Project Report

Department of Fisheries and Oceans

Institute of Ocean sciences

Sidney, B.C., Canada

To:  Regional Science Director.

Final:
 Yes
1.  Cruise/Project No.:  9829


2.  Dates:  Aug 24 to Sep 19, 1998


3.  Project Name:   Line P









4.  Area(s) of Operation:   N.E. Pacific to Station P
5.  Platform:  John P. Tully


6.  Master:  John Anderson



7.  Days Allocated:  28


8.  Days at Sea:  24



9.  Days lost to weather:  2

10.  Days lost to other causes:  1.5 day to load, 1 day to offload, 3/4 day for fuelling

11.  Appropriateness of platform:   great







12.  Safety issues: (attach narrative if required):  none

13. Cruise/Project Results (see appendix for details):   

· CTD surveys of Line P, N-S through P15 eddy, Cobb Seamount.  T anomalies exceeded 7 C in surface waters near P8 inbound.  P15 eddy depressed thermoclines 200 m to a depth of 1000 m. 

· Productivity studies and water chemistry at stations P4, 12, 16, 20 and 26.  Additional measurements at P15, P15_160S, Cobb Seamount.  Measured onboard were oxygen, salinity, nutrients (NO3, PO4, Si, NH4, DON), chlorophyll, iron, dimethyl sulfide and CFCs.  

· Recovered sediment material, split into 32 portions and began in situ incubation experiment at 3800 m at St Papa

· Open Ocean Enclosure study attempted near 47 45 N, 133 40 W.  Some damage was sustained by the plastic walls of the enclosure during moderate winds.  

· Surface measurements of salinity, nutrients and chlorophyll along cruise tracks which show that nitrate depeltion extended over 400 km offshore. Only in 1994 have nutrient concentrations been lower in open ocean waters.

14.  Primary Institute:   Institute of Ocean Sciences, DFO







15.  Associated Institutes:   Central Research Institute of the Electric Power Industry, Japan; University of BC

16.  Chief Scientist/Affiliation:   Frank Whitney, IOS


17.  Science Staff/Affiliations:

Keith Johnson
IOS
David Crawford
IOS

Bernard Minkley
IOS
Shigenobu Takeda
CRIEPI

Tim Soutar
IOS
Jun Nishioka
CRIEPI

Wendy Richardson
IOS
Hiroshi Kiyosawa
Japan

Marie Robert
contract
Hugh Maclean
UBC

Jennifer Putland
contract
Michael Lipsen
UBC

Adrian Marchetti
contract
Cathleen Vestfals
UBC

Nes Sutherland
contract
Elaine Baird
contract

18.  Equipment:

Sail:   no           ADCP:   yes         Other:   sounder, thermosalinograph           

Winches:


.



type
ID No
Wire type
Wire Condition/Spooling
No Casts/

Depth max

329 CTD
1307
5500 m CTD
Good, needs to be checked
70/3700 m

329 CTD
1482
4800 m CTD
Not used
0

310 hydro
1083
4300 m 5/32"
good
100/1000

320 work
1207
2570 m 3/8” wire
not used
0

455 Spooling
1451
bare
winch good
5

Equipment Deployed/recovered

Description
Deployment
Recovery

Free drifting traps, 400 m
Sep 9
Sep 14

1 sediment trap

Sep 3

3 buoys with samples
Sep 5


2 Open Ocean Enclosures
Sep 8
Sep 15

19.  Comments and recommendations:   

The Tully is going into dry dock on November 24, the only time in the next 3 years that hull work will likely be done.  Science should request any installations and servicing of below waterline equipment soon.

Appendix:  Reports from Participants
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1.  Overview

Frank Whitney

This was a different cruise than the typical Line P venture.  Our outbound leg of net tows and CTD, productivity and rosette casts proceeded in normal fashion. But we were stymied by weather at Station Papa.  In 3 days on station, we managed to complete only a minimal program which included water chemistry of the upper 400 m, one productivity cast, recovery of a single sediment trap and use of collected material to start a remineralization rate study, and an attempt to release a mooring which has stopped responding to commands.  Abandoned at Papa were attempts to drag for the mooring, deploy drifting enclosures, and enrich a patch of water with iron soaked pellets to test phytoplankton responses to surficial inputs.

We were driven southeast by weather, but managed to complete a CTD survey through an intense eddy we had observed outbound.  At 47 45N, 133 40W, we felt weather was as good as we were going to find.  We deployed 2 enclosures which consist of aluminum floats which support bags that are 2 m in diameter and 40 m deep.  Into one enclosure, Dr. Takeda added iron and nutrients to stimulate phytoplankton growth.  We were unable to sample until 36 h later, when winds died down to 20 kt.  We found that the additions were lost from the bag.  After a few days more work with these enclosures, we added dye to measure loss rates of water and saw that the bags had parted along seams.  

While waiting to sample enclosures, we had time to steam to Cobb Seamount and sample a transect over the pinacle (T, S, fluorescence, transmissivity, PAR) at 2 km spacing over 20 km. 

 Following recovery of the enclosures, we resurveyed stations P12 to P1 along Line P to continue our detailed survey of the distribution of warm waters following the recent El Nino.  Marie Robert finds September temperature anomalies exceeding +7o C in near surface waters in the vicinity of P6 to 8.  

SAR threatened our return to Pat Bay, but it was decided after a couple of days discussions with the ROC that it was best for science programs to continue relatively undisrupted.  Thanks to captain and crew for excellent support of science activities.  Under John Anderson, and with experienced deck personnel and mates, the Tully is an exceptional vessel for open ocean discovery.

