CCGS Nahidik, 23th July-19th August, 2008.
Northern Coastal Marine Studies
 on the Canadian Beaufort Shelf.
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There are several components to the Department of Fisheries and Oceans science program on the Nahidik which together form an integrated study of the physical oceanography, phytoplankton, zooplankton, ichthyoplankton, fish and benthos of the Canadian Beaufort Shelf. The various components and the scientists on board this year were:

	Physical oceanography
	Bill Williams, Ryan Flagg

	Carbon studies
	Patricia Ramlal

	Ichthyoplankton and zooplankton
	Wojtek Walkusz, Monica Pucko, Kathleen Gardiner

	Fish
	Mark Lowdon, Cathy Munro

	Acoustics
	John Jorgenson

	Geotechnical sampling
	Kevin MacKillop

	Benthic macrofaunal studies
	Kathy Conlan, Alec Aitken, Quinn Eggertson

	Hexachlorocyclohexane
	Monica Pucko, Wojtek Walkusz

	Bottom camera
	Vladimir Kostylev, Lise Chapman

	Hydrographic support
	Dave Tobio, Bill Briggs, Jim Wheedon


Most of the goals of the different groups of scientists aboard were completed and the cruise was a success.  

In 2008 there were four primary study areas (see the attached cruise-track map): Herschel Island/Mackenzie Trough, the shelf-break/Kugmallit monitoring section, Cape Bathurst and Cape Parry/Darnley Bay/Paulatuk. Cape Bathurst was studied as a site of topographically enhanced wind-driven upwelling and a region of Bowhead whale feeding aggregations. Herschel Island was the primary location for fishing activities and also a site of topographically enhanced flow. Cape Parry and Darnley Bay were exploratory and allowed a community visit to Paulatuk. The Kugmallit Valley line was re-occupied for monitoring purposes and special attention was given to the shelf break since one of the new lease blocks for oil-exploration crosses the shelfbreak west of Kugmallit Valley. In addition, we visited many benthic features, including ice scours, knolls, artificial islands and glacial beaches which were of interest to the benthic ecology and geotechnical sediment sampling groups.
The Nahidik is not ice-strengthened and it is typical for our sampling to be restricted by sea-ice. This year, at the beginning of the cruise, ice charts (see Figure 4) and satellite images (see Figure 5) showed the Canadian Beaufort Shelf to be ice-free. This is an unusual occurrence and has now happened two years in a row. Several factors likely contributed to the large area of open water, but we expect that the dominant factor was wind from the east and southeast that pushed the ice offshore. During the cruise, the sampling area remained ice-free and we were able to sample where needed and were only marginally constrained at the shelfbreak, which roughly coincided with the ice-edge.
Our cruise track is shown in Figure 1, a time line for the cruise is given in Table 1 and detailed event log and cruise track data can be found at ftp://ftp.eos.ubc.ca/pub/wwilliam/Nahidik_2008.  

This is an interdisciplinary research program and so, if possible and appropriate, all components of the program take samples from each station. As last year, the sampling for a ‘full’ station was typically structured as follows:
	SAMPLING
	LOCATION

	CTD/Rosette cast on arrival at the station.
	Aft deck hydro-winch

	2 x Algae net casts (to catch phytoplankton)
	Aft deck hydro-winch

	3 x Vertical net casts (to catch zooplankton)
	Aft deck hydro-winch

	2 x Bongo net tows (to catch ichthyoplankton)
	Fore deck large winch and crane

	2 x Bottom trawl
	Fore deck large winch and crane

	3 x Box cores
	Fore deck large winch and crane

	1 x Gravity core
	Fore deck large winch and crane

	Bottom camera
	Aft deck hydro-winch


Near the beginning of the work day, if weather conditions allowed, the Widgeon would also be deployed to run a dense grid of acoustic lines in the 2x2 nm box that defined the station. The Widgeon was recovered towards the end of the afternoon or earlier if the weather deteriorated.
In addition to the point sampling performed at stations, there was also continuous acoustic mapping of the water column and seafloor, via the instruments attached to the acoustic arm, and continuous measurement of sea-surface water properties, via seawater pumped from the forward sea-chest into the forward hold.
This year the deck crew was organized as last year: two deck hands and the bosun were on the day shift (6am to 6pm) and two deck hands were on the night shift (6pm to 6am). This makes it easier to work into the evening on the foredeck, with box cores and towed nets, as only the bosun would require overtime. It also made the bottom camera and CTD/Rosette work at night easier and safer with two deck-hands present.

The remainder of the report consists of a wish list of recommendations followed by individual reports from the various science teams aboard. 

Recommendations:
1. Additional deck crew. 
An additional deckhand would allow 3 deck crew during the day and 3 during the night. This would enable us to have full science operations 24 hours a day. The recommendation is for the deck crew to comprise of:


1 Bosun (DED5 or 6)

2 Crane Operators (DED3)

3 Seamen (DED2)

It would be cheaper to do this than to pay the Bosun’s overtime. 

2. Additional Scientist.
With one more scientist it might be possible to reorganize the scientists into day and night teams, enabling full science operations 24 hours per day.
The extra 2 people would bring the total to 31, the maximum allowed on the ship as per the inspection certificate. It would not overly crowd the mess or overflow the sewage system. It would mean that all bunks would be occupied including all bunks in the 4 man room and both bunks in the chief scientist’s cabin. Medical equipment currently stored in the chief scientist cabin could be moved to the lockers opposite chief scientist’s cabin and into the funnel room. The stretcher could go behind the door of the washroom with the sauna. 
3. Navigation software. ($3K? Ask CCG) 

The mates on the Nahidik, Tony Maguire and Ryan Hull, appreciated the navigational help from the Hydrographic Service and the use of Hypack. But they also need their own computer station running navigation software. I understand this involves buying a computer, Aldebaran or Nobletec navigational software, and electronic charts. There is the possibility that the software might make it trivial for the mate on duty to create the electronic event log that is currently produced by Hydrography. This is an interesting option since, during the night, the mate currently assists by continuing the event log in Hypack for us.
4. Laboratory Space.
There is very little laboratory space on the Nahidik, the only bona-fide lab being the short aft container. The lab was often very crowded and during the 2008 cruise there were 6 researchers trying to use the same space, frequently at the same time. Storage of lab supplies is also challenge with many supplies being stored outside by the container. More laboratory space could be achieved by building a replacement lab container that is at least double the size  of the one we currently have or by building an additional small container. There is also the possibility of installing a lab on the starboard side of the forward hold where it would replace some of the lockers there.
5. Drop keel for acoustics. ($lots, $500K at least, ask CCG))
The acoustic arm must be manually raised whenever the Nahidik is in shallow water or when there is debris or ice in the water. The arm is also close to the area where most of the box coring and trawling is done so there is a constant threat of entangling the gear in the arm. The arm is also close to the docking area for the Widgeon which can be a concern in rough seas. Ultimately, the solution to this problem is to engineer and install an acoustic keel similar to those used on the Amundsen and Martha Black. This would be a major refit item but acoustics are likely to be a major component of the Nahidik’s program for the foreseeable future and it is therefore worth considering.

6. Acoustic arm to starboard side (see ‘Drop keel for acoustics’ also). ($?)
There were a couple of ‘close calls’ where gear being towed along the portside snagged the acoustic arm.  There has been no damage to the arm this year, but it would be more ideally situated on the starboard side.  The presence of the acoustic arm on the portside not only puts it in harms way while towing gear, but also affects our ability to tow gear in a straight line under certain conditions, forcing us to maintain a portside turn while trawling or towing bongos. The acoustic arm would be modified so that it could be installed either in the new fitting on the starboard side or in the original fitting on the port side. The arm would be used on the starboard side for leg 1 (to be out of the way of fishing nets and the Widgeon) and then moved to the port side for leg 2 (to be out of the way of the Petrel)
7. Fuel port on front of superstructure. ($? Ask CCG)

A diesel fuelling station on the front of the Nahidik is requested. This would make it much easier to refuel both the Widgeon and Petrel. It should be strongly considered in the future if possible.

8. Green winch on foredeck. ($?) 
This winch needs to be overhauled during the coming refit. I suspect we have been lucky that it has proved reliable over the last 5 years, with only repair as-needed from the ship’s engineers.
9. Line-out metre for the green winch ($?, <$10K?)
The winch needs a meter installed that indicates how much cable has been let out.  We rely on the angle of the cable, and the amount of cable that has been released, to calculate the approximate depth of the equipment. This year, we initially used a meter block that had been made for us by AGO Environmental. This worked, but the block proved unsuitable and the wire between the block and the readout meter complicated the operations on deck. We eventually abandoned the meter block in favor of using the original block and counting the marks on the cable to estimate wire out. It may be possible for AGO to construct a wire-out meter that counts the number of revolutions of the drum on the winch and calculates wire out from that. This could be considered for 2009. Wojtek Walkusz and Jim Reist are the interested parties here.
10. Aft video cameras. ($? Ask CCG)
Ceiling mounted cameras that relay to the bridge the winch operations on the aft deck. These cameras need to be weatherproof. At the moment Dave Tobio provides us with temporary cameras, and these seem to work well.
11. E-mail. ($? Ask CCG))

The iridium based email system worked very well in 2008, mostly due to the services of Global Marine Networks, www.gmn-usa.com) and their knowledgeable advice. For 2009 Iridium’s new OpenPort system should be installed which would allow phone, email and some internet bandwidth. Approximately 10K. At some point, maybe during refit, the coastguard will likely want to put its email, internet, TV system on the ship ($$$$$$).
12. Ice-Vue. ($? Ask CCG)

Ice and weather forcast information is limited on the Nahidik. This information should arrive via radio fax from Inuvik Coast Guard Radio, but this system does not work well since the Nahidik unfortunately operates in a radio shadow for the Inuvik transmitter. All ice and weather information was available this year from an ftp site created by the Canadian Ice Service for us. This was much appreciated and very helpful, but could only be downloaded when in Tuktoyaktuk for re-supply or bad weather. Given that the Nahdik is not ice strengthened but works in the Arctic any ice information received is closely considered. The additional detail provided by the Radarsat images provided was also much appreciated as it is often useful to know the location of individual ice floes or the pattern of ice distribution within low ice concentration areas.  Ice Vue needs to be implemented on the Nahidik. I understand that a version of Ice Vue called Ice Vue Lite is being created that would not require an ice observer to be on board the Nahidik.

13. Computer network. ($? Ask CCG)
The ship’s computer network system should be developed to enable science staff to access common data from their cabins. Optical fibres are already in place for this. A network can allow for easy access to stored data while at sea and for automated backup of data. The system should be designed so that eventually an e-mail/internet link can be added to the system. This ought to be done as part of refit.
14. Better Gyro output.
We use Gyro interpreters that take the signal from the ship’s portside gyro and turn it into a NMEA string. One is used for the ADCP the other is used for the AVOS weather station. Both interpreters are unfortunately prone to losing their calibration, particularly the AVOS one. This means that some of the direction data is bad, and bad in such a way as to make it difficult to correct. A new gyro with native output of NMEA HDG string is recommended. New gyros should be purchased as part of the refit.
15. Seawater loop. 
The engineers and scientists struggle each year to create a better surface seawater loop on the Nahidik.  Please see the Physical Oceanography and Carbon Studies part of this report for this year’s comments. The sea-water loop needs to be done properly during refit.
16. Widgeon Launch.

There were a number of problems with the Widgeon this year, but the by far the largest is was that the Widgeon cannot operate usefully for acoustics when winds are greater than 12 knots, which meant that they did not collect much data this year. A Petrel-class launch is necessary for this project. Please see the Acoustics part of this report for additional comments.

17. Trawler for the Fishing Program.
Relative to the combination of gill netting and mid-water trawling used in 2004 and 2005, the beam trawl that is now used provides a more reliable and efficient method of catching fish across a broad range of sampling conditions, including moderately rough seas.  The trade-off in solely using the beam trawl is the lack of pelagic marine species. The Nahidik is not suitable for mid-water trawls, or for trawling large nets quickly, as must trawl from the side of the ship using the forward crane. It is likely that a dedicated trawler will need to be brought to the Canadian Beaufort Shelf to solve this problem.
Thanks:
We would like to thank Captain Jean Cloutier, Mates Tony Maguire and Ryan Hull, and the excellent crew of the Nahidik. They made an exceptionally friendly, accommodating and hardworking boat and I look forward to sailing on the Nahidik again. I would also like to extend thanks to Dave Tobio who, once again, managed to bring what we forgot and fix what we broke.

