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PACIFIC REGION CCG VESSEL -POST CRUISE REPORT

NAME OF SHIP/PLATFORM:  CCGS John P Tully
DATE:

FROM:
 Aug. 23


TO:  Sep 15, 2002 

SCIENCE CRUISE NUMBER:
2002-30  
SHIP’S PATROL NUMBER: 02-06

CHIEF SCIENTIST[S]:  Frank Whitney, IOS, DFO
AREAS OF OPERATION:  NE Pacific Ocean along Line P to 50 N, 145 W, returning to Hecate and Queen Charlotte Straits.

INTRODUCTION/

PROGRAM BACKGROUND:

Line P surveys maintain the time series measurements of the NE Pacific Ocean which were started in 1956.  This section is the pre-eminent oceanographic survey in the North Pacific and has shown us how climate regulates productivity and heat transport in this ocean area.  

Included on this cruise are several other programs which use Line P as their vehicle.  A complex mooring was deployed near Station P (50N, 145W) in support of the Surface Ocean Lower Atmosphere Study (SOLAS), an international program which is focussing on interactions between atmosphere and ocean.  The mooring contains many instruments that will measure the rate of gas exchange (oxygen, nitrogen, carbon dioxide) between ocean and atmosphere.   Also, sediment traps were redeployed at  2 sites to continue a 20 yr observation of carbon, nitrogen and silica fluxes to deep ocean.  Japanese collaborators joined us to continue studies of trace metal distribution and speciation, to initiate studies of organic matter recycling and to compare primary productivity techniques used on both sides of the N. Pacific.  UBC ecologists undertook measurements of carbon and nitrogen recycling under iron limited conditions, also growth of phytoplankton under varying carbon dioxide concentrations.  Bird and mammal surveyscontinued in support of Canadian Wildlife Service.  Coastal surveys in Hecate Strait were partially completed to improve our understanding of nutrient supply to these productive regions, and to attempt to understand the natural supply of cadmium via upwelling to coastal organisms.  In collaboration with Pacific Geoscience Center researchers, moorings were retrieved from 3 sites near sponge reefs.  Wood blocks were both recovered and deployed from mooring sites to survey the distribution of wood boring bivalves.  

CRUISE OBJECTIVE/OBJECTIVES:
Line P time series measurements (Whitney, Miller, Mackas and Wong)

Mooring work for Wong (traps), Vagle (gas exchange) and Conway (sponges)

Primary productivity comparisons (Whitney, Egashira, Nojiri)

Trace metal sampling, Fe and Cd (Johnson, Nishioka)

Carbon and nitrogen recycling with UBC colleagues (Tortell, Granger, Martin)

Organic C, N and P recycling, (Yokimura)

ARGO float deployments, 3 (Freeland, Robert)

Moresby Trough survey, Hecate Strait (Whitney, Crawford, Crispo, Conway and Kruzynski)

Recovery of oysters deployed at Bonilla Island for Cd uptake measurements (Krusynski)

Rivers Inlet survey – aborted (Whitney)

QC Strait stations (Stucchi)

Bird and mammal surveys for CWS (Morgan)

Burrowing bivlave distribution (Tunnicliffe, U.Vic)

DAYS ALLOCATED:
25

DAYS OF SCIENCE OPERATION:  22

DAYS LOST DUE TO WEATHER:  
1.0 

RESULTS:

Rivers Inlet survey and some sampling in Queen Charlotte Sound were cancelled when Tully responded to SAR and spent 20 h towing Dawn Treader into Pt Hardy.   Oceanic, work was successful and shows quite clearly that silicate supply is high in coastal areas but low in open ocean.  A broad area of nutrient depletion (either nitrate or silicate) exists between these 2 regions.  

Radioisotope Use:   Provided to ship and IOS RSO.

