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1. Review Period: / Période de révision : April, 2003-March, 2004
2. Project #/ Numéro de projet : 02LP43
3. Project Title/ Titre du projet : CASES (Canadian Arctic Shelf Exchange Study)
4. Project Leader: / Responsable du projet : L. Miller, Research Scientist, millerli@pac.dfo-mpo.gc.ca

5. Research Team: / Équipe de recherche:  

P. Galbraith, Maurice Lamontagne Institute, 850 route de la Mer, Mont-Joli, QC  G5H 3Z4, GalbraithP@dfo-mpo.gc.ca

P. Larouche, Maurice Lamontagne Institute, 850 route de la Mer, Mont-Joli, QC  G5H 3Z4, Larouchep@dfo-mpo.gc.ca

R. Macdonald, Institute of Ocean Sciences, 9860 West Saanich Road, Sidney, BC  V8L 3X8, macdonaldrob@pac.dfo-mpo.gc.ca

C. Michel, Freshwater Institute, 501 University Crescent, Winnipeg, MB  R3T 2N6, michelc@dfo-mpo.gc.ca

L. Miller, Institute of Ocean Sciences, 9860 West Saanich Road, Sidney, BC  
V8L 3X8, millerli@pac.dfo-mpo.gc.ca

G. Stern, Freshwater Institute, 501 University Crescent, Winnipeg, MB  R3T 2N6, sterng@dfo-mpo.gc.ca

6. Project description (max. 1/2 page): / Description du projet (max. 1/2 page) :

The Canadian Arctic Shelf Exchange Study (CASES) network is conducting a five-year interdisciplinary study of the Mackenzie shelf and adjacent basin, begun in autumn of 2002. Physical processes are being investigated as the primary forcing for the ecosystem, and biogeochemical fluxes are being measured as the response of the ecosystem to that forcing. The study focusses on sensitivity to projected change in snow and sea ice climate, Mackenzie River hydrology, and the roles of these components in the dynamics of the Cape Bathurst Polynya. An overriding question the project hopes to answer is how projected change will cascade into biological production and carbon export. Within the program, DFO scientists are tasked with the key role of quantifying vertical and horizontal organic material fluxes on the Mackenzie Shelf over the annual cycle and to determine how these are affected by the atmosphere, the ice, and detrital sediment particle sources (e.g., pelagic, Mackenzie River). These objectives serve three purposes: 1) to assess the sensitivity of bulk carbon fluxes between reservoirs to primary forcing, 2) to determine how the particulate loads of the Mackenzie river plume influence primary production over the shelf and 3) to determine how hydrodynamic and climatic forcing affect the timing and magnitude of primary production and its export pathways (benthos versus plankton). 

7. Activities undertaken by project component and year assess / Activités entreprises pour chaque composante du projet et années evaluées

a) CASES03-04 overwintering expedition. Since the NGCC Amundsen left Quebec City on September 13th, several scientists from the research groups funded by this SSF program have been on board at all times. For the first 3 months, the ship sailed around the Mackenzie shelf and Amundsen Gulf, deploying moorings, taking sediment cores, and conducting water-column surveys. In the middle of December, the ship froze into the landfast ice in Franklin Bay, where it remains to date, conducting ice operations. As of the end of March, five six-week legs had been completed. Because the work is on-going, with many people currently in the field, it is difficult to give a complete summary of the work conducted so far, but here we try to give examples, and extracts from some of the cruise reports are appended to this document.
P. Galbraith participated in CTD data QA by analyzing salinity samples at IML while the ship's Autosal was being repaired. He will participate aboard the ship in the spring and summer (legs 7 and 8).

P. Larouche participated in the first leg with his graduate student, measuring inherent optical properties of the surface waters at 20 stations. They also took water samples to measure CDOM absorption, POC, PON, total suspended matter and phytoplankton pigments (HPLC). Analysis of some of these samples has already been done in the MLI labs while others will be processed in 2004-05 by the Laboratoire Océanologique de Villefranche. Remote sensing data from both NOAA and SeaWiFS satellites has been acquired continuously (daylight permitting) from the Resolute Bay satellite receiving station. A large amount of NOAA remote sensing data from IOS was also transferred to MLI in order to extend further into the past the time series of sea surface temperature data covering the Beaufort Sea.


R. Macdonald has been routinely collecting 18O samples from the water column and just below the ice in order to distinguish between river and ice melt sources of freshwater to the Mackenzie shelf. In addition, his postdoc, Gwyn Lintern, has been studying the transport of sedimentary material from the mouth of the Mackenzie River offshelf. Gwyn participated in the first leg of the overwintering expedition, and returned to Tuk in March to continue sampling on the nearshore Mackenzie shelf.

C. Michel was on board leg 1, with one of her graduate students, she had a technician on board leg 2, and on leg 5 she had a technician and two graduate students on board. During the open water legs (1 and 2) they deployed floating sediment traps to collect sinking particulate matter and collected samples of newly forming sea ice to assess the biological activity that is trapped in the upper parts of the ice. On leg 5, they routinely deployed sediment traps under the ice and collected large numbers of ice cores to track the early development of the ice algae bloom (which began in early March) and export.


L. Miller was on board legs 2 (when she was chief scientist for the second half) and 5, had technicians on board legs 2 and 4, and students on board legs 2-5. Her collaboration with Al Mucci, of McGill University, assured that her sampling was also completed on leg 1. She has been routinely collecting complete water column profiles of total inorganic carbon, alkalinity, pH, and dissolved organic carbon, in order to comprehensively assess and quantify the carbon fluxes through the system. In addition, since the ship has frozen in, she has been conducting extensive studies of sea ice carbon geochemistry and CO2 fluxes into and out of the ice.

Gary Stern was on board leg 1 and had technicians on both legs 2 and 5. They have been routinely collecting samples for both persistent organic pollutants and mercury from the water column, the air, and the ice.

b) Methods developments. Thanks to the unique opportunity provided by the Amundsen being frozen into the ice through deep winter, the DFO scientists involved in this project have developed valuable expertise in sampling ice for biogeochemical studies under extreme cold-weather conditions (down to temperatures below -50 °C). Few other groups, if any, have had this kind of experience, and we are now set to continue and build upon this work well into the future. 

Sensors for PAR and fluorometry were added to the SCAMP profiler this year in preparation for the upcoming field work. These sensors will facilitate the integration of mixing measurements into the biological framework provided by project collaborators. Preliminary tests of the instrument in the St. Lawrence Estuary to work out logistics confirmed that the profiler is unsuitable for work at low temperatures (see below, under Estimates of mixing rates...).
8. Progress toward milestones and deliverables / Progrès en fonction des étapes clés et des résultats attendus : 

· Estimates of mixing rates in open water subjected to convective forcing and under partly ice-covered areas for selected areas in mid-winter 2003-04 and in spring 2004. Analyses to be completed in 2005.

The SCAMP turbulence profiler is not well suited to work from an ice hole nor in very cold temperatures. Therefore the mixing work will only be done in spring and summer of 2004 (legs 7 and 8), omitting winter work from the ice.  

· Interannual data sets of summer carbon distributions and fluxes on the Mackenzie shelf, based on comprehensive sampling of dissolved and particulate carbon fractions, as well as primary production and particle fluxes in August of 2002, 2003, and 2004. Chemical analyses will be completed in 2005. 

Dissolved organic and inorganic carbon samples were collected in profiles from the surface to the bottom at 18 stations during leg 1 of the overwintering expedition. Analyses of total inorganic carbon, alkalinity, and pH were completed on board, and analyses of dissolved organic carbon will be conducted ashore at IOS.
· Seasonal data sets of carbon distributions and fluxes on the Mackenzie shelf, based on comprehensive sampling of dissolved and particulate carbon fractions, as well as sediment transport rates from August 2003 through August 2004. Chemical analyses will be completed in 2005.
In addition to the autumn data set described above, full water column profiles were sampled were sampled at 64 stations on leg 2 (again, total inorganic carbon, alkalinity, and pH were measured on board, while dissolved organic carbon samples have been stored and shipped back to IOS). Since the ship froze into the ice, full profiles have been taken every 6 days, giving a time series of the biogeochemical evolution of the carbon system in Franklin Bay throughout the winter. Preliminary results imply that the first year sea ice may be a very large CO2 reservoir, with CO2 levels much higher than in either the air or the underlying seawater.
· Seasonal data sets on ice and under-ice biomass and primary production, amount and composition of vertical organic particle fluxes, and estimates of water column remineralization. Chemical analyses will be completed in 2005.

The spring phytoplankton bloom within the surface waters was observed beginning in mid-February and in the ice in early March, much earlier than had been expected. In addition, by linking our analyses of inorganic and organic carbon dynamics with microbial biomass and activity measurements conducted by microbiologists from Laval University and the University of Washington, we are determining the importance of microbial respiration in controlling wintertime carbon dioxide fluxes between the water, ice, and atmosphere. 
· Interannual (1997-2004) data set of chlorophyll distribution evaluated from remote sensing. This data set will allow the extension and a better understanding of the in situ measurements at a larger geographical scale. Data analysis will be completed in 2005.

Acquisition of SeaWiFS data covering the Beaufort Sea is done on an ongoing basis. Data processing will be part of the graduate student work starting in the fall of 2004 with a delivery date of 2006. The change is due to a 1 year delay in the arrival of the graduate student.

· Sediment core data for organic carbon, stable isotopes, multiple elements (ICPMS), biomarkers (terrestrial vs. marine), and dating which will provide information on benthic fluxes and transport of particles to shelf sediments and from the shelf to slope and basin sediments. 

This work was begun on leg 1 and continued with a brief expedition out of Tuk in early March.
· Seasonal data sets for organochlorine concentrations integrated into the carbon flux work described above.
Samples were collected on legs 1, 2, and 5, from the water, the air, and the ice.
9. Dissemination of information (papers, reports, articles, etc.) / Diffusion de l’information (documents, rapports, articles, etc.) :

The cruise report for the 2002 expedition is posted at http://www.cases.quebec-ocean.ulaval.ca/Radisson2002report.pdf. Cruise reports for each leg of the 2003/04 expedition are in preparation, but most are still drafts. Relevant excerpts are appended below. Much of the work conducted under this SSF program, as well as the scientists funded by it, has been highlighted on the CASES dispatch website: http://www.cases.quebec-ocean.ulaval.ca/trip/log.asp. In addition, the CASES project, including SSF-funded DFO scientists, has been extensively featured in the popular media, with articles in the Toronto Star and CanWest papers and filming by the CBC (Decouvert) and APTN (Cool Jobs). On leg 5, scientists from Michel's, Miller's, and Stern's groups also participated in the Schools on Board program, giving lectures and conducting lab and field activities with high school students.
Conference proceedings:

"Observations of a springtime air-surface CO2 flux over fast-ice in the Canadian Arctic," T. N. Papakyriakou and L. A. Miller, 2003. Poster presented at the Gordon Research Conference on Polar Marine Science, Ventura, Californai, USA, March 16-21.; "Observations of an air-surface CO2 flux over sea ice in the Canadian Arctic," T.N.Papakyriakou, L.A. Miller, and C.J. Mundy, 2003. Poster presented at the 29th Annual Meeting of the Canadian Geophysical Union, Banff, Alberta, Canada, May 10-14.

