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The transit of the CCGS Louis S. St-Laurent through the Canadian Archipelago provided the first opportunity to collect, during a single cruise, physical, geochemical, biological, geological and contaminant samples from Lancaster Sound west to the Canada Basin in the Arctic Ocean. These samples were collected to investigate selective withdrawal and circulation of  Arctic outflow waters, to examine the long-range transport of contaminants to water and the food chain and to study the population ecology of Arctic fish and marine mammals.  The scientific team was comprised of 32 researchers from the Institute of Ocean Sciences, Freshwater Institute and Bedford Institute of Oceanography (working together for the first time) as well as researchers from other Canadian and American government departments and universities.  The diverse programs on this leg, their objectives and accomplishments are described below.



Along the 2700 nm transit, samples were collected at 48 stations across Wellington Channel, Barrow Strait, McDougall Sound, Austin Channel, Byam Channel, Parry Channel and half of Viscount Melville Sound in the Canadian Archipelago and 14 stations in the western Beaufort Sea.  The transit between Viscount Melville Sound and Banks Island was through Peel Sound as ice conditions prevented either a westward transit through M’clure Strait or southward transit through Prince of Wales Strait.



An additional task of this leg involved the shipping and transfer of gear in support of the SHEBA project.













SUMMARY:



Jois I: Leg 3 August 28 to September 18, 1997









First multi-disciplinary expedition: 



32 scientists from DFO (IOS, FWI, BIO), DOE, CGS, Rutgers U., Mystic Marine Aquarium



Throughflow program: physical and geochemical sampling

Biological program - zooplankton biomass sampling, bioacoustic program, 					            fishing

Contaminant program - boxcore and biology

Sea Ice program - mooring recovery and deployment, imaging sonar validation

Communications - science writer and a DFO communications photographer 

CGS - piston coring

DOE - contaminant program air/sea exchange 



First time staff from 3 DFO institutes collaborated on an expedition (IOS, FWI and BIO)







Accomplishments:



50 CTD stations, 25 geochemistry stations, 6 zooplankton tows, gill net and longline sampling in Resolute and Viscount Melville Sound, 2 Issacs-Kidd trawls in VMS and in the Beaufort, video of the seafloor at 3 sites, acoustic recording of beluga whales feeding in VMS, 6 box cores, 1 gravity core, 3 piston cores, 5 surface/8 air samples, recovery of 4 moorings (2 sites), deployment of 5 moorings, contact with 1 mooring.







Shipboard Discoveries:



Flow is not channel flow but consist of narrow, focused boundary currents; 

Water mass properties within the Archipelago suggest the system is comprised of a series of connected basins and not simply a channel connecting the Arctic Ocean with Baffin Bay; a huge surprise was that waters below 200 m in VMS basin are older than 30 years, renewal of these waters is of a much longer scale than thought.

Biology is much richer and more widespread, the concept of “hot-spots” needs revision, for example harp seals were observed farther west, ringed seals (15-20) and glaucous gulls feeding near the ice edge off Banks Island- a rare event according to our biologists, presence of cod, beluga whales “heard” feeding at depth in VMS in September (first observation this late in the year); abundance of life on the seafloor as seen in the video, many brittle stars, anemones, sponges, worms and cod

Video camera an excellent tool for selecting sediment sites.



�1. Archipelago Throughflow



Objective: 

To obtain a high-quality geochemical tracer section through the Canadian Arctic Archipelago in order to understand throughflow processes linking the Arctic Ocean and Labrador Sea . Emphasis was on collecting samples for the study of selective withdrawal, along-channel mixing, and scales of motion.  



Sampling completed:  

Continuous CTD profiles and discrete water column samples were collected at 28 stations in the major passageways of the Canadian Archipelago using a Falmouth Scientific Inc. (FSI) integrated CTD attached to a G.O. rosette frame outfitted with 23 BOT bottles deployed from the starboard boat deck.  Auxiliary sensors (SeaTech transmissometer and SeaTech fluorometer) were attached to the rosette frame to collect continuous profiles of optical transmissivity and chlorophyll fluorescence.  Water samples were collected for the analysis of halocarbons (CFC-11, CFC-12, CFC-113, CCl4), dissolved oxygen, alkalinity, total carbon dioxide, nutrients (phosphate, silicate, nitrate, nitrite), oxygen isotopes, barium, chlorophyll and salinity. Samples were also collected for hexachlorocyclohexane, total organic carbon, iodine (129 I), cesium (137 Cs), lead ( 210 Pb), strontium (90 Sr) and plutonium at a few selected stations. Halocarbon, dissolved oxygen, alkalinity, total carbon dioxide, nutrient and salinity samples were analyzed within hours of collection on-board ship, and the remaining samples were stored for analysis upon return to the laboratory. At 23 stations continuous CTD profiles were collected using a self-recording Micro CTD deployed from the foredeck.  This CTD was also used to collect data from an additional 14 CTD stations reached by helicopter. The water column sample locations are shown by section in Appendix 3. 



