small changes in structure. At 60°N the
sample contained a mixture of autotrophic and heterotrophic cells showing large diversity.
Coccolithophorids. dinoflapeltates such as Cerarium spp, Protoperidinium spp. Dinophyvsis sp and
tintinnids such as Futintinnus sp, Fevella sp and Amphorides sp, were common. At 47°N the
comnuinity appcared to be dominated by antotrophic cells such as the dinoflagellates Gonyaulax sp
and Prorocentrm micans. Tintinnids were not common in the sample although several larger ciliates
were found. The communily again changed slightly at 37°N with a high diversity of both autotrophic
and heterotrophic dinoflagellates, Cerativim extensim, Ccandelabrion, C. furca, C. tripos, Gonvaulax
sp, Amphidoma caudota, Oxvioxum scolopax, Prorocenirim sp, Cochlodinium sp, Protoperidinium
spp, and several of the gymnodincids Gyrodinium spp and Gymnodiniym spp. Tintinnid diversity was
high and included several species such as Salpingella acuminata, Codonella acerca, Dictvoevsta lata,
Rhabdonella spp, Prvchiocylis sp, Steenstrupsiella sp, Futintinnus spp and dmphorides sp.
Throughoui the samples Acantharians, Radiolarians and Foraminiferans werc presenl in low
numbers.

+.16 Microbial Loop Studics: Bacterial Dynamies (Mike Zubkov)

Studies of the microbial loop carried out under this programme included quantification of the activity
and distributions of two general microbial groups, (hat is the heterotrophic bacteria and the
nanoffagellates, in terms of their vertical distributions, size structure, bacterivory and control of
bacterial numbers by prolozoa.



GO

Bacterioplankion Size Structure, Abundance and Production

Samples were taken from routine CTD casts lo provide data on the vertical distribution of
bacterioplankton using both epiftuorescence image analysis technigues and flow cytometry, with the
latier being carried out in collaboration with Glen Tarran. Size fractionation of bacteria was used to
cstimate the median cell diameter of bacterial populations inhabiting the surface layer, the
thermocline zone and the deeper water below the thermocline. Samples were fillered through
Nuclepore filfers with pore size 0.4, 0.6, 0.8 and 1 pm and the filtrate fixed for subsequen( analysis by
flow cylometry and epifluorescence microscopy. Bacterioplankion production was estimated using
simultancous uptake of *H-thymidine and '*C-lencine by bacteria with saniples being collected from
six depths and inoculated with radioactive precursors prior to incubation in the dark.

Helerotrophic Nanoflageliate Abundance and Bacterivory

Samples 1o be used for Lhe estimation of the vertical distribution of heterotrophic flagellale abundance
by epifluorescence microscopy were taken from the same routine CTD casts as above. The activity of
baclerivorous (lagellales was evaluated from assay of enzymes that cut off glucosamine al acid pH
(disrupting bacterial cell wall in protozoan food vacuoles). These analyses were conducted in
conjunction with the measurcments of bacterial production. The experiments designed to determine
bacterivory were carried out using dual radioactive labelled bacterial prey; these were either laboratory
culturcs of F'ibrio natriegens or natural bacteriopiankion. A set of experiments was carried out at ihe
37°N time scries station with Glen Tarran in order to quantify protozoan grazing on both autotrophic
and heterotrophic bacteria using flow cytoinetry.

The analysis of all collected niaterial and samples will be carried out back in the laboratory.

4.17 Characterisation of Marine Viruses (Willic Wilson)

Viruses have rccently been recognised as ubiquitous components of the marine environment, with
concentrations in excess of 10° ml™ being reported. It is generally regarded, therefore, that viruses
play an active role in population dynamics and structure of marine microbial and plankton
conumunities. A significant proportion of viruses in the marine environiment are known o infect
occanic primary producers and it is thought that phytoplankton community succession dynamics may
be influenced by viruses; however, the full role of viruses remains largely unknown.