Contact information for the scientists and hydrographers on board:
	Bill Williams
	Bill.Williams@dfo-mpo.gc.ca

	Ryan Flagg
	flagg@oceanetic.com

	Vladimir Kostylev
	vkostyle@nrcan.gc.ca 

	Lise Chapman
	Anne.Lise.Chapman@Dal.Ca

	Wojtek Walcusz
	Wojciech.Walkusz@dfo-mpo.gc.ca

	Monika Pucko
	 

	Kathleen Gardiner 
	umgardi0@cc.umanitoba.ca

	Mark Lowdon
	divemark@shaw.ca

	Cathy Munro
	cathymunro@shaw.ca

	Patricia Ramlal
	Patricia.Ramlal@dfo-mpo.gc.ca

	Kathleen Conlan
	kconlan@mus-nature.ca

	Alec Aiken
	aaitken@arts.usask.ca

	Quinn Eggertson 
	qeggertson@mus-nature.ca 

	Kevin Mackillop
	kmackill@nrcan.gc.ca

	John Jorgenson
	John.Jorgenson@dfo-mpo.gc.ca

	Bill Briggs
	 

	Dave Tobio
	Dave.Tobio@dfo-mpo.gc.ca

	Jim Wheedon
	Jim.Weedon@dfo-mpo.gc.ca


	
	Time Line - Beaufort Sea 2008
	
	

	
	
	
	

	Date
	Location
	Approx. Latitude
	Approx. Longitude

	
	Traverse down river to Tuk
	
	

	07/23/08
	Kugmallit Gas Vents
	69 45.0067
	133 21.7258

	07/24/08
	July 24 Garry Knolls / Scours
	69.89697
	-136.34428

	07/25/08
	July 25 Herschel Basin
	69.52359
	-138.49769

	07/26/08
	July 26 West Side Herschel / Herschel Basin / Mackenzie Trough
	69.49402
	-138.68285

	07/27/08
	July 27 Mackenzie Trough / Herschel Basin
	69.46234
	-138.94742

	07/28/08
	July 28 Herschel Island / Mackenzie Trough
	69.64245
	-139.35875

	07/29/08
	July 29 Garry Knolls
	69.92463
	-137.05349

	07/30/08
	July 30 Mackenzie Shelf Break
	70.58563
	-136.12167

	07/31/08
	July 31 Kugmallit Bay / Mackenzie Shelf Break
	70.10383
	-133.87862

	08/01/08
	August 1 Mackenzie Shelf Break / Kugmallit Bay
	70.94224
	-134.86188

	08/02/08
	August 2 Mackenzie Shelf Break / Kugmallit Bay
	70.88409
	-134.76171

	08/03/08
	August 3 Mackenzie Shelf Break / Kugmallit Bay
	70.38797
	-134.20071

	08/04/08
	August 4 Kugmallit Bay
	69.96603
	-133.13134

	08/05/08
	August 5 Kugmallit Bay
	69.99293
	-133.78529

	08/06/08
	August 6 Near Liverpool Bay
	70.48176
	-129.98410

	08/07/08
	August 7 Near Liverpool Bay/ Cape Bathurst
	70.45775
	-127.46193

	08/08/08
	August 8 Cape Bathhurst
	70.52807
	-127.52676

	08/09/08
	August 9 Cape Bathhurst / Ballie Islands
	71.05752
	-129.02613

	08/10/08
	August 10 Ballie Islands
	71.15580
	-128.50547

	08/11/08
	August 11 Ballie Islands /Cape Bathurst
	70.54076
	-127.56582

	08/12/08
	August 12 Cape Parry
	70.22344
	-124.62106

	08/13/08
	August 13 Cape Parry
	70.25098
	-124.68623

	08/14/08
	August 14 Cape Parry / Franklin Bay
	69.86490
	-125.57074

	08/15/08
	August 15 Darnley Bay / Paulatuk
	69.37976
	-124.26247

	08/16/08
	August 16 Darnley Bay
	69.44597
	-124.14138

	08/17/08
	August 17 Tuk Peninsula / Mackenzie Shelf
	69.88317
	-132.84345

	
	August 18 MacKenzie River/Missing boat search
	
	

	
	August 19 Inuvik
	
	


Table 1. A time line for the DFO leg of the Nahidik cruise in 2008.
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Figure 1: The Nahidik in Darnley Bay near Paulatuk (Photo by Lise Chapman).
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Figure 2: Paulatuk dock, NWT (Photo by Lise Chapman)
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Figure 3: A map of the Canadian Beaufort Shelf showing this year’s cruise track (red) the main study areas (ellipses) and the new lease blocks for oil exploration (black).
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Figure 4:  A Canadian Ice Service ice chart for 28 July 2007 showing the Canadian Beaufort Shelf to be ice free.
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Figure 5: A MODIS true-color satellite image taken on 28 July 2008. Note the complexity of the Mackenzie River plume.
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Figure 6: Meteorological data from the AVOS weather station on board the ship for the duration of the cruise.

Physical Oceanography Program

Bill Williams, DFO, Institute of Ocean Sciences.

The physical oceanography program now has four primary areas of interest for process oriented studies: the Mackenzie River plume, Mackenzie Trough/Herschel Island, Cape Bathurst and the shelf-break. 

The Mackenzie River plume forms a large and irregular brackish surface water plume over the Canadian Beaufort Shelf. Satellite images suggest that the transition from river water (close to the Mackenzie delta) to oceanic water (offshore) might be comprised of a series of continually evolving fronts at which horizontal mixing and dispersal of riverine water occurs via eddy-like motions. In addition, the Mackenzie plume is also strongly forced by the wind and ice. A vertical profile through the Mackenzie plume generally shows a thin (~6m) surface layer of buoyant riverine water overlying more saline shelf water. Ekman transport from wind/ice surface stress is expected to be largely confined to this surface layer, causing considerable advection of the plume on/off-shore during down/up-welling events. Figure 4 is a visible satellite image taken on 28 July 2008 and shows the complex nature of the plume. 

Cape Bathurst is at the northeastern end of the Mackenzie Shelf and on the southwestern side of Amundsen Gulf. The shelf abruptly ends at Amundsen Gulf and the steep bathymetry into the gulf coupled with the relatively flat Mackenzie Shelf creates strong isobath divergence near the cape. Hydrographic and satellite data indicate upwelling of the nutrient-rich, Pacific-origin water to the surface at the cape when surface-stress is upwelling-favourable for the shelf. The enhanced upwelling is thought to be forced by the adjustment of the wind-driven along-shelf flow to the isobath divergence. Benthic samples near Cape Bathurst show high numbers and diversity of organisms which suggests that the nutrients brought to the surface by upwelling allow additional primary production in the region that ultimately feeds the benthos.
Mackenzie Trough is also a site of large amplitude upwelling that occurs when the along-shelf component of either the wind or the ice motion is towards the west. Although upwelling within the trough is well documented, the location and flux of upwelled water onto the continental shelf is not. From numerical modeling of cross-shelf canyons, we expect that upwelling water crosses the shelf break either at the head of Mackenzie Trough or on its western side. However, Mackenzie Trough is unusual in that on the western side of the trough lie Herschel Island and a constriction in the bathymetry of the trough. The constriction in bathymetry causes the along-isobath flow to be much faster there which possibly amplifies the upwelling occurring in the trough. The presence of Herschel Island blocks upwelling onto the continental shelf at the constriction and so we expect the upwelling onto the shelf to be focused immediately northwest of the island. CTD sections were taken this year during upwelling conditions that support this. We were unable to do a full CTD and ADCP survey of the upwelling in Mackenzie Trough as the ship time is needed by other parts of the Nahidik program. 

There were 4 components to the physical oceanography sampling: CTD profiling, shipboard ADCPs and sea-surface water measurements and meteorological measurements.
CTD: 
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The same Seabird CTD/Rosette system, conducting-cable winch deck unit and laptop data acquisition computer was used this year. It allows us to record and view the data in real-time and to close Niskin bottles at prescribed depths or at interesting features in the water column. During a CTD cast, an acoustic altimeter, mounted on the CTD frame, gave the height above bottom of the CTD/Rosette. The CTD was lowered at about 0.5m/s until it was approaching the bottom and then slowed aiming, in calm conditions, to stop the CTD 1m above the bottom. If the CTD frame did touch the bottom, it typically came back on deck with mud on the lower ring of the frame but never any on the CTD. We were careful to wash the mud off the deck and CTD frame after each CTD cast to ensure that there could be no contamination of the data from mud on the frame washing into the CTD package. It also kept the deck less slippery. The deck unit and CTD acquisition computer was kept in the 5’x5’x5’ blue container on the aft deck of the Nahidik. This was very close to the CTD and allowed good communication between the CTD operator and the deck crew. Thanks to Vladimir Kostylev for allowing us to share this space, which was primarily for the bottom video camera equipment.
The components of the CTD/Rosette system were:

	Component
	Make/Model
	Serial  number

	CTD logger
	Seabird SBE 25
	0415

	Temperature sensor
	Seabird SBE 3F
	4444

	Conductivity sensor
	Seabird SBE 4C
	3209

	Pressure (strain gauge) 1000dbar
	Seabird SBE 29
	0603

	Pressure (strain gauge) 350dbar
	Seabird SBE 29
	0530

	Dissolved Oxygen
	Seabird SBE 43
	1202

	Pump
	Seabird SBE 5T
	4646

	Fluorometer
	Seapoint SCF
	2859

	Transmissometer
	Wetlabs CST
	1047

	Optical Backscatter
	Seapoint
	11074

	PAR sensor (damaged early on)
	Biospherical, QSP2200PD
	20273

	Altimeter, Benthos 
	Benthos PSA-916D
	41098

	Nitrate, ISUS (bad data, broken)
	Satlantic
	121

	Nitrate, ISUS battery pack
	Satlantic
	053

	Niskin Bottles, 5 litre
	Seabird
	

	PDIM
	Seabird 
	0113

	Carousel
	Seabird SBE 32
	0591 or 0616?

	Deck unit
	Seabird SBE 33
	0132 or 0140


Comments on the CTD package and operations:

-The wet-pluggable connectors were again very easy to use and we had no problems with them. 

-All available inputs to the SBE25 were in use, including the 2 differential inputs. 

-The CTD winch we use does not have a wire out meter so instead we used a metered block, supplied by the winch shop at IOS. The meter is attached to the axle of the block and the readout is attached to the winch so that the operator can read it. A long flexible, coiled cable runs between the two. A rope tied to the block allowed us to turn the block so that the conducting sea cable sat properly in the sheave. 

Problems:

-The underwater PAR sensor on the CTD was damaged very early on in the cruise during recovery of the CTD/Rosette. There was essentially no data from this sensor.
-The ISUS nitrate meter did not work. Eventually the problem was tracked down to the tip of the ISUS where there is a mirror that reflects light back into the ISUS. The mirroring on this mirror was flaking off.
-The altimeter is slowly drifting to read slightly more distance to the bottom than is actually there. 50cm is pretty much on the bottom.
-The design of the SBE 25 is a little odd in that the differential inputs do not switch on until the pump switches on and if the pump switches on in while in air the current draw is so large it causes a loss of communication with the CTD.  
-The optical backscatter sensor became noise during the cruise and was eventually replaced with the one on the TSG system.

CTD cast times and locations:

	Cast #
	Station Name
	Depth, m
	Latitude
	Longitude
	Date UTC
	Time UTC

	1
	KugGas
	16.00
	69
	44.99
	133
	21.70
	07/23/08
	20:08:15

	2
	15778
	30.60
	70
	2.58
	134
	58.14
	07/24/08
	13:37:32

	3
	15812
	23.57
	69
	53.84
	136
	20.34
	07/24/08
	20:38:56

	4
	D6
	53.56
	69
	32.41
	138
	31.97
	07/25/08
	13:53:10

	5
	C6
	15.68
	69
	30.80
	138
	43.33
	07/25/08
	21:10:14

	6
	Stn1
	
	69
	36.63
	139
	23.99
	07/25/08
	05:53:04

	7
	Stn2
	13.58
	69
	35.20
	139
	20.16
	07/26/08
	07:08:07

	8
	Stn3
	8.04
	69
	34.24
	139
	19.93
	07/26/08
	07:50:55

	9
	Stn4
	7.68
	69
	33.98
	139
	28.65
	07/26/08
	08:39:41

	10
	Stn5
	12.60
	69
	34.91
	139
	28.02
	07/26/08
	09:15:54

	11
	Stn6
	17.64
	69
	35.88
	139
	29.08
	07/26/08
	09:55:00

	12
	B21
	61.53
	69
	27.89
	138
	51.22
	07/26/08
	16:44:24

	13
	100m
	95.27
	69
	34.34
	138
	27.67
	07/27/08
	02:51:22

	14
	V20
	125.53
	69
	43.20
	138
	19.05
	07/27/08
	05:25:21

	15
	V21
	147.53
	69
	47.19
	138
	23.59
	07/27/08
	07:17:18

	16
	A6
	12.29
	69
	27.47
	138
	56.79
	07/27/08
	13:17:57

	17
	HB8
	31.03
	69
	27.89
	138
	55.10
	07/27/08
	20:57:31

	18
	HB7
	58.60
	69
	28.52
	138
	52.84
	07/27/08
	21:18:16

	19
	Hole
	85.00
	69
	29.11
	138
	49.82
	07/27/08
	21:39:40

	20
	HB6
	20.26
	69
	29.70
	138
	47.09
	07/27/08
	22:20:42

	21
	Sill
	16.44
	69
	30.20
	138
	43.40
	07/27/08
	22:43:35

	22
	HB5
	18.22
	69
	31.12
	138
	41.17
	07/27/08
	23:01:47

	23
	HB3
	20.50
	69
	31.85
	138
	39.00
	07/27/08
	23:19:25

	24
	HB4
	36.51
	69
	32.65
	138
	36.69
	07/27/08
	23:40:41

	25
	HB2
	50.00
	69
	33.41
	138
	34.30
	07/28/08
	00:07:02

	26
	HB1
	106.50
	69
	34.91
	138
	29.80
	07/28/08
	00:43:16

	27
	HB0
	128.00
	69
	36.15
	138
	25.36
	07/28/08
	01:25:33

	28
	HB-1
	135.00
	69
	37.42
	138
	21.01
	07/28/08
	02:02:53

	29
	H1.6
	145.13
	69
	41.64
	138
	29.12
	07/28/08
	03:12:40

	30
	H1.5
	140.00
	69
	40.42
	138
	33.13
	07/28/08
	04:01:01

	31
	H1.4
	120.00
	69
	39.24
	138
	37.25
	07/28/08
	04:40:37

	32
	H1.3
	75.00
	69
	37.96
	138
	41.53
	07/28/08
	05:20:31

	33
	H1.2
	40.00
	69
	36.78
	138
	45.40
	07/28/08
	05:53:35

	34
	H1.1
	12.00
	69
	35.66
	138
	49.53
	07/28/08
	06:21:14

	35
	H2.1
	20.00
	69
	38.44
	139
	1.96
	07/28/08
	07:07:36

	36
	H2.2
	40.00
	69
	39.79
	138
	57.02
	07/28/08
	07:34:49

	37
	H2.3
	55.00
	69
	41.27
	138
	52.10
	07/28/08
	08:02:18

	38
	H2.4
	100.00
	69
	42.69
	138
	47.12
	07/28/08
	08:32:33

	39
	H2.5
	150.00
	69
	44.16
	138
	41.92
	07/28/08
	09:06:22

	40
	H2.6
	170.00
	69
	45.80
	138
	36.49
	07/28/08
	09:43:26

	41
	H3.7
	170.00
	69
	49.22
	138
	46.62
	07/28/08
	10:36:25

	42
	H3.6
	125.00
	69
	47.47
	138
	52.51
	07/28/08
	11:14:46

	43
	H3.5
	60.00
	69
	45.73
	138
	58.56
	07/28/08
	11:50:11

	44
	H3.4
	40.00
	69
	44.01
	139
	4.56
	07/28/08
	12:21:39

	45
	H3.3
	40.00
	69
	42.24
	139
	10.48
	07/28/08
	12:51:02

	46
	H3.2
	31.90
	69
	40.52
	139
	16.45
	07/28/08
	13:54:49

	47
	H3.1
	27.49
	69
	38.82
	139
	22.53
	07/28/08
	14:37:50

	48
	H3.1
	27.46
	69
	38.80
	139
	22.67
	07/28/08
	22:59:52

	49
	V18
	260.00
	70
	2.59
	138
	36.97
	07/29/08
	06:03:37

	50
	GKREF
	47.94
	69
	55.45
	137
	3.48
	07/29/08
	19:23:46

	51
	V13
	71.28
	70
	32.40
	136
	1.39
	07/30/08
	06:48:44

	52
	V12
	92.61
	70
	33.25
	136
	2.96
	07/30/08
	08:10:09

	53
	V7
	150.00
	70
	34.28
	136
	5.25
	07/30/08
	08:36:38

	54
	V8
	210.00
	70
	35.14
	136
	7.30
	07/30/08
	09:57:59

	55
	V9
	300.00
	70
	35.84
	136
	8.85
	07/30/08
	11:04:29

	56
	V10
	404.00
	70
	36.58
	136
	10.92
	07/30/08
	12:54:50

	57
	V11
	559.00
	70
	38.08
	136
	14.80
	07/30/08
	13:42:19

	58
	KBL1
	6.50
	69
	38.89
	133
	24.07
	07/31/08
	08:04:18

	59
	KBL2
	10.00
	69
	51.31
	133
	36.41
	07/31/08
	09:39:31

	60
	KBL3
	22.00
	69
	59.41
	133
	45.67
	07/31/08
	11:06:00

	61
	KBL4
	34.60
	70
	6.28
	133
	52.62
	07/31/08
	12:16:57

	62
	KBL4
	34.60
	70
	6.36
	133
	52.58
	07/31/08
	13:38:08

	63
	KBL5
	44.79
	70
	14.90
	134
	2.23
	07/31/08
	21:07:19

	64
	KBL6
	54.48
	70
	23.33
	134
	11.39
	07/31/08
	22:36:19

	65
	KBL6.5
	63.66
	70
	27.86
	134
	16.21
	07/31/08
	23:30:28

	66
	KBL7
	62.49
	70
	32.22
	134
	21.46
	08/01/08
	00:27:36

	67
	KBL7.5
	61.90
	70
	37.50
	134
	26.70
	08/01/08
	01:28:21

	68
	KBL8
	
	70
	42.61
	134
	32.54
	08/01/08
	02:35:34

	69
	KBL8.5
	69.53
	70
	46.86
	134
	36.97
	08/01/08
	03:27:49

	70
	V46
	
	70
	50.80
	134
	42.08
	08/01/08
	04:23:41

	71
	V45
	85.01
	70
	51.92
	134
	44.12
	08/01/08
	05:38:17

	72
	V14
	94.27
	70
	52.98
	134
	45.36
	08/01/08
	06:07:46

	73
	V47
	150.00
	70
	54.36
	134
	47.41
	08/01/08
	07:29:08

	74
	V44
	240.00
	70
	55.62
	134
	49.17
	08/01/08
	08:04:07

	75
	V43
	315.00
	70
	56.87
	134
	51.26
	08/01/08
	09:44:04

	76
	V43
	317.00
	70
	57.06
	134
	51.48
	08/01/08
	13:10:18

	77
	KBL9.5
	100.00
	70
	53.07
	134
	45.30
	08/01/08
	22:39:24

	78
	V48
	75.00
	70
	53.21
	134
	0.52
	08/02/08
	03:22:35

	79
	B1
	77.18
	70
	50.48
	134
	4.98
	08/02/08
	04:28:53

	80
	B2 
	70.00
	70
	47.48
	134
	7.01
	08/02/08
	05:18:37

	81
	B3
	70.00
	70
	44.93
	134
	9.00
	08/02/08
	05:59:11

	82
	B4
	65.00
	70
	41.78
	134
	12.01
	08/02/08
	06:38:14

	83
	B5
	65.00
	70
	38.97
	134
	14.03
	08/02/08
	07:14:03

	84
	B6
	60.00
	70
	35.78
	134
	17.06
	08/02/08
	07:54:36

	85
	B7
	60.00
	70
	32.00
	134
	21.03
	08/02/08
	08:41:28

	86
	B8
	60.00
	70
	34.54
	134
	23.06
	08/02/08
	09:15:41

	87
	B9
	60.00
	70
	37.79
	134
	25.08
	08/02/08
	09:53:55

	88
	B10
	65.00
	70
	40.49
	134
	29.07
	08/02/08
	10:29:56

	89
	B11
	65.00
	70
	43.30
	134
	32.06
	08/02/08
	11:04:45

	90
	B12
	70.00
	70
	46.99
	134
	35.07
	08/02/08
	11:47:29

	91
	B13
	75.00
	70
	49.21
	134
	38.10
	08/02/08
	12:18:41

	92
	B14
	60.00
	70
	53.11
	134
	45.33
	08/02/08
	13:05:43

	93
	KBL9.5
	101.70
	70
	53.05
	134
	45.44
	08/02/08
	16:36:34

	94
	KBL9 (akaV46)
	77.97
	70
	50.81
	134
	42.17
	08/02/08
	18:05:06

	95
	ICE1
	500.00
	71
	1.21
	134
	56.05
	08/03/08
	04:09:49

	96
	ICE2
	400.00
	70
	59.71
	134
	54.45
	08/03/08
	06:27:05

	97
	ICE3
	325.00
	70
	58.31
	134
	53.11
	08/03/08
	07:26:04

	98
	V43
	315.00
	70
	56.86
	134
	51.36
	08/03/08
	09:27:11

	99
	V44
	240.00
	70
	55.65
	134
	49.26
	08/03/08
	10:21:04

	100
	V47
	150.00
	70
	54.45
	134
	47.71
	08/03/08
	12:06:14

	101
	V14
	98.55
	70
	53.02
	134
	45.43
	08/03/08
	12:42:12

	102
	KBL6
	54.12
	70
	23.31
	134
	11.46
	08/03/08
	16:39:53

	103
	KBL5.5
	46.50
	70
	18.86
	134
	6.89
	08/03/08
	23:16:56

	104
	KBL5
	44.76
	70
	14.90
	134
	2.16
	08/04/08
	00:08:21

	105
	KBL4.5
	44.90
	70
	10.62
	133
	57.47
	08/04/08
	01:08:53

	106
	KBL4
	34.10
	70
	6.21
	133
	52.84
	08/04/08
	02:06:44

	107
	KBL3.5
	31.25
	70
	3.09
	133
	49.66
	08/04/08
	02:52:34

	108
	KBL3
	21.88
	69
	59.36
	133
	45.61
	08/04/08
	03:43:45

	109
	KBL1.6
	9.91
	69
	47.40
	133
	32.51
	08/04/08
	05:39:05

	110
	KBL1.3
	7.88
	69
	43.18
	133
	28.51
	08/04/08
	06:18:13

	111
	KBL1
	6.15
	69
	38.92
	133
	24.13
	08/04/08
	06:53:09

	112
	Erksak
	18.13
	69
	57.95
	133
	7.90
	08/05/08
	02:10:22

	113
	KBL3
	24.15
	69
	59.38
	133
	45.58
	08/05/08
	13:04:29

	114
	BHW1
	38.86
	70
	44.06
	130
	52.55
	08/06/08
	05:33:10

	115
	BHW2
	36.00
	70
	40.89
	130
	48.51
	08/06/08
	06:17:34

	116
	BHW3
	31.29
	70
	38.24
	130
	45.68
	08/06/08
	06:52:58

	117
	BHW4
	28.81
	70
	35.38
	130
	42.35
	08/06/08
	07:28:50

	118
	BHW5
	25.97
	70
	32.09
	130
	38.31
	08/06/08
	08:09:53

	119
	BHW6
	25.16
	70
	28.96
	130
	34.40
	08/06/08
	08:49:50

	120
	BHW7
	20.00
	70
	25.85
	130
	31.18
	08/06/08
	09:27:56

	121
	BHW8
	15.00
	70
	22.80
	130
	27.48
	08/06/08
	10:03:20

	122
	BHW9
	11.00
	70
	19.74
	130
	23.85
	08/06/08
	10:41:38

	123
	BHW10
	11.97
	70
	21.25
	129
	49.35
	08/06/08
	13:10:09

	124
	BHW11
	16.41
	70
	25.12
	129
	53.33
	08/06/08
	14:35:30

	125
	BHW12
	18.69
	70
	28.69
	129
	57.88
	08/06/08
	15:26:12

	126
	BHW13
	21.70
	70
	32.26
	130
	2.34
	08/06/08
	16:51:48

	127
	BHW14
	24.20
	70
	35.37
	130
	6.33
	08/06/08
	18:10:32

	128
	BHW15
	27.39
	70
	38.58
	130
	9.91
	08/07/08
	00:50:24

	129
	BHW19
	25.61
	70
	40.28
	129
	56.26
	08/07/08
	01:52:24

	130
	BHW20
	24.31
	70
	42.02
	129
	42.35
	08/07/08
	02:47:38

	131
	BHW21
	69.05
	70
	43.94
	129
	28.02
	08/07/08
	03:46:31

	132
	BHW22
	26.95
	70
	45.77
	129
	14.00
	08/07/08
	04:41:58

	133
	BHW23
	27.26
	70
	47.57
	129
	0.02
	08/07/08
	05:39:34

	134
	BHW24
	33.14
	70
	49.29
	128
	46.15
	08/07/08
	06:36:01

	135
	BHW25
	39.04
	70
	51.10
	128
	31.90
	08/07/08
	07:34:08

	136
	BHW26
	49.91
	70
	52.87
	128
	18.16
	08/07/08
	08:30:19

	137
	BHW27
	81.48
	70
	54.65
	128
	4.25
	08/07/08
	09:28:16

	138
	SWB1
	40.80
	70
	27.47
	127
	26.54
	08/07/08
	15:52:48

	139
	SWB5
	41.92
	70
	10.23
	126
	59.68
	08/08/08
	00:36:36

	140
	SWB3.1
	30.10
	70
	19.21
	127
	14.13
	08/08/08
	03:13:28

	141
	NearSWB3.2
	51.69
	70
	19.63
	127
	10.79
	08/08/08
	04:42:44

	142
	NearSWB3.3
	105.05
	70
	20.36
	127
	8.11
	08/08/08
	05:38:59

	143
	NearSWB3.4
	152.51
	70
	21.00
	127
	6.40
	08/08/08
	07:41:27

	144
	NearSWB3.5
	193.50
	70
	21.62
	127
	4.20
	08/08/08
	08:08:42

	145
	NearSWB3.6
	250.00
	70
	22.94
	126
	58.52
	08/08/08
	10:06:40

	146
	SWB0_75
	74.40
	70
	32.02
	127
	31.82
	08/08/08
	15:24:21

	147
	SWB0_20
	21.22
	70
	30.63
	127
	42.69
	08/09/08
	01:52:36

	148
	SWB0_10
	14.54
	70
	30.22
	127
	44.73
	08/09/08
	02:17:25

	149
	SWB0_30
	30.00
	70
	31.46
	127
	38.73
	08/09/08
	02:53:01

	150
	SWB0_40
	42.20
	70
	31.76
	127
	35.88
	08/09/08
	03:32:47

	151
	SWB0_50
	54.46
	70
	32.42
	127
	34.03
	08/09/08
	04:25:38

	152
	SWB0_70
	82.85
	70
	32.65
	127
	32.72
	08/09/08
	04:50:37

	153
	SWB0_90
	101.20
	70
	32.83
	127
	31.98
	08/09/08
	05:49:42

	154
	SWB0
	125.00
	70
	33.06
	127
	30.92
	08/09/08
	06:56:50

	155
	SWB0_190
	190.00
	70
	33.80
	127
	27.53
	08/09/08
	07:35:45

	156
	V51
	235.00
	70
	34.41
	127
	24.31
	08/09/08
	09:11:20