10. Difficulties encountered (implications for future activities)/ Difficultés constatées (incidences pour les activités futures) :

Considering what we're trying to do, things are going extremely well. Yes, problems have been encountered, mainly in connection with logistics of the ship not really being ready to sail in September, but we have adapted and pursued contingencies, and most equipment is working well now.
11. Expenditures and variances from budget / Dépenses et écarts budgétaires :

We very much appreciate that we received the full $275,000 we were originally awarded for our 2003-04 budget. Although this amount was less that we had requested in our proposal, we have been able to conduct nearly the full operations we had planned, mainly through our close collaborations with university and international scientists and by crewing legs with indeterminate staff, instead of contractors, students, and post-docs. At this point, the overwintering expedition is just over half way done, with the expectation that the last leg will end in late August, at which point demobilization and sample analyses will maintain our budgetary pressure throughout the 2004-05 fiscal year. 

We wish to reiterate a statement made in our original proposal that CASES is a 5-year project, of which the 2004-05 fiscal year is only the third year. From the beginning, we have been concerned that the 3-year SSF funding horizon would not adequately support the completion of the project; although field work is terminating in August of 2004, sample analyses and data interpretation and dissemination will be intensive throughout the following two years. We recognize that the SSF program has evolved into a different format and is no longer a useful source of funds to complete our CASES work, but additional funds from somewhere will be needed throughout the 2005-07 fiscal years if the effort and money already put into CASES by DFO is not to be wasted.
12. General comments: / Commentaires généraux :

Prepared by: / Préparé par : Lisa Miller, IOS

Date : April 19, 2004
Appendix: Excerpts from cruise reports, describing activities in which SSF-funded DFO scientists have directly involved
Note that figures have been removed to reduce the size of the electronic file. Original versions are available from L. Miller.
CASES2003, Leg 2 

(0304)

CCGS Amundsen

Cruise Report

16 October to 26 November

Edited by Lisa Miller

We, the scientific crew, wish to express particular appreciation and gratitude to Captain Tremblay and the entire crew for their perseverance and imagination in helping us pursue our scientific goals, as well as for their easy and friendly companionship during this cruise.

I. General operations

Scientific (Supernumary) Personnel

Most of the scientific crew boarded in Kugluktuk on October 16th. Exceptions were Sylvain Blondeau, Sonia Brugel, Karine Lacoste, Louis Letourneau, Atsushi Matsuoka, Françoise Proust, Kyle Simpson, and Piotr Trela, who were already on board during Leg 1, Joe Illasiak, who boarded on October 17th, Joe Ruben, who boarded on November 2nd, Philip Hwang (boarded October 19th), and Jane Eert, Marie-Andrée Laberge, Connie Lovejoy, and Martin Leblanc, who boarded on November 3rd. Scientists who left the ship before the end of the leg include Martin Doble and Vanessa Balagué, who disembarked on October 19th, Joe Illasiak, who disembarked on November 2nd, and Dave Barber, Ken Asmus, Sylvain Blondeau, and Ryan Galley, who disembarked on November 3rd.

Dave Barber, Chief Scientist 16.10 – 3.11, University of Manitoba (dbarber@ms.umanitoba.ca).

Lisa Miller, Chief Scientist 3.11 – 26.11, Institute of Ocean Sciences (DFO), British Columbia (millerli@pac.dfo-mpo.gc.ca).

Ken Asmus (16.10 – 3.11), Canadian Ice Service, Ottawa (Ken.Asmus@ec.gc.ca).

Vanessa Balagué (16.10 – 19.10), Institute Science del Mar, Spain (vbalague@icm.csic.es).

Sylvain Blondeau (16.10 – 3.11), GIROQ, Québec (sylvain.blondeau@giroq.ulaval.ca).

Sonia Brugel, Université du Québec à Rimouski (sonia.brugel@uqar.qc.ca).

Amy Chiuchiolo, University of Connecticut, USA (qqlo@gis.net). 

Pascale Collin, McGill University, Québec (pcollin@eps.mcgill.ca). 

André Comeau, University of British Columbia. (amcomeau@interchange.ubc.ca).

Tara Connelly, Memorial University, Newfoundland (tarac@mun.ca). 

Gérald Darnis, Université Laval, Québec (gerald.darnis@giroq.ulaval.ca). 

Martin Doble (16.10 – 19.10), Scott Polar Research Institute, UK (majd@sams.ac.uk).

Jane Eert (3.11 – 26.11), Institute of Ocean Sciences (DFO), British Columbia (eertj@pac.dfo-mpo.gc.ca). 

Jens Ehn, University of Manitoba (umehnjjk@cc.umanitoba.ca). 

Marie-Ève Garneau, Université Laval, Québec (Marie-Eve.Garneau@bio.ulaval.ca). 

Ryan Galley (16.10 – 3.11), University of Manitoba (umgalley@cc.umanitoba.ca).

Hélène Hégeret, University of Connecticut. 

Philip (Byong Jun) Hwang (19.10 – 26.11), University of Manitoba (umhwangb@cc.UManitoba.CA). 

Joe Illasiak, Paulatuk.

Marie-Andrée Laberge (3.11 – 26.11), Chicago, USA (malaberge@tds.net).

Karine Lacoste, Université du Québec à Rimouski (karine_lacoste@uqar.qc.ca). 

Pascale Lafrance, Université Laval, Québec (pascale.lafrance@giroq.ulaval.ca). 

Bernard Leblanc, Freshwater Institute (DFO), Manitoba (leblancbe@dfo-mpo.gc.ca). 

Martin Leblanc (3.11 – 26.11), GIROQ, Québec (martinleblanc@sympatico.ca). 

Louis Letourneau, Université Laval, Québec (louis.letourneau@giroq.ulaval.ca). 

Connie Lovejoy, Institute Science del Mar, Spain (clovejoy@icm.csic.es; connie.lovejoy@giroq.ulaval.ca). 

Cédric Magen, McGill University, Québec (cmagen@eps.mcgill.ca). 

Pascal Massot, GIROQ, Québec (pascal.massot@giroq.ulaval.ca).

Atsushi Matsuoka, Hokkaido University, Japan (atsushi@salmon.fish.hokudai.ac.jp). 

Christine McClelland, Canadian Museum of Nature, Ontario 
(cmcclelland@mus-nature.ca). 

Takahiro Nakashini, National Institute of Radiological Sciences, Japan (t_naka@nirs.go.jp). 

Michel Poulin, Canadian Museum of Nature, Ontario (mpoulin@mus-nature.ca). 

Françoise Proust, Université Laval, Québec (fr_proust@hotmail.com). 

David Rees, Université du Québec à Rimouski (david.rees@uqar.qc.ca). 

Bruno Rosenberg, Freshwater Institute (DFO), Manitoba (brunor@dfo-mpo.gc.ca). 

Joe Ruben, Sr., Paulatuk.

Kyle Simpson, McGill University, Québec (kyle.simpson@mail.mcgill.ca; simpson_eh@hotmail.com). 

Bjørn Sundby, McGill University and Université du Québec à Rimouski (bjorn.sundby@McGill.CA). 

Nes Sutherland, Institute of Ocean Sciences (DFO), British Columbia (sutherlandn@pac.dfo-mpo.gc.ca). 

An Tat, University of Manitoba (umtatav@cc.umanitoba.ca). 

Piotr Trela, Memorial University, Newfoundland (ptrela@mun.ca). 

Bill Williams, University of British Columbia (williamsbi@pac.dfo-mpo.gc.ca). 

Cruise Track


After boarding in Kugluktuk on October 16th, we proceeded, under the leadership of Chief Scientist Dave Barber, to Paulatuk to pick up Joe Illasiak, a wildlife observer with the Paulatuk Hunters and Trappers Committee on October 17th. 

The ship then steamed west to station 718, off Tuktoyaktuk, where we began science operations at about mid-day on October 18th (see log, Appendix A). On October 19th, we exchanged science personnel, with Martin Doble and Vanessa Balagué leaving and Phil Hwang arriving. We completed Line 7 on October 23rd, having occupied stations 718 and 709 as Full stations and stations 715, 712, 706, and 703 as Basic stations (the remainder were occupied as CTD stations, with EM sea ice measurements, as well as CTD casts).

Figure 1. Leg 2 (0304) cruise track

We followed Line 7 with Line 5, beginning about mid-day on October 23rd at station 508, which was located at 72 4 N (see list of station locations, Appendix B), just inside the pack ice. After completing station 508, the ship moved due south, out of the pack ice to occupy a CTD station (508a) at the same longitude, before proceeding due east. Because our time was constrained by efforts to reach Holman in time for a community visit on October 28th, the stations along Lines 5 and 1 were occupied as CTD stations, with expanded Basic (or reduced Full) stations at 500, 124, and 112. Ice buoys were deployed at stations 119 and 112. After station 112, on October 28th, science operations were stopped and the ship proceeded directly to Holman.

Although the Holman community visit was cut short on October 30th by weather that was too rough for zodiac operations, we attempted a CTD transect from Holman across Amundsen Gulf to Station 100. The rationale for this transect was that although we had encountered a lot of ice at the northwest end of Line 1, the eastern part of Amundsen Gulf, outside of Holman, had no ice and very warm water at the surface. Such an ice distribution was very unusual for this time of year (and one of the reasons out visit to Holman was not successful, see below), and we wanted to try to determine the source of the warm water in the eastern gulf. However, the bad weather that drove us out of Holman, also prevented that transect, and only one station was occupied, Station 88 at 70 36.0 N, 117 44.4 W.

Sea state and ice conditions allowed us to start working again at station 100 on the morning of October 31st. We proceeded with CTD stations along Line 1 to Station 109 and then down line 2 from 210 to 206, occupying stations 100 and 206 as expanded Basics/reduced Fulls. While at Station 206, the crew checked ice conditions in Summer’s Harbour, and Joe Illasiak returned to Paulatuk and was replaced on board by Joe Ruben, Sr. Science operations were stopped on the evening of November 1st for a Halloween Party for the crew while we steamed to Horton River (Station 200) to prepare for a crew change.

The plane bringing the new scientific crew from Inuvik on November 2nd was unable to land at the air strip at Horton River and landed at Paulatuk, instead. Therefore the ship steamed back around to Paulatuk, which allowed a quick and efficient crew change on November 3rd. At this point, Lisa Miller became chief scientist, the helicopter left for the winter, and the ship returned to Station 200 to recommence science operations.

Based on recommendations by Joe Illasiak, as well as scientific considerations, Station 200 was moved from the middle of Franklin Bay to the western edge, just off the Horton River delta. The original site in the middle of Franklin Bay is apparently often inside very heavy ice ridges. On the other hand, the new site, which is about 5 miles from the mouth of the Horton River on the east coast of the Avvaq Peninsula, is in an area where flaw leads often open early, possibly allowing the ship to move out towards the north earlier in the spring than would be the case if the ship were in the middle of Franklin Bay. The new site also has scientific advantages in that it’s likely to lie in a stronger current regime, so that the water beneath the ship will be continually renewed during the over wintering period. In addition, both deep and shallow sampling sites on the ice will be more easily accessible from the ship.

After completing Full station operations at 200 early on November 5th, we proceeded to Line 4, starting with Station 400 as a Basic station about mid-day. We then continued up the line, alternating 2 CTD stations with single Basic stations, with a Full station at 415, finishing on the evening of November 7th. That night, we conducted a high-resolution CTD transect back down Line 4, with casts every two miles, to Station 411 (epic effort by Bill, the CTD King, and the deck crew).