The main reason for the shorifall in knowledge is the lack of accurate techniques to identify dnd
enumcrale marine virus populations. One of {he principal objectives of this study was to develop a toot
based on the use of molecular (echniques, to measure viral populalions. Much of the work performed
during the cruisc was aimed at collecting samples which will be used to test various PCR (polymerasc
chain reaction)-based probes, both at a qualitative and a quantitative level, back at the laboratory.

Phvlogeny of virus and Svnechococcis spp. populations

The population structure and phylogeny of viruses and Swnechococcus spp. will be studied using virus
{inttially cyanophage, bul eveatually moving on 10 haeocystis virus) and Synechnococeuns spp.
specific PCR primers. The objective of (his part of the programine was to consider the phylogeny of
the populations from a single depth during the N-S transect and also over a depth serics at 37° N. for
the required sampies, 201 of water as collected and size {ractionated using tangential Oow filtration
to concentrate different virus-containing fractions.

Isolation of Virus Populations

Viral populations were isolaled o interrogate different phytoplankton strains back at the faboratory.
These will then be characterised and ultimately used to design further probes. For sampling, belween
150 and 175 of scawater were concentrated by tangential flow filtration and the viral fraction stored
at 4°C. Samipling frequency was restricted to once every other day on the transect from 60"N 10 37°N
with a further two samples being taken ai 37°N.

Nutrient Incubations
Scawater samples were incubated with a range of contrasting nutrients in order to establish
differences in viral induction or production pattcrns. As previously, the objective was to take samples
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from a single depth at prescribed intervals along the N-S (ransect and also over a depth series at 377
N. For the serics of enrichiment experiments. 6 x 2,41 volumes of seawater were collecied and added 1o
clear Nalgene bottles and the follewing nutricnt additions made:

1. Control #1: no additions and no incubation {pre-incubation control)

4= Lo 2

O Ln

. Control #2: no additions and incubalcd [or 24 hours.
. Nilrate to final concentration of tuM.
. Phosphate (o final concentration of 1ubd.

. Phosphate and nitrate to fina) concentrations of i pM cach.
CAmmonium lo final concentration of 1pM.

Eacli of the bottles was then incubated for 241 on deck at the appropriate irradiance. Following
incubalion (or prior to incubation for control #1). 2mi was fixed for virus counts in 1%
glutaraldehvde. with a further sample being given Lo Glen Tarran for flow cytometric counts of
Swnechococcus spp: and Prochlorococeus spp. prior 1o {control #1) and following incubation. Halfl the
water was filtered for DNA extraction and half for protein extraction.

Concluding Commnenis

Owing to the nature of these experiments, it is difficult to draw any specific conclusions until DNA
extracted from the above samples has been analysed. However, pretiminary data indicate that

Swvnechococceus spp. counts [rom the nuirient incubations enriched with phosphale demonstrated a

consistent increase. suggesting that ambient phosphaie concentrations may be liniting Svwechococcus
spp. growth.

+4.18 Respiration Measurements (Tracey Bentley and Claudia Castellani).

The underlying objectives of the progranime were simitar (o those described for Leg 1

Samples for the cstimation of the rales of respiration (whole conwnity and <0.8pm) along the N-S
transect from 60°N were taken from the ship’s on line scawater supply. Intlial inspection of the
dataset suggests that the bacterial fraction contributed up to half of the measured respiration (Table
17). Comparable data for whole community respiration rates estimated at stations along the transect
are given in Table ¥,

Table 17. Size-fraclinated respiration rates at selccted stations along N-S transect. Leg 2.

position| S9N 46N 36N 36N 36N 36N —I

depth 10m 10m [ Om 60m 60m 10m

Date  04/07/96 _sd 08/04/96 sd 11/07/9% sd 1300779 sd 17/07/96 sd (8/07/9 sd
6 6

WC | 406 05 43 03 06 07 342 048 i8& 038 18 0.34

S3um | 244 06 39 01 105 01 36 084

0um | 219 04 391 03 185 025 482 047

SOum | 044 06 25 02 199 04 415 0098

20um | 205 06 24 07 292 042 364 019 35 043 098 [.22

0.8um | 004 04 163 03 2 04 352 06  38% 051 126 0.3
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Table 18. Whole communily respiration riles along N-S transect 207W