Plankton Ecosystem and Fe

Shigenobu Takeda, Jun Nishioka (CRIEPI)

Objectives

     Our goal is to develop ocean biogeochemical and ecological models in water of high nutrients and low chlorophyll (HNLC) such as Ocean Station P by conducting a drifting type Open-Ocean Enclosure (OOE) experiment, so as to elucidate the role of iron in biological CO2 pump and its effects on the global biogeochemical cycle of carbon.  In the subarctic North Pacific, there are high concentrations of major nutrients (N, P, Si) in the surface water, while chlorophyll concentration is low all the year round.  Iron (essential micro-nutrient) deficiency has been proposed to be one of the limiting factor for phytoplankton production and the biological CO2 pump.

     In this cruise, however, rough weather condition did not allow us to deploy the OOEs in HNLC waters.  Thus, we mainly focused on the carbon cycle in the open ocean plankton ecosystem under oligotrophic conditions and the shift of the carbon cycle by nutrients enrichment.  To stimulate the growth of phytoplankton in one of the OOEs, major nutrient (N, P) was added as well as iron.

1) Open-Ocean Enclosure (OOE) experiment

     An OOE experiment was carried out at Station P15-160S (47.7N; 133.7W) for a period of 7 days (September 8 - September 15).  Open-ocean Enclosures (OOEs) are drifting type, pelagic mesocosms developed for studying the dynamics of planktonic ecosystems in the open ocean.  This free-floating mesocosm involves an open bottom bag to permit free vertical migration of zooplankton through the shallow summer thermocline in subarctic waters.  Enclosures have a 2 m diameter and a maximum length of 42 m.  The surface aluminum floats (inside, 2.5 m; outside, 3.7 m) are octagonal with rectangular cross sections.  The OOE system was deployed with an automated sampling system (Remote Access Sampler [RAS], sampling depth 3 m, analyses: iron, nutrients, phytoplankton, micro-zooplankton), a temperature/salinity/chlorophyll sensor (Autonomous Profiling Vehicle [APV]) at 3 m depth, and a sediment trap at 35 m depth.  

     Two OOE systems was deployed; OOE-II was enriched with FeSO4 (2 nM) , nitrate (3.7 uM) and phosphate (0.23 uM), while OOE-I was without treatment (control).  The iron and nutrients spike solutions were added to 0-10 m depth using a pump and tubing.  Seawater samples were collected from 3 m depth for chemical and biological analyses using a Teflon pump system and a 5 liter Niskin sampler at Day 0, 2, 4.  A small zooplankon net was also used.  Parameter measured: Salinity, Oxygen, Total CO2, Alkalinity, DMS, Nutrients, size fractionated iron (200kDa,0.1um, 0.2um, unfilter), Al, Zn, DOC/DON, POC/PON, Biogenic-Si, Urea, Chlorophyll a (total/size fractionation), Plant Pigments (by HPLC), Bacteria cells, pico-phytoplankton (by flow cytometry), phytoplankton species, micro-zooplankton species, net-zooplankton species, bacterial production (3H thymidine), primary production and PIC production, 15N uptake (NO3, NH4, Urea), microzooplankton grazing (dilution method), P vs I curve for primary production.  At Day 5, water samples were collected from 0, 3, 6, 10, 15, 20, 25, 30, 35 m depth to study the vertical profiles of iron, nutrient and chlorophyll a.  At Day 0 and 4, water samples were also collected from the outside of enclosure using CTD-Rosette system.  At Day 0, Bongo net tows were performed at 40-0 m depth and 150-0 m depth during day and night time.

     The OOE system worked very well in spite of the rough weather conditions.  However, the concentrations of enriched nutrients and iron in OOE-II were decreased to very low level at Day 2.  Thus FeSO4 (2 nM) , nitrate (20 uM) and phosphate (1.25 uM) were spiked again to OOE-II (0-5 m depth) at Day 4.  At Day 5, we did detect only trace amount of nitrate and iron in the enclosure bag.  Then, a dye (Uranine) was added to the OOEs to observe the water mixing in the 42 m long enclosure bag at Day 6.  The dye was dissolved in the surface seawater and added to 0-5 m depth similar to the addition of nutrients.  The distribution of dye was monitored using a fluorometer on the APV from the surface to the bottom of the enclosure.  In OOE-I, most of the dye was found at 0-10 m depth during day time and night-time cooling resulted in the dye to mix down to 30 m.  It seems that thermocline around 35 m depth worked as a bottom of the enclosure.  In OOE-II, however, significant leak of enclosed water was observed around 5-10 m depth.  Because of the leak, dye in the surface water decreased quickly.  

     As a result, we got important data on carbon cycle in open ocean phytoplankton ecosystem under oligotrophic condition as well as some engineering information of the OOE.  However, we may need to try the OOE enrichment experiment again in future at P26.    

2) Small-scale open-ocean fertilization experiment

     The objects of this experiment are to collect back-up data for the OOE experiment and to achieve a preliminary data for future large-scale open-ocean fertilization experiments focusing on the long term environmental effects of ocean fertilization on the plankton ecosystem and global carbon cycle.  However, we could not perform this experiment because of the gale at P26.  

3) Fe enrichment bottle incubation experiment at P26

     An iron enrichment bottle incubation experiment was performed to see the relationship between iron concentration and phytoplankton growth in HNLC waters.  Surface water sample was collected from 20 m depth at P26 using trace metal clean Teflon pump system.  The water samples in 250 ml polycarbonate bottles were spiked with 0, 0.025, 0.05, 0.1, 0.25, 0.5, 0.75, 1.0, 2.5, and 5 nM Fe and then incubated in on-deck incubators at surface water temperature under 30% light level.  Changes in the concentration of chlorophyll a (size fractionation at 5 um) and nutrients were monitored for 7 days to calculate the phytoplankton growth rate.  The effect of a strong organic Fe ligand (Desferal) was also examined by adding 100 nM Desferal with and without 1 nM Fe.

