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A.  Introduction

The field phase of the Western Arctic Shelf-Basin Interactions (SBI) project completed a successful scientific mission to the Arctic on the new USCGC Healy icebreaker 5 May -15 June 2002. This was the first interdisciplinary research cruise to this region by a science vessel at this time of year. About a dozen interdisciplinary research projects were included in the ship-based program, ranging from hydrographic measurements to biological studies of various trophic levels. The goal of the SBI global change project is to investigate the production, transformation and fate of carbon at the shelf-slope interface in the Arctic as a prelude to understanding the impacts of a potential warming of the Arctic. Thirty-nine stations were occupied in the northern Bering Sea (test station), the Chukchi Sea shelf (Herald Valley [HV] transect), the Chukchi outer shelf to Arctic Basin lines (West Hanna Shoal [WHS] and East Hanna Shoal [EHS] transect lines), stations near Pt. Barrow, and the Barrow Canyon (BC) transect (Figure 1). Some regions in the study area had lighter ice cover than expected, although normal heavy ice limited sampling in the northwest region of the Chukchi Sea and the eastern most line in the Beaufort Sea. 

The SBI project is an interdisciplinary program, where physical, biogeochemical and biological measurements were made using a variety of sampling devices. CTD/rosette sampling collected physical and hydrochemical samples. Subsamples from four CTD/rosette casts were used for primary production, chlorophyll content, nutrients, particulate carbon, inorganic carbon, biomarkers, microzooplankton, and radioisotopes. Various nets (vertical, bongo) were used to collect size fractions of micro-macro- and meso-zooplankton for both population and experimental purposes. Benthic grabs and cores were used to collect benthic fauna and sediment samples for population, community structure, food web and metabolism studies. Off-ship sampling by lowering personnel to the ice occurred to undertake ice measurements and to collect ice cores. Shipboard marine mammal surveys from the bridge were undertaken by the US Fish and Wildlife Service (USFWS). Limited helicopter operations were used for ice reconnaissance, during which marine mammal imagery was possible during two sorties. 

During the cruise the Joint Office of Science Support (JOSS) group of the University Corporation for Atmospheric Research group maintained a shipboard field catalog that provided real-time data to scientists on the ship and allowed them to track ship and station progress during the cruise. It also assisted the scientists in providing access to the service group datasets and preliminary analyses and acted as an instrument whereby scientists could share their observations and preliminary analyses. The catalog also allowed onshore PIs to follow the progress of the cruise and a limited number of products were mirrored back to a JOSS SBI catalog running in Boulder, Colorado. The SBI field catalog (with maps and event information at sea) can be found on the webpage: (http://www.joss.ucar.edu/sbi/catalog/). Full details on the SBI project, the field cruise program and results to date can be found on the SBI webpage http://utk-biogw.bio.utk.edu/SBI.nsf and associated links on that web site. In particular, a highlight summary taken from the PI findings for the spring SBI cruise can be found on the SBI and JOSS webpages.
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	Figure 1. Station location and cruise track for the spring SBI cruise on the USCGC Healy (HLY-02-01).


B. Cruise Overview and Issues

The cruise initiated in Nome, Alaska, had a test station in the northern Bering Sea, sailed through western Bering Strait and transited NW along the international dateline to the 100 m isobath of NW Chukchi Sea. This entry date and direction into the study region resulted from discussions with the Alaska Eskimo Whaling Commission (AEWC), who were concerned about our transiting through eastern Bering Strait and along the coastline during the spring bowhead whale migration. Despite efforts at communication between groups in Alaska and the SBI management, concerns continued to just before the cruise, specifically related to the timing of the project in May during the spring bowhead whale migration. As part of the resolution, the AEWC was kept informed of our research progress, which was fully available on the JOSS web site, including an updated station location map. 

During the cruise, ice conditions were the main limiting factor for not completing two of the 5 transect lines outlined in the HLY-02-01 cruise plan. Heavy ice on the outer Herald Valley line in the Chukchi Sea, slow travel time around a major flow west of Barrow, and heavy ice over the East Barrow line inhibited our working these transect lines. It is estimated 2 days of ship time were lost due to ice-related delays in transit to specific science areas.

The other major limiting factor on the success of the mission was lack of ambient seawater from the start of the cruise. In spite of both scientist and Healy engineering efforts, it took weeks after the cruise started to find a satisfactory resolution of obtaining and maintaining ambient seawater flow for deck-board incubations. An initial NSF-supported refrigerated van system with recirculating pumps and storage tanks was unable to maintain ambient seawater temperatures. The ultimate resolution was provided by the USCG engineering division so that the ship connected a ballast water tank to the bow incubators through a system for providing 7 hose connections to the incubators. When the seawater in the ballast tank warmed up, science requested a dumping of the water in transit and a subsequent refill on station, which occurred using air operated pumps (AOPs) provided by the USCG. The positive attitude of the USCG in resolving this situation and collaboration between science and USCG enabled a viable resolution to the ambient seawater needs of the primary production and zooplankton groups. It should be noted that there was steady heating of the ballast seawater over the daily warming cycle, especially under clear skies. It was during such good weather that the “dump and pump” technique was most used. Further information on the ambient seawater bow system can be viewed in Appendix A. It should be noted that although it was speculated that these daily temperature swings in the deck incubators would be major problem for the summer SBI cruise, this has not occurred. Subsequent to the end of the spring SBI cruise the Engineering Officer, Neil Meister, had a second 7-hose connector system built and installed for delivering ambient seawater to both sides of the ship, which resulted in sufficient flow to maintain ambient seawater during the summer cruise most of the time.

The Captain, officers and crew of the USCGC Healy were very professional and helpful, being essential to the success of the cruise goals. We appreciated the continued, professional support provided by Captain David Visneski, Operations Officer Joe Segalla, Executive Officer Doug Russell, Engineering Officer Neil Meister, and Master Chief Navigator George Schwarz. Valuable support for science was provided by the lead Marine Science Technician Glen Hendrickson, and the other Marine Science Technicians (Sean Kuhn, Suzanne Scriven, Bridget Cullers, and Michael Hamerski), along with the Science Officer Mike Woodrum. The Aviation Detachment under the direction of Mike Platt provided essential logistical support for ice surveys and limited science operations. SBI land logistical support was ably provided by Andy Heiberg of the University of Washington.

C. Summary of Science Reports

Stations occupied during HLY-02-01 were in the northern Bering Sea (test station), the Chukchi Sea shelf (HV transect), the Chukchi outer shelf to Arctic Basin lines (West Hanna Shoal: WHS transect), stations near Pt. Barrow, and the Barrow Canyon (BC) line. Table 1 provides a general summary of station location, target depth, station duration, Note that there is an interactive table with links to station maps and event logs for each station on the JOSS SBI webpage (http://www.joss.ucar.edu/sbi/catalog/).

The following science summaries include sampling collection information and preliminary findings. In addition, three appendices are attached: Appendix 1 is a summary of ballast tank information; Appendix 2 is the final service team hydrographic report, and Appendix 3a and 3b are the ADCP reports. All appendices, and a highlights summary (based on the current cruise report) can be found on the JOSS webpage: http://www.joss.ucar.edu/sbi/catalog - JOSS SBI Field Catalog.

Table 1. Station summary for the spring SBI cruise HLY-02-01.

	STATION 
NO.
	DATE
	MAP
	TIME(UTC)
	LATITUDE
	LONGITUDE
	TARGET 
DEPTH
	DURATION
(HRS)
	REMARKS

	HLY-02-01-000 
	05/08/02 
	MAP 
	1900 
	64.96N 
	169.14W
	50m
	12.5 hrs 
	Event Log 

	HLY-02-01-001 
	05/10/02 
	MAP 
	0546 
	67.50N 
	168.91W
	50m
	19.32 hrs 
	Event Log 

	HLY-02-01-002 
	05/12/02 
	MAP 
	1810 
	70.63N 
	167.45W
	50m
	10.78 hrs 
	Event Log 

	HLY-02-01-003 
	05/14/02 
	MAP 
	1620 
	71.92N 
	166.24W
	50m
	9.88 hrs 
	Event Log 

	HLY-02-01-004 
	05/15/02 
	MAP 
	1859 
	71.62N 
	166.00W
	50m
	1.38 hrs 
	Event Log 

	HLY-02-01-005 
	05/17/02 
	MAP 
	0417 
	72.71N 
	161.24W
	50m
	3.58 hrs
	Event Log 

	HLY-02-01-006 
	05/17/02 
	MAP 
	1702 
	72.91N 
	160.55W
	75m
	12.68 hrs 
	Event Log 

	HLY-02-01-007 
	05/18/02 
	MAP 
	0835 
	73.03N 
	160.48W
	165m
	12.35 hrs 
	Event Log 

	HLY-02-01-008 
	05/19/02 
	MAP 
	0145 
	73.24N 
	159.59W
	500m
	13.78 hrs 
	Event Log 

	HLY-02-01-009 
	05/19/02 
	MAP 
	1822 
	73.28N 
	160.11W
	1200m
	20.88 hrs 
	Event Log 

	HLY-02-01-010 
	05/20/02 
	MAP 
	2104 
	73.46N 
	159.85W
	2000m
	19.00 hrs 
	Event Log 

	HLY-02-01-011 
	05/21/02 
	MAP 
	1820 
	73.74N 
	158.95W
	3000m
	29.90 hrs 
	Event Log 

	HLY-02-01-012 
	05/23/02 
	MAP 
	1013 
	73.44N 
	157.53W
	3000m
	24.23 hrs 
	Event Log 

	HLY-02-01-013 
	05/24/02 
	MAP 
	1930 
	73.33N 
	158.19W
	2400m
	2.35 hrs 
	Event Log 

	HLY-02-01-014 
	05/25/02 
	MAP 
	0336 
	73.10N 
	158.16W
	2100m
	21.25 hrs 
	Event Log 

	HLY-02-01-015 
	05/26/02 
	MAP 
	0950 
	73.03N 
	157.93W
	2000m
	0.50 hrs
	Event Log 

	HLY-02-01-016 
	05/26/02 
	MAP 
	2354 
	72.87N 
	158.26W
	1100m
	13.35 hrs 
	Event Log 

	HLY-02-01-017 
	05/27/02 
	MAP 
	1623 
	72.85N 
	158.48W
	500m
	16.87 hrs 
	Event Log 

	HLY-02-01-018 
	05/28/02 
	MAP 
	1522 
	72.74N 
	158.61W
	200m
	15.47 hrs 
	Event Log 

	HLY-02-01-019 
	05/29/02 
	MAP 
	1547 
	72.60N 
	158.74W
	100m
	10.22 hrs 
	Event Log 

	HLY-02-01-020 
	05/30/02 
	MAP 
	0813 
	72.46N 
	159.44W
	70m
	0.22 hrs
	Event Log 

	HLY-02-01-021 
	05/30/02 
	MAP 
	1108 
	72.34N 
	159.71W
	60m
	0.25 hrs
	Event Log 

	HLY-02-01-022 
	05/30/02 
	MAP 
	1530 
	72.24N 
	159.77W
	50m
	13.40 hrs 
	Event Log 

	HLY-02-01-023 
	06/01/02 
	MAP 
	1637 
	71.40N 
	158.13W
	90m
	2.12 hrs 
	Event Log 

	HLY-02-01-024 
	06/02/02 
	MAP 
	1537 
	71.81N 
	155.68W
	100m
	11.52 hrs 
	Event Log 

	HLY-02-01-025 
	06/03/02 
	MAP 
	0658 
	71.72N 
	155.41W
	200m
	0.38 hrs
	Event Log 

	HLY-02-01-026 
	06/03/02 
	MAP 
	1525 
	71.55N 
	154.56W
	40m
	1.45 hrs 
	Event Log 

	HLY-02-01-027 
	06/04/02 
	MAP 
	0730 
	71.49N 
	153.90W
	50m
	4.93 hrs 
	Event Log 

	HLY-02-01-028 
	06/04/02 
	MAP 
	1610 
	71.70N 
	154.22W
	90m
	1.38 hrs 
	Event Log 

	HLY-02-01-029 
	06/04/02 
	MAP 
	1853 
	71.78N 
	154.40W
	100m
	0.50 hrs
	Event Log 

	HLY-02-01-030 
	06/05/02 
	MAP 
	0000 
	71.83N 
	154.62W
	200m
	1.00 hrs
	Event Log 

	HLY-02-01-031 
	06/05/02 
	MAP 
	0409 
	71.93N 
	154.82W
	500m
	15.18 hrs 
	Event Log 

	HLY-02-01-032 
	06/06/02 
	MAP 
	0120 
	72.06N 
	154.42W
	1000m
	20.88 hrs 
	Event Log 

	HLY-02-01-033 
	06/07/02 
	MAP 
	0722 
	72.19N 
	154.40W
	2000m
	19.57 hrs 
	Event Log 

	HLY-02-01-034 
	06/08/02 
	MAP 
	1810 
	72.53N 
	154.50W
	3000m
	21.43 hrs 
	Event Log 

	HLY-02-01-035 
	06/10/02 
	MAP 
	0015 
	72.18N 
	155.04W
	1000m
	2.43 hrs 
	Event Log 

	HLY-02-01-036 
	06/10/02 
	MAP 
	1630 
	71.90N 
	155.66W
	125m
	2.13 hrs 
	Event Log 

	HLY-02-01-037 
	06/11/02 
	MAP 
	0346 
	71.65N 
	155.76W
	200m
	10.60 hrs 
	Event Log 

	HLY-02-01-038 
	06/12/02 
	MAP 
	0100 
	71.55N 
	156.20W
	160m
	1.50 hrs 
	Event Log 