DATE im.()_?-.% 32,07.06 VAR U3,4)7,96 DOOT. v 06,07 6
7 . I i
TIME 03 i} (w3 s 0t te 30 0% 0 12 30 |
POSITION SuN :
T |
Arstauon sd sd sd sd sd sd }
wC 406 048 193 016 084 031 289 D27 04 0.6 339 02
0.8um 004 032 -) 2 44 051 026 1.37 Uy 0)Hy 07 2ar Nz
DATE 06/,07:96 707794 IR T4 ONMATNEG 0470744 N07.06 !
[§)
TIME 19:30 08.00 1913 %-04) 1330
POSITION 46N
sd sd sd sd sd sd
\WC 3.67 04 43 D33 42¢ 03y 327 0.3 |49 04
0.8um 130 023 132 028 |63 02% 214 02 43 0.4 .32 0.6
DATE 10/07/96
TIME 0300
POSITION
sd
WC 1.4 .09
0.8um 1.67 0.2 ]

Following occupation of the timme scries station al 37°N 20°W., the same sampling procedure as that
emploved on Leg 1 al the time series station at 60°N was adopled. Eacl day samples were coltected
for the estimation of size fractionated POC/PON and chlorophyvll concentrations and also for Couller
Counter determinations, These data were specihically collecied for use in the PRIME ecosvstem
model.

Chtorophvil concenirations were. as may be expected. higher at the more northerly slations along the
N-S transect than at the southerlv stations (Table 19). However. as with the observations at the
northiern time series statlon on Leg . there appeared (0 be no major change in chlorophyit
concentration during the lime spent at the time series station at 37°N 20°W (Table19). Maximum
chlorophyll concemrations at 37°N were clearty associated with the deep chlorophvll imaximum as
indicated bv the data for the 60m samples. Data obtained from the Coulter Counts showed the
dominance of the smaller size particles ie <5pun. Oxygen concentrations were generally considerably
lower (approximately 0ol Iy ar the southern time series statjon compared to the more praductive
northern slation. Respiration raies were bigher in the samples taken from the northern stations and in
those samples 1nken from the deep chlorophyil maximum at the southern station. The bacterial
fraction again made a significant contributton to tolal respiration.

Table 19. Size-fractionated chlorophyll concentralions (mg m

[Posiion | 59N | 46N | 36N | 36N | 36N | 30N 36N 36N 36N
Date | 04/07/96 | 08/07/96 | 11/07/96 | 1271196 | 13/07/9G | 15/07/96 | 16/07/96 | 17/07/96 | 1810719
Depth tim HU 10in 10m &60m 10m 10m 60m 10m

FRACTION
0.8um 005 | o002 | o002 | o0z | oot | voz | o0 | oos 0.023
200m | 043 | 012 | 003 | 003 | oos | oo+ | 0041 0.2 0.04
5.0um 024 | uv2s | 005 | 00s o007 | 007 005 | 024 0.04
20um 053 | 034 | 005 01 0.2 0.06 0.03 0.23 0.07
53um 057 | 046 | 005 | o2 | ol 006 | 003 0.25 0.12
wWC | 0463 Lu_is 005 | 012 | o1 | 0w 0.06 025 | 0l
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4.19. Isoropic Composition of Suspended Particuiate Organic Matter and the Disssolved
Inorganic Carbon System and Primary Productivity (Hilary Kennedy and Gideon Middiceton)

The objectives and methodologies emploved for the progranmme on Leg 2 were similar to those
described for Leg | (see Scciion 3.13).

Sampling for paramelcrisation of the model 8" Cpoyr. 8'*Ceron, pH and [ZCO-]) was continued along
with daily productiviry incubations from the surface waiers during the transect from 60"N to 37"N. {n
addition, 1hese parameters and daily primary productivity measuremenis were carricd out at three
different depths al the major statuons in conjunction with CA. AZ and DIDS experiments 10 assess
changes in the mechanism of inorganic carbon acquisition with depth and latitude.

