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1.  Cruise/Project No.:	 9601			2.  Dates:  Feb 19 to Mar 8, 1996		


3.  Project Name:   Line P/Station P								


4.  Area of Operation:   N.E. Pacific to Station P


5.  Platform:  John P. Tully			6.  Master:  John Anderson		


7.  Days Allocated:  19			8.  Days at Sea:  17		





9.  Days lost to weather:  ship slowed to 5 kt range over several periods when winds exceeded 30 kt.  Travel time was increased by 2 to 3 days throughout the cruise.  Two CTD stations and 2 rosette casts were skipped due to excessive seas.  Program ended early at St P (4 h of low priority work deleted) and one pump cast terminated due to weather.





10.  Days lost to other causes:  1/2 day lost due to medical evacuation of a crew member by USCG helicopter to Prince Rupert.  Tully steamed towards Skidegate for about 10 h to be within 250 mi range of chopper.  An appendicitis attack was correctly diagnosed onboard by the Captain; the crew member (Don Casey) arrived at hospital in good condition.





11.  Appropriateness of platform:   excellent					





12.  Safety issues: (attach narrative if required)


		none





13.  Cruise/Project Results:





IOS


a. CTD casts to 1500 m at 25 of 27 stations along Line P.  CTD near present ALACE float position (drifter which was released in Sept 1995).  A cast at St “O” was completed for Ken Denman.


b.  rosette casts to bottom at P4, P12, P16 and P26 for S, O2, nutrients.  At select depths, DOC, DON, dimethyl sulfide, chlorophyll a, 18O, 13C, total CO2 and alkalinity were also sampled.


c.  2 surface drifters were deployed at P20 and P26 for AES.  


d.  an Alace profiling drifter was deployed in conjunction with an AES drifter at P26.


e.  a free drifting sediment trap line (11 traps) was deployed for 3 days near P26 and successfully recovered during 30 kt winds, with some damage to 2 traps.


f.  a half day incubation for primary productivity was successful at P26, despite a tangle with a mooring that was deployed at the same time.


g.  underway sampling included ADCP, SAIL (T, S, fluorescence, winds, barometric pressure), pCO2 (air and sea), plus discrete sampling for chlorophyll, nutrients & salinity.





Mixed layer nutrients are increasing along Line P compared to the lows recorded in 1994/95 (see figure below).  Levels are still only about 75% of what was seen in 1989.  The North Pacific remains windy in winter.  The crew of the John P. Tully and the U.S. coast guard can perform medical evacuations in 30 kt winds with great finess (video available).





�





JGOFS (universities)


See appendix for details of university programs.





14.  Primary Institute:   IOS, Ocean Sciences and Productivity Division  


15.  Associated Institutes:  Universities of B.C., Victoria, Memorial and Rimouski.	


16.  Chief Scientist/Affiliation:   Frank Whitney, IOS	


17.  Science Staff/Affliliations:





Philip Boyd�
UBC�
Bernard Minkley�
IOS�
�
Nelson Sherry�
UBC�
Ron Bellegay�
IOS�
�
Maureen Soon�
UBC�
Tim Soutar�
IOS�
�
Robert Goldblatt�
UBC�
Wendy Richardson�
IOS�
�
Hugh Maclean�
UBC�
Nick Hall-Patch�
IOS�
�
Ken Crocker�
Mem.�
Jim Bishop�
UVic�
�
Jennifer Putland�
Mem.�
Todd Mudge�
UVic�
�
Suzanne Roy�
Rim.�
Stacy Cooper�
UVic�
�



18.  Equipment:





	Sail:   	yes           ADCP:   yes         Other:   echo sounder            





Winches:			.		


