ARABESQUE I: CRUISE REPORT

R R S DISCOVERY 210/94
25 AUGUST - 5 OCTOBER 19%4
MUSCAT to ARABIAN SEA to
N W INDIAN OCEAN to MUSCAT

Professor R F C MANTOURA FRSC
PLYMOUTH MARINE LABORATORY

PLYMOUTH MARINE LABORATORY
PROSPECT PLACE, PLYMOUTH PL.1 3DH
GREAT BRITAIN

Supported by:

Natural Environment Researach Council (NERC)
UK Ministry of Defence DRA Joint Grant No TQ/10/3/2 to PML
Plankton Reactivity in the Marine Environment (PRIME)

With collaboration from Omani, German, Canadian & US Oceanographers

Circulation:  PS, all Cruise Scientists, RVS (3 copies) BODC, DRA (3 copies),

PRIME! Dr Gage (SAMS) Dr Herring (IOSDL)

March 1995

2o






Figure 1: Cruise track and Positions of the ARABESQUE 1 Expedition on board
R R S DISCOVERY in the Arabaian Sea; 27 August - 4 October, 1994
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1 OBJECTIVES

The detailed scientific objectives of ARABESQUE cruises are: :
To quantify the seasonal influence of the Monsoon winds in the Arabian Sea on:

(1) upwelling of nutrients and resultant production and fate of phytoplankton, in
terms of size-fractionated, new and regenerated production.

(2) vertical and on-shelf gradients of heterotopmc methanogenic and denitrifying
bacteria .

(3) distribution of chemotaxonomic pigments with links to optical properties of
seawater.

(4) Dissolved Inorganic and Organic Carbon cycle

(5) Air-sea exchange of Sulphur and Nitrogen biogases including dimethyl
sulphide, methylated amines, and methane.

(6) Sedimentation rates and fate of organic matter through the oxygen depleted
zone.

(7) calibrate satellite data on ocean colour so as to map the biogeochemistry of
the northwestern Indian Ocean.

Two cruises (ARABESQUE 1 & II) are planned in August and December 1994 to
contrast the effect of the South West monsoons versus the intermonsoon period. This
report deals with ARABESQUE 1 expedition held between 27 August and 4 October
1994. These two cruises represent the UK contribution to Arabian Sea JGOFS.

2 SUMMARY OF ACHIEVEMENTS

The ARABESQUE 1 Expedition departed from Muscat on 27 August and initially we
investigated the biogeochemistry of the Gulf of Oman and the outflow of Arabian Gulf
waters into the Arabian Sea. Six stationS were occupied from the Straits of Hormuz to
the Murray Ridge and repeated CTD/rosette bottle casts were completed for micro-
nutrients (NO3, NO;, POy, Si ), nano-nutrients (NO3, NO2, NHy), dissolved organic
carbon, SFg, ammonia and methylammcs TCO9, pCO,, N2O, DMS, DMSO, MDSP,
oxygen, pigments by HPLC, flow cytometry, mictozooplankton, bacterial counts.
Underway biogeochemistry measurements and tows of the undulating oceanographic
recorder (UOR) instrumented with an array of 0pt1cal and oceanographic sensors were
also completed between all stations.

The upwelling of nutrient rich waters off the Omani Shelf was mapped by a 100 nm
on-slope section of 5 stations (AS 1- AS S, 2500 m - 50 m) into Masira Bay. The open
ocean gradients in nutrient concentrations, biogeochemical fluxes and production were






mapped over a 900 nm SE vertical section from Oman to the central oligotrophic gyre
of the N W Indian Ocean.

Diumal time series studies lasting 3-5 days were carried out at ARABESQUE
Reference upwelling St Al, the US JGOFS Arabian Sca Ref St A3, and the
'Oligotrophic ' St A7 which we had previously occupied (St Index 3) during the
Darwin cruise in 1986. The time series studies included repeated bioptical and CTD
bottle casts in the upper 200 m for biogeochemical parameters listed above, as well as
“daily primary production rigs in which bottles containing 14¢ 15N and other tracers
were deployed at 6-10 depths from dawn to dusk. Net and gross phytoplankton
production measurements were made with precision AQ9, ATCOj. Sediment traps and
stand alone in situ pumps (SAPS) were deployed to sample the sedimenting and
suspended particulate organic matter down to 4000m originating from the intensive
blooms. Radiochemical techniques based on 210Pb and 234Th disequilbria were
deployed to track the flux and residence time of these particles.

The following phenomena and processes have been investigated:

Inflow of Persian Gulf water tracked isopycnally and from SFg distrbutions
Evaluation of the Oxygen TCO, DOC inventory

Budget and speciation of nano and micronutrients

Mapping denitrification and methane fluxes, air sea exchange of NHg & methylamines
Size-fractionated, new and regenerated phytoplankton production & light-dependence
Flow cytometric profiling of the picoeukaryots, cyanobactenia, prochlorophytes
Vertical distribution and stoichiometery of dissolved organic carbon and nitrogen
Chlorophyll and carotenoid chemotaxonomy and fluxes

Bacterial production Photochemical production of CO

Profiling and fluxes of DMS, DMSO, and DMSP

Sedimentation fluxes from langrangian drifitng traps.

Particle residence times from scavenging of 210Pb and 234Th by suspended particles
Bioptical province mapping using UOR and pigment distributions

More Detailed accounts of the progress achieved by ARABESQUE scientists are
presented in the last section the Cruise Report. -







3 PERSONNEL

TABLE 1 4
SCIENTIST INVESTIGATION INSTITUTE
B Prof R Fauzi C MANTOQURA  Principal Scientist, Organic C & N PML
i Dr Ray BARLOW Pigments HPLC, optics PML
N Mr lan BELLAN Undulat.Oceanographic Rec., optics  PML
ﬂ'{f Dr Peter H BURKILL Flow cytometry, microzooplankton PML
Ms Jo DIXON O, Winkler titrations PML/UoP
Ms Elaine EDWARDS Microplankton & video microscopy PML
Mr Tim FILEMAN Traps & Stand Alone Pumps (SAPs) PML
Mr Stuart GIBB Ammonia & methylamines PML
Ms Angela HATTON Dimethylsulphide, DMSO, DMSP UEA
Mr Brian IRWIN 14C-Production - light relationships ~ B10
Ms Susan KNOX pCO, & TCO; biogeochemistry PML
Dr Cliff LAW SF¢ and CO profiles PML
Mr Axel MILLER HTCO-DOC & -DON profiles PML
Prof Nicholas J P OWENS New & regener. production (I5N) UNC
Mr Alan POMROY Bactenal production & numbers PML
Mr Andrew REES Macro-nutrient chemistry PML
Dr Carol ROBINSON TCO;,, production & respiration UWB.
Dr Graham SAVIDGE 14C size-fractionated production QUB
Mr James SMITH 234Th & 210pPb geochronology U Edinb
Ms Claire STELFOX Microzooplankton grazing, PML
Mr Malcolm S-WOODWARD  Nano-nutrient chemistry PML
Dr Chuck TREES Ocean Optics SDSU
Dr Robert UPSTILL- Nitrous oxide & methane profiles UNC
GODDARD
Mr Nasser AL RUMHI Omani Observer & Engineer RON
Mr Howie ANDERSON Computing Services RVS
Mr David DUNSTER Deck Engineering and Winching .RVS
Mr Stirling JORDAN Deck Engineering and Winching - RVS
Mr Bill MILLER CTD & Sensors RVS
Mr Keith AVERY Captain RVS
Mr Derek NODEN Chief Officer RVS
Mr Syd SYKES 2nd Officer RVS
“Mr Paul BURRIDGE 3rd_Officer RVS

PML: Plymouth Marine Laboratory, Prospect Place, LYMOUTH PL 13 DH, UK.

UoP:  University of Plymouth, Department of Environmental Sciences, Drake Circus, PLYMOUTH

PL3 8AA, UK.

RVS:  Research Vessel Base, Barry, South Glamorgan, CF6 6UZ, UK.
UNC:  University of Newcastle, Department of Marine Sciences, Newcastle, NE 17 RU, UK.
UCNW: University of Wales Bangor, Schoo! of Ocean Sciences, Menai Bridge, Gwynedd, Wales,

LLS9 SEY, UK

SDSU: San Diego State University, Centre for Hydroptic and Remote Sensmg 6505 Alabarado Rd
a Suite 206, 92120 California, USA.

Portaferry, County Down, Northern Ireland BT 22 1 PF, UK. .
BIO:  Bedford Institute of Oceanography, Dartmouth, Nova Scotia, B2Y 4A2, Canada

_ ,
QUB:  Queens University Belfast, School of Biology and Biochemistry, Marine Biology Station,

U Edinb: University of Edinburgh, Department of Geology and Geophysics, West Mains Road,
. Edinburgh, EH9 3JW, SCOTLAND.
UEA: University of East Anglia, School of Environmental Sciences, Norwich NR 4 7TJ, UK.







4 BIOGEOCHEMICAL PARAMETERS & PROCESS
INVESTIGATED

The cruise consisted of four distinct types of operations:

(1) Underway measurements between stations : time, longitude, latitude, salinity,
temperature, fluorescence, transmissometer, bottom depth, solar irradiation,
micronutrients all continuous or semi continuous mode; Discrete samples were also
taken for microbial biomass, pigments, POC/N particulate absorbtion.

(2) Profiling Stations with 1 or 2 Biogeochemical CTD casts & deck incubations
lasting < 12 hours. A 'shallow ' and ‘deep’ casts were undertaken to cover the whole
of deep (> 200 m) stations. The parameters measured on these Biogeochemical
casts include follow the 'Level 1' protocols of JGOFS and include :

Time, depth, salinity, temperature, potential temperature, density (),
fluorescence, transmission, oxygen electrode, oxygen Winkler, micronutrients
(NO3, NOz, NH4, P04, Si, Urea) and nano-nutrients (NOz, N03, NH4),
Dimelhylsulphjdc, DMSO, DMSP, Methylamincs, pCOz, TCOz,A Nzo, CH4, SF6,
CO, DOC, HPLC-pigments, analytical flow cytometry. Seawater samples were also -
preserved in lugols iodine for microbial biomass and numbers.

Where possible, predawn casts were also camried out for simulated in situ
incubations on deck.

(3) Production Stations to include all operations listed in Profiling Stations plus a
a set of pre-dawn casts at 9 - 12 depths for addition of tracers and redeployment of
primary production bottle rig from dawn to dusk. these were carried out St A1, A3,
A5, A7 and A9. Parameters measured include Pigments HPL.C, nutrients, and
phytoplankton assimilation of 14C-HCO3, 15NO3, 15NHy, and bacterial assimilation
of 3H-thymidine and 3H-leucine. Community photosynthesis and respiration were
also measured using ATCO, on light and dark bottles. In parallel to the in situ
incubations, are deck incubation with 14C-HCOj in a 'photosynthetron’ to derive the
growth-light relationships for primary production. Following rig recovery at dusk,
bottles were dark incubated on board and processed 24 hours after commencement
of production experiments. Microbial grazing experiments were also carried out on
1 or 2 depths on the same production rig.

Vertical profiling for 210Pb scavenging is also carried out at each 'production’
stations.

(4) Trap Stations consist of 3 to 4 day deployment of drifting sediment trap just
below the surface mixed layer and/or the chlorophyll maximum at stations Al,
A3,and A7. On arrival, the trap is immediately deployed and sedimenting
particulates are collected daily into poisoned sample cups for detrmination of
vertical fluxes.

Following trap deployment, twin biogeochemistry CTD casts are complc"ied
followed by daily deploymenst and recoveries of primary production rigs. The in



situ pumping of deep particulates is also carried out in SAPS profiles {rom the
surface to 3500 m depth. '

5 STATION AND DATA FORMAT

The Gulf of Oman stations positions are shown in Table 2. . They are designated GOM
1 to GOM 6 and mostly correspond to ones previously occupied on Charles Darwin
CD/16 in 1986. ‘

The Arabian Sea stations are designated A1l to A10 and their correspondence to other
program stations are also shown Table 2.

Ever} cast and over the side opration is given an 'OPERATION NUMBER' consisting
of station number followed by the operation number, e.g. GOM 6-7 meaning station
GOM 6 and operation number 7 efc..

SPREADSHEETS: to facilitate the integration of individual scientists' data obtaianed
from bottle casts, BODC and RVS will prepare LOTUS 123 or EXCELL Spread
sheets for the CTD/s/F/O2/Tr data corresponding to each bottle . All the data has been
properly calibrated down loaded from the level C system . Diskette spreadsheets will
be distributed to all scientists on board. The entire data stream on the level C will of
course be reprocessed by the BODC (Bidston) who in due course wil produce CD-
ROM of ARABESQUE cruises.



b aalhtd Losobbbd by vy Tevy VRasT LAY »RCHY OER CPTERNUY IR T P R AT TN TS Ry IR Ty

S S V.

\

om { | l

v
™
!
b

| ’ \ \

AT

)
S
o
Z

W
(=)
=

-
[=
=z

AL R PAE AL AR A AU R L A AL R AR
N
(=g
=

5

<]
o
=

-p[quz

s
~
o
=z

,_k,r,m.,.,_,_.,,.‘,w .
[«-]
é\

Jadadalalelofalelytyl Jajadglded Jetafalal 213131 fedydzlyt Ly lifididy Jaletas) dlilelzial Jalal 124y ImEura | 1l;]||alsl|\l Lolat.) el lalal \ Pndlataldat Padsiatan ey

UMMM UL R

©o
(=]
=

o
o
z

[OSS [EUIOR SN S
©

S
o
=z

128

w
<
<

L]
f=]
=

5 8

-
(=]
=

D M A L A R LA L B R LR AN KA R B A

MM
<
[=]
=
(o1]

w
[}
=z

(>}
(=]
=

) Gl S LA DA AL A LA A BEE A RS RS A TS

7? Fo | TIPSO T

56 QE
N
2
b 57 OE
58 OF
3
59 OF
50 08
61 OE
82 OE
65 OF
9 OE
70 0
71 08

4

el lols eh [V PRl PR R [PPSR vy NN PSRN el

IEEFRFY ol FETLETSE PO Y1 FY PR R RN
" i

]

MERCATOR PROJECTION A0 . 1 ; — Track plotied fror.
SCALE | TO 7600000 MATURAL SCALE AT LAT. 15} o

INTERHATICNAL SPHERCID PROUECTED AT LATITUDE 5

Discovery 210 Cruise Track

-\I



6 STATION POSITIONS AND CHART

The station positions and the cruise track are shown inTable 2 and Figure 2
respectively. Actual postion for each cast are documented in the Daily Scientific log
(Section 7) and the CTD bottle spreadsheets to be provided by BODC.

TABLE 2
ARABESQUE 1 Station Positions

Station Lat °N Long °E Location Other inform  Depth (m)

GOM 1 025°59.8' 056°35.0'  Straits of Hormuz : 112
GOM 2 024°49.3' 057°13.2' G of Oman CD16St11 1255
GOM 3 024°20.0' 58°10.4' G of Oman CD 16 St 10 2853
GOM 4 23°55.0' 059°15.0¢ G of Oman CD 16St9 3328
GOM § 022°39.4' 060°40.7' G of Oman CD 165t 8 3173
GOM 6 021°15.5' 063°21.3' G of Oman CD 16 St7 3325
AS1 019°15.0" 058°35.4' Oman Slope 2549
AS2 019°16.5' 058°32.2' Oman Slope 1206
AS3 019°23.3' 058°20.6' Oman Slope ‘ 484
AS 4 019°27.0' 058°14.6' Oman Slope 200
AS S 019°30.3' 058°09.1" Shelf Masira Bay 50
| Al 019°00.0' 059°00.0' N Arabian Sea ARABESQUE 3397
| Ref St
i A2 017°30.0" 060°30.0° N Arabian Sea 3914
| A3 016°02.2" 062°00.0' N Arabian Sea US-JGOFS long 3927
“k o Time series
' Ad 014°00.0' - 063°15.1' N Arabian Sea _ 4040
AS 012°00.0' 064°29.9° C Arabian Sea T 4211
Ab 010°14.0' 065°32.7" C Arabian Sea 4386
A7 008°00.0'  067°00.0' C Arabian Sea CD16St3 4705
A8 011°58.6' 067°00.0' C Arabian Sea CD 16 St4 4207
AS 014°20.0/ 067°00.0" C Arabian Sea CD16St5 3975

A10 (015°11.4' 064°30.2' N Arabian Sea 3856




7 DAILY LOG OF SCIENTIFIC ACTIVITIES

@li’me-s are logged below in local ship time (Z+4h; i.e. GMT +4h)

SUNDAY 21 AUGUST
Alr flight of ARABESQUE 1 scientists from London Heathrow to Muscat. Transfer to NOVOTEL
Ruwi, Muscat,

MONDAY 22 AUGUST
Acclimation in Muscat, awaiting the return of Discovery 209

TUESDAY 23 AUGUST

Unload and transfer on board equipment, reagents, gear from two 40 foot containers on board
Discovery. Return to Shore.

WEDNESDAY 24 AUGUST

Transfer ARABESQUE 1 scientists on aboard. Commence upacking and comissioning of
equipment.

THURSDAY 25 AUGUST
Commission equipment, containers, CTD, winches for UOR & optics, gas lines, supply, non toxic
seawater system, etc...Delivery of gas cylinders delayed by unschedule refit of container vessel.
Secured local source of O and on board H for short term usage. Temperatures in Air conditioned
General Purpose Laboratory for radiochemical- were found to be soaring to 39 °C. Assessed as
unsuitable for work at sca. ‘

FRIDAY 26 AUGUST
Completed the shipboard commissioning of equipment. Survey of AAC Container by Omani A/C
engineers identified the need for additional A/C.Delayed departure to Saturday. Visit by HM
Ambassador R Muir and ADC to coordinate reception.

SATURDAY 27 AUGUST

Compl_etcd installation of A/C
1830 Discovery departed Muscat for Shakedown Station
2035 Arrive at Shakedown Station ( 23°49.0' N, 058°45.0' E; 2500m)

2201 Shakedown CTD cast No'S' o/bdownto 483 m
2319 i/b. Proceed 0S5t GOM 4

SUNDAY 28 AUGUST

0210  Amive StGOM 4 (23?55.2' N, 59°134°E; 3328m)

0232 GOM 4/1 CTD biogeochemistry cast 0-300 m fired bottle # 1-12 at following  depths : 5,
15,19, 40, 50, 75, 100, 160, 174, 216, 301 m. SFg, CO, Oy, NyOfCHy , DMS, (sel
depths), TCO,, pCOy , micro-, nano-nutrients, DOC, methylamines, Pigments, AFC,

microbiomass. i/b 0343

0458  GOM 472 CTD Production cast 0-50 m. i/b 0538



0626

0718

~0923

1412

GOM 4/3 CTD Production cast 0-50 m. i/b 0646
Deck Production incubations

GOM 4/4 CTD Radiochemistry cast 0-500 m /b 0812
GOM 4/6 CTD Deep Biogeochemistry 0-3323m . 12 Bottles fired. 04, NoOfCHy4 , DMS,
(sel depths), TCOy , pCOz’ micro-, nano-nutrients, DOC, methylamines, Pigments, AFC,

microbiomass, /b 1232

depart Station GOM 4 (o GOM 2, fowing the UOR. with underway measurements passed
over St GOM3 at 2100.r

MONDAY 29 AUGUST

0337
0420
~0430

- 0544

- 0628

- 0903
~ 0955
~1044

~1146

~1232
1318
~1356

2244

2334

Recover UOR. i/b 0402
Arrive Station GOM 2 (24°49.33'N, 57°13.2°E, 1255 m)
GOM 2/1 CTD Productivity cast 0-40 m i/b 0459

GOM 272 CTD Productivity cast 0-35 m i/b 0605
Deck Production incubations

GOM 2/3 CTD Biogeochemistry deep cast 12 bottles fired.

SFg. CO, Oy, NJO/CHy , DMS, (sel depths), TCO5 , pCO;  micro-, nano-nutrients, DOC,
methylamines, Pigments, AFC, microbiomass. i/b 0832

GOM 2/4 Apstein net

GOM 2/5 CTD Cast biogeochemistry cast aborted due to botile missfire.

GOM 2/6 stem cast for PML sensors optics

GOM 2/7 CTD Biogeochemistry cast 12 bottles to 149 m .SFg, CO, O9, N9O/CHy , DMS,
(sel depths), TCO, , pCOy , micro-, nano-nutrients, DOC, methylamines, Pigntents, AFC,
microbiomass /01217

GOM 2/8 Stern deployment of MER optics

GOM 2/¢ CTD optics cast down top 50 m. i/b1341 .

Depart St GOM 2 for St GOM 1, towing UOR.

recover UOR

Arrive at Station GOM 1 Straits of Hormuz (26°01.0' N, 056°35.0'E, 112 m)

TUESDAY 30 AUGUST

- 0008
-0335
—0412

= 0445

GOMI/1 Zooplankton netting

GOM /2 CTD Production Cast 040 m i/b 0356
GOM1/3 CTD Production cast 040 m i/b 0426
GOM 1/4 CTD Production cast 0-10 m i/b 0452

Deck Production incubations
GOM 1/5 cancelled cast

10
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- 0735

~ 0905

~- 1000

1034

1112

1146

1424

GOM 1/6 CTD Biogeochemistry cast 12 boules to 87 m .SFg, CO. Oy, NoO/CHy
DMS. (scl depths), TCOy , pCOy  micro-, nano-nutrients, DOC,  methylamines,
Pigments, AFC. microbiomass. i/b 0804

GOM 177 CTD optics cast 040 m. 6 depths

GOM 1/8 Stem cast of PML optics

GOM 19 Stemn cast of MER optics

GOM /10 CTD SF6 cast

Depart St GOM 1 for St GOM 3 towing UOR.

UOR in board because ships speed was 8 kts, 100 slow for undulation

WEDNESDAY 31 AUGUST

0543

0735

1029
1600

1800

Arrive at Station GOM 3 (24°20.0' N, 58°10.4' E, 2853 m)

GOM 3/1 CTD Biogeochemistry cast 12 bottles to 2848 m SFg, CO, O, NoOCHg
DMS, (sl depths), TCO3 , pCOy micro-, nano-nutrients, DOC,  methylamines,
Pigments, AFC, microbiomass ‘

Depart Station GOM 3 for Muscat anchorage towign UOR

arrive at Port Sultan Qaboos; transfer of Hy & O cylinders.

Depart Port Sultan Qaboos for GOM 5.

THURSDAY 1 SEPTEMBER

0431 Arrive Primary Production Station GOM 5A (22°54.8' N 60°07.9° E, 3146m)

0435 GOM 5A-1 CTD Production cast 0-50 m
Deck incubations
resume passage to StGOM 5§

0800 Arrive Station GOM 5§ (22°39.4'N 60°40.6'E, 3174 m)

0823 GOM 5/1 CTD Biogeochemistry cast 12 boltles to 3175m .SFg, CO, Oy, N,OfCHy
DMS, (sel depths), TCO; , pCOy  micro-, nano-nutrients, DOC,  methylamines,
Pigments, AFC, microbiomass. i/b 1100

1110 GOM 5/2 Stern optics cast PML sensors

1149 GOM 573 Apstein net

1211 GOM 5/4 CTD Biogeochemistry cast 12 bottles to 200 m .SFg, CO, Oy, NoO/CHy
DMS, (sel depths), TCO, , pCOq . micro-, nano-nutrients, DOC,  methylamines,
Pigments, AFC, microbiomass. i/b 1246

1302 GOM 5/5 Sterm MER opitics cast . i

1350 GOM 5/6 CTD optics cast upper 40 m.

1644 - Depart St GOM 5 for station GOM 6, towing the UOR ,

FRIDAY 2 SEPTEMBER

11



0349
0404

0454

0509
1208

1220

1334
1403
1425
1508

1555

1934

2056

2125

Arrive at station GOM 6A UOR in board.
GOM 6A/1 CTD production casi 0-30 m

GOM 6A/f2  CTD production cast 0-30 m
Deck incubations .

