Project Report





Department of Fisheries and Oceans


Institute of Ocean sciences


Sidney, B.C., Canada





To:  Regional Science Director.		Final:	 X





1.  Cruise/Project No.:	 9618			2.  Dates:  Aug 12 to Sep 6, 1996		


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:  26			8.  Days at Sea:  22		


9.  Days lost to weather:  none		


10.  Days lost to other causes:  2 days to load, 2 days to offload.


11.  Appropriateness of platform:   excellent							


12.  Safety issues: (attach narrative if required)


Heave compensator was not working well later in the trip.  A rosette fell 2’ and hit the deck when the latch failed.  Servicing is required.





13.  Cruise/Project Results (see appendix):


CTD/transmissometry surveys were completed out along Line P and 51 N to the north end of Vancouver Island.  


Nutrients, chlorophyll and salinity were sampled in the upper 100 m at many stations, to provide details of the mixed layer phytoplankton structure in both nutrient depleted and replete regimes.  Nutrient depletion was observed out to 135 W.


The instrument array at Station P recorded fluorescence, light, bubble entrainment and T/S over a 3 month period at a single depth in the mixed layer (30 to 40 m range).  Currents were logged at a depth of about 60 m.


Plankton were sampled at 5 stations by the 5 university groups onboard.  Incubations of different assemblages seemed to be continuous in the several deck incubators.





14.  Primary Institute:   IOS						


15.  Associated Institutes:   UBC, U.Vic., Memorial U, Rimouski U and McGill U.


16.  Chief Scientist/Affiliation:   Frank Whitney, IOS (Ocean Sciences and Productivity)	
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18.  Equipment:


	Sail:   	yes           ADCP:   yes         Other:   echo sounder            


Note: SAIL was not recording fluorescence throughout the cruise, and ship’s heading appeared 90 deg off when we turned north or east (not west?).  


Note 2:  ADCP was incorrectly set up.  After several days E. Fok was able to get the program to log some data, although it is questionable whether we will be able to retrieve meaningful currents.





Winches:			.		


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


Depth max�
�
329 CTD�
1307�
5000 m CTD�
wire good, spooling poor�
60/4200�
�
329 CTD�
1482�
3000 m CTD�
not used�
0�
�
420 hydro�
1432�
5900 m 5/32"�
break in one strand at 2500 m�
50/200�
�
320 work�
1207�
bare�
winch good�
�
�
455 Spooling�
1451�
bare�
winch good�
�
�



Equipment Deployed/recovered





Description�
Deployment�
Recovery�
�
Alace 578�
�
near R16�
�
Free drifting sediment traps�
1-300 m and 1-1000 m�
19 traps total�
�
Mixed layer instrument array (JGOFS)�
St P �
St P�
�
Productivity drifter�
St P�
St P�
�



Specialized Equipment:  In situ large volume pump system (Bishop, U.Vic.) successfully sampled to 1000 m at 5 stations.(6 profiles).  





19.  Comments and recommendations:


This entire cruise was highly successful due to the kindness of mother nature and the cooperation of officers and crew of R/V John P. Tully.  I am dissapointed over the loss of fluorescence and ADCP data from a cruise that promises to be the definitive one for the JGOFS program in the HNLC (high nutrient low chlorophyll) region of the NE Pacific.  I fear that we will have similar problems in the future as we lose support personnel.  However, I am delighted with the success in completing 2 survey lines and completing all planned work.  





The assistance we received in loading on the weekend befoe our cruise gave us an opportunity to properly set up for this complex program.  Thanks to Roger Levine and Ron Parkinson for arranging this.  














Appendix:  Reports from Participants





1.  Cruise Overview and Nutrients


Frank Whitney,  IOS





Cruise 9618 started with test casts of both our 23 bottle rosette and Jim Bishop’s multiple pump system in Saanich Inlet.  Following this station, we proceeded directly to Line P, a section that extends from the mouth of Juan de Fuca Strait almost due west to 50 N, 145 W.  We sampled by CTD in detail (27 stations to a max. depth of 3000 m) and by rosette at 5 sites which are about evenly spaced along the 1500 km line.  JGOFS participants focussed their attention on  biological processes at these 5 stations, sampling with Niskins, Go-flos, nets and pumps.  





After 4 days at Station P, the terminal station on the section, I chose a return route that would provide areal coverage of mixed layer nutrients, T/S and chlorophyll.  This section along 51 N ended off Trial Island at the north end of Vancouver Island.  Nitrate depletion in the mixed layer extended from the coastal upwelling area to 135 W.  In this region, a subsurface chlorophyll maximum and transmissivity minimum persisted at depths of 20 to 30 m.  Once surface salinities increased above 32.4 psu, 
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Fig. 1.  Nitrate, Silicate and Salinity on Line P (48 34’ to 50 0” N), Aug 1996.
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Fig. 2.  Nitrate, Silicate and Salinity along 51° N, Aug/Sep 1996





En route, we stopped to recover a profiling Alace float which had been sending data to Howard Freeland for one year.  The conductivity sensor had been seriously drifting since spring and the manufacturers were keen to recover the instrument to identify the problem.  Fouling on the sensor by a brown slime was obvious.