	HLY-02-01-039 
	06/12/02 
	MAP 
	1346 
	71.40N 
	157.17W
	100m
	11.85 hrs 
	Event Log 


1.  Hydrographic Measurements Team

Lou Codispoti: lead on-board co-PI; Jim Swift: lead PI; Kristin Sanborn, Dean Stockwell, Robert Palomares, Doug Masten, Charlie Flagg, Erik Haberkern, and Bob Williams: on-board team members
Preliminary Data Analysis: 

Hydrographics-Over the length of the oceanographic cruise 135 conductivity-temperature-depth (CTD)/rosette casts to depths as great as 3,000 m were taken at 39 stations. "Raw" CTD plots were made immediately after each cast to guide sampling during subsequent casts. Edited data were mounted on the JOSS web site within ~ 24 hrs. Plots of our data in the form of vertical profiles, TS plots, histograms and sections have been completed and been made available to participants. We also performed nutrient analyses for samples collected from the ice, and for various incubation samples. These data were edited and provided to the PI’s who supplied the samples included CTD-temperature, CTD-salinity, CTD-dissolved oxygen, light transmission, fluorometric chlorophyll, fluorometric dissolved organic matter (cDOM; Haardt, fluorometer), and PAR (Photosynthetically Active Radiation) determinations. Bottle samples were analyzed for salinity, dissolved oxygen, ammonium, nitrate, nitrite, phosphate, dissolved silicon, urea and chlorophyll. . A complete description of the service team methods is provided in the “Service group Cruise Summary Report (FINAL) under Research Products (Station) at http://sbi/catalog_hly-02-01/station/. Information on the ADCP equipment on the Healy is provided in two documents, also on the JOSS web site: “Healy_ADCPs.doc” and “SBI_ADCP_Data_Collection”, both located at http://sbi/catalog_hly-02-01/station/adcp_results/.
The general Temperature and Salinity structure was more or less as expected. Interesting features included temperature fine-structure in the halocline and near the core of the Atlantic Water. Surface salinities of less than 30 were recorded as the ship moved eastward and offshore into the Beaufort Sea, presumably due to a general freshening of the surface waters as the cruise departed the region under the direct influence of the Bering Strait inflow, and to the accumulated effects of ice-melt and river runoff. Notably, at station 10 on the EHS line at the outer slope, water with temperatures above 0°C was encountered at a depth of ~35 m in a shallow temperature maximum. Shallow temperature maxima were also encountered at stations 8 and 9 on the EHS line, but did not appear to be so well developed. This bolus of water with temperatures >-0.5C disappeared on the next section occupied to the east (stations 12-22), but there was a relatively warm intrusion with colder temperatures present at the same approximate depths at several additional stations, including stations taken in Barrow Canyon further east off Pt. Barrow. It may also be worth noting that the T and Salinity vs depth profiles in Barrow Canyon seemed to vary more from station to station than they did in the sections outside of the Canyon, indicative of the dynamic nature of the both off- and on-shore current flow within this canyon. In addition, the western Chukchi Sea showed two regions of increased southeastward flow near the shelf edge: one right at the shelf break transporting shelf-origin water, and one a bit offshore and deep transporting warm Atlantic water. An eddy like feature was found centered near 100-150 m depth on the ESH line, with a warm center and cold water on either side of it, indicative of a strong shoaling of Atlantic water properties onshore. Understanding these features will aid in investigating how physical and biochemical products are transported from the shelf to basin.

The nutrient regime measured was more or less as expected, with high initial nutrient concentrations over the shelf near Bering Strait, decreasing as we proceeded eastward and seaward. Initially, nitrate concentrations at the sea-surface exceeded 15 micromolar (µM), phosphate exceeded 1.8 µM, and surface silicate concentrations exceeded 40 µM, but surface nitrate concentrations became small by the time we reached deep water. Phosphate and silicate were always present in appreciable concentrations, but nitrate was sometimes depleted, indicative of post phytoplankton bloom conditions. Although there was some variability, there was a strong onshore-offshore nitrate gradient in our first two sections (stations, 5-11 [EHS line] and 13-22 [WHS line]. Nitrate was relatively abundant near shore, with maximum surface concentrations >7 µM at the innermost station and decreasing to essentially 0 µM at the outermost station. Although high nitrate was characteristic of the study region, we did encounter conditions that suggested the initiation of an inshore phytoplankton bloom on the Barrow Canyon line. While we expected a strong decrease in nutrients as we departed the region under the direct influence of the Bering Strait inflow, the lack of nitrate in surface waters at the offshore stations was somewhat surprising since we arrived early in the "growing" season. Examination of the nitrate, dissolved oxygen, and chlorophyll data suggested an initial surface nitrate concentration of ~ 3 µM which has essentially been consumed by the time of our cruise. In other words, the spring bloom in this nutrient poor region may have already occurred, at least in the surface layer. Observations and comments on productivity in this region are scarce, so it is uncertain whether this early blooming is "normal" or related to the recent warming of the Arctic. Certainly, the ice seemed relatively thin to some of us in regions of nitrate draw down. We are also curious as to whether or not a later subsurface bloom may occur at the offshore sites since sunlight will continue to increase until 21 June and ice-cover will decrease until ~October, perhaps permitting sufficient light for phytoplankton growth to reach the uppermost halocline. 

As we entered deep water, we encountered the expected nutrient maxima at about 125 m associated with Bering Strait/Chukchi waters that form the upper halocline. Nutrient concentrations in this maxima appear to be a bit lower than in the past, but whether this is correlated with the recent warming and freshening of the Bering Strait inflow, or simply a normal space/time related difference between our data and past experiments will require further analysis. As is typical, dissolved silicon (silicate) was the best nutrient for tracing this maximum because this nutrient is enriched 3-4 fold in the Bering Strait waters relative to the waters supplied to the Arctic from the Atlantic. The nearshore phytoplankton bloom appeared to be stripping nutrients from the surface waters whereas they were regenerated at depth and transported offshore. Evidence for this conclusion was provided by our observations of the highest subsurface silicate maximum in the Barrow Canyon section and by the light transmission data that suggested near surface and bottom layers were particle rich in the inshore portion of the Barrow Canyon section, with relatively clear layer in between.

Approximately coincident with the nutrient maxima was an N** star minimum, and a maximum in "lignin" as determined with the Haardt fluorometer. Negative N-double star suggests an excess

of the effects of denitrification over nitrogen fixation in a water parcel, and this parameter has

proven to be an excellent water mass tracer with the most negative values occurring in the Pacific influenced waters and positive values occurring in waters of Atlantic origin. In general, the distribution of this parameter is as expected with negative values entering via Bering

Strait and becoming more negative as the Pacific waters reside in the Arctic Ocean and are

subjected to the effects of denitrification in arctic shelf sediments. The Atlantic Waters enter with positive values that decrease a bit as these deeper waters reside in the Arctic. Observations in Fram Strait surface waters suggest that the Atlantic Water enters with an N** value of ~ + 2, and our data suggest that this value has decreased somewhat in the core of the Atlantic Water found during our cruise. There may be a substantial decrease in the Atlantic waters that form the lower halocline, but to calculate this, we have to sort out mixing processes between the upper and lower halocline. Results from the Haardt fluorometer may help us to do this, since the core of the maxima in these data appears to be slightly deeper than the N** mimimum. This suggests that the Haardt fluorometer maximum contains an appreciable component of waters from the lower halocline that are of Atlantic and riverine origin.

Ammonium concentrations over the shelf sometimes reached concentrations of several µM, and distributions of ammonium, nitrite and light transmission in our three cross-shelf sections suggest plumes of material coming off the shelf and entering the basin. Of course, the process is not strictly two dimensional as suggested by the sections, but the occurrence of such plumes in both sections suggests a mean cross-sectional transport from the shelf into the basin. Preliminary results from sediment metabolism experiments support an efflux of ammonium and silica from the sediments due to ongoing carbon transformation processes, results which support the shelf regeneration of biochemical products outlined previously. In general, nitrite and urea concentrations in the water column were low, and except for one high urea concentration the water column concentrations were low and essentially within the detection limit of our method. High urea concentrations did occur, however, in some of the ice samples.

2. Carbon and Nitrogen Cycling in Seawater

Charlie Farmer and Tadayasu Uchiyama: on-board team members; Dennis Hansell and Nick Bates: PIs
Measurements: Total Alkalinity, DIC (Total CO2), Dissolved Organic Carbon, Total Dissolved Nitrogen, Particulate Organic Carbon, Particulate Nitrogen

	Station
	Gear Type
	Samples Collected
	Comments

	000
	CTD
	Sampled Bottles 1, 2, 4, 5, 6, 7, 9, 10, 11, 12
	

	001
	CTD
	Sampled all Bottles except 8
	Bottle #8 did not fire

	002
	CTD
	Sampled Bottles 2, 4, 5, 6, 9, 10, 11, 12
	

	003
	CTD
	Sampled Bottles 2, 3, 4, 5, 6, 7, 8, 10, 12.
	Water froze in Bottles prior to sampling

	005
	CTD
	Sampled Bottles 1, 2, 3, 4, 5, 6, 7, 9, 11, 12
	

	006
	CTD
	Sampled all 12 Bottles
	

	007
	CTD
	Sampled all 12 Bottles
	

	008
	CTD
	Sampled all 12 Bottles
	

	009
	CTD
	Cast 3 Sampled Bottles 1, 5, 9, 11

Cast 4 Sampled Bottles 1, 4, 7, 8, 9, 10, 11, 12
	

	010
	CTD
	Cast 2, Sampled Bottles 2, 5, 7, 8, 9, 10, 11, 12

Cast 3, Sampled Bottles 1,6,10, 12
	

	011
	CTD
	Cast 3 Sampled Bottles 2, 9, 10, 11, 12

Cast 4 Sampled Bottles 3, 6, 7, 8, 9, 10, 11
	

	012
	CTD
	Cast 1 Sampled Bottles 3, 8, 9, 10, 11, 12

Cast 2 Sampled Bottles 3, 4, 6, 8, 9, 11
	

	014
	CTD
	Cast 1 Sampled Bottles 2, 6, 9, 11, 12

Cast 2 Sampled Bottles 3, 5, 7, 8, 9, 10, 11
	

	016
	CTD
	Cast 1 Sampled Bottles 2, 7, 9, 11, 12

Cast 2 Sampled Bottles 2, 5, 7, 8, 9, 10, 11
	

	017
	CTD
	Sampled all 12 Bottles
	

	018
	CTD
	Sampled all 12 Bottles
	

	019
	CTD
	Sampled Bottles 1, 3, 4, 5, 6, 7, 8, 9, 10, 11
	

	022
	CTD
	Sampled all 12 Bottles
	

	024
	CTD
	Sampled all 12 Bottles
	

	027
	CTD
	Sampled Bottles 2, 3, 4, 5, 6, 7, 8, 10, 12
	

	029
	CTD
	Sampled all 12 Bottles
	

	030
	CTD
	Sampled all 12 Bottles
	

	031
	CTD
	Sampled Bottles 3, 4, 5, 6, 7, 8, 9, 10, 11, 12
	

	032
	CTD
	Cast 1 Sampled Bottles 1, 2, 3, 4, 5 Total

Cast 1 Sampled Bottles 6, 7, 9, 10, 11

Cast 6 Sampled all 12 Bottles
	

	033
	CTD
	Cast 1 Sampled Bottles 1, 2, 3, 4, 5 Total

Cast 1 Sampled Bottles 6, 8, 9, 10, 12 

Cast 6 Sampled Bottles 3, 5, 7, 8, 9, 10, 11
	

	034
	CTD
	Cast 2 Sampled Bottles 1, 2, 3, 4, 5, 6, 7 Total

Cast 2 Sampled Bottles 1, 8, 9, 11, 12 

Cast 3 Sampled Bottles 3, 5, 7, 8, 9, 10, 11
	

	037
	CTD
	Sampled all 12 Bottles
	

	039
	CTD
	Sampled all 12 Bottles
	


Total dissolved Nitrogen were analyzed on board ship, other samples were preserved for return to laboratory for analysis.  Currently analysis completed through Station 39, with data being stored on floppy disk, CD-RW and e-mailed to RSMAS for archive.

3. Primary Production, Bio-optics, and Remote Sensing of Ocean Color

Glenn Cota: onboard PI; Dave Ruble, Zhi-Ping Mei and Xiaoju Pan: on-board team members

There have been numerous clear days with good satellite coverage in the southwestern margins of the study area, which are sufficiently ice-and cloud free for extensive ocean color observations.  There have been blooms north of Bering Strait, and to a lesser degree along the northwestern Alaskan coast and in areas of ice retreat.  NASA has been providing images via ODU with less than a one day lag time, and there have often been multiple overpasses.  The day regular sampling ceased (June 13th) we conducted an open water optics station, which appears to suitable for validation of SeaWiFS and MODIS.  This was easily the most important station of the cruise for bio-optical sampling and remote sensing.

Phytoplankton pigment (HPLC) and cell count sample samples have been collected from the surface and the subsurface chlorophyll maximum at experimental and optical stations.

Experimental observations have included primary production as well as nitrogen uptake.  Urea concentrations remained below limits of reliable detection (Codispoti, pers comm.), but a number of experiments were run to evaluate utilization.  Isotope dilution experiments were done only at select stations.  

Simulated in situ deck incubations continue to be problematic.  The recirculating supplemental seawater system was only marginally successful for small incubators, and the temperature were closer to ambient.  The Coast Guard has set up an alternative flow-thru seawater system with ballast water for deck incubations, but temperature regulation remains challenged.  A number of the experiments are compromised by elevated temperatures, and several experiments could not be set up.  Several stations have been missed or compromised because the ship could not position properly or in a timely fashion.

