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OBJECTIVES

This study focuses on the ecosystem in the northern Bering Sea and Chukchi Sea. Appropriate chemical and isotopic indicators in the benthos and bottom waters in this shallow, productive continental shelf can provide accurate indications of the locations of particulate deposition and overlying water column processes. These studies extend the 20-year time-series of sediment flux measurements of dissolved oxygen, benthic biomass, and other chemical and biological parameters at productive benthic stations, both north and south of Bering Strait. This enables us to take advantage of the longer-term integration of oceanographic change that is reflected in many benthic indices, which vary as a result of changes in particle sedimentation, the strength of pelagic-benthic coupling, changes in apex predator populations, or other physical and biological events.  
The tools we have been using to evaluate possible changes in the Bering and Chukchi benthic ecosystem have included sediment oxygen demand, deposition patterns of the particle-reactive natural radionuclide 7Be, the stable carbon isotope composition of sediment organic matter, elemental carbon/nitrogen ratios, sediment grain size, as well as more direct benthic metrics such as macrofaunal biomass and community ecological structure. 
Since 1998, annual July sampling has been supported in collaboration between Jackie M. Grebmeier & Lee W. Cooper (The University of Tennessee, Department of Ecology and Evolutionary Biology, Marine Biogeochemistry and Ecology Group), Dr. Eddy Carmack (Institute of Ocean Sciences, IOS) and the Canadian Coast Guard ship Sir Wilfrid Laurier in transit to its annual Canadian Arctic mission. 

Hydrographic and benthic sampling is done annually at select sites north and south of the Bering Strait as part of the U.S. National Science Foundation-funded Bering Strait Long-Term Observatory (LTO) project. In addition to the core LTO sampling, Dr. Jack DiTullio (University of Charleston) has been collaborating on the project since 2001 to investigate dimethyl-sulfoniopropionate (DMSP) and sulfur cycling in the Bering and Chukchi seas. Several trace biogenic gases have been implicated in significantly affecting global climate change processes. Water collections during the cruise allow measurement of the production of dimethylsulfide (DMS), dimethylsulfoxide (DMSO) and their precursor DMSP by bloom-forming algal species during bloom periods during the cruise. In addition, DMSP and sediment chlorophyll (via HPLC) are measured at the benthic stations. We are planning to measure DMSP in the Grebmeier sediment flux experiments in 2004.

As part of a National Oceanic and Atmospheric Administration (NOAA) collaborative project with Drs. Jim Overland (Pacific Marine Environmental Laboratory, PMEL) and Terry Whitledge (University of Alaska Fairbanks, UAF), a mooring deployed in 2003 in the SLIP region south-west of St. Lawrence Island was to be recovered and redeployed in the same area this year, and two additional moorings have been deployed about 32 miles S.E. of St. Matthews Island.

CRUISE CHRONOLOGY
The Science team and some science gear boarded the ship in Kodiak on July 8 and proceeded with two cross-shelf hydrographic sections in the Gulf of Alaska: 9 stations off Kodiak and 8 stations south of Unimak Pass. The study area and science stations are shown in Figure 1 below.  A total of 32 stations were completed in the Bering and Chukchi Seas, including a section of 6 stations from deep water onto the shelf.  Two shallow oceanographic moorings were deployed south-east of St. Matthews Island. CTD profiles data were collected at one station in Anadyr Strait and four stations northward from the D-UTN area en route to Barrow. The core LTO sites include 16 water column and benthic stations in areas A, B, and D and 5 hydrographic stations in the US-portion of Bering Strait (Area C). The mooring deployed in the A-SLIP region near stations SLIP-1 and SLIP-2 was not recovered in spite of a number of attempts at dragging, but a new mooring was deployed at some distance from the original location. 
The Science team disembarked at Barrow, Alaska.
A. List of Participants

Embark Kodiak, Alaska - July 8, 2004 and ETA disembark Barrow, Alaska - July 22, 2004 

1. Bon van Hardenberg (M)-DFO/IOS Chief Scientist

2. Dr. Jackie Grebmeier (F)-U Tennessee Knoxville, Co-Chief Scientist

3. Arianne Balsom (F)-U Tennessee Knoxville

4. Rebecca Pirtle-Levy (F)-U Tennessee Knoxville

5. Alicia Clark (F)-U Tennessee Knoxville

6. Betty Carvellas (F)-Essex High School, Vermont

7. Dr. Peter Lee (M)-U of Charleston, South Carolina

8. Sarah Thornton (F)-U Alaska Fairbanks (Dr. Terry Whitledge, lead)

9. Bill Floering (M)-PMEL (Dr. Jim Overland, lead)

10. Bryan Page (M)-DFO/C&A biology sampling 

11. Peter van Hardenberg (M)-DFO/IOS data acquisition & sampling
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Figure 1. Station cruise track for July 2004 cruise on the CCGS “Sir Wilfrid Laurier”.
	