The sampling program for this cruise was 100% complete.  Data was lost from both the SAIL (fluorescence) and ADCP systems throughout the cruise.





I wish to acknowledge the watch keepers on this trip (Tim, Ron, Hugh, Doug, Edmand and Mike) who assisted a wide variety of sampling efforts.  They contribute greatly to both the JGOFS and IOS programs.  








2.  DOC/DON and DMS sample collection and analysis.


Wendy Richardson, IOS





DOC/DON


Samples were collected for Dissolved Organic Nitrogen and Dissolved Organic Carbon from surface to six hundred meter depths at stations S3, MP04, MP12, MP16, MP20, and MP26.  At Station MP26 several deeper water samples were also drawn.  Samples above 200 meters were filtered through a 0.8 micron glass fiber filter. The DOC samples were then acidified, sparged for ten minutes, sealed in glass ampoules then stored in the cooler.  The DON samples were processed for oxidation at sea and analyzed on board.


DMS


	Samples were collected for Dimethyl sulfide analysis at Stations S3, MP04, MP12, MP16, MP20, MP26, MP32, R16 and Su 10.
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Fig. 3.  Dimethyl Sulfide at Stations along Line P. 





The samples were drawn by syringe from Niskins at depths from the surface to 400 meters.  An effort was made to take these samples at a similar time of day for all stations since diurnal variation was noted on the previous cruise.  The bottles were tripped about mid day.  The samples were processed on the DMS extraction system and analyzed by Gas Chromatograph with a flame photometric detector.  At station Papa another series of sampling at three specific times of day was carried out.  These times were pre-dawn, mid day and at dusk. Diurnal variations were observed.  A very marked change in the DMS profile was noted between coastal and oceanic waters.  This occurred between stations MP16 and MP20 on our outbound journey and between station R16 and Su10 during our inbound route.








3.  Stable Isotopes


Maureen Soon and Dr. S.E. Calvert, University of BC, Oceanography, Department of Earth and Ocean Sciences, Vancouver.





AIMS


i)  To determine the natural abundance of stable isotopes (15N & 13C) in suspended particulate matter along line P.





ii)  To measure the rate of uptake of nitrate and ammonium by phytoplankton at various light levels, at each of the biological stations along line P.





iii)  To collect samples for determination of chlorophyll, total particulate C & N, dissolved nutrients, and 15N-nitrate in the water used for determination of particulate stable isotopes and NH4 & NO3 uptake rates.





CRUISE SUMMARY


1.  Collection of suspended particulate matter for the analysis of natural abundance of stable isotopes.


	Water from 8 depths in the upper 200m (surface, 10m, 25m, 50m, 75m, 100m, 150m, and 200m) was collected at stations P04, P12, P16, P20, and P26 using the rosette.  At P26, an additional 4 depths were sampled, down to 2000m ( 250m, 500m, 1000m, and 2000m).  Between 30 to 50 liters were filtered through 47mm GF/F filters and dried.  These will be analyzed for (15N and (13C on the mass spectrometer at UBC.


	Samples for 15N and 13C analyses were also collected from Jim Bishop's MULVFS pumping system. A 47mm subsample from the big QMA filter on each of the 12 pumps was collected, along with a 47mm filter on the sidearm of each pump.  Both GF/F and QMA filters were used on the sidearm, in order to compare the data obtained from filtering water collected by rosette with the in situ filtrations.





2.  Ammonium and Nitrate uptake experiments.


	1L of water for each uptake experiment was collected from 6 different "light depths" at each of the biological stations.  At P26, an additional incubation was done.  The samples were spiked with 10% of the ambient level of either nitrate or ammonium and were incubated for 24 hours.  They are then filtered onto 47mm GF/F filters and dried.


Nitrogen uptake on 2 size fractions (0.7-5mm & >5mm) was done for 2 different depths in the mixed layer at each of the 5 stations. After the incubation, the water was first filtered through a 47mm 5 micron filter and then onto 47mm GF/F filters and dried.





3. Determination of chlorophyll, total particulate C & N, dissolved nutrients, and 15N-nitrate.


	Each time water was collected for stable isotopes or nutrient uptake experiments, the following samples were also collected:


 i) 500ml of water were filtered onto a 25mm GF/F for chlorophyll.


 ii) 2L of water were filtered onto a 25mm GF/F for total particulate C & N.


iii) 1L of water was size fractionated for total particulate C & N.  The water was first filtered through a 47mm 5 micron and then onto a 47mm GF/F.


iv) 1L of filtered water at each depth was collected for dissolved 15N-nitrate








4.  Mesozooplankton dynamics in the subarctic Pacific, 


Robert Goldblatt, UBC


D.L. Mackas, IOS and A.G. Lewis, UBC, principle investigators.