On the morning of November 8th, we entered Sachs Harbour, stopping in the land fast ice about 2.5 miles from the village, to reconnoitre Skidoo access to the village in anticipation of meeting a twin otter from Inuvik the following day. We had planned for an aerial survey to be conducted by Phil Hwang, as well as for a cargo drop. Bad weather on November 9th prevented the flight, and the ship remained in Sachs Harbour until the cargo was delivered by a regularly scheduled flight on the afternoon of November 10th.

We started Line 3 with CTD stations at 317 and 316 on the evening of November 10th, followed by a Basic station at 315, and proceeding down the line with Full stations at 309 and 300. After station 300, we deployed the last ice buoy at 70 13.35 N, 126 00.53 W early on the morning of November 15th, before proceeding to Summer’s Harbour to check ice conditions.

On the way towards and into Summer’s Harbour on the morning of November 15th, we encountered heavy ice, and Captain Tremblay decided that we should refuel at that time. After refueling, we left Summer’s Harbour on the morning of November 18th, to investigate the ice conditions at the over wintering site off the Horton River delta (Station 200). After confirming, on the morning of the 19th, that it was possible to get ashore to the air strip at the Horton River, we proceeded to Station 200 for final sampling on November 20th and 21st. We then returned to the Horton River area and spent the remaining time preparing for crew change, which involved preparing a skidoo track to shore, preparing the runway, and clearing out and heating one of the buildings next to the runway. The crew change went exceptionally well, particularly considering the difficult weather conditions, the undependability of the half-track, and a crack that opened up off the bow at mid-day. The charter flight to Quebec City left Inuvik at about 10:30, only 2 hours later than scheduled.
Equipment Failures and Problems


Overall, the leg was a remarkable success in the continuing effort to get science operations on board running well and smoothly. As can be seen in the reports for the individual programs in Part II, as well as in Appendix A, we successfully sampled much more than had been anticipated for this leg, and for the most part, people are satisfied with the quality of their samples. 


Not surprisingly, we encountered many problems associated with the cold. However, temperatures dropped relatively slowly and never became truly extreme (we had few days with temperatures below -20 °C), and we were able to adapt our operations accordingly, loosing very few sampling opportunities. See the reports from specific sampling programs in Part II.


All that said, we did, nonetheless, encounter some difficulties which we were unable to surmount.

Foredeck Winches. The most serious equipment problems we encountered involved the winches on the foredeck. The heavy winch, which was already making odd noises when we started work, quit working altogether before the end of our first station, on October 19th. The smaller winch on the port side of the foredeck was turned so that its cable could be deployed through the 10-ton A-frame, and that configuration was used for heavy operations on the foredeck until November 5th, when the hydraulic pump on that winch failed. We then rigged the cable from the winch in the moon pool area out through the hatch, through a block on the forward port crane, and through the A-frame. This rigging was successfully tested using the small box corer at Station 312 on November 11th. However, the next time we attempted to use the moon pool winch for foredeck operations, for box coring on the evening of November 12th (at station 309), the cable appeared to catch on the arm of the corer, about 2 m above the termination, introducing a significant kink into the cable. Communications within the cable were still intact, and none of the strands of the cable, itself, were broken, so we conducted one more test, of the hydrobios (which didn’t work for reasons unconnected to the winch rigging or cable). The zooplankton group then decided not to attempt to use the hydrobios again during this leg, and we decided that any future coring would be conducted only in shallow water, using the winch at the top of the A-frame (which was enormously successful, with 7 cores collected using the small box corer at Station 300). At that point, the cable from the moon pool winch was cut above the kink and reterminated. I wish to note that there was only 1 kit for reterminating conducting winch cable, and now there is none. There should be several such kits on board, particularly since we have 3 winches with conducting cable.

The lack of any spare parts for any of the winches on board was a significant source of frustration in our efforts to deal with the winch problems we encountered. The chief engineer, Marcel Darveau, also noted that with the hydraulics expertise within the engine room, it could make good sense for the ship’s crew to have responsibility for maintenance of the scientific winches.

Moon Pool. Ice accumulating in the moon pool is indeed a serious problem, at least when the ship is moving. We have generated a number of theories about the source of the ice, including the edge of the outer moon pool door shaving the external ice as we’re ice breaking and frazil ice which forms within the water column simply rising to the surface in the still environment of the moon pool. Regardless of the specific accumulation mechanism, it appears quite clear that the root cause of the problem is that the outer moon pool door doesn’t seal. The most efficient way to clear the ice from the moon pool appears to be to conduct steam from the boilers into a copper coil that can be submerged in the moon pool, itself. At the time we left the ship, the condensate from that steam was just running into the moon pool, but Marcel is developing plans to close the loop, returning the condensate to the boilers. Although less efficient, digging the ice out of the moon pool is a very effective moral booster, when all scientific personnel are required to participate for short periods (with appropriate safety precautions). Once the ice was clear and we were able to open the door, the water within the moon pool was still very scummy. Pumping the surface water down below the outer door of the moon pool overnight effectively cleared the water, however. We were not able to deploy any instrumentation, because some parts for the guide mechanism were missing, but Sylvain Blondeau was expected to bring them on leg 3.

Shanty Town Cold Labs. Temperature control in the aft (shanty town) cold labs is poor. In particular, when the starboard lab was set to -20 °C, it would often warm up to temperatures as high as -10 °C. The problem appears to be that the air for these labs is taken from outside, and when it is colder than the set temperature outside, the chillers shut down entirely, not bringing fresh air in at all. Resolution of this problem may require higher quality chillers.

Skippy Boat. Although ridiculed mercilessly at the beginning of the leg, the skippy boat proved to be a very valuable ship’s resource, as well as a good tool for young ice research. After the helicopter left and before the ice thickened, the skippy boat was the safest way to transfer people on and off the ship, and we were beginning to anticipate possibly using it during the crew change, if the ice were still thin at that time. However, while we were in Sachs Harbour on November 8th, the engine failed and could not be fixed. New pistons were to be brought up at the start of leg 3.

Community outreach

Although we boarded the ship in Kugluktuk, we had essentially no interaction with the community. I don’t think anyone even spent any of their own money there.

After a slow start, we’ve been developing a very good working relationship with some of the people of Paulatuk. We had a lot of difficulty picking up our first wildlife observer, Joe Illasiak, but apparently the crux of the problem was with staffing of the HTC office there. On October 17th, less than two days after we boarded the ship, Dave Barber took the helicopter into Paulatuk and knocked on doors until he found Joe and was able to bring him aboard. Joe was a very active member of the scientific crew, conducting wildlife observations from atop the bridge, helping get the skippy boat running, and accompanying all ice operations. Joe’s advice and insights were also vital to our selection of new over wintering site, closer to the western shore of Franklin Bay. On November 2nd, Lisa Miller accompanied Joe Illasiak back to Paulatuk to meet Joe Ruben, Sr., who replaced Joe Illasiak on board the ship. In addition to his wildlife observations and bear watch for operations on the ice, Joe Ruben helped get all the snow machines on board ready for deployment and played a critical role in the preparations for crew change, helping make judgement calls about the changing state of the ice and surface navigation through the ridged ice at the Horton River delta. On November 13th, the ship received a phone call from Ray Ruben, who is the new resource manager for the Paulatuk HTC and wanted to find out more about what Joe Illasiak and Joe Ruben had been doing so that he could prepare John Kudlak to replace Joe Ruben on November 26th.

We also attempted a formal community visit at Holman, on October 29th. During the middle of the day, we had the community officials and the HTC on board for a tour, lunch, and a presentation by Dave Barber. Mid-afternoon, a zodiac shuttle to shore was started to allow scientists and crew to visit the village, but after the first trip, the captain decided the weather was deteriorating too quickly, the shuttle was stopped, and the two scientists who had made it ashore, David Rees and Ryan Galley, were retrieved by the helicopter. Although ashore for only a short time, David and Ryan interacted with the community to a large extent: they went to the hotel and had coffee, while chatting with the other patrons, and then while exploring the town, they met the RCMP officer, who was giving them a tour in her truck when the call came in for them to return to the ship. Our assessment after we left Holman was that we had attempted the visit too early in the season. There was not yet enough ice to easily move people on and off the ship, and ice rubble along the beach making zodiac landings difficult, particularly in rising winds.

We also made an unplanned but extended stop in Sachs Harbour over the weekend of November 8th. We had tried to call the village shortly after we arrived, but had been unable to reach anyone, and when it became clear that we were going to be remaining longer than anticipated, in order to wait for the cargo we needed, Captain Tremblay and Lisa Miller went into the village to find the mayor, Andy Carpenter, introduce themselves, and invite him to lunch on board the ship. He was unable to make the skidoo ride out to the ship (the only option, since we no longer had the helicopter aboard), but we assured him that we would be returning in the spring, at which time we would arrange comfortable transport for him to the ship. Many of the scientists and crew visited the village over the two days were we were there, meeting and speaking with many of the people living there, including Joe Apian, a carver who had unfortunately just recently sent all his work to a shop in Inuvik. A government-sponsored musk ox harvest was also being conducted just outside of the village, and when we met the head of that project in town, the captain invited them to visit the ship. About 7 of those scientists came out to the ship on the evening of November 9th, we gave them a tour, and they stayed on board to socialize with the scientists and crew for several hours.

II. Specific Activities

1. Atmospheric & Sea Ice Forcing of Coastal Circulation
Cruise participants: Bill Williams (University of British Columbia) and Jane Eert (Institute of Ocean Sciences)

Rosette and CTD Operations

Station locations for CTD and Rosette casts are at 5 nautical mile intervals along the lines marked on the ship-track map (Fig. 1). During Leg 2 good weather and unusually thin ice conditions allowed us to complete Lines 7, 5, 1, 4 and 3. In addition, some of the stations at the south-western end of Line 2 were occupied, and a high resolution repeat of the northeastern end of Line 4 was conducted at 2 nautical mile station spacing. Nominally, there are 3 kinds of stations: Basic Stations and Full Stations, where there are several CTD casts and Niskin bottles are closed for water sampling, and CTD stations, where there is only one CTD cast and no Niskin bottles are closed. Typically there are 2 CTD stations between each Basic or Full station so that the basic stations are at 15 nautical mile intervals. A large range of water samples were collected at Basic and Full stations. These include samples for oxygen-18, salinity, dissolved oxygen, nutrients (nitrate, ammonia, phosphate, silicate...), dissolved inorganic carbon (DIC), dissolved organic carbon (DOC), alkalinity, pH, chlorophyll,  phytoplankton, primary production experiments, nitrogen-15, viruses, bacteria, suspended particulate matter (SPM), contaminants, and lead-210 (see other program reports, below, for details).

The sensors attached to the CTD are listed in Table 1.1. All sensors appear to be working very well, though there were occasional large errors in the dissolved oxygen sensor, the pH probe, and the fluorometer. The nitrate meter was a late addition to the CTD, nitrate data beginning towards the end of Line 3, the last line sampled.

During the course of the cruise, the CTD system for the moon pool was occasionally plundered for spare parts. Niskin bottles and the pylon from the moon pool rosette were used to correct bottles that were leaking or not closing properly. The deck unit in the CTD shack (SBE 11-plus) permanently lost communication with the CTD after station 88 and was replaced with the deck unit from the moon pool. The substitute unit worked flawlessly and does not emit interference picked up by the UHF and VHF used for CTD operations as the old unit did.  

