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To:  Regional Science Director.

Final:
 Yes
1.  Cruise/Project No.:  2000-10

2.  Dates:  May 29 to June 26, 2000


3.  Project Name:   Line P and Eddies







4.  Area(s) of Operation:  N.E. Pacific to Station P & west of Queen Charlotte Islands
5.  Platform:  John P. Tully


6.  Master:  Paul Frost



7.  Days Allocated:  28


8.  Days at Sea:  26


9.  Days lost to weather:  

10.  Days lost to other causes:  1 day to load, 1 day to offload

11.  Appropriateness of platform:   great




11.  Safety issues:  

Additional small survival suits required (M. Robert)

The fumehood in the lab should be inspected for flow efficacy (no sticker is present to indicate last date of inspection). A larger fumehood would better ensure safety in the lab. When analyzing chlorophyll samples in the fluorometer a ventilation system should be available to minimize noxious effects of acetone inhalation.  (T. Peterson)

There is a serious safety problem with the way radionuclides are handled on board the CCGS Tully. Radionuclides should be kept rigorously isolated from the rest of the ship, but aboard the Tully  radionuclide work, particularly biological experiments utilizing 14C, are fully integrated into the laboratory, and thereby,  all scientists run the risk of exposure, regardless of their work or their familiarity with proper procedures for handling radionuclides. In addition, because phytoplankton  incubations are conducted on the flight deck, to which the only access is through the interior of the ship, radionuclides are routinely carried through the living quarters and other work areas, thereby endangering the entire crew in the case of a spill. I highly commend the biologists who have been working with 14C on this cruise for their care and responsibility, but even the most careful and conscientious scientist can drop or spill something, particularly at sea. Therefore, I strongly encourage DFO, both through scientists at IOS and the Coast Guard, to prioritize finding ways to effectively isolate radionuclide use aboard the ships. 
Lisa A. Miller
A reply from Angelica Pena and Beth Bornhold to Lisa’s concerns

We do not agree with the statement that “there is a very serious safety problem with the way radionuclides are handled on board the CCGS Tully” because of the use of C-14 for biological experiments.  We have spent a great deal of effort over the past years instituting new and rational procedures for ensuring onboard safety and we think (and the RSO agree with us) we are following the requirements of the Atomic Energy Control Board. We agree that accidents happen and there is the real potential of a spill on board. Unfortunately, we do not see any other option but to keep doing our incubation experiments on the helicopter deck. To access the helicopter deck from/to the lab, we can not avoid going through the interior of the ship except under very calm daylight conditions, which are unusual in open ocean. To avoid risk of exposure from C-14 we are currently: a) protecting the samples from spillage by carrying them in plastic containers and bags during transport from and to the helicopter deck, b) in cruises where radioisotopes are in use there are always scientists that have been trained to handle radioisotopes and know how to contain and clean the spill to avoid exposure, and c) carrying on board a hand-held geiger counter and we regularly do tests (during cruise 2000-10 once a week) throughout the lab to look for any accidental contamination that might have occurred.  We are continually looking for ways to improve safety procedures on board and we appreciate any feedback.         Angelica Peña and Beth Bornhold
Additional commet from F. Whitney, RSO for IOS

During the Line P and Eddy legs of this cruise, weekly wipe tests were conducted to ensure there was no 14C contamination in our work areas.  We follow the protocols laid out by Atomic Energy Control Board which are intended to prevent sloppiness in use of radioisotopes.  When traces of contamination were found (for example on a pipette tip), clean-up and retesting were undertaken.  At the end of the cruise, I surveyed work areas with a Geiger counter and analyzed wipe tests.  We detected no contamination onboard ship.  A copy of our final lab decommissioning was submitted to the First Officer before we offloaded.  
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Cruise/Project Results (see appendix for details): 

Fig. 1.  Cruise track showing sample locations (+).

· Line P survey successful.  CTD survey shows a subsurface warm layer extending 1000 km from the coast along this line.  

· Biological and chemical measurements at 5 Line P stations continued our time series of nutrients, iron, oxygen, dimethyl sulfide, primary productivity, phytoplankton and zooplankton distribution.

· Recovered and redeployed sediment traps at stations P4 and P26 (3 depths).  Traps operated without problem.

· Collected surface samples along the route for pCO2, T, S, nutrients and chlorophyll. 

· Seabird surveys along Line P and 51N for CWS (Ken Morgan)

· Sampling for T/S, nutrients and oxygen in Rivers Inlet, to add to results collected in February (Robert) and May (Stucchi).  

· Survey of a mesoscale eddy west of Queen Charlotte Islands.  A south to north CTD section provided data on the physical structure of the eddy.  This was supplemented by 3 detailed stations at which we measured carbon, nitrogen, silicon, iron, phytoplankton, primary productivity and zooplankton distributions.

14.  Primary Institute:   Institute of Ocean Sciences, DFO







15.  Associated Institutes:  University of BC, Canadian Wildlife Service 

16.  Chief Scientists/Affiliation:   
Marie Robert, IOS (Line P)

Frank Whitney, IOS (eddy study)

17.  Science Staff/Affiliations:

Marie Robert
IOS
Keith Johnson*
IOS

Doug Anderson*
IOS
Nes Sutherland
contract

Tim Soutar
IOS
Tawnya Peterson
UBC

Wendy Richardson
IOS
Hugh Maclean
UBC

Pierre Morin
volunteer
Michael Lipsen
UBC

Jennifer Putland*
contract
Sabrina Crispo
UBC

Mike Bentley*
CWS contract
Adrian Marchetti
UBC

Reg Bigham*
contract



* left ship in Port Hardy, June 16

Frank Whitney^
IOS
Lisa Miller^
IOS

Dave Mackas^
IOS
Doug Yelland^
IOS

^ joined ship in Port Hardy

18.  Equipment:

ADCP:   yes         Other:   sounder, thermosalinograph           

Winches:


.



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

Depth max

329
1482
0.316” CTD
winch modified at sea
50/4000m

329
1483
0.322” CTD
winch modified at sea
few

329
1233
0.325” Bioness
good
7

589
515
bare

3

455
1450
user supplied

5

See correspondence between Mark Decker, Chief Eng on Tully, and Tom Juhasz regarding work done on CTD winches at sea (attached).