PROBLEMS [SCIENTIFIC GEAR
AND OPERATIONS]:

By all accounts, Tully is primarily a Science vessel, assisting with other programs when possible.  However, it is apparent that our science work is not fully supported or appreciated.  As we were loading for this cruise, we found that a science computer in the main lab that records thermosalinograph data had been removed.  Subsequently, we learned that 2 computers had been removed from the ship by a CG maintenance person but no replacements had been provided, nor was prior notice given so we could load software and properly configure other computers.  After some hours of trying to set up this system, we found that the computer in the ship’s office was set up for the thermosalinograph (quite likely was the computer removed from the lab) and we were able to reinstall it.

Next, we could not get reliable GPS data to either our thermosalinograph or CTD data acquisition computer from the bridge.  We had to install 2 portable systems to provide latitude, longitude and time to our data streams.  It appears that the feed from the bridge to the lab is reset from cruise to cruise, nullifying our efforts to obtain a single GPS data source for all instruments.

Ship’s hydraulics created some problems, resulting in our work winch being unable to lift a mooring weighing perhaps 700 kg.  Also, 2 winches could not be fed at the same time.  The hydraulics onboard Tully have been preblematic for many years.

Someone unplugged our weather station on monkey’s island, resulting in the loss of at least half a cruise’s weather data.  This information is essential in our studies of gas exchange between atmosphere and ocean, and in recording sunlight for productivity studies.  It has been permanently installed for 5 years onboard ship.  

These problems were exacerbated by the cancellation of the last ~1.5 days of science work due to SAR, fuelling and diesel spill.  The ensuing search for traces of fuel on beaches continued the confinement of 15 scientists onboard.  
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SUCCESSES [SCIENTIFIC]:

  A new ammonium procedure based on fluorometry (UBC) provided excellent data.  This in conjunction with other nutrients, PAR and biomass measurements showed horizons of active nitrogen recycling at Station P.  Iron results (not shown) suggest that nitrite production (N oxidation) utilizes this element.

   Line P and R surveys were completely successful, providing valuable data for better understanding ocean productivity, heat transport, nutrient supply and trace metal distribution in the ocean.  A consistent finding this summer is that the fixed layer along Line P is abnormally thin and warm.  

   Deployment of the SOLAS gas exchange mooring was a complex procedure which seems to have been successful.  This mooring has more than a dozen instruments and >20 thermisters attached in the upper 150 m

   A survey from open ocean into Hecate Strait will provide data on cadmium supply from open ocean to oysters (2 sets of oysters recovered from Bonilla Island in conjunction with this sampling), and will help describe summer nutrient supply to north coast regions.  

PROBLEMS [SHIP’S EQUIPMENT/OPERATIONS/PLATFORM SUITABILITY]:

Unreliable GPS feed to lab.  Format of data changes cruise to cruise which makes it impossible for us to feed the data strings to instruments in the lab.  

Failure of office comupter lead to the ship “borrowing” a science computer from the lab.  This caused us problems as we tried to prepare equipment before sailing. 

The tugger winch on the A-frame needs servicing.  It is becoming very difficult to switch this winch on.

I am suspicious that the ship’s hydraulics are not adequately understood.  A winch which should have been able to handle lifts of 600 to 800 kg was unable to do so.  Also, when 2 winches are being powered at the same time, hydraulic supply pulsed causing strong vibration especially in the hydro winch.

SUCCESSES [SHIP]:

Good success with all open ocean programs including some long moorings.  Excellent platform for our work with able crew.  

DELAYS [OTHER THAN WEATHER]:
   Offloading winches in Esquimalt meant that the ship did not arrive at IOS until evening of August 22.  I was advised of this beforehand and it caused us no problem.  

   SAR call in Hecate strait lead to the cancellation of Rivers Inlet and Queen Charlotte Sound surveys. 

   Fuelling in Pt Hardy occupied the ship for about 8 h.  Diesel fuel spill at 2 am Friday 13 Sep, resulted in a one day delay in returning to IOS.  

SAFETY CONCERNS:
Transfer of fuel onboard ship.