Depart for station GOM6 towing the UOR

Recover UOR

GOM 6/1 CTD Biogeochemistry cast 12 bottles to 300m .SFg, CO, O,. NoO/CHy
DMS, (sel depths), TCOp . pCOy 'micro-, nano-nutrients, DOC,  methylamines,
Pigments, AFC, microbiomass

GOM 6/2 Stern cast of the MER optics system; i/b 1359

GOM 6/3 Stern cast of the PML optics systems i/b 1414

GOM 6/4 CTD cast optics cast to 40 m i/b 1449

GOM 6/5 Apstein Nefting i/b 1519

GOM 6/6 Deep CID Biogeochemistry cast 12 bottles to 250-3298 m  SFg,  CO,
07, NpO/CHy , DMS, (sel depths),TCO; , pCO micro-, nano-  nutrients, DOC,
methylamines, Pigments, AFC, microbiomass i/b1837

GOM 6/7 Radiochemistry CTD to 500m. duplicate bottles fired at 500, 350. 250,
100,75 m for 210pb_ i/b 2036

GOM 6/8 Radiochemistry CTD 1o 0-50m. duplicate bottles fired a1 50, 30, 10, 5 m
for 210pb. i 2113

Depart GOM 6 for Reference Station ARABESQUE Al. Towing UOR.

SATURDAY 3 SEPTEMBER

0349

0415

0452

UOR ib

GOM 6B/1 CTD production cast 0-60 m
Deck incubation for primary production

Resumed passage to Al towing UOR

1644 haul in UOR for repairs to fairings
1906 Redeploy UOR

SUNDAY 4 SEPTEMBER

0426 UOR i/b

0504

0549

0618

0720

A /1 CTD production ¢ast to 41 m i/b 0533 j
A 172 CTD production cast (o 65 m i/b 0613
A 1/3 Deploy primary product'ion rig astem

Al/4 Deploy Sediment trap to 100m with 3 daily collection cups set to start a 0600
5/9/94 and terminate 0600 8/9/94.

12



1018 Al/S CTD optics cast i/b1105

1128 Al/6 Apsicin netting to SO m /b 1208

1214 Alf1 Zooplankion net

1234 A1/8 .CTD Biogeochemistry cast to 300 m 12 botdes fired for SFg, CO, O, N20/Cﬂ4 .
DMS, (scl depths), TCO, , pCOy . micro-, nano-  nutrients, DOC, methylamines,
Pigments, AFC, microbiomass i/b1321

1331 A1/ stern PML optics cast i/b 1343

1347 Al/10 Stern MER optics cast i/b 1409

1507 Al/11 Deep CTD Biogeochemistsry cast 12 bottles 200-3387 m .SFg, Co, 0,,
NpO/CHy , DMS, (sel depths), TCO7 , pCO;  micro-, nano- nutrients, DOC,
methylamines, Pigments, AFC, microbiomass i/b1745

1853 A1/12 Production Rig recovered and i/b

1959 Trap buoy found caught on PES FISH line on port-side.Haul in Pes & Trap  Buoy,
untangled, attached Strobe Light redeploy.

MONDAY 5 SEPTEMBER

0022 Zooplankion net WP 2, twin cast to 100m

0304 Al1/13 CTD Production cast 0-10m /b 0325

0354 Al/14 CTD Production cast 5- 32 m i/b 0406

0426 A1/15 CTD Production cast 0-41 m, i/b 0439

0633 Al/16 Production rigs away.

1025 Al/17 Deep Radiochemical cast 250 - 3385 m i/b 1324

1348 A1/18 Stern deployment of MEL optics systems i/b 1409

1447 Al/19 Apstein cast 1o 50 m

1516 A1/20 CTD optics cast

1813 Production rig recoverd

1851 Al/21 SAPS pumping in upper water column 5, 10, 25, 50 m
SAPS i/b 2055

TUESDAY 6 SEPTEMBER

0447 A1/23 CTD Production cast to 40 m i/b 0506

0535 Alf24 CTD Production cast to 40 m i/b 0553

0611 Al/25 Deploy Primary Production rig

0637 A1/26 Deploy 4 SAPS to the 100, 200, 300, 500.m depths. i/b ’

SAPS i/b 11012

13



1124 A1/27 Stem deployment of MER optics, i/b 1151

1157 A1/28 Sterm deployment of PML optis . i/b 1209

1223 Al1/29 Apslc;‘n Netting to 50 m /b 1231

1246 A1/30 CTD biogeochemistry 0-200 m cast .SF6; CO, 05, NyO/CHy , DMS,  (sel
depths), TCO7 , pCO7 , micro-, nano- nutrients, DOC, methylamines, Pigments, AFC,
microbiomass /1319

1445 Al/31 CTD optics cast down to 40 m depth i/b 1505

1627  Al1/32 CTD Radionuclide cast upper 500 m ifb 1721

1810 Recovery of prbduction rig

1944 Al1733 Deploy SAPS to depths of 600, 1520, 1600,2000m

WEDNESDAY 7 SEPTEMBER

0440 Final SAPS in board

0517 Al/34 CTD production cast to4l m

0613 A1/3S CTD Production cast to 40 m

0644 A1/36 Production rig deployed

0700 A1/37 CTD time series (t0) at 5, 35, SO m

0742 A1/38 301 Goflow off Kevlar i/b 0757

0809 Al/39 CTD time series (t1) at 5,35, 50 m

0914 Al/40 CTD N20.CH4 cast jointly with Time series 1(2) 1600 m, i/61050

1112 Al/41 Apstein netting

1159 Al/42 CTD time series (13) -

1303 Al/43 Stern MER optics cast

1342 Al/44 Sterm PML optics cast

1459 A1/45 CTD (ime series aborted t (4) electrical malfunction of CTD wire

1645 A 1/45CTD trial deploymeat upper 50 m used for radio nuclide samples
hove to by trap

THURSDAY 8 SEPTEMBER 3
-
0727 Recover Segijmentﬂl'rap . In board at 0746
stram baac]s to original Al position

1007 A 1/46-tl'ﬁal CTD cast down to 100 m to check electrical terminations. Used for POCMN
pigments studies. i

L3
0811 Deploy repaired PES fish echo sounding the Oman slope into Masira Bay.
N Depart for Siation AS1
«)-«3\1\{ ]
!(J.‘ 25 ”
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1406 At St AST (19°15.0'N, 58°35.4'E. 2500m deplh)

1415 AS 1/1CTD Biogeochemistry cast upper 200 m. §Fg. CO. 02, N9O/CHg . DMS, (sl
depths). TCO7 , pCO2  micro-, nano-nutnients, DOC, methylamines, Pigments, AFC,
microbiomass i/b 1517

1532 AS 1/2stern MER optics cast

1607 AS 1/3stern PML optics cast

1627 AS 1/ACTD optics cast down to 40 m

As A5 .

1707 Decp CTD Biogeochemistry cast to 2474 m 12 bottles fired. SFg, CO, 07, NoO/CHy
DMS, (sl depths), TCO; , pCOy  micro-, nano-nutrients, DOC,  methylamines,
pigments, AFC, i/b 1918

1918 departed for St AS2

1958 AtSt AS2 (19°16.5'N, 58°32.2E; 1200m)
hove to

FRIDAY 9 SEPTEMBER

0436 AS 2/1 CTD production cast 40 m

0528 AS 242 CTD production cast 31 m

0634 AS 2/3 CTD biogeochemistry cast to 1200 m SFg, CO, Oy, NyO/CHy , DMS, (sel
depths), TCO, , pCOy _ micro-, nano-nutrients, DOC, methylamines, Pigments, AFC,
microbiomass

0808 AS 2/4 Apstein net.
depart for AS 3

0936 AL St AS 3 (19°23.6°E, 058°20.5°E, 500 m)

1016 AS 3/1 Stem PML optics cast

1036 AS 32 Sterm MER oplics cas

1115 AS 2/3CTD optics cast (o 35m

1149 AS 3/4 CTD biogeochemistry cast to 474 m depth SFg, CO, Op, NJO/CHy , DMS,  (sel
depths), TCO, , pCOy  micro-, nano-nutrients, DOC, methylamines, pigments, AFRC,
microbiomass i/b 1256

1313 AS 3/5 Apstein net to 50 m

1319 depart for Station AS 4

1438 At St AS 4: (19°27.0'N, 58°14.6'E, 200 m)

1438 AS 4/1 Stem PML optics cast ' j

1456 AS 4/2 Stem MER optics cast :

|
1535  ° AS 4/3CTD Radionuclide cast to 150 m ‘

v

15



1628

1656

1800

1808

AS 4/4CTD biogeochemistry castto 145 m SFg. CO, Oy. NoO/CHy DMS,  (sel

depths) TCO, . pCOy | micro-. nano-nutrients, DOC. methylamines, Pigments, AFC,

microbiomass

departed for AS 5

Al St AS 5. (19°30.3'N, 58°09.1'E, 50m)

AS 5/1CTD Biogoechemistry cast to 6 depths. SFg, CO, 09, NgO/CHy , DMS, (sel
depths), TCOy , pCO,  micro-, nano-nutrients, DOC, methylamines, Pigments,

AFC, microbiomass

hove to vernight at AS 5

SATURDAY 10 SEPTEMBER

0432
0504
0818

0836

1146

AS 5/2CTD production cast 10 25 m
AS 5/3 CTD prodaction cast 25 m
AS 5/4 optics cast

depart St AS 5 for station AS2
deployed UOR for 50 undulations, start underway measurements

UOR recovered , reset and redeployed for 100 m undulations
resumed passage to A 2.

SUNDAY 11 SEPTEMBER

0327
0357

0502

0601

1053

1300

Recover UOR
at Station A 2 (17°30' N, 60°30.0"'E, 3914 m)

A 2/1CTD production cast to 40 m
Deck incubations

A 22 CTD Deep (207-3929 m) Biogeochemitsry cast : SFg, CO, Oy, N»OfCHy , DMS,
(sel depths), TCO, , pCO ) micro-, nano-nutrients, DOC, methylamines, Pigments, AFC,
microbiomass )

A 2/3 twin Apstein net to 50 m

A 2/4 CTD Shallow Biogeochemistry cast 0-207 m SFg, CO, O, NpO/CHy , DMS, (scl
depths), TCO, , pCOy , micro-, nano-nutrients, DOC, methylamines, pigments, AFC,

microbiomass

Depart A 2 for A 3, deploying UOR resumimng underway measurements.

MONDAY 12 SEPTEMBER

0058

0135
0214

0315

Arrive at Station A3 (16°06'N, 62°00°E, chart depth 3900m)
UOR inboard l

A3/1 CTD profile {or trap.
Deployed Sediment Trap at 120 m o/b 0238

A32  Goflo cast

16



~ 0333
- 0407

~ 435

~0507

~ 0549

— 0600

| - o622
| ~ 1055
— 1119
— 1254
1403
~1412
1503
R 1803
—— 1943

2338

— 0435
7 0608

— 0633

— 1006

——1100

—— 1118

——1235

~—— 1305

— 1328

—1743

1829

A3/3 CTD Production cast (0 26 m

Al3f4 CTD Production cast 1o 33 m

A3/S CTD Production cast to 34 m

A3/6 CTD Production cast 1o 100 m

A3fT Goflo cast

A3/8 Goflo cast

A3/10 Deploy production rig

A3/11 Stern optics cast using PML sensors

A3/12 Stem optics cast MER sensors

A3/13 CTD optics sampling down to 99m

A3/15 Apstein net

A3/16 Zooplankton cast (Red colonial jelly like material found)

A3/17 CTD Radiochemistry cast 2 bottles at each of 6 depths down to 500 m
Recovered Production Rig

A3/18 Deployed SAPS to 500 m; i/b 2317

A3/19 Apstein net

TUESDAY 13 SEFTEMBER

A3/20 CTD production rig down 1o 60 m
A3/21 Deployed production rig

A3/22 CTD Radiochemical cast sampling 2 bottles at 6 depths between 1000 m and
3931 m; /b 0931

A3/23 CTD Shallow Biogeochemistry cast 0-300 m SFg, COQ, Oy, NoO/CHy , DMS, (sel
depths), TCO, , pCO, , micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass

A3/24 Stemn cast PML optics

A3/25 Stern cast MER optics

A3/26 CTD Optics cast down (0 38 m

A3/27 Apstein cast

A3/28 CTD Dee I?Jiogeochemistry cast 132-3931 m SFg4, CO, Oy, N9oOfCHy , DMS, (sel
depths), TCOy , pCOy , micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass. i/b 1634 )

Recover Production rig ;

A3/29 SAPS & pinger cast ; 4 SAPS pums down to

17



WEDNESDAY 14 SEFTEMBER

0309
~—0345
—.. 0410

0423
— 0447
— 0454
- 0504
—$0622
730
. 0819
1042
—1128

— 1303

—— 1400
—1420

1527

1727

1813

—_—

1905

SAPs all inboard

A330 CTD Productivity cast 10 40 m

A3/31 Goflo bottle cast

A3/32 CTD Productivity cast to 60 m

A3/33 Goflo cast

Al/34 Go‘ftlo cast

A3/35 CTD Productivity 7 Time series #1 cast to 9 m

A3/36 Productivity rig deployed

A3/37 CTD Time series# 2, 3 depths

A3/38 CTD time series #3 + denitrification cast down to 1000m

A3/39 Apstein nets

A3/40 CTD time series # 4

A3/41 CTD Shallow Biogeochemistry cast 0-300m SFg, CO, 07, NyO/CHy ,
DMS, (sel depths), TCO, , pCOy . micro-, nano-nutrients, DOC,
methylamines, pigments, AFC, microbiomass

A3/42 Stem optics cast PML sensors

A3/43 Stem optics casts MER sensors

A3/44 CTD optics + time series # S to 40 m depth

A3/45 CTD RadiOchemistry + time series #6. to 50 m depth
Recover Production rig |

A3/46 SAPS pumps overboard down to depths of 200 m

THURSDAY 15 SEPTEMBER

1000

1024

1121

1203

1559

A3/47 CTD Production cast tp 60 m

A3/48 CTD Production cast to 14 m

A3/49 Deploy production rig

A3/50 Stem optics cast PML sensors

A3/51 Stem optics cast MER sensors

A3/52 CTD optics cast down to 101 m

A3/53 SAPS deployment to a depth of ‘. i/b 1450

Recovered Sediment Trap
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1619

1742

1754

A3/SS Apstein net
Recovered Producuon Rig

Dcpant St A3 for A4, deploying UOR. commence underway
measurements

FRIDAY 16 SEPTEMBER

0542

0640

0715

0803

0943

1247

Recover UOR,

At station Ad (14°00' N, 63°15.1' E, 4040 m)
A4/l CTD Shallow Biogeochemistry ABORTED
Ad4f2 CTD Shallow Biogeochemistry cast 0-250 m SFg, CO, Oy, N9OfCHy , DMS, (set
depths),TCO, , pQOp = micro-, nano-nutrients, methylamines, pigments, AFC,
microbiomass
A4f3 CTD Deep Biogeochemistry cast 249-4051m SFg, CO, O, NpO/CHy , DMS, (sel
depths),TCO; , pCO;7  micro-, nano-nutrients, DOC, methylamines, pigments, AFC,

microbiomass

Depart ST A4, deploy UOR commence underway measuremeﬁts

SATURDAY 17 SEPTEMBER

0200
0241
0318
0348
0359
0428
0436
0446
0606

0758
0946
1312

1331

1405

Recover UOR

at St AS
AS5/1 CTD Production cast to 44 m
AS5/2  Goflo cast
AS5/3 CTD Production cast to 101 m
AS5/4  Goflo cast
AS/5 Goflo cast
AS5/6 CTD Production castto 25 m
AS5/T Production rig deployed
A58 CTD Shallow Biogeochemistry cast 0-301 m SFg, CO, Oy, NjO/CHy , DMS, (sel
depths),TCO; , pCO7  micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass ‘
AS/9 CTD Deep Biogeochemistry cast 3014210 m SFg, CO, O, N9pOfCHy4 , DMS, (sel
depths),TCOy , pCOy = micro-, nano-nutrients, DOC, methylamines, pigments, AFC,

microbiomass :

AS5/10 Stern optics cast PML sensors

_AS5/11 Stern optics cast MER sensors

AS5/12 CTD opltics cast to 40'm

19



1442

1500

1615

1745

1802

AS5/13 Apstein net

AS5/14 CTD Radiochemistry ¢ast 2 botiles at six depths to 500 m

AS5/15 CTD Radiochemistry cast 2 bottles at 4 depths to 50 m
Production Rig recovered

Depart St AS for A6, twoing UOR and commeced underway
measurements

SUNDAY 18 SEPTEMBER

0439

0459

0511

0650

0811

1143

1200

Recover UOR

At St A6 (10°14.0' N, 65°32.7' E; 4386 m)
A6/1 CTD Production cast to 60 m
A6/2 CTD Shallow Biogeochemistry cast 0-198 m SFg, CO, O, NyO/CH, , DMS, (sel
depths), TCO, , pCOy , micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass
A6/3 CTD Deep Biogeochemistry cast 200-4406 m SFg, CO, O9, NyO/CH,4 , DMS, (sel
depths), TCO; , pCOy ) micro-, nano-nutrents, DOC, methylamines, pigments, AFC,
microbiomass

A6/4  Apstein net

Depart St A6 for A7, deploy UOR, and underway measurements.

MONDAY 19 SEPTEMBER

0200

0230

0242

0338

0439

0551

0616

03821

1216

1232

1253

1315

Recover UOR
At Station A7 (008°00.0" N, 067°00.0" E; 4605 m)
A7/l CTD profile for trap
A7/2 Deployed sediment trap , single cup, three days
A7/3 CTD Producton cast to 100m
A7/4  Deploy productivity rig
A’?lS CTD Shallow Biogeochemistry cast 0-301 m SFg, CO, 09, NyO/CHy , DMS, (sel
depths),TCOy , pCO;y | micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass
A7/6 CTDDeep Biogeochemistry cast 300-4628 m SFg, CO, Oy, NoO/CHy4 , DMS, (sel

depths), TCOy , pCOy = micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass .

I
ATfl  Apstein net
A/8 Apstein net : ,I.
A7/ Zooplankton net

A7/10 Zooplankion net




1352 A7/I1 Stem optics cast using MER sensors

1418 A7/12 Stem optics cast using PML sensors

1541 A7/14 Radiochemistry cast , two bottle at cach of six depths to 500m
1757 Recovered Production rig

1858 AT7/15 commerice deploying SAPS to mid depths:
recovered i/b 2231

2335 AT/16 Apstein net

2356 AT/17 Zooplankion

TUESDAY 20 SEPTEMBER

0226 A7/18 CTD Production cast to 151 m

0258 A7/19 Goflo cast

0312 A7/20 CTD Production cast to 76 m

0335 A7/21 Goflo cast

0343 A7/22 Goflo cast

0355 A7/23 Production cast to 11 m

0538 A7/24 Production rig deployed

0821 A7/25 CTD Radicchemical Deep six bottles 1000-4637 m

1239 A7/26 CTD High resolution Shallow Biogeochemistry cast 0-181 m SFg, CO, O9,
N»O/CHy4 , DMS, (sel depths),TCOy , pQlOy , micro-, nano-nutrients, DOC,
methylamines, pigments, AFC, microbiomass

1326 A7/27 Stem optics cast PML sensors

1345 | A7/28 Stem optics cast MER sensors

1425 A7/29 CTD Optics cast to 60 m

1507 A7/30 CTD high resolution Biogeochemistry cast 0-100 m SFg, CO, Oy, N3O/CHy ,
DMS, (sel depths), TCO, , pCO7 , miero-, nano-nutrients, DOC, methylamines,
pigments, AFC, microbiomass

1751 Recovery of Production Rig

1820 AT7731 Commence deployment of SAPS
recovery complete 0325

WEDNESDAY 21 SEPTEMBER
0409 ~ A7/32 Production cast to 75 m
0450 A7/33 Goflo cast

0501 A7734 Goflo cast

S 21



0546

A7/35 Production rig deployed

0555 A7/36 CTD Time scrics #L at 5,10, 1S m

0800 A7/37 CTD Time serics # 2 + Radiochemisiry cast o S0 m

0906 A7£38 CTD time series #3 and nitirification cast to 1000m

1102 A7/39 two Zooplankton casts

1137 A7/40 Apgiein net i

1200 A7/41 CTD High resolution Shallow Biogeochemistry & time serics # 4 cast 0-100m SFg,
CO, 09, NpO/CH4 , DMS, (sel depths), TCO4 , pPCOy  micro-, nano-nutrients, DOC,
methylamines, pigments, AFC, microbiomass

1237 AT7/42 Stern optics PML sensors

1301 A7/43 Stern optics MER oplics

1421 A7/44 CTD proflie with PML sensors on rosette

1439 A7/45 CTD optics bottle + time series # 5 cast 120 m

1615 A7/46 CTD time scries #6

1730 Reover Production rig

1744 A7/47 CTD time series #7

1854 A7/48 commence SAPS deploymentto  m; completed by 2040,

THURSDAY 22 SEPTEMBER

0432 A7/49 Productcion cast to 75 m

0551 A7/50 Deploy Production Rig

0916  A7/51 Deploy Zodiak for sampling airsea interface simulataneously as A7/52

0934 A7/52 High resolution shallow Biogeochemistry cast 0-161 m SFg, CO, Oy, NpO/fCHy..
DMS, (sel depths), TCO, , pCO;  micro-, nano-nutrients, DOC,  methylamines,
pigments, AFC, microbiomass

1034 Zodiak recovered

1104 A7/53 Zooplankton n‘el

1124 A7/54 Apstein net

1345 Recovered Sediment Trap

1404 Tesii tow of New UOR body

1727 Recovered Production rig k'

Commence Rest and Recreation period
depart St A7 for A8

FRIDAY 23 SEPTEMBER



Rest & Recreation in passage to A8

SATURDAY 24 SEPTEMBER

0342

0514

0623

1006

1115

1204

1302

1315

1340

At St AB ( 11°58.6'N, 67°00'E, 4207 m)
A8/1 CTD Production cast to 75 m Deck incubation
A8/2 CTD Deep Biogeochemistry cast 3004204 m SFg, CO, O3, NyO/CH4 , DMS; (sel
depths), TCO, , pCOy  micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass
A8/3  Apstein net
ASM CTD optics cast to S0 m
A8/5 CTD Shallow Biogeochemistry cast 0-300 m SFg, CO, Og, NpO/CH4 , DMS, (sel
depths), TCOy , pCOy | micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass
AB/6  Stern optics cast PML sensors

A8/7 Stem optics cast MER sensors

Depart ST A 8 for St AS towing the UOR

SUNDAY 25 SEPTEMBER 1994

0232
0301
0303
0335
0349
0409
0425
0437

0552

0756

0932

1031

1109

Recovered UOR
AL St A9 ( 14°20.0' N, 67° 00" E; 3975 m)
A9/1 CTD Production cast to 150 m
A9/2  Goflo cast
A9/3 CTD Production cast to 63 m
A9/4  Goflo cast
A9/5 Goflo cast
A9/6 CTD Production cast to 10 m
AS%/7T Production rig deployed
A9/8 CID High Resé]ution Midepth Biogeochemistry cast 140-402 m SFg, CO.0,
N,O/CH4 , DMS, (sel depths) TCOp , pCOy  micro-, nano-nutrents, DOC,
methylamines, pigments, AFC, microbiomass

A9/9 CTD Radiochemistry & denitrification cast two botlles at six depths
down to 500 m ' i

A%/10 CTD Radiochemistry cast & denitrification cast to S0 m
A9/11 CTD optics cast to 40 m depth