Equipment Deployed/recovered

Description
Deployment
Recovery

Free drifting traps, 500 m
2
2

moored sediment traps
4
4

19.  Comments and recommendations:   

The seawater supplies to the lab and helicopter deck are inadequate.  Our underway measurements and incubation experiments suffered from low flow rates.  Both the age and size of pumps and the overall design of the supply system limit the work we can undertake.  Our demands on seawater have been steadily growing in the past 5 years so that we are critically in need of a rebuilt seawater system for science.

Winches caused some concern early in the cruise.  The engineers onboard ship created one good CTD winch from 2 that were not working adequately for deep ocean work.  Winches and wire remain a concern for our deep ocean programs.

Good weather and agreeable ship’s and science crews made this a very successful trip.  No major work was omitted and no substantial equipment damage was incurred.  Thanks again to Captain Frost, Chief Mark Decker and all the Tully crew for great support.  

The Tully should be recognized as primarily a science vessel and be supported to complete science programs.  We discussed needs that could be addressed during mid-life refit that would greatly enhance the productivity of cruises and improve the safety of personnel.  Ideas include isolating some procedures (radioisotope use, noxious chemistries) from the main lab in containers on the aft and boat decks, improving power to the lab (UPS), improving seawater supplies to lab and heli deck, using a LAN to distribute information to various areas of the vessel, replacing the aft deck crane and refirbishment of transducers and sounders.  The Tully will need such modifications to support some of the emerging work that IOS and other institutes are undertaking.    

Appendix:  Reports from Participants

1.  Overview

Marie Robert, chief scientist on Line P

The Line P section of the cruise was completed very successfully.  Every station was surveyed, which means we performed 22 CTDs at the "short stations", and 11 rosette casts at the five "long stations".  Each group participating in the section (IOS, UBC, Iron) collected all the data and samples they needed.  The only aspect of the section that was not completed with success was the Iron experiment called "the rocks". It consisted of a 100m line on which 200 bags were attached. Each bag contained floating rocks very rich in iron content. On the line was also attached a GPS transmitter, a VHF transmitter, and 2 strobing lights. Unfortunately the transmitters stopped working for an unknown reason and the experiment got lost. 

Frank Whitney, chief scientist on the eddy leg

We completed a survey of an eddy that has been named Haida-2000 and now sits near Bowie Seamount, west of Queen Charlotte Islands.  Core waters of the eddy were found to have a strong coastal signature in temperature, nutrients and zooplankton (other results are pending).  Three stations were sampled in detail (eddy core, edge and outside) to obtain comparisons of many chemical (iron, nitrate, phosphate, silicate, ammonium, oxygen, carbon dioxide, DOC, DON) and biological (phytoplankton, chlorophyll, primary productivity, zooplankton) parameters. 

Nutrient and oxygen analyses complemented a CTD survey at 5 of 10 stations through the eddy.  Satellite altimetry again directed us to the center of the eddy.  

2.  Dimethyl Sulfide (DMS) Cruise Report

Analyst:  Michael Arychuk

General:

DMS samples were collected and analyzed at stations P4, P12, P16, P20 and P26(Papa).  Two casts were taken at P26 to represent a diurnal data set.  All rosette casts consisted of seventeen samples taken at the following depths(in meters);  400, 300, 250, 200, 150, 125, 100, 80, 60, 50, 40, 30, 20, 15, 10, 5 and 0.  There were no adverse data quality issues and all implemented QA/QC gave acceptable results.  

Results:

With the exception of stations P16 and P20, the profiles for dimethyl sulfide were very similar.  Stations P16 and P20 were unusual in that the upper limit of DMS was only  half as much as the other stations.  As expected, the highest levels of DMS were seen at the surface and were essentially non-existent beyond 150m.  This was true for all stations. In general, the day cast at P26 gave higher concentrations than the night cast.  Preliminary comparison to historical data sets suggest the overall concentrations of DMS are lower than in previous years and are resembling those of the middle 1990’s, however, further investigation will be needed before one can expand on such observations.

3.  IRON III STUDY SUMMARY

Keith Johnson & Nes Sutherland

Cruise 2000-10 was divided into two sections: the standard Line P survey, including batfish tows and an iron fertilization study, and a study of the Haida 2000 eddy off the Queen Charlotte Islands.  Seawater samples were collected for analysis of iron III  onboard ship, using the chemiluminescent technique developed by Obata.

A.  Line P Section


 1.  Iron samples were taken at the five major stations, P04, P12, P16, P20 and P26, at the following depths: 0, 10, 25, 40, 75, 100, 200, 300, 400, 600, 800, and 1000 meters. Samples 75 m and deeper were collected using 30 L Go-Flo’s or 10 L Go-flo bottles (P04 only) lowered on Kevlar line, and sampled on deck using a Bell jar to limit contamination. Near surface samples (10, 25, and 40 m) were obtained using an air driven Teflon pump with Teflon sampling tubing.  Handling was performed in a new on-deck Lexan HELPA clean hood. Surface samples were scooped up by hand from the bow of a Zodiac sent out past the ship's drift path.


Both unfiltered and filtered (0.2u) sets of samples were drawn. One set was designated for immediate labile and dissolved iron analysis, another was acidified for future total iron analysis back at IOS. At stations P04 and P26 extra sets were collected for Jun Nishioka (CRIEPI).  Filtered samples were also collected from all depths for UBC by Sabrina Crispo for trace metal analysis.


2.  Underway sampling of the surface waters using a towed “batfish” connected to the ASTI Teflon pump with Teflon tubing was successfully experimented with. The batfish worked best at approximately 8 knots and would come out of the water if the speed was increased to greater than 8.5 knots.  Three tows of 2 to 3 hours or 16 to 20 miles were conducted.


3.  An iron enrichment study using bags of porous silica containing iron was attempted. A survey of surface iron around the rock chain at 7 hours after deployment indicated the iron was slowly being released into the seawater, extending from 2 to at least 20 m.  Unfortunately the array was lost after one day.
 