4) Line P Iron studies

Jun Nishioka, Keith Johnson & Nes Sutherland 

A.  Size-fractionated iron vertical distribution at major stations on Line P and Line 

    Cobb.

     To observe vertical distribution of size-fractionated Fe, seawater samples were collected in1L and 125ml polyethylene bottles by using acid-cleaned Go-Flo bottles.  These samples were then divided into several size fractions by onboard clean filtration.  

         Sampling stations: P4, P12, P16, P20, P26

         Sampling depths: 10m,25m,40m,75m,100m,200m,300m,400m,600m, 800m, 

                          1000m

     Filtrated samples were collected by 30 L Go-Flos at deeper depths (1000m, 800m, 600m, 400m, 300m, 200m, 100m, 75m; size:0.1um, 0.45um, unfiltered) and by an air driven pump for near shallow depth water collection (10m, 25m, 40m; size:0.03um, 0.1um, 0.45um, unfiltered).  Further filtration (size:200kDa, 0.2um) was performed in a clean room at P4, P16 and P20.  Size-fractionated Fe concentration in these samples were analyzed by chemiluminescence iron III analyzer (CRIEPI) on sight.

      Size fraction: (1) Unfiltered, 

                     (2) 0.45 um (Durapore), 

                     (3) 0.2 um (Omunipore (P4, P16, P26 only) 

                     (4) 0.1 um (Sterapore H (except for 0 m)

                     (5) 0.03 um (Sterapore H (Pump only)

                     (6) 200 kD (Sterapore (P4, P16, P26 only)

   Samples were collected from St. Cobb #2, #6, #10 (10m, 30m) using Go-Flo bottles.  Water from precipitation was collected along Line P.  These samples were also analyzed on sight.  

Preliminary results:

      High iron concentration were obtained in the deep water at P04 and P12 (1-8nM; unfiltered).  The results at surface seawater of the major stations were less than 0.2 nM (unfiltered) at P4 and P12, less than 0.1 nM at P16, P20, P26 and St.150S.  Samples from St. Cobb also had low concentrations of Fe (less than 0.25 nM).  Iron concentrations of rain water samples along Line P were 2-30 nM.

    Sampling from the Go-Flo's on deck 0.45 um Durapore filtere and 0.1 um Opticap filter worked well, but 0.1 um Sterapore filter required extra care when rinsing.  Significant iron contamination problems were found in one of Go-Flo bottles: WILMA .

B.  Dissolved iron capacity vertical distribution along Line P

     To observed Fe dissolution capacity of Line P surface seawater, filtered seawater samples (0.1um) were collected in 125ml polyethylene bottles using a trace metal clean pump, Teflon tubing and Sterapore hollow-fiber filter cartridges. 

          Sampling stations: P4, P12, P16, P20, P26 

          Sampling depths: 10m,25m,40m,75m,100m,200m,300m,400m,600m, 800m, 

                           1000m

  Samples were immediately stored in a freezer (-20 C).  Proceeding the cruise, the capacity of these samples to dissolve Fe will be analyzed in Japan.

C.  HPLC pigments, POC/PON and Biogenic-Si

     Seawater was collected for analyze HPLC pigments, POC/PON and Biogenic-Si from the major stations along Line P . 

Measurements made:

  HPLC pigments: [P4, P12, P16, P20]: 0, 5, 10, 20, 30, 40, 60, 80, 100, 125 m



 [P26]: 0, 3, 5, 10, 15, 20, 30, 40, 50 m



 [P15-160S]: 0, 3, 5, 10, 15, 20, 30, 40 m

       (FDStar sediment trap sample (50 m) was also collected for HPLC analysis.)

  POC/N,Biog.-Si: [P4, P12, P16, P20]: 0, 20, 40, 60, 80, 100, 125 m



 [P26]: 0, 3, 5, 10, 15, 20, 30, 40, 50 m



 [P15-160S]: 0, 3, 5, 10, 15, 20, 30, 40 m

5) Fe Bottle Incubation Experiment. 

     On board incubation experiments were performed to investigate the size-fraction of particles associated with Fe after addition of rain water or aerosol containing natural levels of Fe.  

     Rain water samples were collected using an acid-cleaned polycarbonate rain water trap on the top of bridge, with care of wind direction.

        Rain sample #1 CRIEPI:  P20, Sept. 1, 1200~1430,  30ml

        Rain sample #2 CRIEPI:  P26, Sept. 4 , 1430~1730, 200ml

     Aerosol filter samples were collected using clean sampling systems on the top of bridge, with care of wind direction. Composite samples were collected on 47mm 0.5um Teflon filters.

        Aerosol sample #1, #2 CRIEPI:  P10 to P11 (Aug. 28, 1305~1505), P11 to P12     

                                      (Aug.28 1657~1821), P12 to P13 (Aug. 29,    

                                      0835~1305), P13 to P14 (Aug. 29,1410~1635), 

                                       P19 to P20 (Aug. 31, 1055~1900), 

                                      Total Vol. 1400 m3 (for each).

        Aerosol sample #3, #4 CRIEPI:  St. 150S (Sept. 16, 1300~1800, Sept. 17, 

                                       0830~1430) ,

                                      Total Vol. 5m3 (for each).

     Seawater samples were collected at P26 by an air driven pump from a depth of 20m.  Two Fe-enrichments (add rain water, add aerosol filters) experiments were conducted with indigenous plankton communities under clean conditions.

Incubation sample treatment

A) Control #1: 20m seawater was collected in a 20 L polyethylene bottle and divided into eight 1L polycarbonate bottles.  These bottles were incubated 6 days in a seawater bath on the heliport deck.  