B. Science Stations

The following summary outlines the science activities at the stations visited during this field program (see Fig. 1): 

1. Cross-shelf hydrographic transects at Kodiak (10 CTD stns) and Unimak Pass (9 CTD stns)

2. A section onto the Bering Sea shelf, south of area A  (6 CTD stations)

3. Two Oceanographic Moorings S.E. of St. Matthews 

4. Five benthic sites south of St. Lawrence in a “hot spot” region (A) where we have been observing bivalve and upper trophic level declines over the past decade 

5. Recovery & re-deployment of one NBS mooring near stations SLIP1 or SLIP 2, plus CTD

6. Four benthic stations in the NE Bering Sea (B)

7. A section of five CTD stations across Bering Strait (C) (U.S. waters only), 

8. Seven benthic stations in the SE Chukchi Sea (D) as in previous years 

9. and four  CTD stations during transit to Barrow (BD-6, CKS-1, BD-7, BD-8).

Table 1 below outlines the station location and planned science activities.

Table 1. List of Science Stations and Activities during Leg 1-2004.

	Station
	Lat (N)
	min
	Long (W)
	min
	Depth
	Activity

	KD-1
	57
	31.91
	152
	1.34
	68
	CTD

	KD-2
	57
	30.34
	151
	56.76
	
	CTD

	KD-3
	57
	28.46
	151
	50.87
	
	CTD

	KD-4
	57
	25.83
	151
	42.63
	
	CTD

	KD-5
	57
	23.16
	151
	33.38
	
	CTD

	KD-6
	57
	20.52
	151
	24.7
	
	CTD

	KD-7
	57
	17.73
	151
	16.22
	
	CTD

	KD-8
	57
	13.98
	151
	3.08
	124
	CTD

	KD-9
	57
	9.65
	150
	50.2
	874
	CTD

	UN-1
	54
	11.2
	164
	43.8
	65
	CTD

	UN-2
	54
	6.8
	164
	35.85
	118
	CTD

	UN-3
	54
	2.4
	164
	27.55
	78
	CTD

	UN-4
	53
	57.5
	164
	19.75
	84
	CTD

	UN-5
	53
	53
	164
	11.85
	65
	CTD

	UN-6
	53
	48.4
	164
	3.7
	75
	CTD

	UN-7
	53
	44
	163
	55.7
	188
	CTD

	UN-8
	53
	38.4
	163
	47.75
	1495
	CTD


Table 1. List of Science Stations and Activities during Leg 1-2004 (cont).
	Station
	Lat (N)
	min
	Long (W)
	min
	Depth
	Activity

	BS-1
	56
	18.723
	172
	49.420
	
	CTD, nuts, Ba, O-18,sal

	BS-2
	56
	25.070
	172
	47.581
	
	CTD, nuts, Ba, O-18,sal

	BS-3
	56
	28.576
	172
	46.763
	
	CTD

	BS-4
	56
	32.754
	172
	45.333
	
	CTD, nuts, Ba, O-18,sal

	BS-5
	56
	38.724
	172
	43.903
	36
	CTD

	BS-6
	59
	19.200
	173
	30.000
	
	CTD, nuts, Ba, O-18,sal

	04BS-5A
	59
	50.0
	171
	42.0
	72
	PMEL mooring, CTD

	04BSP-5A
	59
	50.0
	171
	42.0
	72
	PMEL mooring, CTD

	SLIP1
	62
	0.800
	175
	3.370
	80
	CTD, water, sediment

	SLIP2
	62
	3.030
	175
	12.410
	82
	CTD, water, sediment

	03STL-1A
	62
	4.880
	174
	59.58
	82
	CTD, then NBS recovery (2003)

	04STL-1A
	62
	4.880
	175 
	0.120
	78
	Deploy, CTD (2004)