Objectives


My primary objective for this cruise was to collect quantitative samples of mesozooplankton to determine the biomass, composition, abundance, and distribution of  mesozooplankton along Line P.  These samples were collected during both day and night in order to identify diel migrations.





A secondary objective was to perform incubations of the predominant copepods with various concentrations of cultured diatom prey in order to determine the functional response of these copepods feeding at various prey concentrations.





Results


Mesozooplankton samples were successfully collected at all 5 of the major biological stations along Line P.  There were no obvious trends in upper water column biomass along Line P, but the total biomass was apparently greater from stn P16 east compared to stn P20 & P26.  The composition of the mesozooplankton community changed from the more eastern stations (P16, 12 & P4), with a wide variety of animals including gelatinous types like salps & jellyfish, to predominantly copepods of the genera Calanus, Pseudocalanus, and Oithona in the upper water of the more western stations (P20, & P26).  Squid and small fish (e.g. saury) were observed at the eastern stations but not west of P16.  There were obvious differences in the vertical distribution of mesozooplankton at all stations, on a scale of (25 m.   Biomass in the 50 to 25m and 25 to surfaced layer was higher than any of the deeper layers, down to 250m.  At most stations, nighttime biomass in the upper 150m was greater than the daylight biomass.





A grazing experiment was carried out with copepods from station P26.  Calanus and Pseudocalanus were incubated with various concentrations of the diatom Thalassiosira weisflogii.  The results of this experiment will be used to determine a functional response for these copepods when feeding on different prey concentrations.





Plankton net samples collected


Vertical bongo net hauls from 150 m to the surface were carried out in the day and night at each of the 5 major stations.  The contents of one net were preserved in formalin for identifying and counting the mesozooplankton.  The contents of the other net were used for biomass determination.  These were filtered onto preweighed Nitex mesh and dried in preweighed aluminum pans at 50( for 48 h.





Tucker trawl (a plankton net system that carries 7 nets and a CTD) tows were carried out during the night at stns P4, 12, 20, 26.  This net allows sampling of mesozooplankton from 6 different depth strata.  Nets were opened at 250, 150, 100, 75, 50, & 25 m.  The contents of each net were preserved in formalin for later identification and counting.  Daytime Tucker trawls were also carried out at P4 and P26, in order to compare to nighttime tows and identify any diel vertical migrators.  No Tucker trawls were completed at stn P16 due to rough weather which flipped the trawl over when a trawl was attempted.





Nonquantitative collections of mesozooplankton were carried out at each of the 5 major stations in order to collect individuals for dry weight and C/N analysis, and for Dr. S. Calvert for 15N or 13C analysis.  These samples were frozen in liquid N for sorting on shore.





Other work performed





Mesozooplankton samples (4) were collected for Dr. B.W. Frost (U. Washington) for work on the genetics of coastal vs. open ocean populations of the copepod Calanus pacificus. 








5.  Pigment Studies 


Delphine Thibault, INRS-Oceanologie-UQAR, Rimouski





Goal: Study the pigment signature of phytoplankton and the fate of pigment through the food web (zooplankton gut contents, feces)





P04	- pumps samples 0.2µ, QMA (filters holders on extra arm) and punch 


	- Go-Flo for phytoplankton pigments signature (used GF/F filters)


	- nets hauls for	- gut contents in order to estimate the grazing on phytoplankton by copepods


	- defecation experiment in order to measure the pigment and CHN contents of feces





P12	- pumps samples 0.2µ, QMA (filters holders on extra arm) and punch and pizza slice from the 53µm filter


	- Go-Flo for phytoplankton pigments signature


	- nets hauls for 	- gut contents


	- defecation experiment





P16	- pumps samples 0.2µ (filters holders on extra arm) and punch and pizza slice from the 53µm filter at both pumps day and night


	- Go-Flo for phytoplankton pigments signature


	- nets hauls for 	- gut contents


	- defecation experiments on salps who were the main zooplankton species and on Neocalanus sp.





P20	- pumps samples 0.2µm, 5µm (filters holders on extra arm) and punch and pizza slice from the 53µm filter


	- Go-Flo for phytoplankton pigments signature. High abundance of diatoms (used GF/F and 5µm filters)


	- nets hauls for 	- gut contents





P26	- Pumps samples 0.2µ (filters holders on extra arm) and punch and pizza slice from the 53µm filter


	- FDSTAR (sediment trap at 200 and 1000m for pigments composition, feces, CHN. microscopy)


	- Go-Flo for phytoplankton pigments signature (GF/F and 5µm)


	- nets hauls for - gut content


	- defecation experiment on small copepods (mainly Calanus sp. and Pseudocalanus sp.)


	- pigment destruction experiment in order to estimate the lost of pigment during ingestion by copepods (used natural level of food, low and high concentration of culture of Thalassiosira).





Remarks:  Absence of large copepods and the few numbers of small ones made hard to run most of the experiments (zooplankton used in my experiments needing to be catch in a very short time).  