B) Control #2 (Blank filter addition to surface seawater): 20m seawater with added aerosol filter sample was incubated to serve as a control.  

C) Rain water addition (Rain sample #2 CRIEPI) to surface seawater: 20m seawater, with added rain water, was incubated to serve as a control.  

D) Aerosol filter addition to surface seawater: 20m seawater with added aerosol filter sample was incubated to serve as a control.  

     Size-fractionated Fe (Particle: > 0.2 um, Colloidal: 0.2 um-200 kDa, Dissolved: < 200 kDa), nutrients (NO3, PO4, SiO3) and Chl-a concentration were analyzed at day 0, 1, 3, 5, and POC sample were collected at day 0 and day 5.  Rain water addition samples showed a significant increase in Chl-a concentration compared to controls. However, no significant increases were confirmed from aerosol filter addition treatments, due to insufficient iron enrichment.  Changes in the size-fractionated iron concentrations will be compared to the increased phytoplankton in these bottles.

     We greatly appreciate the supports of the Tully officers and crew, the IOS personnel and all participants without whom our work would have been impossible.

Population Structure of Phytoplankton 

Hiroshi Kiyosawa,University of Tokyo, Japan 

                 (Marine Biological Research Institute of Japan Co.Ltd.)

  The phytoplankton population and its dynamics under the effects of Fe addition were determined in the waters of high nutrients and low chlorophyll (HNLC) regions using Open-Ocean Enclosures (OOEs) and on-deck incubation experiments.

1.  OOEs Experiments

    The OOEs were conducted in a region of low nutrients due to the severe weather conditions at St.Papa inhibiting deployment.  Seawater samples were collected at Day 0,2,4 from OOE-1 (control;nutrients no-addition), OOE-2 (NO3 and Fe addition) and outside of the bag, each from a 3m depth.

1)   Plankton biomass:

    Phytoplankton biomass samples were fixed with glutaraldehyde (final conc.1%) and buffered formalin (final conc.2%).  The former was used to determine the pico- and nano-size phytoplankton as well as the auto-/hetero-trophic dinoflagellata with an epiflorescence microscope after DAPI and FITC double staining was carried out. Nucleopore filters of pore size 0.2,1,3 and 10mm were used for the counting of different sizes of phytoplankton.  Filtration was performed under low vacuum pressure (<10mmHg) and dark conditions.  After the filtration, samples were stored in a freezer (-20 C) until counting, which will be conducted after the cruise.  Samples fixed with buffer-formalin were concentrated and used for counting the diatom and dinoflagellata abundance by LM.  A part of the sample was filtered on Millipore RA filters for the determination of the Haptophyceae abundance using a polarized microscope.

2)  Microzooplankton biomass was fixed with Lugols

3)  Phytoplankton productivity and growth rate:

    To determine the Pico- and Nano-phytoplankton population dynamics, the pre-filtration incubation were carried out using 2,5,10mm pore size Nucrepore filters. Each fraction and controls (no-filtrate) were incubated in scintillation vials (20ml) for 3h with 8 to 10 mCi Na214CO3  at in-situ water temperature. Irradiance was set at 400-500 mmolm-2s-1 of PAR using a Photosynthetron.  Portions of filtrate were incubated in the same conditions to determine the species-specific growth rate from cell counts with and/or without predator grazing pressure conditions.  The 20 ml samples were incubated in glass-vials for 3 and 6h using a Photosynthetron. A 50ml sample was also placed in PC bottles for 24h at 30% light conditions using a flowing seawater on-deck incubator.  After incubation, samples were fixed with buffered formalin (final conc.2%) and filtered.  Glass slides were then prepared according to the procedure mentioned above.

4)  Species-specific growth rate:

    Samples were collected at Day 2 and 4 using dilution techniques at 4 dilution factors of 0.2,0.4,0.6 and 1.0.  The biomass of each species of phytoplankton was determined at time 0h and time 24h by fixing with buffered formalin (final conc.2%).  Samples for chlorophyll-a (GF/F filtered),  preserved HPLC (GF/F filtered) and microzooplankton preserved in Lugols were also collected at the same time.

2.  Fe-enrichment Incubation

    The on-deck incubation experiments were carried out using 10m depth sea water at St.Papa to determine the effect of Fe enrichment on phytoplankton population dynamics using 250ml PC carboys for 9 days.  Samples were collected at Day 0,1,3,5,7,9 and 2 bottles were used at each sampling day to serve as a control (no-enrichments) and Fe-enrichment (final conc.1nM) respectivly.  On Day 7 and 9 only Fe-enrichment bottles were used. With these samples the following analysises were performed:

1)  Phytoplankton:

    Samples were fixed immediately according to the procedure as mentioned above.  

2)  Determination of size-fractionated chlorophyll:

    A portion of the samples were filtered onto a 47mm, 10mm,5mm,2mm,GF/F filter.

3)  Pre-filtrate productivity and growth rate:

    For pre-filtration, 2mm, 5mm,10mm pore-size filters were used and gently filtered.  The filtrate water and control(non-filtered) were incubated. Procedure of which is the same as the OOEs experiments.

4)  P vs I curve experiments:

    A saturation intensity photosynthesis-irradiance (P-I) curve was performed in order to compare with the data achieved from pre-filtration productivity experiments. Seawater samples were collected at 3m depth from St.Papa and filtered.  Each fraction (2,5,10mm filtrate) and control (non-filtered) were incubated in a scintillation vial (20ml) for 3h with 10 mCi Na214CO3 at in-situ water temperature.

    In this region, Haptophyceae (Coccolithophorids type) frequently became the dominant phytoplankton species.  Some modifications were done for the epiflorescence filter sample by fixing with both glutaraldehyde and buffered formalin.