A9/12 Stem optics cast PML sensors

23



1138

1240 A9/14 CTD High Resolution Shallow Biogeochemistry cast 0-140 m SFg. CO, Os.
N9O/CH4 ... DMS, (sc! depths)TCO; . pCOn  micro-. nano-nutrients,  DOC,
methylamines, pigments, AFC. microbiomass

1355 A9/15 Apstein net

1412 A9/16 Zooplankton net

1429 AS/17 Zooplankton net

1605 A9/18 CTD profiling (no bottles)

1755 Reovered Primary production rig

1804 AS/19 CTD profiling (no bottles)

2357 A9/20 Zooplankion net

MONDAY 26 SEPTEMBER

0455 A9/21 CTD Production cast 75 m Deck incubation

0522 A9/22 CTD Deep Biogeochemistry cast 360-4001 m SFg, CO, Oy, NoO/CHy4 , DMS, (sel
depths), TCOy , pCO2 | micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass

(948 Surface CTD unscheduled (C Law)

0957 Departed St A9 for ALQ twoing UOR

TUESDAY 27 SEPTEMBER

0036 Recover UOR

0200 At Station A10 ( 15°10.7" N, 64° 30.7E; 3856 )

0427 A10/1 CTD Production cast to 40 m Deck Incubation

0516 A10/2 CTD production cast to 10 m for TCO2 incubation

0541  A10/3 CTD Deep Biogeochemistry cast 300-3852 m SFg, CO, Oy, NyO/CHy

. DMS, (s¢l depths), TCO» , pCOy , micro-, nang-nutrients, DOC,
methylamines, pigments, AFC, microbiomass. 0832 i/b

1026 A10/4 Stern optics cast using PML sensors

1046 AlL0/S Stem optics cast using MER sensors

1121 Al10/6 CTD optics cast down 1o 23 m

1212 A10/7 CTD Shallow Biogeochemistry cast 4-330 m SFg, CO, Oy, NpO/CHy , DMS, (sel
depths), TCO; , pQOy | micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass i/b 1251

1320 Depart Station A10 for A3, towing UOR

A9/13 Stern optics cast MER scnsors

WEDNESDAY 28 SEPTEMBER



0247 UOR inboard

0256 A3/56 CTD Production cast 1o 152 m

0342 A3/57 Goflo C"l;D cast

0357 A3/58 CTD Production castto 42 m

0424 A3/59 Goflo bottle cast

0431 A3/60 Goflo bottle cast

0439 A3/61 CTD Production cast 10 12 depth

0602 A3/62 Production rig deployed

0623 A3/63 CTD Deep Biogeochemistry cast 232-3935 m SFg, CO, O9, NoO/CHy , DMS, (sel
depths), TCO, , pCO,  micro-, nano-nutrients, DOC, methylamines, pigments, AFC,
microbiomass; i/b 0931

1046 A3/64 Stern Optics cast using PML sensors

1106 A3/65 Stern optics cast using MER sensors

1139 A3/66 CTD optics castto 21 m

1257 A3/67 CTD Shallow Biogeochemistry cast 5-199 m SF¢, CO, Op, N20/CH4 . DMS, (sel
depths), TCOy , pCOy  micro-, nano-nutdents, DOC, methylamines, pigments, AFC,
microbiomass

1340 A3/68 Apstein netting

1409 A3/69 Zooplankton netting

1733 Recover Productivity rig

1812 Depart St A3 towin UOR towards A2

THURSDAY ﬂ&SEP’IEMBER

0430 Recover UOR

0540 A2/5 Production cast ; aboried CTD cable failure

0958 A2/6 Stern optics cast PML sensors

1016 A2/ Stern optics cast MER sensors

1052 A2/9 Apstein netting

1220  A2/10 CTD Shallow Biogeochemistry cast 3-300 m SFg, CO, 09, NoO/CHy ,
DMS, (sel depths), TCO, , pCO9 , micro-, nano-nutrients, DOC,

methylamjnes, pigments, AFC, microbiomas .

1324 Depart St A2 for Al towing UOR

FRIDAY 30.SEFTEMBER

0103 Recover UOR ! ’
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0231 Al/47 CTD Production cast 10 35 m

0308 A1/48 Goflo botilc cast

0311 A1/49 CTD Procudtion cast to 21 m

0342 Al1/50 Goflo bottle cast

0349 Al/51 Goflo bottle cast

0400 A1/52 CTD Production cast tlo8m

0519 Al1/53 Production rig deployed

0545 Al/55 CTD Deep Biogeochemistry cast 149-3395 m SFg, CO, 04, NpO/CHy
. DMS, (sel depths), TCOp , pCO; = micro-, nano-nutrients, DOC,
mcthylamines, pigments, AFC, microbiomass; i/b 0827

0934 A1/55 Apstein netting

1022 Al1/56 Stemn optics cast using PML sensors

1041 Al/57 Stem éptics cast using MER sensors

1126 Al/58 CTD optics cast to 22 m

1258 Al1/5% CTD Shallow Biogeochemistry cast 5-150 m SFg, CO, 09, N9O/CH,

DMS, (sel depths),TCO; ., pCOy micro-, nano-nutrients, DOC,

methylamines, pigments, AFC, microbiomass

1813 Recover Productivity Rig

Proceed overnight to Shelf station ASS

SATURDAY 1 OCTOBER
0735 Deploy UOR undulating to 40 m then adust later to 85 m

1321 UOCR inboard at St Al
| 1409 Al/60 Goflo boulé cast
1414 Al/61 Zooplankton net
1437 Al/62 Zooplankton net
END OF SCIENTTIFIC SAMPLING FOR ARABESQUE 1
Hove at St Al; processing sample backlog and completing data reports
TUESDAY 3 OCTOBER

1000 retumed (0 Mina Qaboos, Muscat tuesday 1000

Unloaded and stored equipment ashore for ARABESQUE 2
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INDIVIDUAL SCIENTIFIC REPORTS

Biogeochemistry

7.1
7.2
7.3
7.4
1.5
7.6
7.7
7.8

Micro- and Nanonutrients.
Discrete Oxygen.

Spatial Distribution of methylamines andammonia

Biogoenic Sulphur Compounds
Dissolved Organic Carbon and Nitrogen
Sicreet pCO5 and TCO9

CO and SFg traces

N5O and Methane profiles

Microbiology

7.9

7.10
7.11
7.12

7.13
7.14
7.15
7.16

14C production, size, light, deck & in situ

Net & Gross production

Assimilation of nitrogen by phytoplankton
Flow cytometric analyses of phytoplankton
&grazing -

Chlorophyll and carotenoid pigments
Bacterial numbers and heterotrophy
Microzooplankton community
Microzooplankton herbivory

Particle fluxes & optics

717
7.18
7.19

Goechronology & particle Residence times
Vertical fluxes from Sediemnt Traps and SAPS
Undulting Oceanographic Recorder operations

7.20 Bio-optical variablility

M Woodward and A Rees
J Dixon

S W Gibb

A Hutton

A E Miller

S Knox

CLaw

R U-Goddard & N Owens

G Savage, A Pomroy, B
Irwin,

C Robinson, J Dickson
NJP Owens

P H Burkill

R Barlow’
A Pomroy
C Stelfox
E Edwards

J Smith

T Fileman

I Belland & C Trees
C Trees
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CRUISE REPORT. RRS DISCOVERY CRUISE 210.
- INDIAN OCEAN: ARABESQUE 1.
27th AUGUST - 4th OCTOBER 19%4.

MICRO AND NANO NUTRIENT SPECIES

MALCOLM WOODWARD and ANDY REES.
PLYMOUTH MARINE LABORATORY.

OBJECTIVES

To investigate the nutrient regimes of the oceanic upwelling area off the coast of
Oman, in the Arabian Sea, during the south west monsoon season.

To investigate spatial and temporal variations within the coastal region, and to
follow an offshore transect towards the offshore deep ocean oligotrophic area.
To quantify the outflowing Persian Gulf water nutrients.

ANALYTICAL METHODOLOGIES:

Continuous segmented-flow automated colorimetric analysis of seawater was carried
out for the following micronutrients: Nitrate, Nitrite, Phosphate, Silicate, Ammonia
and Urea. A new semi-continuous fluorescence analytical technique was employed
for ammonia, capable of nanomolar detection levels, due to ammonia being
undetectable for most samples by the colorimetric system. Where the water was
oligotrophic a nanomolar chemiluminescent analysis sytem for nitrate and nitrite
was employed.

~ All analysis methodologies and detailed in 'Nutrient Analysis Techniques®, June

1994, (EMS Woodward).
Analyses were carried out for CTD profiles, and for underway continous transects.

SAMPLES ANALYSED
Discrete Nutrients were analysed for the following CTD stations: .

SHAKEDOWN 12 depths: 5-445 m

A3/21, Shallow, 12 depths, 5-300m

GOM - 4 Shallow, 12 depths: 5-301 m

A3/28, Deep, 12 depths, 132-3931m

GOM - 4, Production: 10 depths: 3-40m

A3/30, Productionl4/9, 10 depths, 0-60m

GOM - 4, Deep, 12 depths: 220 - 3323m

A3/41, Shallow, 12 depths, 4-300m

GOM - 2, Production: 10 depths, 0-40m

A3/48, Productionl5/9, 10 depths, 0-60m

GOM - 2, Deep. 12 depths, 100-1246m

A3/53, 8 depths, 0-70m

GOM - 2, Shallow, 12 depths, 5-149m

A4/1, Shallow, 12 depths, 3-250m

GOM - 1, Production, 10depths, 3-40m

A4/2, Deep, 12 depths, 249-4051m

GOM - 1, 12 depths, 0-87m

AS, Production, 10 depths, 5-100m

GOM - 3, 12 depths, 7-2848m

A5/8, Shallow, 12 depths, 5-301m

GOM - 5A Production, 10 depths, 3-41m

A5/9, Deep, 12 depths, 301-4210m

GOM - 5, Deep, 12 depths, 100-3175m

A6/2, Shallow, 12 depths, 3-198m

GOM - 5, Shallow. 12depths, 3-83m

A6/3, Deep, 12 depths, 200-4406m

GOM - 6A, Production, 10 depths, 0-30m

A7/3, Production, 10 depths, 0-100m

GOM - 6, Shallow, 12 depths, 10-300m

A7/5, Shallow, 12 depths, 10-301m

GOM -6, Deep, 250-3298m

A7/ Deep, 12 depths, 300-4628m

GOM - 6B, Production, 10 depths, 3-58m

A7/, Production2(/9, 10 depths, 3-76m

Al/1, Production, 10 depths, 4-41m

A7/26, High Resolut, 12 depths, 5-181m

Al/8, Shallow, 12 depths, 4-299m

A7/32, Production21/9, 10 depths, 0-75m
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Al/ll, Deep, 12 depths. 200-3387m

A7: . High Res.21/9, 12 depths. 5-100m

Al/ . Production(5/9). 10 depths, 1-40m

A7/ . Production22/9, 10 depths. 0-75m

A1/20, & Depths, 4-101m

A8/1, Production, 10 depths, 0-75m

A1/23, Production, 10 depths, 0-40m

A8/2, Deep, 12 depths, 3004204m

A1/34 Production, 10 depths, 1-40m

A%/ . Shallow, 12 depths, 4-300m

A1/42, 12 depths, 4-299m

A9/1, Production, 10 depths. 0-75m

AS1/1, Shallow. 12 depths, 3-21%m

A9/8, Mid depth, 12 depths. 140-402m

AS1/5, Deep. 12 depths, 201-2474m

A9/14, Shallow, 12 depths. 3-140m

AS2/1, Production, 10 depths, 4-40m

A9/21, Production26/9, 10 depths, 0-75m

AS2/3, 12 depths. 11-1200m

A9/22, Deep, 12 depths. 360-3980m

AS3/4, 12 depths. 3-474m

A10/]. Production, 10 depths, 1-40m

AS4/2, 12depths. 5-145m

A10/3, Deep, 12 depths, 300-3852m

ASS5/1, 6 depths, 5-42m

A10/7, Shallow, 12 depths, 4-300m

ASS5/ .Production(10/9), 10 depths, 1-25m

A3/56, Producton, 10 depths. 1-50m

A2/1, Production, 10 depths, 0-40m

A3/, Deep, 12 depths, 232-3935m

A2/2, 12 depths, 207-392%m

A3/67, Shallow, 12 depths, 5-199m

A2/3, 12 depths, 5-208m

A2/10, Shallow, 12 depths, 3-300m

A3/, Production, 9 depths, 0-33m

A1/47, Production, 10 depths, 1-35m

A3/10, 10 depths, 3.5-99m

Al/54, Deep, 12 depths, 149-3394

A3/18, Production13/9, 10 depths, 0-60m

A1/535, Shallow, 12 depths, i-150m

Continuous underway analysis was carried out over the following periods:

Start date/time End date/time . Between stations
28/08 - 1311 29/08 - 0015 GOM4 - GOM?2
30/08 - 1032 31/08 - 0350 GOM1 - GOM3
02/09 - 1745 03/09 - 0000 GOMS6 - GOM6B
03/09 - 0223 03/09 - 2313 GOMSB - Al
10/09 - 0352 10/09 - 2343 ASS - A2
15/09 - 1342 16/09 - 0230 A3 - Ad
17/09 - 1307 18/09 - 0030 AS - A6
RESULTS

The initial conception for this first Arabesque cruise was that there would be the
highly nutrient enriched coastal region off the coast of Oman, extending off shelf
but that fairly soon the deeper waters of 4000m would provide the more stable
water columns and that analysing along the offshore transect the surface nitrate and
phosphate would become deplete as we surveyed into oligotrophic waters. The
initial upwelling region at station A lwas as expected with nutrient rich upwelled
water and surface nitrate concentrations of 4.5umoles, and phosphate of 0.75
umoles, however, as we surveyed along the transect offshore the surface nitrate and
phosphate stayed high well offshore. The concentrations only started to fall
markedly beyond A3, and that only when beyond station A6 did the surface nitrate
really become depleted to the 20 nanomolar levels exhibited at A7 (see diagram).
The station at A7 was not classically oligotrophic as the phosphate concentration at
the surface was still as high as 0.45 umoles, probably indicating that the area is only
becoming oligotrophic following the south west monsoon season. Silicate
concentrations at A7 show a classical profiile with high bottom water concentrations
of 115 umoles, reducing up through the water column to surface levels of
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|. 16umoles. There was a nitrite maximum at the thermocline. due to nitrification or
nitrate reduction processes, at A7 and at most other stations At A7 there was no
ammonia maximurm, but at other stations, eg A2 there was a large ammonia peak in
the water column above the nitrite maximum, correlated to the fluorescence
maximum, but its biological or chemical origins are not known as yet. The high
nutrient concentrations out into this area of the Arabian Sea demonstrate the farge
effect that the upwelling area off the Omani coast has upon the whole sea area. It is
to be expected that when we return for Arabesque 2, that the monsoonal upwelling
effect wilt have subsided and the offshore area will be classically nutrient deplete in
the surface mixed waters.

The survey of the Gulf of Oman exhibited warm nutrient deplete surface water of
20-30 nanomoles of nitrate and phosphate of 0.17umoles, with a very sharp
nutricline with nitrate increasing 0.67 to 7.3 umoles within 3 meters at the GOM1
station at the Straits of Hormuz. There was a mid water nitrate maximum of
llumoles at 50 umoles then bottom waters of 6umoles. The transect south east
through GOM2 to GOM4 should similar profiles with nitrate deplete surface waters,
a sharp thermocline and nitricline, and bottom waters of 38-38umoles. However at
GOMS we had entered the influence of the coastal upwelling area and the nitrate
increased to 0.27umoles and phosphate to 0.45umoles. The further transect from
GOM6 to Al through the upwelling exhibited the great variation of the nutrient
regime within this area as the nutrients varied along with the salinity, temperature
and fluorescence.
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CRUISE REPORT. RRS DISCOVERY 210
Indian Ocean ARABESQUE I
27th August - 4th October 1594

Discrete Onygen Analysis

Joanna Dixon

Plvmouth Marine Laboratory

OBJECTIVES

1) To implement the high precision Micro-Winkler method for determination of dissolved oxygen,
mapping the vertical and on shelf distobution as a function of monsoonal forcing.

2) To intercalibrate oxygen data analvsed by Micro-Winkler technique with that observed from CTD

oxygen electrode.

OVERALL PROGRESS

The analysis of discrete oxygen concentrations have been sucessfully completed for all the following
ARABESQUE 1 stations; GOMI1-6, AS1-5 and A1-9 (for details see Table 1). The method emploved
was one based on the Winkler titration as first proposed by Winkler (1888). The technique is based
on the following principle : The physically dissolved oxygen in a measured amount of scawater is
chemically bound by adding Manganese (11) Hydroxide in a strongly akaline medium (1 m! of both
Manganous Sulphate and alkaline sodium iodide ions are added to the sample). The Manganese (Mn)
(11) is oxidised to Mn(111). i.c. A heterogeneous reaction occurs whereby the precipated Mn(11)
Hydroxide reacts with the dissolved oxygen effectively trapping all the bio-gas in the bottle once
stoppered and shaken. Due to the instability of Mn(11) in an alkaline medium, the hydroxide is
oxidised easily and the reaction is quantitative in the analytica! sense. The sample is then acidified
with sulphuric acid. The precipitate dissohves and Mn(11) ions are Iiberated, which in an acidic
media oxidises the previously added iodide ions to iodine whereupon the following disproportionation

reaction eccurs:

Lh+I'<—> I3
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The iodine is then determined by titration with sodiun thiosulphate. 1t is therefore necessary 1o know
the concentration of thiosulphate precisely in order to be able to back calculate the amount of
dissolved oxygen in the seawaler sample. This is achieved by titration of the thiosulphate solution
with potassium iodate which is a recognised primary analvtical standard. Three concentrations of
thiosulphate were required due to the vast ranges in dissolved oxygen concentration encountered in
the water columa throughout the Arabian Sea i.e. from hypoxic to saturated conditions. These were
re-standardised approximately once a week 10 account for any potential changes due to evaporation

etc. However in practice these were [ound to be very marginal.

" Oxygen concentrations have been tabulated in umol I-1 and presented along with % saturation.
apparant oxygen utilisation (AQOU), in-situ temperature and salinity. to be lodged at Bidston. The
calculated wide range of AOU's encountered in the Arabian Sea are (o be correlated with dissolved
organic carbon {DOC) analysed by Axel Mitler utilising the High Temperature Catalytic Onddation
system (HTCO).

A sucessful intercalibration exercise was completed between discrete oxygen conceniration as
analysed by micro-winkler titration and CTD oxygen electrode. vielding the following calibration

equation:

O2(uM) = 124.9 (CTD mV) + 0.71 (R2=0.996)*

* This equation is only an approximation and should not be used to quote absolute values.
PRELIMINARY RESULTS

The initial cruise track ook us up into the Gulf of Oman where typical surface oxygen concentrations
were supersaturated (194 - 196 umol 1-1). The Straits of Hormuz representing the most porthern end
member of the track demonstrated no apparant hypoxic layer but similiar surface ranges in oxygen
concentration. However, by station GOM2 (240N, 5798) typical Oy values of <10% saturation were -
observed to start at between 250-300m and extend virtually down to the sea bed. The deeper waters of
GOMS (210N, 630E) showed a broad layer of no apparant dissolved oxygen between 75 and 1500m,
with deep water recovery to near 35% saturation (13 1uM) at a depth of 3900m. The linear stretch of
the track from station Al (190N, 60%E) to A7 (80N, 67VE) showed a gradual Lhinning of the hypoxic
layer i.e. Oxyeline deepened from 60m at Al to 100m at A7 with coresponding decrease in vertical
extent. Having occupied the most southerly of our stations we turned North from A7 and headed up
tonards A9 (140N, 670E) which we anticipated to be important in terms of denitrification rates. Here

the oxycline commenced at 100m and continued down the water column to 1500m with subsequent
R
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recovery (See Figure 1). Surface watcers showed pronounced supersaturation values of up to 108%6 in

{he top 30m with deep water regencration of up 10 40% (145 uM) saturation at 3900m.

Figure 1

Vertical Oxygen Profile for Station A9

OXYGEN [uM)
0m 0m 1000 15000 pade 2500

w ¥
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A0 ~ []
When oxvgen concentrations are less than 10% of the saturation value the Winkler method used is

imprecise where likely almospheric contamination can be a serious problem. Therefore, limiting the

lower detection value to approximately 20uM (i.e. 10%6 satutration).



POSITTAB.XLS

TABLE 1

OXYGEN DATA B ARABESQUE 1

The following table summanseg all stat statlons sampled for discrete oxygen analy515 by

Mlcro—Wnk!er Titration. i |

DAYE = STATION CAST# POSITION - DESCRIPTION

LAT LONG ]
26/8/94 SHAKEDOWN 1 ; ] .
30/8/94 GOM 1-6 16 2600 5635 Straits of Hormuz
_ GOMi410 48 - ‘RepeatCast
| 29/8/94 GOM23 9 24 82 57 22 Deep Cast
‘GOM 2-7 11 ;Shallow
31/8/94 :GOM 3-1 19 2433 | 5816 Deep
27/8/94 'GOM 4-1 2 2355 . 5918 :Shallow
{GOM 4-5 6 : ‘Deep
1/9/84 GOM 5-1 .21 - 2658 60 67 |Deep
IGOM 5-4 . 22 1 2267 60 71 IShallow
2/9/94 GOM 6-1 26 ' 2116 | 6321 |Shallow
'\GOM 6-6 28 i Deep
I i } :
8/9/94 'AS1-1 85 1925 | 5859 Shelf Stations
:AS1-5 Y57 ;
9/9/94 ‘AS2-3 60 19 28 58 54
‘AS3-4 62 1939 5834
‘AS4-4 64 19 46 58 24 -
-AS5-1 65 1951 = 5851 |
| _4/9/94 A1-8 -~ 35 18 98 59 98 :Shaliow
‘A1-11 . 36 Deep
6/9/94 1A1-30 T 44 1893 | 5894 :Shaliow |
7/9/94 |A1-42 ¢ 52 f iShallow
11/9/94 'A2-2 - 70 1779 © 6021 Deep
A2-4 A ! |Shallow
13/9/94 A3-23 : 81 15 99 62 11 |Shallow
: A3-28 . 83 Deep :
1419194 1A3-41 90 | 1592 62 19 [Shallow i
16/9/94 A4-2 97 | 1400 6325 [Shallow
A4-3 98 : Deep ;
17/9/94 'A5-8 102 @ 1155 64 27 |Shallow '
AS5-9 103 | Deep
18/9/94 |AB-2 108 : 1020 65 56 [Shallow
AB-3 100 | Deep
19/9/94 AT-5 112 . 798 67 02 |Shallow
AT6 113 | Deep
20/9/94 {A7-30 122 | 789 67 18 [High Resolunon/Shauow
24/9/94 A8-2 L 134 12 02 66 99 !Deep .
|AB-5 ) I 136 Shallow
25/9/94 A9-8 140 1433 * 6700 |High ResolutionfMld-depth
‘AS-14 L 144 High Resolution/Shallow
AG-22 P148 ? Deep ;
27/9/94 |A10-3 151 1520 64 51 |Deep
A10-7 153 Shallow
2819/94 |A3-63 157 . 1612 | 6200 |Deep
A3-87 159 . ; l Shallow

Page 1
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[20/9/94 A2-10 163 17 24 6036  Shallow -
T30/9/94 Al54 %67 1897 5802 Deep
T AlsS 189  Shallow
TABLE 2 | i § ! , B
iN SITU RIG STATIONS (Oxygen Respiration, Gross & Net Production)
[TDATE ___ STATION  CASTS # POSITION N RIGH
; I . LAT | LONG !
5/9/94 A1 T 37-39 19 00 58 58 1
13/9/94 A3 73-76 16 03 6199 2
" 14/9/94 A3 84-86 1596 62 18 3
[ 18/0/94 A5 99101 | 1199 | 6449 | 4 ;
20/9/94 AT ' 116-118 - 790 = 6709 5 }
25/9/94 A9 1137139, 1433 | 6700 6 r
28/9/94 | A3 | 154-156 | 1606 . 6202 7
30/9/94 | Al . 164-166 | 1900 . 5900 | 8

Page 2
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'SPATIAL DISTRIBUTION OF METHYLAMINES AND AMMONIA IN THE N. W, INDIAN OCEAN'

(R.R.S. Discovery 210: ARABESQUE LEG 1; 27Aug - 4 Oct 1994)

Stuart W. Gibb (PML 7/ UEA)

INTRODUCTION

Nitrogen is a biologically essential element in the marine environment, found in a variety of inorganic and
organic forms in oxic seawater ranging frem the thermodynamucally most stable species. nitrate. to reduced compounds
such as ammonia and its methvl derivatives, the methylamines (monomethylamine, MMA: dimethyiamine. DMA and
trimethylamine, TMA}. These are biogenic compounds widely distributed in the marine environment and intimately
involved in oceanic nitrogen fertility (King, 1988; Carpenter and Capone, 1983). By virtue of their volatility they are
capable of evasion across the air-sea interface and may be an imporant source alkali to the troposphere and so
subsequently play a significan! role in the regulation of atmospheric and rainwater pH (Quinn et af., 1987, 1988; Van
Neste et al., 1987).