The pH and |ECO4] resulls taken during the (ransect are plotted in Figure 30. The major feature
associated with the transect swas the front located in the vicinity of 31.3°N which marked the boundary
between an area of High |[ZCO-] and low pH to the north and low [ZCO.| and high pH to the south.

| TCOZ| pH
L Ol - 1 7 -
SJUAN AN 379N TC0o2)
2,080 - . . - 8.1 (umolkg)
2.070 - o - 8.8 pHitzal
‘ . 806 Tt
2,060 - ' . - 8.04
[ ]
_ o
2.050 - 8.02
' -8
2,040
: . -7.88
2,020 : 7.96
184 186 188 190 162 194
Day of year

Fig. 30. Changes in [ECO.| and pH along 20°W transect from 60"N 10 37"N.

During the Lagrangtan study at 37°N samples were collecled as previously at selecied intervals from
depths corresponding approximalely to the 97, 35 and 7% light levels and used for the estimation of
preductivity. For model parameterisation. more detaited sampling for chemical and isotopic assays
was maintained from daily CTD casts in the upper 130m of the water column. At lwo day intervals,
the routine '*C incubations were supptemented with further experiments containing additions of CA.
AZ and DIDS designed. as previously, to assess the importance of the various possible methods of
carbon acquisition,

4.20 Biogeochemistry of {ron (Atex Baker, Karen Mackenzie)

The objectives for this programme for Leg 2included the Lo objectives detailed for Ley 1 logether
with the further objective of determining the iron binding ligand concentrations and strengths and a
preliminary investigation of these ligand eflects on the microorganisms present in Lthe water. This
third objective was the responsibility of Karen Mackenzie who joined the leam for Leg 2. Also as
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previously, discrelc samples were collected for further study of iron biogeochemistry, and for analysis
for other metals (e.g. Co, Zn, Ni) on return to the laboratory in Liverpool.

With rcspect (o he iron delerminations and redox speciation, vibrations and the PES fish continued ta
give problems. The connection to the fish broke twice during the passage south (5 and 7 July), causing
minor interruptions in the collection of surface samples along (he transect. The discrele Fe redox
system suffered worse problems than on Leg 1 and it was not possibie make measurcments even when
Lthe ship was stalionary and no winches were in pperation.

Fec binding ligand measurements,

Ligand strength and complexing capacity is delermined by compelition of a strong iron binding
ligand of known concentration with (he natural ligands. The natural ligand is then titrated with iron
by additions of 0 to 170M Fe to ten aliguols of the sample. During the programme, separation and
concentration of the natural ligands was designed 10 be carried out by tanpential flow utira filtration,
The concentrates from the filtration were (o be added 1o deck based incubations in various dilutions
with iron additions to these also being planned. However due to the vibrations from both the ship’s
engines and winches, it was very difficult 10 make any rchiable measurements while the ship was in
transit or when stopped. The component titrations, instcad of taking the expecied 4h to complete,
were found 10 require approximalely 9.5h. As a result of the problems with the measurement of the Fe
concentrations outlined above, there was insufficient time available to colicel and concentrate the
large samples (160 1) requived for size fractionation of ligands.

Resul(s
Titralions
140
< 120 - a
o100 |
r= a
o a0 -
2
= 60 t
v 40 | a [m i
[ ] o a
20 b a] o
0 ? 1 1 i 1 1 i 1 | 1
[} 1 3 5 7 9 1% 12 15 17
Fe (nM)

The data prescnted in Fig. 31 (immcediately above) from surface samiple PC113, indicate a high
complexing capacity of around 7-9nM Fe.

Incubations :

Deck incubations were carricd oul for the first three days of the N-S transect in order 10 assess the
possible influence of iron enrichment on the growth rates of selected componen(s of the
phytoplankion. Growth of the phytopiankion componenis was estiinated from incubations made over
24h using flow cytometry, which was carricd out shipboard by Glen Tarran. Preliminary results
shiowed that the nanoplankton community responded to the iron additions made with a 3% increase in
lotal cell numbers for these individuals being found over the incubation period. No response was
evident in the picoplankton fraction. Total chiorophyll a concentrations were also constant over the
course of the experiments. Following the incubations, samples were filtered and stored frozen for
analysis on return to the laboratory in Liverpool.