Team: McLaughlin, Carmack, Sieberg, Van Hardenberg, May, Walsh, O’Brien, Hingston, Barwell-Clarke, Poliquin, Welch, Johnston.





2. Biological Oceanography 



Objectives:

(1)To measure phytoplankton chlorophyll and zooplankton biomass as part of a long-term goal to measure the productivity of the Arctic seas and (2) to evaluate the feasibility and logistical considerations of  working from an ice-breaker and to collect fish and macro-invertebrates on an opportunity basis and (3) record bird and mammal distributions. This expedition provided the first opportunity to measure the productivity gradient and distributions across the Canadian Archipelago from Lancaster Sound west to the Canada Basin in the Arctic Ocean. 



Sampling completed :  

(1)  To investigate whether there is a trophic gradient across the Archipelago the program  collected zooplankton biomass samples at 6 sites: Wellington Channel, Barrow Strait, Austin Channel, Parry Channel and Viscount Melville Sound. Samples were collected using a four net 2x2 m frame deployed from the foredeck.  



Team: Bergmann, Welch.



(2)  Conducting research programs on arctic fish either directly from or supported by the CCGS Louis St. Laurent appears possible.  Recommendations are detailed in a separate report. Following is a list of gear deployed and catches obtained: 

Passive gear:

Multi-mesh gill net (10-60 mesh x 120m length Swedish style) was successfully deployed by Fast Recovery Craft (FRC) in Resolute Bay. Catch: 55 Arctic cod, 1 Fourhorn sculpin, 4 large snails, 1 ectoproct.  

Baited (squid) long-line (100 hooks) and baited nylon shrimp trap rigged for bottom set from afterdeck approximately 1 nm before station 8, 200 m deep in lightly drifting ice floes. Gear lost due to drift, ice conditions - learned the importance of appropriate locating beacon.

Multi-mesh gill net (1-60 mesh x 120m length Swedish style), 100 hook long-line, and baited cloth bags successfully deployed from afterdeck, 160m depth and very close to ice edge. Catch: 1 Arctic cod, sea spiders (Pycnogonidae), brittle stars, five-armed starfish, tube worms, crinoid.

Active gear:

Jigging: (a) near station 24 – 2.5 hr. effort with surface and bottom gear at 150m+; (b) near Station 34 – 4.5 hr. effort from surface to approximately 200m including a 17 hook long-line ‘hung’ vertically. Catch: none

Small Issacs-Kidd mid-water trawl (6 foot wide plate) deployed (station 23) from foredeck starboard crane using IOS winch with kevlar cable to about 50 m depth and towed in two oblique hauls to surface for a total of 20 minutes with ship moving astern. Catch: amphipods.

Other samples collected:

Surface water samples for strontium analysis obtained from 6 sites: Resolute Bay, Stations 11, 22, 27,32 and 36 

Polychaetes and other invertebrates from engine intake filters. 



Team:  Reist, Gyselman, Crawford

	

(3)  Regular observations of marine mammal and birds were conducted from ‘Monkey’s Island’ and the boat deck.  Harp, ringed and bearded seals were common in the eastern areas in the appropriate habitats. Ringed seals were common both in the water and along the new ice fringe of the pack ice west of Banks Island in the Beaufort Sea, occasional bearded seals were also observed here. A number of polar bears or their tracks and in some cases the kills of polar bears were observed from the ship during transit. Concentrations of tracks and sightings occurred in Peel Sound and in the mixed ice at the northern Beaufort Sea Station. In two cases this was a sow each with two cubs. Two unique observations were made: the occurrence of harp seals in open waters along the north side of Viscount Melville Sound and a concentration of ringed seals and gulls feeding near the ice edge in the Beaufort Sea.

	Several species of birds were observed relatively consistently and represent more or less the expectations based upon known distributions: Black Guillemots, Black-legged Kittiwakes, Northern Fulmars, Ivory Gulls, and some Glaucous Gulls were observed in eastern areas;  occasional Pomarine Jaegers were also sighted in eastern areas as well;  in heavier ice conditions and in more westerly areas, Ivory Gulls were observed, often being the only bird present in the area; two Ross’s Gull were observed along eastern transects. 