In general there were very few problems in the operation of the CTD and rosette. Cold weather, wind-chill and sea-ice complicate the operation, however, since the CTD must not get substantially colder than the freezing point of the seawater before entering the ocean. It is therefore imperative to deploy the CTD as quickly as possible once it has been brought outside and to ensure that the rosette shack is warm. For temperatures of about -20 °C the rosette, and especially the pylon, were heated with hot water before it left the rosette shack, while CTD and associated sensors were warmed more cautiously since thermal shocks can cause some of the sensors to shift calibration. The water intake at the temperature thermistor on the CTD is also prone to freezing as a drop of water is easily trapped there. It is recommended to remove as much water as possible from the plumbing of the CTD using a syringe and then to carefully dry the tip of the intake with a kim-wipe without touching the thermistor.
Table 1.1. CTD sensors

	Sensor
	Manufacturer
	Type
	Serial Number
	Maximum depth, m

	CTD 
	Sea-Bird
	SBE-9plus
	09P3194-0730
	6800

	Conductivity
	Sea-Bird
	SBE-4C
	042876
	6800

	Temperature
	Sea-Bird
	SBE-03
	034318
	6800

	Pressure
	Paroscientific
	410K-105
	90584
	10000

	Dissolved oxygen
	Sea-Bird
	SBE-43
	430427
	7000

	pH
	Sea-Bird
	SBE-18-I
	180452
	1200

	Transmissometer
	Wet labs
	C-Star
	CST-671DR
	

	Fluorometer
	
	
	
	

	Nitrate
	ISUS
	MBARI-ISUS 5T
	15
	1000

	PAR
	Biospherical
	QCP2300
	4664
	

	sPAR
	Biospherical
	QCR2200
	20147
	

	Altimeter
	Benthos
	PSA-916
	
	2500

	Pump
	Sea Bird
	SBE-5T
	053667 3K
	10500


Upgrading the Seabird CTD to have twin temperature and conductivity sensors is also recommended for very cold weather CTD surveys and is also now typical on Seabird CTD systems. Real time comparison between the twin sensors under freezing conditions can allow a more careful diagnosis of their icing. Another upgrade is to attach lead weight to the rosette frame. Analysis of pressure data from the CTD at the end of the cruise showed that the rosette frame had been ‘swinging’ from side to side as it descended. This can be fixed by attaching up to 400 kg of lead to the CTD frame or, for calm water, lowering the CTD more slowly 
(30 metres/minute).

CTD and Rosette operations on Leg 2 of the CASES cruise were supported by Jane Eert, Lisa Miller and Bill Williams. Many thanks also the extraordinarily helpful and efficient deck crew, the officers on the bridge for providing water depths and carefully positioning the ship amongst the ice for each cast, and the tribe of Rosette Monkeys. A priority for CTD deployment and recovery is to free the Monkeys. Neither the CTD operator (inside the CTD shack) nor the winch operator (outside but inboard) can see the rosette enter or leave the water or the ice conditions around it. This requires a person or monkey to watch the ice near the CTD wire during a cast and guide the CTD into and out of the water. The controls for the CTD winch need to be moved to a purpose-built heated shack above the CTD shack at the edge of the ship. The winch operator would then be able to see the CTD and wire at all times and one less person would be required at each cast. This is the typical arrangement on most research vessels and should be implemented on the Amundsen in due course. It is VERY cold operating a winch outside at -20 °C in the wind. Many thanks to the deck crew again, I hope their noses warm up soon.
Simple contour plots of the raw 1-m bin-averaged data are shown below for the lines completed during this cruise. Again, these lines are 1, 3,  4, 5, and 7. Each line is plotted in increasing cast order so that the left hand side of each plot is the beginning of the section. Line 7 began near the coast, Line 5 began at its western end, Line 1 began at its northwestern end, Line 4 began on the Mackenzie Shelf and Line 3 began by Banks Island. Two contour plots per variable per line are included: one covering the full depth and one for the upper 200 m.

Oxygen-18 Sampling

Oxygen-18 samples were collected during the cruise at  all basic and  full stations at the same depths that nutrient, DIC and DOC samples were taken. This was typically at about 10 depths which were more closely spaced towards the surface. For example at station 303 in 237 m of water O-18 samples were taken at  the 231,  200, 150, 125, 100, 75, 50, 25, 15, 10, 5 and 
0 metres. Sampling for O-18 largely went well, however samples taken towards the beginning of the cruise may be suspect. Before 5th November 2003 our protocol was to fill an O-18 vial as full as possible, tighten the cap, let the vial warm up to room temperature, tighten the cap again and then wrap the cap in parafilm. After doing this, many of the caps subsequently popped up, some breaking the parafilm. This happened primarily because we tried to completely fill the vials but was also probably exacerbated by the poor quality of the caps provided and by not letting the vials fully reach room temperature. After 5th November 2003 the protocol was changed to filling the vial between ¾ full and the shoulder of the bottle. This appears to have solved the problem of the caps popping up due to excess pressure inside the vial as the sample warms up.

2. Ice-Atmosphere Interactions and Biological Linkages
2.2. Free drifting sediment traps and newly formed sea-ice

Cruise participants: Michel Poulin and Bernard LeBlanc

The presence of newly formed sea-ice in Beaufort Sea, Amundsen Gulf and Franklin Bay did not permit the deployment of free drifting sediment traps as was initially planned, the risk of loosing them being to great. The focus of this second CASES leg was then directed towards sampling the newly formed sea-ice. The purpose of this sampling was to determine if there was higher biomass concentration and organic material in the ice matrix than in the surrounding surface seawater and to assess the physiological state and specific composition of algal cells. 

Table 2.2. Location of ice stations during CASES leg 2.

	Station
	Date
	Time
	Ice type
	Position

	 
	 
	 
	 
	Lat (N)
	Long (W)

	718
	10/18/2003
	12:25
	Grey ice
	70° 10.9
	133° 32.8

	712
	10/20/2003
	10:30
	Grey ice
	70° 26.8
	133° 37.0

	709
	10/21/2003
	12:30
	Grey ice
	70° 55.7
	133° 50.0

	709
	10/21/2003
	15:00
	Grey ice
	70° 55.7
	133° 50.0

	709
	10/21/2003
	15:15
	Grey ice
	70° 55.7
	133° 50.0

	703
	10/22/2003
	10:30
	Undetermined
	71° 28.41
	133° 53.3

	508
	10/23/2003
	13:20
	Undetermined
	72° 04.3
	134° 00.9

	505
	10/24/2003
	12:40
	Undetermined
	70° 59.7
	131° 37.1

	504
	10/24/2003
	16:00
	Consolidated ice
	72° 00.08
	130° 49.9

	504
	10/24/2003
	16:00
	Pancake
	72° 00.08
	130° 49.9

	500
	10/25/2003
	11:15
	Pancake
	72° 03.8
	127° 29.2

	500
	10/25/2003
	15:45
	Nilas
	72° 03.8
	127° 29.2

	124
	10/26/2003
	10:45
	Nilas
	72° 23.8
	126° 48.1

	119
	10/27/2003
	11:30
	Nilas
	70° 58.5
	126° 06.8

	112
	10/28/2003
	12:00
	Consolidated pancake ice
	70° 43.06
	124° 11.77

	206
	11/03/2003
	9:30
	Ice rind
	70° 19.6
	124° 47.3

	200
	11/04/2003
	11:30
	White ice
	69° 55.4
	126° 29.4

	400
	11/05/2003
	11:30
	Grey ice
	70° 54.6
	128° 54.4

	409
	11/06/2003
	13:15
	Consolidated pancake ice
	71° 30.5
	127° 04.7

	415
	11/07/2003
	11:30
	White ice
	71° 52.85
	125° 49.8

	312
	11/11/2003
	12:00
	Grey ice
	71° 19.4
	125° 11.6

	309
	11/12/2003
	10:30
	White ice
	71° 06.2
	125° 50.5

	303
	11/13/2003
	14:00
	Grey ice
	70° 45.8
	127° 07.4

	303
	11/14/2003
	12:00
	White ice
	70° 35.55
	127° 45.3

	200
	11/19/2003
	13:00
	Thin first-year ice
	69° 55.4
	126° 32.1


The ice stations were usually close to either basic or full stations. Eye observation was made to find the thinness ice around the station and when found, the ship was slowly coming to a stop in the ice for minimum disturbance of the sampling site. Sea-ice sampling was then conducted from a metal cage that was lowered on the ice by a crane from the port side front deck of the ship and samples were collected either using a manual ice corer (MARK II, 9 cm internal diameter) when then ice was thick enough to allow it or simply by cutting a chunk of ice with a stainless steel chirurgical saw to minimize contamination. For each ice station, surface seawater and ice core samples were taken, at the beginning of the cruise three cores were collected, but as the season progressed we had to take 4 cores and then 8 cores to obtain sufficient organic material to process samples for all the analyses. The bottom 3 to 5 cm of the cores were cut and then pooled together in one or two dark isothermal container and slowly melted in surface seawater filtered on 0.2 µm polycarbonate filters. The melted cores and surface seawater were subsampled for duplicate measurements of size-fractionated chlorophyll a (chl a) (total and > 5 µm), bacteria and flagellates, total (TOC) and dissolved (DOC) organic carbon, nutrients, exopolymeric substances (EPS), particulate organic carbon (POC) and nitrogen (PON), and biogenic silica (BioSi). Subsamples were also collected for the identification and enumeration of algal cells and protists, viruses and cytometry. An extra ice core was also taken and put into Whirlpack bag for later analysis of salinity and pH of the melted ice core, those two parameters were also measured on surface seawater samples. A total of 25 ice stations have been visited and sampled over the 6 weeks cruise (Table 2.2).

6. Organic and Inorganic Fluxes

6.2. Water column carbon geochemistry 

Cruise participants: Pascale Collin (McGill University), Lisa Miller and Nes Sutherland (Institute of Ocean Sciences)


Over the 6-week period of Leg 2 (cruise 0304), we collected and analyzed 
366 individual samples for pH, dissolved inorganic carbon (DIC), and alkalinity (AT) from 64 stations. In addition to sampling full profiles at all basic and full stations, we collected surface samples from all CTD stations along lines 5 and 1 (Fig. 1). We also collected dissolved organic carbon (DOC; filtered through combusted GF/F filters) samples in full profiles at all full and basic stations.

In addition to the dissolved carbon sampling, suspended particulate matter (SPM) samples were collected at 8 full stations (i.e., 718, 709, 124, 508, 500, 100, 309, 300) and one to two depths (nepheloid layer or bottom and surface waters) on opportunistic casts. The water samples were filtered on pre-weighed 0.3 µm micro-fiber glass filters immediately upon recovery of the rosette or within 12 hours following storage of the water in the cold room. Altogether, 30 water samples from various depths were filtered. In most cases, duplicates and triplicate filters were obtained. 

Spectrophotometric analysis of pH samples was completed within a few hours of sample collection. All of the DIC samples collected on this leg, as well as 28 samples collected on Leg 1 (from 6 stations), were analyzed (coulometrically) before we disembarked. Alkalinity samples were analyzed by potentiometric titrations, and all samples but those from a couple of casts were processed while we were still on board. The data have not yet been quality-controlled, but a preliminary transect of DIC along line 7 is shown in Figure 6.1. The effects of dilution by fresh water near the coast are clearly evident in Fig. 6.1b.

Figure 6.1. Preliminary DIC data (mol/kg) along line 7. a) Full profiles. b) Surface 
100 m.