6.  Primary Production


Philip Boyd, UBC





Aims:


	i) To elucidate factors controlling primary production in the NE subarctic Pacific





	ii)  to determine the partitioning of phytoplankton biomass and production between three size classes





	iii) to assess the relationship between irradiance and primary production over 2-3 month periods using  a moored instrument platform





Measurements made:


At p4, p12, p16, p20 and p26  (at six light depths in the upper 50 m of the water column)





Size-fractionated chlorophyll  


Size-fractionated primary production


Water samples for phytoplankton counts (light microscopy)


Phytoplankton photosynthetic parameters including photochemical efficiency of photosystem II (using a fast-repetition rate fluorometer (FRRF))





Additional measurements along line P


underway chlorophyll fluorescence


underway measurements of photosynthetic parameters (using the FRRF) )


samples for the assessment of phytoplankton iron-limitation (flavodoxin and ferredoxin)





Experiments


Manipulative long-term bioassays at P4-P26 in which either the light field or micro-/macro-nutrient supply were perturbed





Pump samples


were obtained to assess phytoplankton protease activity





Mooring


The mooring was successfully recovered and a suite of measurements (PAR, temperature, salinity, current speed and direction, chlorophyll fluorescence, depth, and natural fluorescence (a proxy for primary production) were obtained from mid-May through until late August.  Pressure data  suggest that despite the reconfiguration of the mooring flotation the platform remained stable at 37 m +/- 1 beneath the surface.  This was slightly deeper than planned and resulted in the sensors being at a depth greater than the mixed layer for around 30 d.





Thanks for support from IOS and Hugh Maclean .





7.  Heterotrophic Bacteria


Nelson D. Sherry, UBC





My goal on this cruise was to begin measuring various parameters which will lead to an understanding of the role heterotrophic bacteria play in the oceanic carbon budget along line P and with depth.  I am also attempting to determine the factors that control bacterial abundance, growth, and reminerilization rates.





Along with some development and fine tuning of methods, a standard suite of experiments and slide preparations were done as follows:





1)  Slides for enumeration of bacteria were made using various fluorescent stains to aid in determining both bacterial numbers and viability (all major stations (P4, P12, P16, P20, P26)).





2)  Incubations with fluorescently labeled bacteria (FLB) were carried out followed by DAPI staining and preparation of slides for counting and assessing heterotrophic flagellate bactivery (all major stations)





3)  Slides for enumeration of virus particles were made (P4, P16, & P26).





4)  Samples were prepared for TEM analysis of viral infection rates on bacteria and total viral production. (all major stations).





5)  [3H]-thymidine and [14C]-leucine incubations were carried out to estimate bacterial growth/productivity rates throughout the water column (all major stations)..





6)  Total community and size fractionated respiration measurements were made at all major stations with depth down to 300 m.  Thanks to the watchkeepers and especialy Hugh all of whom made this possible.





7)  An array of incubations was carried out at P4 and P26 to address the possible influences of Fe, NH4 and Glucose enrichments on bacterial production in whole water samples.








8.  Bacteria, Microzooplankton and Zooplankton Growth and Grazing


Kenneth M. Crocker and Paul  J. Matthews, Memorial University of Newfoundland








Objectives:  


1) Bacteria: Measure bacterial growth along Line P and at Station P.


2) Microzooplankton: Estimate microzooplankton growth and grazing along Line P and at Station P.


3) Zooplankton:	Estimate zooplankton grazing  on microzooplankton and phytoplankton along Line P and at Station P, as well as measuring secondary effects of zooplankton density on the microbial community. 


4) Isotope Flux:	Measure total flux of bacterial and primary production through the foodweb to macrozooplankton. 





Methods


1) Bacteria: Bacterial growth in the presence of nutrient was estimated by means of microscopy.  Nutrients used were Glucose, Glutamic Acid and Phosphate.  The experiment was of a factorial design with a total of 8 nutrient conditions including control.  Seawater was filtered through a 1 micron filter and further diluted with particle free seawater (PFSW) to minimize grazing. Volumes of seawater were incubated at approximately ambient temperature in a flowing seawater incubator, at 24 hour intervals the incubations were subsampled and preserved in glutaraldehyde for eventual enumeration by Acridine Orange Direct Count (AODC).  Bacterial production (Thymidine inc.) was performed on selected sample from zooplankton grazing experiment, see below.