B.  Haida 2000 Eddy Survey


Unfiltered samples for iron profiles of the eddy were collected at Stations ED01, ED03 and ED05, using the GoFlos only.  Replicate bottles were taken at ED03 to permit a study of the rate of iron leaching off particulates by the ammonium formate buffer used in the chemiluminescent technique.  Additional samples were preserved by acidification for total iron analysis onshore at IOS.  Unfiltered samples were also collected for UBC for trace metal analysis.

4.  Primary production, Eddy leg

Participants:

Beth Bornhold (IOS), Tawnya Peterson (UBC), Michael Lipsen (UBC), Adrian Marchetti (UBC), Hugh McLean (UBC)


Samples for phytoplankton species identification were obtained from stations on a North-South transect through Haida-2000 (ED01, ED03, ED05, ED05E, ED07, ED09). Three of these stations were studied in more detail (ED01, ED03, ED05).


For the outside station (ED01), a site at the centre of the eddy (ED05), and a station at the edge (ED03) we measured primary production by 14C uptake, bacterial production (3H uptake), bacterial abundance, virus abundance, pigment distribution (HPLC analysis), biogenic silica, size fractionated (>20m, >5m, and >0.2m) and total chlorophyll concentrations at sixth depths through the water column. The depths were chosen according to light level (100% irradiance at 2m, 55%, 33%, 10%, 3.5%, and 1%) with additional deeper depths selected (75m, 100m, 150m) for particulate organic and total carbon as well as bacterial abundance and productivity. Photosynthesis vs. irradiance, nitrate, ammonium, and urea uptake rates (N-15 uptake) were determined at selected depths (55%, 10%, and 1% for P vs. I, and 100%, 10%, and 1% for nitrate, ammonium, and urea uptake). Coccolithophore samples were taken from a depth of 5m (ED01), or 7 m (ED05, ED03). Samples for particulate carbon (organic and total) were collected at 8 depths at ED01, and 9 depths at ED03 and ED05 (with Lisa Miller). Water was filtered to determine the concentration of ferredoxin vs. flavodoxin, which indicates iron availability for phytoplankton. We hope to be able to identify parameters which differ between the sites within the eddy, at the edge of the eddy, and the waters outside. Eddy transport could be extremely important in delivering coastal waters to the open ocean, and this may be reflected in phytoplankton species composition (potential for seeding), productivity rates (carbon assimilation, cell health, recycling rates, in the case of ammonium uptake, bacterial productivity), and carbon flux within/out of the eddy.


Chlorophyll concentrations have been determined, productivity measurements should be completed in July, and work on phytoplankton counts will begin immediately. Concentrations of biogenic silica were determined by Wendy R. on board. We are unsure of when the nitrogen uptake rates or pigment concentrations/distributions will be determined. 

Considerations regarding facilities/equipment


The fumehood in the lab should be inspected for flow efficacy (no sticker is present to indicate last date of inspection). A larger fumehood would better ensure safety in the lab. When analyzing chlorophyll samples in the fluorometer a ventilation system should be available to minimize noxious effects of acetone inhalation.

5.  Zooplankton and neuston – Mackas and Yelland

Sampling

We collected three types of net tow samples:

- Day and night stratified-oblique tows with BIONESS, at ED05 (“eddy center”), ED03 (“eddy margin”) and ED01 (“outside the eddy”). Target depth strata for the BIONESS samples were 250-150m (below the halocline), 150-100m (lower halocline), 100-75m (upper halocline), 75-50 m (“cold layer”), 50-25 m (below and in the seasonal thermocline), and 25-10 and 10-0m (lower and upper “mixed layer”). Deployments were done through the main (heave-compensator) block in the stern A-frame.  The only drawback with this (probably unavoidable) was the need for frequent re-rigging of the block and cables between the rosette and BIONESS. The two earliest tows (both at E01) had minor teething problems with recently-modified BIONESS hardware and software (failure to detect net drops and resulting failure to resolve a couple of the target depth strata; excessive ship time for prep. and towing, Y2K non-compatible CTD-Shell program). Fixes or work-arounds for these problems were done by Doug Yelland by June 19, and all subsequent tows went smoothly. On June 22, we obtained a second day tow at ED01, which should give us full 7-stratum depth resolution for all three stations. Post-tow net wash down was done using the stern fire hose

- Vertical hauls with 0.23 mm mesh bongo net (vertically integrated 150m to surface), at each station along the ED01-ED10 section. Tows were done from the stern A-frame because the starboard chains hydro winch (normally used for vertical tows) was on this cruise fitted with kevlar rope for iron sampling. With a better aft deck winch (i.e one with wire-out counter and an undamaged level wind) and a better deck layout (i.e a clear wire and sight line path from the winch to its own block, perhaps outboard the legs of the stern A-frame), the stern deployment might have worked very well. But with the present setup, we frequently had problems with large wire angles, resulting uncertainty of maximum depth for the tow, chafing of the tow wire against the stays for the heave compensator, and inadequate seawater loop pressure for post-tow net wash down. 

- Night surface tows with 0.5mm mesh neuston net, at stations ED01, 02, 03, 04, 05, 09 and 10. These were done using the starboard hydro winch and kevlar rope, and were both simple and problem free.

Preliminary results

Most of the zooplankton biomass was in the upper 50m both day and night, and at all locations was dominated by large copepods (Neocalanus plumchrus and N. flemingeri in the upper 25m, N. cristatus 75-25m in daylight, migrating upward on calm nights). All three of these species are large-bodied (5-10 mm length), subarctic oceanic rather than coastal, and nearing the end of the upper ocean phase of their annual life cycle. Most should be undergoing seasonal downward migration to 400-1000 m depth within the next 1-3 weeks.  Although the Neocalanus spp were dominant at all stations, sites near the center of the eddy (ED04, 05, 06) appeared to have 1.5-2x higher concentrations than sites at the margin or outside the eddy (ED01-ED03 and ED07-ED10) suggesting better feeding and survival conditions over the previous month or two. 