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


Depth max�
�
MULVFS 


(U. Vic.)�
�
 1 1/2” multi conductor�
some concern that a termination failed�
4/1000 m�
�
329�
1483�
CTD�
good�
40/4200 m�
�
329�
1482�
CTD�
unused this trip�
0�
�
320�
1207�
bare drum�
�
2/4200 m�
�
420�
1432�
hydro�
good�
50/1000�
�
455�
1451�
bare drum�
�
4/1000 m�
�



Equipment Deployed/recovered


Description�
Recovery�
Deployment�
�
AES drifters�
�
2 (P20 and P26)�
�
Alace profiling drifter�
�
1 (P26)�
�
Mooring�
P26 (4200 m long)�
P26 (4200 m long)�
�
FDSTAR (drifting traps)�
P26�
P26�
�



Specialized Equipment:  


MULVFS pump system, which required considerable deck space and 2-440 V outlets to operate.





19.  Comments and recommendations:


The number of 440 v outlets and their mixed phasing caused problems for some aft deck operations.  Cruise plans need to lay out power requirements better, and equipment should be tested before departure to identify such problems.  A standard phasing throughout 3 phase outlets would eliminate some of the confusion.  


We had several failures of CTDs (thermometers, thermistors, conductivity cells, splices, connectors).  Data quality will undoubtedly suffer.  As was commented onboard, we built to WOCE standards with a focussed effort.  We are now losing this level of precision, due to reductions in staff which lessens equipment maintenance.  CTDs are also aging, and due to Gulidline’s inability to sell CTDs, are becoming unsupported.  There is an almost urgent need to switch to newer equipment.


Again, the advise and support of ship’s officers and crew was invaluable.  Without some creativity and cooperation, new operations such as the MULVFS pump system could not succeed.  Captain John Anderson sets the tone for this cooperation, which carries out throughout the vessel.  


There is concern amongst scientific staff that if a high turn-over in crew occurs through our merger with coast guard, we may lose the experience of the Tully’s present personnel.  I can foresee costs to our programs in equipment and time, especially when dealing with complex operations.  


�
Appendix





Outlines of work from cruise participants





I.  Philip Boyd and Hugh Maclean, U.B.C.


The objectives of this expedition were to investigate factors controlling primary production during the winter period, to assess the partitioning of phytoplankton biomass and production between 3 size fractions, and to recover a moored instrument platform at station P26.  The following sampling and experimental program was carried out:





Stations P04, P16, P12, P26


i)Underwater PAR cast





ii)Samples were taken for size-fractionated chlorophyll (0.2-5 µm, 5-18 µm and > 18 µm), and  phytoplankton species composition and abundance at 6 depths in the mixed layer. 





Short-term photosynthesis:irradiance (p:i) experiments (18 irradiances) were conducted using  surface water samples.  The partitioning of primary production within the above size fractions was assessed during 24 h  on deck incubations at 6 ‘light depths’.  At P26 only, samples for microzooplankton composition and abundance were taken, and an in situ primary production incubation was carried out in conjunction with IOS.





Station P20


Surface water samples were taken for size-fractionated chlorophyll (0.2-5 µm, 5-18 µm and > 18 µm), and  phytoplankton species composition and abundance. Short-term p:i experiments were conducted using  surface water samples.





Experiments at P26


The influence of irradiance and iron supply, and of irradiance and temperature on phytoplankton growth rates were assessed during experiments at P26.   In addition, diel variability in p:i characteristics was investigated.  It is hoped to use the latter in modeling primary production over the winter period in the NE subarctic Pacific.





Bio-Optical mooring at P26


The mooring was successfully recovered and data downloaded from both the S4 current meter and the INF integrating fluorometer.  The instrument platform (which now includes a CTD, GTD, upward looking acoustics and inferred meteorology package), was successfully redeployed and is estimated to be located ca. 35 m beneath the surface.  Thanks from Hugh and I for invaluable assistance from Ron and Tim.





MULVFS


Subsamples were taken from the MULVFS pumps, these  will be analysed for molecular markers of iron limitation in phytoplankton.