3.  Abundance of phytoplankton

    Along Line P (P4,P12,P16,P20 and P26), seawater samples were collected from 7 depths in the euphotic-zone (light condition 100,50,20,10,5,1%) and 75,100m using Go-Flo samplers. 1L of water was separated for glutaraldehyde preserved samples and preserved buffered formalin samples.  The former was used for epiflorescence microscope counting filter sample (0.2,1,10mm Nucrepore filter), and 200ml of the latter was used for polarized microscope counting samples.

No reports from David Crawford, Michael Lipsen, Cathleen Vestfalls – Phytoplankton studies along Line P; Wendy Richardson – dimethyl sulfide along Line P 
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		JF1				98		8		26		1351		48		16.22		123		30.09		123.50		48.27						31.0324		19.5		1.73		35.28		1.890		56.7125707579

		JF2				98		8		26		1549		48		18.03		123		59.79		124.00		48.30						31.9930		20.4		1.77		32.77		1.235		37.041994414

		JF3				98		8		27		124		48		26.998		124		29.73		124.50		48.45						31.5874		20.4		1.80		35.11		0.790		23.6866235793

		JF4				98		8		27		335		48		32.22		124		59.4		124.99		48.54						31.6168		20.5		1.79		34.93		0.749		22.4806586788

		P01				98		8		27		552		48		34.07		125		29.36		125.49		48.57		12.4716		32.2046		32.1220		0.5		0.32		0.89		3.164		94.9325135294

		P02				98		8		27		834		48		36.1		126		0.11		126.00		48.60		15.8791		31.7863		31.7864		0.0		0.12		0.89		1.848		55.4352606057

		P03				98		8		27		1031		48		37.67		126		20.19		126.34		48.63		15.9849		31.8532		31.8590		0.0		0.11		2.13		1.201		36.0201462922

		P04				98		8		27		1242		48		39.05		126		39.91		126.67		48.65		16.5177		32.0459		32.0527		0.0		0.26		3.55		0.167		4.9960551529

		P05				98		8		28		109		48		41.49		127		10.33		127.17		48.69		16.8026		32.1046		32.1123		0.0		0.31		3.24		0.113		3.404016286

		P06				98		8		28		421		48		44.62		127		40.17		127.67		48.74		17.2775		32.2721		32.2841		0.0		0.31		1.85		0.099		2.9608655863

		P07				98		8		28		732		48		46.78		128		10.15		128.17		48.78		17.1544		32.2952		32.2925		0.0		0.31		1.67		0.095		2.8369739458

		P08				98		8		28		1127		48		49.02		128		40.17		128.67		48.82		17.0341		32.2478		32.2458		0.0		0.31		1.50		0.102		3.0490841474

		P09				98		8		28		1543		48		51.24		129		10.11		129.17		48.85		16.8829		32.2058		32.2022		0.0		0.29		1.85		0.135		4.0566076048

		P10				98		8		28		1854		48		53.59		129		40.15		129.67		48.89		16.5544		31.7188		31.7098		0.0		0.31		9.91		0.118		3.5528458761

		P11				98		8		28		2212		48		55.86		130		10.18		130.17		48.93		16.6811		32.0435		32.0442		0.0		0.32		5.35		0.104		3.1114836364

		P12				98		8		29		200		48		58.38		130		40.52		130.68		48.97		16.7007		32.1186		32.1233		0.0		0.32		4.47		0.104		3.1286254729

		P13				98		8		29		2007		49		2.56		131		40.10		131.67		49.04		16.4083		32.2363		32.2321		0.0		0.33		1.57		0.098		2.9341911215

		P14				98		8		30		149		49		7.37		132		40.52		132.68		49.12		16.0108		32.2876		32.2836		0.0		0.32		0.50		0.125		3.7649560776

		P15				98		8		30		648		49		12.06		133		40.01		133.67		49.20		15.3286		32.2839		32.2790		0.0		0.35		0.86		0.127		3.8029244445

		P16				98		8		30		2048		49		16.90		134		40.24		134.67		49.28		16.0392		32.3381		32.3343		0.0		0.32		0.85		0.090		2.6941209388

		P17				98		8		31		402		49		20.88		135		40.05		135.67		49.35		16.1613		32.5199		32.5182		-0.0		0.35		1.81		0.107		3.2081667985

		P18				98		8		31		1043		49		25.66		136		39.61		136.66		49.43		15.7368		32.7248		32.7225		0.5		0.40		2.34		0.194		5.8330305428

		P19				98		8		31		1603		49		29.93		137		40.35		137.67		49.50		15.2737		32.6401		32.6478		0.9		0.43		3.05		0.204		6.1246820699

		P20				98		9		1		156		49		33.77		138		40.21		138.67		49.56		14.0816		32.6486		32.6476		5.0		0.72		9.19		0.083		2.4922948683

		P21				98		9		1		2022		49		38.00		139		40.31		139.67		49.63		13.6748		32.5322		32.545		4.3		0.68		4.17		0.166		4.9845897366

		P22				98		9		2		451		49		42.00		140		40.14		140.67		49.70		13.2847		32.6279		32.6264		5.5		0.75		6.03		0.256		7.6683518715

		P23				98		9		2		1125		49		46.25		141		39.50		141.66		49.77		12.8613		32.5759		32.5765		5.3		0.74		6.22		0.193		5.7974652371

		P24				98		9		2		1812		49		50.17		142		40.20		142.67		49.84		12.6678		32.5037		32.512		3.5		0.65		2.89		0.100		3.0142145157