CORE OBJECTIVE

To characterise the spatial distribution of the MA and ammonia in the contrasting ocearographic regimes and
overlying atmospheric phases of the N.W. Indian Ocean during the S.W. Morsoon. To interpret the results of these
studies within the framework of the biogeochemical cycle of nitrogen with reference to other measured biogeochemical

determinants.

TECHNIQUES

An appreciation of the understanding of the marine distribution and biogeochemical cycling of the MA's has
largely been restricted through the absence of a sensitive and selective analytical technique capable of their individual
quantification at theconcentrations (aM-pM) typically found in natural waters. Durng Arabesque Leg 1, MA and
ammonia were determined by Flow Injection Extraction-fon Chromatography (FIE-IC). This novel and new technique.
recently automated for shipboard deployment permits the simultaneous measurement of MA's and ammonia at the nano-
molar concentrations typical of oceanic waters {L.o.d. 2-4nM; co. of variation 2-6% at 20nM for MA's) '

Aumospheric (gaseous and particulate) samples were collected and trapped through use of a tandem filter
sampling system and analysed by FIE-IC.

ARABESQUE 1 - Preliminary Qverview

CTD profiles sampled On-way Atmospheric samples
(Selected depths from the following casts) samples
Arabian Sea Gulf of Oman  Coastal transect
~35 analyses 2 x wel deposition
Al-20 /30/355 AT7-5741 GOMS 4 AS]-1 along AS1-A7
Al-55 AB-5 GOMS6-1 AS2-3 transect 5 sets of gaseous
A2-4/116 A9-8/14/22 .GOM1-6 AS3-4 saples + blanks
A3-4 /67 A3-10/67 GOM3-1 ASS-1

Al Al0-7 5 sets of particulate

AS5-8 samples + blanks

28



MA's. like ammonia were observed to be relatively ubiquitous in the upper water column in

mesotrophic and more oligotrophic

ammonia generally exceeded those of the methvlamines by 1-2 orders of magnitude in both aqucous and atmospheric

regions alike. but subjcct to considerable spatial varability. Concentrations of

phases (particulate and gaseous). Of the MA's, MMA was generally most abundant. whilst TMA was obscrved in

refatively trace quantities (<5nM). Spatial distribution appeared to be influcnced primarily by biological factors with

thermodynamic conditions exerting
little effect.
Highest concentrations of
MA's were observed in the shallow
coastal waters of the ASL-5 transect

(Fig. 1) whilst the Arabian Sea was

characterised by total MA
concentrations of generally < 20nM.
In depth profiles, highest

concentrations were often found in
the of the
maximum (Fig. 2} although vertical

region chlorophyll
structure declined with transgression
intc more oligotrophic conditions.
the sub
DMA was found occasionally to be
the dominant MA (Fig. 2.

All MA's were detected in

Below surface maximum

both  gaseous and  particulate
atmospheric  samples, however at
concentrations <5% of those of

ammonia. Ammonia meanwhile was
observed lo partition strongly in
favour of the particulate phase
(gaseous / particulate concentrations
<0.2)

FUTURE WORK
* Full data work up.

Dapth (m)

—

upwelling,

Fig. 1. Depth profilke of MA concentratons at AS5(9 Sep GMY 04.00,
LAT 19.275N LON 58.536E Tot Depth 45m)

Analyte Cancentaion {nh)

¢ X 4G &0 i 10 12 140
¢
S s /
1o - (Flormax =512
154 2 — —— M
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- o DMA
b3 / .
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B [ /
© .
o .
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Flg. 2. Depth profile of MA concentrations at AS2(28 Sep GMT 05.30,
LAY 16069 LON 62.024E, ToL depth =2942m}

Analyte Cancertravon (nAT
X

40 5 ao

* Chlorophyll and carotenoid pigment correlation studies to elucidate the chemotaxonomic production of MA's.

* Elucidation of spatial relationship between MA concentrations and their sulphur cycle analogue DMS and its

phytogenic precursor DMSP,

* Calculation of the direction and magnitude of interfacial air-sea exchange fluxes of ammonia and the MA's from data

collected simultaneously from surface seawater and atmospheric measurements.
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Arabesque 1

27th August - 4th October 1994
Angela Hatton

Objectives - The measurement of biogenic sulphur compounds in the north east
Indian ocean

Dimethylsulphide (DMS) is a biogenic sulphur compound generated from the
breakdown of dimethyisulphoniopropionate (DMSP), a osmoregularitory compound of
phytoplankton. DMS is a volatile compound which passes readily over the air sea
interface into the atmosphere. Once in the atmosphere it forms the bases for cloud
condensation nuclei, contributing to the acidity of rain water and acting as a potential
feedback mechanism in counteracting global warming. DMS can also be converted to
dimethylsuiphoxide (DMSO) due to photo-oxidation or bacterial transformations, and
as such, may act as a possible sink for DMS. Until recently there has not been a reliable
method for the measurement of DMSO and so our understand of the production of
DMS has not been complete.

The objectives of the cruise was to measure the concentrations of DMS, DMSP and
DMSO through the water column, which could then be used to determine the
significance of DMSO

The other objective of the cruise was to compare levels of DMS with those of -
methylamines and phytoplankton pigments. Methylamines are the produced from the
breakdown of quartemary amines, such as glycine betaine, in the same way that DMS
is produced from the breakdown of DMSP. Glycine betaine also acts as a
osmoregularitory compound in phytoplankton and the methylamines pass over the air-
sea interface contributing to the alkalinity of rainwater. Therefore DMS and .
methylamines may contribute to the pH balance of rainwater. This cruise will be the
first time that the two compounds have been measured simultaneously and these results
will then be compared to pigment data also obtained on the cruise

Methodology

DMS was measured using a gas chromatograph fitted with a flame photometric
detector, after pre-concentration in a cryotrap. DMSP was broken down to DMS by
overnight incubation with 10M sodium hydroxide and then measured as a DMS
sample. DMSO was converted to DMS using the enzyme DMSO reductase purified
from the bacterium Rhodobacter capsulatus and subsequently measured as a DMS
sample.

Measurements of DMS, DMSO, DMSP dissolved and DMSP particulate were carried
out on all samples.



Samples analysed
CTD profiles

Arabian sea
Al/8, Al/30. AS2/3

AS3/4, AS5/1. A3/21
A3/28. A4/2. AS/8
A6/2, AT/5. AB/S
A9/8, A9/14. A9/22

AL0/7, A3/67. A2/10
Al/55.

Results

Gulf of Oman
GOM2/7. GOM3/1

GOMS5/2, GOM6/1

Onway
measurements

From AS510 A3
10/9-11/9/94

20 samples

Time sernes
Expenment

7/9/94 - 0700 10

1230 hr

14/9/94 - 0530 to 1930
hr

2179794 - 0600 10 1745
hr .

Preliminary results indicate that DMS and DMSP (particulate and dissolved) are

predominantly in the top 100m of the water column. However DMSO concentrations
appear to remain high throughout the water column. Fig 1 gives an example of a depth
profile found at station A6.

Concentrations of DMSPp and DMSPd appear to be higher in the eutrophic areas than
those in the oligotrophic areas although proper analysis of the data is still required. A
number of time series experiments were carried out, but the significance of these is yet
to be established. Any correlation between DMS, methylamines and phytoplankton
pigments is also yet to be established.

Depth profile of biogenic suphur conpouds

A

Setion £62
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RRS DISCOVERY 210 - North West Indian Ocean
~ 27th August - 4th October, 1994

CRUISE REPORT

Axel E J Miller

DETERMINATION OF DISSOLVED ORGANIC CARBON & NITROGEN

Introduction

With the exception of atmospheric CQ2, more carbon is held in the oceanic reservoir of dissolved
organic matter (OOM) than in any other compartment of the global carben pool. However, in spite of
the accepted importance of Dissolved Organic Carbon (DOC) in the global biogeochemical eycling,
historical and contemporary uncertainties in the the methods of determination have limited the
availability of analytically verified studies of global distributions.

Rapid and precise techniques are now available for the determination of dissclved organic carbon
(DOC). Increasingly used for this purpose is high temperature catalytic oxidation (HTCO). Such
techniques involve the direct injection of acidified and decarbonated sea water onto a platinised
alumina catalyst, at high temperatures (680 - 900°). under an atmosphere of oxygen or high purity air.
Quantitative production of CO» gas allows DOC concentrations to be determined using a COn-specific
infrared gas analyser (IRGA). Phymouth Marine Laboratory perform these measurements with a
Shimadzu TOC 3000 analyser. Incorporation of a Licor 6232. sold-state IRGA facilitates high
precision measurements 1o be made against the noisy background of ocean-going research platforms.

Recent purchase of a nitrogen-specific chemiluminescence detector provides an opportunity for our
first measwrenments of Total Dissolved Nitrogen (TDN) to be collected in the field. Combustion of
nitrogenous compounds under an oxygen atmosphere at 680°C (in the TOC 5000 furnace) leads to
quantitative production of the nitric oxide radical. Subsequent reaction with ozone produces excited
nitrogen dioxide species, which emit quantifiable light energy upon decay to their ground state. When
finalised N-based nutrient data are available, the TDN concentrations can be corrected, giving a
measure of Dissolved Organic Nitrogen (DON), complementary to HTCO-DOC measurements.

Objectives

Determination of HTCO-DOC in a range of contrasting waters, from: eutrophic coastal and oceanic
upwelling, through mesotrophic, to oligotrophic systems of the Arabian Sea.

Elucidation of variability in the relationships between HTCO-DOC and Apparent Oxygen Utilisation
(AQU). through deep water column studies in coincidence with high-precision oxygen measurements
(Jo Dixon / UCNW).

Commissioning and field testing of the Antek 705D Nitrogen-Specific Chemiluminescence Analyser,
in order to quantify HTCQ-DON concentrations in various oceanic emvironments.

Preliminary investigation of the relationship between photochemical decomposition of DOC and
production CQ (Cliff Law, PML) in oceanic surface waters,

Preliminary Observations

Measurements of HTCO-DOC have been made across the whole range of contrasting oceanic
environments encountered during the cruise. Precision on replicate analyses was generally greater
than 5%, largely above £2% for some during some studies. The analytical blank, resylting from the
TOC5000 was quantified at around 10-15p C. Blank-corrected DOC concentrations ranged from
around 80uM C in coastal surface waters, approaching the Strait of Hormuz (Stations GOMS-GOM1),
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to above 120)M C at lower latitudes. Deeper waters showed DOC concentrations fluctuating between
approximately 40-30p C. An deep sea occanographic profile is illustrated in Figure |

Determinations of TDN were successfully made al a number of stations. Lack of nutrient data have
prevented isolation of DON concentrations. but the vertical distribution suggests oceanographic
consistency. For example, at Station A3, TDN values increase from the surface (13pm n) down to
around 600m (36uM N). but remain fairly constant below this depth.

Incubation experiments. looking at photochemical production of CO (CL{f Law. PML). in conjunction
with DOC cosumption, have provided the first complementary data sets [rom the same waters. As a
result of the high precision (<2%)} for HTCO-DOC determinations. small {(gM C) incremental
changes were detected at 3 hour intervals over the course of a 12 hour incubation.

Stations sampled for HTCO-DOC measurements

Station Cast no. Depth Range , Additional Worlk Date
m

GOM1 6 0-9¢ 0830

GOM2 3 100- 1250 082%
7 0-150

GOM3 l 0-2850 0831

GOM4 1 0-300 08 28

GOMS 1 100-3175 09:01
4 0-200

GOMS6 1 0-300 0902
6 250-3300

AS1 1 . 0-210 09 08
M 210 - 2475

AS2 3 0-1200 0908

AS3 4 0-475 09 09

ASH 4 0-145 ] 09 0%

ASS 1 0-50 09

Al 8 0-300 09.04
11 200 - 3390

A2 2 210-3930 0511
4 0-210

A3 23 0-300 TDN 0913
28 130 - 3930
35 5 Light incubation 0514

35-45 5,15 Time series

41 0-300 Unfilered cast

AS 8 0-300 T oen7
9 300-4210

A6 2 0-200 09/18
3 200 - 4400

A7 5 0-300 : 09:19
6 300 4630
26 100 - 180 09,20
30 0-100

A8 2 300 - 4204 09224
5 0-300

A9 3 140 - 400 TDN 09725
14 0-140 Light / dark incubations
22 360 -3980 Anoxic calibration 0926

A3 63 230-3935 Deep waler photo- 09/28
67 0-200 oxidalion incubatiom

Al 54 150 - 3395 Decep waler photo- 0930 .
53 0-150 oxidalion incubatiom

Figure 1 Vertical profiles of HTCO-DOC and AOU at A3, the US JGOFS Time Series Station, 16°N,
62°E. For clarity, error bars have only been plotted for waters at 200m and below- these values are
typical of variation throughout the water column,
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D210 CRUISE REPORT
SUSAN KNOX

Discrete pCO2 and TCO2 analysis

Three analysis systems were brought to sea to monitor pCO2 and TCO2 in discrete
water samples and pCO2 continuously in sea surface waters and marine air. The aim
was to map the vertical and on shelf distribution of pCO2 as a function of monsoonal
forcing and to take a close look at the detailed structure of the oceanic carbonate
system in the water column by caleulation of pH and total alkalinity from TCO2 and
pCO?2 data obtained from CTD casts.

The automated CO2 (pCO2) Analysis system designed and made at Plymouth Marine
Laboratory for use on ships of opportunity, was plumbed into the non toxic supply.
The instrument incorporates an equilibrator, a Li- Cor Model 6262 CO2/H20 infra red
gas analyser and a GPS system. The instrument is designed to run with minimal
maintenance and any failure results in automatic shutdown. Subsequent access to a
diagnostic file pin points the fault. The system ran successfully for 24 hours in the Gulf
of Oman before shutting down. Attempts to access the diagnostic file failed and
eventually the cause of failure was traced to the Li-Cor module. No spare was
available.

To measure TCO2 a working coulometer is necessary. My aged Model 5010 failed to
survive the journey to Muscat and after attempts to boost the lamp voltage and internal
settings governing the coulometric titration it was apparent that the photodetector had
failed and TCO2 analysis had to be abandoned.

Two systems down and one to go!

Discrete pCO2 is measured by equilibration of samples, poisoned with mercuric
chlonde, at a constant temperature of 25C followed by gas chromatography with a
flame ionisation detector. An ingentous valve system, developed at PML, enabled two
samples to be analysed in tandem thus doubling sample throughput. Several bugs and
leaks in the system had to be ironed out before reliable data was obtained but in all 36
casts were analysed covering the whole of the survey area.

A wide range of temperatures was encountered in the vertical casts ranging from 28C
at the surface of the Arabian Sea down to 1.66C in oceanic bottom water. pCO?2 varies
strongly with temperature and a precise knowledge of the temperature dependancy is
important when pCO?2 is measured at a temperature different from the in situ
temperature, Takahashi and collaborators found that an exponential function described
this dependancy well independant of salinity and water composition:-

pCO2; = pCO2yy, . exp(0.0423(T-TM))

where TM = temperature at which pCO2 measured
and T =in sifu temperature

This correction has been applied but the data is still in its preliminary form and on
return to PML will be recalculated using corrected thermosalinograph data and a
running standard to take account of pressure changes.

The profile depicted shows a pattern common to all the stations in the Arabian Basin.
Maximum pCO2 levels occurred around 1000m, just below the oxygen depleted
zone. At the surface the differences were in the levels of pCO2 in the top 70 - 100m.



Station A7 showed the most significant undersaturation wheras Station A3 is virtually
at equilibrium . The shelf stations from AS1 to AS5 show increasing supersaturation at
the surface.
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TABLECTD.XLS

TABLE CASTS WORKED FOR DISCRETE PCOZ_
SUSAN KNOX ]
GOMI/6 A3/21  "A7/52  Af/s5s — ]
GOM6/1 A3/28  AB2 | T
A1/8 'A3/35  'AB/S -

A1/41  A341  A9/8 _ ]
A1/30  A4l2 A9/14 __* ]
A1/42  A43 Ag/22

AS1/5 A58 AtO3

AS23  A62 A1077 o
AS3/4  ABI3 A3/63

ASS/1 AIIS A3/67

A2/2 AT/6 'A2/10

A2/4 A7/30 A1/54

Page 1



Dissolved Gases in the Arabian Sea
: Chif Law,
Plymouth Marine Laboratory,Prospect Place, West Hoe,Plymouth, Devon, UK.

1. Carbon Monoxide (CO) in the upper water column.

Background: Carbon monoxide is an atmospheric trace gas which influences carbon dioxide and
ozone concentrations and the residence time of methane. and therefore plays a secondary rofe in
global warming. CQ is produced in the water column photochemicaily by the action of ultra-violet
hight on DOC. and so the studv of CO dynamics in the ocean provides arn tnsight into the fate of the
organic carbon pool. Microbial oxidation by nitrifying and methane-oxidizing bacteria. and less to the
atmosphere represent the major sinks.

Aims;

a) To measure CO concentrations in the upper water column and obtain an areal atmospheric flux.
b) To determine rates of photochemical production of CO by deckboard incubations.

¢) To determine rates of CO oxidation by deckboard incubations.

d) To determine the influence of light, wind speed and DOC concentration on CO in a) and b)

Instrumentation: This consisted of a vacuum-sparge system for extracting the dissolved gas, cryogenic
trapping using liquid nitrogen, catahvtic reduction of CO to CHy and detection by a gas
chromatograph equiped with a Flame Tonisation Detector. The system had not previously been used
for CO analysis and worked successfully afier initial alterations.

Results: '

Water and ambient air samples were obtained at 16 stations with the former exhibiting a typical
photoproduction profile with maximum concentrations at the surface declining through the photic
laver to background levels at around 70-100m (see Fig 1). This represents the first collection of CO
data in the Indian Ocean and suggests that concentrations are not significanily different to that
reported for other open ocean studies. Auny areal variability obsenved along the cruise track was a
function of light intensity and therefore time of day that the profile was obtained.

The influence of light is bighlighted by two time

CutiAro fror frvmeing

0 15 1 14 2 2 ’ serics profiles in which concentrations in the
T upper 15 metres were determined every two hours
2} / (see Fig. 2). CO increased as the sun rose,
a: particularly when uv. light penetration was
f ol r maximal around midday, after which
f.l1 / o vemrom concentrations fell as the surface waters
b —— o ventilated to the atmosphere. Rates of CO
w4 / photoproduction were determined in deckboard
ml / incubations of surface water in silica tubes in
wl { conjunction with DOC measurements (Axcl

Miller).
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2 Sulphur Hexafluoride (SFg) in the Water Column

Background
Sulphur hexafluoride is a man-made gas which has been accumulaling in the atmosphere since the

carly 1970's. Despite the low atmospheric concentrations (approx 3 parts per trillion) and low
solubility the gas can be measured in the upper-mid water colunwn as a result of will equilibration with
the atmosphere. Upoen sinking the water will retain a SFg signature and so. with a documented
atmospheric chronology. SFg can be used as a transient tracer in the ocean. providing information on
the age and rale of movement of a water body.

Aims:
To determine SFg concentration in the water column with a view 10 estimating the residence time of
the low oxygen region.

Instrumentation

This consisted of a vacuum-sparge system for extracting the dissolved gas with cryogenic trapping
using liquid nitrogen and deteclion by a gas chromatograph equiped with an Electron Capture
Detector. This system was developed for the use of SFg as an applied tracer. Apart from initial
contamination problems the system functioned well throughout the cruise. with high reproducibility
even at concentrations < 0.1 fmol/.

Results

The SFg data set obtained on DI210 represents the first ever attempt {0 use SFg as a transient tracer in
the ocean. The air measurements obiained will be added to the database from which the atmospheric
history has been derived, to improve the accuracy of the water column dating. An "end-member”
profile was obtained at GOM| showing high concentrations throughout indicating recent contact with
the atmosphere. Profiles were obtained at a further 15 stations. and generally exhibited a surface
mixed layer in equilibrium with the atmosphere. with concentrations declining at around 60-80m (see
Fig. 3). SF¢ was detectable at 500-600m throughout most of the Arabian Sea suggesting that a large
properiion of the oxygen deplete zone is less than 20 vears, old in agreement with previous
measurements using Freons.

Station A4 - 16/9/94 - Casts A4/2 , _
and A4/3 3. Nitrous oxide

SFB {fmak) Background
0 04 02 03 04 05 Thaj water column of the Arabian Sea exhibits
. . . regions of NyO  supersaturation  and

0] ' ' ' undersaturation as a result of the microbial
200 | processes nitrification and denitrification.

Aims
400 1 Air Cone, To collect samples for 15N-N20 analysis to
E identify the processes influencing N,O.
£ 60 3.33 4 /- 0.11 pptv 2
o
& Between cast variabil Results
800 = een Ty (250m) 415 samples were collected at 11 stations. Double
i 0.80% isotope measurements for N»O will be performed
1000 { by Static Mass Spectrometry by Prof. C. Pillinger
| and Dr. G. Roberts of the Geological Science
1200 # Deptartment  of  the  Open  University.

s



Date . Cast No. SFg Cco CO-Time N0
Profile Profile Series(TS) Sam.
fIngub (D1)
i 30/8/94 GOM1/10 X
31/8/94 GOM3/1 X
; 1/9/94 GOMS5/2 X
? GOMS/4 X
| 2/9/94 GOMS6/1 X X
1 GOMS6/6 X X
| 49194 Al/8 X X
| 5/9/94 Al X X
1 6/9/94 Al1/30 X X .
8/9/94 AS/1 X X X
AS1/5 X X X
9/9/94 AS2/3 X
AS3/4 X
ASH/4 X X
4 ASS/1 X
11/9/94 A2/2 X X X
- . A2/4 X X
13/9/94 A3/21 X X X
A3/28 X X
14/9/94 A3/35.A3/37 TS1
A3/38.A3/39 DIl
A3/41.A3/44
A3/45
16/9/94 A4/2 X X X
A4/3 X X
17/9/94 AS/8 X X D12 X
AS/9 X X
18/9/94 A6/2 X X
A6/3 X
19/9/94 AT/5 X X DI3
N A7/6 X
20/9/94 A7/30 X
21/9/94 A7/26,A7/30 TS2
A7/36,A7/37 D14
A7/38,A741
AT/45,A7/46
A7/48
24/9/94 A8/2 X X
A8/5 X X X
25/9/94 A9/8 X X DIS X
A9/14 X X X
26/9/94 A9/22 X DI6 X
2719194 A10/3 X X
A10/7 X X X
28/9/94 A3/63 X D17
A3/67 X X
29/9/194 A2/10 X X
30/9/94 Al/54 X X
30/9/94 Al/55 X X X




Nitrous oxide and methane in vertical hydrocasts

R. C. Upstill-Goddard and N.J.P. Owens
University of Newcastle-Upon- Tyne

The dissotved seawater concentrations of two important greenhouse biogases,
nitrous oxide { N10 ) and methane ( CHy ), were determined simultaneously to high
precision using a fully automated headspace equilibration -gas chromatographic
technique. A total of 41 vertical hydrocasts were successfully analysed, covering each
of 18 oceanographic stations in detail (see Table). Selected stations were each
occupied on two separate occasions in order to contrast changes in biological
productivity over the course of the monsoon. In all some 934 individual dissolved gas
analyses were made. In addition, N,0 and CH, were determined in over 400 samples
of ambient air from the same locations. These data represent the most detailed
coverage of N,O and CHy distnibutions in the Indian Ocean to date, and their detailed

analysis should provide important insights into the sources of these important biogases.