	157
	V52
	260.00
	70
	36.31
	127
	12.23
	08/09/08
	10:11:48

	158
	BIS4
	42.75
	71
	3.45
	129
	1.60
	08/09/08
	21:15:45

	159
	V42
	85.20
	71
	13.26
	127
	58.40
	08/10/08
	03:59:44

	160
	V31
	115.00
	71
	15.25
	127
	50.02
	08/10/08
	04:43:20

	161
	V30
	75.00
	71
	16.94
	127
	42.45
	08/10/08
	06:12:53

	162
	V29
	185.00
	71
	18.18
	127
	33.01
	08/10/08
	07:00:18

	163
	WFA1
	60.79
	71
	9.24
	128
	28.91
	08/10/08
	14:15:25

	164
	WFA2
	55.08
	71
	11.96
	128
	35.08
	08/10/08
	19:59:08

	165
	WFA3
	61.76
	71
	10.69
	128
	21.05
	08/11/08
	00:48:41

	166
	WFA4
	152.61
	71
	7.09
	128
	22.82
	08/11/08
	04:43:13

	167
	SWBN2
	132.91
	70
	39.30
	127
	42.47
	08/11/08
	23:12:51

	168
	SWB0_10
	14.34
	70
	30.21
	127
	44.67
	08/12/08
	00:44:12

	169
	SWB0_20
	21.58
	70
	30.65
	127
	42.66
	08/12/08
	01:00:23

	170
	SWB0_30
	33.54
	70
	31.47
	127
	38.79
	08/12/08
	01:26:25

	171
	SWB0_40
	41.87
	70
	31.93
	127
	36.39
	08/12/08
	01:47:12

	172
	SWB0_50
	54.68
	70
	32.41
	127
	34.03
	08/12/08
	02:08:19

	173
	SWB0_70
	78.52
	70
	32.65
	127
	32.97
	08/12/08
	02:30:40

	174
	SWB0_90
	103.46
	70
	32.84
	127
	32.05
	08/12/08
	03:18:47

	175
	SWB0
	127.20
	70
	33.03
	127
	30.69
	08/12/08
	04:01:29

	176
	SWB0_150
	175.20
	70
	33.53
	127
	28.72
	08/12/08
	04:31:08

	177
	SWB0_190
	172.08
	70
	33.82
	127
	27.31
	08/12/08
	04:58:18

	178
	PPT2
	49.85
	70
	13.40
	124
	37.04
	08/12/08
	14:38:07

	179
	PPT3
	71.00
	70
	15.03
	124
	39.52
	08/13/08
	02:52:00

	180
	PPT1
	35.44
	70
	12.13
	124
	43.64
	08/13/08
	17:11:32

	181
	PPT10
	41.23
	70
	13.10
	124
	41.61
	08/13/08
	21:10:44

	182
	PPT11
	64.20
	70
	14.39
	124
	39.35
	08/13/08
	21:40:40

	183
	PPT12
	88.45
	70
	15.46
	124
	34.36
	08/13/08
	22:28:26

	184
	PPT13
	85.96
	70
	16.50
	124
	30.15
	08/13/08
	23:03:02

	185
	WB1
	38.15
	70
	6.40
	124
	52.19
	08/14/08
	02:43:20

	186
	WB2
	44.15
	70
	6.38
	124
	59.53
	08/14/08
	04:05:27

	187
	WB3
	45.92
	70
	6.02
	125
	1.46
	08/14/08
	04:20:35

	188
	WB4
	44.08
	70
	5.83
	125
	6.35
	08/14/08
	05:30:26

	189
	WB5
	46.39
	70
	5.73
	125
	9.28
	08/14/08
	06:20:40

	190
	FB1
	50.84
	69
	51.90
	125
	34.25
	08/14/08
	15:47:24

	191
	DLB1
	120.00
	69
	44.01
	123
	34.54
	08/15/08
	06:06:13

	192
	DLB2
	67.91
	69
	39.35
	123
	44.05
	08/15/08
	07:55:05

	193
	DLB3
	45.00
	69
	35.04
	123
	52.76
	08/15/08
	08:48:30

	194
	DLB4
	45.00
	69
	30.90
	124
	0.53
	08/15/08
	10:18:43

	195
	DLB5
	65.00
	69
	26.94
	124
	8.06
	08/15/08
	11:08:14

	196
	DLB6
	23.27
	69
	22.78
	124
	15.75
	08/15/08
	13:07:57

	197
	DLB7
	40.00
	69
	35.41
	124
	9.38
	08/16/08
	04:58:58

	198
	DLB8
	45.57
	69
	35.40
	123
	56.26
	08/16/08
	05:45:59

	199
	DLB9
	75.00
	69
	35.40
	123
	43.18
	08/16/08
	07:11:01

	200
	DLB11
	78.79
	69
	35.39
	123
	30.04
	08/16/08
	08:07:57

	201
	DLB16
	100.00
	69
	38.90
	123
	22.06
	08/16/08
	09:41:31

	202
	DLB12
	62.00
	69
	35.39
	123
	16.99
	08/16/08
	10:29:41

	203
	DLB13
	65.00
	69
	31.99
	123
	38.00
	08/16/08
	12:15:58

	204
	DLB14
	73.23
	69
	28.29
	123
	45.22
	08/16/08
	13:11:30

	205
	DLB15
	66.16
	69
	27.80
	123
	57.78
	08/16/08
	14:34:24

	206
	DLB5
	57.62
	69
	26.92
	124
	8.07
	08/16/08
	15:19:35

	207
	6870_08
	19.14
	70
	19.08
	130
	57.27
	08/17/08
	19:31:42
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Figure 1: A CTD section across Herschel Basin, Herschel Sill and into Mackenzie Trough. The basin is brim full of near freezing-point salty water that was formed in the previous winter.
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Figure 2: A CTD section across the shelfbreak north of Kugmallit Valley. Note the subsurface chlorophyll maximum and the pattern of turbid resuspension at the shelf break.
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Figure 3:  A CTD section north of Cape Bathurst running from the Canadian Beaufort Shelf and into Amundsen Gulf. Note the resuspended sediment and salty upwelled water at the bottom.

ADCP:
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Two ADCPs were mounted on the acoustic arm this year: a 300 kHz and 600kHz. The depth of the transducers on the acoustic arm was 2.8m and the orientation of the 4 beams of the ADCP relative to the ship, as viewed from above, was:
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Single ping data were collected at a rate of about 2Hz. Single ping data is noisy and averaging in time is necessary to increase the signal-to-noise ratio during post processing. The vertical bin size used ranged from 1-8 m, larger bin sizes being used in deeper water. 

Although the ADCPs nominally function at 300 and 600 kHz, the bandwidth is broader than simple echo sounders so that there can be interference between the sounders and the ADCPs and interference between the ADCPs. 
· Interference problems between the 600 kHz ADCP and the other acoustics are less than the 300 kHz ADCP, presumably because its frequency is further away from the frequency of the other acoustics.

· The 300kHz and 600kHz interfere with each other so only one was used at a time - the 600kHz for shallow water and the 300kHz for deep water.

·  The engine noise on the Nahidik interferes with all sounders and becomes worse with higher engine revs. The solution for the ADCP was to run with both engines rather than just one, allowing lower revs for a given speed. We were able to move faster with acceptable noise levels on the ADCP by doing this.

To find the water velocity, the velocity of the ship needs to be accurately removed from the ADCP data. When using single ping data, this can be done by either using the bottom track velocity as ship’s velocity or by using the ships velocity from the DGPS systems.  If DGPS is used, the heading of the instrument (or equivalently the ship) is needed. Since the compass on the ADCP does not work well when close to a steel hulled ship and in an area of weak horizontal magnetic field, a black box was installed to translate the readout of the ship’s gyro to a NMEA string which could then be sent to the ADCP computer and integrated into the ADCP data. This system worked well this year but occasionally lost calibration so some of the ADCP data will be bad. We recommend upgrading the ship’s gyros to more modern ones that can natively export an NMEA string.
Sea surface measurements: 
Sea surface temperature and salinity, fluorescence and transmission were ‘continuously’ recorded by using seawater pumped from the forward seachest. A SBE21 thermosalinograph was used. The serial numbers of the sensors were

	Sensor
	Serial  number

	Seabird TSG SBE21 
	3312

	Temperature 
	3312

	Conductivity
	3312

	Pressure (strain gauge)
	3312

	Fluorometer, Seapoint SCF
	2745

	Optical backscatter, Seapoint
	11432

	Remote temperature SBE38
	0374


This year water was pumped from the forward sea chest (pumping water from the forward sea-chest has the advantage that the pump is below sea-level so there are none of the problems associated with sucking water up to the deck, several meters above sea level). A large volume of water was pumped from the forward sea chest this year straight up, using a 1” internal-diameter pipe, through the forward deck to underneath the Petrel. The water was then piped through the vortex de-bubbler to the SBE 21 thermosalinograph and then into a bucket containing a fluorometer and optical backscatter sensor. The water overflowed the bucket and drained over the side of the ship. The SBE38 remote temperature sensor was installed close to the inflow at the forward sea chest to measure the water temperature before passing through the pump and piping.
Comments:

1. A T-junction in the pipe within the forward hold allowed a low flow rate to go to Patricia Ramlal’s instruments. The low flow rate needed by Patricia makes the ‘bucket of doom’ in the forward hold far less worrisome. 
2. A high flow rate is best for sea-surface measurements to maximize horizontal resolution and minimize the temperature change from the water intake to the temperature sensor.
3. Some good data was collected by the system used this year.
Problems:

1. The interior of the forward sea chest must be both rusty and greasy as rust and grease accumulates on the sensors. 

- The grease is likely vegetable oil from the winterization of the ship and seemed to be mostly washed away as the system was used. Daily cleaning of the optical windows on the fluorometer and optical backscatter sensor is required. Daily cleaning of the conductivity cell is also required but this is very onerous as the casing of the TSG is not designed to be easy to open.

- Flakes of rust continued to accumulate in the TSG system throughout the cruise. Several times a flake of rust caught inside the conductivity cell and so caused very bad conductivity readings until it was removed. The conductivity cell is delicate and the platinum electrodes sensitive to disturbance - so the calibration of the conductivity cell was likely changed by the rust and its removal.  
Meteorological measurements. 
The Environment Canada AVOS weather station on the Nahidik worked well again this year. Thankyou. Some of the data from this is plotted in Figure 5. In addition to the AVOS weather station we installed a surface PAR (Photosythetically Active Radiation) sensor to complement the PAR sensor on the CTD/Rosette. This PAR data was merged with the AVOS data after the cruise.
Problems with AVOS:

1. The black box that translates the output of one of the ship’s gyros and passes it to the AVOS computer frequently loses calibration. We recommend upgrading the gyros on the Nahidik to ones which output the NMEA heading strings required by data logging programs like AVOS.
Wish list for the Physical Oceanography program.