Experimental Observations
	 Date
	SBI

Station 
	Secchi

depth(m)
	HPLC
	Cell counts
	Primary

Production
	13CO3
	15NO3
	15NH4
	15N-Urea

	5/10/2002
	1
	5.5
	+
	+
	+
	+
	+
	+
	

	5/14/2002
	3
	5.5
	+
	+
	+
	+
	+
	+
	

	5/15/2002
	4
	4.5
	+
	+
	+
	+
	+
	+
	

	5/17/2002
	6
	15
	+
	+
	+
	+
	+
	+
	

	5/18/2002
	7
	26
	+
	+
	+
	+
	+
	+
	

	5/19/2002
	9
	22
	+
	+
	+
	+
	+
	+
	

	5/20/2002
	10
	26
	+
	+
	+
	+
	+
	+
	

	5/21/2002
	11
	30
	+
	+
	+
	+
	+
	+
	

	5/23/2002
	12
	26
	+
	+
	+
	+
	+
	+
	

	5/24/2002
	13
	19
	+
	+
	+
	+
	+
	+
	

	5/25/2002
	14
	24
	+
	+
	+
	+
	+
	+
	

	5/27/2002
	17
	17
	+
	+
	+
	+
	+
	+ IDE
	

	5/28/2002
	18
	22
	+
	+
	+
	+
	+
	+
	+

	5/29/2002
	19
	17
	+
	+
	+
	+
	+
	+
	+

	5/30/2002
	22
	15
	+
	+
	+
	+
	+
	+
	+

	6/01/2002
	23
	15
	+
	+
	+
	+
	+
	+
	+

	6/02/2002
	24
	16
	+
	+
	+
	+
	+
	+
	+

	6/03/2002
	26
	10
	+
	+
	+
	+
	+
	+
	+

	6/04/2002
	28
	11
	+
	+
	+
	+
	+
	+
	+

	6/05/2002
	31
	16
	+
	+
	+
	+
	+
	+
	+

	6/06/2002
	32
	20
	+
	+
	+
	+
	+
	+
	+

	6/07/2002
	33
	16
	+
	+
	+
	+
	+
	+
	+

	6/08/2002
	34-IS
	34
	+
	+
	+
	+
	+
	+
	+

	6/10/2002
	36
	20
	+
	+
	+
	+
	+
	+ IDE
	

	6/12/2002
	39
	5.5
	+
	+
	+
	+
	+
	+
	


Optical observations have been very successful, but their frequency is less than half that planned.  Observations have included surface optics (SO), sun photometry (Sun), passive optical (PO) profiles, and active optical (AO) profiles at daytime stations.  Quite a few SO and Sun photometry observations have been made between stations or at multiple times during suitable conditions at a station.  These data will be invaluable for refining high latitude bio-optical algorithms.  Passive optical observations are being made mostly in small open areas, but also in a variety of ice conditions to evaluate the influence of broken pack ice cover.  Satellite validation measurements were impossible at all but the last station due to the prevalence of ice along the ship track. 

Optical Observations
	
	
	
	
	SfcOpt
	Sun
	PassOpt
	ActOpt
	ActOpt

	ORCA

Station #
	SBI Station #
	Secchi depth
	Water

Depth
	SAS
	Micro

Tops
	Pro/Ref
	AC9
	HS6

	200205081
	0
	
	
	
	
	+
	+
	

	200205101
	1 (AM)
	5.5
	51
	
	
	
	+
	

	200205102
	1 (PM)
	
	53
	
	
	+
	+
	

	200205121
	2
	
	51
	+
	
	+
	+
	+

	200205141
	3
	5.5
	47
	+
	7-8
	
	+
	+

	200205151
	4
	4.5
	47
	+
	9-10
	
	+
	+

	200205171
	6
	15
	45
	
	
	
	+
	+

	200205181
	7
	26
	171
	
	13-14
	+
	+
	+

	200205191
	9
	22
	1217
	+
	
	+
	+
	+

	200205201
	10
	26
	1891
	
	17-18
	+
	+
	+

	200205211
	11 (AM)
	30
	2440
	+
	21-22
	+
	+
	+

	200205221
	11 (AM)
	
	3098
	+
	29-30
	+
	+
	+

	200205231
	12
	26
	2823
	
	33-34
	+
	+
	+

	200205241
	13
	19
	2333
	+
	41-42
	+
	+
	+

	200205251
	14
	24
	2138
	+
	43-45
	+
	+
	+

	200205271
	17
	17
	413
	
	
	+
	+
	+

	200205281
	18
	22
	228
	
	
	+
	+
	+

	200205291
	19
	17
	87
	
	
	+
	+
	+

	200205301
	22
	15
	50
	
	
	+
	+
	+

	200206011
	23
	15
	91
	
	
	+
	+
	+

	200206021
	24
	16
	107
	
	
	+
	+
	+

	200206031
	26
	10
	35
	+
	63-64
	+
	+
	+

	200206041
	28
	11
	51
	+
	70-71
	+
	+
	+

	200206051
	31
	16
	363
	+
	-
	+
	+
	+

	200206061
	32
	20
	1634
	+
	81-82
	+
	+
	+

	200206071
	33
	16
	2130
	
	-
	+
	+
	+

	200206081
	34
	34
	2930
	
	85-86
	+
	+
	+

	200206101
	36
	20
	130
	+
	-
	+
	+
	+

	200206111
	38
	<5
	169
	
	95-96
	+
	+
	+

	200206121
	39
	5.5
	122
	
	-
	+
	+
	+

	200206131
	Bio-opt
	<4
	35
	+
	101-104
	+
	+
	+


4. Microbiology

David Kirchman: on-board PI; Katie Preen: on-board team member

We focused our sampling efforts on the daily production casts from which we measured bacterial production (thymidine (DNA) and leucine (protein) incorporation) and have collected samples for bacterial biomass (abundance and biovolume) and various molecular assays of bacterial community structure (“species” composition) in the upper 100 to 150 m.  (Although “bacterial” is used here, our measurements are of prokaryotes; Archaea may be quite abundant in the Arctic even in surface waters.)  We attempted to measure total community respiration, but were unsuccessful due to problems with the oxygen titrator; its errors, which were abnormally high (1%), exceeded the slow rates we expected in these waters.  The table given below summarizes the stations at which we collected samples.  Not all prokaryotic parameters were measured at all depths. 

Many analyses still need to be completed onshore, and even though some data were collected, such as for bacterial production, more time is needed for a thorough analysis and comparison with other data.  Because of the scintillation counter onboard, we were able to establish optimal incubation periods for production and have radioassayed all samples.  In brief, it appears that bacterial production increased during the course of the cruise, although location of the sample needs also to be considered.    

The shipboard epifluorescence microscope enables a quick survey of bacterial abundance, although the final numbers will come from shore-based scope work.  The preliminary data indicate that bacterial abundance is about 108 cells per liter, roughly 50% lower than found in low-latitude oceanic waters.  In the few deep profiles sampled to date, bacterial abundance drops to 106 cells per liter at 1000 m, quite low even for deep waters.  Like production, bacterial abundance appeared to increase during the cruise, but again, sample location needs to be factored in.

The preliminary microscopy work has also revealed numerous detrital particles about 10 um in diameter associated with the cDOM maximum at ca. 150 m.  These particles also are found in samples near  the bottom at <100 m stations.   

In collaboration with Rodger Harvey and Ron Benner, we have also conducted various experiments to examine DOM utilization and regulatory mechanisms that control bacterial growth and community structure.  A couple preliminary conclusions can be drawn from these experiments.  Short term (hours) experiments indicate that a Q10 of 2, i.e. rates increasing by a factor of 2 with a temperature change of 10 C, applies to bacterial assemblages at -1 C; if so, then fluctuations of a degree or so will have little impact on short-term measurements of microbial activity.  However, long term (days) experiments suggest Q10's much larger than 2.  Furthermore, these experiments offer little to no support for the Pomeroy-Wiebe hypothesis, which states that more DOM is needed to support microbial growth at low than at high temperatures.   The experiment was repeated at station 19 and 34 with similar results.

Summary of stations at which prokaryotic parameters were measured.  

	Station
	Number of Depths
	Deepest (m)

	
	
	

	1 
	1 
	0 

	2 
	3 
	40 

	3 
	3 
	30 

	4 
	3 
	35 

	5 
	No sample taken
	

	6 
	4 
	41 

	7 
	5 
	140 

	8 
	No sample taken
	

	9 
	7 
	200 

	10 
	6 
	100 

	11 
	12 
	2000 

	12 
	12 
	2500 

	13 
	6 
	100 

	14 
	6 
	150 

	15 
	No sample taken
	

	16 
	No sample taken
	

	17 
	6 
	140 

	18 
	6 
	120 

	19 
	4 
	80 

	20 
	No sample taken
	

	21 
	No sample taken
	

	22 
	3 
	43 

	23 
	4 
	86 

	24 
	4 
	95 

	25 
	No sample taken
	

	26 
	4 
	27 

	27 
	No sample taken
	

	28 
	3 
	45 

	29 
	No sample taken
	

	30 
	No sample taken
	

	31 
	14 
	400 

	32 
	11 
	1000 

	33 
	13 
	1600 

	34 
	13 
	2962 

	35 
	No sample taken
	

	36 
	8 
	100 

	37 
	No sample taken
	

	38 
	No sample taken
	

	39 
	7 
	100 


5. Biomarkers

Ron Benner and Roger Harvey: onboard PIs; Lori Roth: on-board team member

5a. Ron Benner-Colored Dissolved Organic Matter

The attached table includes a list of the water samples I collected for chemical characterization of dissolved organic matter.  In addition to these samples, samples of dissolved and particulate matter were collected during a sampling trip to the Itpikpuk River.  These river samples will provide valuable information on the composition of terrestrially-derived material entering Alaska coastal waters.

The flash fluorometer that I had mounted on the rosette/CTD package collected data during every CTD cast.  This fluorometer monitors emission wavelengths that are characteristic of colored DOM (CDOM), which in the study region is predominantly derived from the terrestrial environment.  The fluorometer will be calibrated using the concentrations of dissolved lignin in water samples collected during the cruise.  Together, these data will provide information on the concentrations and sources of DOM in the study region.
The following table is a sample log of the samples I've collected to date.  In addition to these samples I'm collecting data from the CDOM fluorometer on every cast.

	HLY-02-01 - Ron Benner Sample Log (May 6, 2002 to June 15, 2002).
	
	
	

	Note: the depth recorded is the CTD sensor depth, the bottles are ~1 m shallower
	
	

	 
	 
	 
	 
	 
	 
	 
	 

	
	
	CTD
	Niskin
	Depth
	Sample
	DOM
	Lignin

	Date
	Station
	Cast
	Bottle
	(m)
	Code
	Sample
	Sample

	
	
	
	
	
	
	
	

	8-May
	0
	2
	6
	13
	0.2.6
	2
	1

	8-May
	0
	2
	7
	13
	0.2.7
	2
	1

	
	
	
	
	
	
	
	

	10-May
	1
	3
	6
	12
	1.3.6
	2
	1

	10-May
	1
	3
	7
	12
	1.3.7
	2
	1

	
	
	
	
	
	
	
	

	12-May
	2
	2
	6
	17
	2.2.6
	2
	1

	12-May
	2
	2
	1
	42
	2.2.1
	2
	1

	
	
	
	
	
	
	
	

	14-May
	3
	3
	6
	17
	3.3.6
	2
	1

	14-May
	3
	3
	1
	37
	3.3.1
	2
	1

	
	
	
	
	
	
	
	

	17-May
	6
	1
	7
	18
	6.1.7
	2
	1

	17-May
	6
	1
	2
	61
	6.1.2
	2
	1

	
	
	
	
	
	
	
	

	18-May
	7
	4
	8
	19
	7.4.8
	2
	1

	18-May
	7
	4
	3
	81
	7.4.3
	2
	1

	18-May
	7
	4
	1
	141
	7.4.1
	2
	1

	
	
	
	
	
	
	
	

	19-May
	9
	1
	9
	10
	9.1.9
	2
	1

	19-May
	9
	1
	5
	25
	9.1.5
	2
	1

	19-May
	9
	5
	11
	143
	9.5.11
	2
	1

	19-May
	9
	5
	8
	203
	9.5.8
	2
	1

	19-May
	9
	3
	10
	306
	9.3.10
	2
	1

	19-May
	9
	3
	6
	506
	9.3.6
	2
	1

	19-May
	9
	5
	5
	751
	9.5.5
	2
	1

	19-May
	9
	5
	1
	1002
	9.5.1
	2
	1

	
	
	
	
	
	
	
	

	20-May
	10
	1
	6
	24
	10.1.6
	2
	1

	20-May
	10
	1
	1
	101
	10.1.1
	2
	1

	20-May
	10
	4
	8
	187
	10.4.8
	2
	1

	20-May
	10
	4
	6
	252
	10.4.6
	2
	1

	20-May
	10
	3
	9
	500
	10.3.9
	2
	1

	20-May
	10
	3
	5
	1201
	10.3.5
	2
	1

	20-May
	10
	3
	1
	1937
	10.3.1
	2
	1

	
	
	
	
	
	
	
	

	21-May
	11
	2
	10
	13
	11.1.10
	2
	1

	21-May
	11
	2
	8
	35
	11.1.8
	2
	1

	21-May
	11
	2
	2
	101
	11.1.2
	2
	1

	21-May
	11
	3
	12
	200
	11.3.12
	2
	1

	21-May
	11
	3
	7
	601
	11.3.7
	2
	1

	21-May
	11
	3
	4
	1600
	11.3.4
	2
	1

	21-May
	11
	3
	1
	3092
	11.3.1
	2
	1

	
	