The eddy-center locations also contained an additional population of small copepods (<2 mm length) that were much less abundant away from the center of the eddy. These copepods were resident in the 75-25m layer in daytime and migrated upward at night. Field identifications are shaky for these small animals, but they appear to be a mix of adult and juvenile stages of continental shelf taxa such as Pseudocalanus spp. and Calanus marshallae.  

Depth strata in and below the halocline (>75 m) usually contained relatively little biomass, and were dominated by a mixture of pteropods, euphausiids and chaetognaths. At both ED03 and ED05, many of the euphausiids did not migrate into the upper 50m at night. This is a contrast to ED01 and to most of our previous experience off BC; the only explanation we can think of at present is that the temperature inversion (75-100m) may have affected their normal diel migratory behavior. 

5b.  ADCP operation – Yelland

Sampling logistics

The first part of leg 2 (16-17 June, transit to the ED line) was spent confirming and correcting a wiring error (between the ship’s ECPINS gyro read-out, and the ADCP deck unit) that had been causing garbled ship’s heading records in the ADCP data for the past couple of years. There are still some remaining problems with data exchange between the ship’s navigational readouts and the aged ADCP computer, resulting in occasional errors that require rebooting of the acquisition program. Internal temperature of the RDI deck unit fluctuates between 25-31 deg C, which affects back-scatter intensity profiles, but not the velocity profiles. 

Results

During acquisition, velocity profiles were referenced to the average velocity between bins 40 and 50 (160-200 m depth). Post-processing will be needed to provide absolute vectors. However, it was possible to ‘see’ the main features of the eddy quite clearly. On the south side of the eddy (roughly ED02-ED04), surface currents were to the NW at about 20-30 cm/sec. On the north side of the eddy, surface currents were to the SE at similar or slightly higher speeds.

6.  Carbon/Nitrogen Budget Sampling, North Pacific Haida Eddy 2000

 (L. Miller reporting for M. Arychuck, B. Bornhold, T. Peterson, W. Richardson, and F. Whitney)

June 23, 2000

In order to estimate the total carbon and nitrogen budgets of the eddy at this point in its evolution, we collected and processed dissolved, particulate, inorganic, and organic carbon and nitrogen samples within, outside, and at the edge of the eddy. While many of the samples required some minimal processing and preservation, we have been able to fully analyze some of the parameters, although calculations are still in progress.

Profiles from the surface to at least 600 m were sampled at 3 stations along 135° 50 W: 51° 45 N, 52° 45 N, 1, and 52° 15 N (ED01, ED05, and ED03, respectively). Samples were collected from both the rosette/CTD array deployed off the stern and from GoFlo bottles hung on a kevlar line off the side of the ship (Table).
The types of nitrogen samples collected were dissolved nitrate+nitrite (NOy), ammonia (NH4+), and organic nitrogen (DON), and particulate organic nitrogen (PON). Subsamples for NOy were taken both from the rosette and the GoFlo bottles. Only the GoFlo bottles were used to collect DON and PON samples, while NH4+ came from the rosette (down to only 100 m). The NOy, NH4+, and DON samples were fully processed on board by standard nutrient autoanalytical methods. The DON samples were first filtered and digested with acid at high temperature before analysis for NOy. The data are not available at this time, but will be soon. For the PON samples, 1-2 L of water were filtered through combusted GFF filters, sealed in aluminum foil, and frozen for later analysis.

The carbon samples collected include a complete characterization of the dissolved inorganic carbon system, as well as dissolved organic carbon (DOC) and particulate organic and inorganic carbon (POC and PIC, respectively). Discrete samples for dissolved inorganic carbon (DIC), total alkalinity (AT), and pH were collected from the rosette down to 1000 m, and pCO2 at about 5 m was monitored continuously by two separate systems (one of which also monitored atmospheric pCO2). The DIC and AT samples have been poisoned with HgCl2 and will be kept refrigerated until analysis ashore. Analyses for pH were completed within 2 hours of each rosette cast, and the calculations are proceeding. As for PON, particulate carbon samples were filtered onto combusted GFF filters. Replicate aliquots were filtered and one filter was treated briefly (1-2 minutes) with 4% HCl to remove labile inorganic carbon.

We also conducted a small experiment on DOC sampling and storage. At all stations, we followed the IOS standard protocol, whereby the samples are collected in combusted glass-stoppered bottles, filtered, and then stored frozen in glass test-tubes sealed with teflon sheets under screw caps. At ED01, we also stored a filtered aliquot frozen in combusted 30 mL Qorpak bottles with acid-washed, teflon-lined caps. At the remaining two stations, we collected unfiltered samples directly into the Qorpak bottles. At ED05, we froze them, and at ED01, we acidified them with 100 (L of concentrated phosphoric acid and refrigerated them.