HAZARDOUS OCCURRENCES:

Diesel spill.
EVENT LOG:

[image: image2.wmf]0

10

20

30

40

50

60

70

80

90

100

4

6

8

10

12

14

16

T  (C)

Depth  (dbar)

22 m

0

10

20

30

40

50

60

70

80

90

100

32.4

32.6

32.8

33

33.2

Salinity

Depth (dbar)

22 m

0

10

20

30

40

50

60

70

80

90

100

83

84

85

86

87

88

89

Lt. Transmission 

Depth

25 m

0

10

20

30

40

50

60

70

80

90

100

0.0

0.5

1.0

1.5

2.0

2.5

Fluorescence

Depth

0

10

20

30

40

50

60

70

80

90

100

0.0

0.5

1.0

NH4 & NO2  (uM)

Depth

NH4

NO2

0

10

20

30

40

50

60

70

80

90

100

8

10

12

14

16

18

20

22

NO3+NO2  (uM)

Depth

[image: image3.wmf]
SUMMARY/FINAL COMMENTS:

A generally  successful cruise.  Most major tasks were completed, except for oceanographic surveys in Queen Charlotte Sound, Rivers Inlet and Queen Charlotte Strait.  It is difficult for a group of 15 scientists to stop all survey work when SAR calls and fuelling is required.  My preference would be that CG attempts to call other vessels to SAR when possible. 

We have been through extensive due diligence training in the past couple of years in DFO.  The DNV course we took impressed on us the need to look for root causes of problems.  I see as a root cause of many problems Science faces, the continuous turnover of ship personnel.  Engineers, mates and deck crew cannot quickly understand and support the broad spectrum of work that science undertakes.  Ships hydraulics are complex and I have found over the years that they perform much better for engineers that have had a chance to understand the system.  As we add more electronics and a LAN to the ship to support science, having crew and personnel on shore that know what we depend on becomes more crucial. 

Appendices:  summaries of scientific programs
A.  Cruise overview, Frank Whitney, IOS

Several scientific programs were supported on this cruise, typical of a Line P voyage.  Scientific activities have been summarized above.  Fruitful collaborations continue with Janapese colleagues which have proven extremely valuable over the past several years.  Work with UBC continues as new research directions are undertaken by Philippe Tortell and his students.  Surveys of the north coast were undertaken in collaboration with George Kruzynski, Bill Crawford, and Kim Conway, and focus on nutrient supply to both sponge reefs and oysters.  Cadmium analyses will be undertaken at UBC by Sabrina Crispo as a continuation of work started during our Haida Eddies program, and at SFU for phytoplankton and oyster tissue.  Central coast sampling was mostly cancelled due to SAR and a diesel spill on Tully

Line P surveys are invaluable in estimating the levels of new production in oceanic waters.  This year, we see slightly above average nutrient uptake (Whitney and Freeland, 1998), with 8 uM nitrate and 12.5 uM silicate being utilized over the growing season.  The Si:NO3 ratio of ~1.5 suggests new production is diatom based.  Note the increase in nutrient levels on the shelf during summer as upwelling enriches these waters.  Chlorophyll levels in this area exceeded 18 ug/L at a central shelf station.  

Primary Productivity procedure comparison - Frank Whitney and Takeshi Egashira

At several stations along Line P, both 14C and 13C NaHCO3 were used to estimate primary productivity.  Samples were collected from 6 light levels and incubated on deck for 24 h.  Results of these comparisons will help Japanese researchers improve their estimates of primary production from satellites.

DON sampling - Takeshi Yoshimura and Wendy Richardson

DON samples were collected from Yoshimura’s P26 incubation experiment (see below) to add dissolved organic nitrogen concentrations to the study of dissolved organic material recycling.  Samples will be analyzed at IOS.

Moorings - Darren Tuele and Tim Soutar

Two sediment trap moorings (P4 and P26) were recovered with 4 complete sets of samples.  Traps were redeployed at P4, 700 m and P26, 200, 1000 and 3800 m.