	
	
	
	
	
	

	23-May
	12
	5
	12
	21
	12.5.12
	2
	1

	23-May
	12
	5
	11
	102
	12.5.11
	2
	1

	23-May
	12
	5
	10
	141
	12.5.10
	2
	1

	23-May
	12
	5
	8
	182
	12.5.8
	2
	1

	23-May
	12
	5
	4
	1003
	12.5.4
	2
	1

	23-May
	12
	5
	3
	1502
	12.5.3
	2
	1

	23-May
	12
	5
	2
	2002
	12.5.2
	2
	1

	23-May
	12
	5
	1
	2501
	12.5.1
	2
	1

	
	
	
	
	
	
	
	

	25-May
	14
	3
	11
	51
	14.3.11
	2
	1

	25-May
	14
	3
	10
	102
	14.3.10
	2
	1

	25-May
	14
	3
	6
	166
	14.3.6
	2
	1

	25-May
	14
	3
	5
	202
	14.3.5
	2
	1

	25-May
	14
	3
	4
	251
	14.3.4
	2
	1

	25-May
	14
	3
	3
	302
	14.3.3
	2
	1

	
	
	
	
	
	
	
	

	26-May
	16
	3
	9
	81
	16.3.9
	2
	1

	26-May
	16
	3
	9
	
	16.3.9
	1
	

	26-May
	16
	3
	8
	132
	16.3.8
	2
	1

	26-May
	16
	3
	8
	
	16.3.8
	1
	

	26-May
	16
	3
	3
	181
	16.3.3
	2
	1

	26-May
	16
	3
	3
	
	16.3.3
	1
	

	26-May
	16
	3
	2
	251
	16.3.2
	2
	1

	26-May
	16
	3
	2
	
	16.3.2
	1
	

	
	
	
	
	
	
	
	

	27-May
	17
	4
	11
	22
	17.4.11
	2
	1

	27-May
	17
	4
	9
	127
	17.4.9
	2
	1

	27-May
	17
	4
	8
	127
	17.4.8
	2
	1

	27-May
	17
	4
	5
	202
	17.4.5
	2
	1

	
	
	
	
	
	
	
	

	30-May
	22
	1
	4
	27
	22.1.4
	2
	1

	30-May
	22
	1
	2
	43
	22.1.2
	2
	1

	
	
	
	
	
	
	
	

	4-Jun
	31
	3
	8
	252
	31.3.8
	2
	1

	4-Jun
	31
	3
	7
	252
	31.3.7
	2
	1

	4-Jun
	31
	3
	2
	306
	31.3.2
	2
	1

	4-Jun
	31
	3
	1
	306
	31.3.1
	2
	1

	
	
	
	
	
	
	
	

	5-Jun
	32
	3
	11
	51
	32.3.11
	2
	1

	5-Jun
	32
	3
	10
	127
	32.3.10
	2
	1

	5-Jun
	32
	3
	3
	176
	32.3.3
	2
	1

	
	
	
	
	
	
	
	

	7-Jun
	33
	5
	12
	41
	33.5.12
	2
	1

	7-Jun
	33
	5
	9
	101
	33.5.9
	2
	1

	7-Jun
	33
	5
	4
	176
	33.5.4
	2
	1

	7-Jun
	33
	5
	3
	401
	33.5.3
	2
	1

	7-Jun
	33
	5
	2
	1003
	33.5.2
	2
	1

	7-Jun
	33
	5
	1
	1602
	33.5.1
	2
	1

	
	
	
	
	
	
	
	

	8-Jun
	34
	4
	12
	30
	34.4.12
	2
	1

	8-Jun
	34
	4
	5
	120
	34.4.5
	2
	1

	8-Jun
	34
	4
	4
	190
	34.4.4
	2
	1

	8-Jun
	34
	2
	4
	1500
	34.2.4
	2
	1

	8-Jun
	34
	2
	3
	2000
	34.2.3
	2
	1

	8-Jun
	34
	2
	2
	2500
	34.2.2
	2
	1

	8-Jun
	34
	2
	1
	2962
	34.2.1
	2
	1

	
	
	
	
	
	
	
	

	10-Jun
	37
	2
	8
	100
	37.2.8
	2
	1


5b. Rodger Harvey-Organic biomarkers

	Harvey- HLY 02-01 sample collections
	
	
	

	All particles and sediments collected for analysis of organic biomarkers

	Samples included ice algae and "dirty ice" with rafted sediments
	

	
	
	
	
	
	
	

	Station
	Date
	Depth (m)
	Sample Collections
	

	006
	5/17/2002
	
	
	
	
	

	CTD filtration
	
	16.7
	
	particles on GF/F
	

	
	
	60
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore    (30cm total depth)
	73
	
	upper 10 cm sectioned @1cm intervals

	
	
	
	
	
	
	

	007
	5/18/2002
	
	
	
	
	

	CTD filtration
	
	18.4
	
	particles on GF/F
	

	
	
	80
	
	particles on GF/F
	

	
	
	140
	
	particles on GF/F
	

	 ice floes sampled for algal biomass
	
	samples scraped from ice and centrifuged

	
	
	
	
	
	
	

	009
	5/19/2002
	
	
	
	
	

	CTD filtration
	
	9
	
	particles on GF/F
	

	
	
	24.6
	
	particles on GF/F
	

	
	
	56.9
	
	particles on GF/F
	

	
	
	140
	
	particles on GF/F
	

	
	
	1000
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore (40 cm total depth)
	
	
	upper 10 cm sectioned @1cm intervals

	
	
	
	
	
	
	

	010
	5/20/2002
	
	
	
	
	

	CTD filtration
	
	23
	
	particles on GF/F
	

	
	
	100
	
	particles on GF/F
	

	
	
	185
	
	particles on GF/F
	

	
	
	350
	
	particles on GF/F
	

	
	
	500
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore (46 cm total)
	1278
	
	sectioned
	1-10cm @ 1 cm intervls

	
	
	
	
	
	10-20 @ 2cm intervals

	
	
	
	
	
	
	

	011
	5/21/2002
	
	
	
	
	

	CTD filtration
	
	33.5
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore (48 cm total)
	5/22/2002
	3185
	
	sectioned upper 20 cm

	(extra seds to susan)
	
	
	1-10 @ 1
	
	

	
	
	
	
	12-20 @2
	
	

	
	
	
	
	
	
	

	012
	5/23/2002
	
	
	
	
	

	CTD filtration
	
	32
	
	particles on GF/F
	

	
	
	140
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore (48cm total)
	5/24/2002
	3002
	
	sectioned  upper 20cm

	(extra seds to Susan)
	
	
	1-10 @ 1
	
	

	
	
	
	
	2-20 @ 2
	
	

	
	
	
	
	
	
	

	013
	5/24/2002
	
	
	
	
	

	CTD filtration
	
	33
	
	particles on GF/F
	

	chl max only collected
	
	
	
	
	

	
	
	
	
	
	
	

	014
	5/24/2002
	
	
	
	
	

	CTD filtration
	
	17
	
	particles on GF/F
	chl max

	
	
	165
	
	particles on GF/F
	CDOM max

	
	
	
	
	
	
	

	boxcore (47cm total)
	5/25/2002
	2088
	
	sectioned upper 20cm

	
	
	
	
	1-10 @1 cm intervals
	

	
	
	
	
	10-20 @ 2
	

	
	
	
	
	
	
	

	015 - 1000m
	5/26/2002
	
	
	
	
	

	CTD filtration
	
	130
	
	particles on GF/F
	

	CDOM max only
	
	
	
	
	
	

	
	
	
	
	
	
	

	017 - 500m 
	5/27/2002
	
	
	
	
	

	CTD filtration
	
	32
	
	particles on GF/F
	

	
	
	125
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore (46 cm total)
	671
	
	sectioned upper 20cm

	
	
	
	
	1-10 @1 cm intervals
	

	
	
	
	
	10-20 @ 2
	

	018 - 200m
	5/28/2002
	
	
	
	
	

	CTD filtration
	
	24.6
	
	particles on GF/F
	

	chl max
	
	
	
	
	
	

	
	
	
	
	
	
	

	box core 
	
	?????
	
	surface interface only
	

	
	
	
	
	
	
	

	019 - 100m
	5/29/2002
	
	
	
	
	

	CTD filtration
	
	19
	
	particles on GF/F
	

	chl max
	
	
	
	
	
	

	
	
	
	
	
	
	

	boxcore (44 cm total)
	126m (approx).
	sectioned upper 20cm

	
	
	
	
	1-10 @1 cm intervals
	

	
	
	
	
	10-20 @ 2
	

	022 - shelf transit
	5/30/2002
	
	
	
	
	

	CTD filtration
	
	26
	
	particles on GF/F
	

	chl max
	
	
	
	
	
	

	
	
	
	
	
	
	

	collected dirty ice with ice team for analysis
	particles on GF/F and dissolved

	
	
	
	
	
	
	

	028
	6/4/2002
	
	
	
	
	

	CTD filtration
	
	5
	
	particles on GF/F
	

	surface water
	
	
	
	
	
	

	
	
	
	
	
	
	

	sampling of Ikpikpuk River - rafted debris, surface sediments and dissolved
	

	
	
	
	
	
	
	

	031
	6/5/2002
	
	
	
	
	

	CTD filtration
	
	
	
	
	
	

	chl max
	
	43.3
	
	particles on GF/F
	

	CDOM max
	
	105
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore (21 cm total rocky)
	682???
	
	sectioned upper 18cm

	(extra seds to cooper/moran/susan)
	
	1-10 @1 cm intervals
	

	
	
	
	
	10-18 @ 2
	

	032 - 1000m
	6/6/2002
	
	
	
	
	

	CTD filtration
	
	22.3
	
	particles on GF/F
	

	
	
	125
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore - 53 cm total
	1671
	
	sectioned upper 20cm

	
	
	
	
	1-10 @1 cm intervals
	

	
	
	
	
	10-20 @ 2
	

	
	
	
	
	
	
	

	033-2000m
	6/7/2002
	
	
	
	
	

	CTD filtration
	
	17.9
	
	particles on GF/F
	

	
	
	100
	
	particles on GF/F
	

	
	
	
	
	
	
	

	034 - 3000m
	6/8/2002
	
	
	
	
	

	CTD filtration
	
	24.6
	
	particles on GF/F
	

	
	
	120
	
	particles on GF/F
	

	
	
	
	
	
	
	

	boxcore - 51 cm total
	2821
	
	sectioned upper 20cm

	sampled varves  below 23cm
	
	
	1-10 @1 cm intervals
	

	
	
	
	
	10-20 @ 2
	

	36 - ~120m
	6/10/2002
	
	
	
	
	

	CTD filtration
	
	22.3
	
	particles on GF/F
	

	chl max only
	
	
	
	
	
	

	
	
	
	
	
	
	

	037
	6/11/2002
	
	
	
	
	

	CTD filtration
	
	120
	
	particles on GF/F
	

	CDOM max only
	
	
	
	
	
	

	
	
	
	
	
	
	

	boxcore - 18 cm total
	206
	
	sectioned upper 16cm

	polychete mats
	
	
	
	1-10 @1 cm intervals
	

	multiple macrofauna
	
	
	
	10-16 @ 2
	

	
	
	
	
	
	
	

	039
	6/12/2002
	
	
	
	
	

	CTD filtration only
	
	14.3
	
	particles on GF/F
	


6. Radium Isotopes and XCTD Studies

Dave Kadko, on-board PI; Mark Stephens: on-board team member

The isotope group from the University of Miami collected 90 samples from 39 stations occupied during the SBI spring 2002 cruise. Depths sampled included a surface sample (~7m) from each station with 1-4 additional depths depending on location and total water depth. All samples were collected within 250m of the surface. At sea, all samples were analyzed for 224Ra and approximately half were recounted to obtain the 228Th activities. The remainder of the 228Th will be analyzed at our home lab. Additionally, at home, samples will be counted for 226Ra and 228Ra activities. Preliminary analysis of the data collected indicate that an eddy was sampled during the EHS transect. Anomalous concentrations (compared to other stations) of 224Ra, and TDN (corresponding to anomalous temperature and Dr. Haardt fluorescence) were measured in the core of the eddy feature. Additionally, evidence of transport centered at about the 26.5 isopycnal from the shelf to offshore was indicated. These observations were augmented by the University of Miami XCTD and close-spaced CTD profiling undertaken during this transport.

5/8/2002

Sample No. Station 0 (test station)
0-1.  
Pump@ 5 m. 1500hr.  65o 00.53’N; 169o 03.121’W.  51m depth, 235L.  

0-2          
Cast 3 @ 41m depth only. 1600hr.  65o 01.75’N; 169o 03.105’W. 50m depth  235L.  

5/9/02
HV1

1-1. 
Pump@ 5 m. 2300hr (local).  67o 28.115’N; 168o 51.781’W.  47m depth, 235L. 


1-2. Cast 2 @ 40m depth only. 0029hr (5/10/02).  67o 28.745’N; 168o 50.184’W. 47m depth, 235L.   
5/12/02
HV2

2-1.  
Pump@ 5 m. 1400hr(local).  70o 38.35’N; 167o 23.60’W.  52m depth, 235L

2-2 .  
Cast 2 @ 40m depth only. 1422hr  70o 38.35’N; 167o 23.60’W.  235L.  