MVP ($150K+)

This is the Moving Vessel Profiler. It automatically does CTD casts as the ship is moving and can do many CTD casts in a short amount of time.  CHS has an MVP30 on the Petrel that was newly installed last year and may have become operational this year. I hope to have a look at the data that was collected. It may be very good for showing the structure of the Mackenzie Plume. It costs over $150K. 
ADCP ($22-30K). A 600 kHz and 300 kHz ADCP was used this year. The 300 kHz was borrowed from Svein Vagle. The physical oceanography program on the Nahidik would like to acquire its own 300 kHz ADCP. 
Seawater loop. A proper seawater loop needs to be installed. This would be done in refit.
New Gyros. New gyros are needed that natively export a NMEA heading string.
Carbon Studies in the Beaufort Sea
Patricia Ramlal

Fisheries & Oceans Canada

Freshwater Institute, Winnipeg

Objective:

The objective of the 2008 Nahidik cruise was to gather further data to develop a model of and to understand the food web of the lower trophic levels of the nearshore area of the Beaufort Sea and to take samples in support of other Nahidik programs.  This year the cruise plan included: (1) collecting material in the bowhead whale feeding aggregations based on sightings from Lois Harwood’s early August surveys; (2) samples around Cape Bathurst; (3) water column sampling along a series of transect lines west and east of Herschel Island. Material was collected from stations in the Herschel Basis, West of Hershel Island, Kugmallit Bay, Cape Bathurst, Near the Baillie Islands, Cape Parry, Franklin Bay and Darnley Bay.  In order to provide the data need for the food web modeling the following methods were used: (1) measurement of surface water carbon dioxide (CO2) and oxygen (O2) concentrations to provide an estimate of the mixed layer primary production.  The instrument used in these measurements also detects methane (CH4) at concentrations between 0 and 500 ppm and may prove useful in identifying the possible location of thermal gas vents; (2) water, sediment and biotic samples were collected for chemical analyses, biomass estimates, some species identification and stable isotope measurements and this year we also collected material for fatty acid analyses. As in 2007 a fluoroprobe, the Algae Online Analyzer (AOA) was installed, continuously recording the chlorophyll a concentration of four major algal groups and the dissolved organic carbon.  The fluoroprobe outputs of total chlorophyll biomass and separate chlorophyll biomasses of four major taxa:  bacillariophytes, cyanophytes, cryptophytes and chlorophytes. This information will then be used to establish the components of the lower trophic levels that support the food web in the Beaufort Sea.  This work will complement other work being done on the higher trophic levels including fish studies (Jim Reist and Andy Majewski),  ichthyoplankton (Joclyn Sareault and Sally Wong), and zooplankton (Polish Institute of Oceanology).  Sampling was done from of the CCGS Nahidik during July and August of 2008. 

Samples:

1. Gas Measurements:  Measurement of carbon dioxide (CO2) and oxygen (O2), and, methane (CH4) fluxes to/from surface waters of the Beaufort Sea was done using a continuous flow of surface water through a gas equilibrator that splits the gas flow between an oxygen sensor, methane sensor and a LiCor GasHound infrared CO2 analyzer.  When surface water was being pumped measurements of surface water dissolved gases was done at hourly intervals for a period of 22 minutes.10 minute intervals

2. Whole water samples were taken, filtered and preserved.  Chemical analyses will be made of dissolved organic carbon, nitrogen and phosphorus and particulate nitrogen, carbon, phosphorus, silica, and chlorophyll a. Bacteria, and phytoplankton samples were taken and preserved.  Additionally stable isotopes, (13C and (15N, and the fatty acids of the particulate organic matter will be analysed,.  

3. Using a phytoplankton net (10 (net; Table 1), net hauls were taken from the surface to meters above the bottom. This should provide sufficient material for measurement of stable isotopes and fatty acids.  Some of this material was also preserved for phytoplankton taxonomic identification.  Material was collected from the zooplankton tows (153 (net; Table 1) for stable isotope and fatty acid analyses.

4. Sediment analyses:  Subsamples were taken from a 0.25 m2 box core using small core tubes (3.5 cm diameter).  All cores, except those taken for benthic bacteria biomass were sliced in one cm sections up to 5 cm and one 5 to10 cm section.  The cores to be used for bacterial biomass estimates were sliced in one cm sections up to 2 cm. Sediments were preserved with formalin for taxonomic and biomass estimates or frozen for stable isotope and fatty acid measurements.   The following parameters will be considered.

a. Sediment structure

b. Meiofauna (smaller than 1mm, larger than 40 (m) (preserved to 10% formalin).

c. Benthic bacteria biomass (preserved to 2% formalin)

d. Possible benthic algae identification to genus

e. Carbon, nitrogen and phosphorus measurement

f. (13C  and (15N measurement

g. fatty acid composition

Sediment from each location was frozen for stable isotope and fatty acid measurements and preserved with 10% formalin for possible meiofaunal identification and bacterial biomass estimates.

Table 1.  Location of sampling stations, in decimal degrees.

	Station Name
	Latitude (°N)
	Longitude (°W)

	D6
	69.54024
	138.53286

	C6
	69.51333
	138.72209

	B21
	69.46470
	138.85367

	A6
	69.45775
	138.94652

	H3.1
	69.64668
	139.37790

	KBL4
	70.10601
	133.87629

	KBL10
	70.95699
	134.84660

	KBL9.5
	70.88447
	134.75403

	KBL9
	70.84677
	134.70288

	KBL6
	70.38825
	134.19162

	KBL3
	69.98960
	133.75966

	BHW14
	70.58964
	130.10537

	SWB0
	70.55074
	127.51312

	SWB1
	70.45792
	127.44226

	SWB0_75
	70.53364
	127.53041

	WFA1
	71.15397
	128.48166

	WFA2
	71.20030
	128.58676

	PPT2
	70.22335
	124.61742

	PPT3
	70.25052
	124.65840

	PPT1
	70.20210
	124.72741

	FB1
	69.86506
	125.57078

	DLB6
	69.37971
	124.26269

	DLB5
	69.44842
	124.13461


Table 2.  Sample locations, maximum depth and depths sampled during the 2008 Leg 1 on the CCGS Nahidik.
	Date
	Station Name
	Maximum Depth (m)
	Sample Depth (m)

	25-Jul-08
	D6
	52.1
	2,12, 50

	25-Jul-08
	C6
	13.6
	2,12

	26-Jul-08
	B21
	59
	2, 22, 57

	27-Jul-08
	A6
	10.8
	2, 9

	28-Jul-08
	H3.1
	25
	2, 4, 24

	31-Jul-08
	KBL4
	33
	2, 30, 31

	01-Aug-08
	KBL10
	320
	2, 40, 130, 300

	01-Aug-08
	KBL9.5
	100
	2, 40, 95

	02-Aug-08
	KBL9.5 (sediment) 
	100
	100

	02-Aug-08
	KBL9
	76
	2, 35, 74

	03-Aug-08
	KBL6
	52
	2, 28, 50

	05-Aug-08
	KBL3
	22
	2, 20

	06-Aug-08
	BHW14
	22
	2, 20

	07-Aug-08
	SWB0 (bongo net)
	?
	?

	07-Aug-08
	SWB1
	37
	2, 37

	08-Aug-08
	SWB0_75
	74.5
	2, 16, 73

	10-Aug-08
	WFA1
	59.2
	2, 31, 57

	10-Aug-08
	WFA2 (phyto only)
	28
	28

	12-Aug-08
	PPT2
	48
	2, 32, 46

	12-Aug-08
	PPT3
	70
	2, 33, 68

	13-Aug-08
	PPT3 (sediment)
	70
	70

	13-Aug-08
	PPT1
	34
	2, 32

	14-Aug-08
	FB1
	50
	2, 33, 48

	15-Aug-08
	DLB6
	21.5
	2, 20

	16-Aug-08
	DLB5
	57
	2, 20, 55


Preliminary Results:

1.  Algae Online Analyzer

This year we were again able to take advantage of the fresh seawater intake that was added to the ship before the 2006 field season.  This allowed us to set up the AOA as well as the “gas box” in the forward hold instead of on deck.  The AOA is not an instrument that can be set up on deck unless it is in a protected enclosure.  The efforts of the engineers on the CCGS Nahidik and Dave Tobio of CHS greatly facilitated the use of this instrument.

Considering the high winds and generally cloudy conditions it is not surprising that the total estimated chlorophyll concentrations were low (< 1µg chlorophyll/L; Figure 1), with the chlorophytes (green algae) and the bacilliariophytes (diatoms) apparently the most predominant groups.  This will be confirmed by laboratory chlorophyll measurements and phytoplankton identification and biomass estimates.  Despite the low concentration of chlorophyll detected, there is a reasonably strong diurnal signal.
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Figure 1.  Algal Online Analyzer results from 8 to17 August, 2008.
2. Gas Boxes

The gas boxes were successfully deployed again this year, and although there were some problems in the set-up (see discussion below), the results indicate that there is still a strong diurnal signal indicating primary production in the surface waters (Figure 2).   The results presented here are uncorrected for salinity or temperature. These results correlate well with the results of the AOA.  
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Figure 2.  Uncorrected CO2 ppm in the surface waters of the Beaufort Sea from10 to 17 August, 2008 during Leg1 of the CCGS Nahidik  cruise.

Comments and recommendations

This was the fourth field season for this program and the cruise plan, as it was followed for this year, allowed me to sample from a range of depths at many locations.  Unfortunately, the nature of the sediments precluded sub-sampling at a number of sites.  It was worthwhile to have coordinated sampling programs with other projects that will be useful in looking at the overall picture of the food web dynamics in the shallow region of the Beaufort near the Mackenzie River outflow.  It was very valuable to have the assistance of Dave Tobio from CHS in troubleshooting equipment problems and Jim Weedon from CHS in keeping the activity log for the cruise.  On the whole I felt this was a successful field trip for my program.  I would also like to comment on the exceptional help and professionalism of the Captain Cloutier and his crew who contributed in large measure to the success of this leg of the cruise.

As was stated last year, for future cruises of a similar nature I would recommend that the plans for the cruise direction (scientific and geographic) be discussed as soon as can be reasonably expected for the upcoming field season.  The researchers on board the ship would benefit from additional lab space.  During the current cruise there were 6 researchers trying to use the same space, frequently at the same time.  
This year there were some difficulties in getting the proper flow rate and disposal from the seawater intake.  During discussions with the Chief Engineer, Ozzie Williston,  he has  made suggestions for modifications that could be implemented in 2009 to better facilitate use of the seawater intake without endangering the ship because of pump failure.
Beaufort Sea Research Project: Ichthyoplankton and Zooplankton Program – CCGS Nahidik 2008 cruise report. 
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Research Scientist: Wojciech Walkusz (DFO, Institute of Oceanology PAS)

Graduate Student: Monika Pucko (University of Manitoba, DFO)

Graduate Student: Kathleen Gardiner (University of Manitoba)

Objectives:
Assessment of the ichtyoplankton and zooplankton distribution:

· across the depth gradients of the Herschel Basin 

· across the depth gradient in the Kugmallit Bay

· in the region of upwelling (Cape Bathurst) with the emphasis on the Bowhead whales foraging areas

· in the Cape Parry area – exploratory work

· in the Darnley Bay – exploratory work

Introduction:
The sampling of ichtyoplankton and zooplankton took place between July 24 and August 16th at the number of stations on the Beaufort Sea Shelf. 

The major emphasis of this year’s study was put on the areas of the Bowhead whales’ foraging. Bowhead whales appear to be the greatest consumers of zooplankton, thus, play an important role as the top consumers in the ecosystem. During this year cruise we have selected particular places of the whales foraging to assess their feeding preferences and measure their food nutritional values.

 Herschel Basin sampling was done as the part of the long term sampling strategy in the area of potential interest for the industrial – oil and gas – use. 

Also in the Kugmallit Bay sampling was done as a part of the multiyear study which allows an interannual comparison of the elements of ecosystem. 

Besides we have also done some exploratory works at the Cape Parry area and in Darnley Bay.

Equipment, sampling and samples’ processing
Consistently with the previous years the bongo and vertical nets were used in the investigation of ichthyoplankton and zooplankton. Bongo net equipped with 500μm mesh was towed obliquely from the surface to the bottom at each station.  At each station two replicate tows were always taken. In addition to two tows, target tows were done at particular layers if there was a strong signal received from the echosounder.

After the sampling, one sample was preserved in 5% formaldehyde solution in sea water, while the second sample was splitted into parts: one half was preserved in formalin for taxonomic works. The remaining portion of the sample was divided into three parts (calorific content study, stable isotopes and lipid assessment) and frozen in the recommended temperatures (either -20 or -80( C).
The second type of sampling tool was the vertical net, equipped with 153μm mesh. It was towed vertically from the bottom to the surface to collect small fraction of zooplankton. At each station four replicates were taken. Two samples were collected for zooplankton and fish larvae analyses. The third and the fourth ones were collected for stable isotopes and lipids determination (coordinated with Patricia Ramlal). All samples collected from the vertical net for taxonomical purpose were preserved in 5% formaldehyde solution in sea water. The remaining samples were frozen in the desired temperature (either -20 or -80( C ).

Before all the samples were splitted and processed from all of them fish larvae were removed and preserved for the further analysis.

All zooplankton and fish samples will be processed back in Winnipeg.
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Figure 1 Zooplankton collected in the vicinity of Bowhead feeding aggregation.

Sampling Results


In total 462 fish larvae were captured at all stations. The most numerous was arctic cod with 254 individuals collected, followed by the pricklebacks (Stichaeidae) with 116 individuals.
Sixty one oblique Bongo tows (122 samples) were conducted during the entire cruise. Once we reached the bowhead whales feeding area we were able to collect zooplankton which they were feeding on. It seems that bowhead whales tend to gather in the area of the high density of zooplankton, which is caused presumably by the hydrological phenomena like up-welling. Our study proved that Calanus (species to be determined) is a primary food of the whales in the Cape Bathurst area (Fig. 1).
Eighty eight vertical tows were taken of which 44 samples were preserved for the taxonomical works and the same number was frozen for the stable isotopes and lipids analysis.

Comments: 

During the 2008 Nahidik cruise all the planned goals were achieved. Although the weather was much harsher than in the previous years we managed to collect a desired set of samples.