2) Microzooplankton: Microzooplankton grazing and growth was estimated by means of a dilution experiment.  202 um FSW was diluted with nutrient  rich PFSW to yield a total of 8 dilution including a PFSW control.  Samples were incubated under 2 neutral density screens in a flowing seawater incubator at approximately ambient temperature.  Biomass was determined at T0 (approx. 4 hours after dilution were made) and at T48 by chlorophyll (GF/F and 5um), AODC and preserved Lugols samples


3) Zooplankton: 	Zooplankton grazing was measured by  measuring the disappearance of particles from natural seawater at differing densities of  zooplankton. At each station, differing amounts of the dominant zooplankton were placed in up to 12  cubitainers filled with 10 liters of  seawater. Zooplankton were allowed to graze for 24 hours and then the experiment was terminated. Samples at T0 included chlorophyll (GF/F and 5 um) and cell counts (preserved with glutaraldehyde or Lugol’s). At TF, these measurements were repeated, and additional samples  were taken for ammonium, dissolved free amino acids (DFAA) and  bacterial production. These additional measurements should allow us to measure the indirect effects on bacteria and phytoplankton of nutrient release by zooplankton grazing. 


 4) Isotope Flux: Total fluxes  of  bacterial and primary  production were measured in isotope flux experiments. Seawater samples were split into two treatments; H214CO3 + 3H-methylamine, or 14C-leucine + 3H-methylamine. Each treatment had  3H-methylamine, which is an ammonium analogue, and therefore is taken up by both bacteria and phytoplankton. H214CO3 is only taken up by primary producers, while 14C-leucine is solely utilized by bacteria. Using these three labels, we hope to be able to track the flow of material due to either bacterial or primary production.  The incorporation of these materials was followed over a minimum 48 hour period, at which time copepods were added to the treatments, and allowed to graze of either 1.5 hours or 9 hours. This final stage of the experiment is intended to allow us to estimate the proportion of zooplankton-consumed material which is ultimately bacterially derived versus the proportion which is derived from phytoplankton. 








Results:


1) Bacteria: Estimation of  bacterial growth was performed along line P at P4, P20 and P26.  Thymidine incorporation was measured at major biological stations along line P.


2) Microzooplankton: 5 microzooplankton grazing experiments were performed along line P at the major biological stations concurrent with zooplankton grazing.


3) Zooplankton:	5 grazing experiments were conducted on copepods, one at each major biological station.  All used small copepods, usually Calanus spp. except for Station P4, and part of P20, where Neocalanus cristatus were used. Ammonium samples were extremely difficult to interpret, due to problems associated with the spectrophotometer. In future cruises, access to the autoanalyser would be a terrific aid.  


	Attempts to conduct salp grazing experiments at Station P12 were unsuccessful, due to the extreme difficulty in obtaining healthy salps. It is probable that this cannot be accomplished without either diving or collection salps from the water surface by hand. The latter option was not possible on this cruise as the salps were too deep. 





4) Isotope Flux: 4 experiments were conducted on isotope flux, at Stations P16, P20 and twice at P26. 





Discussion and Recommendations:


1) Bacterial Growth: These experiments were significantly cut back compared with previous efforts.  Reduction in personnel requires a realignment of priorities.  On this cruise microzooplankton grazing was retained and the estimation of bacterial production and determination of conversion factors by thymidine uptake was curtailed.


2) Microzooplankton Grazing:  These experiments were successfully executed.  The availability of a small amount of bench space in the wet lab for the production of PFSW was of great value as it frees up valuable bench space and eliminates the hazards of having a number of carboys filled with seawater on the floor in the main lab, appreciated by those who have to navigate already confined walkways.  On future cruises this wetlab space will be needed again for 2-3 hours on the night prior to our full water cast.


3) Zooplankton:	Overall these experiments went reasonably well, however,  since the animals caught were quite small, interpretation of the data will be difficult. In future cruises, there are two requests that would greatly simplify these experiments; 


	1) an incubator located on the boat deck,  so that zooplankton are not damaged by the extreme 	ships motion on the helicopter deck, 


	2) access to the ammonium autoanalyser, so that samples are not subject to the vagaries of the 	spectrophotometer. 


	


	In addition, it may still be necessary on some future cruise to lower a zodiac to the water’s surface in order to capture salps. 





4) Isotope Flux: These experiments seemed to work reasonably well, but their ultimate success won’t be know until the data is fully analysed. 





Comments of a general nature


Helicopter deck incubation temperatures were approximately 2 degrees above ambient throughout the cruise.  Having water delivered by the fire pump seems to be the only way to keep temperatures anywhere near ambient.  





The contamination of the rosette by hydraulic fluid early in the cruise created additional problems for us.  Large volumes of  seawater were required and the only means to collect this water without fear of hydrocarbon contamination was by means of doing Go-Flo from the starboard hydrowinch.  This in itself is tiring and time consuming on both research personnel and watchkeepers.  When combined with the fact that Go-Flo serviceability was poor this often meant that 140+ L of seawater was collected 10 L at a time.





Overall, we had a reasonably successful cruise, and we greatly appreciate the efforts of the Tully crew and the IOS personnel, without whom this work would have been impossible.