II.  Suzanne Roy, INRS-Oceanologie, Rimouski





Station P4 :	





Gut Pigments  sampled from daytime and nighttime net tows (8 samples : 2-3 size fractions x 3 net tows) (net tows were generally 0-150 or 0-125m vertical hauls with a WP-2 net)





Defecation Rates measured during the day and night (45 animals)





Feces catalogue : feces measured and photographed from the night defecation rate samples. All animals preserved in formalin for future taxonomic identification.





Fecal C, N content : feces produced by animals > 2 mm and by those between 0.5 and 2 mm were collected after 15h incubation for future CHN analysis





Water column pigments : 7-9 L of seawater was filtered from the following  depths: 5, 10, 25, 40 and 100 m for future chromatographic (HPLC) analysis of pigments.





General observations: many pteropods and tunicates (Oikopleura sp.) at this station. Animals often in poor condition (not active after the tow).





Station P16 :





Gut Pigments collected from one day and one night-time net tows (6 samples)





Defecation Rates measured only during the night (24 animals)





Feces catalogue : no photographs (ship rolls) but sizing measurements done during defecation rates and animals all preserved.





No Fecal C, N content on this station (not enough animals - tows)





Water column pigments : 9-10 L filtered from 5, 10, 20, 30, 50 and 120 m. Pump sampling also done one week later but electrical problems with the cable, resulting in only blank samples because actual pumping did not take place (12 depths - filtrations on 1 µm and 0.2 µm - for depths, see Bishop’s report).





General observations: a lot of mucus strands, greenish-colored, big enough to remain on a 2000 (m mesh sieve. Could not identify algae with the dissecting microscope, but saw radiolarians structures. Some of this material was kept for microscopic observation and some for HPLC pigment analysis.  Again, animals in poor condition. Pteropods and tunicates are less abundant than at Station P4.





Station P26 :





Gut Pigments collected from 3 nights and one day-time net tows (12 samples)





Defecation Rates measured at 3 occasions:  twice during the night and once during the day (70 animals)





Feces catalogue : feces were sized, photographs were taken and animals were preserved for future identification





Fecal C, N content : feces collected after 12-18h incubations of copepods  in filtered sea water - this was done three times at this station (once during the day, twice at night)





Water column pigments: 9-10 L filtered from 5, 10, 20, 30, 50 and 175 m from the Go-Flos bottles. Also, subsamples obtained from Jim Bishop’s pump sampling : 12 depths (see Bishop’s report for these), 24 samples: 12 from the 1 µm filter and 12 from 0.2 µm Nuclepore filters.





Free-drifting sediment traps (FDSTAR) : 4 cylinders were deployed at 105-110m with the FDSTAR deployment. These were left for 60 h. No preservatives were added, only brine at the bottom to decrease the risk of washout. Six hours after recovery, the water above the collection cups was siphoned off each trap and filtered on GFF filters for future determination of pigments and C and N content. The 4 cup contents were treated as follows: 


(1) fixed with formaldehyde for microscopic examination (of feces mainly : by Don Deibel)


(2) filtered on GFF and frozen in liquid nitrogen, for pigment analysis by HPLC


(3) filtered on combusted GFF and frozen in liquid nitrogen, for CHN analysis


(4) filtered on 4 Gelman GA metricel 0.8 µm filters for picking out feces and analysing those specifically for pigments (HPLC)