Analytical data are presently available in the form of detector responses (peak
areas). These require significant salinity and temperature-based corrections in order to
produce true concentrations, and the appropriate data will become available post-
crutse. Nevertheless, a number of preliminary observations can be made at this stage.
Firstly, in waters above the thermocline CHy is typically enriched by about 10-35 %
relative to ambient air, as shown in the accompanying figure, which shows data from
station A8. This is similar to the situation found in the majority of open ocean waters
north of 70° S. Concentrations decrease in deeper waters to below present day air-
equilibrium values, and overall the profiles are consistent with a combination of water
mass age considerations and coupled CH, production-consumption reactions.. N;O
distributions shows two important features. At the open ocean sites large positive
concentration anomalies occur in the oxygen depleted zone (ODZ), at ~ 500-1200m,
similar to the situation found previously in the N'W. Indian Ocean. Preliminary
calculations confirm typical AN,O values ~ 40-50 nM in these waters ( see Fig ).
These elevated deep water N,O concentrations were also reflected in the coastal
upwelling zones.

Overall, these data should aid in the refinement of our present estimates of the
production fluxes of N,O in the ODZ, and help to improve calculations of the
ventilation fluxes of N,O and CHy to the atmosphere.



Discovery210 : Summary of CTD stations processed for N0 and CH,

DATE

29.08.94
30.08.94
02.09.94
02.09.94
04.09.94
06.09.94
07.09.94
08.09.94
09.09.94
09.09.94
09.09.94
09.09.94
11.09.94
11.09.94
13.09.94
14.09.94
16.09.94
17.09.94
18.09.94
19.09.94
20.09.94
21.09.94
24.09.94

25.09.94

25.09.94
26.09.94
27.09.94
28.09.94
29.09.94
30.09.94

STATION No,

GOM-2
GOM-1
GOM-6
GOM-6
Al
Al
Al
AS1
AS2
AS3
AS4
ASS
A2
A2
A3
A3
Ad
AS
A6
A7
A7
A7
A8
A9
A9
A9
Al0
A3
A2
Al

SHALLOW CTD

G2/04

G6/01

Al/08
Al/30

AS1/01

A2/03
A3/21

A4/02
A5/08
A6/02
A7/05
A7/30

A8/05
A9/08
A9/13

A10/07
A3/67
A2/10
Al/55

DEEPCTD *

G1/06

G6/06
Al/12

Al/40
AS1/05
AS2/03
AS3/04
AS4/04
AS5/01

A2/02

A328
A3/38
Ad/03
ASA9
A6/03
A7/06

AT7/38
A8/02

A9/22
A10/03
A3/63

Al/54

* “Deep CTD” refers 1o all casts covering the whole water column, irrespective of the water depth.
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Final Report: ARABESQUE Cruise { (Discovens Cruisc 210)
14C PRIMARY PRODUCTION

The primary objective of the 14C primary production component of the ARABESQUE Programune was (o
estimate both the total and size fractionated primary production at selected stations in the various
hvdrographic regimes of the north-west Indian Ocean during and immediately following the south-west
monsoon season. Secondary objectives of the project were to measure the corresponding total and stze-
fractionated chlorophyll @ concentrations and to take samples for the determination of POC and PON
concentrations and absorption spectra in additionto making a limited number of estimates of DO
excretion by pbytoplankton. Two approaches were used to estimate production: (a) samples were either
incubated in situ or "on deck” in a simulated light incubator or (b) were incubated under a range of
irradiances in an artificial light incubator to establish the determining photosynthelic parameters, thus
allowing the subsequent modelling of production rates. A total of 5148 samples was incubated, resulting
in the processing of 8184 individuat 14 C determinations. Details of the experimental programme are
sumimansed in Table xx,

Assistance was also given with five time series and five in sifu production experiments carried out by Dr
Carol Rebinson to compare production estimates using the TCO2 and 14C approaches.

(@) In Sitw and "On Deck™ Experiments

Following a shakedown station (GOM 2) on 29 August, estimales of 14C primary production were made
either from in sitw or "on deck” incubations on a further 28 days during the cruise as the programme
allowed. "On deck® incubations were carried out primarily when the ship was on passage mode. At each
station, samples were taken from ten depths between the surface and the 1% light depth before dawn and
incubated under the appropiate conditions from dawn to dusk before being placed in the dark on deck
overnight prior to filiering the following morning. Six comparisons were carried out between parallel in
situ and "on deck” incubations; reasonable correspondence of the column production was recorded from
five of the experiments, although there was tendency for greater surface photoinhibition in the "on deck”
samples. ) :

In general terms a broad correspondence was apparent between the distributions of size-fractionated
chlorophyll concentrations and primary production throughout the cruise with certain clear spatial trends
being evidenl in the relative distributions of the three size fractions. At the most northerly stations (GOM
6, Al, AS2, ASS. A2) considerable temporal and spatial variability was apparent in the chlorophyll and
production values with the maximum values recorded during the cruise (7.6 mg m-3"and 3193 mgC m-2
d-1) being observed at GOMS6. The variability is assumed to reflect the mesoscate variability associated
with the inshore upwelling processes. The high chlorophyll and productivity values were essentially
contributed to by increases in the >18um fraction (Table. x), consistent with substantial diatom growth as
indicated by HPLC measurements. The depth of the mixed layer of up 10 100m suggests a high
phytoplankton biomass at these stations.

In contrast, at the most southerly stations in the oligotophic water (A6, A7, A8, A9) chlorophyll 2 and
production values were consistently fow in the surface layer with chlorophyll concentrations of the order
of 0.25 mg m-3 increasing 10 0.75 mg m-3 in the subsurface chlorophyll maximum. At these stations the
>18um fraction contributed <5% of the chlorophyll stock with the <2um fraction forming the maximum
contritartion (Table.x). Between the northerly and southerly zones, that is in the region primarily
influenced by the offshore upwelling processes during the early part of the cruise (A3, AS, A10)
chlorophyll concentrations throughout the mixed layer were generally in the range 1.0 - 1.5 mg m-3 with
no evidence of a SSCM. At these stations all three size fractions made an approximately equal
contribution to the chlorophyll and production values (Table.x). Thus this zone appears to be 2 transition
region in which a co-existence of the populations charactetistic of the extremities of the area is able to
occur. This balance of production and chlorophyll between the three size-fractions was also apparent at
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stations Al and A3 on the return leg. althougl total chlorophyvi concentrations were higher than obsenved
in the transition zenc earlier in the cruise. The even size distribution of of (he phyvtoplankion in this region
of the Indian Ocean appears 10 be a response to finite new nutrient concentrations and a relatively shallow
nixed laver.

Data from the DOI4C excretion experiments remain to be analysed. although in general very low rates of
net excretion were indicated across the region. This may reflect the high bactenial growth rates resulting
from the high temperatures and hence the rapid uptake of phytoplankton produced DOM by the bacterial
populations. A series of four 14C time course uptake experiments was carried out at stations in the
oligotrophic and mesotrophic regions to further investigate the carbon interrelationships of the plankton
popriations: data from these experiments remains to be analysed.

(b} Photosynthesis: Irmadiance Experiments

Water samples for photosynthesis: irradiance experiments were collected from two depths at all of the
stations sampled For the samples collected in the early morning, the chosen depths were selected from the
depths from which samples were taken for the in sitw or "on deck” productivity profiles. Samples collected
around midday were usually taken from a depth of 10m and the fluorescence maximum. A total of 110
experiments was completed.

In addition, at each sampled depth, water was filtered for the analysis of the particulate crganic carbon
and nitrogen content and also for the determination of the absorption spectra. All samples will be analysed
at the Bedford Institute of Oceanography on completion of the cruise. '
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TABLE 1

Chlorophyli g concentration (uncalibrated data) of the > 18, 2-18 and 0.2-2 pm plankton size-
fractions observed in the surface 19 m at station A1 on 4 and § September, station A3 on 13
September, station A7 on 20 September and station Al on the return leg on 30 September
1994, %oncenlrations averaged from samples collected in the top 10m and expressed as mg
chla m™.

Station  Date Hydrographic regime  Size-fraction Chla Concentration
> 18 pm 2-18 yum 0.2-2 um

Al 4.9.94 Coastal upwelling 2.61 0.74 0.74

Al 5.9.94  Coastal upwelling 0.28 0.72 0.62

A3 13.9.94  Mesotrophic/transitional ~ 0.41 0.33 0.36

A7 20.9.94  Oligotrophic 0.09 0.17 0.69

Al 30.9.94  Transitional : 0.74 0.68 0.36



TABLE 2

Listing of 14C primary production experiments carried out during ARABESQUE Cruise I
(Discovery Cruise 210), 28 August - 30 September 1994, (F denotes samples taken from
SSCM fluorescence maximum.

, Est 14C incubation procedure
Date Station # 1% Insitu Ondeck Timeser Do l4C PI  sample
LD(m) depth
28.8.94 GOM 42 10,23 (F)
29.894 GOM 2/1 40 * 10,36 (F)
GOM 2/9 10,39 (F)
30.894 GOM 113 40 * 10,30 (F)
GOM 177 10,29 (F)
31.894 GOM3 . Surface
GOM 3 Surface
1.9.94 GOM 5A/1 40 * 10,22 (F)
GOM 5/6 10,26 (F)
2.9.94 GOM 6A/1 30 * 10,20
GOM 6/4 10,20
3.9.94 GOM 6B/1 60 * 10,40
4.9.94 Al/l 40 * * 10,40
ALfS ’ 10,40
5.9.94 Al1/13-15 40 * 10,40
Al1/20 10,35
6.9.94 Al1/23 40 * * 10,40
Al/31 10,20 (F)
7.9.94 Al1/33-34 40 * 10,40
8.9.94 AS1/4 10,30 (F)
9.9.94 AS2/1 40 * 10,30
AS53/3 10,25
10.9.94  AS55R-3 25 * 10,20
AS55/4 10,15
11.9.94  A2/1 40 * © 10,40
12.9.94  A3/3-5, 40 * * 10,26
A3/10 10,25 (F)
13.9.94  A320 60 * * 10,40
A3/25 10,39
14.9.94  A3/30-32 60 * * 14,40
A3/44 10,30 (F)
15.9.94  A3/48 60 * * 10,40
A3/53 10,30 (F)
16.9.94  A4/1 Surface
Surface
17.9.94 A5/l 100 * 13,43
AS/12 10,30 (F)
18.9.94 A6/l 60 * 8,60 (F)
19.994 A3 100 * * 13,45 (F)
A7/1 10,60 (F)
20994 A8 75 * . ¥ 10,50
AT129 10,60 (F)

21.9.94 A7/32 75 * * 10,57 (F)



Date
24.9.94
25.9.94

26.9.94
27.9.94

28.9.94

29.9.94
30.9.94

Station #

AR/
A8/4
A9/T
A9/11
A9/21
Al10/1
Al10/6
A3/56
A3/66
A2/9
Al/47
Al/58

Est 14¢C incubation procedure
1% Insitu Ondeck Time ser

LD{m)

75 *
75 *

75

4_0 *
4_0

35 * *

x

Do 14C PI  sample

depth
11,50 (F)
10,50 (F)
10,50 (F)
10,40 (F)
10,50 (F)
10,23 (F)
10,23 (F)
10,33
10,20 (F)
10,23 (F)
8,23
10,22

2%



\bian Sea

Carol Robinson' and Jo Dickson’

"University of Wales; Bangor, School of Ocean Sciences, Menai Bridge. Gwynedd. (email
05806%a bangor.ac.uk)
‘Phmouth Marine Laboratory, Prospect Place, West Hoe, Plymouth.

AIM

¢ aim of the present study was to examine the relationship between “C determined carbon
fixanon rates and TCO, and O, determined rates of gross and net community production
across the extreme ecological gradients found in the Arabian Sea.

METHODS

Total dissolved inorganic carbon was measured by coulometric titration, dissolved oxygen by
automated Winkler titration. Rates of gross and net community production and respiration
were estimated from changes in TCO, and O, following traditional light / dark bottle in situ
incubations, Concomitant estimates of plankton fixation of Na,H"'CO, were undertaken by
Dr. Graham Savidge. In order to assess whether the '“C technique approximated to gross or
net community production as measured by changes in TCO, , a number of on-deck tirfie
series tncubations were also completed.

Discrete samples from 36 CTD vertical profiles were analysed .

SAMPLES COLLECTED
In situ rigs

1 05°09/1994 station Al cast 37 surface, Sm, 10m, 17m, 26m, 40m

2 12°09/1994 station A3 cast 73 surface, Sm, 10m, 26m

3 1409/1994 station A3 cast 84 surface, 8m, 14m, 26m, 40m, 60m

4 17'09/1994 station AS cast 99 surface, 13m, 24m, 43m, 66m, 100m
5 20°09/1994 station A7 cast 116 surface, 10m, 18m, 32m, 50m, 75m
6 25°09/1994 station A9 cast 137 surface, 10m, 18m, 32m, 50m, 75m
7 28'09/1994 station A3 cast 154 surface, 7m, 12m, 22m, 33m, 50m
8 3009/1994 station A1 cast 164 surface, Sm, 8m, 15m, 23m, 35m

On deck time series comparisons

1 02 09/1994 cast 25 7Tm

2 04 09/1994 cast 33 10m
3 07 09/1994 cast 48 10m
4 10°09/1994 cast 66 6m.
527 09/1994 cast 149 10m

ol




TCO: depth profiles

27/08/1994 GOM 4-1 0-300m
28/08/1994 GOM 4-5 200-3323m
29/08/1994 GOM 2-3 100-1200m
29/08/1994 GOM 2-4 5-150m
30/08/1994 GOM 1-10 0-80m
31/08/1994 GOM 3-1 5-2848m
01/09/1994 GOM 5-1 100-3000m
01/09/1994 GOM 54 3-200m
02/09/1994 GOM 6-1 10-300m
02/09/1994 GOM 6-6 250-3298m
04/09/1994 A1l- 4-300m

04/09/1994 A1-11 200-3387m
07/09/1994 A1-42 4-300m
08/09/1994 cast 55 AS1 3-200m
08/09/1994 cast 57 AS1-5 200-2500m
09/09/1994 cast 60 AS2-3 10-1200m
09/09/1994 cast 62 AS3-4 4-500m
09/09/1994 cast 64 5-145m
09/09/1994 cast 65 AS4-4 5-42m
11/09/1994 cast 70 A2-2 200-3990m
11/09/1994 cast 71 A2-4 5-200m
13/09/1994 cast 81 A3-21 5-300m
13/09/1994 cast 83 A3- 132-3990m
16/09/1994 cast 97 Ad- 3-250m
17/09/1994 cast 102 A5-8 5-300m
17/09/1994 cast 103 A5-9 300-4300m
18/09/1994 cast 108 A6-2 3-200m
19/09/1994 cast 112 A7-5 10-300m
19/09/1994 cast 113 A7- 300-4000m
20/09/1994 cast 122 A7- 4-100m
24/09/1994 cast 134 A8- 300-4000m
24/09/1994 cast 136 A8~ 5-300m
25/09/1994 cast 140 A9-8 140-400m
25/09/1994 cast 144 A9-14 3-140m
26/09/1994 cast 148 A9-22 350-4000m
28/09/1994 cast 159 A3-67 5-200m

RESULTS

Surface rates of gross production varied from 17 umol C/dm’.24h at the eutrophic station Al
on 30/09/1994 to 2 pmol C/dm’ 24h at the most blue water station A7 on 20/09/1994.
Community respiration was always a major component of the gross production rates, varying
from 13 to 6 pmol C/dm’.24h at the surface at A1 and A7 respectively. The TCO, gross and
net production comparison with “C uptake awaits analysis of the “C samples. Full
interpretation of the O, and TCO, production profiles will be possible once data such as light
and chlorophyll is available.



All discrete and production TCO. data should be infinal form and lodged with BODC by Jan
Ist 1995,
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ASSlmlldtIOH of nitrogen by phytoplankton.
N.J.P. Owens
University of Newcastle

The quantities and forms of nitrogen assimilated by the phytoplankton are fundamental
in determining the biogeochemistry of any sea area. The northwestern Indian Ocean
offers an ideal opportunity to examine one of the largest potential ranges of rates of
nitrogen assimilation; from high rates supported predominantly by nitrate (large ‘new
production’) tolow rates supported by recycled nitrogen (low ‘new production’).
Objectives:

1. To measure the rates of nitrogen assimilation in all regions of the Arabesque cruise
area during the immediate post SW monsoon period. This cruise to be part of a more
complete investigation to include the presumed oligotrophic inter-monsoon period
during December.

2. To make the measurements concurrently with a wide range of production, pigment
and detailed optical measurements in order ultimately to develop algorithms suitable
for the conversion of remotely sensed data to estimates of new and regenerated
production.

Experiments carried out;

. Deck and in situ incubations of samples covering the photic depth were made on 11
stations [Table 1]. Four separate additions of 15N nitrogen were incubated at each of
six depths. Nitrogen was added as follows. 1 x Sumole nitrate; 1 x 0. lumole nitrate; 1
x 0.1lumole ammonium; 1 x 0.1umole urea. Samples were incubated for a total of
24hours. Filters-were stored frozen for subsequent mass-spectrometric analysis at
Newcastle. Fitrate was also retained frozen for subsequent analysis of isotope dilution
for subsequent estimation of rates of ammonium regeneration and nitrification (see
below).

No results are currently available, however, a large range of biomass and nutrient
concentrations were encountered thus the overall aim has been achieved. Two stations
were re-examined following a period of apparent intense growth whlch will provide

H useful support information.
|

Table 1. Station list for 15N incubations.

GOM
GOM-6 2/9/94 Deck
Al 5/9/94 In situ
AS-5 10/9/94 Deck
A3 12/9/94 In sitn
A3 14/9/94 In situ
AS 17/9/94 In situ
A7 20/9/94 In situ
AS 24/9/94 In situ
A3 28/9/94 In situ
LAl 30/9/94 7 7 In situ

— PR

In addition to the main incubations, a series of 16 incubations were carried out in a
light gradient box of 24 light intensities. These were short incubations with a high
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nitrate addition to normalise for nutrient effects. These incubations were carred out
concurrently with various 14C PvI incubations.

Nitrification and Denitrification:

These are two fundamentally important, microbially mediated, biogeochemical
processes. It is thought that the balance of these processes is responsible for the
globally important high levels of nitrous oxide found in the region. 15N isotope
dilution experiments were carried out at stations Al, A3, A7 and A9 to determine the
rates of nitrification and denitrification. Samples were targeted at depths exhibiting
sharp oxygen gradients. Samples were stored frozen and await mass-spectrometric
analysis at Newcastle. In addition, samples from a number of phytoplankton
assimilation incubations were retained which could provide further information on
nitrification in the photic zone. These samples will be processed using a new method
for the analysis of 15N nitrate, but it is not known whether this will be sufficiently
sensitive to detect the rates of nitrification at the levels of ammonium addition required
for the assimilation experiments.



Flow Cytometric Analysis of Phytoplankton and their herbivorous interaction with
Microzooplankton.
Peter Burkill (Plymouth Marine Lab)

Objectives

1) To characterise and quantify phytoplankton populations in the Oman Basin and Arabian
Sea. :

2) To quantify the herbivorous interactions between microzooplankton and phytoplankton in
the Arabian Sea. .

Approach & Methods

1) Flow cytometric protocols based on cellular light scatter and fluorescence were developed
and used to characterise and quantify total phytoplankton concentrationand those of
individual taxa (prochlorophytes, cyanobacteria, picoeukaryotes) in samples obtained from
water bottles on CTD profiles.

2) Microzoplankton grazing dilution experiments (set-up by Elaine Edwards using JGOFS
protocols) were sampled over a time-course of 0, 12 & 24 hours. Flow cytometric protocols,
described above, to quantify different taxa (prochlorophytes, cyanobacteria, picoeukaryotes)
of the phytoplankton, were used in order to compute growth rates and grazing induced
mortality rates of individual phytoplankton taxa.  Experiments were run in parallel with
those of Elaine Edwards on grazing on total phytoplankton, and of Claire Stelfox on FLA
uptake to identify principal microzooplankton grazers.

Results

The DRA funded Becton Dickinson FACSort cytometer behaved impeccably and proved a
joy to use. Sensitivity was adequate to determine cellular light scatter and fluorescences from
prochlorophytes (0.6 um in size and ca 1 fg chlor-a) in surface waters. A total of 1051
samples were analysed from 35 vertical profiles and 12 grazing and other experiments, as
outlined in Table 1.

Cyanobacteria (Synechococcus spp.) were abundant (>100 cells litre'l) in the surface mixed
layer throughout the Gulf of Oman and the Arabian Sea. Populations reached 450 x 10 cells
litre-1.in the upwelling water and dominated the phytoplankton numerically throughout most
of the region. Prochlorophytes (Prochlorococcus spp.) were restricted to the oligotrophic
waters at the SE end (A4 onwards) of our main transect where they were more abundant than
the cyanobacteria. Prochlorophytes were entirely absent from the upwelling waters,
Picoeukaryotes were found throughout the region. Their cytometric signatures often
suggested a disperse population, although a distinct population at a depth of 120-140 metres
was observed frequently. This population may contain chlo-c since their chiorophyll
fluorescence spectra crossed over into the phycoerythrin channel. Phytoplankton populations
-were found to be growing fast during the period of the cruise. Analyses carried out at station
. 2 (Fig 1) showed that the cyanobacteria had increased by 800% and eukaryotes by 300% in
surface waters over an 18 day time period.
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Fig I: Verical profiles of phytoplankion on 1 1th and 29th September revealed rapid growth in surface waters.

1

Vertical distribution of phy'toplahkton at CTD Station A2 on 11 Sept (solid
line) and 29 Sept (pecked line)

Concentration (x 10E5 cells / litre)
cyanobacteria {black) and eukaryotes (whike).
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Microzooplankton grazing experiments on autotrophic picoplankton revealed:

a) microzooplankton herbivory was vigorous at all stations with specific rates in the range of
0.1 to 1.0 day-1.

b) growth rates of cyanobacteria, eukaryotes and prochlorophytes was generally higher than
that of their mortality from grazing;

- ¢) rates generally decreased with reduced ambient nutrient content.

The overall picture obtained during the waning SW monsoon period, was one of intense
microbial activity. It will be interesting to see how this process has developed when we return
in November.