9.  I love Fe


Maite Maldonado, Julie Granger, and Neil Price (McGill University) 





	Recent studies in Fe-limited oceanic regions have found that 99.9% of the dissolved Fe is bound to strong organic ligands.  We suspect this pool to be available to the phytoplankton community, as the flux of dissolved inorganic Fe is theoretically too low to maintain growth. The mechanisms by which phytoplankton might acess this organic Fe pool are unknown at the moment.  In the lab we have found that Fe-limited phytoplankton growing in a chelated medium reduce Fe bound to organic ligands to enhance their Fe uptake rates.  Phytoplankton growing with nitrate have higher Fe uptake rates and higher Fe reduction rates than ammonium grown cells, thus we hypothesize that plasmalemma bound nitrate reductase is the enzyme mediating Fe reduction at the cell surface. 





	As we move off shore, the concentrations of dissolved Fe decrease, thus in this cruise we examined patterns of Fe acquisition and Fe reduction of the plankton community along Line P.  As Fe-limitation increases Fe reduction rates by phytoplankton should increase as well as competition between phytoplankton and bacteria for the limiting source of Fe.





Our goals in this cruise were : 





	a) investigate Fe uptake and acquisition by phytoplankton and bacteria, in particular examine how phytoplankton and bacteria acquire Fe bound to a variety of strong organic ligands, including Fe siderophores.  We hypothesized that Fe reduction at the cell surface allows phytoplankton to access the organic Fe pool, and thus we measured reduction rates of organic Fe by both bacteria and phytoplankton  


	b) We measured in-situ short term Fe uptake rates of phytoplankton and bacteria, using radiotracers and size fractination.  Our main goal was to investigate if either phytoplankton or bacteria are better competitors for Fe when Fe concentrations are below saturation.


	c) We determined in-situ Fe:C ratios of phytoplankton and bacteria.   These quotas can be used to indicate the degree of Fe-limitation experience by both phytoplankton and bacteria, and to determine the distribution of particulate Fe among the different pools.          





Station P4, P16 and P26


	We measured size-fractionated, short-term Fe uptake rates of Fe bound to EDTA, Desferrioxamine B and Desferrioxamine E   For these experiments we used in-situ Fe concentrations.  Uptake rates were measured for 18 hours and will be normalized to chlorophyll, particulate C, and cell counts.  Fe uptake rates at saturating Fe concentrations were also measured, using EDTA.  The ratio of saturating to non-saturating short-term Fe uptake rates will indicate the Fe-status of the different size fractions.	


	We also measured high organic Fe reduction rates by phytoplankton, indicating that at this station phytoplankton are in fact Fe-limited.  These reduction rates however need to be normalized to biomass.





Station P12, P20, and P26 


	We measured Fe:C ratios of the different size fractions with additions of Fe55 (in-situ Fe concentrations) and C14.  To prevent Fe enrichment of the community, Fe was added bound to excess EDTA   The community was uniformly labeled for 8 days.


	Organic Fe reduction rates by phytoplankton were measured in duplicates as outlined above. 





All stations 


	Depth profile (6 depths) samples were taking for ETS (electron transport system) and particulate phosphate.  The Bishop group provided us with a sample at each one of the 5 shallower depths, starting at station P12.  This samples will also be analyzed for ETS activity.    





	We also investigated the impact of low iron concentrations on the heterotrophic bacterial community, to test for the possibility of either iron-limitation, or more likely, iron stress of this community.  Iron was added to the less than 1um fraction, in tandem with organic carbon (glucose) and inorganic nitrogen (ammonia) and the growth rate and biomass (hence the million slides) measured over time at stations P4, P16, and P26 - following a theoretical gradient of decreasing ambient iron concentrations.  At these same stations, the flux of labeled iron and glucose was followed over two days, again hoping to see differences in the relative fluxes at different stations.  


	Finally, we attempted to characterize the organic ligands to which 99% of the dissolved iron is bound.  These are believed to be siderophores of bacterial origin.  Filtered water was passed through a column that  retains siderophores, and adsorbed material will be analyzed in Montreal in hopes of identifying siderophores.  Voila!!








10.  Multiple Unit Large Volume in situ Filtration System


Todd Mudge and Robert Schultz, University of Victoria





Scientific Collaborations: Phil Boyd (UBC), John Berges (BNL),  Delphine Thibault (Suzanne Roy, Rim), Maureen Soon (Steve Calbert, UBC), Magnus Eek (Micheal Whiticar, UVic), Matt Charrett (Brad Moran, URI), Maite Maldonado, Julie Granger (Neil Price, McGill), Frank Whitney (IOS).








Overview: The MULVFS is designed to collect samples of particulate matter split in-situ into < 1um, 1-53, and > 53 um size fractions from volumes of seawater as great as 15,000 litres. Analysis of the major, minor and trace element distributions in the samples coupled with microscopic analysis allows characterization of processes governing organic matter production, vertical transport, and remineralization in the water column. MULVFS is also configured to collect, by absorption, the naturally occurring uranium series and cosmological nuclides dissolved is seawater. In particular, the disequilibrium between Th-234 and U-238 in the euphotic zone gives an indication of particulate carbon export rates. A third independent sampling manifold allows studies of submicron sized particles and dissolved species. The large quantity of material collected permits multi-investigator studies of the same samples. High precision STD/transmissometer data is collected during each MULVFS cast to provide a high resolution vertical profile of particulate carbon concentration systematics and diurnal variability of particulate carbon.