Table: Summary of Carbon and Nitrogen Sampling

Date
Station
Sample
Depth
DIC
At
pH
NOy
DOC
DON
POC
PIC
PON



type
m
mol/kg
eq/kg

mol/kg
mol/kg
mol/kg
mol/L
mol/L
mol/L

18/06/00
ED01
Rosette
1
H
H
H
H






18/06/00
ED01
Rosette
9
H
H
H
H






18/06/00
ED01
Rosette
25
H
H
H
H






18/06/00
ED01
Rosette
49
H
H
H
H






18/06/00
ED01
Rosette
74
H
H
H
H






18/06/00
ED01
Rosette
100
H
H
H
H






18/06/00
ED01
Rosette
121
H
H
H
H






18/06/00
ED01
Rosette
149
H
H
H
H






18/06/00
ED01
Rosette
199
H
H
H
H






18/06/00
ED01
Rosette
248
H
H
H
H






18/06/00
ED01
Rosette
298
H
H
H
H






18/06/00
ED01
Rosette
399
H
H
H
H






18/06/00
ED01
Rosette
499
H
H
H
H






18/06/00
ED01
Rosette
592
H
H
H
H






18/06/00
ED01
Rosette
792
H
H
H
H






18/06/00
ED01
Rosette
986
H
H
H
H






18/06/00
ED01
GoFlo
2



H


H
H
H

18/06/00
ED01
GoFlo
5



H
H
H
H
H
H

18/06/00
ED01
GoFlo
10



H
H
H
H
H
H

18/06/00
ED01
GoFlo
30



H
H
H
H
H
H

18/06/00
ED01
GoFlo
65



H
H
H
H
H
H

18/06/00
ED01
GoFlo
90



H
H
H
H
H
H

18/06/00
ED01
GoFlo
150



H
H
H
H
H
H

18/06/00
ED01
GoFlo
200



H
H
H
H
H
H

18/06/00
ED01
GoFlo
300



H
H
H
H
H
H

18/06/00
ED01
GoFlo
400



H
H
H
H
H
H

18/06/00
ED01
GoFlo
600



H
H
H
H
H
H

20/06/00
ED05
Rosette
1
H
H
H
H






20/06/00
ED05
Rosette
9
H
H
H
H






20/06/00
ED05
Rosette
24
H
H
H
H






20/06/00
ED05
Rosette
49
H
H
H
H






20/06/00
ED05
Rosette
74
H
H
H
H






20/06/00
ED05
Rosette
100
H
H
H
H






20/06/00
ED05
Rosette
124
H
H
H
H






20/06/00
ED05
Rosette
149
H
H
H
H






20/06/00
ED05
Rosette
198
H
H
H
H






20/06/00
ED05
Rosette
247
H
H
H
H






20/06/00
ED05
Rosette
298
H
H
H
H






20/06/00
ED05
Rosette
397
H
H
H
H






20/06/00
ED05
Rosette
496
H
H
H
H






20/06/00
ED05
Rosette
594
H
H
H
H






20/06/00
ED05
Rosette
792
H
H
H
H






20/06/00
ED05
Rosette
990
H
H
H
H






20/06/00
ED05
GoFlo
2



H


H
H
H

20/06/00
ED05
GoFlo
7



H


H
H
H

20/06/00
ED05
GoFlo
12



H
H
H
H
H
H

20/06/00
ED05
GoFlo
25



H
H
H
H
H
H

Table: Continued
Date
Station
Sample
Depth
DIC
At
pH
NOy
DOC
DON
POC
PIC
PON



type
m
mol/kg
eq/kg

mol/kg
mol/kg
mol/kg
mol/L
mol/L
mol/L

20/06/00
ED05
GoFlo
39



H


H
H
H

20/06/00
ED05
GoFlo
75



H
H
H
H
H
H

20/06/00
ED05
GoFlo
100



H
H
H
H
H
H

20/06/00
ED05
GoFlo
150



H
H
H
H
H
H

20/06/00
ED05
GoFlo
200



H
H
H
H
H
H

20/06/00
ED05
GoFlo
300



H
H
H
H
H
H

20/06/00
ED05
GoFlo
400



H
H
H
H
H
H

20/06/00
ED05
GoFlo
630



H
H
H
H
H
H

21/06/00
ED03
Rosette
0
H
H
H
H






21/06/00
ED03
Rosette
10
H
H
H
H






21/06/00
ED03
Rosette
24
H
H
H
H






21/06/00
ED03
Rosette
50
H
H
H
H






21/06/00
ED03
Rosette
74
H
H
H
H






21/06/00
ED03
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7.  Productivity Experiments, Line P

Lipsen, Peterson, Marchetti, Putland and Bornhold (IOS and UBC):
Line P Monitoring
As a continuation of our work in 1998 and 1999, the principal focus along line P was to measure 14C incorporation into organic and inorganic particulate carbon. Size fractionated chlorophyll a concentrations were also measured at the 6 depths of the productivity samples as well as biogenic silica. P v I curves were also generated from each major station at 4 separate light depth. 32Si uptake experiments were collected and incubated from 4 depths. Samples were collected at all major stations. 

Again as a continuation of last years cruise work, we took samples from all major P stations for epifluorescence microscopy, inverted microscopy and scanning electron microscopy in order to enumerate the principal producers of organic and inorganic particulate carbon. Additionally, samples were taken for virus enumeration, HPLC and Coccolithophore numbers.


Phytoplankton net (30 m mesh) samples were taken from line P stations at the 1% light level as well as 150 m. Samples were preserved immediately for qualitative analysis. Initial examination will focus on the larger phytoplankton species with an emphasis on diatoms.

An experiment was conducted to examine the influence of iron and nutrient limitation of phytoplankton at station P26. Water from station P26 was collected using a teflon pump, supplemented with iron and various nutrient and carbon sources and incubated at a single light intensity in the deck mounted incubators, together with appropriate non-supplemented controls. These were incubated for six days and samples taken for chlorophyll, species composition, primary productivity, nutrients, 15N and dissolved iron

An additional experiment was incorporated to measure the possible production of domoic acid in diatoms along line P. Samples were taken at stations P-4, P-16, and P-26, inoculated with nutrients or iron and incubated for 20 days. Analysis of samples included chlorophyll a, phytoplankton species composition and domoic acid presence/absence.

Isotope Inventory

15 mCi of 14C bicarbonate were taken on board. 13.095 mCi was used in experiments. Low level liquid waste was diluted and disposed down the radiation sink following set protocols. 1.905 mCi of 14C will be returned to shore and stored at IOS.

One Ci of 32Si was brought on board. 0.91 Ci was used in experiments. Liquid and low level solid waste will be dealt with as above. The remaining 0.09 Ci will be transported back to UBC packed in an appropriate container.  

· During water sampling it is essential to be able to count on the support of the watch keepers.  

· We appreciate the support we are receiving with the installation of the CTD fluorometer at the beginning of the cruise, and with the appropriate installation and removal of the CTD light sensor throughout the duration of the cruise.  

· During the eddy portion of the cruise we lost the Teflon sphere on the CTD light sensor.  This loss leaves us with no functional light sensor, essential for primary productivity experiments.  

· There was a small leak in the sink used for radioisotope disposal, and this problem was fixed immediately by the crew of the CCGS Tully.  