Overall, work proceeded smoothly, and we encountered no major problems. Among the minor problems we encountered, was the network connections did not work in the aft laboratories, making it inconvenient to move data around. In addition, the lack of video monitors in the aft labs made it difficult for the people working in those labs to monitor the status of the rosette casts. The limited amount of cold storage available also proved to be an unexpected problem. Our intent had been to store the samples from Leg 1 and the beginning of Leg 2 in the adjacent cold lab only temporarily, until we could get the sample backlog analyzed. However, a delay in getting all the instrumentation working meant that a very large number of samples accumulated, making it difficult for others to work in the cold labs, as well as requiring a super-human effort to get all the samples run before the end of the leg. This work load problem was compounded by the need for one of the three people who came on board to conduct these measurements being unexpectedly drafted to be chief scientist half way through the cruise. 


Nonetheless, we had a very successful leg, and we all want to heartily thank the crew for all their help (which undeniably went beyond the call of duty) and the other scientists on board for their congenial collaboration.
CASES2004, Leg 4 

(0401)

CCGS Amundsen

Cruise Report

7 January to 18 February
Edited by Jody Deming
II. Specific Activities

1.Report on the activities of the rosette operator during CASES cruise 0401 (Leg 4)

by Claude Bélanger
On board the NGCC Amundsen,

17 February 2004

My activities consisted mainly in sampling two CTD profiles daily at 12-hour interval (at 06:30 and 18:30) in order to follow the seasonal evolution of the water column while the ship was stationary in the ice at 70( 02.71' N 126( 18.06' W, and in providing biologists and chemists with the volumes of water they requested at specified depths.

Other activities consisted in a fortnightly sampling aiming at following the evolution of the content in O18 (not for on board analysis), and weekly sampling for control of the conductivity and dissolved oxygen probes. 

The SeaBird CTD/rosette worked without any major problem. Minor flaws are mentioned in the file 'operator_verbose_log_0401.doc' (\Shares\Rosette\Leg4). One hundred and twenty profiles were recorded, and a number of bottles were fired for 56 of those casts. A list of the casts with date, time, type of cast and simultaneous meteorological conditions is given in the file 'ctdlog_0401.xls' (\Shares\Rosette\Leg4). Plots of the downcasts are provided in the folder '\Shares\Rosette\Leg4\screenplots'. Information on the utilisation of the sampled water and average values around the closing time of each bottle can be found in the folders ‘\Shares\Rosette\Leg4\rosettesheets’ and ‘\Shares\Rosette\Leg4\btl_files’.

In addition to the semi-diurnal casts, two 13-hour series of profiles at 1-hour interval were recorded in order to help determining if some of the observed variations in the profiles are of tidal origin (for example, variations that could be attributable to a tidally generated internal wave propagating at the picnocline). The first of these series was recorded at spring tides (06 February) and the second one at neap tides (13 February).

The O18 sampling followed a strategy expressed by Robie McDonald in a message to Emmanuelle Rail (rosette operator for Leg 3), i.e. samples collected every two weeks at depths so that the features of the water column are resolved. O18 samples were collected three times (at every second 6-day cycle) at nine depths, and with higher resolution in the upper part of the water column since O18 is used as a tracer for river runoff. In addition, near surface samples were collected from the ice cover just below the ice-water interface. At all depths, water for determination of the salinity was also sampled.

Samples for a precise determination of the salinity were also collected at every day 1 of the 6-day cycle at the same depths where samples for chemical analysis were taken. The processing of these samples has not been done so far due to persistent and various problems with the salinometer Autosal Guildline s/n 67518. A decision has been taken on 15 February to return this instrument to Guildline for inspection.

The determination of the content in dissolved oxygen by titration has been done weekly for controlling the performance of the oxygen probe SBE 43. Results have shown that the values obtained via titration are slightly higher than those obtained from the probe (differences ranging from 2.4 % to 7.0 %, and averaging 4.7 %). When considering the downcast values instead of the bottle files values, the average difference with the titration is somewhat smaller (average 3.4 %). Our results are very similar to those obtained during Leg 2, that is to say the last leg when this instrument was used (see figure below). It seems however that for samples with a relatively high content in dissolved oxygen, the probe values depart now a little more from a perfect match.

2. Ice-Atmosphere Interactions and Biological Linkages

2.1 Surface meteorology /exchanges & Satellite validation 

Cruise participants: Tim Papakyriakou, John Yackel, Peter Taylor, Christina Blouw, Carrie Breneman, Jim Butler, Alexandre Langlois, Owen Owens, Rob Pierson, Sergiy Savelyev, Michael Suitor

Introduction

Physically, an ice cover prevents the direct exchange of energy, mass and momentum between the atmosphere and ocean, thereby impacting physical, chemical and biological processes within both the ocean and atmosphere.  Itself, the snow and ice cover is a complicated mixture of ice, water, air, brine, salts and biota, whose proportion and characteristics both affect and are affected by air-sea coupling and biogeophysical processes within both the atmosphere and ocean.  The overarching objectives of our sub-group examine different aspects of these relationships and over a variety of space and time scales.  With great effort, the participants of Leg 4 established (i) monitoring facilities for meteorological parameters, and surface layer processes and process phenomena including blowing snow and fluxes of heat, water vapour, momentum and carbon dioxide, snow and ice geophysical properties and electromagnetic interaction, and (ii) established sampling protocol for snow and ice chemistry and topographic snow and sea ice macro-feature characterization for satellite validation and bear habitat studies.  In the organization of this report we separate these activities into discreet sections, even though the research is highly integrated and collaborative.

Site Locations

Time series sampling was conducted on-board the CCGS Amundsen (70( 2.516’ N, 126( 15.894W) and at sites distributed within 1.5 km of the ship (Figure 1).  All sites were on a pan of uniformly consolidated seasonal sea ice that ranged in thickness from approximately 80 cm (at the start of Leg 4) to 120 cm (by the end of the Leg).  Snow cover was hard-packed and ranged from 2 to 10 cm at the time of site installations.  Details regarding snow and ice physical properties are provided in Section @.  Distributed sampling for topographic snow and ice macrofeature characterization occured at sites within approximately 10 km of the ship.  The specific locations and nature of the distributed sampling is described in Sections @ and @.

Figure 1.  The location of sampling sites in close proximity to the CCGS Amundsen.

Micrometeorology and Surface Exchanges of Energy, Momentum and CO2
A number of posts and towers were installed along a surveyed north-south transect starting at approximately 250 m south of a parcoll shelter at Takatuk (Site F in Figure 1).  The arrangement of these structures is shown in Figure 2.  The two 10m masts and a cluster of instrumented posts in the foreground of the photograph are associated with a blowing snow experiment.  GPS determined locations of the two 10m masts are N 70 02.542  W 126 15.894 and N 70 02.532  W 126 15.894. The southern-most structures (i.e., the tower-antenna towers – one 6m and the other 2.5m) are equipped to monitor the components of the heat and radiation budget and the atmospheric CO2 flux (Lat-Lon of 70( 2.516’N, 126( 15.894’W).  For the purpose of this report, the equipment and dataset associated with the blowing snow project and the surface fluxes (heat, radiation and CO2) will be be described in separate subsections.

Surface Fluxes

(Tim Papakyriakou and Owen Owens)

Radiation Exchange and Surface Budget

Net all-wave radiation and its components (including incident PAR) were measured at Takatuk (Figure 4). Sensor type and manufacturer are itemized in Table 1.  Sensor output was scanned at 3 second increments and stored as 10-minute averages by a Campbell Scientific (model 21X) data logger.  AC power to the site powered the logger.  Sample data from select sensors appear in Figure 10.  Data are available from Jan. 23 onwards.  A damaged cable delayed the deployment of reflected surface solar radiation until Feb. 4.

Figure 4.  Radiation measurement assemblage south of Takatuk (Photo by Owen Owens).

Down facing radiometers were directed toward the west.  The extension arm suspending these radiometers could not be oriented toward the south, because the small tower is positioned along the N-S pedestrian line and tracks would be present in the sensor FOV.  A quantum sensor was also deployed flush with the ice surface (under the snow) approximately 10 m east of the radiation tower.

Heat Exchange

The instrumentation associated with heat, water vapour, momentum and CO2 exchange studies budget is depicted in Figure 5 and itemized in Table 1.  An eddy correlation system (Figure 6), consisting of a Campbell Scientific sonic anemometer (CSAT3) and LICOR open-path H2O/CO2 infrared gas analyzer (LI7500), was mounted at 4.35 m above the ice surface and oriented to face 190( from north.  Sensor output were scanned at 10Hz by a Campbell Scientific data logger (model 23x) and the raw, high frequency, data were transmitted to the CCGS Amundsen by RF telemetry in ten minute intervals.  The radio frequency transmitter was maintained above its threshold temperature of –25( by a 60W light bulb that was housed within the logger enclosure. 

Figure 5.  The 6 m heat budget tower south of Takatuk.

Other sensors on the tower (anemometers, temperature/relative humidity probes, IR transducer) were scanned at 3s increments by a Campbell Scientific data logger (model 10x).  Temperature-relative humidity sensors were oriented to the north, while anemometers faced south.  The offset for the zeroing of the wind vane (on top of the tower) is –16.7(.  Data are available from Jan 22 onwards.

Figure 6.  The eddy correlation system (CSAT3 and LI7500) on the heat budget tower.

Ice temperature was continually measured at 10 locations (Table 1) extending from the ice surface to 1m depth from the surface by thermocouple sensors (24 AWG, Type T) imbedded into a 4.08 cm O.D. PVC tube.  The sensor junctions were embedded in high conductivity epoxy and inserted into PVC plugs, which were themselves inserted into the PVC tubing so that the sensor tips were flush against the ice wall.  Snow temperature was measured at 15 locations at 1.5 cm increments up from the snow base by thermocouple sensors (24 AWG, Type T) that were themselves embedded within 5/32” brass tubes, each 8 cm in length.  The snow sensor array (Figure 7) was installed immediately adjacent to the ice temperature string.  Sample data from select sensors appear in Figures 8, 9 and 10.

Figure 7.  Snow temperature array.  Note, sensor spacing in the figure is 3 cm, not 1.5 cm spacing, as used during the CASES’ experiment.

Figure 8.  Net (Rn; Wm-2 )  and down-welling radiation fluxes: Rs – short-wave; RL – long-wave (all in Wm-2); PAR ((mol s-1 m-2).

Figure 9.  Time series of ice and air temperature (at the 5 m level) at select depths.

Figure 10.  Time series of relative humidity (at 5 m).

Table 1. Parameters monitored in association with the heat budget and radiation tower. 

a) atmospheric sensors

	Variable measured
	Sensor Manufacturer (model)
	Height from ice (m)

	horizontal wind speed and direction
	wind monitor - RM Young® (model 05106 MA)
	6.31

	horizontal wind speed
	3-cup anemometer, Met-One® (model 013a)
	1.7, 5.20

	temperature and relative humidity
	Vaisala (model HMP45C
	1.6, 5.12?

	global radiation and reflected short-wave 
	Eppley® pyranometer (model PSP)
	TBD ~ 2.2 & 1.8

	down-welling and surface emitted long-wave radiation 
	Eppley® pyrgeometer (model PIR)
	TBD ~ 2.2 & 1.8

	net radiation
	REBS® Q*7
	TBD ~ 1.8

	PAR irradiance
	LI-COR® quantum sensor (LI-190)
	TBD ~ 2.2

	Surface Temperature
	Everest® IRTransducer (Model 4000.4 GL)
	TBD ~ 2.2

	CO2 and H2O concentration
	open path IRGA LI-COR® (model LICOR LI-7500)
	4.36

	wind vector (x, y, and z coordinates)
	sonic anemometer – Campbell Scientific®, CSAT3
	4.36


b) snow and sea ice

	Variable measured
	Sensor Manufacturer (model)
	Position

	snow temperature
	thermocouple sensors (24 awg – type T)
	15 sensor at 1.5 cm increments starting at 0.5 cm

	ice temperature
	thermocouple sensors (24 awg – type T)
	-1 cm,-5,-10,-15,-20,-30,-40,-50,-60,-70,-80,-100

	PAR transmission (through snow)
	quantum sensor (LI-192)
	undersnow  ~-8 cm


Carbon Flux

Atmospheric

Atmospheric CO2 concentration was continuously measured using a LI-7500 open-path sensor as part of the eddy correlation system (described above) that was mounted on the heat budget tower (Figure 5).  Similarly, eddy correlation estimates of the atmospheric CO2 flux can be derived using the system.  Information on the associated sampling of those ice and ocean pCO2 and parameters affecting pCO2 are reviewed below.  