General observations: I can see chain centric diatoms (Thalassiosira or Chaetoceros) while observing feces production (magnification = 12 x on the dissecting microscope), suggesting a diatom bloom occurring or of a recent past. On the last net tow done, the one from 23h15 on 1 March 1996, Neocalanus sp. was in greater abundance (i.e. around 50 animals)  than in all other tows/stations done during this cruise. These animals were in very good shape, most had full guts, indicating recent feeding and the ones used for feces production rate measurements were still active 24 h after retrieval from seawater. My feeling is that net tows were done too late during the night to catch these big copepods that remain at depth most of the time, but come up to feed perhaps mostly in the early portion of the night (most other night tows were scheduled after 02 or 03h). The two biggest feces-producing animals observed on this cruise were Neocalanus and Euphausids. Sediment trap comments: very few swimmers observed in the 4 cylinders from 105-110 m (also few swimmers in the other traps). Also, few observable (by eye) fecal pellets on the filters. What I saw in the collection cups looks more like bloom algae settling out. This would also explain the fairly big amount of material collected from the siphoned water above the collection cups, with the slower settling rate of algae. Lastly, I would prefer to have these traps set-up deeper on following cruises, to avoid sampling the surface mixed layer. A depth that would be intermediate between the bottom of the mixed layer and the moored traps depth would seem more desirable (1000 m perhaps ? - to be discussed with Don Deibel and C.S. Wong). Finally, in cases like surface algal blooms, I think it might be best to fill the traps with filtered sea-water rather than suface sea-water before deployment (to be modified for my traps on future CJGOFS cruises).





Station P12 :





Gut Pigments collected from one day-time net tow (0-50 m)





Defecation Rates measured for 24 copepods (same net tow)





Fecal C, N sample collected, also from the same net tow





Feces catalogue: fecal pellets were sized and photographs were taken from the animals used for Defecation Rates





Water column pigments measured from 5, 10, 15, 25, 35 and 50m (10 L filtrations)





General observations : diatom bloom underway - chains of Chaetoceros sp. visible in the material collected from the net tow (other genera also seen, but much less abundant : Ceratium sp., and Rhizosolenia sp. Radiolarians also present). Copepods are dominant, small-sized (very few Neocalanus sp. observed) and in good shape. Dolphins also observed following the ship.








III.  Wendy Richardson, IOS


DON/DOC


	Samples were collected for Dissolved Organic Nitrogen and Dissolved Organic Carbon from surface to four hundred meter depths at stations MP04, MP12, MP16 and MP26.  At MP26, two Rosette casts were sampled since the top 4 Niskins failed to close during Cast 69.  Cast 80 was sampled from surface to 400 meters in order to obtain a complete profile for DON/DOC at MP26.  The DOC samples were filtered through 0.8 micron glass fiber filters, acidified, sparged for ten minutes, sealed in glass ampoules then stored in the cooler.  The DON samples for station MP04 were processed for oxidation at sea; however the failure of the autoclave to hold the required temperature for the necessary time resulted in the loss of these samples.  Thereafter DON samples were filtered then stored in the cold room for remaining stations.





DMS


	Samples were collected for Dimethyl sulfide analysis at all stations.  The samples were processed on the newly constructed extraction system and analysed by  gas chromatograph with a flame photometric detector.  Samples were drawn by syringe from Niskins or GoFlos tripped between surface and 400 meters.  Sampling was carried out at Stations S3, MP04, MP12, MP16, and MP26.  Eight casts varying between Deep Rosette, Shallow Rosette and Go Flo were analysed.  Initial storage and replication studies were carried out.  Variations of DMS concentrations were observed in the mixed layer.  Further system modifications should be investigated to reduce the observed drift of up to twenty percent.





IV.  Memorial University of Newfoundland


Participants: Ken Crocker, Jennifer Putland





Addresses:


Ocean Sciences Centre, 


Memorial University of Newfoundland


St. John’s NF, A1C 5S7 


kenneth@morgan.ucs.mun.ca


jputland@morgan.mun.ca





Objectives:  


1) Estimating mesozooplankton grazing on phytoplankton and microzooplankton


2) Determining microzooplankton grazing on bacteria as well as picoplankton, bacterial, microzooplankton and phytoplankton growth rates 





Methods:


1) Mesozooplankton (Ken Crocker)


	Mesozooplankton grazing experiments were conducted using varying numbers of copepods in 10 liter containers for 24 hour grazing experiments. Initial samples for chlorophyll and cell counts are compared with final samples for chlorophyll, cell numbers, amino acids and ammonium production. 


	Larvaceans (Oikopleura sp.) were collected and frozen for later analysis of gut contents.