Discrele Samples
A total of 200 surface and sub-surface samples were collected for analysis on return {o Liverpool.

-+.21. Data Archiving (Polly Machin)
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Obieclives

To complete an accurale record of all sampling events on board so that every measurement may be
rclated back to continuously logged parameters (c.g. lemperature, satinity, PAR, chlorophylt
fluorescence, wind velocity) as required.

To monitor the performance of the basic CTD and underway instruments so that the data obtained can
be proccssed and calibraled to an acceplably high standard.

To assist with sampling the Level I chlorophytt and POC/PONs and general watchkeeping duties as
required.

Work Achicved
Thanks to the spltendid efforts of Rob Lloyd (RVS Computing) and the walclhikecpers and officers on

the bridge, a fully comprehensive and accurate record of all cruise events was obtained. This should
hopefully be used as the definitive version of the cruise fog and I shall be very happy to provide
informatton on this, such as: what samples were taken off the non-toxic supply while the LHPR was
being towed; how much did the ship drift during the deep CTD and how many surface measurements
of chlorophy!l were madc at the 47°N 20"W station.

An excellent set of chlorophyll and salinity measurements for calibration of the undenwvay and CTD
fluoromelers and sabinity sensors were analysed on board and a comprehensive suite of POC/PON
samples were collected, largely due Lo the unstinting elforts of Graenie Hays, Phil Taylor and Dave
“where’s my flag gone?” Teare.

The underway and CTD instnumnents generalty worked very well, with the only major gaps in the data
set being associated with the humidity sensor and the echo-sounder (water depth) for Lthe first half of
the leg. The replacement of the CTD transmissometer and the underway fluorometer due to
malfunction should be able 1o be compensated for by careflul screening and calibration of the data 1o
produce a seamless datasel. Preliminary comparisons of the meicorological data (absolule wind
velocily, barometric pressure, air lemperalures) against independent observations by the officers of the
bridge are very encouraging and indicate no systematic bias.

Dala You Are All Encouraged to Gel Your Sticky Mitts On

All cruise participants are strongly encouraged to make use of the foliowing data, whiel 1 shall be
happy to send if you contact me al BODC. The underway data were logged at 30 second intervals, but
can be easily supplied as 10 minute, hourly or daily averages or subsamples. The CTD data were
togged at 1 second (approximately half a metre depth) intervals, but again can be supplicd as averages
over a specified deptly inteval. In return, I would very much appreciate it if the PRIME database could
be faltened up by your results, witich | would like to see as soon as they are finished.

A summary table of the status of the majority of the Level I data set follows:

Instrument What it Measures What Needs 1o be Done When Dala Ready?
GPS latitude check and inlerpolate end of July
GPS longitude check and interpolate end of July
GPS distance run compule end of August
TS5G sca surface temp calibrate against CTD end of August
TSG sea surface salinily calibrate against samples end of August
Fluorometer chlor. fluorescence calibrate against Level Is end of August
Transmissomeler water (ransparency convert lo attenuance end of July
Echo-sounder  waler depth check quality end of July
Oxygen probe  dissolved oxygen caltbrate against Winklers io be decided
2xPAR meters  PAR, pressure check quality end of July
Psychrometers  dry bulb air temmp calibrale end of July
2xlight meters  total irradiance calibrate end of July

Anemometer rclative wind speed convert to absolute end of July
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Table continued from previous pape

Baromctcr barometric comparc port and stbd cnd of August
Psychromnelers  wet bulb air temp compare port and stbd end of August
Auto Analyser  Sxnutrients ¢lean up and calibrate sce Male, W. (PML)
Pressure sensor  depth calibrate end of August
CTD lcmperature check end of Augusl
CTD salinity calibrale against samplcs end of Augusl
Fluorometer chlor. fluorescence calibraic against Level I's cnd of August
Transmissomeler water {ransparency converl Lo atlenuance end of August
Light meter | upwelling PAR calibrate end of August
Light meter 2 downwelling PAR calibrate end of August