Sea Ice and Upper Ocean pCO2 Concentration and Gradients 

Point measures of the CO2 flux were made through the periodic deployment of gas chambers at the field site, Takatuk..  Chambers were installed directly on an ice surface that had been recently cleared of snow.  Air samples were drawn through a septum by syringe from the chamber at two minutes intervals starting at 1 minute after chamber deployment.  This sampling frequency lasted for 15 minutes (7 samples), after which samples were extracted every five minutes for up to one hour after the deployment of the chamber.  Air samples drawn from the chambers were immediately injected into evacuated 10 ml vials and analyzed on gas chromatograph within 48 hours of sampling.  Chamber sampling was confined to periods of low winds – only 20 runs were attempted.  Specifications on the gas chromatograph will be appended to this document at a later date.  

In-situ measurements of pCO2 concentration were made following procedures outlined by Kammann et al., (2001) 
.  Probes consisted of silicone tubing closed with silicone septa on both ends and were installed within a PVC tubing (Figure 11).  Each PVC tube contained three probes, one between 20-40cm, the other between 60-80 cm and the third between 100-120 cm, thereby stratifying the ice into 20 cm sections.  In theory, molecules, such as CO2, CH4 and O2, would diffuse across the porous, semi-permeable membrane allowing the air space within the silicone tube to approach an equilibrium level with the surrounding sea ice.  Air was drawn from these probes every second day by syringe through 1/8” tygon tubing and immediately injected into evacuated 10 ml vials for analysis on gas chromatograph.  Six PVC probes were installed, three near to Takatuk and three in close proximity to the ship.  Silicone probes were also installed into sea water immediately beneath the sea ice cover.

Surface water samples were collected on a once a 4-day cycle for DIC, pH, alkalinity, and oxygen determination.  These samples were collected through a core hole with a small salt-water aquarium pump.

Figure 11.  Gas sampling probes that were used for in-situ pCO2 determination.

6. Carbon Chemistry Report

Prepared by  Michael Arychuk

Sample Collection:

· Ten seawater water samples were taken every 6 days by a rosette, from various depths, to obtain a profile of the chemistry going on beneath the ice.  Samples were collected for dissolved organic carbon (DIC), alkalinity, total organic carbon (TOC), salinity and pH.

· Surface seawater samples were also taken every six days from a hole in the ice approximately 0.6 km from the ship. Samples were collected for dissolved organic carbon (DIC), alkalinity, salinity and pH.

· In total, over 400 samples were collected.

Sample Analysis:

· Samples for dissolved organic carbon (DIC), alkalinity, and pH were analyzed on board the ship.

· Taking into account all quality control and calibration requirements, as well as samples not run from previous legs, over 1200 separate analysis were performed in a six week period.

Data & Results:

· The data set for all analysis is not complete and sampling and analysis will continue for subsequent legs.  For this reason, no detailed presentation or discussion of the data can be undertaken at this time.

CASES2004, Leg 5 

(0402)

CCGS Amundsen

Cruise Report

18 February to 31 March

Edited by Jody Deming

II. Specific Activities

1. Report on the activities of the rosette operator during CASES cruise 0402 (Leg 5)

by Mykola Vysotskyy
On board the NGCC Amundsen,

29 March 2004

My activities consisted mainly in sampling two CTD profiles daily at 12-hour interval (at 06:30 and 18:30) in order to follow the seasonal evolution of the water column while the ship was stationary in the ice at 70( 02.71' N 126( 18.06' W, and in providing biologists and chemists with the volumes of water they requested at specified depths.

Other activities consisted in a fortnightly (in this context one week = 6-day cycle) sampling aiming at following the evolution of the content in O18 (not for on board analysis), and weekly sampling for control of the conductivity and dissolved oxygen probes. 

The SeaBird CTD/rosette worked without any major problem. Very few minor flaws are mentioned in the file 'operator_verbose_log_0402.doc' (\Shares\Rosette\Leg5). Ninety profiles were recorded, and a number of bottles were fired for 62 of those casts. A list of the casts with date, time, type of cast and simultaneous meteorological conditions is given in the file 'ctdlog_0402.xls' (\Shares\Rosette\Leg5). Meteorological data were taken from the bridge just before or just after each cast. Meteorological logbook can be found in the file 'Meteo_Logbook_0402.doc' (\Shares\Rosette\Leg5). The data for 'Cloud Cover' column were taken from Jim Butler’s observations. He was meteorologist on board for leg 4 and 5. All his data can be found in \Shares\Met_Obs folder.   Plots of the downcasts are provided in the folder '\Shares\Rosette\Leg5\screenplots'. Information on the utilisation of the sampled water and average values around the closing time of each bottle can be found in the folders ‘\Shares\Rosette\Leg5\rosettesheets’ and ‘\Shares\Rosette\Leg5\btl_files’.

The O18 sampling followed a strategy expressed by Robie McDonald in a message to Emmanuelle Rail (rosette operator for Leg 3), i.e. samples collected every two weeks at depths so that the features of the water column are resolved. O18 samples were collected three times (at every second 6-day cycle) at nine depths, and with higher resolution in the upper part of the water column since O18 is used as a tracer for river runoff. In addition, near surface samples were collected from the ice cover just below the ice-water interface. At all depths, water for determination of the salinity was also sampled.

Samples for a precise determination of the salinity were also collected at every day 1 of the 6-day cycle at the same depths where samples for chemical analysis were taken. The processing of these samples has not been done so far due to the absence of the salinometer Autosal Guildline s/n 67518, which has been taken to Guideline for inspection. It’s supposed to be shipped back for the next Leg 6. 

The determination of the content in dissolved oxygen by titration has been done weekly for controlling the performance of the oxygen probe SBE 43. Results have shown that the values obtained via titration are slightly higher than those obtained from the probe (differences ranging from ~ 0.08 % to 12,2 %, and averaging ~3.8%). Our results are very similar to those obtained during Leg 2 and Leg 4, that is to say the last leg when this instrument was used (see figure below). It seems however that for samples with a relatively high content in dissolved oxygen, the probe values depart now a little more from a perfect match.

Recommendations:

A problem was encountered when the left hand of a cable guide in the moonpool fell into the water (Rosette was not damaged) due to the imperfection of its construction. This imperfection is experienced, as the stopper holding the left side cable guide in place does not cover its full rotation. Therefore, when pulling the left side guide towards the cable, one must be careful as the holder does not have any stopper when rotated past the cable. Past this point, the cable guide will fall into the water and be stopped only by the rosette. 

2. Ice-Atmosphere Interactions and Biological Linkages

2.1. Under-ice sediment traps and Ice algae

Cruise participants: Bernard LeBlanc, Andrea Riedel and Thomas Juul-Pedersen

Collaborators: Marek Zajaczkowski, Wojtek Moskal, Tara Businski and Shinya Yamamoto

This 5th leg of the CASES project involved 3 participants and 4 foreign collaborators.  The participants were Andrea Riedel and Thomas Juul-Pedersen, PhD students of Michel Gosselin (ISMER Rimouski) and Christine Michel (DFO Winnipeg), and Bernard LeBlanc, Research Assistant from DFO Winnipeg.  Thomas, newly arriving from Denmark 2 weeks before the Leg 5 scientific mission, just started his PhD on the production, in situ concentration and sedimentation rate of zooplankton fecal pellets, while Andrea, from Winnipeg, who was on Leg 1 previously, started her PhD last September and is looking  at trophic interactions of heterotrophic protists within the bottom sea ice and at the ice-water interface.

Our international collaborators were Marek Zajaczkowski and Wojtek Moskal from the Polish Academy of Science, Shinya Yamamoto from Soka University in Japan and Tara Businski, an American from Memorial University, Newfoundland. A brief  description of their implication is mentioned in the sediment trap description section.

The objective of this Leg 5 was to assess the sedimentation regime of organic material and ice-algal community. Sedimentation was assessed using fixed under-ice sediment traps, located at Takatuk site, about 1 km south-east of the ship, while the ice-algal community was sampled a few meters north of the same location.  The sediment traps were deployed and retreived 4 times and ice algae were sampled 8 times.

Description, objectives and preliminary results of project activities

Sediment traps

The increasing light levels and decreasing ice and snow extend during spring initiate an increase in primary production both in the ice and water column. The increase in primary production has a triggering effect, which can be observed through the entire food web. However, the increase in organic material being assimilated in the food web also means a higher concentration of organic particles subject to sedimentation.

Main objective 1: Determine the sedimentation rate of organic material in relation to the different changes in first-year ice and open water periods. 

Short-term sediment traps were deployed every 8 days at 1, 15, 25 and 180 m from the underside of the ice. The sediment trap arrays included two parallel lines with sediment traps at 1, 15 and 25 m and a third line with duplicate 180 m sediment traps. An additional sediment trap was added at 50 m on the third line, which was turned over to Tara Businski, working for Don Deibel, upon recovery. 

Subsamples from the 1, 15, 25 and 180 m sediment traps were takenfor later analyses of the following parameters:

	Parameters

	Chlorophyll a

	Biosilicate

	POC/PON

	PIC

	DOC

	EPS (1 m trap only)

	Faecal pellets


Subsamples from the sediment traps were also shared with Marek Zajaczkowski from the Polish Academy of Science for analyses of algal counting and taxonomy and for total material measurements. Shinya Yamamoto from Soka University received subsamples from the 1 m sediment trap for primary production experiments. 

Faecal pellets

Arctic pelagic ecosystems are characterised by large overwintering copepod species. During early spring they emerge from their diapause and migrate to the euphotic zone, ready to utilise the developing bloom. This distinctive life cycle enable an efficient utilisation of the developing spring bloom. 

Copepods influence the carbon cycling by packing the egested material into large fast sinking faecal pellets favouring vertical export of carbon. However, they also graze upon the faecal pellets themselves (coprophagy) and studies has shown that a large fraction of the material leaks out of the faecal pellets as dissolved material, this benefits the pelagic microbial community and remineralisation process. To get a better understanding of the copepods role in the carbon export and remineralisation the production rate, concentration in the water column and sedimentation rate is needed. 

Objective 1: Determine the faecal pellet production rate for two different size groups of copepods. 

Faecal pellet production experiments were conducted every 7 days, doing 4 replicates of each of the two size groups (200-1000 and >1000 µm). Special experiment containers were constructed allowing the faecal pellets to sink through a mesh bottom out of reach for the copepods. Copepods and faecal pellets were after the experiments preserved for later analyses. Preliminary analyses revealed no faecal pellet production during the start of leg 5. 

Objective 2: Determine the in situ concentration of the two size groups of copepods above the 25 m sediment trap.