A Surface Ocean Lower Atmosphere Study (SOLAS) mooring was deployed near Station Papa.  Since instruments needed to be close to the surface to measure gas exchange between ocean and atmosphere, this 4200 m long mooring first had to be deployed without instruments to check lengths.  Once this was done, about 30 m of line were removed and instruments were added in the upper 150 m.  A complex string of GTDs, CTDs, oxygen and CO2 sensors, thermisters and acoustics were added.  The top instrument may have been just 13 m below the surface, according to a depth reading from the ship’s sounder.  

In Hecate Strait, 3 moorings near sponge reefs were successfully recovered.  Sediment trap samples and settling plates were removed and preserved following instructions from KimConway, PGC.

Onboard analyses

Nutrients – Wendy Richardson

Standard measurements for NO3, PO4 and Si were carried out at 25 stations and from surface samples throughout the cruise.  In addition, NH4 was measured in the upper 100 m at 5 Line P stations.  Values compared well with those carried out by Tortell, UBC, using a fluorescence technique.  A single NO2 profile at P26 showed maximum at 70 m.   

Chlorophyll a – Jeff Christe

Chlorophyll samples were analyzed onboard from the same set of stations as nutrients.  

Oxygen – Marty Davelaar

Oxygens were routinely analyzed from all rosette casts (25 stations).

B.  Studies for Iron species and DOM cycle 

Jun Nishioka and Takeshi Yoshimura, CRIEPI
1. Iron studies (collaboration with Keith Johnson and Nes Sutherland, IOS)

1) Size-fractionation and UV irradiation for iron analysis (iron species study)

     Recent reports indicate that the iron in traditional dissolved fraction (< 0.2 m) can include small colloidal particles (Wu and Luther, 1994, Nishioka et al., 2001) and a high percentage of dissolved iron (< 0.45 m) in seawater is bounded to organic ligands in open ocean environments (Rue and Bruland, 1995).  There is, however, little information about the characteristics (colloids or soluble?) of these dissolved organic ligands in open-ocean.  We tested new technique of ultra-clean UV irradiation system for decompose organic ligands before iron analysis.  Samples for UV irradiation were collected at P4 and P26, and were filtrated with ultrafiltration (< 200 kDa, 0.22 (m).  And these filtrate and unfiltered samples were UV irradiated by using in-line ultra-clean UV irradiation system.  Measured total labile iron concentrations were divided into three size fractions: large labile particulate iron (> 0.22 (m), small colloidal iron (200 kDa–0.22 (m) and soluble iron (< 200 kDa), with and without UV irradiation.

  Sampling: P4, P26 (Go-Flo and Pumping cast, 0 m by Zodiac)

  Depth: 0 (only P4), 10, 25, 40, 75, 100, 150 (only P26), 200, 300, 400, 600, 800

Measure: UV-unfiltered Fe, UV-filtered (< 0.22 (m) Fe, UV-soluble (<200 kDa) Fe, Acidify-unfiltered Fe, Acidified-filtered Fe, Acidified-soluble Fe, Buffered-unfiltered Fe, Buffered-filtered Fe, Buffered-soluble Fe.

2) Photochemical transformation of Fe species

To investigate photochemical transformation of iron species, a bottle incubation experiment was conducted at St. P26.  Deep seawater (600 m at P26 and 800 m at R11) samples were collected in 500 mL polycarbonate bottles (x 24) and Teflon 500 ml FEP bottles (x 12), and incubated at onboard deck with light and dark condition.  During the incubation, subsamples for analyze organic ligand concentration and size-fractionated iron were collected.  Organic-ligands concentrations will be analyzed by CSV method.  This study may be important for investigate biologically available iron supply from below the surface seawater.

Sampling: P26, R11 (Go-Flo cast)

Depth: 600 m (P26), 800 m (R11)

Measurement (sample): Size-fractionated Fe concentrations, Organic-ligands 

concentrations.