Stations Sampled: 				4


Samples collected:


	Chlorophyll: 				28


	Chlorophyll (> 5um)			28


	Cell Counts (Lugol’s): 		56


	Cell Counts (Glutaraldehyde)		56


	Dissolved Amino Acids		25


	Copepod Identification		21


	Ammonium				31


	Oikopleura (as sets of 10)		~30			         	





Comments: 


	Copepods did not survive well at the first three stations despite our best efforts. Several investigators tried to keep them, yet mortality was consistantly high. At the fourth station sampled (P12), the copepods were much more robust.  Whether this high mortality is a result of storm activity, low food availability or non-nutritious food, or is a result of other rigours of winter in the subarctic pacific is unknown. 








2)  Microzooplankton (Jennifer Putland)�PRIVATE ��


	Dilution experiments were conducted at P4, P16, and P26 using size fractionated (<202  µm) seawater collected from 10 metres. These experiments will estimate rates of growth and grazing mortality for heterotrophic and autotrophic bacteria and size fractionated chlorophyll a.


	Fluorescent bead tracer experiments were performed at P26 and P12 using size fractionated (<202 µm) seawater  collected from 10 metres. These experiments are designed to  identify the primary picovores and provide estimates of picovore clearance rates.





Stations Sampled: 				4





Samples collected:


	Total Chlorophyll			69	


	Chlorophyll > 5 µm			69


	Lugol samples                    		69


	Glutaraldehyde samples		98








V.  Maureen Soon, University of BC, Department of Oceanography, 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





Water from 8 depths in the upper 150m was collected for the analyses of the particulate matter described in aim #3 at stations P04, P16 and P26.  At P26, an additional 5 depths were collected down to 3000m for stable isotopes analyses.  At P26 and P12 the ammonium and nitrate uptake experiments were done.








VI.   JGOFS mesozooplankton project, Dept. of Oceanography, UBC, and IOS* 


R.H. Goldblatt, D.L. Mackas*, and A.G. Lewis.





The main objective of this program is to determine the abundance, biomass, distribution, and taxonomic composition of upper water column mesozooplankton along line P.  Toward this objective, quantitative mesozooplankton samples were collected at stations P4, P12, P16, and P26.  These samples were collected by vertical hauls of a 220 mm mesh bongo net from 150m to the surface.  The contents of one of the nets was preserved in formalin for later enumeration and identification.  The contents of the second net was dried for determination of total dry weight.  Nonquantitative samples were also collected at each of the above stations and frozen.  These will be used to determine dry weight and carbon content of individual species.  Also, species will be separated out for Dr. S.E. Calvert’s group, for their work on stable isotopes in the pelagic food web.





A second objective of this program is to compare the vertical distribution of upper water column mesozooplankton over the continental slope (stn P4) to their distribution in the open ocean (stn P26), and to compare day vs. night distribution at these locations.  This objective was not satisfactorily met on this cruise.  Rough seas prevented use of the tucker trawl, a multiple plankton net system that allows sampling of 6 different vertical strata during one tow.  The only trawl that was attempted was at P26 during the day, which worked well.





A third objective is to assess the potential grazing impact of mesozooplankton on phytoplankton and microzooplankton at station P.  A grazing incubation was carried out at P26 to estimate the amount of microzooplankton and large phytoplankton being ingested by the resident copepod assemblage.  Grazing experiments were not carried out at any other station due to lack of time or lack of healthy animals.





Deep net hauls (1000m to the surface) were done at stations P12, P16, and P26 in order to collect overwintering copepods of the genus Neocalanus.  These copepods typically make up the majority of mixed layer mesozooplankton biomass in May, so it is hoped that gathering life history and condition data on the overwintering animals will help understand what we find on the next cruise regarding these animals.