	Three observations were salient. First, in Peel Sound under ice-conditions of 6/10, Arctic cod were exposed when ice was overturned by the ship and a significant flock of gulls gathered to feed. Most of these were Glaucous Gulls (about 60 birds including adults and juveniles of various ages). The presence of significant numbers of Arctic cod, mostly small fish, the gulls and other biological activity (e.g., numerous polar bear tracks and seals), indicate this area may have a significant production base.  Second, in the Beaufort Sea west of Banks Island, Black-legged Kittiwakes were observed at two separate times (north and southward legs).  The initial sighting consisted of 2 juvenile birds, and the latter sighting consisted of 5 birds, two of which were juveniles. This sighting may represent either a) the migration west of these birds from the known colony in the central archipelago to wintering areas, or b) the presence of an unknown to observers nearby colony in the area. Third, along the northward leg approximately 3 nautical miles prior to the point were the ship entered the pack ice for Station 37, numerous gulls (2-3 species of unknown identity) and about 15-20 ringed seals were observed  feeding in a restricted area (about 250x300 m) immediately adjacent to the ice-edge (new ice along fringe with first-year and multi-year blocks further in). The birds were all on the water actively feeding along with the seals which were repetitively diving. This event likely represents a rarely observed phenomenon, especially in the western Arctic.



 Team: Reist, Krajack, Schiefele, bridge personnel











3. Contaminant Chemistry



Objectives: 

To collect (1) air, (2) water column (3) zooplankton and (4) sediment samples to determine contaminant distributions, gradients and pathways. Water column samples will be analyzed to determine the depth and rate of selective withdrawal from the Canada Basin. The transit represented the first opportunity to collect contaminant samples across the full width of the Canadian Archipelago from Lancaster Sound west to the Canada Basin.



Sampling completed:  

(1) Air/sea exchange: Five surface water samples were collected either by surface pump deployed away from the ship by the foredeck port crane or by 100 L Go-Flo bottle using the foredeck starboard A-frame and winch. Four samples were collected in the Archipelago and one sample was collected on the Beaufort Sea.  These samples will be paired with air samples collected by passing 300-500 m3 of air through pre-cleaned polyurethane foam plugs. The air sampler was located at the bow of the ship. Five samples were collected in the Archipelago station area, 2 samples were collected en route from Lancaster Sound to the Beaufort Sea and 2 samples were collected in the Beaufort Sea.



Team: Strachan, Tuele



(2) Water column: Seventy seven samples were collected to obtain water column profiles at 7 stations along the Archipelago transit. Stations were chosen to collect Arctic outflow water, i.e. southern or western stations.



Team: McLaughlin, O’Brien, Barwell-Clarke,Tuele



(3) Zooplankton:  Three zooplankton samples were collected by repeated bongo net vertical casts to about 100 m. Stations were chosen to collect Arctic outflow water.



Team: McLaughlin, Tuele, Danell



(4) Sediment: The objective of this study was to determine contaminant core profiles and geographic patterns of contaminants in surficial sediment throughout the Canadian Archipelago.  Data will be interpreted in the context of contaminant burdens, sediment process affecting contaminant distributions and spatial patterns of contaminant deposition.  Six samples were collected: in the center of Barrow Strait - 203m; McDougall Sound - 264m, Parry Channel - 203m; Byam Channel - 250m; Viscount Melville Sound - 264m and on the Beaufort shelf - 55m. In addition a sample for the analysis of tributyl tin (TBT) was collected by Ponar grab in Resolute Bay harbor.



Team: Hurlbut, Stern, Wilkinson, Danell

 



4. Geology



Objectives: 

 To collect samples for the analysis of the physical properties of sediment in the Canadian Archipelago. This data will provide information about the depositional history of the area and whether deposition conditions have changed over time.  Researchers from the Geological Survey of Canada, Atlantic Geoscience Centre and FWI collected the samples. 



Sampling completed:  

The coring program was guided by preselected sites based on previously obtained acoustic data.   In total ten cores were collected at six sites: six box cores, one gravity core and three piston and trigger core pairs. Subsamples of the box core were collected for AGC analysis.  Two of the piston cores were obtained from the same basin and at similar depths to preselcted sites and the third was collected at a site in Viscount Melville Sound, an identified area of interest for which no previous data existed. 



Team: Hurlbut, Stern, Wilkinson, Danell





5. Sea Ice     



Objectives: 

(1) to evaluate a prototype imaging sonar (being developed at IOS) for the 2-dimensional mapping of various ice types and (2) to retrieve 6 internally recording sonars deployed in April 1995 at 3 sites in the Beaufort Sea and (3) to deploy the 6 serviced sonars and 2 additional instruments at four sites between the Mackenzie delta and Prince Patrick Island.   These moorings are part of a long-term study of the thickness of Arctic sea ice, and its variations, since 1990. At the Banks and Prince Patrick Island locations, the sonars will observe the oldest sea ice and most severe ice conditions anywhere in the world's oceans.