Zooplankton tows were conducted every 8 days during the recovery and deployment of the sediment traps at the sampling site. These net tows from 25 to 0 m will later be analysed according to the two size groups of copepods (200-1000 and >1000µm), giving an estimate of the concentration of these size groups in the water column. 

Objective 3: Determine the concentration of faecal pellets in the water column at all trap depths. 
Water samples were collected at the sampling site at the 1, 15 and 25 m sediment trap depths, including water from 180 m collected from the ships moon pool, every 8 days parallel to the recovery and deployment of sediment traps. Subsamples of the collected water were concentrated for later analyses of the faecal pellet concentration. 
Objective 4: Determine the sedimentation rates of faecal pellets at all trap depths.

A second sediment trap array was recovered and deployed every 8 days parallel to the previously mentioned array, with the main purpose of supply enough material for estimating the sedimentation rate of faecal pellets at each depth. 

Knowing the in situ faecal pellet production (combining objective 1 and 2), concentration (objective 3) and sedimentation (objective 4) in the water column make it possible to get a much better understanding of the fate of the produced faecal pellets. Table 2 lists the number of the different samplings during leg 5, and the planned types of sampling during 
Leg 6-9:

	Sampling type
	Leg 5
	Leg 6
	Leg 7
	Leg 8
	Leg 9

	Faecal pellet production experiments
	# 5 
	X
	
	X
	X

	Zooplankton tows
	# 2
	X
	
	X
	X

	Water samples 
	# 4
	X
	X
	X
	X

	Sediment traps
	# 5
	X
	X
	X
	X


Ice algae community

The ice algae were sampled every 5th day at the far end of Takatuk site.  Low and high snow depth sites were assess and a wide array of biological and chemical parameters were measured.  Those parameters are; nutrients , DOC, TOC, salinity, pH, total and fractionated (>5um) chlorophyll a, particulate organic carbon and nitrogen (POC-PON), particulate inorganic carbon (PIC), Biosilica, bacteria, flagellates, cell identification and enumeration and EPS.  All the methods are described in the leg 2 cruise report, section 2.3 (free drifting sediment traps and newly formed ice)

The preliminary results of ice algal biomass indicates a clear increase over time (figure 1).  Their is a gradualy slow increase from February 24th  to March 5th, after that date it really picked up going from 0.1 to 0.9 mg chl a m-2.  These results suggest that enough light is now reaching the underice community, triggering the production of primary producer. Surface water phytoplankton biomass also significantly increased over time, starting at 0.05 mg chl a m-3  on February 24th to 0.2 mg chl a m-3 late March.

Figure 1: Ice algae and surface water phytoplankton at Takatuk site

Trophic interactions in sea ice and ice-water inerface

The main objective of this research is to describe trophic interactions of heterotrophic protists within the bottom sea ice and at the ice-water interface. For each ice and ice-water interface sample collected during leg 5, the protist and bacteria assemblages were quantified using epifluorescent microscopy. Three different experiments were also conducted on each ice and water sample to determine protists bacterivory (FLB grazing experiments), ammonium regeneration by protists, and ammonium (15N-NH4) uptake by eukayotic and prokaryotic cells. The experiments were conducted every five days, on the day following ice core sampling. Experiments were also conducted on two ice and water samples collected from the Angaguk site. Ammonium samples were analyzed on board whereas the 15N-NH4 samples were stored for later analysis by mass spectroscopy. For the grazing experiments, flow cytometry samples were frozen for later analysis and microscope slides were prepared for epifluorescent examination. 

Preliminary results from the FLB grazing experiments, indicate that there is limited bacterivory in the ice and interface water. However, there has been a gradual increase in ammonium concentration in ice under low snow conditions suggesting an increase in heterotrophic activity. Ammonium concentrations are also consistently higher within the ice as compared to the interface water.
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2.2 Surface meteorology /exchanges & Satellite validation 

Cruise participants: C.J. Mundy, Christina Blouw, Jim Butler, Carrie Breneman, Steve Howell, Randy Scharien, Mark Gordon, Chris Konig

Introduction

Physically, an ice cover prevents the direct exchange of energy, mass and momentum between the atmosphere and ocean, thereby impacting physical, chemical and biological processes within both the ocean and atmosphere.  Itself, the snow and ice cover is a complicated mixture of ice, water, air, brine, salts and biota, whose proportion and characteristics both affect and are affected by air-sea coupling and biogeophysical processes within both the atmosphere and ocean.  The overarching objectives of our sub-group examine different aspects of these relationships and over a variety of space and time scales.

The participants of leg 5 established new monitoring facilities and locations for snow distribution and satellite validation while maintaining the sampling schedule and data collection facilities set up in previous legs. Among the parameters measured were meteorological parameters like temperatures, wind, humidity and radiation as well as fluxes of heat, water vapour, momentum and carbon dioxide, blowing snow properties, snow and ice geophysical properties and electromagnetic interaction, snow and ice chemistry and topographic snow and sea ice macro-feature characterization for satellite validation and bear habitat studies.  

In the organization of this report we separate these activities into discreet sections, even though the research is highly integrated and collaborative.

Site Locations

Time series sampling was conducted on-board the CCGS Amundsen (70( 2.516’ N, 126( 15.894W) and at sites distributed within 1.5 km of the ship (Figure 1).  All sites were on a pan of uniformly consolidated seasonal sea ice that ranged in thickness from approximately 120 cm (at the start of Leg 5) to 165 cm (by the end of the Leg).  Snow cover consisted on 5 to 10 cm of hard-packed snow covered with moving snowdrifts of varying thickness. Distributed sampling for topographic snow and ice macrofeature characterization occurred at sites within approximately 10 km of the ship.  The specific locations and nature of the samplings is described in the respective sections below.

Figure 1.  The location of sampling sites in close proximity to the CCGS Amundsen.

Micrometeorology and Surface Exchanges of Energy, Momentum and CO2
A number of posts and towers were installed along a surveyed north-south transect starting at approximately 250 m south of a parcol shelter at Takatuk (Site F in Figure 1).  The arrangement of these structures is shown in Figure 2.  The two 10m masts and a cluster of instrumented posts in the foreground of the photograph are associated with a blowing snow experiment.  GPS determined locations of the two 10m masts are N 70 02.542  W 126 15.894 and N 70 02.532  W 126 15.894. The southern-most structures (i.e., the tower-antenna towers – one 6m and the other 2.5m) are equipped to monitor the components of the heat and radiation budget and the atmospheric CO2 flux (Lat-Lon of 70( 2.516’N, 126( 15.894’W).  For the purpose of this report, the equipment and dataset associated with the blowing snow project and the surface fluxes (heat, radiation and CO2) will be described in separate subsections.

Surface Fluxes

(C.J. Mundy and Chris Konig)

Radiation Exchange and Surface Budget

Net all-wave radiation and its components (including incident PAR) were measured at Takatuk (Figure 4). Sensor type and manufacturer are itemized in Table 1.  Sensor output was scanned at 3-second increments and stored as 10-minute averages by a Campbell Scientific (model 21X) data logger.  AC power to the site powered the logger. Data are available from Jan. 23 onwards.  A damaged cable delayed the deployment of reflected surface solar radiation until Feb. 4.

Down facing radiometers were directed toward the west.  The extension arm suspending these radiometers could not be oriented toward the south, because the small tower is positioned along the N-S pedestrian line and tracks would be present in the sensor FOV.  A quantum sensor was also deployed flush with the ice surface (under the snow) approximately 10 m east of the radiation tower.

Figure 4.  Radiation measurement assemblage south of Takatuk (Photo by Owen Owens).

Heat Exchange

The instrumentation associated with heat, water vapour, momentum and CO2 exchange studies budget is depicted in Figure 5 and itemized in Table 1.  An eddy correlation system (Figure 6), consisting of a Campbell Scientific sonic anemometer (CSAT3) and LICOR open-path H2O/CO2 infrared gas analyzer (LI7500), was mounted at 4.35 m above the ice surface and oriented to face 190( from north.  Sensor output were scanned at 10Hz by a Campbell Scientific data logger (model 23x) and the raw, high frequency, data were transmitted to the CCGS Amundsen by RF telemetry in ten minute intervals.  The radio frequency transmitter was maintained above its threshold temperature of –25( by a 60W light bulb that was housed within the logger enclosure. 

Other sensors on the tower (anemometers, temperature/relative humidity probes, IR transducer) were scanned at 3s increments by a Campbell Scientific data logger (model 10x).  Temperature-relative humidity sensors were oriented to the north, while anemometers faced south.  The offset for the zeroing of the wind vane (on top of the tower) is –16.7(.  Data are available from Jan 22 onwards.

Figure 5.  The 6 m heat budget tower south of Takatuk.

Ice temperature was continually measured at 10 locations (Table 1) extending from the ice surface to 1m depth from the surface by thermocouple sensors (24 AWG, Type T) imbedded into a 4.08 cm O.D. PVC tube.  The sensor junctions were embedded in high conductivity epoxy and inserted into PVC plugs, which were themselves inserted into the PVC tubing so that the sensor tips were flush against the ice wall.  Snow temperature was measured at 15 locations at 1.5 cm increments up from the snow base by thermocouple sensors (24 AWG, Type T) that were themselves embedded within 5/32” brass tubes, each 8 cm in length.  The snow sensor array (Figure 7) was installed immediately adjacent to the ice temperature string.  

Figure 6.  The eddy correlation system (CSAT3 and LI7500) on the heat budget tower.

Table 1. Parameters monitored in association with the heat budget and radiation tower. 

a) atmospheric sensors

	Variable measured
	Sensor Manufacturer (model)
	Height from ice (m)

	horizontal wind speed and direction
	wind monitor - RM Young® (model 05106 MA)
	6.31

	horizontal wind speed
	3-cup anemometer, Met-One® (model 013a)
	1.7, 5.20

	temperature and relative humidity
	Vaisala (model HMP45C
	1.6, 5.12?

	global radiation and reflected short-wave 
	Eppley® pyranometer (model PSP)
	TBD ~ 2.2 & 1.8

	down-welling and surface emitted long-wave radiation 
	Eppley® pyrgeometer (model PIR)
	TBD ~ 2.2 & 1.8

	net radiation
	REBS® Q*7
	TBD ~ 1.8

	PAR irradiance
	LI-COR® quantum sensor (LI-190)
	TBD ~ 2.2

	Surface Temperature
	Everest® IRTransducer (Model 4000.4 GL)
	TBD ~ 2.2

	CO2 and H2O concentration
	open path IRGA LI-COR® (model LICOR LI-7500)
	4.36

	wind vector (x, y, and z coordinates)
	sonic anemometer – Campbell Scientific®, CSAT3
	4.36


b) snow and sea ice

	Variable measured
	Sensor Manufacturer (model)
	Position

	snow temperature
	thermocouple sensors (24 awg – type T)
	15 sensor at 1.5 cm increments starting at 0.5 cm

	ice temperature
	thermocouple sensors (24 awg – type T)
	-1 cm,-5,-10,-15,-20,-30,-40,-50,-60,-70,-80,-100

	PAR transmission (through snow)
	quantum sensor (LI-192)
	undersnow  ~-8 cm


Figure 7.  Snow temperature array.  Note, sensor spacing in the figure is 3 cm, not 1.5 cm spacing, as used during the CASES’ experiment.

Carbon Flux

Atmospheric

Atmospheric CO2 concentration was continuously measured using a LI-7500 open-path sensor as part of the eddy correlation system (described above) that was mounted on the heat budget tower (Figure 5).  Similarly, eddy correlation estimates of the atmospheric CO2 flux can be derived using the system.  Information on the associated sampling of those ice and ocean pCO2 and parameters affecting pCO2 are reviewed below.  