		P25				98		9		3		8		50		0.05		143		36.04		143.60		50.00		12.483		32.5784		32.5806		5.4		0.78		5.12		0.091		2.730918845

		P59				98		9		3		306		49		59.95		143		57.33		143.96		50.00		12.3684		32.6335		32.6348		6.1		0.80		8.12		0.178		5.34

		P35				98		9		3		529		49		59.92		144		18.38		144.31		50.00		12.3884		32.6297		32.631		6.2		0.79		9.58		0.216		6.48

		P71				98		9		3		806		50		0.00		144		39.16		144.65		50.00		12.0873		32.6265		32.628		6.4		0.82		10.17		0.265		7.95

		P26				98		9		3		1008		50		0.12		145		0.14		145.00		50.00		12.0932		32.6341		32.6355		5.7		0.80		8.84		0.282		8.46

		SURVEY TO West and SW

		P84				98		9		3		1235		50		0.06		145		21.01		145.35		50.00		11.9117		32.595001		32.639		5.8		0.80		8.69		0.276		8.28

		P39				98		9		3		1443		50		0.08		145		42.00		145.70		50.00		11.8939		32.573299		32.6426		5.9		0.81		8.85		0.273		8.19

		P47				98		9		3		1728		50		0.00		146		3.14		146.05		50.00		11.5566		32.6288		32.6362		6.4		0.87		10.72		0.270		8.1

		P30				98		9		3		1937		49		59.91		146		24.17		146.40		50.00		11.5454		32.644798		32.6448		5.9		0.84		7.92		0.256		7.68

		P96				98		9		3		2327		49		46.27		146		2.54		146.04		49.77		11.6708		32.6306		32.631		6.6		0.88		10.93		0.240		7.2

		P38				98		9		4		201		49		32.97		145		42.11		145.70		49.55		11.6245		32.6323		32.6331		6.6		0.87		10.71		0.249		7.47

		P83				98		9		4		641		49		46.44		145		19.93		145.33		49.77		12.1472		32.6273		32.6274		6.2		0.81		10.17		0.186		5.58

		P26-2				98		9		4		921		49		59.67		145		0.14		145.00		49.99		12.0121		32.6329		32.6332		5.9		0.81		9.58		0.248		7.44

		Return from Papa

		L1				98		9		6		700		49		50.65		144		9.03		144.15		49.84						32.6146		6.4		0.83		9.0		0.162

		L2				98		9		6		1449		49		50.60		141		45.87		141.76		49.84						32.6356		4.5		0.72		4.6		0.156

		L3				98		9		6		1857		49		50.36		140		29.60		140.49		49.84						32.5187		4.6		0.71		4.6		0.253

		L4				98		9		6		2300		49		49.93		139		16.20		139.27		49.83						32.5502		4.5		0.70		4.9		0.154

		L5				98		9		6		252		49		47.64		138		5.28		138.09		49.79						32.5477		5.4		0.77		9.5		0.094

		L6				98		9		7		1050		49		45.20		136		50.00		136.83		49.75						32.5942		0.9		0.47		2.8		0.158						lat&long not recorded by watch