	SLIP3
	62
	23.630
	174
	34.200
	73
	CTD, water, sediment

	SLIP5
	62
	33.800
	173
	33.380
	65
	CTD, water, sediment

	SLIP4
	63
	1.710
	173
	27.400
	72
	CTD, water, sediment

	BCS-6
	63
	51.010
	172
	23.920
	45?
	CTD, nuts, Ba, O-18,sal

	UT-BS5
	64
	40.000
	169
	55.330
	47
	CTD, water, sediment

	UT-BS2
	64
	40.980
	169
	5.940
	45
	CTD, water, sediment

	UT-BS4
	64
	57.520
	169
	52.980
	50
	CTD, water, sediment

	UT-BS1
	64
	59.510
	169
	8.080
	50
	CTD, water, sediment

	BRS1
	65
	39.120
	168
	13.020
	40
	CTD, nuts, Ba, O-18,sal

	BRS2
	65
	40.080
	168
	24.000
	46
	CTD, nuts, Ba, O-18,sal

	BRS3
	65
	40.920
	168
	34.020
	51
	CTD, nuts, Ba, O-18,sal

	BRS4
	65
	42.000
	168
	43.020
	50
	CTD, nuts, Ba, O-18,sal

	BRS5
	65
	43.020
	168
	54.000
	50
	CTD, nuts, Ba, O-18,sal

	Diomede I
	
	
	
	
	
	

	UTN-1
	66
	42.510
	168
	23.980
	36
	CTD, water, sediment

	UTN-2
	67
	3.030
	168
	43.960
	47
	CTD, water, sediment

	UTN-3
	67
	20.000
	168
	59.890
	52
	CTD, water, sediment

	UTN-4
	67
	30.060
	168
	54.800
	51
	CTD, water, sediment

	UTN-5
	67
	40.230
	168
	57.490
	54
	CTD, water, sediment

	UTN-6
	67
	44.170
	168
	26.320
	50
	CTD, water, sediment

	UTN-7
	67
	59.930
	168
	55.990
	60
	CTD, water, sediment

	BD-6
	69
	11.880
	166
	8.950
	30
	CTD/R (diTullio DMS)

	CKS-1
	70
	37.020
	161
	5.700
	40
	CTD, nuts, Ba, O-18,sal

	BD-7
	71
	9.530
	158
	24.170
	50
	CTD, nuts, Ba, O-18,sal

	BD-8
	71
	17.900
	156
	59.780
	45
	CTD, nuts, Ba, O-18,sal

	Barrow
	71
	24.000
	157
	0.000
	
	offload Science team, samples


C. Standard Station Sampling 

1a.  Water column CTD profiles and Rosette water samples for LTO project (Grebmeier/Cooper) collection of S/T/D profiles and water column samples collected at 5 m depth intervals to bottom of deployment (one deployment). Note that the CTD data was collected continuously during the descent for physical oceanographic parameters, and then stopped at designated intervals on the ascent for water sample collections. Two bottom-water bottles were collected for experimental purposes. Once returned to the deck, seawater was collected from each rosette bottle on the CTD for the following measurements:

a. nutrients-subsamples collected in acid-washed plastic vials and frozen shipboard,
b. chlorophyll-subsamples collected and processed on board using a Turner fluorometer,
c. oxygen-18-subsamples collected in glass vials and sealed for shore-based analyses,
d. DMS-seawater subsamples filtered to measure DMS using cryogenic purge and trap gas chromatography later in the shore-based laboratory (Lee/DiTullio)

e. algal species-subsamples collected for HPLC pigment analyses (Lee/DiTullio).

1b. DFO/Institute of Ocean Sciences for 2004 (lead PI: Fiona McLaughlin)

The DFO/IOS samples in the Gulf of Alaska and SE Bering Sea will have standard S/T/D collections on the hydrographic lines. In addition, during the Bering Strait section samples are collected for oxygen-18, barium and nutrients for this component.

1c. DFO/Freshwater Institute for 2004 (Lead PI: Gary A. Stern, Contaminants Research Scientist, DFO Freshwater Institute, Winnipeg, MB, Canada. 

Total mercury samples were collected in 60 mL Falcon tubes in duplicate at each water column depth. Before the water was sampled, 0.3 mL of ultra pure HCl was added to each tube. Each tube was filled to the very brim with water before replacing the cap. Some ultra pure water was used for blanks. The number of samples collected at each station depended on the water depth but generally samples were taken at surface, 15 m, 25 m, 50 m, and bottom. 

The sampling procedure for methyl mercury was similar, but used acid-washed 500 mL brown plastic bottles. These were also be collected in duplicate with blanks. 5 mL of HCl was added prior to sampling. These collections usually required two people, both wearing gloves and sleeves over their arms: one person to handle the sample bottles and the other the stopcock on the rosette bottles. Water was also collected for 18-O (30mL) and salinity (125 mL) so the total volume required per samples was ~700 mL per depth.
In addition, some zooplankton samples were collected for this group with the bongo nets.