From the zooplankton collecting point of view we are particularly glad of sampling in the bowhead whales feeding areas (Fig. 2) as this data set will fill the gap on the their feeding strategy in the Beaufort Sea. In few localities we found the whales feeding aggregation and the set of environmental variables (CTD, phytoplankton and zooplankton) was measured there.
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Figure 2 Pictures of the Bowhead whales feeding in the Beaufort Sea.
Acoustics Program
Beaufort 2008, Leg 1

John Jorgenson, DFO, Freshwater Institute

Introduction

The Acoustics Program is responsible for collecting hydroacoustic data to provide pelagic biology distribution and density information and seabed classification to the Project. Three independent acoustic systems are used to accomplish this:

On board CCGS Nahidik, the transducers installed in a pivoting arm:
· Simrad EK60 split-beam echosounder

· Quester Tangent QTC5 single-beam echosounder

On Board survey launch MV Widgeon, the transducer hull-mounted:
· Simrad EK60 split-beam echosounder

The amount of biota in the water column is measured using the two identical Simrad split-beam echosounders.  The seabed is acoustically classified using the dedicated Quester Tangent acoustic system on the Nahidik and can also be classified by post-processing the Simrad data. The acoustic systems on the Nahidik collect data 24-hours per day along the ship’s path, except for brief periods (~30 min.) a few times a week when data are downloaded for storage or when the acoustic arm has to be raised for fast travel or because of shallow water. The survey launch Widgeon is used to conduct high resolution surveys in a grid pattern around specific sampling stations as determined through consultation with other researchers.

The Seabed Classification component of the Acoustics Program is groundtruthed by benthic samples taken by the Geotechnical Sampling Program and video images from the Macrobenthic Diversity Program.  In turn, information from the Acoustics Program will allow these programs, as well as the Benthic Ecology Program, to extrapolate their results to a larger geographic area.

The Pelagic Biology component is groundtruthed by net samples from the Ichthyoplankton and Zooplankton Program and Fish Program and, in turn, will allow them to extrapolate their results to a larger horizontal geographic area and vertical depth profile.
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Fig. 1: Acoustic arm in down position                                                    Fig. 2: Acoustic arm in up position
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Fig. 3: Survey launch Widgeon                                                                          Fig. 4: Launch rack-mounted acoustics
2008 Surveys

Major sampling areas for the 2008 survey were:

· Herschel Island area (H series)

· a transect across the Mackenzie shelf break (V series)/Kugmallit Bay area (KBL series)

· An area identified through aerial surveys as having bowhead whales present, corresponding to north of Baillie Islands (WFA series)

· Cape Bathurst/Baillie Islands (SWB series).  This area also had a significant concentration of bowhead whales.

· Cape Parry (PPT series)

· Darnley Bay (DLB series)

Areas acoustically surveyed by the Nahidik correspond to its cruise track.  Figure 5 shows 2008 high resolution grid sites surveyed from the Widgeon.  The one exception is site SWB0.  This was an area of high interest due to the presence of a large number of bowhead whales.  Bad weather prevented the launch of the Widgeon, so the Nahidik was used to conduct the grid pattern survey. 
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Fig. 5: Widgeon survey sites
The concentrations of biomass seen in some previous years generally weren’t observed this year.  While scattering layers from 4 to 10m were fairly common, probably corresponding to the thermo/halocline, there were few instances of midwater concentrations.  The following is a qualitative summary of what was seen at each station.  Bottom classification doesn’t become apparent until post-processing, which has not yet been done. 

Ice Scour 15812 – diffuse scattering layer at 5-10m., becomes more cohesive in Leg17 at 10m.
Herschel H3.1 – defined scattering layer at 3-4 m., small diffuse layer in Leg 11 at 20-25m.
Shelf Break V14 – scattering layer at 5-25 m., becoming concentrated at the bottom of this layer in shallower (<100m.) depths.  Intermittent clouds of scatterers at 60-75m.   High noise levels at depth may be masking some deeper scattering layers.  Post-processing may make these apparent.
Kugmallit Bay KBL6 partial survey – scattering layer at 8 m.

Kugmallit Bay KBL3 partial survey – diffuse layer of scatterers below 13 m.  Some larger hits at 13-15 m.
Whale Feeding Area WFA1 partial survey – moderately discrete layers at 7 m. and 11-13 m.  The latter layer seems to have larger targets in it.
Cape Bathurst SWB0 – bad weather precluded launching the Widgeon at this site.  As it was determined to be an area of high interest due to a significant bowhead whale presence, the survey was carried out using the Simrad system on the Nahidik. The data seems to be of high quality, with a greater depth range and lower noise than seen on the launch acoustic system.  The Nahidik’s acoustic system will need to be calibrated by the manufacturer for this kind of survey before this data analysis can proceed. This was the one area that seemed to have significant mid-water scatterer concentrations (Fig. 6), but this may be an artefact of the higher sensitivity I was able to use due to the lower acoustic noise as compared to the Widgeon’s system.  Post-processing will clarify this.

Cape Parry PPT2&3 – encompassed two survey sites.  Occasional diffuse scattering layers at 14-16 m. and 38-50 m.  An occasional discrete scattering layer 2 m. thick just off the bottom.  A few midwater scattering clouds.  Deeper scatterers formed denser aggregations at the shallowest (<50 m.) areas.
Darnley Bay DLB6 – a hard drive failure may have caused this data to be lost.  IT is attempting to recover it.
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Fig. 6: Site SWB0 Echograms
Comments and Recommendations
Operational procedures as well as weather dictated how often launch surveys could be conducted.  Surveys from the acoustic launch are probably more sensitive to rough seas than any other project, the planing hull of the Widgeon being unstable in anything worse than moderate winds of 12-15 knots.  Not only is it rough on personnel, but data quality deteriorates greatly.  Fig. 5 gives an indication of how much this can affect acoustic data collection; we were able to complete surveys at only 4 out of 15 identified sites (PPT2 and PPT3 were combined into one survey, DLB6 was lost due to equipment malfunction). High winds often prevented the Widgeon from being launched (no survey), or forced us to abort a survey already underway (partial survey).  In addition, safety protocols require that the Nahidik be within 12 nautical miles of the launch survey site.  Multiple stations per day were occasionally sampled by the Nahidik, and if they were more than 12 nautical miles apart, we were unable to survey from the Widgeon.  

A valuable addition to the Widgeon’s navigation system would be an autopilot with gyroscopic compass to allow more precise steering, especially when visibility becomes poor and landmarks aren’t available. Integration of such a system may further impact the 12 volt electrical system, however, and the selection and installation of such a system should be done by technicians familiar with the launch’s electronics. 

Although its operation was without problems, the Widgeon’s functionality as a platform for hydroacoustics surveys remains an issue.  Noise becomes obvious at depths greater than 30m., becoming worse as depth increases. This is readily apparent when compared to data collected by an identical system on the Nahidik bridge, which is virtually noise-free to depths greater than 200m.  Probably little can be done to remedy this as it seems to be a function of the vessel design, specifically its hull and possibly electrical system and engine.  A vessel of the Nelson class, such as the CHS multibeam survey vessel Petrel, remains the best choice for acoustic surveys.  This would also allow data collection in rougher seas, as the Nelson class hull design, displacement as opposed to planing on the Widgeon, is more stable in waves.  

A likely method of reducing acoustic noise on the Widgeon would involve replacing the two 24VDC to 110VAC inverters with a single inverter of higher quality and capacity.  It was observed this field season that if the auxiliary Navigation and Data Processing computers were shut down, acoustic noise levels dropped.  By increasing the launch’s 110VAC capacity, the auxiliary computers could be powered by 110VAC rather than 24VDC, probably resulting in reduced acoustic noise.

A diesel fuelling station on the fore deck of the Nahidik was requested during the refit. This would have made it much easier to refuel both the Widgeon and Petrel. This was not done but should be strongly considered as a future improvement.

The acoustic arm was rebuilt during the winter of 2006. The new arm is stronger and has less vibration than the previous version. Consequently, the acoustic data seems to be of a higher quality. Nonetheless, the arm must still be manually raised whenever the Nahidik is in shallow water or when there is debris or ice in the water. This task is not easy and requires several staff to complete. The arm is also close to the area where most of the box coring and trawling is done. There is a constant threat of entangling the gear in the arm. As well, the arm is close to the docking area for the Widgeon, which can be a concern in rough seas. Ultimately, the solution to this problem is to engineer and install an acoustic keel similar to those used on the Amundsen and Martha Black. This would be a significant refit item but acoustics is likely to be a major component of the Nahidik’s program for the foreseeable future and is therefore worth considering.

The ship’s computer network system should be developed to enable science staff to access common data from their cabins. Science staff can presently access this data from a common computer on the bridge and make copies to move to their own computers, but this made for congestion on the bridge and was inefficient. A network would allow more data to be stored and accessed while at sea. The system should be designed so that email/internet access can be added. 

Finally, thanks to the Captain and crew of the Nahidik for their usual outstanding service to the science program.  I’d also like to thank Bill Briggs who acted as survey launch pilot, and Dave Tobio, who continued to provide invaluable electronics support to the Acoustics Program.

CCGS NAHIDIK 2008, Leg 1 – Summary of Fishing Activities
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Mark K. Lowdon and Cathy Munro


Fishing efforts were conducted at 20 locations along 4 transects within the Herschel Island basin, 22 sites within the Kugmallit gas vents, and 26 sites east of Kugmallit gas vents near Cape Bathurst, Cape Perry, and within Darnley Bay between July 23rd and August 16th, 2008 (Figure 1).  Fishing efforts were also conducted in Bowhead Whale feeding areas.  These locations were offshore of Cape Bathurst.  Beam trawls were deployed with the objective to investigate species composition and distribution as they relate to various habitat types present in Ptarmigan Bay and to collect baseline data for impact assessments of industrial use of Ptarmigan Bay and other areas of the Beaufort Sea. 

Beam Trawl
A 3m benthic beam trawl was deployed 68 times at stations along the five transects within Herschel Basin (Figure 2), seven stations within the Kugmallit gas vents, three stations within Garry Knolls, and 10 stations east of Kugmallit gas vents near Cape Bathurst, Cape Perry, and within Darnley Bay (Table 1, 2, and 3).  The beam trawl was deployed from the CCGS Nahidik using the boom and winch cable located on the main deck of the ship. 

Within the Hershel Basin, the beam trawl was deployed 20 times for a total of 400 minutes with set depths ranging from 8.8 to 68 m.  At the stations within the Kugmallit gas vents the beam trawl was deployed 22 times with set durations of 20 min and a total sampling effort of 440 min.  The beam trawl was also deployed near Cape Bathurst, Cape Perry, and Darnley Bay for 26, 20 min trawls.
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The mouth of the beam trawl measured 3m x 3m, and the net was 9.4m in length.  The main body of the net was composed of 3.75cm stretched mesh, with a 1.25cm stretched mesh liner on the inside of the bottom panel.  The cod-end was lined on the outside with 0.3cm square mesh.
The beam trawl proved effective at catching a wide range of size classes and fish species.  Size classes ranged from 2.0 to 25.4 cm total length.  A total of 5512 fish, representing 10 families were captured in the beam trawl across the 64/68 stations where deployment was successful. 
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Figure 1.  Locations fish sampling was conducted during Leg 1 of the 2008 CCGS Nahidik scientific cruise.  Locations included Herschel Island, Kugmallit gas vents, Garry Knolls, Cape Bathurst, Cape Perry, and Darnley Bay. 
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Figure 2.  Location of beam trawl transects at Herschel Island during Leg 1 of the 2008 CCGS Nahidik scientific cruise.  Gill netting was not conducted in 2008.

A CTD (Conductivity, Temperature, Depth) logger was attached along the top panel, near the mouth, of the trawls during each deployment.  Also, a depth transmitter was attached along side the CTD which sent depth information to a small omni-directional hydrophone attached to the ship’s acoustic arm.  A receiver stationed on the main deck provided real-time depth data, allowing us to monitor trawl depth as ship speed and trawling path varied.  

Catch Overview 
The fishing program was extremely successful in 2008.  A total of 5512 fish were collected with 1050 fish captured within the Hershal basin, 1429 captured from the Kugmallit gas vents, and 3025 fish captured from the Cape Bathurst, Cape Perry, and Darnley Bay areas.  The abundance of fish captured varied within the different areas samples (Figure 3, 4, and 5).  Arctic cod (Boreogadus saida) was captured at 43 of the 68 stations the beam trawl was deployed and comprised 0.05% of the total catch.  In the Hershel basin, fish from the families Cottidae, Stichaeidae, and Agonidae were the most common, and comprised 48%, 20%, and 11% of total catches respectively (Figure 3).  Along the Kugmallit gas vents Stichaeidae was the most abundant comprising 71% of the total catch.  East of the Kugmallit gas vents near Cape Bathurst, Cape Perry, and Darnley Bay, Liparidae was the most abundant fish captured accounting for 54% of the total catch.  The percentage of species represented at each location, and in the total catch, are presented in Figure 3, 4, and 5.