VII.  Multiple Unit Large Volume in situ Filtration System (MULVFS)





Principal Investigator: Jim Bishop (U. Victoria)


Cruise partipiants: Jim Bishop, Todd Mudge, Stacy Cooper (University of Victoria)


Scientific Collaborations: Phil Boyd (UBC), John Berges (BNL), Suzanne Roy (Rim), Maureen Soon (Steve Calvert, UBC), Magnus Eek (Michael Whiticar; UVic), Brad Moran, Matt Charrett (URI), Richard Ku (USC), Frank Whitney (IOS).





Overview:


 The MULVFS is designed to collect samples of particulate matter split in©situ into <1 um, 1©53, and >53 um size fractions from volumes of seawater as great as 15,000 L. 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 reminerallization in the water column. The MULVFS also is configured to collect by adsorption the naturally occurring uranium series and cosmogenic nuclides dissolved in seawater.  In particular, the disequilibrium between Th-234 and U-238 in the euphotic zone gives an indication of particulate carbon export rates. High precision STD/transmissometer data is collected during each MULVFS cast to provide a high resolution vertical profiles of particulate carbon concentration. 





Goals:


The goals of this cruise were 


[1] to obtain complete MULVFS profiles at stations on the shelf, p4, p12, p16, p20 and p26; 


[2] to evaluate engineering modifications made to the 12 pump units comprising the MULVFS to improve our ability to operate in winter conditions; 


[3] to familiarize new personnel and helpers with MULVFS operations; 


[4] to obtain a high resolution, calibrated beam attenuation coefficient data set by combining MULVFS 1 m pathlength Sea tech transmissometer data with those obtained during ctd and rosette casts.





Results:


Deployment of the MULVFS in stormy conditions at station p4 resulted in damage to the end of the electromechanical cable used with the system. The result was loss of insulation resistance between all 5 conductors and ground. The cause of the damage could not be identified nor was this kind of damage expected. Deployment at p16 was aborted due to these electrical problems. Our one successful profile was obtained at station p26 with a 70 kOhm ground fault present during the 5 hour operation. A subsequent reoccupation of p16 was again a failure due to the deterioration electrical insulation of the conductors from seawater. Deployment from the stern of the Tully proved difficult in winds above 25 kts. This is 10 kts lower than possible with starboard-midship deployments in the past.  Overall goal [1] was <20% successful. The electrical fault will be repaired ashore.  


Modifications to MULVFS [2] were aimed at improving performance, and reducing labor and deployment/recovery times. Improvements tested included: relocation of the pump and motors next to the cable clamps; reduction of metallic parts; addition of check valves to minimize sample disturbance and to allow improved air release from the system on immersion; improved submicron and adsorber flow trains; and a new block for handling wire.  All improvements tested 100% successfully.  


Deployment times improved as personnel became familiar with the system to the point that MULVFS casts can be completed faster than 10 hours (including a sheave change) in good weather.


Under goal [4] we were able to obtain high precision STD/transmissometer data at all stations (p4, p12, p16, p20, and p26) with 4 casts being made with the MULVFS transmissometer/STD package deployed just below the IOS CTD system. Reoccupations were made of p20, p16 and p12.  Prospects for a high spatial resolution, calibrated beam attenuation coefficient section p1 - p26 are excellent.





In summary, this cruise was more of a "shake-down" cruise than we expected. On the positive side, problems encountered can be repaired and we expect to be fully operational by May.








VIII.  Nelson D. Sherry





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 at station P.  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.  These slides will also be used for counting heterotrophic nanoflagellates  (P4, P12, P16, & P26).





2)  Slides for enumeration of virus particles were made (P12, P16, & P26).





3)  [3H]-thymidine and [3H]-leucine incubations were carried out to estimate bacterial growth/productivity rates throughout the mixed layer (P4, P12, P16, & P26), throughout the water column and relative to temperature, nutrient availability and time of day (P26).





4)  Dark bottle remineralization incubations were carried out at P26 at various depths down to 1500 m. 





5)  Preserved water samples were collected for analysis of viral infection rates and viral production per host.