2. Zooplankton and flow cytometry samples
A selected sub-set of stations was used to collect Bongo net samples for zooplankton for Dr. John Nelson, University of Victoria and for sea water samples for Dr. Bill Li of the Bedford Institute of Oceanography.

3.  Quantitative benthic samples are collected using the following equipment and sampling protocol (Grebmeier/Cooper):

a. Five 0.1 m2 van Veen grabs at each station, with:

i. 
The first grab is used for surface sediment subsampling for:

· chlorophyll-two surface sediment sample collected by syringe, and processed for fluorometric analyses shipboard; 

· TOC/TON, C-13, grain size-subsamples collected, bagged, and frozen

· 7-Beryllium-subsample collected and frozen for land-based analyses on gamma counter

ii.  The remaining four van Veen sediment collections are sieved for faunal collections. 
Each van Veen sediment sample is placed in a 1 mm stainless steel screen box and sieved using regular seawater, the remaining animals subsequently preserved in 10% sea water formalin, buffered with hexamethylenetetramine, stored in plastic Whirl-pak bags, and saved for laboratory analyses back at the University of Tennessee. In 2003 and 2004, a graduate student project (R. Piertle-Levy) began looking at the 0.5 mm fraction in the grabs and metabolism cores to compare with the 1 mm fraction collected as a standard measurement in the grabs and cores (see below).

b.  Three deployments of a single hole HAPS sediment corer (number of deployments at a station depended on sediment conditions). The following methods are used for analyses:

i. 
Two cores are used for sediment respiration experiments.  The two cores collected for shipboard incubation are maintained in the dark at in situ bottom temperatures in the low temperature stand-up incubators for 10-12 hours.  Subsamples from the overlying water in these cores are analyzed in the shipboard chambers for dissolved oxygen, nutrients, alkalinity, pH and total CO2. Subsequent to the end of the experiment, cores are sieved (1 mm and 0.5 mm fractions) and fauna packaged and preserved with formalin for land-based identification.
ii. 
One core for subsampling for vertical sediment parameters at the following intervals: 

· first, 1cm subcores for DMSP (DiTullio component) and sediment chlorophyll (both fluorometric and HPLC (via DiTullio component), TOC, grain size, and Be-7 and Cs-137 measurements. The core was sectioned at 1 cm intervals down to 4 cm and placed in 90 cc aluminum cans and frozen. Subsequent land-based analyses include TOC/TON, C-13, and grain size determinations for all canned samples. In 2004 a graduate student project will look at downcore sediment chlorophyll content (R. Pirtle-Levy) and an undergraduate student (A. Clarke) will investigate algal species composition.
· For select stations, the full core was sectioned every 2 cm down to 20 cm, then every 4 cm below that for sediment chlorophyll measurements, TOC and grain size determinations.

Note: both the van Veen grab and single Haps corer weigh about 150 lbs each and are easily deployed on a side-winch cable with a 50-60 m/min descent/assent rate. 

D.  Mooring near SLIP 1 and SLIP 2

In summer 2003, we deployed a subsurface mooring in 80 m of water near SLIP-1 and SLIP-2 in the northern Bering biological hot spot (Region A) through funding by the Arctic Program of the US National Oceanic and Atmospheric Administration (Fig.2a).  This mooring consists of two Seacats and ten Microcats to measure profiles of temperature and salinity, one fluorometer to assess chlorophyll (phytoplankton biomass), two current meters and a nutrient meter  In 2004, we will recover the first-year mooring and procure and deploy a second system (Fig. 2b) at this location in order to provide a multi-year continuous capability.  Table 1 provides the mooring deployment array.

E. Moorings near St. Matthew Island

Two moorings will be deployed for PMEL/NOAA in 2004 near St. Matthew Island (Fig. 3, b; PI: Phyllis Stabeno).

	03STL-1A, July-03

	 


	Project: 

	St. Lawrence Is.