4.22, RVS Computing (Rob Lloyd)

Gencral

Prior to the cruise two major improvements were made Lo the computing system on RRS Discovery,
Extra disc space was provided on all four SUN workstations comprising the ‘Level C” network. This
greatly simplified the data’ management enabling, for instance, the continuous logging of ship’s log
and gyro duning Leg 1. The other major, and perhaps more significant, development was the
scparating of the data and processing networks. An Ethcrnet bridge was instatled on the *Discovery 2°
workstation that linked the two networks. The Nirst consisled of the CTD Level A, the Level B,
Discovery | and Discovery ; the second nctwork consists of Discovery two, threg and four and all the
peripherals (plotlers,etc.). Thanks must go o Martin Beney and Alan Taylor {or the fauftless way
these improveiments perforined during the seven weeks of the cruise.

Data Logged
LOG-CHF - ChernikeelT clectromagnelic log recording fore/aft and port/starboard speed through the

water. No time was avatlable for calibrations but al speeds below [0kts this had no significant effect.
The P/S values were unreliable and ignored for calcidation of DR positions.

GYRQSYNC - Ship’s gyro heading. The advent of the Ashtec altitude sensor {sec below) has revealed
that the instrument is unstable for some minutes aftcr turns and currently has a nusaligiuncnt error of
2.5 degrees.

(GPS-ASH - Ship’s attilude sensor based on an array of GPS receivers measuring relative phase
differences. This provides a very accurate heading for ADCP post processing. Multipath errors and

poor GPS coverage somelimes degraded the data, particwarly at the 60°N 20°W survey site. The
sensor perforined better the furiher south the ship sailed.

GPS-4000 - Standard Trimble Surveyor GPS set. No obvious problems. Recent improvements to the
Level A software have solved the “Serial overrun’ error.

MX1107 - Old (very!) Transil based satellile navigator provided as a backup to GPS.

EA300D1 - Simrad echo sounder providing depth data. Some data were lost due (o an oversight at the
starl of Leg 2.

RVS-CTDF - Upgraded VME based RVS Level A logger for the CTD. Run during this cruise using
the faster Ethernet link to the Level B rather than the more usual serial line.

SEASOAR - A separate Level A application run of the same hardware as the CTD. Used during Leg |
only.

BOTTLES - Mk.!| serial Level A recording time and firing code from ihe tone fire CTD boltle system.
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METLOGGR - RVS Labview bascd PC met logger using Ship Message Protocol (SMP) to link to the
Lovel B.

SURFLOG - A PC similar to Lthe above recording underway TSG, fluorescence and transmission dala.
This device still occasionally corrupts its time data - a bug thal las been solved in the METLOGGR.

WINCH - A PC based winch datu logging syston.

ADCP - The Acoustic Doppler Current Profiler is separatc from the main logging nctwork
transmilting its data directly to the Level C (Discovery 1). As in the past lopging 128 data *bins’ and
raw data caused some problems. Paul Duncan on Leg | implemented a simple work around that
limited the data loss on such occasions to only one record. However there remained a bug that
corrupted completely the serial port on Discovery 1. This occurred twice on Leg | but only once at the
beginning of Leg 2.

Othcr sources of data transferred Lo the Level C were ARGOS buoy positions and satellite image, both
via ¢~-mail.

Level B

The Levet B performed generally very well. Only three *black hole’” evenls occurred, one of which was
closely observed leading to confinmation that tapc probiems are Lhe cause. Throughout the cruise data
was written 1o new, erascd and initialised tape. A total of nincleen 150Mb. tapes were used. An
opportunity to clean the lape drives was taken during a pause in work on the 37°N station. the new
4Gb disc drive on the Level C enabled the reading and archiving of all the Level B tupes.