Table 1: Flow Cytometric Analyses carried out on cruise D210. VP: vertical profiles with depth’ range
(metres) of samples analysed. GRA: Microzooplankton grazing experiments with time course measurements
(1) in bours. INC: Incubation on board. INSIT: incubation in situ,

ate Station nalysis Date Station nalysis
27-Aug-94 |Shakedown |VP;10 17-Sep-94 [AS GRAS;TO, T12INC, T12IN
SIT
GOM4 VP;5-100 A5/8 VP;5-301
29-Aug-94 |GOM2/7  |VP;5-150 18-Scp-94 |AS GRAS; T24INC;T24INSIT
30-Aug-94 |GOM1/6 | VP,1-87 |Aen2 VP,3-198
31-Aug-94 |GOM3/1  [VP;7-2848 19-Sep-94 |A7/5 VP,10-301
01-Sep-94 |GOMS5/4 | VP;3-200 20-Sep-94 |A7 GRA6;TO, T6INC. T12INC
02-Sep-94 [GOMS6/1  |[VP;10-300 A7/26 VP;100-180
-Sep-94 |A1/8 VP,4-300 ATH0 VP;1-100
5-Sep-94 |Al GRAL;10 21-Sep-94 |A7 GRAG6; T24INC. T24INSIT
Al GRALTI2 A7 GRAT7,TO
-Sep-94 [A1 GRAI:T24INCUB AT7/40 VP;5-100
GRAIL,T24INSITU 22-Sep-94 |A7 GRAZ,T24INC
| Al/30 VP;2-200 . AT/52 VP,5-161
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07-Sep-94 Al JGRAZTOTIT7TIOTIS [23-Scp94 [AYS _ [VP.A-300
ALY VP,0600:0800: 1000 25 Sep94 |A9 GRAS:TO
AL42 VP.4-299 _ AY/8 VP: 140402
08-Sep-94 |Al (GRA2.T24 |A9/14 [VP;3-140
ASU/] VP.3-219 26-Sep94_|A9 |GRAS.T24INC T24INSIT
09-Sep-94 |AS2/3 VP;11-250 27-Sep-9+_|AI0/7___|VP;5-300
~|AS3/4 VP.3-50 28-Sep-94 |A3 GRA9:TO.T12INC.TI2IN
SIT
ASY4 . [VP,5-80 I DOC EXPT TODAY |
| ASS/1 VP.5-35 ' A3/6T VP3-199
11-Sep-94 |A2/4 VP.5-208 29-Sep-94 |A3 GRA9:T24INC.T24INSIT
12-Sep-94 |A3 GRA3I.TO.T2.T4.T6.T8.T1 (A3 DOC EXP TIDAY
0,T12,T14 !
13-Sep-94 (A3 GRA3;T24INC.T24INSIT |A210 VP.3-300
A3/21 VP;5-300 30-Sep-94 [Al GRA10:TO,T12INC.T12I |
i NSIT
14-Sep-94 |A3 GRA4:TO, AL/S4 VP;200-300
TI2INC,T12INSIT ]
SIZE & PHYCOE a3 DOC EXPT T2DAYS
ANALYSES ]
AYAL VP.4-300 Al/f55 VP;5-150
15-Sep-94 |A3 GRA$;T24INC; T24INSIT [01-Oct-94 JAl GRA10;T24INC.T24INSI
T
16-Sep-94 |A4/1 VP.3-250 a3 DOC EXPT T3 DAYS

Acknowledgements: Thanks to Fauzi for PSing such a productive cruise, Claire and Elaine for
skilled assistance and Jane Fonda, and all the ARABESQUE guys and gals for makmg it
happen in such a fun way.



DISTRIBUTION OF CHLOROPHYLL AND CAROTENOID PIGMENTS IN
THE ARABIAN SEA

RAY BARLOW PLYMOUTH MARINE LABORATORY
OBJECTIVES

1) To track the varying concentrations of chlorophyll and carotenoid pigments in the
Arabian Sea at the end of the SW monsoon period in order to determine the
chemotaxonomic distribution of phytoplankton in eutrophic, mesotrophic and
oligotrophic waters.

2} To simultaneously determine the distribution patterns of chlorophyll degradation
products (phaeopigments) in the water column and in sediment traps to ascertain the
flux and degradation of the chlorophyll biomass.

3) Conduct an in situ pilot experiment of 14C uptake into pigments to determine the
specific turnover rates of pigments and hence specific growth rates of various
phytoplankton classes.

SAMPLING AND METHODS

Samples (1-21) were drawn from all shallow biogeochemistry CTD casts, filtered onto
GFF filters, and immediately stored frozen in liquid nitrogen until analysis. Pigments
were extracted into 90% acetone and an aliquot injected onto a C-8 reverse phase
column for high pressure liquid chromatographic separation and quantitation of some
20 chlorophyll and carotenoid pigments using both absorbance (440nm) and
fluorescence (Ex 405nm; Em 670nm) detection. Details of the CTD sampling are
presented in Table 1. Other subsamples were taken from pooled water samples used
for primary production studies, filtered, frozen and analysed as above (see Table 1).
Further samples for pigment analysis were also drawn from sediment trap material,
SAP pump filters, and the underway non-toxic seawater supply. Details of trap and
SAP sampling are given in Tim Fileman's report. All CTD samples were analysed on
board Discovery while the trap, SAP and underway samples were stored frozen for
analysis at PML. At the final occupied station (Al) an in situ pilot experiment was
conducted to determine the uptake of 14C into various pigments. Seawater (2.71) from
6 depths were each spiked with 250 pCuries 14C, incubated for 24h, and the
phytoplankton filtered onto GFF filters which were stored frozen for later analysis at
the PML. '

PRELIMINARY RESULTS
A range of chlorophylls and carotenoids were detected in the Arabian Sea, including

chlorophylls a, b, cic3, ¢3, divinyl chlorophyll g, peridinin, butanoyloxyfucoxanthin,
fucoxanthin, hexanoyloxyfucoxanthin, diadinoxanthin, alloxanthin, zeaxanthin ‘and o
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and B-carotene. In addition, 1 to 3 phaeophorbide a's and 1-2 phaeophytin a's were
also detected. Chlorophyll a concentrations were relatively high in the inshore
environment of the Gulf of Masirah (1200 ng/l at AS5) and steadily decreased at each
station along the south easterly cruise track into oligotrophic waters, Fig. 1 illustrates
the decline in surface chlorophyll @ concentrations (upper 5m) and it may be noted
that the chloropyl! a levels at station A7 were as low as 56 ng/l. Fucoxanthin was the
most dominant accessory pigment in the inshore region (700- 800 ng/l), indicating that
diatoms accounted for a large proportion of the chlorophyll biomass. Chlorophyll a
(1608 ng/l) and fucoxanthin (690 ng/l) were also the most prominent pigments at
station Al on our first day of occupation, but their concentrations decreased
constderably over the next 3 days as we drifted into other water masses by following
the sediment trap, and hexanoyloxyfucoxanthin and zeaxanthin were then the more
significant accessory pigments. Similar observations were also noted for stations A2,
A3 and A4. Hexanoyloxyfucoxanthin and zeaxanthin were again the important
accessory pigments at stations A5, A6 and A7, while the detection of divinyl
chlorophyll @ at these stations indicated the prescence of prochlorophytes. Divinyl
chlorophyll a levels near the surface were very low at AS (4-10 ng/l) compared to
chlorophyll @ concentrations of 250-380 ng/l, but increased to 25-31 ng/l at A6 and A7
whereas chlorophyll @ had decreased considerably to 56 ng/l at A7
Hexanoyloxyfucoxanthin concentrations were 133 ng/l at A6 and 55 ng/!l of
zeaxanthin were measured at A7, indicating the significance of prymnesiophytes and
cyanobacteria, respectively, at these two stations. On the return leg, chlorophyll a
levels were found to be 520 ng/l at A3 and 676 ng/l at A1, which were comparable to
the concentrations measured previously. '
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TABLE 1. SAMPLING FOR PIGMENTS

SHALLOW CTD CASTS

DATE STATION DEPTHS SAMPLED
28 /8/94 GOM4 12 to 300m
29/8/94 GOM2 12 to 150m
30/8/94 GOM1 12 to 90m
31/8/94 GOM3 7 to 250m
1/9/94 GOMS 12 t0 200m
2/9/94 GOMS6 i2 to 300m
4/9/94 Al 12 to 300m
5/9/94 Al 8 to 100m
6/9/94 Al - 1210 200m
7/9/94 Al 12 to 300m
8/9/94 Al 7 to 100m
8/9/94 ASl 7 to 100m
9/9/94 AS2 7 to 100m
9/9/94 AS3 7 to 100m
9/9/94 ASS5 6 to40m
11/9/94 A2 1210 210m
12/9/94 A3 10 to 100m
13/9/94 A3 12 to 300m
14/9/94 A3 12 to 300m
16/9/94 _ A4 12 to 250m
17/9/94 A3 12 to 300m
18/9/94 _ A6 12 to 200m
19/9/94 A7 12 10 300m
20/9/94 A7 14 to 140m
21/9/94 A7 13 t0 120m
22/9/94 A7 13 to 160m
24/9/94 A8 12 to 300m
25/9/94 -~ A9 18 10 240m
27/9/94 AlO 12 to 300m
28/9/94 A3 12 to 200m
29/9/94 A2 12 to 300m
30/9/94 Al 12 to 150m
. PRODUCTION CTD CASTS
DATE STATION DEPTHS SAMPLED
5/9/94 Al 6 to 40m
6/9/94 Al 6 to 40m
7/9/94 Al 6 to 40m
12/9/94 A3 4t0 25m
14/9/94 A3 6 to 60m
20/9/94 A7 6 to 75m
25 /9/94 : AS 610 75m
28 /9/94 A3 6 10 50m

30/9/94 . Al 6to 35m
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Samples for bacterial numbers and heterotrophic activity

Date Station Depths sampled {metres)

30/8/94 | GOM3/1 1 5 10 14 17 23 26 30 33 40
1/9/94 | GOMSA 1 5 10 14 17 23 26 30 33 40
2/9/94 | GOM6BA 1 4 7 11 13 17 20 23 25 30
3/9/94 | GOMEB 1 8 14 21 26 35 40 46 50 60
4/9/04 [ A1/1 1 5 10 14 17 23 26 30 33 40
5/9/94 [A1/13 1 5 10 14 17 23 26 30 33 40
6/9/941A1/23 1 5 10 14 17 23 26 30 33 40
T/9/94 | A1/34 1 5 10 14 17 23 26 30 33 40
7/9/94 | A1/40 4 45 50 100 200 400 800 1000 1200 1300 1500
9/9/94 | AS2/1 1 5 10 14 17 23 26 30 33 40
10/9/94 | AS5/3 1 3 5 g 11 15 17 19 21 25
11/9/94 | A2/1 1 5 10 14 17 23 26 30 33 40
12/9/94 1 A3/4 1 5 10 14 23 26 30 33
13/9/94 [A3/18 1 8 14 21 26 35 40 46 50 50
14/9/94 [ A3/30 5 10 15 45 50 100 200 400 800 1000
15/9/94 [ A3/48 1 8 14 21 26 35 40 46 50 60
17/9/94 [ A5/ 1 13 24 35 43 58 65 76 B2 100
18/9/94 | AB/1 1 8 14 21 26 35 40 46 50 60
19/9/94 |AT/3 1 13 24. 35 43 58 65 76 g2 100
20/9/94 \AT/18 1 10 18 26 32 44 50 57 62 75
21/9/94 |AT/38 5 10 15 45 50 100 200 400 800 1000
22/9/94 | A7/49 1 10 18 - 26 32 44 50 57 62 75
2419194 | A8/ 1 10 18 26 32 44 50 57 62 75
25/9/94 | A9NM 1 10 18 26 32 44 50 57 62 75
27/9/94 | A10/1 1 5 10 14 17 23 26 30 33 40
28/9/94 A1/47 1 8 -12 15 21 23 27 29 35
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MICROZOOPLANKTON COMMUNITY STRUCTURE
Ctaire Stelfox {Plymouth Marine Lab/Southampon Uni)

Objective: To assess the microzooplankton community structure across the eutrophic/foligotrophic
gradient in the Arabian Sea.

Specific ims:

1. To quantify the concentration and species composition of microzeoplankion (phagotrophic
organisms <200pm in length) in the surface mixed layer of the Arabian Sea.

2. Determine microzooplankton standing stocks.

3. Assess qualitatively the main grazers of phytoplankion in eutrophic and oligotrophic conditions.

Methods

Microzooplankton Biomass

Water samples were collected from each shallow biogeochemical CTD cast and fixed as follows.

i. 1% acid lugol's iodine for the determination of species composition and total microzooplankion
biotnass.

ii. 2 % hexamine buffered formaldehyde for identification and enumeration of autotrophic
microzooplankion.

iii. 5% bouin's solution for the taxonomic identification of ciliate species by silver protargol staining,.
iv. 0.3% glutaraldehyde for enumeration of autotrophic and beterotrophic nanoflagellates (2-20pm) -
sce Elaine Edwards' cruise report.

The above samples will be ananlysed by inverted/fluorescent microscopy at the PML.

Apstein net
For the qualitative assessment of the larger and less delicate microzpoplanlion species vertical
Apstein net hauls (20um mesh size) were conducted in the upper 100m of the water columa.
Approximately 200mls was fixed in 1% acid lugol's and 50mls was used for immexhate live
observation using an inveried microscope fitted with Nomarslka Interference Contrast and
fluorescence. Photographic and video images were taken of the live cells which include tintinnids,
ciliates, dinoflageitates and phytoplankton cells.
Table 1. Dominant microzooplankton and phytoplankton cells as identified from Apstein bauls
Station Date Dominant species
GOM2 29.8.94 Rhabdonella sp., Eutinfinnus sp.,
Protoperidinium spp., Acantharians,
Radiolarians, Rhizosolenia spp.
GOM35 1.9.94 Dictyocysta elegans, Codonellopsis sp.,
Cerafium spp., Protoperidinium spp.,
Dinophysis sp., Acantharians, Radiolarians,
Rhizosolenia spp., Chetoceros spp.,
Trichodesmium sp., large ciliate sp
GOM6 29.94 Dictyocysta elegans, Codonellopsis
. sp. Eutintinnus sp., Leegaardiella sp.,
Gyrodinium spp., Protoperidinium spp.,
Dinophysis sp., Acantharians, Radiolarians,
Foraminiferan., Rhizosolenia spp., Nitzschia
spp.. Phaeocystis sp., Navicula spp.
Al 4.9.94 Codonellopsis sp., Rhabdonella sp.,
Dadayiella sp., Tiarina sp., Protoperidinium
spp., Podolampas sp., Acantharians,
Radielarians, Foraminiferan, Rhizosolenia
spp.. Nitzschia spp., Navicula spp., Ceratium
Spp-
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Al

Al

Al

5.9.94

6.9.94

7.9.94

9.9.94

9.9.94

11.9.94

12.9.94

Amphorides sp., Codoneliopsis sp..
Dadaviello sp., Ascampbelliella sp., Tiarina
sp.. Protoperidinium spp., Dinophyvsis sp.,
Cochlodinium sp.. Acantharians.
Radiolarians, Foraminiferan. Cerofium spp.,
Prorocentrum sp., Trichadesmium sp.,
Rhizosolenia spp., Chetoceros spp.
Codonellopsis spp.. Ascampbelliella sp.,
Acanthostomella sp.,Dicivocysia elegans,
Strobilidium sp., Euplotes sp.,
Protoperidinium spp., Ceratium spp.,
Histoneis sp., Acantharians. Radiolanans,
Foraminiferan, Trichodesmium sp., Nitzschia
spp., Navicula spp., Chetoceros spp.
Codonellopsis sp., Dictvocysta elegans.,
Amphorides sp., Rhabdonella sp.,
Strobilidium sp., ciliate sp., Dinophvsis spp.,
Protoperidinium spp., Gyvrodinium sp.,
Cochlodinium sp., Ceratium spp., Histoneis
sp., Prorocentrum sp., Acantharians,
Radiolarians, Foraminiferan, Trichodesmium
sp., Rhizosolenia spp., Chetoceros spp.,
Phaeocystis sp.

Codonellopsis spp., Dicrvocysta elegans,
Ascampbelliella sp., Rhabdonello spp.,
Strombidium sp., Euplotes sp., Dinophysis
spp., Protoperidinium spp., Gyvinnodinium
spp., Gyrodinium spp., Dissodinium sp.,

“Acantharians, Radiolarians, Foraminiferan,

Histoneis sp., Thalassiosira sp., Rhizosolenia
spp., Chetoceros spp., Excampia sp.,
Navicula spp., Nitzschia spp.

Codonellopsis sp., Ascampbelliella sp.,
Dictyocysta elegans, Rhabdonella spp.,
Amphorides sp., Parundella sp., Salpingella
sp.,Protoperidinium spp., Gymnodinium
spp.Ceratium spp., Silica flagellate,
Acantharian, Radiolarian, Foraminiferan,
Trichodesmium sp., Rhizosolenia spp.,
Chetoceros spp., Cosinodiscus sp., Eucampia
sp.. Navicula spp., Nitzschia sp.
Codonellopsis sp., Rhabdonella spp.,
Gymnodinium sp., Protoperidinium spp.,
Ceratium spp., Prorocentrum sp.,
Acantharians, Radiolarians, Foraminiferan,
Plerosperma sp., Rhizosolenia spp.,
Chetoceros spp., Thalissiosira sp.,
Cosinodiscus sp., Nitzschia spp., Pyrophacus
sp.

Amphorides sp., Ascampbelliella sp.,
Eutintinnus sp., Codonellopsis sp.,
Dadayiella sp., Euplotes sp., Dinophysys sp.,
Podolampas sp., Protoperidinium spp.,
Gymnrodinium spp., Prorocentrum sp.,
Ceratium spp., Histoneis sp., Acantharians,
Radiolarians, Foraminiferan, Rhizesolenia
spp., Navicula spp., Phaeocystis sp.,
Chetoceros spp.. Cosinodiscus sp.

>



A3

Al

Ab

A7

AT

13.9.64

14.9.94

15.9.94

17.9.94

18.9.94

19.9.94

21.9.94

Dadaviella sp., Codonellopsis sp., Dinophysis
sp.. Protoperidiniwm spp.. Chmnodinium spp..
Ervthropsis sp., Cerafium spp.. Acantharians,
Radiolarians, Foraminiferan. Rhizusolenia
spp., Navicula spp., Phaeocystis sp.,
Chetoceros spp., Cosinodiscus sp., Nitzschia
sp.

Dadaviella sp., Codonellopsis sp.. Dinophysis
sp.. Protoperidinium spp., Gymnodinium spp..
Dinophysis sp., Podolampas sp.. Enthropsis
sp., Ceratium spp., Histoneis sp..
Acantharians. Radiolarians. Foraminiferan.
Silica flagellate, Rhizosolenia spp., Navicula
spp., Phaeocystis sp., Chetoceros spp..
Cosinodiscus sp., Nitzschia sp.

Dadayietla sp., Codonellopsis sp., Parundella
sp., Dinophysis sp., Protoperidinium spp.,
Gymnodinium spp., Dinophysis sp.,
Podolammpas sp., Erythropsis sp., Ceratium
spp., Histoneis sp., Acantharians,
Radiolarians, Foraminiferan, Silica flagellate,
Rhizosolenia spp., Navicula spp., Phaeocystis
sp., Chetoceros spp., Cosinodiscus sp.,
Nitzschia sp.

Ascampbelliella sp., Proplectelia sp.,
Rhabdonella sp., Amphorides sp.,
Podolampas sp., Protoperidinium sp.,
Gonvaulax sp., Prorocentrum sp., Erythropsis
sp.. Cochlodinium sp., Torodinium sp.,
Dinophysis sp., Acantharians. Radiolarians.
Foraminiferan, Rhizosolenia spp.,
Cosinodiscus sp., Phaeocystis sp.
Proplectella sp., Rhabdonella sp.,
Codonellopsis sp., Podotampas sp.,
Dinophysis spp., Gonyaulax sp., Ceratium
spp., Histoneis sp., Acantharians, -
Radiolarians, Foraminiferan, Rhizosolenia
spp., Pterosperma sp., Cheloceros spp.,
Phaeocystis sp.

Codonellopsis sp., Rhabdonella
sp.,Parundella sp., Proplectella sp.,
Cochlodinium sp., Gymnodinium sp.,
Oxytoxum sp., Phalachroma sp.,
Acantharians, Radiolarians, Foraminiferan,
Silica flagellate, Rhizosolenia spp., Nitzschia
sp., Phaeocystis sp.

Codonellopsis sp., Rhabdonella

sp.. Parundella sp., Proplectella sp.,
Cochlodinium sp., Gymnodinium sp.,
Oxvtoxum sp., Gonyaulax sp., Dinophysis
sp..Phalachroma sp., Acantharians,
Radiolarians, Foraminiferan, Silica flageliate,
Rhizosolenia spp., Nitzschia sp., Phaeocystis
sp.
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AT 229.94 Climacocyis sp., Codonelflopsis sp..
Rhabdonella sp. . Porundetla sp. Proplectelln
sp., Salpingella sp., Cochlodinium <p .
Gyvmnodinium sp., Oxytoxum sp.. Convaulax
sp., Dinophysis sp.,Prorocentrum sp..
Acanthanans. Radiolarians. Foraminiferan.
Silica flagellate. Rhizosolenia spp., Nitzschia
sp., Phaeocystis sp.
A8 24.8.94 Amphorides sp., Dadayiella sp., Rhabdonella
sp.. Proplectella sp., Leegaardiella sp..
Tiarina sp., Gvrodinium spp., Gyvmmnodinium
spp.. Cochlodinium spp., Protoperidinium
spp., Gonvaulax sp., Eryvthropsis sp..
Histoneis sp., Acantharinas, Radiolanians,
Foraminiferan, Rhizosolenia sp., Navicula
spp., Nitzschia spp.
AS 25.9.94 Dadayiella sp., Dinophysis sp., Gymnodinium
sp., Ceratium sp., Protoperidinium sp.,
Acantharian, Radiolarian, Foraminiferan,
Nitzschia sp., Rhizosolenia sp.
A3 28.9.94 Proplectella spp., Xystonella sp.,
Rhabdonella sp., Parundella sp.,
Codonellopsis sp., Eutintinnus sp.,
Dadmyiella sp., Amphorides sp.,
Protoperidinium spp., Gymnodinium spp.,
Pronoctifuca sp., Gyvrodinium spp..
Dinopiysis spp.. Prorocentrum sp.,
Acantharians, Radiolarians, Foraminiferan.
" Rhizosolenia spp., Plerosperma sp.,
Pyrophacus sp., Cosinodiscus sp., Nitzschia
SP.
A2 29.9.94 Xvstonella sp., Rhabdonella sp., Salpingella
' sp., Proplectella sp., Leegaardielia sp.,
Peritromus sp., Protoperidinium spp..
Gyrodinium spp., Erythropsis sp., Gonyvaulax
sp., Dissodinium sp., Ceratium spp.,
Acantharians, Radiolarains, Foraminiferan,
Rhizosolenia spp., Navicula spp., Nitzschia
spp., Eucampia sp.
Al 30.9.94 Dictvocysta sp., Codonellopsis sp., Tiarina
sp., Tontonia sp., Strombidium sp.,
Protoperidinium spp., Podolampas sp.,
Gyrodinium spp., Gymnodinium spp.,
Gonyaulax sp., Torodinium sp., Prorocentrum
sp., Dinophysis sp. Acantharians,
Radiolarians, Foraminiferan, Rhizosolenia
spp., Chetoceros sp., Navicula sp.,
Dactyliosolan sp.

Cyanobacteria

10 mls of water collected from the biogeochemical CTD was filtered onto 0.2 um nucleopore filters
and cyanobacteria were enumerated by fluorescent microscopy. Cell concentrations were highest in
the Gulf of Oman reaching 200,000 cyanobacteria per ml. These microscopic counts have been
compared to the flow cytometer counts - see Peter Burkill's report.