Goals: The goals of this cruise were; [1] To obtain complete MULVFS profiles at stations P4, P12, P16, P20 and P26. Day and night casts were planned for P26. [2] To obtain samples of dissolved barium at stations P4, P12, P16, P20 and P26. [3] To obtain intercalibration profiles between the MULVFS STD-12/ SeaTech 1-m path length transmissometer  and IOS's ctd/transmissometer (1/4-m path length). [4] To determine the viability of operating MULVFS with only 2 dedicated persons and the help of various other people.





Narrative





[1] MULVFS Operations:





electrical: The electrical problems with the pump system and cable that were present in the February and May cruises appear to be completely solved. The faulty electrical slip rings which failed during the February cruise were replaced by the manufactor and were remounted for this cruise. One or more of the shallowest four pumps appeared to have a significant but not dangerous ground fault during the May cruise. This ground fault disappeared after replacing motors and electrical cabling from the four pumps. Operating resistances on the cable began at over 10 MOhms but slowly degraded (probably due to dirt, water and excessive silicon grease entering the connectors) to about 7 MOhms.





A new ground fault problem was identified in some part of the 440V electrical supply of the hydraulic pack that powers the winch. It only occurred during wet conditions on deck and was not considered by the on-ship electrician to be a hazard to ship operations. 





sampling: Six good MULVFS casts were obtained at P4, P12, P16, P20 and P26. All of the casts appear to be a great success.





Deployment of the pump system was accomplished in as little a 1 hr and 10 minutes. Recovery times were in general about 2 hours. The deployment and recovery times were just as fast, and at times faster, than what were obtained in earlier cruises. One improvement that must occur for the recovery side is an investigation of the operation of the bi-directional hydraulic control valve which appears to have seized up on the cast at P4. 





A total of 69 size fractionated samples and 2 operational blanks were obtained from volumes of seawater ranging from 2000 to 18000 litres (10 m to 900 m). A little over 500 subsamples of fresh (<1 um and 1-53 um) particulate material were distributed among 7 investigators at sea. Split of the > 53 um material were provided to 2 investigators at stations P4 and P26. Another 400 samples were obtained using the 47 mm filter holders attached to the ancillary sampling manifold on each pump.





Station P4 had the most large particles throughout the upper 1000 m as compared to the other stations, further offshore. Optical scanner results for P12, P16, P20 and P26 suggest that particulate remineralization is concentrated in the zone between 100 m and 300 m.





[2] Dissolved Barium sampling:





Dissolved Ba exhibits nutrient-like behaviour but its removal has been mechanistically linked to particulate carbon export. Rosette samples were obtained from 0 to 400 m cast at each of the major stations. Ba analyses will be conducted by ICP-MS.





[3] High precision transmissometer data:





High precision beam attenuation coefficient data are used to document particulate carbon variability and were obtained at each MULVFS cast (P4, P12, P16, P20, P26) and during CTD deployment at P26 (Aug 27) and a special cast near the NW coast of Vancouver island (Sept 3). Given an early Li battery problem, there was some concern about producing accurate transmissometer data; however, the data set looks very promising. Prospects look good for a high resolution, calibrated beam attenuation coefficient section utilizing data from the CTD casts at P1 - P26.





[4] Reduced MULVFS staffing





Operations of MULVFS with only two dedicated people proved to be very successful due to the assistance of those on the watch in deployment and recovery of the pumps. There was no noticeable reduction in speed or quality of deck operations. A significant reduction of work required by the two dedicated MULVFS persons was possible before and after each cast due to the assistance of various CJGOFS scientists. The crew and officers provided substantial help in trouble shooting some hydraulic and electrical problems as well as doing some machine shop work that allowed unplanned subsampling for the McGill group. All of the assistance from everyone involved was greatly appreciated by the MULVFS staff.





In summary, the cruise proved to very successful. Operations were extremely smooth and the most important scientific objectives were achieved.

















11.  Bird and marine animal observations.


Michael Bentley, contractor to CWS





Note: observations “On Transect” were made while the ship was underway.





Birds Observed On Transect: Station P4 to P26
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No transects were done between P8 and P10. Transects are 5 minutes long as the ship is steaming. All birds within 250 meters of the ship are counted. They are listed separately on the data sheets  according to whether they are flying or on the water. Birds on the water are presumed to be utilizing the area as opposed to flux just passing to who-knows-where from who-knows-where. Because of the ship’s varying speed, the transects are not directly comparable, therefore density is not given in this report.





Other species seen on Station Papa trip, August 15 to September  3





Birds





Pacific Loon		About twenty of this nearshore species were noted near Triangle Island on 				September third.


Laysan Albatross		An uncommon to rare but regular species with lowest numbers in summer. One 				was seen at P20 and one at P26. A third individual of this white bodied species 				was at the ship as the ALACE was being recovered.