Level €

Routine data processing included the derivation of "bestnav’, absolute wind data, surface satinity and
the calibration of CTD and Scasoar data. Surface contours were produced together with contoured
CTD and Seasoar sections. During the SFq experiment on Leg | an extra navigation data stream was
produced. This consisted of uncorrected dead reckoned navigation whicl was used to produce near
rcallime estimates of the circulation of the eddy. During the 16h deplovinent of the tracer paich the
ship was navigated using DR data only.

Overall some 16Gb of raw and processed data were recorded and over 2000 plots produced.

Comnunication Office Computer

The Ship to Shore (STS) compuler used to scnd and receive e-mail over the [nmarsat system is old
and in urgent nced of at least a new disc drive a:. As a stoppap Ineasure it was necessary (o transfer
filcs using five and a quarter inch discs.

4.23. Instrumentation (£hil Taylor)

Seasoar Operations

Six tows were completed, varying in duration from 611 1o 48h. The vehicle used was a Chelsea
Instruments Mk 2 Seasoar towed from 500m of faired cable. Onboard instrumentation comprised a
Neil Brown Mk 3b CTD (s/n 1053) fitted with a Sensor Medies O, sensor and a Chelsea Instruments
Mk 3 Fluoromeler (s/n §8/2960/160) for the estimation of chlorophyll a fluorescence.

Following some initiaf problems the system performed well, undulating between the surface and
350m. This was achieved using a wing down angle of 18 degrees and a towing speed of 6.5-7.5 kis.
On certain courses the strength of the sub-surface currents associated with eddy restricted the
maximum undulation depth that could be achieved.

Recovery of Seasoar in Force 7/8 conditions at the end of run#3 resulted in a bent tail {in assemnbly
and damaged low cable. These were repaired on board, allowing operations to resume (wo days laler
in better weather. Following this incident tactics for the launching and recovery of Scasoar were



74

modified. The portside aft ship’s cranc was used for both deployment and recovery operations. Once
Scasoar was oufboard the towing sheave was transflerred onto a wire from the SAPS winch and
suspended from (he centre block on the A-frame. This procedure cnabled the 500m of faired cable to
be deploved and recovered with minimum damage.

No instrutitent or vchicle failures occurred.

CTD Profiling
The system employed comprised a Ncil Brown Mk 3b CTD (s/n 1195) fitted with a Sensor Medics O,

scnsor. a Sca Tech Transmissometer (s/n 10402) and a Chelsea Instruments Mk 2 Fluorometer (s/n
229). The associated water sampler was a General Oceanics (GO) 1015-19 unit fitted with [2x101
lever action Niskin botlles and a GO Tone Fire system. Two SIS RTM 4002 reversing thermometers
were used 10 provide temiperaturc checks on the CTD.

Ounc hundred and one CTD casts were completed during the cruise. These varied in depth from 60m
(o 300m., with occasional deployments to 5000m. Two casts had to be aborted because of wire
failurcs: onc resulting from a short circuit 20m from the end of the cable and the other a termination
fatture. On occasions the Rosette firing module indicated a misfire condition, bul this usualty cleared
on the second attempl at firing. A few of the lever action Niskin boitles initiatly failed (o seal properly
because of incorrect lanyard tensions. These were subsequently adjusted and gave no further trouble,
Transmissometer s/n 104D failed after cast #74 as a result of water ingressing the detector asscmbly
and the unit was replaced by the spare unit s/n 637D,

Surface Svstemis .

Surface lemperature and salinity measurenients were made using a Falmouth Scientific TSG. The
remole femperature sensor (s/n 2263 together with a Sea Tech Transmissomcler (/o 103D) and
Chelsca Instnuments Fluoromeler were sited in a deck tank in the hangar, Calibration samples as
required were routincly taken from the ship’s non-toxic supply. The Fluorometer failed on dav 37 and
was replaced with the equivalent unit from the CTD (sn 229) for the passage leg back to
Southampton,

Shipborne ADCP

The RDI £50khz VM ADCP was run continuously throughout the cruise, sampling 128x4m bins and
averaging the data over 2 minules. Profiles were obtained to depths greater than 300m. Raw and
averaged data were logged by the ship’s logging system and the system PC. Approximalely hatf way
through Leg 2 the hard disc on the PC started producing ‘disc seek” errors and it was found necessary
(o termrinalte logging to the hard disc in order to keep the system running,

Meteorological System

The system was run continuously throughout the cruise and worked well apart from a faulty humidity
sensor. whicl was later found to have water ingress, and also somie initial problemis with the hutl
temperalure sensor. Alr temperature. sea temperature, wind speed and direction, {otal irradiance and
PAR data were routinely logged.