5/14/02
HV3

3-1. 
Pump @ 5m. 1545 local.  Z= 44m. 71o 52.759’N; 166o 05.440’W, 235L

3-2. 
Cast 4 in water @ 1514. all bottles tripped at 39m depth.  235L

5/16/02
WHS1

5-1.  
Pump @ 7m. start 2140 local.  Z= 44m. 72o 42.5446’N; 161o 14.359’W end 2205  72o 42.595’N; 161o 14.391’W  235L

5-2            
Cast#2 in @2241 72o 42.698’N; 161o 14.417’W; Bottles tripped at 45m. 235L

5/17/02
Sample no.

       
 WHS2

6-1       
Surface pump aft system ~ 7m.  150 L. Concurrent with cast #3  

6-2               @1803   72o 53.794’N; 160o 34.649’W

                    Bottles tripped at 55m. 235L 

5/18/02
WHS3

7-1 Surface pump aft system ~ 7m.  150 L (shipped left in middle of sampling!).    

                  
Concurrent with cast #2 

7-2           
Cast#2 @0538   73o 01.9155’N; 160o 25.7356’W; Bottles tripped at 96m. 235L 

7-3           
Cast#3 @0706   73o 01.8959’N; 160o 25.9548’W; Bottles tripped at 144m. 235L 

      
WHS4

8-1           
Surface pump aft system ~ 7m.  235L L. Concurrent with cast #2  

8-2          
Cast#2 @2024 local   73o 15.142’N; 160o 03.242’W; Bottles tripped at 250m. 180L

8-3         
Cast#2; Bottles tripped at 50m. 178L 

8-4        
Cast#3 @2146 local 73o 15.445’N; 160o 05.082’W; Bottles tripped at 140m  235L   

5/19/02


WHS5

9-1 Surface pump aft system ~ 7m.  235L L. Concurrent with cast #6   

9-2        
Cast#6 @2153 local   73o 20.475’N; 160o 21.250’W. Water depth 1145m

              
 Bottles tripped at 250m. 235L 

9-3        
Cast #7 @2320 73o 21.005’N; 160o 22.888’W. Water depth 1168m; 150m  175 L  

9-4         
Cast #7  200m  180L   

5/20/02
Sample No.

       
WHS6

10-1          Surface pump aft system ~ 7m.  235L L. Concurrent with cast #5   

10-2          Cast#5; Niskins 1-7 at 200m

10-3          Cast#5; Niskins 8-12 at 150m

               
 73o 26.581’N; 159o 46.52’W. Water depth 1874m @2043local

10-4          Cast # 7; Niskins  1-6 at 100m

10-5          Cast# 7;  Niskins 7-12 at 50m

              
73o 26.6176’N; 159o 47.3206’W. Water depth 1871m @2154  local

5/22/02
WHS 7

11-1            Surface pump aft system ~ 7m.  235L. Concurrent with cast #5  

11-2          
Cast#5    50m   235L  73o 45.32’N; 159o 00.45’W. Water depth 3063m            

                 
@0035  local in water.  (Niskins 11 and 12 to Pb-210)

11-3        
Cast#6     150m  180L

11-4          
Cast#6     100m   180L


73o 45.55’N; 159o 01.33’W. @0137ocal

5/23/02

EHS 11


12-1         
Surface pump aft system ~ 7m.  235L. Concurrent with cast #6  

12-2     
Cast#6  45m  235L  

           
73o 27.812’N; 157o 38.44’W.  In water @1532 local; Water depth 2740m

12-3         
Cast#7   220m  180L (at an O​2 min)

12-4          
Cast#7    150m  180L


73o 28.122’N; 157o 39.177’W.   In water @1648 local

5/25/02
EHS 9

14-1           Surface pump aft system ~ 7m.  235L.  1120Local . concurrent with cast#6  

14-4         Cast #5 250m  180L   

14-5         Cast #5 200m  180L  

      
73o 05.714’N; 158o 12.514’W. In Water @1010 local. 

       
Water depth 2121m

14-2          
Cast#6 150m  180L  

14-3          
Cast#6   45m  180L  


73o 05.651’N; 158o 12.911’W.  In Water @1120 local.

                
Water depth 2130m. Water depth at 1311 local noted as 2161 m.

5/26/02
Sample No.

EHS7

16-1           
Surface pump aft system ~ 7m.  235L. Concurrent with cast #4   

16-2         
Cast#4  140m  96L . In water @2210 local

             
72o 52.196’N; 158o 20.531’W. ; Water depth 1086m 

16-3            Cast#5   80m  180L

16-4            Cast#5    250m  180L


72o 52.316’N; 158o 21.167’W.  In water @2320 local

5/27/02
ESH6

17-1         
Surface pump aft system ~ 7m.  235L. Concurrent with cast #6   

17-2         
Cast#6 135m  180L  . In water @2210 local

     
72o 51.77’N; 158o 35.89’W. 

     
Water depth 390m 

17-3 Cast#6  75m  180L  

17-4         
Cast#7    250m  180L  


72o 52.316’N; 158o 21.167’W. Water depth 386m @1756 local

17-5         
Cast#7  200m 180L  

5/28/02

ESH5

18-1            Surface pump aft system ~ 7m.  235L.   

18-2           
Cast#4 215m  180L   

      72o 44.937’N; 158o 42.650’W. Water depth 225m. In water @1725 local

18-3           
Cast#4 110m  180L  

18-4           
Cast#5    160m  180L  


72o 45.1203’N; 158o 43.7351’W. 

                   Water depth 222m. In water@1830 local

5/29/02

  EHS4

19-1         
Surface pump aft system ~ 7m.  235L.  Fiber Tube 048

19-2         
Cast#4 77m  235L   

     
72o 36.37’N; 158o 49.89’W. Water depth 77m. In water @1142 local

5/30/02
Sample No.

 
EHS1

22-1         
Surface pump aft system ~ 7m.  235L 

22-2            Cast#4   77m  235L   

                 
72o 14.374’N; 159o 50.918’W. 

                   
Water depth 47m .     In water @1238 local

6/2/02
BC2a

24-1 Surface pump aft system ~ 7m.  235L 

24-2         
Cast#4 91m  180L  

24-3          
Cast#4 45m  180L  

71o 49.24’N; 155o 44.43’W. Water depth 98m @1255 local

6/4/02
SB1

27-1          
Surface pump aft system ~ 7m.  235L

27-2          
Cast#3   33m     235L


71o 29.636’N; 153o 53.956’W. Water depth 50m @0220 local

6/4/02-6/502BC-1

31-1            Surface pump aft system ~ 7m.  235L.   

31-2           
Cast#3 250m  235L   


71o 55.6455’N; 154o 50.2241’W. Water depth 475m @2320 local

31-3 Cast#4 200m  180L  

31-4 Cast#4 90m 180L  


71o 55.656’N; 154o 50.563’W. Water depth 506m @0027 local

6/5/02-6/6/02
BC5

32-1          Surface pump aft system ~ 7m.  235L. 

32-2         
Cast#4 175m  180L   


72o 05.762’N; 154o 28.792. Water depth 1473m @0015 local

32-3 Cast#4 100m  180L FT 050

32-4         
Cast#5  250m 180L  


72o 06.015’N; 154o 29.053. Water depth 1496m @0116 local

32-5         
Cast #5 50m 180L  

6/7/02

Sample No.

  BC6

33-1
Surface pump aft system ~ 7m.  235L.   

33-2 
Cast#4 165m  180L   


72o 11.400’N; 154o 21.580. Water depth 1893m @0404 local

33-3
   Cast#4 100m  180L  

33-4
Cast#5  250m 235L  


72o 11.489’N; 154o 20.532. Water depth 1938m @0517 local

6/8/02

  BC7

34-1
Surface pump aft system ~ 7m.   

34-2 
Cast#5 100m  180L   


72o 33.607’N; 154o 34.638. Water depth 2919m @2010 local

34-3
Cast#5  50m  180L  

34-4
Cast#6  170m 235L  


72o 33.635’N; 154o 34.804. Water depth 2927m @2115 local

6/10/02
BC3

37-1
Surface pump aft system ~ 7m.    235L

37-2 
Cast#3   50m  235L   


71o 38.964’N; 155o 45.762. Water depth 171m @2230 local

37-3 Cast#4  80m  180L

37-4
Cast#4  150m 180L  


71o 38.938’N; 155o 45.760. Water depth 176m @2325 local

6/12/02
BC2

39-1
Surface pump aft system ~ 7m.    235L

39-2
Cast#3   45m  180L   


71o 38.964’N; 155o 45.762. Water depth 115m @0935 local

39-3         
Cast#3  100m   180L
TABLE    XCTD  LOG     






 EHS transect

   

  No.    Date    Time (GMT)       Lat      Long       Serial #     Bot. Depth (m)

	1
	Date of Launch:  05/24/2002
	Latitude      : 

 73 22.6084N
	
	

	
	Time of Launch:  17:44:46
	Longitude     :

  158 11.44238W
	
	

	2
	Date of Launch:  05/25/2002
	Latitude      :

  73 11.62354N
	2027738
	

	
	Time of Launch:  01:34:49
	Longitude     : 

 158 8.44629W
	
	

	3
	Date of Launch:  05/26/2002
	Latitude      : 

 73 2.16553N
	2027742
	

	
	Time of Launch:  07:13:37
	Longitude     :

 157 57.98535W
	
	

	4
	Date of Launch:  05/26/2002
	Latitude      : 

 72 57.06445N
	 2027739
	

	
	Time of Launch:  22:45:45
	Longitude     :  158 10.94238W
	
	

	5
	Date of Launch:  05/28/2002
	Latitude      :  

72 49.24512N
	2027740
	

	
	Time of Launch:  12:46:02
	Longitude     :  

158 44.70508W
	
	

	6
	Date of Launch:  05/28/2002
	Latitude      : 

 72 46.03418N
	2027744
	

	
	Time of Launch:  14:27:11
	Longitude     : 

 158 44.80566W
	
	

	7
	Date of Launch:  05/29/2002
	Latitude      : 

 72 41.11523N
	2027747
	158

	
	Time of Launch:  08:56:09
	Longitude     : 

 158 55.56348W
	
	

	8
	Date of Launch:  05/29/2002
	Latitude      :

  72 38.40527N
	2027750
	101

	
	Time of Launch:  09:44:00
	Longitude     :  

158 56.09277W
	
	

	
	
	
	
	


SUMMARY of RADIUM SAMPLES

	Sample
	Depth (m)   
	Sample
	Depth (m)
	Sample 
	Depth (m)

	0-1
	  5
	11-1
	    7
	22-1
	     7

	0-2
	41
	11-2
	  50
	22-2
	   41

	1-1
	  5
	11-3
	150
	27-1
	     7

	1-2
	40
	11-4
	100
	27-2
	   33

	2-1
	 5
	12-1
	     7
	31-1
	      7

	2-2
	40
	12-2
	   45
	31-2
	  250

	3-1
	  5
	12-3
	 220
	31-3
	  200

	3-2
	39
	12-4
	 150
	31-4
	    90

	5-1
	  7
	14-1
	     7
	32-1
	      7

	5-2
	45
	14-2
	 150
	32-2
	  175

	6-1
	   7
	14-3
	   45
	32-3
	  100

	6-2
	 55
	14-4
	 250
	32-4
	  250

	7-1
	   7
	14-5
	 200
	32-5
	    50

	7-2
	 96
	16-1
	     7
	33-1
	      7

	7-3
	144
	16-2
	 140
	33-2
	  165

	8-1
	    7
	16-3
	   80
	33-3
	  100

	8-2
	250 
	16-4
	 250
	33-4
	  250

	8-3
	  50
	17-1
	     7
	34-1
	      7

	8-4
	 140
	17-2
	 135
	34-2
	  100

	9-1
	    7
	17-3
	   75
	34-3
	    50

	9-2
	250
	17-4
	 250
	34-4
	  170

	9-3
	150
	17-5
	 205
	37-1
	      7

	9-4
	200
	18-1
	     7
	37-2
	    50

	10-1
	    7
	18-2
	 215
	37-3
	    80

	10-2
	200
	18-3
	 110
	37-4
	  150

	10-3
	150
	18-4
	 160
	39-1
	      7

	10-4
	  50
	19-1
	     7
	39-2
	    45

	10-5
	100
	19-2
	   70
	39-3
	  100


7.  Microzooplankton Grazing, Growth, Biomass and Food for Mesozooplankton

Jennifer Crain and Cara Fritz: on-board team members; Ev and Barry Sherr: PIs

At the beginning of the cruise we were largely unsuccessful in setting up dilution experiments for microzooplankton grazing, our main cruise goal. Ambient-temperature seawater delivery to the incubators was difficult using the recirculating system we operated from during the first portion of the cruise.  The Coast Guard has been supplying our incubators with flow through water from the ballast tank, which is topped off or completely exchanged as necessary in an effort to maintain near-ambient temperatures.  We have had much better success with keeping temperatures at or below zero C since we have been using the flow through system.

We performed a test dilution experiment on station 1 to fine tune our methods.  The methods testing portion of this experiment was very successful although the temperature range was too high to be appropriate for experiments designed to mimic environmental conditions. While we worked with the incubator flow rates and temperatures, we ran two dilution experiments in one of the climate controlled chambers.  Once the flow through seawater system was put in place and temperature variability was reduced, we began doing experiments in the ondeck incubators. 

Phytoplankton growth rates are based on analysis of chlorophyll-a, which was performed onboard.  Microzooplankton grazing rates will be determined after counting grazers by microscopy upon return to Oregon State University.  Results of the experiments were only analyzed with respect to chlorophyll a concentrations, but suggest that grazing rates by microzooplankton are low at this season.  Dark bottle experiments confirm this.

We helped Bob Campbell and Stefan Plourde by analyzing chlorophyll from their mesozooplankton grazing experiments. We have made slides for epifluorescent microscope counts of protists, preserved Lugols samples for ciliates, and frozen samples for flow cytometry for each dilution or mesozooplankton grazing experiment.  These will be analyzed at Oregon State University.