The tolerance ranges of individual species to the physical and chemical parameters of their environment will be investigated using data collected from the CTD loggers and from a portable CTD unit deployed from the ship at each station.
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Figure 3.  Species abundance of beam trawl catches along Ptarmigan Bay and Herschel Island stations during Leg 1 of the 2008 CCGS Nahidik cruise.  
Table 1.  Beam Trawl information as part of fishing efforts along the Kugmallit Gas Vents during leg 1 of the 2008 CCGS Nahidik cruise.

	Date
	Station
	Trawl name
	Depth (m)
	Latitude 
	Longitude 

	23-Jul-08
	Kug-1
	BT-08-01
	7.5
	8 W 564166 
	7738464

	23-Jul-08
	Kug-2
	BT-08-02
	7.5
	8 W 563922
	7738096

	23-Jul-08
	Kug-3
	BT-08-03
	7.9
	8 W 563729
	7738439

	24-Jul-08
	Scour 15
	BT-08-04
	22
	8 W 448451 
	7754963

	24-Jul-08
	Scour 15
	BT-08-05
	21.5
	8 W 447968 
	7754897

	24-Jul-08
	Scour 15
	BT-08-06
	22
	8 W 447662 
	7754720

	29-Jul-08
	Gary Knolls
	BT-08-27
	40-45
	8 W 421812 
	7757476

	29-Jul-08
	Gary Knolls
	BT-08-28
	43
	8 W 421481 
	7757582

	29-Jul-08
	Gary Knolls
	BT-08-29
	45
	8 W 420669 
	7758016

	31-Jul-08
	Kug line 4
	BT-08-30
	33
	7 W 542589
	7777844

	31-Jul-08
	Kug line 4
	BT-08-31
	32.8
	7 W 542535
	7777658

	31-Jul-08
	Kug line 4
	BT-08-32
	33
	7 W 542496
	7777696

	1-Aug-08
	Kug line 9.5
	BT-08-33
	20
	7 W 509084
	7865301

	1-Aug-08
	Kug line 9.5
	BT-08-34
	98
	7 W 508676
	7864568

	2-Aug-08
	Kug line 9.0
	BT-08-35
	80-76
	7 W510597
	7860403

	2-Aug-08
	Kug line 9.0
	BT-08-36
	80
	7 W510495
	7860384

	2-Aug-08
	Kug line 9.0
	BT-08-37
	85-78
	7 W510141
	7860182

	3-Aug-08
	Kug line
	BT-08-38
	52.5
	8 W 530082 
	7809615

	3-Aug-08
	Kug line
	BT-08-39
	52.5
	8 W 530208 
	7808898

	5-Aug-08
	Kug line 3
	BT-08-40
	20.9
	8 W 546551 
	7765477

	5-Aug-08
	Kug line
	BT-08-41
	21
	8 W 546591 
	7765401

	5-Aug-08
	Kug line
	BT-08-42
	21
	8 W 546623
	7765261


         *Latitudes and longitudes represent the starting point of each 20 min trawl   

               nautical miles.  Actual deployment locations occurred within the boundaries of each station.          
        **Beam trawl deployed, but contact with the seabed was not achieved.

Table 2.  Beam Trawl information as part of fishing efforts within the Hershel Island basin during leg 1 of the 2008 CCGS Nahidik cruise.

	Date
	Station
	Trawl name
	Depth (m)
	Latitude 
	Longitude 

	25-Jul-08
	PSB-D
	BT-08-07
	58
	7 W 593959
	7719007

	25-Jul-08
	PSB-D
	BT-08-08
	50
	7 W 596075 
	7716465

	25-Jul-08
	PSB-D
	BT-08-09
	50
	7 W 597817 
	7714484

	25-Jul-08
	PSB-B
	BT-08-10
	52-54
	7 W 581106 
	7712650

	25-Jul-08
	PSB-B
	BT-08-11
	52-54
	7 W 581094 
	7712803

	26-Jul-08
	PSB-B
	BT-08-12
	68
	7 W 584010 
	7707899

	26-Jul-08
	PSB-B
	BT-08-13
	62
	7 W 584968 
	7705723

	26-Jul-08
	PSB-C
	BT-08-14
	14
	7 W 586027 
	7718821

	26-Jul-08
	PSB-C
	BT-08-15
	14.2
	7 W 587461 
	7715898

	26-Jul-08
	PSB-C
	BT-08-16
	14.2
	7 W 588937 
	7713530

	26-Jul-08
	PSB-C
	BT-08-17
	15
	7 W 590849 
	7711023

	27-Jul-08
	PSB-A
	BT-08-18
	8.8
	7 W 577122 
	7712134

	27-Jul-08
	PSB-A
	BT-08-19
	10.4
	7 W 578823 
	7709380

	27-Jul-08
	PSB-A
	BT-08-20
	11
	7 W 580447 
	7706838

	27-Jul-08
	PSB-A
	BT-08-21
	10.5
	7 W 582024 
	7704236

	27-Jul-08
	PSB-A
	BT-08-22
	11.5
	7 W 583582
	7701805

	28-Jul-08
	H 3.1
	BT-08-23
	24
	7 W 562687 
	7727477

	28-Jul-08
	H 3.1
	BT-08-24
	25
	7 W 562498 
	7727207

	28-Jul-08
	H 3.1
	BT-08-25
	25
	7 W 562811 
	7727183

	28-Jul-08
	H 3.1
	BT-08-26
	25
	7 W 562305 
	7727227


         *Latitudes and longitudes represent the starting point of each 20 min trawl   

               nautical miles.  Actual deployment locations occurred within the boundaries of each station.          
        **Beam trawl deployed, but contact with the seabed was not achieved.

Table 3.  Beam Trawl information as part of fishing efforts within Cape Bathurst, Cape Perry, and Darnley Bay during leg 1 of the 2008 CCGS Nahidik cruise.

	Date
	Station
	Trawl name
	Depth (m)
	Latitude 
	Longitude 

	6-Aug-08
	BHW-14
	BT-08-43
	22
	9 W 459478 
	7832889

	6-Aug-08
	BHW-14
	BT-08-44
	22
	9 W 458936 
	7831889

	7-Aug-08
	SWB-1
	BT-08-45
	38
	9 W 557707 
	7817714

	7-Aug-08
	SWB-1
	BT-08-46
	38
	9 W 558012 
	7817814

	7-Aug-08
	SWB-1
	BT-08-47
	38
	9 W 557672
	7817577

	8-Aug-08
	SWB0_1
	BT-08-48
	70
	9 W 554862 
	7825732

	10-Aug-08
	WFA-1
	BT-08-49
	55
	9 W 518210 
	7894820

	10-Aug-08
	WFA-1
	BT-08-50
	55
	9 W 517941
	7894847

	10-Aug-08
	WFA-1
	BT-08-51
	55
	9 W 518013 
	7894824

	12-Aug-08
	CP-1
	BT-08-52
	38
	10 W 438970 
	7791231

	12-Aug-08
	CP-1
	BT-08-53
	42-46
	10 W 439367 
	7791159

	12-Aug-08
	CP-1
	BT-08-54
	44
	10 W 438857 
	7791448

	13-Aug-08
	CP-2
	BT-08-55
	69
	10 W 437630 
	7794693

	13-Aug-08
	CP-2
	BT-08-56
	69.6
	10 W 438131 
	7794660

	13-Aug-08
	CP-2
	BT-08-57
	68
	10 W 438080 
	7794712

	14-Aug-08
	Franklin-1
	BT-08-58
	51
	10 W 401383
	7753122

	14-Aug-08
	Franklin-1
	BT-08-59
	51
	10 W 401350 
	7753316

	15-Aug-08
	Darnley Bay-1
	BT-08-60
	24
	10 W 450432 
	7697403

	15-Aug-08
	Darnley Bay-1
	BT-08-61
	20
	10 W 450292 
	7697066

	15-Aug-08
	Darnley Bay-1
	BT-08-62
	22
	10 W 450220 
	7697340

	16-Aug-08
	Darnley Bay-2
	BT-08-63
	55
	10 W 455439 
	7704733

	16-Aug-08
	Darnley Bay-2
	BT-08-64
	57
	10 W 455272 
	7704526

	16-Aug-08
	Darnley Bay-2
	BT-08-65
	56
	10 W 455285 
	7704738

	16-Aug-08
	Midwater squid
	BT-08-66
	55
	10 W 455792 
	7704919

	16-Aug-08
	Squid bottom
	BT-08-67
	100
	10 W 480849 
	7729391

	16-Aug-08
	squid midwater
	BT-08-68
	100
	--
	--


         *Latitudes and longitudes represent the starting point of each 20 min trawl   

               nautical miles.  Actual deployment locations occurred within the boundaries of each station.          
        **Beam trawl deployed, but contact with the seabed was not achieved.
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Figure 4.  Species abundance of beam trawl catches along Kugmallit gas vent stations during Leg 1 of the 2008 CCGS Nahidik cruise.  
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Figure 5.  Species abundance of beam trawl catches at stations near Cape Bathurst, Cape Perry, and Darnley Bay during Leg 1 of the 2008 CCGS Nahidik cruise.  

Final species identification and biometrics will be performed at the Freshwater Institute in Winnipeg, MB during the winter of 2008/2009. The data generated from these fish will contribute to the general biological and ecological information on offshore fish populations in the Beaufort Sea.  Tissue samples will contribute to an ongoing study of the trophic structure of the Beaufort Sea, as well as ongoing genetic and contaminant studies.
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Invertebrate by-catch comprised the majority of biomass collected during beam trawl deployments.  Sub-samples of invertebrates were collected and frozen from each station to contribute the aforementioned trophic structure study.  Photos of representative specimens were also taken of less common species. 

Fishing Program Overview
Relative to the combination of gill netting and mid-water trawling used in 2004 and 2005, the beam trawl provided a more reliable and efficient method of catching fish across a broad range of sampling conditions, including moderately rough seas.  The trade-off in solely using the beam trawl is the lack of pelagic marine species such as Pacific herring (Clupea pallasii) and saffron cod (Eleginus gracilis), and adult anadromous species such as rainbow smelt (Osmerus mordax), least cisco (Coregonus sardinella), and Arctic cisco (Coregonus autumnalis).  In past years, these fish were generally collected in gill nets in water depths of less than 30m.

Thanks to good weather, ice free conditions, and the support of the CCG crew, this was a successful year for the CCGS Nahidik fishing program.  The fishing crew would like to thank the entire staff of the CCGS Nahidik for their hard work and enthusiasm while supporting our efforts.

Macrofaunal studies on the Nahidik Cruise Leg 1, 
July 22-August 18, 2008

by

Kathleen Conlan, Canadian Museum of Nature

Kevin MacKillop (Natural Resources Canada), Alec Aitken (University of Saskatchewan), Kathy Conlan (Canadian Museum of Nature) and student Quinn Eggertson (Carleton University) were the macrobenthic collecting team on the 2008 Northern Coastal Marine Studies Nahidik cruise.  Ed Hendrycks and Sheila Edwards (Canadian Museum of Nature) assisted with shipping and processing of the samples.  Steve Blasco and his colleagues (Natural Resources Canada) provided seabed mapping information and Bill Williams (Institute of Ocean Sciences) provided oceanographic data.  Don Cobb (Fisheries and Oceans) and Steve Blasco (Natural Resources Canada) kindly provided funding for the hiring of Quinn Eggertson and Sheila Edwards.  The Canadian Museum of Nature funded travel, equipment, lab and office expenses and University of Saskatchewan funded the field expenses of Alec Aitken.  

While the prime intent of this year’s cruise was to sample the macrofaunal communities in areas with significant seabed features, of oceanographic interest or that were unknown, a second focus was on collaborating with Patricia Ramlal (Fisheries and Oceans) and Jessica Beaubier (Canadian Wildlife Service) in measuring fatty acid and stable isotope levels of macrobenthic fauna.  Mike Lowdon and Cathy Munro kindly shared their fish trawl by-catch to enlarge our sample size for these analyses.

Due to the excellent support provided by the Nahidik crew and the favourable sea conditions, we made one of the largest collections yet during our five week voyage.  We took 88 box core samples for community analysis, 88 samples for sediment grain size, C, N, and stable isotope levels, 40 samples for fatty acid analysis and 31 samples for stable isotope analysis.  We also took sediment cores for meiofaunal analysis (for Patricia Ramlal) at most of the stations.

Features sampled for community composition this year were: Kugmallit gas vents (to examine temporal changes in community structure), ice scours 15778, 15812, 6870 and 6854 (to examine recolonization pattern), Garry Knolls (to determine whether the fauna differed on top of the vents relative to the adjacent seafloor and also whether the fauna differed on active vents relative to inactive vents), and the submerged sand beds of Tingmiark Plain and Erksak glacial beach (to determine whether these sand beds, which are uncommon on the Beaufort shelf, held unique fauna).  We re-sampled the top of the Alerk artificial island to test the relative efficiency of the grab sampler versus the box corer for sampling sands.  We also sampled for fatty acids and stable isotopes at the Kugmallit gas vents and Garry Knolls to determine whether methane venting at these two sites might leave a signature in the benthic animals and also in the organic matter stored  within the sediment.