· The seawater flow to the incubators located on the helicopter deck needs to be improved (see section 19, this report)  
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				Cruise 2000-10

				May 30 to June 17 2000

		stn		yy		mo		day		utc time		Latitude				d.Lat		Longitude				d.long		d.Lat		Sal		NO3		PO4		Si		Chl		coccolithophores

										hhmm		dd		mm.mm				ddd		mm.mm						bot		uM		uM		uM		ug/L		cells/L

		JF1		00		05		31		0532		48		15.99		48.27		123		30.041		123.50		48.27		30.859		21.4		1.78		37.8		2.27

		JF2		00		05		31		0747		48		18.02		48.30		124		00.03		124.00		48.30		30.824		20.6		1.70		38.4		1.25

		JF3		00		05		31		1007		48		27.00		48.45		124		29.97		124.50		48.45		31.241		20.0		1.62		36.0		2.18

		JF4		00		05		31		1212		48		32.336		48.54		125		00.057		125.00		48.54		30.443								3.08

		P1		00		05		31		0230		48		32.417		48.54		125		25.976		125.43		48.54		30.540		0.0		0.20		5.9		3.15

		P2		00		05		31		1737		48		35.926		48.60		126		00.007		126.00		48.60		30.378		1.6		0.43		6.4		2.19

		P3										48		37				126		20														0.22

		P4		00		06		01		0903		48		38.97		48.65		126		40.12		126.67		48.65		31.869		0.0		0.35		6.4		0.55

		P5		00		06		01		2133		48		41.457		48.69		127		10.053		127.17		48.69		32.344		0.2		0.45		7.6		0.30

		P6		00		06		02		0202		48		44.779		48.75		127		39.828		127.66		48.75		31.519		0.0		0.34		8.6		1.34

		P7		00		06		02		0512		48		46.625		48.78		128		09.972		128.17		48.78		31.700		0.0		0.32		7.3		0.62

		P8		00		06		02		0822		48		48.98		48.82		128		40.015		128.67		48.82		32.333		0.0		0.39		5.4		0.17

		P9		00		06		02		1135		48		51.406		48.86		129		09.987		129.17		48.86		32.575		1.4		0.53		8.7		0.19

		P10		00		06		02		1436		48		53.573		48.89		129		39.741		129.66		48.89		32.638		5.6		0.80		11.7		0.23

		P11		00		06		02		1739		48		55.97		48.93		130		09.913		130.17		48.93		32.645		6.9		0.88		13.2		0.22

		P12		00		06		02		2146		48		58.143		48.97		130		39.798		130.66		48.97		32.650		7.2		0.90		13.5		0.24

		Apex		00		06		03		1832		49		38.285		49.64		130		51.21		130.85		49.64		32.630		6.2		0.84		11.8		0.24

		P13		00		06		04		0011		49		02.624		49.04		131		39.73		131.66		49.04		32.664		7.5		0.93		13.8		0.13

		P14		00		06		04		0509		49		07.39		49.12		132		40.077		132.67		49.12		32.670		7.4		0.94		13.8		0.17

		P15		00		06		04		1013		49		12.01		49.20		133		40.052		133.67		49.20		32.678		8.4		1.00		13.8		0.14

		P16		00		06		04		1854		49		17.073		49.28		134		40.174		134.67		49.28		32.658		8.5		0.97		13.4		0.16

		P17		00		06		05		1648		49		20.997		49.35		135		40.014		135.67		49.35		32.673		8.8		1.00		13.2		0.14

		P18		00		06		05		2139		49		26.034		49.43		136		40.177		136.67		49.43		32.668		10.3		1.09		14.7		0.12

		P19		00		06		06		0242		49		30.003		49.50		137		39.877		137.66		49.50		32.658		10.7		1.12		15.9		0.14

		P20		00		06		06		0736		49		34.058		49.57		138		39.915		138.67		49.57		32.653		9.6		1.05		13.2		0.11

		P21		00		06		07		0441		49		38.005		49.63		139		39.556		139.66		49.63		32.657		12.3		1.11		19.7		0.17

		P22		00		06		07		0900		49		41.999		49.70		140		40.017		140.67		49.70		32.670		12.7		1.13		19.6		0.22

		P23		00		06		07		1331		49		46.007		49.77		141		39.99		141.67		49.77		32.676		12.9		1.17		19.9		0.24

		P24		00		06		07		1735		49		50.032		49.83		142		39.646		142.66		49.83		32.648		12.1		1.13		19.2		0.21

		P25		00		06		07		2201		49		59.549		49.99		143		36.175		143.60		49.99		32.657		12.0		1.11		19.0		0.27

		P35		00		06		08		0112		50		00.136		50.00		144		18.286		144.30		50.00		32.689		13.0		1.18		20.8		0.19

		P26		00		06		10		1546		50		00.064		50.00		144		59.496		144.99		50.00		32.685		12.9		1.23		20.0		0.29

		Loop 1		2000		06		11		2355		50		16.192		50.27		144		20.604		144.34		50.27		32.684		12.9		1.21		19.4		0.09

		Loop 2		2000		06		12		0300		50		46.85		50.78		144		20.448		144.34		50.78		32.781		8.1		0.86		1.1		1.26

		Loop 3		2000		06		12		0700		50		59.779		51.00		143		40.389		143.67		51.00		32.778		7.5		0.82		1.4		1.67

		Loop 4		2000		06		12		1100		51		00.156		51.00		142		43.206		142.72		51.00		32.781		14.1		1.31		21.1		0.25

		Loop 5		2000		06		12		1500		50		59.944		51.00		141		43.516		141.73		51.00		32.779		14.3		1.32		22.0		0.22

		Loop 6		2000		06		12		1900		51		00.527		51.01		140		43.06		140.72		51.01		32.687		12.9		1.25		20.0		0.16

		Loop 7		2000		06		12		2300		51		00.68		51.01		139		39.726		139.66		51.01		32.690		12.0		1.19		17.6		0.21

		Loop 8		2000		06		13		0300		50		59.803		51.00		138		36.757		138.61		51.00		32.680		11.6		1.17		16.6		0.14

		Loop 9		2000		06		13		0700		51		00.201		51.00		137		31.523		137.53		51.00		32.621		9.3		1.04		14.3		0.17

		Loop 10		2000		06		13		1102		51		00.217		51.00		136		28.782		136.48		51.00		32.586		8.2		0.98		12.9		0.22