3) Shipboard inter-comparison of iron analysis (between CRIEPI and IOS) in NE Pacific Ocean

Samples for shipboard inter-comparison of iron analysis were collected at P4, P12, P16, P20, P26 and MT-3 and these samples were analyzed by both onboard FIA system of CRIEPI and IOS.  We compared “Unfiltered buffered” and “Filtered (< 0.22 m) buffered” fraction onboard for inter-comparison study.  Inter-comparison was conducted in all depth at P4, P26 and MT-3 and a few depths in other stations.

Sampling: P4, P12, P16, P20, P26 (Go-Flo and Pumping cast, 0 m by Zodiac)

Depth: 0 (except P26), 10, 25, 40, 75, 100, 150 (except P4), 200, 300, 400, 600, 800

    Measure: See, 1)

2. DOM study

1) Dissolved organic carbon (DOC) and phosphorus (DOP) sample collection

Sampling were conducted at stations P4, P12, P16, P20 and P26 in order to reveal the change in concentration and ratio of DOC and DOP along Line-P. Seawater samples were collected from 0 (Zodiac), 10, 25, 40 (Teflon pump), 75, 100, 150, 200, 300, 400, 600, 800 (Go-Flo bottles), 1000, 1250, 1500 m (Rosette). Subsamples were transferred into a 120 mL glass bottle for DOC and a 50 mL polypropylene bottle for DOP through an in-line precombusted 47 mm GF/F filter. The subsamples for DOC were distributed into 20 mL glass ampoules. The glass ampoules and polypropylene bottles were preserved at –20°C until the analysis in Japan.

2.) Size-fractionated seawater incubation experiments

Incubation experiments were conducted at stations P4 and P26 in order to reveal the mechanism of nutrient cycling and the limiting factor for phytoplankton growth. Seawater samples were collected from 10 m with 30 L Go-Flo bottles. Unfiltered seawater (Total fraction) and the filtrate of 0.2, 2, 10, 80 and 200 µm pore size filters were transferred to polycarbonate bottles. In station P26, the bottles were enriched with and without 1 nM FeCl3 addition. The bottles were incubated in the surface seawater running incubator on a deck under natural sun light (50% aerial irradiance). The changes in size-fractionated Chl a and nutrient concentrations during the incubation period were measured on board. The samples for DOC, DON and DOP analysis were also taken and preserved at –20°C until the analysis. Trace-metal-clean techniques were used through the sampling and incubation.

Preliminary results:

Although the increase in total Chl a concentrations were observed in all of the bottles during the incubation period, the different changes in size-fractionated Chl a concentrations were obtained among the bottles in Stn P4. The increase in Chl a concentrations were dominated by >10 µm Chl a in <80 µm, <200 µm filtrate and total fraction.  In these bottles, significant change were not observed in 0.7-2 µm and 2-10 µm Chl a.  On the other hand, 0.7-2 µm and 2-10 µm Chl a concentrations were increased in <2 µm and <10 µm filtrate. This results would be due to the absence of grazer with the size of >2 µm or >10 µm in these bottles. Accordingly, the growth of 0.7-2 µm and 2-10 µm phytoplankton were limited by the grazing pressure of 2-80 µm grazer (e.g. heterotrophic nanoflagellates and ciliates).
In the Stn P26 incubation experiment significant effects of iron enrichment were not detected for the growth rate of 0.7-2 µm fraction. However, the growth rate of 0.7-2 µm fraction were higher in <2 µm and <10 µm filtrate than the remainder. The growth rate of 0.7-2 µm fraction were highly effected by grazing pressure rather than iron enrichment. By comparison, the iron enrichment elevated the growth rate of 2-10 µm and >10 µm fraction. The grazer with the size >80 µm had no effect on every size Chl a, since no difference were obtained among the <80 µm, <200 µm filtrate and total fraction.
C.  IRON III STUDY SUMMERY

Keith Johnson Jun Nishioka & Nes Sutherland


Sea water samples were collected along line P, and R as well as some coastal water for analysis of iron III onboard ship using a chemiluminescent technique. Two systems were installed in the HEPA filtered plastic lab/tent, one from IOS and one from CRIEPI.  Intercalibrations between the two systems were carried out at most stations but primarily at P04, P20, P26 and MT3.  Bottle samples were collected using 30 liter Go-Flo’s and 12 liter go-flo’s. Separate 30 liter Go-flo bottles were used for P04 only.  