		L7				98		9		7		1453		49		42.69		135		37.42		135.62		49.71						32.6606		0.4		0.41		2.3		0.223

		L8				98		9		7		1638		49		40.55		134		22.44		134.37		49.68						32.4874		0.0		0.36		1.3		0.137

		L9		P15_50		98		9		7		1725		49		38.86		133		40.22		133.67		49.65		15.2472		32.249298		32.5808		0.0		0.35		0.4		0.133

		L10		P15_25N		98		9		7		2000		49		25.21		133		40.25		133.67		49.42		15.1193		32.2678		32.2682		0.0		0.36		0.7		0.145

		L11		P15		98		9		7		2228		49		11.83		133		39.77		133.66		49.20		14.9328		32.268299		32.2684		0.0		0.37		0.9		0.164

		L12		P15 25S		98		9		8		156		48		58.43		133		40.43		133.67		48.97		14.8092		32.2813		32.2816		0.0		0.38		1.0		0.187

		L13		P15 50S		98		9		8		446		48		44.97		133		40.21		133.67		48.75		14.6082		32.270802		32.2837		0.0		0.37		1.0		0.190

		L14		P15_75S		98		9		8		732		48		31.39		133		40.04		133.67		48.52		15.3675		32.290798		32.2901		0.0		0.33		0.6		0.092

		L15		P15_100S		98		9		8		1058		48		11.91		133		40.45		133.67		48.20		15.5169		32.284698		32.2842		0.0		0.33		1.0		0.121

		L16		P15_160S		98		9		9		2046		47		37.22		133		35.91		133.60		47.62		15.7699		32.2962				0.0		0.33		0.8		0.145

		L17		E160-1		98		9		9		2315		47		36.99		133		20.18		133.34		47.62		15.797		32.309799		32.3218		0.0		0.33		1.0		0.148

		L18		E160-2		98		9		10		200		47		36.92		133		0.13		133.00		47.62		15.2807		32.3381		32.3373		0.0		0.33		1.0		0.114

		L19		E160-3		98		9		10		413		47		36.92		132		40.12		132.67		47.62		16.0807		32.4202		32.4382		0.0		0.34		1.5		0.158

		L20		E160-4		98		9		10		639		47		36.96		132		20.13		132.34		47.62		16.274599		32.467602		32.4669		0.0		0.34		1.5		0.087

		COBB1				98		9		11		1507		46		39.81		130		47.47		130.79		46.66		17.365299		32.719601		32.7207		0.0		0.36		2.4		0.080

		COBB2				98		9		11		1541		46		40.99		130		47.87		130.80		46.68		17.3496		32.716499		32.7184		0.0		0.36		2.5		0.091

		COBB3				98		9		11		1644		46		42.08		130		47.93		130.80		46.70		17.3533		32.709702		32.7116		0.0		0.36		2.5		0.069

		COBB4				98		9		11		1721		46		43.25		130		48.25		130.80		46.72		17.341801		32.710201		32.7102		0.0		0.36		2.4		0.072

		COBB5				98		9		11		1747		46		44.37		130		48.39		130.81		46.74		17.354799		32.710499		32.7108		0.0		0.36		2.4		0.081

		COBB6				98		9		11		1816		46		45.36		130		48.43		130.81		46.76		17.335501		32.709801		32.7102		0.0		0.36		2.1		0.072

		COBB7				98		9		11		2035		46		46.53		130		48.81		130.81		46.78		17.3806		32.717999		32.7167		0.0		0.35		2.3		0.067

		COBB8				98		9		11		2110		46		47.59		130		48.96		130.82		46.79		17.4028		32.718102		32.7176		0.0		0.36		2.3		0.070

		COBB9				98		9		11		2144		46		48.57		130		49.08		130.82		46.81		17.4081		32.718601		32.717		0.0		0.35		2.1		0.068

		COBB10				98		9		11		2223		46		49.66		130		49.29		130.82		46.83		17.455		32.713902		32.7128		0.0		0.35		2.1		0.064

		COBB11				98		9		11		2320		46		50.72		130		44.49		130.74		46.85		17.4624		32.711201		32.7104		0.0		0.35		2.0		0.057

		Line P Inbound

		P12				98		9		16		1817		48		57.95		130		39.84		130.66		48.97		16.611		32.485		32.4957		0.0		0.33		2.1

		P11				98		9		16		2144		48		56.15		130		10.06		130.17		48.94		16.035		32.118		32.1044		0.0		0.33		4.8

		P10				98		9		17		48		48		53.53		129		39.85		129.66		48.89		16.343		32.012		32.0134		0.0		0.34		5.5

		P9				98		9		17		353		48		51.47		129		9.85		129.16		48.86		16.921		32.102		32.1012		0.0		0.30		3.7

		P8				98		9		17		652		48		49.02		128		40.09		128.67		48.82		17.247		32.256		32.2562		0.0		0.31		2.1

		P7				98		9		17		959		48		46.65		128		10.07		128.17		48.78		16.144		31.890		31.8800		0.0		0.31		7.1

		P6				98		9		17		1251		48		44.68		127		40.09		127.67		48.74		15.974		31.874		31.8746		0.0		0.32		7.2

		P5				98		9		17		1553		48		41.55		127		9.96		127.17		48.69		16.484		32.031		32.0300		0.0		0.29		4.9

		P4				98		9		17		1855		48		39.02		126		39.98		126.67		48.65		16.348		31.872		31.8723		0.0		0.28		7.4

		P3				98		9		17		2111		48		37.41		126		19.96		126.33		48.62		14.774		31.753		31.7583		0.3		0.35		9.9

		P2				98		9		17		2311		48		35.87		125		59.8		126.00		48.60		14.859		31.802		31.7958		1.2		0.30		5.0

		P1				98		9		18		134		48		34.43		125		29.94		125.50		48.57		11.694		32.214		32.0300		11.5		1.09		14.4
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LIPS

		All values in umol/L.  F.W.

		8-Sep-98

		TM		no3		po4		Si				TF		no3		po4		Si

		3A		10.7		1.18		19.3				3A		6.1		0.80		14.5

		3B		10.1		1.17		17.5				3B		0.0		0.22		5.8

		3C		10.1		1.12		17.5				3C		8.3		0.94		17.0

		4A		10.3		1.12		17.7				4A		0.0		0.11		3.1

		4B		10.3		1.11		17.5				4B		0.0		0.18		4.9

		4C		10.4		1.12		17.5				4C		0.0		0.14		3.5

		5A		5.4		0.77		10.5				5A		5.7		0.78		10.6

		5B		5.8		0.77		10.6				5B		5.3		0.78		10.5

		5C		5.7		0.79		10.6				5C		5.7		0.77		10.5

		6A		5.6		0.79		10.5				6A		0.1		0.38		6.0

		6B		5.6		0.81		10.5				6B		0.0		0.37		5.9

		6C		5.6		0.77		10.5				6C		0.0		0.36		5.7

		1A		10.9		1.17		18.5				1A		8.1		0.94		14.9

		1B		10.8		1.16		18.6				1B		9.7		1.06		16.9

		1C		10.9		1.15		18.5				1C		9.1		1.04		16.5

		2A		10.3		1.10		17.1				2A		8.3		0.95		18.1

		2B		10.5		1.10		17.7				2B		8.3		0.93		17.9

		2C		10.4		1.09		17.8				2C		9.7		1.00		18.6

		7A		6.3		0.85		10.8				7A		5.3		0.75		10.8

		7B		6.3		0.82		10.9				7B		6.1		0.80		11.0

		7C		6.0		0.77		11.0				7C		6.5		0.84		11.0

		8A		5.8		0.78		10.8				8A		3.6		0.65		10.6

		8B		5.8		0.82		10.8				8B		4.2		0.69		10.4

		8C		5.8		0.79		10.8				8C		4.1		0.70		10.4

		FE 6 TEST, SE 12		0.8		0.48		8.0

		Resolution of values:  NO3 = +/- 0.2 uM,  Si = 0.2 uM,  PO4 = 0.02 uM

		i.e. analytically, I cannot distinguish between 10.8 and 11.0 uM NO3



&A

Page &P



OOE

				OOE 1												OOE 2

				NO3		PO4		Si		NH4		Chl				NO3		PO4		Si		NH4		chl

		DAY 0		0												0

		DAY 2		0		0.34		0.8		0.39		0.192				0		0.34		0.9		0.28		0.185

												0.190												0.186

		DAY 4		0		0.35		1.3		0.33		0.15				0		0.34		1.3		0.33		0.132

												0.182												0.133

		DAY 5																						dupNH4

		0														0.14		0.33		1.0		0.32		0.41

		3														0.17		0.33		1.0		0.27		0.33

		6														0.27		0.34		1.0		0.31		0.41

		10														0.41		0.35		1.0		0.61		0.31

		15														0.72		0.37		1.0		0.26		0.25

		20														0.82		0.40		1.1		0.24		0.51

		25														0.61		0.40		1.2		0.36		0.31

		30														0.41		0.40		1.5		0.36		0.59

		35														0.07		0.41		1.6		0.88		0.42

		RAS

		16		0.0		0.29		0.7						1		0.2		0.00		9.2						suspicious data, PO4 looks like dist. H2O