We have taken samples from all optically-determined depths (1%, 5%, 15%, 30%, 50%  100% light levels) from all of Glenn Cota’s CTD casts (prod and non-prod casts) and the upper 50 meters from the service CTD cast on station 8, where no productivity cast was done.  For each of these samples, we have made slides for epifluorescent microscope counts of protists, preserved Lugols samples for ciliates, and frozen samples for flow cytometry to be analyzed at Oregon State University to gain more knowledge of the spatial patterns of microzooplankton along the cruise track.

A summary of operations and samples taken is as follows:

	
	Productivity cast
	Service cast
	Mesozoop. Grazing
	Dilution

	Station
	sampled
	sampled
	Experiment set up
	Experiment set up

	1
	x
	 
	x
	x

	2
	x
	 
	 
	 

	3
	x
	 
	 
	 

	4
	x
	 
	 
	 

	6
	x
	 
	x
	 

	7
	x
	 
	 
	 

	8
	 
	x
	 
	 

	9
	x
	 
	x
	x

	10
	x
	 
	 
	 

	11
	x
	 
	 
	 

	12
	x
	 
	x
	x

	13
	x
	 
	 
	 

	14
	x
	 
	 
	 

	17
	x
	 
	x
	x

	18
	x
	 
	 
	 

	19
	x
	 
	 
	 

	22
	x
	 
	x
	x

	23
	x
	 
	 
	 

	24
	x
	 
	x
	 

	26
	x
	 
	 
	 

	27
	 
	 
	x
	x

	28
	x
	 
	 
	 

	31
	x
	 
	 
	 

	32
	x
	 
	x
	 

	33
	x
	 
	x
	x

	32
	x
	 
	x
	 

	34
	x
	 
	 
	 

	36
	 
	 
	x
	 

	38
	 
	 
	x
	 


	
	CTD cast 
	Station
	epifluorescence slides
	 Lugols samples
	 flow cytometry samples
	chlorophylls run

	Dilution experiment
	00104
	1
	10
	34
	34
	72

	Dilution experiment
	00902
	9
	5
	5
	34
	72

	Dilution experiment
	01204
	12
	10
	10
	34
	72

	Dilution experiment
	01702
	17
	18
	18
	34
	72

	Dilution experiment
	02202
	22
	5
	5
	17
	36

	Dilution experiment
	02702
	27
	5
	5
	17
	36

	Dilution experiment
	03307
	33
	9
	9
	18
	36

	 
	 
	 
	 
	 
	 
	 

	Mesozoop. grazing experiment
	00104
	1
	14
	14
	14
	30

	Mesozoop. grazing experiment
	00602
	6
	10
	10
	10
	22

	Mesozoop. grazing experiment
	00902
	9
	16
	16
	16
	34

	Mesozoop. grazing experiment
	01204
	12
	22
	22
	22
	46

	Mesozoop. grazing experiment
	01702
	17
	20
	20
	20
	42

	Mesozoop. grazing experiment
	02202
	22
	12
	12
	12
	26

	Mesozoop. grazing experiment
	 
	22A
	10
	10
	10
	22

	Mesozoop. grazing experiment
	02403
	24
	16
	16
	16
	34

	Mesozoop. grazing experiment
	02702
	27
	10
	10
	10
	22

	Mesozoop. grazing experiment
	03208
	32
	10
	10
	10
	22

	Mesozoop. grazing experiment
	03307
	33
	12
	12
	12
	26

	Mesozoop. grazing experiment
	03801
	38
	18
	18
	18
	40

	 
	 
	 
	 
	 
	 
	 

	Productivity cast
	00104
	1
	5
	5
	5
	 

	Productivity cast
	00202
	2
	6
	6
	6
	 

	Productivity cast
	00303
	3
	6
	6
	6
	 

	Productivity cast
	00401
	4
	6
	6
	6
	 

	Productivity cast
	00601
	6
	6
	6
	6
	 

	Productivity cast
	00704
	7
	6
	6
	6
	 

	Productivity cast
	00901
	9
	6
	6
	6
	 

	Productivity cast
	01001
	10
	6
	6
	6
	 

	Productivity cast
	01102
	11
	6
	6
	6
	 

	Productivity cast
	01203
	12
	6
	6
	6
	 

	Productivity cast
	01301
	13
	6
	6
	6
	 

	Productivity cast
	01404
	14
	6
	6
	6
	 

	Productivity cast
	01701
	17
	6
	6
	6
	 

	Productivity cast
	01803
	18
	6
	6
	6
	 

	Productivity cast
	01901
	19
	6
	6
	6
	 

	Productivity cast
	02201
	22
	6
	6
	6
	 

	Productivity cast
	02301
	23
	6
	6
	6
	 

	Productivity cast
	02402
	24
	6
	6
	6
	 

	Productivity cast
	02601
	26
	6
	6
	6
	 

	Productivity cast
	02801
	28
	6
	6
	6
	 

	Productivity cast
	03105
	31
	6
	6
	6
	 

	Productivity cast
	03207
	32
	6
	6
	6
	 

	Productivity cast
	03306
	33
	6
	6
	6
	 

	Productivity cast
	03401
	34
	6
	6
	6
	 

	Productivity cast
	03601
	36
	6
	6
	6
	 

	Service cast 
	00801
	8
	4
	4
	4
	 


8. Mesozooplankton Process Studies

Bob Campbell: on-board PI; Stephane Plourde: on-board team member; Carin Ashjian: co-PI

Stations 0-11, including WHS line
We conducted grazing and egg production experiments with the dominant mesozooplankton species that were encountered at the different stations.  Also, we collected zooplankton for carbon and nitrogen analysis and RNA/DNA determinations.  And in addition at the sites where grazing experiments were conducted, quantitative vertical net hauls with 50 and 150 µm mesh nets were taken for abundance and biomass measurements in the upper 100 meters for estimates of grazing impacts.   We were only able to conduct 3 grazing experiments because of problems with temperature control in the incubators using the re-circulating cooling system.  During the first experiment temperatures reached 6C, so subsequent experiments were conducted in the environmental room.  More typically, temperatures in the incubator reached 2 to 3C during the day.  The ship provided water from a ballast tank for later stations, which allowed us to use a flow –through system that gave much better temperature control.
The phytoplankton bloom appeared to be well underway.   At the southern most stations our nets were clogged by chain forming diatoms with Thallasiosira spp.  dominant.  At the deeper stations, phytoplankton abundance was much reduced and Chaetoceros spp. and Coscinodiscus  sp. were most important.   For mesozooplankton, Pacific water species were observed at the first 4 stations.  Metridia pacifica was observed only at the first two stations and euphausids, also endemic to Pacific waters, were observed only through station 3.   Calanus marshallae may have been mixed in with C. glacialis at these stations as well.  In general, Calanus glacialis  and Pseudocalanus spp. were the most important shelf species.  Metridia longa and C. hyperboreus were more important in deeper waters, although C. glacialis was still dominant.  Only C. glacialis and the smaller copepods (Oithona spp. and Pseudocalanus spp.) were reproductively active.  For, C. glacialis , we found a decrease in the egg production rate from the shelf to the basin.  On the shelf, C. glacialis appeared to be at its reproductive peak, while those in deeper water appeared to be just starting, as we observed them to have larger lipid reserves and earlier reproductive states. 
EHS line (Stations 12 –22)
Grazing experiments were conducted at three stations and egg production and hatching success measurements made at 5 stations. In addition, samples for carbon and nitrogen content and RNA/DNA ratios were collected at 7 stations.  
The flow through seawater system provided by the ballast tank allowed for much better temperature control for the grazing experiments.  The cold room continued to give excellent temperature control for the egg production experiments. 
We observed the same patterns in plankton community structure and reproductive activity on the EHS line that was observed on the WHS line.  Pseudocalanus spp. were the dominant mesozooplankton inside the 200 m isobath, with Calanus glacialis also abundant. From 200 m to 3000 m Calanus glacialis was most important while C. hyperboreus increased in abundance with increasing depth.  Very few Pacific water species were observed on this transect and those that were observed were found only at the shallow stations.  
Of particular note were the large concentrations of ice algae in the water column at the shallow water stations.  A grazing experiment was conducted at St 22 with ice algae collected by Rolf Gradinger.  The clearance rates on the ice algae by the dominant copepods (C. glacialis and Pseudocalanus spp.) at this station were similar to the rates measured on ambient water, which suggests ice algae may be a significant source of nutrition for these animals.
BC line (Stations 24 – 38)
The Barrow Canyon transect showed the same basic patterns in community structure and reproduction as the previous two lines, but there were some significant differences.  Along the central access of the canyon the shelf zooplankton community extended out to the 1000 m isobath (BC 5) while along the northwestern edge of the canyon, the basin community was observed to penetrate to at least the 100 m isobath (BC 2A).  These observations suggest that there was strong flow off-shelf down the center of the canyon and a counter flow on-shelf along the northwestern edge.  In addition, we observed very high concentrations of phytoplankton and ice algae towards the head of the canyon (140 µg chl a/l at St 38).  The phytoplankton was dominated by Thallasiosira spp. and Chaetoceros socialis was also abundant.  Ice algae included  various pennate diatoms as well as  Melosira arctica.  The ingestion rates that we  measured here were about 7 times greater than rates measured at any of the other stations.  
General findings / observations:
There were two size classes of what first appeared to be Calanus glacialis on the shelf.  The two groups were very different not only in size but also appearance.  The larger forms were typical C. glacialis, but the smaller forms were thinner and we believe may be the north pacific species, C. marshallae. This will require further genetic analysis before we can be certain. In deeper waters only the larger Calanus glacialis were observed.  Both size classes had high reproductive rates on the shelf, but the smaller form was more abundant.  
Both grazing rates and reproduction of Calanus glacialis/marshallae decreased from the shelf to the basin.  This could have been due to food limitation or activity level. Food levels decreased from the shelf to the basin.  However, the offshore animals had larger lipid reserves and earlier reproductive states, which indicates they may have only recently come out of diapause.
9. Exchange of Plankton and Particles between the Shelf and Basin

Stephane Plourde: on-board team member; Carin Ashjian and Scott Gallager: PIs

We have successfully deployed the Video Plankton Recorder (VPR) on 15 occasions, which covered the Herald Valley (HV), Western Hannah Shoal (WHS), Eastern Hannah Shoal (EHS) and Barrow Canyon (BC) lines (Table 1). The maximal depth sampled with the instrument was 320 m. Three casts have been done on the wider Shelf on lines HV, WHS and EHS whereas the narrow Shelf has been sampled to the east of the BC line (stations SB1, SB2 and SB3). The other VPR casts have been done either in the Slope Water region or in the deep basin. Despite that the deployment of the VPR has been difficult due to technical problems with the instrument, we have collected video files of high quality at all stations sampled. A preliminary analysis of the files suggests a higher density of the plankton community at the stations located on the shelf, which according to our shipboard grazing and egg production measurements, was likely caused by the occurrence of the phytoplankton bloom and high feeding and egg production of key copepod species. The analysis of these files would allow us to (1) measure the density of key components of the phyto- and zooplankton community as well as their vertical distribution in the water column in relation to water masses properties, and (2) compare the plankton community between the wide (west) and narrow (east) continental shelf and in the deeper area of the slope and Canadian Basin.
Table 1: List of station visited, samples collected and experiments done during SBI HLY-02-01
	Station
	Date
	Transect
	VPR
	Net tow
	Grazing
	EPR
	RNA/DNA
	CHN

	0
	5-9-2002
	Bering Sea
	
	x
	
	x
	x
	x

	1
	5-10-2002
	HV1
	
	x
	x
	
	
	x

	2
	5-11-2002
	HV2
	
	x
	
	
	
	x

	3
	5-14-2002
	HV3
	x
	x
	
	x
	x
	x

	5
	5-16-2002
	WHS1
	x
	x
	
	x
	x
	x

	6
	5-17-2002
	WHS2
	
	x
	
	
	x
	

	7
	5-18-2002
	WHS3
	
	x
	x
	
	x
	x

	8
	5-18-2002
	WHS4
	
	x
	
	
	x
	x

	9
	5-19-2002
	WHS5
	
	x
	x
	x
	x
	x

	10
	5-21-2002
	WHS6
	x
	x
	
	x
	
	x

	11
	5-23-2002
	WHS7
	x
	x
	
	x
	x
	x

	12
	5-23-2002
	EHS11
	x
	x
	x
	x
	x
	x

	14
	5-25-2002
	EHS9
	x
	x
	
	x
	x
	x

	16
	5-26-2002
	EHS7
	x
	x
	
	x
	x
	x

	17
	5-27-2002
	EHS6
	
	x
	x
	
	
	x

	18
	5-28-2002
	EHS5
	
	x
	
	x
	x
	x

	19
	5-29-2002
	EHS4
	x
	x
	
	x
	x
	x

	22
	5-30-2002
	EHS1
	x
	x
	x
	
	
	x

	24
	6-2-2002
	BC2A
	
	x
	x
	x
	x
	x

	26
	6-3-2002
	SB1
	x
	
	
	
	
	

	27
	6-4-2002
	SB2
	
	x
	x
	x
	x
	x

	29
	6-4-2002
	SB2
	x
	
	
	
	
	

	30
	6-4-2002
	SB3
	x
	
	
	
	
	

	31
	6-5-2002
	BC4
	
	x
	
	x
	x
	x

	32
	6-7-2002
	BC5
	x
	x
	x
	
	
	x

	33
	6-8-2002
	BC6
	x
	x
	x
	
	
	x

	34
	6-8-2002
	BC7
	x
	x
	
	x
	x
	x

	37
	6-10-2002
	BC3
	
	x
	
	x
	
	x

	38
	6-11-2002
	zoo STN
	
	x
	x
	
	
	x

	
	Total
	29
	15
	60
	12
	28
	683
	844


10.  Water and Sediment Tracers, Sediment Metabolism and Benthic Community Structure

Jackie Grebmeier and Lee Cooper: on-board PIs; Jim Bartlett and Jackie Clement: on-board team members

Twenty-seven stations were sampled during HLY-02-0; see event log for latitude and longitudes. Samples were collected using the CTD/rosette for water samples and a 0.1 m2 van Veen grab, single or multiple-HAPS benthic corer for sediment samples. Table 1 outlines the parameters collected at each station.