Ship Svstcms
The EASO0 echo sounder and ChernikeefT speed log gave no problems.

Argos Driflers
Three Argos and one GPS drifting buoys (the latter on loan from DML) were deployed on the [irst leg

of the cruise at the centre of the SFg pas tracer deployment grid. Due to the clement weather
conditions the buoys performed reasonably well in marking the tracer patch and their track confirimed
the anti-cyclonic rotation of the eddy. One Argos buoy remained deployed through 1o Leg 2 in order (o
allow approximate relocation of the main Leg | sampling site as the initial station on the N-5
iransect. All buoys were deployed and retrieved successfully,
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APPENDICES

In all appendices, the event number is logged, together with the start and end dates
and times and the start and end positions. Extra details are also given as appropriate.



APPENDIX 6.1

CTD CASTS
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GO-FLO BOTTLE CASTS
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APPENDIX 6.5

OPTICS CASTS
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APPENDIX 6.6

SEASOAR TOWS (LEG 1)
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APPENDIX 6.7

UOR TOWS (LEG 2)
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APPENDIX 6.8

U-TOW DEPLOYMENTS



Conversion from Dates Lo Julian Days

Date Julian Day
12th June 1996 164
13th June 1996 165
14th June 1996 166
15th June 1996 [67
16th June 1996 168
17th June 1996 i69
18th June 1996 170
19th June 1996 171
20th June 1996 172
21th June 1996 173
22th June 1996 174
23th June 1996 | © 175
241h June 1996 176
25th June 1996 177
26th June 1996 178
27h June 1996 179
28th June 1990 180
291h June 1996 181
30th June 1996 182
(st July 1996 183
02nd July 1996 184
03rd July 1996 185
O4th July 1996 186
031 July 1996 187
06th July 1996 188
071h July 1996 [89
O8th July 1996 190
(091h July 1996 191
10th July 1996 192
L11h July 1996 193
121k July 1996 194
13th July 1996 193
L4th July 1996 196
15th July 1996 [97
[6h July 1996 198
171h July 1996 [99
1811 July 1996 200
19th July 1996 201
201h July 1996 202
21th July 1996 203
22¢h July 1996 204
23th July 1996 2015




The following pages contain colour diagrams that were removed from the original report before it was scanned.
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‘ TSG vs Bottle Salinity
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Figure 13. TSG salinities vs. bottle salinities (top) and residual noise between bottle salinities
and calibrated TSG salinities (bottom), from the beginning of the first fine scale survey to the
end of the cruise.



&8

0¢

0%

‘sroke] qdap J1yroads 107 swry pue Yiuons 1231e) Jsurede PaINOJUOd SUONIIAP JO JaqUInN “BIep 00SMH

G'19¢

wgyl-cel

W eegl-9t1

w gl -001

W Qo0l-v8

W #8-89

W 89-29

W ¢G-9¢

W 9g-0¢

b1 23y



03 DEC 1998 0148 GMT mea-surdfore temp

Bf 3 19 20 21 22 25 24 725K9 s

NERC RS0AS

| BB 18 20 21 22 25 24 25K

138 QEC 1298 1BOS GMT seo-aurfoce t_s_'ﬂp
"

NERC RSDAS s ¥ NERC RSDAS

- Bl 8 19 20 21 22 25 24755 [ Ef & 15 20 21 22 25 24 25f4 35

2w 1w ) 2w 1T W o]

Figure 15. AVHRR images obtained in near real time via NERC’s Satellite Receiving Station in
Dundee and Image Analysis Unit in Plymouth.
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