	Location:

	Bering Sea 


	Latitude:

	 


	Longitude:

	 


	Seafloor:

	75 meters


	Max. Currents:

	70 cm/s


	Instruments:

	 


	Seacat 

	2


	Micro cat

	2


	Nitrate Meter

	1


	RCM-9

	2


	SBE-39

	8


	release

	1


	Mooring:

	 +5m (7/03 modification)


	Instrument

	Depth


	Seacat (FL/P) 

	11m


	RCM-9-C

	14m


	SBE-39

	17m


	Nitrate Meter

	18m


	SBE-39

	20m


	SBE-39

	23m


	Seacat (FL/P) 

	27m


	SBE-39

	30m


	SBE-39

	35m


	SBE-39

	40m


	Micro Cat

	45m


	SBE-39

	50m


	RCM-9-C

	55m


	Micro Cat

	60m


	SBE-39

	65m


	Release

	 


	seafloor

	75m
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Figure 2a. NBS mooring diagram (03STL-1A) deployed in 2003.
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Figure 2b. Diagram of NBS mooring (04STL-A1) to be deployed in 2004.
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Fig.3a. Mooring #1 for PMEL to be deployed near St. Matthew Island (04BS-5A).
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Fig. 3b. Mooring #2 for PMEL to be deployed near St. Matthew Island (04BSP-5A)

F. 
Chemicals from IOS (11 boxes labeled “Grebmeier, Hold for Laurier 2004”) 

	Laurier 2004 Leg 1;

IOS ID
	Box Label


	Chemical
	Quantity 
	Type

(storage location)

	Greb16
	c-1 
	Formaldehyde (37%)
	13.5 L (3x4L, 1x15 L)
	Base room

	Greb17
	c-2  and c-4
	Hexamethylenetetramine; methanamine
	1100g:3x200g bags, 500g glass bottle
	Base room

	Greb18
	c-3 
	Acetone (100%)
	12 L
	Base room

	Greb20
	c-6
	Proponal
	3 L
	Base room

	Greb22 
	c-8 
	Contains:

a. cubitainer of 90% acetone 

b. Rose Bengal stain

c. isopropanol

d. methanol
	Contains:

a. 1 L

b. 2 g

c. 2 L

d. 1 L
	Base room

	Greb23
	c-9
	Methanol
	500 mL
	Base room

	Greb24
	c-11 
	Formaldehyde (37%) w/precipitate
	16 L (4x4 L)
	Base room

	Greb26 
	Ditullio
	Methanol
	2 L
	Base room

	Greb19
	c-5
	Sulfuric acid (10N)
	2 x 500 mL
	Acid room

	Greb21
	c-7 and c-10
	Hydrochloric acid (0.1N)
	2.4 L (1 L, 1 L, 0.4 L bottles)
	Acid room

	Greb25 
	Ditullio
	Hydrochloric acid (6N)
	2 L
	Acid room


In addition, IOS has supplied two 5-gallon containers of MilliQ distilled water for use in the on-board laboratory procedures.
G. IOS CTD/Rosette support:

IOS has provided a Seabird CTD/rosette system for water column profiling and bio-geochemistry water sampling. The CTD is a Seabird Electronics SBE-25 (S/N 0293) mounted in a cage with additional external sensors for dissolved oxygen (SBE-43), a Fluorometer and Transmissometer. The instrument cage is mounted in a Seabird Carousel 12-bottle water sampler. A Seabird SBE-33 deck unit is used for profile data acquisition and to operate the rosette to close bottles at requested depths. 
Winches, blocks and other equipment:

IOS has further provided the following equipment for the Science program: 

· a 20’x8’x8’ container for work space on the well-deck for the benthic sampling and for mooring operations,
· a Hawboldt winch (Model SPR 754 S/N 17024) with conducting cable and controls for use with the CTD/rosette package, 
· a fore-deck winch (Model 310 S/N 1083) with hydro wire for bottom sediment grabs, small cores and plankton net hauls, 
· a capstan winch (Model 390 S/N 1333) for use in deployment and recovery of instrumented oceanographic moorings
· the A-frame for the well-deck starboard side

· a Hydro Block for 1/4" wire and
· a Working Block 3/8" wire 
· a minus 80 freezer for water samples (for bacterial properties) and 

· a standard chest freezer for sediment samples

Recommendations
The capability to successfully complete science programs aboard the CCGS “Sir Wilfrid Laurier” has been greatly improved over the past few years. The sampling and laboratory spaces have come a long way in providing quality science work areas. There are some items that would help facilitate future science work aboard the ship:

· Several years ago, the former Radio Room was transformed into a ‘hydrography lab’ but never used as such. It would work much better as a general ‘dry lab’ for computer or electronics work if standard size benches (about 2 feet wide) were installed with some drawer storage, electrical outlets and adequate task lighting.

· The UPS power 
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