Table 1. List of sample collected, number of samples, analyses planned/occurred, and associated lead PIs.
	Analysis
	PI (or for collaborator)

	O-18 profile
	Cooper

	Bottom water
	Grebmeier

	Chlorophyll a 
	Grebmeier/Cooper

	HPLC pigments
	Grebmeier/Cooper

	TOC, grain size
	Grebmeier/Cooper

	Phytoplankton ID samples, surface 
	Stockwell

	Be-7, Cs-137 (surface and downcore)
	Grebmeier/Cooper

	Thorium (downcore)
	Moran 

	Radium (downcore)
	Kadko-from Quan.Haps

	Plutonium (downcore)
	Masque (SUNY)

	Oxygen uptake (cores)
	Grebmeier

	Faunal populations (van Veen grabs to 500m, Haps cores to 3000m)
	Grebmeier


Table 2 outlines the type of samples collected at each station. Preliminary results of sediment chlorophyll indicate a declining gradient from the shelf to the deep basin, except for a higher amount at the 200-500m isobaths. This result indicates a decline in phytoplankton to depth in general, although there appears a deposition at the upper slope zone. Sediment respiration rates (indicative of carbon supply to the benthos) ranged from about 8 mM m-2 d-1 in the shallow shelf regions to less than 1 mmol m-2 d-1 in deep basins, indicative of a reduction in carbon supply from the shelf to basin transects. The highest carbon supply was at stn. 2 (16 mM m-2 d-1), just north of Bering Strait, in a known “hot spot” region.

Table. Sample types collected at each station during HLY-02-01.

	Sta #
	Sta. Name
	O-18
	Sed Chl:

v.v
	Sed Chl:

Haps
	Phyto ID
	HPLC:

v.v.
	HPLC:Haps
	TOC:v.v.
	TOC:Haps
	Mar.Bk
	Surf. Can
	Quancores
	Masque
	Moran
	Resp Cores
	van Veens
	Snow-melt

	0
	UTBS1
	8
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	
	2
	4
	

	1
	HV1
	8
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	1
	2
	4
	

	2
	HV2
	8
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	
	2
	
	

	3
	HV3
	9
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	
	2
	4
	

	4
	PROD1
	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5
	WHS1
	10
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	
	2
	4
	

	6
	WHS2
	10
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	1
	2
	4
	1

	7
	WHS3
	12
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	1
	2
	4
	

	8
	WHS4
	12
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	1
	2
	4
	

	9
	WHS5
	24
	2
	
	1
	1
	
	1
	
	1
	
	1
	1
	1
	2
	
	1

	10
	WHS6
	24
	
	2
	1
	1
	
	1
	
	
	1
	1
	1
	1
	2
	
	

	11
	WHS7
	24
	
	2
	1
	1
	
	1
	
	
	1
	1
	1
	1
	2
	
	1

	12
	EHS11
	24
	
	2
	1
	1
	
	1
	
	
	1
	1
	1
	1
	2
	
	1

	13
	
	
	CTD-Prod Cast-AO/PO
	
	
	
	
	
	
	
	
	
	
	
	

	14
	EHS9
	24
	
	2
	1
	1
	
	1
	
	
	1
	1
	1
	1
	2
	
	1

	15
	
	
	CTD only - no water taken
	
	
	
	
	
	
	
	
	
	
	
	

	16
	EHS7
	24
	
	2
	1
	1
	
	1
	
	
	
	1
	1
	1
	2
	
	

	17
	EHS6
	12
	2
	2
	
	1
	1
	1
	1
	1
	
	1
	1
	
	2
	4
	

	18
	EHS5
	12
	2
	2
	1
	1
	1
	1
	1
	1
	
	1
	1
	1
	2
	4
	

	19
	EHS4
	11
	2
	2
	1
	1
	1
	1
	1
	1
	
	1
	1
	1
	2
	4
	1

	20
	EHS3
	
	CTD Only - no water taken
	
	
	
	
	
	
	
	
	
	
	
	

	21
	EHS2
	
	CTD Only - no water taken
	
	
	
	
	
	
	
	
	
	
	
	

	22
	EHS1
	12
	2
	2
	1
	1
	1
	1
	1
	1
	
	1
	1
	
	2
	4
	1

	23
	
	
	CTD-Prod Cast-AO/PO
	
	
	
	
	
	
	
	
	
	
	
	

	24
	BC2A
	12
	2
	2
	1
	1
	1
	1
	1
	1
	
	1
	1
	1
	2
	4
	

	25
	
	
	CTD Only - no water taken
	
	
	
	
	
	
	
	
	
	
	
	

	26
	PROD2
	6
	CTD-Prod Cast-AO/PO
	
	
	
	
	
	
	
	
	
	
	
	

	27
	SB1
	9
	2
	2
	1
	1
	1
	1
	1
	1
	
	1
	1
	
	2
	4
	1

	28
	PROD3
	7
	CTD-Prod Cast-AO/PO
	
	
	
	
	
	
	
	
	
	
	
	

	29
	SB2
	12
	CTD Only
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	30
	SB3
	11
	CTD Only
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	31
	BC4
	10
	2
	2
	1
	1
	1
	1
	1
	1
	
	1
	1
	1
	2
	4
	1

	31.5
	CAST5
	9
	CTD-Prod Cast-AO/PO
	
	
	
	
	
	
	
	
	
	
	
	

	32
	BC5
	24
	
	2
	1
	
	1
	
	1
	
	
	1
	1
	1
	2
	
	

	33
	BC6
	24
	
	2
	1
	
	1
	
	1
	
	
	1
	1
	1
	2
	
	

	34
	BC7
	24
	
	2
	1
	
	1
	
	1
	
	
	1
	1
	1
	2
	
	

	35
	BC5A
	12
	
	2
	1
	
	1
	
	1
	
	
	1
	1
	
	2
	
	

	37
	BC3
	12
	2
	2
	1
	1
	1
	1
	1
	1
	
	1
	1
	1
	2
	4
	

	39
	BC2
	12
	2
	
	1
	1
	
	1
	
	1
	
	
	
	
	
	4
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Cruise Total:
	461
	32
	34
	26
	21
	12
	21
	12
	16
	4
	26
	26
	17
	52
	56
	9


In collaboration with Rodger Harvey and Ron Benner, we have also collected overlying bottom water from the cores at the start and end of metabolism experiments at select sites (EHS transect) to investigate DOM cycling during benthic metaolism experiments.

11. Carbon and Nitrogen Isotope Dynamics

Susan Schonberg: on-board team member; Ken Dunton: PI

Carbon and nitrogen isotope signatures can provide information about the trophic links between pelagic and benthic components of the shelf and slope.

The object of this scientific endeavor is to collect biological material (carbon) from three levels in the ocean to determine the natural abundance of (13C and (15N.  

1. POM was sampled by filtering water onto GFF

2. Water column animals were caught by plankton net, identified, sorted and dried

3. Benthic invertebrates were collected using sediment cores, sieved, identified, sorted and dried

The dried samples will be taken back and analyzed upon a mass spectrometer at the University of Texas Marine Science Institute upon return from the expedition.

Some General observations:

POM

1. Water column particulate organic matter (POM) is greatest on the shelf at the 50m station, becomes reduced at the 100m and is negligible at stations with greater water depths.  

2. An exception was Barrow Canyon where extraordinarily soupy water was collected at the 100 and 200m stations.

3. Up to 14L of water was filtered to collect enough POM for a single isotope sample at stations with depths greater than 100m. 

ZOOPLANKTON

1. The zooplankton population in the water column over the shelf is different than over deeper water. 

2. The shelf copepod species were smaller in size but abundant in number.

3. Shelf samples contained lots of phytoplankton and is a nursery full of nauplii of various invertebrates (polychaete, decapod, tunicate, etc.)

4. Representatives of the copepod genus Calanus and the chaetognath, Sagitta elegans, were present in all zooplankton casts at all depths.  Other species varied.

BENTHOS

1. Benthic biomass and diversity are greatest at the 50-500m stations and negligible at water depths of 1000m and greater.  

2. The species collected from the greater depths were small and limited to the same four species (2 bivalves, 2 polychaetes) at all stations.

3. The Barrow Canyon stations had well sorted cobbles and gravel and a greater number of filter feeding animals than other stations.

After completion of Station 039 the following samples have been collected, sorted, identified and dried. The dried samples will be analyzed for the natural abundance of (13C and (15N using a mass spectrometer at the University of Texas Marine Science Institute upon return from the expedition.

	Sample Type
	# Samples 
	Organisms Sampled

	Particulate Organic Matter (POM)
	160
	

	Zooplankton
	368
	*Copepods (5 species)

	
	
	Amphipods

	
	
	Chaetognaths

	
	
	Euphausids

	
	
	Cnidarians

	Benthic Invertebrates
	454
	*Bivalves

	
	
	*Polychaetes

	
	
	Sipunculids

	
	
	Anemones

	
	
	Brittle stars

	
	
	Sea stars

	
	
	Amphipods

	
	
	Gastropods

	
	
	Priapulids


*dominant groups

12. Particle-reactive Radionuclides

Rick Nelson and Pat Kelly: onboard team members; Brad Moran: PI

Th-234 - We've collected samples at stations HV1, WHS2 - WHS7, and EHS 11,9,7,6,5, and 4; BC2A;  and BC 4,5,6,7,3,and 2.  At all stations, except WHS2 and HV1, 5, EHS 4, BC2A, BC 2, 5 point profiles were collected.   Surface sediments have been obtained at corresponding stations, with the exceptions of BC2, where insufficient (no) sediment was collected. 

Pb-210 - We've collected samples at stations WHS2, WHS3, WHS5-7;  EHS-11,9, 7, 5, 4 BC 2A, BC 4,5,6,7,3,2.  

Ra-223 - samples of Ra-223 have been analyzed from stations HV1-HV3, WHS2-4.

I-129 - We've collected samples at stationsWHS3, WHS6, WHS7; EHS-11,9,7,6,5; and BC 4,5,6,7, and 3.  

Cs-137 -  We've collected Cs-137 samples from WHS3, WHS7; EHS11,9, and 6; BC 4,5,6,7, and 3.

Ra-226/U-238 (bottles): 4 samples were collected at EHS-6.  BC2A, BC7 and 3.

Sediments were collected at every station for Pb-210 and Th-234 analyses in coordination with J. Grebmeier.

The furnace did not break at sea on the first leg.
13. Sea-ice studies

Rolf Gradinger and Hajo Eicken: on-board PIs; James Tapp: on-board team member
Ice observations: Along the entire cruise track, ice observations have been carried out from the ship’s bridge at 2 hour intervals (when the ship was underway) and once at every station. Observations comprise determination of prevailing ice types, ice thickness, snow depth, distribution of open water as well as estimates of ice affected by colonization by ice algae (“brown ice”) and containing sediment entrained during ice growth (“dirty ice”). Digital photographs of ice conditions to port and starboard and photographs of ice features complement the observations. A total of 182 observations have been completed and are available on-line (incl. photographs) through the JOSS SBI Data Catalog. The observations help in delineating the extent of the sediment-laden ice as well as the strong discolouration of floe bottoms by ice algal communities. Towards the North both, sediment-laden ice and bottom communities, exhibit a distinct (though not quite coincident) boundary with clean ice northwards of roughly 73˚ 40’ N (on WHS profile).  The northernmost stations of the West and the East Hanna Shoal transects were located in predominantly second- or multi-year ice, corresponding well with information on last summer’s minimum pack ice extent obtained from satellite data. 

Ice thickness and snow depth measurements: In order to relate algal biomass and production to the light regime and ice mass flux, ice thickness and snow depth have been determined along a total of 19 profiles on 15 ice floes so far (>8 km of total profile length at 5 m spacing, with few additional lines measured at 2.5 m spacing). Measurements were carried out with an electromagnetic induction device and data will be inverted based on electromagnetic modeling and validation measurements carried out during the cruise. Preliminary examination of data indicates a bimodal ice thickness distribution reflecting the mix of first- and multi-year ice in the study area. An interesting feature, however, is the occurrence of two distinct thickness modes of level first-year ice at approximately 0.8 and 1.5 m. From ice coring and other observations, it appears as if the second mode is in significant part due to deformation in the earlier stages of ice growth. As our observations indicate that ice thicknesses and deformational thickening also appear to be closely coupled with the amounts of sediment entrained into the ice cover, we will compare these results to ice-growth history and energy-balance constraints.