Areas of oceanographic interest were also sampled for their benthic macrofauna.  These were Hershel Basin (which is a sink for dense winter-produced seawater) and Cape Bathurst (an upwelling area frequented by bowhead whales).  We had previously found a unique, high biomass and high abundance benthic community at Cape Bathurst harbouring the sort of fauna that gray whales are known to eat.  Gray whales, better known to annually feed in the Bering and Chukchi Seas, have recently been found by the Inuvialuit to also visit the Cape Bathurst area.  Our intent this year was to determine how widespread this unique community was in relation to the extent of upwelling so we could estimate the amount of food available to the gray whales.  It is also thought that bowhead whales may feed on the benthos, but during this cruise it was evident to us that the abundant bowheads we encountered in the Cape Bathurst area were feeding pelagically.

Finally, we also sampled unknown areas to the south of Cape Bathurst: the Bailey Islands, Cape Parry, Darnley Bay and Franklin Bay.  Some of this area is being considered for designation as a Marine Protected Area.  Our impression from the abundance of macrofauna collected was that these areas held low biomass and low abundance fauna and there was nothing to indicate that these areas were unique in the sense that Cape Bathurst and the Erksak and Tingimiark Plain sandbeds were unique.  However, identification of the fauna may show different and/or new species, so our conclusions on the uniqueness of these sites will depend on what we find in the lab. 

This cruise was an excellent learning opportunity for our Carleton University student Quinn Eggertson as well as for Alec Aitken and me, learning from both the other scientists and the crew.  We also were pleased to be able to show some of the larger megafauna captured in the fish trawls to the community of Paulatuk.  We found the visitors from Paulatuk to be initially fearful of the animals but also intrigued and within a short time very interested in them.  Indeed, several of the young visitors asked to take the animals home as pets.  We recommend that this sort of community outreach continue on future cruises as an important (and different) way of connecting with the Inuvialuit and learning from each other.
Geotechnical Sampling

Introduction 

Installations of engineering structures including artificial islands, drilling caissons and pipelines to support oil and gas development must contend with the serve Artic climate, ice conditions and extensive iceberg scouring of the seabed. A regional understanding of the geology and engineering properties of the surficial sediments is essential to ensure safe development and transport of oil and gas. These sediments have unique engineering properties resulting from their geological history (constantly remolded by ice scouring), which affect the geotechnicial properties and thus their response under load. 

Objectives 

The primary objective of the geotechnicial sea bed sampling was to acquire sediment samples to characterize the physical and engineering properties of the seabed sediments, in particular marine clays and enhance our understanding of the ice scouring process and its effect on geotechnicial properties. Secondary objectives include using the geotechnicial properties to help understand the benthic ecosystems and to ground truth multibeam data for seabed classification.

Methods

Sediment samples were retrieved with box and gravity corers.  The box corer (Fig 1) consists of a 50 by 50cm box and provides relatively undisturbed samples of the seafloor. Push cores (Fig 2) using a 10.0 cm diameter ABS plastic core liner were taken using a vacuum backpressure technique to prevent sample compression. The gravity corer consists of a 1.5 meter core barrel with plastic liner insert and core head (Fig 3). The corer head contained 125kg of lead weights. 

Onboard sediment constant volume index property samples and undrained torvane shear strength measurements were taken at the top and base of each push and gravity core. Undrained shear strength measurements were made using a field hand vane tester (Fig 4) at sites associated with ice scouring. The measurements were made at 5 cm intervals (Fig 4) in the box corer prior to benthic and push core subsampling of the box core. 

Results

Geotechnical measurements and samples were collected at 39 sites (Fig 5) including 5 sites associated with 2 ice scour events and 3 sites at the shelf break (Table 1). The ice scour sampled are numbered 15778 and 5812. Scours 15778 and 5812 are 2-year-old scours located north of Richards Island and are 25 kms apart. Scour 15778 is 45 m wide and 2 meters deep at the at the sample locations. Scour 15812 is 85 m wide and 2.4 m deep at the sample locations. The recent scours were sampled for both benthic and geotechnicial objectives. The 3 shelf break sites were in waters depths of 75, 100 and 300 m. Duplicate cores were taken at each site for the purpose of advance geotechnical testing as part of a slope stability study. A large shell bed was recovered in box core 2008801 0073A (Fig 6) and can be used for radiocarbon dating.
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	Figure 5 Geotechnical sample locations.
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	Figure 6 Recovery of a large shell bed in box core from station 2008801 0073A located on the  shelf break in at a water depth of 100 m.  


Table 1 Geotechnical sample summary.

	Station
	Area
	Site 
	Core Type
	Core Length
	Water                   Depth (m)
	Latitude
	Longitude

	1A
	Kugmallit GasVents 
	In Vents
	Push
	56.0
	~16
	69.75011
	133.36210

	6A
	Kugmallit GasVents 
	Reference
	Push
	31.0
	9.80
	69.75124
	133.35210

	8A
	Ice Scour 15778
	Reference
	Push
	45.0
	31.25
	70.04173
	-134.96911

	11A
	Ice Scour 15778
	In Scour/Berm
	Push
	45.0
	~32.00
	70.04173
	-134.96911

	13A
	Ice Scour 15778
	In Scour
	Push
	27.0
	~32.00
	70.04285
	-134.96500

	14A
	Ice Scour 15812
	Reference
	Push
	37.0
	24.28
	69.89703
	-136.34418

	17A
	Ice Scour 15812
	In Scour
	Push
	37.0
	25.21
	69.89812
	-136.34358

	20A 
	Herschel
	D6
	Push
	29.5
	52.17
	69.54061
	-138.53727

	22A
	Herschel
	D6
	Push
	28.0
	52.31
	69.54106
	-138.53730

	31A
	Herschel
	Basin
	Push
	42.0
	60.35
	69.46513
	-138.85288

	35A
	Hershel 
	West Side
	Push
	33.0
	12.72
	69.45774
	-138.94674

	47A
	Garry Knolls
	Reference
	Push
	34.0
	46.00
	69.92422
	-137.05816

	51A
	Garry Knolls
	Inactive
	Push
	32.0
	37.15
	69.92471
	-137.05330

	55A
	Garry Knolls
	Active
	Push
	34.0
	37.01
	69.92086
	-137.04898

	71A
	Beaufort Sea Slope
	 Shelf Break
	Push
	33.0
	303.00
	70.94763
	-134.85454

	72A
	Beaufort Sea Slope
	 Shelf Break
	Push
	37.0
	303.20
	70.94759
	-134.85568

	73A
	Beaufort Sea Slope
	 Shelf Break
	Push
	29.0
	100.00
	70.88457
	-134.75547

	75GC
	Beaufort Sea Slope
	 Shelf Break
	Gravity
	41.0
	101.20
	70.88455
	-134.75547

	76A
	Beaufort Sea Slope
	 Shelf Break
	Push
	36.0
	77.87
	70.84691
	-134.70344

	78GC
	Beaufort Sea Slope
	 Shelf Break
	Gravity
	89.0
	77.86
	70.84697
	-134.70265

	85A
	Kugmallit Bay 
	KBL6
	Push
	32.0
	53.73
	70.38814
	-134.19172

	94A
	Kugmallit Bay 
	KBL3
	Push
	29.0
	24.46
	69.98957
	-133.75981

	103A
	Cape Dalhousie
	BHW14
	Push
	37.0
	24.99
	70.58989
	-130.10658

	107A
	Cape Dalhousie
	SWB1
	Push
	27.0
	40.55
	70.45776
	-127.44252

	109A
	Cape Dalhousie
	SWB4
	Push
	22.0
	41.10
	70.24918
	-127.08911

	111A
	Cape Dalhousie
	SWB3
	Push
	23.0
	41.34
	70.32476
	-127.20274

	123A
	Cape Dalhousie
	SWB0_75
	Push
	34.0
	74.30
	70.53362
	-127.53041

	124A
	Cape Dalhousie
	SWB0_40
	Push
	26.0
	41.12
	70.53189
	-127.60738

	125A
	Cape Dalhousie
	SWB0_20
	Push
	32.0
	20.88
	70.51050
	-127.71221

	134A
	Cape Dalhousie
	BIS4
	Push
	24.0
	42.43
	71.05752
	-129.02613

	139A
	Cape Dalhousie
	V32
	Push
	31.0
	59.5
	71.16828
	-128.40195

	141A
	Cape Bathurst/Ballie Island
	V42
	Push
	31.0
	85.07
	71.22091
	-127.97281

	151A
	Cape Parry
	PPT2
	Push
	29.0
	50.17
	70.22339
	-124.61735

	153A
	Cape Parry
	PPT4
	Push
	34.0
	93.5
	70.29329
	-124.65657

	154A
	Cape Parry
	PPT5
	Push
	34
	121.20
	70.30834
	-124.65672

	162A
	Cape Parry
	PPT3
	Push
	30
	72.78
	70.25034
	-124.65748

	171A
	Franklin Bay
	FB3
	Push
	30
	50.72
	69.86501
	-125.57095

	182A
	Darnley Bay
	DLB6
	Push
	25
	23.23
	69.37983
	-124.26262

	194A
	Darnley Bay
	DLB5
	Push
	38
	57.85
	69.44856
	-124.13459


Hexachlorocyclohexane (HCH) study

C.C.G.S. Nahidik, 20 July 2008 – 05 August 2008
PI: Gary Stern

Onboard: Monika Pucko, Wojciech Walkusz

General objective
The objective of this project was to investigate the influence of Mackenzie River on HCH levels in water, air and biota in the southern Beaufort Sea. Ultimately, we plan to use the results as a complementary data in a Mass Balance Model of HCHs transport in the Beaufort Sea. 

C.C.G.S. Nahidik cruise was an additional sampling to the main research campaign in the Beaufort Sea undertaken in the CFL-IPY project from C.C.G.S. Amundsen (September 2007-October 2008). 

Hexachlorocyclohexane (HCH)

Technical HCH is a mixture of several isomers, the most abundant being -HCH (60-70%), -HCH (5-12%) and -HCH (10-15%).  Technical HCH and pure -HCH (lindane, pesticide active isomer) have been used for over 50 years and are now ubiquitous in water throughout the northern hemisphere with the highest levels found in the surface water layers near pack ice in the Arctic Ocean.  
Technical HCH was banned or heavily restricted by China, the former Soviet Union and India between the mid-1980s and 1990. Concentrations of -HCH in arctic air responded quickly to these large-scale usage changes and declined by an order of magnitude from the early 1980s to mid-1990s in steps that closely matched global usage and emission estimates.  As a consequence, the direction of net gas exchange in arctic waters reversed from deposition in the 1980s to air-water equilibrium or volatilization in the mid-1990s.
The -isomer is the prominent in Arctic air, water, biota and soil, and moves northward via cold-condensation, a process whereby the contaminant evades into the atmosphere, drifts with atmospheric currents, and condenses in colder climates where at colder temperatures increasingly favours the water and extensive ice cover inhibit further evasion. Hence the contaminant accumulates disproportionately in the Arctic.
HCH water and air sampling

Surface water (4L) was collected by a metal bucket and deeper water (4L) from the rosette at 19 stations (Fig. 1). Air samples were collected along with water samples at each of the stations. 
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Fig. 1 HCHs sampling stations 

In the lab, water was pumped through a pre-combusted and pre-weight glass-fiber filter (0.7 μm) followed by an ENV+ solid-phase extraction (SPE) cartridge using peristaltic pumps (Fig. 2). Filters and cartridges were frozen at -20°C and brought back to the Freshwater Institute in Winnipeg for the analysis of HCH levels in the sediment and in the water, respectively. Samples for 18δO were also collected at each site and depth where HCH samples were taken. They were collected into glass vials with as little air as possible, parafilmed and stored at 4°C.

The air sampler was set up on the bow of the ship on the starboard side (Fig. 2). Samples were collected on a polyurethane foam (PUF) filters after the air was pre-filtered on a glass-fiber filter (0.7 μm). Air samples collection time ranged between 4 and 10 hours.  Filters and PUFs were frozen at -20°C and shipped back to the FWI for HCH contaminant analysis.



Fig. 2 HCH water filtration setup (left) and HCH air sampler (right)

HCH biotic sampling

Zooplankton bulk samples (500 μm net vertical tow) for HCH analysis were collected at most of the water and air sampling stations (7, D6, B21, H 3.1, KBL 4, KBL 10, KBL 9.5, KBL 9 and KBL 6). Organisms were frozen in plastic bags at -20°C and brought back to the Freshwater Institute in Winnipeg for the further analysis.


Phytoplankton samples (10 μm net vertical tow) were collected by Patricia Ramlal at most of the water and air sampling stations (D6, C6, B21, A6, H 3.1, KBL 4, KBL 10, KBL 9.5, KBL 9 and KBL 6). Water from the collector was pumped through a pre-combusted and pre-weight glass-fiber filter (0.7 μm) to collect phytoplankton. Subsequently, GFF filters were frozen at -20°C and brought back to the Freshwater Institute in Winnipeg for the further analysis.

Figure � SEQ Figure \* ARABIC �1� Launching and retrieval of the box corer.





Figure 3 Launching of the gravity corer.





Figure 2 Push core taken in box core





Figure 4 Field hand vane undrained shear strength measurements on sediments retrieved with the box corer.





The ADCP mounted forward of the acoustic pod on the acoustic arm.





The CTD/Rosette package on the aft deck of the Nahidik. 
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