Pink-footed Shearwater	A fairly common species over the continental shelf much rarer over the deep 				water. Only one recorded near P4.


Dark-rumped Petrel	This is an endangered species that breeds at Hawaii and the Galapagos. It is very 				unusual in this area, though one was seen south of the Aleutians last year. One 				at P20 on August 24.


Northern Pintail		A flock of 15 near P12. Another flock of 12 at P26. Two flocks near Triangle 				Island. Dabbling ducks such as this species and the next two are unusual far 				offshore. Pintails are the most frequently seen beyond the shelf and probably are 				regular migrants there as they move between Alaska and southern areas.


Green-winged Teal	Two dead ones found on board at  P12. Most deaths such as this are during 				heavy weather. Fog is seemingly the main factor causing the birds to get lost. 				Many types of birds are attracted to lights at night and seem to be disoriented. 				They strike towers, lighthouses or other structures and die or are injured.


Mallard			One seen by Hugh at night on the aft deck at P12 but he kicked it off. This bird 				and the Green-winged Teal arrived at the ship at about the same time during 				heavy fog and rain. They were probably migrating together.


Pacific Golden Plover	This shorebird is occasionally seen offshore. It migrates to the south seas from 				it’s arctic breeding areas. It landed on the aft deck briefly at P13.


Marbled Godwit		This shorebird flew by during heavy weather at P24.


Pectoral Sandpiper	Many shorebirds that end up offshore are attracted to ships and will land or 				circle the ship. This bird checked out the ship at P26.


Western Sandpiper	One juvenile landed briefly on the rail of the foc’sle deck in the area north of 				Triangle Island. Several unidentified peeps were seen during the trip.


Least Sandpiper		One flew over the ship, calling on September 3rd, north of Triangle Island.


Short-billed Dowitcher	Three flew over in the area north of the ALACE recovery. Like many shorebirds 				that approach ships, they vocalized, probably a contact call to see if any other of 				their species are on the ship. The call is the diagnostic identification point for 				this species.


Red Phalarope		The phalaropes are the only shorebirds that swim on the ocean. They are 				common but most  Reds migrate later in the year. One was seen at  Station P20.


Ruddy Turnstone		Another shorebird seen regularly offshore (but it can’t swim). One juvenile was 				seen circling the ship at P20. Several were seen by the Captain at P26.


Black Turnstone		One approached ship at P4. Three were near ship north of Triangle Island on 				September third.


South Polar Skua		One seen at P20. An uncommon to rare species that breeds in the Southern 				Oceans. Five were seen along 51 north on the way home.


Herring Gull		Several near Triangle Island. Most gulls are nearshore birds.


Glaucous-winged Gull	A few near Triangle Island where they breed.


California Gull		The most numerous gull on the trip. About thirty were around the Scott Islands 				Group.


Xantu’s Murrelet		A pair of these southern California breeders were near the outer edge of the 				Continental Shelf on September third. This species is a regular post breeding 				disperser to the offshore waters of British Columbia


Savannah Sparrow	Three landed on board on August 29. They were fed cereal and sunflower seeds 				which they ate readily. By August 31 only one was still with us. September 1 				there were none. They had probably restored their fat layer and attempted to 				migrate farther. They appeared to be a large billed Alaskan subspecies. This and 			 	the next	species are the two most frequent songbirds far offshore in this area (J. 				Anderson pers. comm.)


Lapland Longspur	Two different individuals of this landbird about the size of a sparrow were near 				the ship on different mornings at P26. It has been seen in the area before at the 				weather ships. It is not known what chance of survival songbirds have once 				they get this far offshore.








Cetaceans and Pinnipeds seen during the trip





Fin Whale		Two animals together near P3. Very similar to the Sei Whale, it was identified by  			surfacing characteristics, dorsal fin shape and colour.


Sei Whale		One just before the fire drill near P6. Identified by lighter colour and the dorsal 				fin which was taller and more falcate than Fin Whale.


Humpback Whale		A common migrant species on and just off British Columbia’s continental shelf. 				At least 18 were seen between P5 and P6. Six other unidentified spouts in the 				vicinity were probably this species. Six were seen on September third along 51 				north to the west of the Triangle Island.


Minke Whale		Two were very close to the ship on September third near Sartine Island.


Dall’s Porpoise		First seen at P6 and throughout the voyage thereafter. A common species that 				likes to bow-ride.


Northern Right Whale Dolphin    At least 5 animals associating with Pacific white-sided dolphins near P4.


Pacific White-sided Dolphins       First seen near P3 and several times subsequently. A common typical 				species of the North Pacific that likes to bow-ride.


Northern Fur Seal	One played around the ship at P26. This is a long distance migrant usually in 				offshore waters. Another was seen near Triangle Island on September third. At 				this time of year most are farther north.


Northern Sea Lion	Three were near Triangle Island. They are common here. There is 					a major haul-out on Sartine Island nearby