Tasks completed: 

(1)  Sonar imaging observations were acquired at four sites in the Archipelago, where ice conditions ranged from open water, through young pancake and nilas ice forms, to mature first-year and multi-year ice. These measurements will be applied to the design of an imaging sonar capable of mapping the underside of pack ice from a self-contained moored package during year-long Arctic deployments.

(2)  Ice-observing sonars moored in April 1996 were successfully recovered in open-water conditions at Sites 1 and 2 on the Mackenzie shelf. Preliminary inspection of the millions of observations stored within the instruments has indicated a 100% recovery of high-quality ice data, and interesting time series of sound backscatter from zooplankton in the water column. Scattering during the summer of 1996 (a year of heavy ice cover) was a factor of ten lower than that during the summer of 1997, when the ice-free period was more than 3 months. Two attempts were made on consecutive days to recover the mooring deployed at Site 5 to the west of Banks Island. At this time, this site was overlain by a heavy cover of multi-year ice. Although good contact was made with the acoustic transponders on the mooring, the mooring was not released because ice conditions at the surface were too chaotic for a quick and straightforward retrieval. It remains at this location to await future attempts at recovery 

in the spring and/or summer of 1998.

 (3)  Ice measuring sonars were deployed at four sites, three of which were those of earlier mooring retrievals. Those on the Mackenzie shelf were accomplished as planned. That proposed for deployment to the west of Prince Patrick Island was eventually deployed off the northwest corner of Banks Island, about 120 miles further south. The change in plan was dictated by heavy ice conditions in the area. There was no need to re-deploy the mooring at Site 5, since it was not retrieved.



Location of Sonar Moorings in the Beaufort Sea, September 1997

	Site 1   70 20.2' N     133 42.3' W

	Site 2   70 56.5' N     133 41.6' W

	Site 5   73 27.1' N     126 36.1' W

	Site 6   74 09.1' N     125 54.4' W



Team: Melling, Gamble, Johnston, Riedel

 



 5. Beluga Habitat Studies  



Objective:   

 To determine if pods of beluga whales would be found in September in the Canadian High Arctic Archipelago and if found, why they are there at that time.  Based upon numerous researchers’ tag data, this species (Delphinapterus leucas) have been recorded and Viscount Melville Sound was identified as the location where beluga would most likely be found feeding at or below 300 meters depth.  The primary objective was to deploy an underwater audio-visual system down to 300 meters and record a feeding event taking place.  An additional objective was to collect an acoustic signature of the icebreaker CCGS Louis S. St. Laurent which will be added to the current vessel signature and noise assessment catalogue.  This research was supported by Mystic Marinelife Aquarium in collaboration with the National Undersea Research Center (NURC-NAGL) at the University of Connecticut.

	The work was also planned to provide educational tools.  As a result, a great deal of time was placed in the preparation of video, still, and digital footage and an accompanying journal and science teaching paper.  The latter not only covers the specifics of this mission but relates the roles and vocations of the 33 scientists and technicians and ship’s company (see website at www.nfa.k12.ct.us)



Sampling and Tasks completed:  Although no video footage was obtained of beluga whales (either underwater or surface), definitive acoustical evidence was acquired during sonar operations over the 500 meter trench in the Viscount Melville Sound; an area suspected to be a beluga “hotspot”.  This event occurred on 08 September 1997 which was later than the beluga were suspected of being at that site.  In addition, other video footage and fishing samples taken by Department of Fisheries and Oceans (DFO) biologists indicated the presence of Arctic Cod in the area.

	Three video recordings of the seafloor were obtained with a downward (vertical) and outward (horizontal) looking camera array and used Sony XC-999 video cameras.  In addition, numerous shots on 35 mm underwater film were taken.  In all cases the camera was positioned at the bottom depth with the hydrophone 2 m above the camera.

Samples collected:

Station #12   Cobble bottom with almost no sediment.  Some brittle stars and sponges.  



Station # 19;   Muddy bottom with no rocks, boulders or cobble.  Many brittle stars, anemones, worms, sponges, and Arctic Cod.  The cod were unique to this place at this time and depth.

  

Station #24;  Muddy bottom but very little life.  Counted 9 Arctic cod in 18 minutes of film. 



Team: Scheifele, Worobey, Tedeschi
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 Key:

R: 	Rosette					P:	Surface pump

C: 	CTD					SN: 	Surface niskin		

C-H: 	CTD by helicopter			MA:	Mooring acoustic/location

Z: 	Zooplankton				MR: 	Mooring recovery

LVF: 	Large volume filter			MD:	Mooring deployment

G: 	Grab					SS:	Side scan sonar

BC: 	Box core				F:	Fish

PC: 	Piston core				LL: 	Long line

GC:	Gravity core				T:	Trawl	

BM: 	Biomass				BA 	Bioacoustic
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