		Loop 11		2000		06		13		1500		50		59.857		51.00		135		25.701		135.43		51.00		32.577		7.6		0.93		12.6		0.22

		Loop 12		2000		06		13		1900		50		59.504		50.99		134		18.707		134.31		50.99		32.534		6.5		0.85		12.1		0.33

		Loop 13		2000		06		13		2300		50		59.57		50.99		133		27.827		133.46		50.99		32.347		1.1		0.55		5.4		0.42

		Loop 14		2000		06		14		0300		50		59.854		51.00		132		40.305		132.67		51.00		32.251		3.1		0.64		9.9		0.35

		Loop 15		2000		06		14		0700		51		00.107		51.00		131		51.877		131.86		51.00		32.203		1.8		0.53		9.9		0.77

		Loop 16		2000		06		14		1100		50		59.616		50.99		131		02.104		131.04		50.99		32.119		1.1		0.53		13.1		1.02

		Loop 17		2000		06		14		1500		50		59.79		51.00		130		15.555		130.26		51.00		32.250		1.0		0.50		4.9		0.27

		shelf stn		2000		06		14		1712		51		00.097		51.00		129		55.016		129.92		51.00		32.136		0.2		0.43		4.6		0.27

		Loop 18		2000		06		14		2300		51		18.146		51.30		129		00.557		129.01		51.30		31.175		0.7		0.41		6.1		1.4395660283

		SP5		2000		06		15		0002		51		21.002		51.35		128		46.651		128.78		51.35		31.513		0.4		0.43		6.7		0.10

		RI4		2000		06		15		1107		51		39.034		51.65		127		27.275		127.45		51.65		25.790		0.0		0.13		1.8		4.22

		RI3		2000		06		15		1214		51		35.971		51.60		127		32.378		127.54		51.60		26.702		0.0		0.20		2.3		8.02

		RI2		2000		06		15		1311		51		31.183		51.52		127		33.584		127.56		51.52		27.058		10.1		0.87		23.5		9.56

		RI1		2000		06		15		1408		51		26.352		51.44		127		38.221		127.64		51.44		28.355		0.5		0.19		2.5		8.28

		Loop 19		00		06		17		0300		50		51.565		50.86		127		48.702		127.81		50.86		31.902		6.5		0.90		16.7		1.71

		Loop 20		00		06		17		0700		51		01.285		51.02		128		49.776		128.83		51.02		30.987		0.0		0.12		1.2		5.34

		Loop 21		00		06		17		1100		51		08.399		51.14		129		52.268		129.87		51.14		31.784		0.0		0.36		7.1		0.82

		Loop 22		00		06		17		1500		51		15.891		51.26		130		54.305		130.91		51.26		32.208		0.0		0.46		11.3		0.62

		Loop 23		00		06		17		1900		51		22.337		51.37		132		03.712		132.06		51.37		32.289		1.7		0.57		10.3

		Loop 24		00		06		17		2300		51		29.35		51.49		133		17.452		133.29		51.49		32.231		1.7		0.55		11.8

		Loop 25		00		06		18		0300		51		37.784		51.63		134		33.611		134.56		51.63		32.552		5.7		0.80		11.8

		ED01		00		06		18		1732		51		44.75		51.75		135		50.22		135.84		51.75		32.435		3.8		0.68		12.8

		ED02		00		06		19		0406		52		00.02		52.00		135		50.047		135.83		52.00		32.433		4.9		0.74		8.7

		ED03		00		06		19		0824		52		15.144		52.25		135		49.901		135.83		52.25		32.371		4.6		0.73		6.7

		ED04		00		06		19		1132		52		30.315		52.51		135		44.621		135.74		52.51		32.350		4.5		0.74		6.1

		ED05		00		06		19		1434		52		45.093		52.75		135		49.862		135.83		52.75		32.269		4.2		0.70		3.0

		ED06		00		06		19		1856		53		00.00		53.00		135		49.653		135.83		53.00		32.298		4.2		0.71		3.7

		ED07		00		06		19		2242		53		15.007		53.25		135		49.983		135.83		53.25		32.352		4.5		0.74		5.8

		ED08		00		06		20		0206		53		30.001		53.50		135		50.047		135.83		53.50		32.430		3.1		0.65		13.8

		ED09		00		06		20		0440		53		44.979		53.75		135		49.983		135.83		53.75		32.524		6.1		0.83		12.0

		ED10		00		06		20		0756		53		59.971		54.00		135		49.896		135.83		54.00		32.559		6.8		0.87		10.2

		ED7e		00		06		20		1400		53		14.98		53.25		135		25.014		135.42		53.25				3.1		0.67		11.5

		ED6e		00		06		20		1609		52		59.971		53.00		135		24.854		135.41		53.00				3.8		0.70		3.4

		ED5e		00		06		20		1818		52		44.992		52.75		135		24.742		135.41		52.75				3.8		0.70		3.0