Samples from the pump and Go-flo’s were also collected for DOC analysis (primarily CRIEPI with some duplicates for intercalibration with IOS), cadmium and seawater for incubation experiments by CRIEPI and UBC.  

Sampling Summary

Iron


P04, P12, P16, P20, P26, R11, J5 and MT3


CRIEPI – all depths at stations P04, P12, P16, P20, P26 and 10 to 300 meters at MT3 for dissolved, reactive, UV irradiated (total) and size fractionated (200 kDa)    


IOS –for onboard analysis of dissolved and reactive (unfiltered) all depths at stations P04, P26, R11, J5 and MT3 and selected depths at P12 (0, 10, 25, & 200 m) P16 (0, 10, 25, 40, & 200m) and P20 (0, 10, 25, 40, 100, 200, & 600m)

· for lab analysis of total dissolved and total (unfiltered, acidified and microwaved)  P04, P12, P16, P20, P26, R11, J5 and MT 3 (all depths) 

Cadmium


Stations P26, R11, J5, MT3, PC1, MT10 & MT8

All samples were filtered using 0,22u OPTICAP cartridge filter, 1 liter samples for analysis at UBC.  For coastal stations (starting at MT3) bottom two bottles were collected within 25 meters of bottom using the two productivity 10 liter Go-flos.

For incubation studies and DOC see separate sub-reports.

Some of the preliminary results include:

1) Comparison of dissolved (0.2u) and total dissolvable (unfiltered, buffered to pH 3.2) between the two analytical systems agreed very well for low level samples but not for higher values (> 2nM).

For station P26 which ranged from 0.1 nM to 0.55 nM the average of the differences between the two analysis was 0.00 nM for dissolved and 0.01 nM for unfiltered indicating no bias between the two systems.  The average deviation for all 22 comparisons at P26 was 0.02nM but 64% of the comparisons were 0.01nM or less.

2) Anomalous high reactive iron was detected at 200 meters at stations P12 and P16 and at 150 meters at P20 and P26.  This was coincidental with warmer water anomalies detected during CTD profiles.  A slight decrease in transmistivity was also detected at these depths.  Anomalous high reactive iron was also detected at P12 600 meters and P20 300 meters but no coincidental anomalies were observed in CTD profiles. 

3) Some anomalous low vales were also analyzed at P12 (400 and 800 meters) and at P16 and P20 at 600 meters.

Sampling Details

 Approximately 950 meters of kevlar line was spliced to the hydro wire on the hydro winch.  A layer of plastic separated the kevlar from the steel line.  A plastic  (UHMW polyethylene) spooler wheel and rollers were used to feed out the kevlar.  Lead weights encased in fiberglass were attached to the end of the kevlar and separated from the sampler by 15 to 20 meters.  Shallow samples 10, 25, and 40 meters were also collected using an air driven Teflon pump and Teflon sampling tube with handling performed in an Eaci clean hood in the wet lab. Surface samples were collected by hand using a Zodiac to get away from the ship.  


The 30L Go-flo samplers were sampled using bell jars on deck in boxes with sides and roof to minimize air disturbances. The 12L and 10L Go-flo’s were mounted in the wet lab and subsampled there.  This allowed for on-line filtration as the bottles were mounted higher than when mounted in their box in the breeze way.  Two 250 ml and two 125 ml pre cleaned CPE bottles were filled with sea water after rinsing three times with the sample. Two were unfiltered (one of each size), and two were filtered either through a cartridge filter (Opticap 0.22u) Pump samples were collected using the EACI clean hood mounted in the wet lab.  Pump samples were collected as for Go-Flo samplers two unfiltered and two through 0.2 micron.    Samples were buffered to pH 3.2 using formic acid - ammonium formate buffer solution two hours prior to analysis.  Samples (250 ml) were analyzed onboard with the duplicates (125 ml bottles) from each depth acidified with 1000 microliters of 1:1hydrochoric acid for total iron analysis back at the shore laboratory.