Phytoplankion v



£.9.94

299

3.9.94.
+.9.94

5.9.94

6.9.94

7.9.94

8994

9.9.94

10.9.94
11.9.94

GOM3
GOMSH#4

GOMS$
GOMG6# |

GOMe-AL
Al

Al

Al
Al#30

Al

Al#42

AS1#1

AS345

ASS#1

AS5-A2

A2#4

Apstein 30m

Lugol's 3-101m
Phytoplankton 3-101m
Cvanobacteria 3-101m
Glutaraldehyde 3-10fm
underway phytoplankion sampling
Apstein 50m

Lugol's 10-101m
Phytoplankton 10-101m
Cvanobacteria 10-101m
Glutaraldehvde 10-101m
underway phytoplankion sampling
underway sampling
Apstein 50m
Phytoplaakton 4-299m
FLA#1 10m

Apstein 100m

Apstein 40m

Lugol's 3-150m
Phytoptankton 3-200m
Cvanobacteria 3-55m
Glutaraldehyde 3-55m
Formaldehyvde 3-55m
Bouins 3-30m

FLA#2 10m

Apstein 50m

Lugol's 4-101m
Phytoplankton 4-201m
Cyanobacteria 4-51m
Glutaraldehvde 4-51m
Lugols 3-99m
Phytoplankton 3-99m
Cyanobacteria 3-99m

Glularaldehyde 3-99m
Apstein 50m

Lugol's 11-100m
Phytoplankton 11-100m
Glutaraldehyde 11-100m
Cyanobacteria 11-100m
Apstein SOm
Lugol's 3-141m
Phytoplankion 3-141m
Cyanobacteria 3-101m
Glutaraldehyde 3-101m
Lugol's 5-42m
Phytoplankton 5-42m
Cyanobacteria 5-42m
Glutaraldehvde 5-42m
underway phytoplankton sampling
Apstein 50m

Lugol's 5-150m
Phytoplankton 5-208m
Cyanobacteria 5-94m
Glularaldehyde 5-94m
Formaldehvde 5-50m
Bouins 5-20m
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100mis of water from upper 300m CTD casts was fixed in acid tugol's and ncutral formalin.
Undernwvay sampics were also collected from the clean water supply. These samples wiil be analysed
by Derck Harbour at PML.

Fluorescently Labelled Alpgae (FLA) Experiment

To assess which individual microzooplankton species graze on different size classes of phytoplankton
the tracer method of labelling algae with the fluorescent dve 5-{4.6-dichlorotriazin-2-vi)
aminofluorescein (DTAF) was used, following the protocol of Rublee & Gallegos (1989) and Sherr es
al (1991). Eight FLA cultures. of sizes 1-30um. were added 1o 4 litres of seanater (coflected from the
g;?\-ntt*ttttttttttttttt#*#**ttt##ttt*tttttttttttttttt:tt:kttttuuu:ttttttttttttttta&ttt
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ARk R R R R kR R R RN kR R R R R R Rk Rk AR Rk R A ARk R AR R Rk kR Rk kb ke Nk E
B R R R KR A R R B Rk kR Rk AR R kR F E R R R RN R R Rk Rk R A R R R e kKR S ¥
R T L L T L T T n R
AR R R R R R R R R R R R R R Rk RNk Rk R AR E R R AR F AR R R Rk Rk AR E R R E R A&

Fretrearek stk et minifera, Silica flagellate, Rhizosolenia spP-, NitZSchia sp.,

Phacocystis
sp.C500000000CZ2000000000CE300000CC I3 2222300002222
a0
no
QCzZ200a50000
GCCIODOCCOCC I ZOCCOBCoCOCaI I Z0000CL oI U 20T oC Itz
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fapaeiwiabal b iuindabulntuts tute ttala L5 inle Sububnts Lt T L S
OC=S000C20CC - Zo2CnC0i000CTo00COCT T oD 20D C20ooo oot
cC=Z0
Table 2. Sampling Procedure
DATE STATION SAMPLING EVENT
288.94 GOM4#1 Lugol's 5-100m

Phytoplagkton 5-100m

Cyanobacteria 5-100m

Glutaraldehyde 5-50m

underway phytoplankton sampling
29.8.94 GOM2 Apsiein 50m

GOM2#7 Lugol's 5-100m

Phytoplanktor 5-101m

Cyanobacteria 5-101m

Glutaraldehyde 5-101m

underway phytoplankton sampling
30.8.94 GOML1#6 Lugol's 5-87m

Phytoplankton 5-87m
Cyanobacteria 5-87m
Glutaraldehyde 5-87m
underway phytoplankion sampling
31.8.94 GOM3#1 Lugol's 7-174m
Phytoplankton 7-174m
Cyanobacteria 7-174m
Glutaraldehyde 7-80m
underway phytoplankton sampling /



12.9.94

13.9.94

14.9.94

15.9.94

16.9.94

17.9.94

18.9.94

19.9.94

20.9.94

21.9.94

22994

24.9.94

A3#23

A3f4L
A3HS3

A2

AS5HS

AGH2

AT#HS

AT

ATH26/30

AT

ATHS2

AB#S

FLA#3 10m

Apstein S0m
Phstoplankton 4-99m
Lugol's 5-141m
Phytoplankton 5-300m
Cvanobaeteria 5-110m
Glutaraldehvde 5-110m
Formaldehyvde 5-50m
Bouins 5-50m

Apstein 50m

FLA#4 10m

Lugol's 4-150m
Phytoplankton 4-130m
Cvanobactera 4-99m
Glutaraldehyde 4-99m
Phyvioplankion 0-103m
Apstein 50m

Lugol's 3-121m
Phytoplankton 3-250m
Cyanobacteria 3-90m
Glutaraldehyde 3-90m
Formaldehyde 3-50m
Bouins 10-50m

FLA #5 10m

Lugols 5-150m
Phyvioplankton 5-301m
Cvanobacteria 5-{01m
Glutaraldehvde 5-101lm
Formaldehyde 5-60m
Bouins 5-60m

Apstein SOm

Lugols 3-100m
Phytoplankton 3-120m
Cyanobacteria 3-100
Glutaraldehyde 3-100m
Apstein 50m

Lugol's 10-150m
Phytoplankton 10-301m
Glutaraldehyde 10-100m
Formaldehyde 10-50m
Bouins 10-50m
Apstein 50mé& 100m
Apstein 100m

FLA#6 30m

Lugol's 1-140m
Phytoplankton 1-160m
Glutaraldehyde 1-100m
FLA#7 30m

Apstein 100m

Lugots 5-130m
Phytoplankton 5-161m
Glutaraldehyde 5-101m
Apstein 100m

Lugol's 4-120m
Phytoplankton 4-300m
Gly{araldehyde 4-100m
Apstein 100m

g0



25994

27994

28.9.94

29.9.94

30.9.94

A9

- AQELY

AlO#7

A3H67

A2#10

Al

Al#55

FLA#HS 20m

Lugol's 3-120m
Phytoplankton 3-140m
Glutaraidehy de 3-100m
Formaldchyde 3-50m
Bouins 10-50m ‘
Lugol's 5-140m
Phytoplankton 5-300m
Glutaraldehvde 5-100m
FLA#9 20m

Apstein 100m

Lugol's 5-120m
Phytoplankion 5-199m
Glutaraldehyde 5-99m
Formaidehyvde 5-55m
Bouins 10-55m
Apstein 100m

Lugol's 3-101m
Phytoplankten 3-300m
Glutaraldehyde 3-101m
FLA#10 10m

Apstein 100m

Lugol's 5-100m .
Phstoplankton5-150m
Glutaraldehvde 5-100m
Formaldehvde 10—49m
Bouins 10-30m
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Microzooplankton Herbivory
Elaine Edwards (Plymouth Marine Lab)

Objective _
To quantify microzooplankton herbivory in the northern Arabian Sea using the dilution technique of
Landry & Hassett (1982).

Methods

Grazing

Microzooplantkton grazing dilution ¢xperiments were carried out at 5 station along the crutse track.
Water was collected pre-dawn using 30 litre Go-flo water bottles on a Kevlar line. Each experiment
was set up following the JGOFS microzooplankton grazing protocol. Water was sreened using a
200pum mesh (o remove mesozooplankton predators Senal dilutions of 100, 70 40 & 10% were made
up in 2 litre polycarbonate bottles. These were incubated for a period of 24 hours. whenever possible
in sity .and in a Gallenkamp lab incubator. Sub-samples were taken from each bottle at TO & T24
hours for chlorophyll analysis, community structure analysis (lugols & glutaraldehvde) and for flow
cytometry (see P.H.Burkill cruise report).

Copepod predation experiment

To estimate the predation of copepods on protozoa one experiment was carried out where a 200um
screened microzooplankton population was incubated for 24 hours in the presence and absence of
copepods. Copepods were collected using 2 WP-2 net and were added to 2 litre polycarbonate bottles
containing the microzooplankton population. Copepod concentrations reanged from 10 to 30
individuals per bottle. Sub-samples were taken at TO and T24 for determination of chiorophyl! and
prev numbers.

Nanozooplankion Community

Samples were collected for the determination of standing stocks of heterotrophic nanopiankton. Sec
cruise report by Claire Stelfox for sampling details. Water was collected form the CTD rosetie
sampler. Sub samples of between 30-60mls were fixed in 0.3% glutaraldehvde, stained with DAPI

and Proflavin and filtered onto,0.8um biack polvcarbonate fillers. Filters were mounted onto-

microscope slides and stored frozen for subsequent analysis. Some analysis has been carried out but it
is envisaged that the majority will be analysed back in the laboratory.

Results

All grazing experiment chlorophyll samples have been analysed Preliminary results show
microzooplankton to be grazing between 10% (station Al) and 43% (station A7) of the phytoplankton
population per day. Growth rates of phytoplankton was found to be high in all experiments. Further
analysis on the structure of the micrograzer community will be carried out in the lab.

PP Slope = -0.558
Dilution experiment 7 pe
ntercept= 1.12
14 -
i o Tumover = 43%
12

. R2 = 0.62

04 -

Spacific Growth Rate
o
@x®

0 0.1 02 3 04 05 06 07 0.8 0.8 1

Fraction undiluted seawater
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Figure I: Dilution experiment plot showing results of experiment carried out al station A7, The
speetfic growth rate of the dilutions can be plotied against the fraction of undiluted secavater to give a
negative lincar correlation. The slope of the regression represents the grazing rate and the v intercept
gives the phyloplankton growth rate in the abscnee of grazers.

Mesozooplankton sample collection

Samples were collected for the determination of mesozooplankton biomass. details shown in table 2.
All net hauls, using a WP-2 net, were carried out to a depth of 100m. Samples were size fractioned
through a 2000, 1000, 560, & 200um mesh, sub-samples were filtered onto GF/C filters for C & N
analysis, and the bulk sample fixed in buffered formalin.

References:
Landry M.R. & Hassett. R_P. (1982) Estimating the grazing impact of marine microzooplankton. A far.
Biol. 67: 283-288.

Special thanks to NickQ for organising the rigs "you did a wonderful job, don't you feel good!" and
Bill for the Go-flos ( they were't so bad after alll},

Table 1. Microzooplankton grazing experiments carried out on cruise D210

EXPT No. DATE STATION DEPTH INCUBATION  ANALYSIS
1 5/9/94 Al i0om Insitu & lab 0.2um
2 7/9/94 Al 10m Lab 02.2& 18um
3 12/9/94 A3 10m In situ & lab 0.2, 2um
4 14/9/94 A3 10m In situ 0.2um & HPLC
5 17/9/94 AS 10m In situ & lab 0.2. 2um
6 20/9/94 A7 30m In situ & lab 0.2um
7 21/9/94 A7 30m Lab 0.2um
8 25/9/94 A9 20m In situ & lab 0.2, 2um
9 27/9/94 A3 20m In situ & lab 0.2um
10 30/9/94 AT 20m In situ & lab 0.2, 2um

Table 2: Mesozooplankion biomass sampling

DATE STATION TIME ’
30/8/94 GOM1 0000
4/9/94 . Al 1200
5/9/94 Al 0000
12/9/94 A3 1400
13/9/94 A3 0000
19/9/94 A7 1200
20/9/94 AT 0000
21/9/94 A7 1200
25/9/94 A9 1200
26/9/94 A9 0000
28/9/94 A3 1200
1/10/94 Al 1400

35



Geochronology and Particle Residence Times

Jim Smith
University of Edinburgh

210?0/210Pb

Twenty litre samples have been collected from ten depths surface, 10, 30, 50, 75, 100,
150, 250, 350, and 500m) uvsing dedicated CTD casts. The samples have then been
processed to remove the particulates by filtration and the dissolved by scavangeing and
reprecipitation . These samples will be processed upon their return to The Grant
Institute, Edinburgh University.

2347y,

Samples collected by the SAPs both particulate and disolved have been counted on a
shipboard spectroscopy system useing a high purity, 38% efficient, germanium
detector connected to a cryogenic cold head assembly ( EG&G Ortec Electricool
system) . Counting will continue at Edinburgh University.

DATE STATIO | 210Po/210Pb Samples 234Th Samples

N :
28/8/94 GOM4 | 10 depths samples
2/9/54 GOM6 | 10 depths samples
5/9/94-7/9/94 | Al 15 depths samples 9 depths sampled
9/9/94 AS4 6 depths samples
12/5/94- A3 15 depths sampled 10 depths sampled
14/94 - ’
17/9/94 AS 10 depths samples )
19/9/94- A7 15 depths samples 8 depth sampled -
21/9/94
25/9/94 . | A9 10 depths samples

oS
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Vertical Fluxes of Sedimenting Particulate Organic Carbon and Nitrogen
ARABESQUE 1 - RRS Discovery 210
Tim Fileman

Obijectives

1. To track the vertical gradient in the export of carbon and nitrogen.

2. To characterise the exported carbon using pigment, lipid and hydrocarbon
biomarkers.

3. To compare flux measurements obtained using sediment traps and large
volume in-sifu pumping systems (Stand Alone Pumps - SAPs).

4. To collect a vertical profile using the SAPs for Dan Repeta at Wood's Hale
for HPLC Pigments.

Analyses

SAPs filters:
a) POC/PON Tim Fileman/PML
b) Chlorophylis and Carotenoid pigments (HPLC) Ray Barlow/PML
c) Fatty Acids (lipid biomarkers) (GC and GC/MS) Tim Fileman/PML
d) Normal and highly branched aliphatic hydrocarbon

biomarkers (GC and GC/MS) ' Dave Cook/UoP

e) Dissolved and particulate radionuclides (¥4Th) Jim Smith/UoE

f) DMSP o Angela

: Hatton/UEA
g) Carbon and nitrogen isotopes Nick OwensfUoN
Sediment Trap material:

a) POC/PON Tim Fileman/PML

b) Chlorophylls and Carotenoid pigments (HPLC) Ray Barlow/PML

c) Carbon and nitrogen isotopes Nick Owens/UoN

d) Particulate silica o Fileman &
Woodward/PML

. w
With the exception of some of the radionuclide analysis, all the above
analytical measurements will be carried out at respective laboratories.

Sampling Methods
Stand Alone Pumps:

SAPs are completely self contained large volume in-situ pumping systems
capabile of operation down to depths of 5500 metres. They allow very large
volumes (1000 - 2000 litres) of water to be sampled for a range of
determinands. Power is provided by rechargable lead/acid paste batteries
and controlled by a sophisticated timer/control circuit. Pump and delay times
can be set and then activated by magnet from outside the pressure housing.
The motor inside the pressure hoysing drives a pump using a magnetic
coupling through a titanium plate. A flow meter allows the volume of water

/



pumped to be measured. Particulates are collected on a 293mm diameter
filter and dissolved radionuclides are stripped from the filtered water using
Manganese Dioxide coated in-line cartridges. The 293mm glass fibre filters
are quantitatively subsampled for a range of analyses and the remainder fiiter
is analysed for radionuclides and kept for future reference.

Sediment Traps:

Sediment traps are used to collect sedimenting particles from the water
column. On ARABESQUE traps are being used to estimate the vertical export
of organic carbon and nitrogen down from the surface waters to the deep
ocean. The basis of the trap is a large collection funnel with a collection area
of 0.56m2. At the base of the funnel is a motor driven carousel which can place
collection cups under the funnei. The computer controlled carousel can be
programmed to allow any combination of collection times with up to 21 cups.
The traps can be deployed at any depth down to 6000 metres for periods of
up to a year. However, for ARABESQUE short term deployments of three or
four days were used,

Cruise Data

/I'hree stations (A1, A3 & A7) were sampled using the sediment trap and the
SAPs.

A single trap was placed just below the fluorescence and particulate maxima
{100 - 120 metres) at each of the three stations. The trap rig was allowed to
drift freely for up to four days. Only one trap was used to try to minimise any
tipping of the trap rig caused by differences in current velocities with depth.
Collection times were set to coincide with productivity measurements. See
Table 1 below for trap deployment data. -

Four SAPs were used. Each SAP was fitted with a 293mm ashed GF/F filter
and two radionuclide scavenger cartridges. A depth profile was taken at each
station (12 depths). See Table 2 below for SAP deployment data and sampie
data.
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Tabh 2: Stand Alons Purmps data - ARABESQUE 1 (RRS Discovery 210)

Cast ¥ Lat

Statioa Cate Tlra o/t Lon Depth  Tetal Vel Sub-sampbe vYolurmes [f) Comments
e 74 [M} 3] [y 11 1 x 63rmm 1 x 22mm Resideal
Al 05A9/94 1448 . Al 8 562 58 80 S 54t 9 2396 333 361 47
: ; . H 0 534 9, 73.65. 3 29| 356 80 tifter npped - no breakthiough
; | i ‘ 25 ol 2,0 313 33953
: . 50 3836 16.96 236 255 88 liter npped . ro breakthrough
08/09/94 234 ANZ8 1B 563 58 558 100 12276 5427 755 8886
: ! : 200 9686, 4282, 506, 64510,
: 00 8565 3844 535 58000
500 5101 2258 314 32026
0509/84 1553 A1733 18 540 58 556 600 1917 8, 8479 1180, 1279 32 volume loo hmn - fiter not seated 7
; i i 1520-  1272.4] 5625 783 84875
' L 1600 5003 212 308 33372
- 000 3450 1525 212 23013
A3 1094, 1502 AMAS 15553 62 1.3 1 6306 2788 388 42084
17 7428 3284 457 48548
120994 1425 AM23 15 542 62065 60 9594 42 86 597 64663
12009/84, 1537 . A8 | 15583, 62 044 ¢ 100, 12148; 5371, 748 81039,
; | I i i 2000 11843; 52800 7350 T96.65!
: f : : 300, 844’ 3725 520 56352,
: i : ; 500 962! 4227 588, 63783
J1408™4 1502 AN4S T 15 553 €2 143, 1000, 10325‘ 47.88" 666 72208
: 5 I 1500° 10610, 4395 6530 70833}
1 13:09/94 | 14:26 AX29 ' 15 582 62 085 25000 10233 4524 630. 682.59 litter npped . no breakthrough
i ; 3500, 897.2 967 552 59847 !
; 11500ma ] 756 AMSD |15 5555 62 132 107 6558 404| 62755 ;
! ! i | 50, 4025 248 38516 '
; ! H i 1007 12945 797 1238.74 :
: C1300m4 1426 | A9 15582 62 085 S0 7552 ‘ 485 72267
AT 20884 1448 | ATB1 |07 528 67 105 1] a2 16.45; 229; 24821
. ) i 25 5085]  2239)  312) 39786
; ' 50 849 26 64: 309, 43218
! ! Ci 75 7083 3. 73! a3s| 47113
Ptomemd | was2 | oarns [ o7 557 67 042 100, 9983 uos} 613 66458
i ; 200, 15066  49.08, 683  740.15;
‘ ’ 000 110311 4877 679, 73562
) : ' ' . 500 10970 4850 6750 731718
T 200994 1418 AT/48 07 488 87 171 - W0 8851, 3029 472 45699
. ; ! 2000 #2265, 40 96 570, §18Q2 hﬂernppe-d no breakthrough
2600 5919 %17 364, 39482
Notes

1. Fitraboo areas {cm2) for 293mm diameter SAPs fiftes

a. wtal area of filter
b unused litter area
¢. fitration area used

d area S9mm diameter punch
e area Z2mm dameter punch
I. total 11 x Z2mm punchas
. totat 8 x S9mm punches

h_ residual fwhote fitter less ¢ and g above)

2. Samples for Wood' s Hole from Station A3

Sample Date

[0 AR~ R
g B

8743

56.8

617.5

273

e

41.3

163.8

4119

Tene ()  Dopth  Voluma

0

755 0 82783

755 5 385186

755 100 1228.74

14:26 500 72287

14:26 300 eB2se

a. volumes are rummmﬁmmmw«;d'sm
b. subsampies taken from filters are:
l)umprhlshad:\‘uﬂseloisubumpdﬁhkm‘mrepodfordehih(ﬂxﬂmm&GxSernpumq

it samples 1, 2 3 & 4 have had 7 x Z2mm punches removed for POC/APON and pigrmednts,
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REPORT ON UOR OPERATIONS
RRS Discovery 28 August - 1 October 1994

L Bellan
Plymouth Marine Laboratory

and

C. Trees
San Diego State University

2 October 1994

This is a report on the work carried out by I.Bellan and C. Trees on behalf of PML and
SDSU whilst aboard RRS Discovery during the ARARESQUE 1 cruise of the Gulf of Oman and
Arabian Sea.

1 UOR BACKGROUND

Understanding the global distribution of marine phytopiankton (microscopic plants living in
the top hundred metres or so of water) has assumed new importance over the last few decades.
Recent research has shown that large-scale atmospheric pollution. principally from coal and gas-
fired power stations and from traffic exhaust fumes, may be able to significantly alter global climate.
The burning of coal. oil and gas generates carbon dioxide which then builds up in the atmosphere.
This increase in concentration tends to give a gradﬁﬁal warmning of the earth bv reducing the loss of
heat to space - the "greenhouse effect”. If this increase of carbon dioxide were w continue. the
climate control of the earth could eventually break down completely with possible catastrophic
consequences. ‘

Marine phytoplankton play a major part in controlling the climate firstly by using carbon
dioxide for growth and secondly by producing chemicals which allow clouds 10 develop which then
shade the earth. The effect of an increased concentraton of carbon dioxide in the atmosphere on
phytoplankton is not currently known. Increased carbon dioxide in the atmosphere may cause
phytoplankton 10 remove more carbon dioxide from the air which would then stabilize the levels. On
the other hand, higher carbon dioxide levels in the air may reduce the amount removed by the
phytoplankton; this would give still higher concentrations of carbon dioxide in the air and the
normal climate pattern will be more likely to break down. Because of this role in climate control.
there is a currently much research into marine phytoplankton and, in particular, on ways to measure
their global abundance.

The concentration of phytoplankton in open water determines its colour - the more
plankion, the more green the water; the less plankton, the more blue the water. This makes it
possible to calculate the concentration of plankton in the surface few metres of water from
measurements of its colour. Working on this idea, a US satellite carrying the "Sea viewing Wide
Field of View Sensor” (SeaWiFS$) is due for launch in early 1995, The satellite will measure ocean
colour over the whole world every two days and this data will then be used to estimate surface
phytoplankton concentrations. The relationship between the concentration of phytoplankton in the
surface few metres and that which is too deep to be observed by the satellite directly still needs to be
worked out, The UOR collects data to look at both of these steps, firstly for ways to convert ocean
colour measurements from satellite to actual concentrations of phytoplankton in the surface few
metres and secondly (o0 compare the amount of plankton on the surface with the amount beneath.