		ED05		00		06		20		2251		52		45.027		52.75		135		50.074		135.83		52.75				4.0		0.69		2.8

		ED4.5		00		06						52		37.5		52.63		135		50		135.83		52.75				3.9		0.69		2.7

		ED04		00		06						52		30		52.50		135		50		135.83		52.75				3.6		0.69		3.1

		ED3.5		00		06						52		22.5		52.38		135		50		135.83		52.75				4.0		0.71		4.5

		ED03		00		06						52		15		52.25		135		50		135.83		52.75				3.2		0.66		10.9

														approximate
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coast

		Vancouver Island												d.long		d.lat

		50		47		50.78				128		29		128.48		50.78

		50		14		50.23				127		44		127.73		50.23

		50		7		50.12				127		54		127.90		50.12

		50		5		50.08				127		48		127.80		50.08

		50		8		50.13				127		40		127.67		50.13

		49		37		49.62				126		50		126.83		49.62

		48		54		48.90				125		30		125.50		48.90

		49		2		49.03				125		22		125.37		49.03

		48		57		48.95				125		2		125.03		48.95

		48		47		48.78				125		13		125.22		48.78

		48		19		48.32				123		32		123.53		48.32

		48		27		48.45				123		17		123.28		48.45

		49		8		49.13				123		50		123.83		49.13

		49		28		49.47				124		47		124.78		49.47

		50		20		50.33				125		27		125.45		50.33

		50		37		50.62				127		10		127.17		50.62

		50		52		50.87				127		55		127.92		50.87

		50		47		50.78				128		29		128.48		50.78

		Queen Charlotte Islands

		51		57		51.95				131		2		131.03		51.95

		52		40		52.67				132		0		132.00		52.67

		53		19		53.32				132		46		132.77		53.32

		53		48		53.80				133		8		133.13		53.80

		54		0		54.00				133		8		133.13		54.00

		54		11		54.18				133		2		133.03		54.18

		54		9		54.15				132		40		132.67		54.15

		54		7		54.12				132		18		132.30		54.12

		54		2		54.03				132		0		132.00		54.03

		54		9		54.15				131		40		131.67		54.15

		53		46		53.77				131		53		131.88		53.77

		53		31		53.52				131		57		131.95		53.52

		53		3		53.05				131		36		131.60		53.05

		52		42		52.70				131		27		131.45		52.70

		52		13		52.22				131		2		131.03		52.22

		51		57		51.95				131		2		131.03		51.95

		Kodiak Island

		58		38		58.63				152		30		152.50		58.63

		57		27		57.45				154		50		154.83		57.45

		56		44		56.73				154		5		154.08		56.73

		57		35		57.58				152		12		152.20		57.58

		58		0		58.00				152		30		152.50		58.00

		58		23		58.38				152		0		152.00		58.38

		58		38		58.63				152		30		152.50		58.63

		Prince of Wales Island

		54		41		54.68				132		0		132.00		54.68

		55		16		55.27				132		0		132.00		55.27

		56		20		56.33				133		10		133.17		56.33

		56		21		56.35				133		37		133.62		56.35

		55		55		55.92				133		50		133.83		55.92

		55		2		55.03				132		55		132.92		55.03

		54		42		54.70				132		20		132.33		54.70

		54		41		54.68				132		0		132.00		54.68

		Baranof and Chicagof (Sitka) Islands

		56		10		56.17				134		40		134.67		56.17

		58		3		58.05				134		56		134.93		58.05

		58		15		58.25				135		45		135.75		58.25

		58		0		58.00				136		35		136.58		58.00

		57		10		57.17				135		33		135.55		57.17

		56		41		56.68				135		17		135.28		56.68

		56		10		56.17				134		40		134.67		56.17

		Kupreanof Island

		56		26		56.43				133		40		133.67		56.43

		56		35		56.58				132		33		132.55		56.58

		57		0		57.00				133		8		133.13		57.00

		57		4		57.07				134		0		134.00		57.07

		56		49		56.82				133		40		133.67		56.82

		56		26		56.43				133		40		133.67		56.43

		Admiralty Island

		57		1		57.02				134		37		134.62		57.02

		57		21		57.35				133		50		133.83		57.35

		58		10		58.17				134		20		134.33		58.17

		58		10		58.17				134		45		134.75		58.17

		58		0		58.00				134		48		134.80		58.00

		57		23		57.38				134		33		134.55		57.38

		57		1		57.02				134		37		134.62		57.02

		Coast

		43		0		43.00				124		30		124.50		43.00

		44		0		44.00				124		9		124.15		44.00

		45		0		45.00				124		0		124.00		45.00

		46		0		46.00				124		0		124.00		46.00

		46		12		46.20				123		59		123.98		46.20

		46		14		46.23				123		20		123.33		46.23

		46		20		46.33				124		0		124.00		46.33

		46		30		46.50				124		3		124.05		46.50

		47		0		47.00				124		11		124.18		47.00

		47		32		47.53				124		22		124.37		47.53

		48		0		48.00				124		40		124.67		48.00

		48		23		48.38				124		44		124.73		48.38

		48		10		48.17				123		34		123.57		48.17

		48		13		48.22				122		46		122.77		48.22

		48		36		48.60				122		26		122.43		48.60

		49		40		49.67				124		10		124.17		49.67

		50		0		50.00				124		45		124.75		50.00

		50		28		50.47				125		18		125.30		50.47

		50		28		50.47				126		0		126.00		50.55

		50		50		50.83				127		3		127.05		50.83

		51		10		51.17				127		45		127.75		51.17

		51		28		51.47				128		0		128.00		51.47

		52		9		52.15				128		30		128.50		52.15

		52		35		52.58				129		10		129.17		52.58

		53		37		53.62				130		35		130.58		53.62

		54		0		54.00				130		40		130.67		54.00

		54		41		54.68				130		27		130.45		54.68

		55		14		55.23				131		18		131.30		55.23

		55		36		55.60				132		12		132.20		55.60

		56		0		56.00				132		25		132.42		56.00

		56		40		56.67				132		20		132.33		56.67

		57		11		57.18				133		32		133.53		57.18

		58		10.8		58.18				134		8.4		134.14		58.18

		58		16.8		58.28				135		10		135.17		58.28

		58		23		58.38				135		55		135.92		58.38

		58		15		58.25				136		39		136.65		58.25

		58		53		58.88				138		0		138.00		58.88

		59		35		59.58				140		0		140.00		59.58

		60		2		60.03				142		0		142.00		60.03

		60		1		60.02				144		0		144.00		60.02

		60		40		60.67				146		0		146.00		60.67

		60		46		60.77				148		0		148.00		60.77

		60		0		60.00				148		25		148.42		60.00

		59		15		59.25				152		0		152.00		59.25

		58		50		58.83				153		17		153.28		58.83

		58		0		58.00				154		48		154.80		58.00

		57		33		57.55				156		0		156.00		57.55

		56		20		56.33				158		0		158.00		56.33

		55		30		55.50				159		30		159.50		55.50

		Bristol Bay

		56		40		56.67				159		30		159.50		56.67

		57		33		57.55				157		45		157.75		57.55

		58		52		58.87				157		0		157.00		58.87

		58		25		58.42				158		52		158.87		58.42

		58		45		58.75				159		30		159.50		58.75