Outbound profiles down to 800 meters were collected at stations P4, P12, P16, P20, and P26.  Sample depths were normally 10, 25, 40, 75, 100, 150, 200, 300, 400, 600, and 800 meters.  Surface samples along line P using a zodiac were also collected at all stations except P26 due to rough weather conditions.  Bulk carboy sampling for ultra low iron stock sea water was carried at the 15 meter depth at station P26.  Pumped sea water and Go-Flo samples were also collected for UBC (Phillipe Tortell, Julie Granger and Cheryl) and CRIEPI (Jun Nishioka and Takeshi Yoshimura) at most line P stations for various incubation experiments.


Inbound profiles were collected at R11, J5 and MT 3 for iron at normal depths.

D.   Cruise Activities  

 Philippe Tortell, Julie Granger, Cheryl Martin – EOS Dept. UBC


Our goals for this cruise were to: a) examine the physiological mechanisms of inorganic C uptake by coastal and oceanic phytoplankton populations and the potential affects of CO2 concentrations of phytoplankton species composition; and b) to study the  impacts of trace metals on bacterial nitrogen cycling.


We conducted a series short-term 14C isotope disequilibrium experiments at all major stations along line P as well at several coastal stations in Hectate strait.  These 14C experiments provide information on the relative contributions of CO2 and HCO3- as sources of inorganic C for photosynthesis by the phytoplankton.  In conjunction with these experiments, we also collected samples for the analysis of variety of photosynthetic enzymes including carbonic anhydrase and Rubisco, as well as material for stable C isotope measurements and phytoplankton taxonomic identification.


To examine CO2 effects on phytoplankton species composition, a 10 day incubation experiment was initiated at station P26.  Samples were bubbled with air/CO2 mixtures containing 150 and 750 ppm CO2, and a variety of samples (nutrients, enzymes, POC, taxonomic pigment analysis) were collected periodically.  Following the depletion of nutrients from bottles, ~ 90% of the sample was removed and replaced with filtered water collected at the time of the incubation.  This procedure was designed to lengthen the time-scale of the experiment in order to magnify potentially small changes in species composition.  We also collected DMSP samples to see whether the production of this compound by phytoplankton is affected by CO2 levels.


The other main component of our research program was the study of nitrification rates in coastal and open ocean waters.  A series of incubation experiments were conducted in gas-tight Tedlar bags to investigate the rate of ammonium and nitrite oxidation using stable isotope tracers.  In the open ocean stations, we made various trace metal additions to examine the potential role of metal limitation in the bacterial N cycle.  As part of this project, we made a series of NH4+ depth profile measurements using a new and highly sensitive fluorometric method.  This method revealed deep water (> 200 m) levels of NH4+ levels to be as low as 1 – 2 nM.  We also collected samples for DNA analysis of the major taxonomic groups of bacterial nitrifiers.

        DATE			             OPERATIONS





Aug 23			loading


Aug 24			departed, test sampling in Saanich Inlet


Aug 25 – 31		Line P survey


Sep 1-4		work in vicinity of Station Papa


Sep 5-7		Line R surve


Sep 8, 10, 11		Hecate Strait surveys, oysters from Bonilla Island, PGC moorings recovered


Sep 9		Strong winds stopped work in open waters.  Sampled one station in Principe Channel


Sep 11, 1600		SAR call halted science 


Sep 12			completed SAR duties and fuelled in Pt Hardy


Sep 13			diesel spill on Tully lead to delays in heading to IOS


Sep 14			arrive at IOS, offloading


		












