In-situ measurements of pCO2 concentration were made following procedures outlined by Kammann et al., (2001) 
.  Probes consisted of silicone tubing closed with silicone septa on both ends and were installed within a PVC tubing (Figure 9).  Each PVC tube contained three probes, one between 20-40cm, the other between 60-80 cm and the third between 100-120 cm, thereby stratifying the ice into 20 cm sections.  In theory, molecules, such as CO2, CH4 and O2, would diffuse across the porous, semi-permeable membrane allowing the air space within the silicone tube to approach an equilibrium level with the surrounding sea ice.  Air was drawn from these probes every second day by syringe through 1/8” tygon tubing and immediately injected into evacuated 10 ml vials for analysis on gas chromatograph.  Six PVC probes were installed, three near to Takatuk and three in close proximity to the ship.  Silicone probes were also installed into seawater immediately beneath the sea ice cover. For detailed information about the measurements taken refer to Lisa Miller’s cruise report (subproject 2.6)

Figure 9.  Gas sampling probes that were used for in-situ pCO2 determination.

Ice geophysics

(C.J. Mundy)

Physical properties of sea ice were collected on a weekly base throughout leg 5 in conjunction with sampling by other CASES participants including CO2, contaminants, bacterial and primary production and biomass measurements. On each sampling day, snow depth, ice thickness, freeboard height (distance from water level to ice surface) and a temperature profile (10 cm interval) were measured in the field. Additional ice cores were brought back to the ship for profile measurements (10cm interval) of salinity, density and microstructure.  

Ice thin sections were prepared using a hand plane, following a method developed on Leg 2. Pictures of brine inclusion size using a dissecting microscope were taken. Further, pictures of crystal structure were taken using a light table and cross-polarized sheets with a macro setting on the camera. The cores were characterized as follows:

· Thickness (using a measuring tape)

· Temperature (using a drill and temperature probe Hart Scientific Model 1522)

· Salinity (using a salinometer Hoskin Scientific Cond 330i)

· Microstructure (using a Canon Powershot G2 4.2 megapixels and cross-polarized sheets)

· Density (using a digital caliper and a scale)

5. Leg 5 Cruise Report, Contaminants

Research objectives: The overriding question this project hopes to answer is how climate variability in physical forcing and the biogeochemical response to this primary forcing will affect organohalogen and trace metal contaminant cycling. Ultimately, we propose to relate changes in delivery and biogeochemical cycling of these contaminants to their levels in fish, marine mammals and the people who consume these tissues as part of their traditional diets. Mercury, which cycles globally in the atmosphere, is deposited uniquely in polar regions through mercury depletion events (MDEs; oxidation of Hg (0) to Hg (II)), and these appear highly sensitive to ice and ocean climate variables. 

Detailed mass balance and fate studies will be conducted to formulate a mass balance model for mercury in the Beaufort Sea marine system. In conjunction with the work being done to quantify vertical and organic material fluxes, such a model will form an interpretive basis for monitoring components of the system and interpreting proxy records. To conduct these mass balance studies we envision making the following measurements for mercury and organohalogen contaminants in ocean water: water and suspended sediment from the Mackenzie and other smaller rivers, near surface air, snow and ice cores, permafrost, and lake and marine sediment cores. Areas frequented by Beaufort Sea beluga will be specifically targeted for benthic and pelagic food web (stable isotopes and fatty acids) and contaminant studies. Water δ18O and salinity measurements will also be made to distinguish between freshwater sources (runoff and sea-ice melt) such that the relative roles of import of Hg from the drainage basin versus Hg cycling through ice formation and melting can be evaluated.

We have no results to report at this time, as the laboratory required for trace contaminants analysis is not compatible with a marine vessel. All samples will be transported to Winnipeg for analysis. Water was collected from the rosette twice per week, for a total of 12 collections. Total mercury samples were collected in duplicate at eight depths (total of 216 samples, including 24 blanks), along with samples for salinity and δ18O (total of 96 samples). Methyl mercury (MeHg) samples were also collected in duplicate every fourth sampling (51 samples, including 3 blanks). Surface water was collected from an outdoor site eight times during Leg 5. A total of 52 total mercury samples (including 12 blanks), 21 MeHg samples (including 3 blanks) and 20 salinity and δ18O samples were collected. 

Ice cores and snow were collected once per week. Samples were melted and bottled for salinity and δ18O (total of 19 samples), and total mercury (total of 50 samples, including 12 blanks). Duplicate MeHg samples were collected every second sampling (total of 18 samples, including 2 blanks). 

A high-volume air sampler was set up at the meteorological site about halfway through Leg 5. A total of three air samples were collected (1 per week). High-volume water pumps were deployed under the ice approximately once per week at four depths. Two of the pumps were new and untested in the field. One of the new pumps leaked on its first deployment, but worked well once the leak was repaired. The other new pump appears to have some software problems, as it shuts down before pumping the programmed volume. Nonetheless, 13 samples were collected (including 2 blanks).

Biotic sampling included zooplankton and fish. We had no success deploying fish and amphipod traps under the ice, but the zooplankton groups often caught arctic cod in their plankton nets, which they donated to us. A total of 16 arctic cod were collected. In addition, 11 zooplankton samples were collected. These were sorted into groups (Calanus, Euchaeta, etc.) and frozen for transport back to Winnipeg.

Some things that could be improved for subsequent legs or other overwintering projects include the choice of snowmobiles and the availability of refrigerator space. The smaller snowmobiles (Bombardier Tundra) did not perform well in very cold temperatures (< -(30ºC). The larger snowmobiles performed better under the conditions experienced on this leg. In addition, we had a lot of trouble finding adequate room to store our samples. There was adequate room during this leg to store frozen samples (they can even be stored outside), but there was little space available to keep samples cool but not frozen (5-10ºC). Space of any kind is very limited on the ship, but it would be nice to see a refrigerated container or walk-in cooler.  The existing refrigerated lab space is heavily used as a lab, leaving minimal storage space within it.

6. Water column carbon geochemistry 

Cruise participants: Pascale Collin (McGill University) and Lisa Miller (Institute of Ocean Sciences)


In our continuing efforts to comprehensively described the carbon fluxes through the shelf system of the eastern Beaufort sea, we collected full water column profiles of pH, dissolved inorganic carbon (DIC), alkalinity (AT), and dissolved organic carbon (DOC; filtered through combusted GF/F filteres) every six days throughout Leg 5 (cruise 0402). We also collected suspended particulate matter (SPM) samples, ice cores, and gas samples.


On each moonpool Day 1, we collected water from the 08:30 chemistry cast (shortly after the 06:30 microbiology and primary production cast finished sampling) at 9 depths (20, 25, 50, 75, 100, 125, 150, 175 m, and the bottom, about 225 m) for pH, DIC, AT, and DOC. We also collected TOC (total organic carbon -- i.e. unfiltered) samples from cast 030, and methane samples from casts 017 and 082 for Fiona McLaughlin (at 20, 50, 75, 100, 150 m, and the bottom). On moonpool Day 2 surface water was also sampled from 3 m at Titicaca for pH (except on March 16th), DIC, AT, TOC, salinity, and Oxygen-18 (O-18, every two weeks, when it had also been collected from the moonpool rosette cast the day before by Nykolay). We also collected some surface water samples for C-13 from Titicaca on March 10 (organic only) and 16th (both organic and inorganic).

Spectrophotometric analysis of pH samples was completed within a few hours of sample collection. **With the exception of the samples collected at the last rosette and surface casts, all of the DIC and alkalinity samples collected on this leg, as well as 12 samples collected on Leg 4, were analyzed (coulometrically and potentiometrically, respectively) before we disembarked. The data have not yet been quality-controlled, but a preliminary DIC profile is shown in Figure 1. The decrease at the surface is primarily related to the lower salinity (normalizing the data to a constant salinity gives higher DIC values at the surface than at depth). The maximum at 150 m appeared consistently in most of our casts and was associated with the main halocline and the level at which zooplankton were observed to congregate.

Figure 1. Preliminary DIC profile (mol/kg) showing typical trends observed throughout the leg.

Pascale collected suspended particulate matter (SPM) samples at 3 different sites (i.e. moon pool, Titcaca, and Horton River). Surface waters were sampled at Titicaca and bottom water was sampled from the moon pool. Horton river was sampled in 0.5 meter of water. The big quantity of suspended particulate matter at this site permitted 6 replicates, with 3 replicates rinsed with HCl. The water samples were filtered on pre-weighed 
0.3 µm micro-fiber glass filters immediately upon recovery of the rosette or within 12 hours following storage of the water in the cold room. In most cases, duplicate filters were obtained. The filters are preserved in the –80 °C freezer and will be dried by liophilisation at the university, weighed for suspended particulate matter concentration, and used for mineral analysis and sequetial extractions for minor and major elements.
In addition to water column work, Lisa collected an ice core every week (on Sundays) in cooperation with C.J. Mundy (see section 1). Full temperature profiles (every 10 cm) were taken on the core as soon as it came up, and then the core was cut into 10-cm sections, which were individually melted back on the ship. The core melts were always subsampled for DIC, alkalinity, TOC, nutrients, and salinity. We also subsampled for C-13 from the cores taken on February 29th (total organic and inorganic C only, from every second section: 0-10 cm, 20-30 cm, etc.), March 7th (particulate, as well as total organic and inorganic; from every second section), and March 14th (particulate and total; every third section: 0-10 cm, 30-40 cm, etc.). DIC and alkalinity were measured on board (except for those melts from the last core, taken on March 28th). An example DIC profile for an ice core is shown in Figure 2. The decrease towards bottom of the core implies that the inorganic carbon concentration in the brines increases upcore.

Figure 2. Preliminary profile of inorganic carbon (as a function of ice mass, not brine volume) in an ice core collected from Takatuk on March 21. 


Lisa and Carrie Breneman also continued sampling initiated by Owen Owens on Legs 3 and 4 from CO2 peepers frozen into the ice at both Takatuk and Bruney Island. These peepers each have three isolated chambers with silicone membranes (which are permeable to CO2) exposed to the ice. Each chamber has an outlet port at the surface, from which we collected gas samples twice each week (Wednesdays and Saturdays, Takatuk in the morning, and Bruney Is. in the evening). Those samples were analyzed on board by gas chromatography, and an example data set is shown in Figure 3. Although we still have some serious calibration and sampling issues to resolve, the general trend of CO2 levels much, much higher in the ice than in the air is very intriguing.

Figure 3. Preliminary ice peeper CO2 profiles from February 28. Air samples were taken by syringe, facing upwind.

Overall, this has been an astoundingly productive leg. The Amundsen is an excellent platform for the kind of ice work we have been doing, with its combination of strong logistical support from the crew (thanks gang!), excellent laboratories, and comfortable living conditions, and we have collected an unexpectedly large number of very high quality samples. The only glitch was that we were expecting to have a heated parcol on the ice with a hole in the floor for sampling surface water, where we would be able to experiment with high resolution vertical and temporal profiling. Nonetheless, the shed at Titicaca at least allowed us to collect routine samples to complete the low-resolution profiles collected from the moonpool (with the exception that we were not able to poison our inorganic carbon samples until we returned to the ship, because the saturated mercuric chloride solution kept freezing in the pipette tip). We also want to particularly thank the logistics crew for their patience and flexibility in feeding us, routinely extending the lunch period to allow those working on the ice to have fresh, hot lunches.
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