The UOR is designed to undulate between two metres and about eighty metres of depth every six
minutes or every two kilometres or so. The vehicle is towed approximately 350 metres behind the
ship at speeds up to twelve knots and controls its depth by moving a diving plane. The depth it can
achieve depends on the speed of the ship, the length of wire, type of wire (faired or unfaired,



different weights) and the programming of the compulter which controls the angle of the diving
planc. The UOR carries scnsors to record its depth, pitch and roll and sensors 10 give water structure
{tcmperature. conductivily and hence salinity). chlorophyll concentration (and hence phytoplankton
concentration), water clarity (by a transmissomeler) and the directional intensity of light at a nuinber
of visible wavelengths {colours) corresponding to those which are observable from space. The data is
currently recorded in the body and dumped to computer when the UOR s retrieved - this allows it to
be used on ships of opportunity (such as ferries and merchant shipping) where there is no conductor-
cored cable available. Different models which give real-time data up the cable also exist. Data is
taken every four seconds which gives the UOR a maximum towing time of about fifteen hours.

2 UOR OPERATIONS

The tows completed onboard RRS Discovery are given on the Operations sheet. 25 tows to
collect bio-optical data were carried oul successfully , covering a towed distance of approximately
4400 kilometres. The undulaling window was set between 2 and 92 metres with a towing speed of 11
knots with 250 metres of plain Keviar 8 mm cable and 350 metres of 8 mm steel towing cables. The
UOR performed well throughout the cruise although in the Gulf of Oman high sea temperatures
caused slow ships speed . Further south into the Arabian sea with a drop in temperature 10 26-27 ¢ 11
knots was maintained The cruise track and days allocated for towing were chosen to provide long
track data between stations and give as much coverage of different provinces as possible, We
covered 2 nominal provinces - the Gulf of Oman area, and the Arabian sea The actual variety of
oceanography between these nominal provinces remains to be seen once the data is analyzed.
Chlorophyll concentrations were very varied and as the UOR data set shows choosing stations
positions becomes a lottery.

A second set of light sensors were deploved as a vertical profile to 200m depths around
midday followed by SDSU ,s M.E.R. light sensor array with a 7 channel Sadantic deck cell mounted
on a high position on the Quarterdeck to measure ambient light . The position was relatively shadow
free with a-clear hemispherical view of the sky and may allow research to be carried out on the
transmission of light through the water surface. Both UOR and vertical profile sensor packages were
lowered with the CTD and  can be used as a basic check on the calibration of the UCR fluorometer
depth, conductivity DO and transmissometer.

Tests were also completed on new equipment developed at PML. ] tow was carried out to
test new towed body, the new PML Servo which is programmed to provide a smoother undulation
pattern. The new towed body (Stealth) provides user friendly access and programing methods. The
haired Kevlar towing cable introduced very high towing loads so operations were continued using .
250m plain Kevlar outboard and 350m x & mm steel inboard. Some results were very encouraging,
especially on the new PML Servo, but more effective ways of using the haired Kevlar wire need to be
found. '

3 OPERABILITY

The deployment and recovery of the UOR, which was carried out at about 4 knots, was
cfficient and effective. The new sheave being a vast improvement. The UOR suffers the same
problems of snagging on drift nets and lines as any towed ‘vehicle and normal procedures for
avoidance of floats or buoys should be followed.

Overall. RRS Discovery has proved a good base from which 10 operate the UOR and useful
work has been achieved in terms of collecting data for bio-optical research and testing equipment.
We are grateful to the Captain and all the crew of RRS Discovery for their professionalism and kind
hospitality. =
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Arabesque 1 UOR Tows

JOWNo. i DAIL @ TIME :SPD TOW: LAT(N):LONG (E): DEFTH NO. " TOW = COMMENTS = P,@Iﬁ@.ﬂé#
GMT. (kis) TIME. RANGE  OF DIST CAL FILIE
e T - T my ONDS gemy T T
d99401 28894 - 10:13 8 13512355531 5911.36 58S 08 stups speed slow 7 4 secs
gd-g2 ; 29894 | 0003 | [ 2448.96 | 5713.38 | 203 . engoverhealing d99432m3
499402 | 29894 | 09:58 | 9 1 905 [2452.85] 5712.95 | 272 ¢ 38 | | very hot with dsecs |
g2gh | L1903 . | 260163 | 56 34.59 | . 151 ;  thincloud 99432m3 |
499403 ' 30893 © 0744 7 240 260058 1 563440 © 5080 37 UOR hit seabed 4 secs.
gl-gd | 1044 , 2542.89 | 56 38.58 | 35 at 87m d99432m3
99404 | 31894 | 0705 7.5 411 241511 . 581326 . 20000 19 250m kevlar aided 3 secs
g3- 1146 2346.19 © 38 30.66 62 . unds at slow speed d99432m3 |
d99405 © 199 12:44 10 1105 224101 6047.80 12495 38 required less wire 4 secs
0gs D 2349 _: 214824 | 6220.67 | _- 195 d99432m3
499406 ; 2994 1 0L:19 | 10 ! 650 | 214850 [ 622197 | 11\89 g | | cond over ranging 4 secs
gom>-6a 0809, : CATIS 7363 2TAY | RV top 10m d9%43Zm3
d99407 | 2994 | 1730 i 8 | 619 1211530] 632119 | 1090 - 31 i cond reduced o 4 secs
6a-gomb 2349 | 204839 | 622991 ‘ 95 | Smm dia T d99432m3
d99408 | 3994 | 00:52 | 95 | 12051204839 | 622860 | 990 : 19 kevlar jumped block - 4 secs
gom6-6b {2:57 | 195398 | 604422 | 586 : 49 | 212 | prop blade broken d99432m3
499409 | 3994 : 1510 : 10 { 916 1194398 | 602464 | 2292 42 ' | towed on 500mof 4 secs
| goméb-al | 4994 | 0026 | 1901.52 | 5903.58 | 170 i  steelno kevlar d99432m3
d99410 | 10994 | 04:39 | 10 | 209 | 1929.90 | 5809.50 | 142 34 i towing of shelf 4 secs
Tas5-asd 70648 ! 191980 | 58 27.10 740 150 plainkev +100 stee  d99432m3
d99411 ! 10994 : 07:12 11 : 831 [ 1917851 5829.70 | 30\87 47 " crank arm fouling 4 secs
asd-al 15:43 182153 593914 ° 173 body,poor und. d99432m3
d99412 . 10994 - 1629 105 658  1821.08 ' 5939.12 | 5188 37 small fish in uor 4 secs
| al-a2 - L2327 T1730.84 1 602790 135, d99432m3
499413 | 11994 ; 09:02 11 . 1156173077 | 6028.76 i 4\87 65 ! stn a2-a3 4 secs |
a2-a3 2053 ' 155969 613927 244 cloud & sun d99432m3 |
d99414 | 15994 : 1354 Il ;12161155483 ] 621441 | 386 70 ! . overnight a3-a4 dsecs |
E\B-act 16994 | 02:10 . i | 1357.96 | 63 16.68 | , 250 |sws leaking.noisy data  d99432m3
| d99415 ¢ 16994 ¢ 08:5] . 11.5/ 13091 1400.63 | 6317.4] | 4\85 74 ja5 bats.low at end 4 secs
ad-as P 22:00 [ 115699 | 643138 ! { 288 ; DO sensor pos cause, . d99432m3
d99416 | 17994 | 14:06 | 11 [ 1054 115182 | 642396 | 484 62 | |  ovemighttow 4 secs
aS-a6 | 18994 | 01:00 : q 1013.93 | 6532.75 228 d99432m3
d99417 | 18994 | 08:01 | 11 | 1417 1010.61 | 65 34.50 ES bot & sunny . | 4 secs
a6-a7 22:18 080209 | 665928 | T\88 | 290 | greenflash sunset d99432m3
d99418 | 22994 | 10:03 | 10.5] 229 | 074754 | 671983 | 2155 . 14 | stealth??? 4 secs
a7l-a7 | P 12:32 ¢ | | 073769 | 6719.33 | 15\80 48 do9432 |
L ! (074899 | 671969 | 2088 . ! .
| d99419 | 24994 | 09:40 | 11 {1253} 120049 | 665926 | $\87 | 69 | | semsor cylbats.failed 4 secs
a8-a9 | 22:33 ! 14 17.22 | 67 00.36 ; 262 final 3hrs. d99432m3
d99420 | 26994 | 06:03 | 11 | 1433 141751 | 6657.17 | S5\84 80 sensor changed 10 ja$ : 4secs |
| a9-a10 2037 | 1513.03 | 64 27.44 ; 296 | d99452m3
d99421 | 27994 | 09:00 : 11 (1347[ 151385 642610 | 383 79 | _puffer fishinuor 4 secs
al0-a3 2251 i 16 02.04 | 61 59.86 281 d99452m3
d99422 | 28994 ¢ 13:59 |1 1052 ] 1604.15} 620628 | 4\84 63 . overnight tow 4 secs
a3-a2 | 29994 i 00:51 (1724331 603618 221 d95452m3
d99423 | 29094 | 09:10 11 | 1154 172961 | 60 3032 | 384 68 | | through al Tsecs |
a2-al | | 2104 1901.77 | 58 58.57 {242 d99452m3
| 499424 | 11094 | 03:29 | i1 | 108 | 1930.76 | S808.75 | 25 . 17xikm) | shallow tow 4 secs
as5-asd 0447 | (194552 ] 58 19.16 : | 23 | leaving shelf (40m) :  d99452m3
d99425 | 1J0%4 | 04:54 § 11 | 448 | 192457 | S818.90 | 4\84 25 | returntoal 4 secs
as4-al | 0922 © ] 18 59.18 [ 59 02.56 1 91 | brightsun d99452m3
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ARABESQUE 1 OPTIC VERTICAL PROFILE

t

— ——— L

VPNo | DATE | GMT | TIME, LAT(N) |LONG (E)|DEPTH! COMMENT |DATA RATE
STATION | 7 | mins | metres | ! CALFLLE
I [ 29894 0646 : [ 245031 [ 571269 200 '  offstern ! 1 secs
' 0701 15 ! © d99454m2
2 © 30894 0603 . ; ;200 - off stem ¢ lsecs
.l "o631 T 28 | 1 % ? | 499454m2
3 1994 0711 224029 604215 200 off stern | secs
0728 ° 17 ¢ ‘ © d99454m2
4 . 2994 10:02 . 1 211692 ; 632165 . 200 : cloudy,off stern | 1 secs
| 1004 ;12 ¢ | ?. " Tight card loose | d99454m2
51 4994 0932 ; | 185949 [ 585988 ° 200 offstem | s
L0944 ¢ 12 o par/683 1d99454m2.con
6 5994 1 1116 | 1856.35 | 5858.57 ! 200 ! profile withctd 1 secs
a1/20 castdl | 1146 | 30 ] | cloudy par/683 | d99454m2
7 69 94 07:56 | 18 56.02 | 585629 | 200 |  offstern 1 secs
P 0809 | 13 5 | no "b"light d99454m2
8 7994 0938 | 1850.06 | 5852.37: 200 *  off stern 1 secs
B P 09:50 1 12 | ; i d99454m2
9 1 8994 i 1205 : ' 1914.50 | 583515« 200 ¢ offstern I secs
al Cl218 ;13 v , sunhigh thin clou ; d99454m2
10 9994 0617 £ 192332 1 582054 200 - offstern . 1 secs
as2 0633 16 . . cloudy ©d99454m2
11 ' 9994 1038 192707 ) 581439 ¢ 200 ©  offsten | secs
; 1054 16 1 : = sun i 499434m2
12 T1299%4 0T T 1160024 5 6203.15 0 200 stemDQovermg, | secs
; 07:16 © 12 . ! : ¢ light readings 7 | d99454m2
13 13994 0702 i 155868 i 620565 200 .  offstem i 1sess
ad19 . 07:16 ; 13 | _ ; . d99454m2
14 . 14994 - 0959 | 155504 § 621136 - 200 .  offstern 1 secs
H L0516 | : i upcastbest | d99454m2
15 7 15994 ° 0604 | 155567 | 621276 1 200 !  offslem ¢ Isecs
06:19 | 15 ' clear sun’ d99454m2
16 17994 | 0912 1152.09 | 642575 | 200 off stern 1 secs
0928 | 16 d99434m2
17 17994 | 1005 115209 | 642575 200 with ctd 1 secs
a5 1033 | 28 calibrate ja3 | d99434m2
13 19994 | 09:55 0757.31 | 6703.10 | 200 |off stern with ME I secs
1019 | 24 cond topped | d99454m2
19 19994 | 10:38 075744 | 670279 | 200 with ctd 1 secs
: 1121 | 43 calibrate ja5 | d99454m2
20 20994 | 0927 075357 | 6710.16 [ 200 off stern I secs
1 o942 | 15 sun d99454m2
21 1 21994 1 0839 | 074946 | 671544 | 200 off stern 1 secs
! . 0858 | 19 | poor wirc angle | d99454m2
22 21994 1048 : i 1 | ctdlightcal 1 secs
5 1030 12 ! . ; d99432/par
22 7 21994 - 1013 ¢ 074890 | 671556 | 200 | calibrate jad/par 1 secs
al/4s | L2l | 42 ctd 128 d99432/par
24 | 24994 | 0838 120071 | 6659.17 | 200 off stem 1 secs
09:12 14 { sun d99454m2
25 25994 | 0709 ; 1419.63 | 6659.33 | 250 | off stern sun 1 secs
0735 | 26 | surrounded by fish| d99454m2

Page 1
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26 27994 0626 151280 642880 200 ollsterm I secs
o644 18 T d99esm |
27 28993 0646 1604.43 620170 200 ofl stern I secs
a3 | 0701 : 15 | j L | d99434m2
28 [ 29994 | 0556 | 1729.68 | 603022 | 200 |  offstem | lsecs
' | 0615 19 | ‘ i i d99454m2
29 0994 ' 0620 T 183822 | 590166 200 offstem ' lsecs |
al 06:3¢ .~ 19 . i sun d99433m2
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BIO-OPTICAL VARIABILITY IN THE ARABIAN SEA DURING ARABESQUE CRUISES

Charies C. Trees 1 Octlober 1984
Center for Hydro-Optics and Remote Sensing (CHORS)San Diego State Universily
6505 Alvarado Road, Suile 206San Diego, CA 92120-5005

(619) 594-2241

ABSTRACT  The focus of this program is {0 consistently characterize bio-optical properties in
fhe Arabian Sea under the U.5. JGOFS Arabian Sea Program. During the first cruise a bio-
optical profiting system was deployed and discrete water samples were collected for
phytoplankton pigment, total particulate absorption and dissolved organic materiat absorption
analyses. In addition, an aliquol of acetone extracted pigment sample was analyzed using the
standard fluorometric method, so0 that comparisons could be made with HPLC denved
chiorophylt a concentrations. Algorithms will be developed retating spectrat reflectances lo in-
water bio-optical and biogeochemical properties. The various cruise regions will be divided into
‘bio-optical provinces' within each of which a single sel of regression models will be developed to
relate the vertical distribution of irradiance atlenuation and normalized fluorescence to remote
sensing diffuse attenuation coefficient [K(490)]. These models will then provide a way for
extrapolaling near surface ocean color measurements vertically for estimating infegrated
phytoplankton biomass and productivity.

TECHNICAL OBJECTIVES Our working hypothesis is that over relatively large spatial and
temporal scales, the vertlical profiles of bio-optical properties are constant or at least predictable.
This approach requires that enough measurements of bio-optical vanability be made from ships
and other platforms to determine those scales statistically.
" The objectives of the proposed work were to:

‘ 1. To determine the concentration and distnbution of the various phytoplankton

pigments using high-performance liquid chromatography (HPLC). In addition chi a and
phaeopigment concentrations wilt also be determined by the standard fluorometric method,
providing a direct link {0 past CZCS plgment algorithms and assist in CZCS and SeaWiFS
derived products comparisons.

2. To characlerize the inherent optical properties in the water column by measuring the
beam transmission using a Sea Tech Transmissometer and to analyze discrete samples for {otal
panticulate absorption and dissolved organic absorption.

3. To characterize the apparent optical properties in the water column by measuring
spectral irradiance and radiance using a Biospherical Instruments Multichannel Environmental
Radiometer (MER). From these data, vertical profiles (200 m) of diffuse attenuation coefficients
and remote sensing reflectances will be calculated. '

4. To establish locally derived, in-water algorithms relating reflectance spectra to béam
attenuation, particulate absorption and concentrations of phytoplankton pigments, through
intercomparisons with in situ measurements.

5. To describe the vertical distribution of photoadapiwe properties in the water column
by measuring vertical profiles of natural (NF) and stimulated (SF) fluorescence and examining
relationships between NF and SF as a funclion of diffuse optical depth. Regression models will
be developed to relate profiles of irradiance attenuation and SF to remotely sensed diffuse
attenuation coefficients [K({490)].

BACKGROUND Water column reflectance or ocean coior has been shown by several
authors to be related to the ratio of backscattering to absorption (Gordon and Morel, 1983). For
open ocean areas which are considered Case-l waters, scatlering and absorption by marine
phytoplankton dominate the optical properties (including spectral refleciance). This is the basis
for the highly successful CZCS algonthms relating ratios of water leaving radiance at 2
wavelengths 1o phytoplankton pigment (Clark, 1981; Gordon et al., 1983) and to diffuse
attenuation coefficient K(490) (Austin and Petzotd, 1981). Coastal areas (Case-!l waters) exhibit
less well behaved relationships because dissolved organic material and inorganic particles
contribute significantly to light attenuation.

7y



With the development and validation of satellite ocean color sensors, improvements
have been made in estimating phytoplankton pigment concentrations over large areas
synoplically, thus reducing some of the errors associated with areal production estimates.
Unfortunately, this coverage is limited to the near surface layers, requiring models to estimate
the verticat distribution of pigment biomass and to convert these profites to primary productivity.
Recent publications indicate that improvemenis can be made in estimating the vertical
distribution and primary productivity by understanding how the photoadaptive state of
phytoplankton change in response to incident spectral irradiance and its attenuation with depth.

Bio-Optical Provinces A 'bio-optical province' is a region wherein ocean bio-optical
properties are relatively similar over a geographic and temporal extent, and where these
properties differ significantly from those in adjacent provinces. Climatologies of optical,
biological and physical properties (including satellite data) are first used to divide the oceans into
hypothetical first-guess provinces. In situ bio-optical data from within each province are then
analyzed to determine whether there are statistically significant differences (within and between
provinces in different seasons) for the defined variables. : ‘

The utility of 'bio-optical provinces' was first demonstrated for the Northeast Pacific
Ocean by Mueller and Lange (1989). They found that within each defined province (Califomia
Current System, N.E. Central Pacific gyre, Subarctic Front and Alaskan gyre) in a given two-
month period, a family of regression equations accurately predicted vertical profiles of irmadiance
attenuation and normalized chl a fluorescence from the remotely sensed diffuse atienuation
coefficient, K(490). For predicting the verical distribution of ¢ch! a fluorescence, a conceptual
model was developed based on a log-linear photoadaptive profile of fluorescence as a function
of diffuse optical depth. At least in the Northeast Pacific Ocean, these ‘bio-optical provinces'
were related to well known fealures of the regional ocean circulation.

MEASUREMENTS Measurements were made of downwelling irradiance (411, 442, 453,
490, 509, 529, 555, 589, 632, 655, & 671 nm), upweliing irradiance (411, 442, 490, 509, 555,
529, 833 & 671 nm), and upwelling radiance (411, 442, 490, 509, 532, 556, 671 nm) using a
Biospherical Instruments Inc. MER 1032, The channels of the MER include all SeaWiF$ visible
wavelength bands. The MER is an optical data acquisition system, which also measures water
pressure (depth) and temperature, This data is merged with data from a seven channel (411,
442,490, 509, 555, 590 & 665 nm), deck cell to correct for changes in the incidenl spectral ,
irradiance al the surface during the profiling pencd. Included on the MER, and inlerfaced with }
the data acquisition system, is a scalar PAR sensor, a sensitivity enhanced upwelled radiance

sensor at 680 nm (natural fluorescence), a Sea Tech fluorometer (stimulated fluorescence) and a

Sea Tech Transmissometer (beam atienuation coefficient, ¢(660); 25 cm pathlength). Twenty

five oplical casts were made during the cruise.

Discrete Sampling Samples were collected from the early moming productivity
stations and from the stations around noon which were designated as Optical CTD's. The depths
sampled were usually in the upper 50m and always include the Pvsl depths. Underway samples ,
were collected at the beginning of the cruise from the non-toxic system, but were found to be i
contaminated by detrital type particles. Continued sampling was abandoned.

Pigments — "Phytoplankton pigment composition will be measured by both HPLC and
standard fluorometric methods. Samples were collected on a 25 mm GF/F filters using a
positive pressure filtration system and frozen in liguid nitrogen. Samples will be analyzed back
at CHORS/SDSU using a Thermo-Separation HPLC system. In addition 100 microliter samples
from Dr. Ray Barlow's HPLC samples were also analyzed on a shipboard Tumer Designs
fluorometer. Over 200 measurements were made for comparison between the two techniques.

Particufale Absorption -- Samples were collected in 1.0 liter polycarbonate boffles. The
botiles were filled to the top, representing a know volume (1,155 liters). Samples were filtered
through 24 mm diameter GF/F {nominal pore size of 0.7 micrometer) glass fiber filters at a low
vacuum pressure (6-10 inches mercury) and then stored in plastic petri dishes for analysis later,
Each filtration funnel has a specific filler clearance diameter that is recorded with each sample.

A Perkin-Elmer Lambda 3B was used to make the spectral absorplion measurements
from 400-750 nm. A wetied GF/F glass fiber filter was used a blank. To determine the
contnbution to absorplion by detrital material a methanol extraction method was used. Aflerthe
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measurement of the particulate absorption, the fillers were placed back on the filtration system
and hot methanol is drawn through the filters. Additional methano! (about 5 mi) is then added to
each filter and left to soak for 30 minutes. The vacuum is applied and the filters were then
rinsed with small volumes of filtered seawater. Measurement of the absorption of these filters
was the same as the original samples. By differencing the particulate absorption with the detrital
absorplion an estimate of the absorption by phytoptankton pigments was determined.

Dissolved Organic Material Absorplion -- Samples were collected in 150 ml
potycarbonate bottles. Each bottle was rinsed with the sample before filling. The samples were
then filtered through 0.22 micrometer Milllipore Sterivex-GS cariridge filters directly into the 10
cm guaniz cells. Prior to sample filiration, the cartridges were washed with 100 mi of MilliQ water
to remove any patticulate residue., The samples were then stored in the dark at room
temperature until spectrophotometnc anafysis. Concentrations were so low duning the cruise that
this analysis was not continued throughout the cruise.

Below is list of the stations that samples were collected and oplical profiles made,

STATION # DATE HPLC PART ABS DOM ABS OPTICS
Shake-Down 27 Aug 0 3 3 XXX
GOM2 29 Aug 10 10 3 XX
GOM1 30 Aug 9 9 0 200X
GOMS 1 Sep 9 9 0 30X
GOMEA 2 Sep 4 4 0

GOMSB 2 Sep 4 4 0 XXX
GOMEB 3 Sep 4 4 0

AST 4 Sep _ 7 7 3 XXX
AS1 5 Sep 10 10 3 XXX
AS1 6 Sep 9 9 0 XX
AS1 7 Sep 0 0 0 XXX
AS1 8 Sep 5 5 0 200X
AS3 9 Sep 9 g 0 XK XXX
AS2 11 Sep 5 5 0

AS3 12 Sep 9 9 0 200K
AS3 13 Sep ‘9 9 0 XX
AS3 14 Sep 9 9 0 20X
AS3 15 Sep 9 9 0 XXX,
ASS 17 Sep 9 9 0 200X
ASE 18 Sep 5 5 0 )
AS7 19 Sep 5 5 0 XXX
AS7 20 Sep 9 9 0 30X
AS9 21 Sep 5 5 0 0K
AS8 24 Sep 9 9 0 XXX
AS9 . 25 Sep 9 9 0 XX
AS9 26 Sep 4 4 0

AS10 27 Sep 8 8 0 20X
AS3 28 Sep 8 8 0 20X
AS2 29 Sep 4 4 0 XX
AS1 - 30 Sep 9 9 0 XXX
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