		17		0.0		0.32		0.8						2		10.0		0.93		2.8

		18		0.0		0.31		1.0						7		4.6		0.61		3.5

		19		0.0		0.33		1.0						8		0.9		0.37		3.7

		20		0.0		0.30		1.0						11		0.0		0.22		0.6

		21		0.0		0.32		1.0						14		0.0		0.20		0.5

		22		0.0		0.32		1.0						19		0.0		0.29		0.8

		24		0.0		0.33		1.0						22		0.0		0.28		1.0

		25		0.0		0.18		1.0						27		0.3		0.28		1.0

		26		0.0		0.11		1.0						30		26.2		1.78		0.8

		28		0.0		0.23		0.8						35		0.0		0.28		0.8

		29		0.0		0.31		1.0						46		0.0		0.31		0.6

		Resolution of values:  NO3 = +/- 0.2 uM,  Si = 0.2 uM,  PO4 = 0.02 uM

		i.e. analytically, I cannot distinguish between 10.8 and 11.0 uM NO3
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out

		125.4893333333		125.4893333333		125.4893333333		125.4893333333

		126.0018333333		126.0018333333		126.0018333333		126.0018333333

		126.3365		126.3365		126.3365		126.3365

		126.6651666667		126.6651666667		126.6651666667		126.6651666667

		127.1721666667		127.1721666667		127.1721666667		127.1721666667

		127.6695		127.6695		127.6695		127.6695

		128.1691666667		128.1691666667		128.1691666667		128.1691666667

		128.6695		128.6695		128.6695		128.6695

		129.1685		129.1685		129.1685		129.1685

		129.6691666667		129.6691666667		129.6691666667		129.6691666667

		130.1696666667		130.1696666667		130.1696666667		130.1696666667

		130.6753333333		130.6753333333		130.6753333333		130.6753333333

		131.6683333333		131.6683333333		131.6683333333		131.6683333333

		132.6753333333		132.6753333333		132.6753333333		132.6753333333

		133.6668333333		133.6668333333		133.6668333333		133.6668333333

		134.6706666667		134.6706666667		134.6706666667		134.6706666667

		135.6675		135.6675		135.6675		135.6675

		136.6601666667		136.6601666667		136.6601666667		136.6601666667

		137.6725		137.6725		137.6725		137.6725

		138.6701666667		138.6701666667		138.6701666667		138.6701666667

		139.6718333333		139.6718333333		139.6718333333		139.6718333333

		140.669		140.669		140.669		140.669

		141.6583333333		141.6583333333		141.6583333333		141.6583333333

		142.67		142.67		142.67		142.67

		143.6006666667		143.6006666667		143.6006666667		143.6006666667

		143.9555		143.9555		143.9555		143.9555

		144.3063333333		144.3063333333		144.3063333333		144.3063333333

		144.6526666667		144.6526666667		144.6526666667		144.6526666667

		145.0023333333		145.0023333333		145.0023333333		145.0023333333

				145.3501666667		145.3501666667		145.3501666667

				145.7		145.7		145.7

				146.0523333333		146.0523333333		146.0523333333

				146.4028333333		146.4028333333		146.4028333333
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30xChl

P20

P10

P01

P26

Longitude  (W)

Salinity

uM NO3 & Si, ug/L Chl

Line P, 9829

32.2046

0.8882412

0.5352316

94.9325135294

31.7863

0.8888741

0

55.4352606057

31.8532

2.128684

0

36.0201462922

32.0459

3.546252

0

4.9960551529

32.1046

3.243098

0

3.404016286

32.2721

1.845093

0

2.9608655863

32.2952

1.670425

0

2.8369739458

32.2478

1.495687

0

3.0490841474

32.2058

1.845442

0

4.0566076048

31.7188

9.906788

0

3.5528458761

32.0435

5.3477

0

3.1114836364

32.1186

4.472406

0

3.1286254729

32.2363

1.573704

0

2.9341911215

32.2876

0.5039189

0

3.7649560776

32.2839

0.8569879

0

3.8029244445

32.3381

0.8544

0

2.6941209388

32.5199

1.805051

-0.003747676

3.2081667985

32.7248

2.339362

0.5496425

5.8330305428

32.6401

3.053965

0.902135

6.1246820699

32.6486

9.189902

5.02874

2.4922948683

32.5322

4.174318

4.328009

4.9845897366

32.6279

6.030795

5.487147

7.6683518715

32.5759

6.220267

5.33662

5.7974652371

32.5037

2.891357

3.524651

3.0142145157

32.5784

5.116218

5.388302

2.730918845

32.6335

8.117754

6.149689

5.34

32.6297

9.575997

6.195502

6.48

32.6265

10.16875

6.352081

7.95

32.6341

8.836285

5.691992

8.46

8.688093

5.84911

8.28

8.853103

5.896243

8.19

10.719

6.401203

8.1

7.915334

5.894938

7.68