Sea-ice sampling and biological and physical studies: On 17 floes, ice cores, snow and water samples were obtained for measurements of temperature, salinity and later determination of stable isotope composition. A further core was extracted and centrifuged at in-situ temperatures for later studies of ice microstructure and permeability, aiding in an assessment of constraints on nutrient fluxes and biomass build-up in the ice. On the same floes, ice cores and water samples from 5m water depth were collected to determine algal pigment concentration (chl a), POC, PON and 13C and15N ratios. Additionally brine and water samples were used to assess primary production and nitrate and ammonia uptake rates. Samples were incubated at temperatures of about –1.5 deg C and light intensities similar to those under sea ice in a laboratory incubator. At one station, three different incubation techniques (in-situ, deck and laboratory incubation) were applied simultaneously. Light intensities, temperature and salinity were recorded over the upper 8m water column at 14 stations. Additionally, light intensities were recorded continuously over the entire sampling period (3 to 5 hours) at 9 stations with a LICOR data logger.  97 samples from the ice and the water column were fixed for later analysis of algal composition. Rapid response light curves were determined for ice algae and phytoplankton at the 14 ice stations and 19 water column stations with a PAM fluorometer. The fluorometer data show different photoacclimation and –adaptation for ice algae and the phytoplankton. 
	Ice stations during HLY-02-01
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	Algal activity:
	

	Ice station
	Thick-

ness profile
	Sediment collec-tion
	Ice temperature
	Salinity
	Light
	POC/PON
	Algal pigments
	
	Nutrients
	d18O
	d13C
	d15N
	13C
	15N
	PAM fluorometry
	Under-ice water

	Transect WHS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20510
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20512
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20514
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20516
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20517
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20519
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20521
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	Transect EHS
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20523
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20525
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20527
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20529
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20530
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20601
	
	x
	
	x
	x
	x
	x
	
	x
	x
	
	
	
	
	
	

	Transect BC
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	20603
	x
	
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	20605
	x
	x
	x
	x
	x
	x
	x
	
	x
	x
	
	
	
	
	
	

	20608
	
	x
	
	x
	
	
	
	
	
	x
	
	
	
	
	
	

	20609
	x
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	x
	x

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


14. Marine Mammal and Seabird Observations 

Webber, Marc: onboard visiting scientist, USFWS
Marine mammal and seabird sightings have been recorded during 112 hours and 50 minutes of observations while the Healy has been underway, and opportunistically while the ship is stopped on sampling stations.  Latitude and longitude are recorded for all marine mammal sightings as well as environmental observations.  Seabird sightings are totaled and collected by six-hour blocks.  There have been 291 sightings of eight species of marine mammals with the following distribution by species:

Species

Number of Sightings
Walrus


78

Bearded Seal

29

Ringed Seal

29

Spotted Seal

10

Unidentified Seals
96

Polar Bear

19

Bowhead Whale
  6

Gray Whale

14

Unidentified Whales
10

Total

           291

Beluga Whale

  3 
(Observed during helicopter flight only)

Observations on May 9, while passing through the Bering Straits, yielded the most sightings in a single day with 83 in just over seven hours of observations.  Forty-nine of these sightings were of walrus, and included two newborn calves that were only days old.  There were also large numbers of bearded seals and unidentified phocid seals that were either ringed or spotted seals.  Sighting rates dropped off rapidly as we headed north and encountered increasing concentrations of ice and fewer, and less interconnected lead systems.

Polar bear sightings and observations of polar bear tracks (69 occurrences), along with ringed seals and unidentified seals that are either ringed or spotted seals dominated observations since reaching the latitude of Barrow.  There were 19 sightings of polar bears including five of mothers with one or two cubs.  The cubs were one to two years old for three of the sightings, and cubs of the year for two of the sightings.  Four of the five sightings have been of mothers with two cubs.  One cub of the year sighting was of a mother with a single cub.  Photographs were taken of the bears from eight of the 19 sightings so that USFWS polar bear specialists can attempt to determine sex, age, and evaluate condition of the individuals.  A number of these photographs are posted on the cruise website.

I took a total of four helicopter flights that occurred on May 12, June 12 and 13 (2 flights).   The flight north of the ship for ice reconnaissance on May 12 yielded three sightings of small groups of beluga whales in open water and lead systems.  One group was photographed.  No walrus were sighted, so no research photographs were collected.

The flights on June 12 and 13 produced sightings of over 50 groups of walrus and high-resolution vertical digital photographs were obtained from approximately 45 of these groups.  Group size, area covered by groups and group composition will be determined from the photographs and used to develop correction factors for future surveys using remote sensing systems.  Although only the flight on June 12 and one of the flights on June 13 provided opportunities to photograph walrus groups, the large number of groups found concentrated in small areas contributed greatly to the success of the missions.  I estimate that approximately 2,500 walrus were present in all of these groups combined.

One bowhead whale was sighted on May 9, in the Bering Straits area.  The closest distance of approach was approximately 1.5 km off the port beam.  The whale swam in a semi-circle in the area where it was sighted, was moving slowly without a visible spout, and did not raise tail flukes when it dove after approximately a six breath surface sequence.  The ship traveled on and the whale was not resighted.

Five bowhead whale sightings occurred on June 1 while the ship was in the vicinity of Pt. Barrow.  Three of these sightings were of single large whales, and two were of mother calf pairs.  The ship did not approach any of these whales, and the animals from all but one sighting were always at least two kilometers from the ship.  One whale was sighted approximately one kilometer off of the stern when the ship was heading away from the shore lead where the other four sightings occurred.  This whale either swam under the vessel or crossed our wake, as it was not observed ahead of the ship.  The whales seen in the Barrow shore lead all appeared to be heading northwest were moving slowly, and only one animal raised flukes before a dive.

Gray whales were only encountered on June 12 and 13 in a restricted area of shore lead between Barrow and Icy Cape.  All animals appeared to be heading northwest along the coast, and outside the ice edge.

Following numerous sightings in the Bering Straits, bearded seals were not resighted until May 30 when the ship returned to waters less than 200m in depth.  The presence of a large coastal lead reaching as far north as Barrow may have allowed these seals to return to their higher latitude foraging areas.  All bearded seals encountered thus far have been seen on small floes in leads, or on the edge of larger floes adjacent to leads.  Bearded seals have not been seen to occupy the interior of large floes along internal fractures or by maintaining access holes like those used by ringed seals.

Sixteen species of birds have been identified.  Black-legged kittiwakes and glaucous gulls have been ubiquitous and sighted everyday.  They are both ship following species and forage on jettisoned food waste, and they have been seen obtaining fish (arctic cod?) from the bottom of ice floes tumbling in the ship's wake.  Pomarine jaegers have been sighted in flocks of up to 13 birds, and are regularly seen harassing black-legged kittiwakes foraging near the ship.  Both thick-billed and common murres were sighted in the Bering Straits, but the majority of the 500 plus murres seen on May 9 were not identified to species.  Flocks were seen throughout the day in this area, along with large numbers of black-legged kittiwakes and numerous sightings of pelagic cormorants.  Black guillemots were the most abundant alcid north of the Bering Straits with 1-10 birds per day, and sightings of murres fell off quickly north of approximately the latitude of Kotzebue.  Ivory gulls were sighted most days since reaching the latitude of Barrow, often in pairs, and not in large numbers.  Long-tailed ducks have been the only common sea ducks with sightings throughout the Bering straits area and continuing a short distance north.  There have only been a few eider sightings, but it was possible to identify spectacled, king and common eiders on the basis of sightings of adult males in breeding plumage.  Yellow-billed loons have been seen on three occasions, all in coastal waters north of Pt. Barrow.

Regular communications were maintained throughout the cruise with Aero Map USA in Anchorage by e-mail and Iridium phone to coordinate collection of a Digital Globe Quick Bird commercial satellite image of walrus on pack ice.  An effort to collect an Image collection from an area between Barrow and Wainwright is underway based on sightings from the helicopter flights that occurred in this area. 

15. SBI Data Distribution/Field Catalog

Greg Stossmeister: on-board team member; Richard Dirks and Jim Moore: PIs

The JOSS field catalog was installed on the USCGC Healy during the transit from Seattle to Nome and has been running since the PIs arrived on the ship on 5 May. The catalog has been ingesting underway data from the Healy during the cruise and producing the following regular products:

   Satellite Products (each overpass NOAA and DMSP):

· 1km resolution visible images (master moves with the ship) - jpg format

· 3km resolution visible and infrared images (fixed area) - jpg format

   Ship Track (updated every 15 minutes)

· regional and zoom maps with track, stations, moorings, etc. - jpg format

   Weather and Other Data (updated 2x daily)

· 24 hour time series plots of temp, winds, pres, humidity and depth - jpg format

The JOSS field catalog has also been ingesting research products from the ice team (Eicken and Gradinger) and the observer from the US Fish and Wildlife Service (Marc Webber) as well as the service group. Their data includes:

Research Data (Non-Station – meaning collection does not necessarily occur on station)

· Ice Observation reports(as frequently as every 2 hours when underway) including digital pictures of ice conditions

· Wildlife Photos

Research Data (Station)

· CTD Data:

WHP Exchange Format zip file

Comments on each Cast

CSV Format ASCII Data

Seabird Format ASCII

Standard Plots in gif format

· Bottle Data:

WHP Exchange Format file

Bottle Hydrographic Reports

· Vertical Section Plots of various variables for WHS and EHS lines

-Codispoti and Flagg

Kadko and Pickart

· CTD and Bottle Profile plots for various station groups (Flagg)

· ADCP Data

· Event Logs for each station with time and location as well as a map of the station location

· Cruise Summary Reports from Chief Scientist and Service Group (in progress)

A subset of all field catalog data including all chief scientist reports, ship location, one satellite image, the event log and one ice observation are mirrored back to the JOSS site in Boulder once per day during our 2-hour window of internet connectivity.

JOSS has also been archiving the ship's underway data since leaving Nome. UNIX Tar tapes are being backed up every few days containing all ship data available on the science network shared disks. Satellite data pass files are also being archived on 4mm tape for each overpass of the ship by NOAA-12,14,15,16 and DMSP f-12, 13, and 14. In addition JOSS has been collecting the hourly ship weather observations made by the bridge crew throughout the cruise. These data will be added to the SBI Data Archive at JOSS when the cruise is over.

Important websites and e-mail addresses:

www.joss.ucar.edu/sbi  - SBI Data Archive Web Page at JOSS

www.joss.ucar.edu/sbi/catalog - JOSS SBI Field Catalog

gstoss@ucar.edu – Spring 2002 Cruise catalog questions, comments, data

jmoore@ucar.edu – Comments, questions re: JOSS participation in SBI

APPENDIX 1. Ballast Tank Filling and Refilling Recommendations (by Glenn Cota)

Goal:  Dump and pump up as frequently as needed to maintain inflow temps within 1.0 C of ambient surface water temp.  

Monitoring: David Ruble and Zhi-Ping Mei will continue to monitor temperatures (air, inflow and outflow) and PAR continuously for the phyto incubators to help evaluate trends and diagnose problems.  Other groups need to monitor their incubators as frequently as possible.  David can incorporate other data into plots.

Observational summary:  There is an initial warming of 0.5 to 1.2 C and a gradual increase (~1-2 C) over several days with diel temperature fluctuations (~1-2 C) tracking solar radiation and air temperature  There seems to be a trade off between ballast tank fill level and flow rates, with decreased flows as the tank drops to levels approaching the minimum, 30K gal.  There is a transient spike of colder water (~0.5 to1.5 C decrease for <3 h) when the tanks have been “topped up”.

Constraints:  Dumping (~2 h) and pumping up (6+ h) requires ~ 8 h minimum, and must be done either coming on to a station or on a not-to-interfere basis on station.  Pumping can only be done on station, and does not interfere with other nonmoving science activities.

Timing:  The Chief Scientist needs to be notified daily in the AM, in event of problems, and by ~18:00 before meeting with CG.   Chief Scientist shall assume no news is good news, requiring no action.  Strongly recommend all incubator teams convene briefly at ~17:30 in galley daily for updates.

Operational scenarios:  (~in order of preference – SEE TABLE BELOW)

1) Dump and refill on any “cold” (~ambient surface or supply temp) nights possible.

2) Pump up to near maximum operational levels anytime on station.

3) Top up to buy time………………. SEE BELOW

Action guide

	Supply Temp
	Air Temp (~night differential)
	On Station
	Transit
	Arrival – departure  time

	<1.0 C above ambient
	Cold (~ambient surface water or supply)
	Top up
	N/A
	Any

	<1.0 C above ambient
	Warm (>ambient surface water or supply)
	Top up
	N/A
	Any

	>1.0 C above ambient
	Cold (~ambient surface water or supply)
	Dump or lower if poss.& top up
	Dump & top up asap
	Night 

	>1.0 C above ambient
	Warm (>ambient surface water or supply)
	Top up
	Dump & top up asap 
	Night


APPENDIX 2. Service Team Activity Report (Healy 02-01); 5 May to 15 June 2002, Nome, Alaska to Nome, Alaska, 13 June 2002

Instrumentation

CTD casts were performed with a rosette system consisting of a 12-place rosette frame with 30  Niskin-type  bottles equipped with internal plastic coated springs and a 24-place SBE-32 Carousel pylon.  To minimize toxicity the bottles were equipped with silicone O-rings.

Underwater electronic components consisted of a

· Sea-Bird Electronics, Inc. (SBE) 911plus CTD,

· WetLabs C-Star transmissometer with a 25cm pathlength and 660nm wavelength,

· Biospherical Instruments, Inc. Photosynthetically Active Radiation (PAR) sensor,

· Chelsea MkIII Aquatracka fluorometer, and

· Simrad, 5 volt - 500 meters altimeter.

Additionally, a Dr. Haardt fluorometer (CDOM), a Secchi disk and occasionally a Video Plankton Recorder (VPR) were mounted on the CTD package. The CTD and transmissometer were mounted horizontally along the bottom of the rosette frame. The PAR sensor was located at the top of the rosette. All sensors except the Secchi disk and the VPR were interfaced with the CTD, and the data from these instruments were incorporated into the CTD data stream. This instrument package provided pressure, dual temperature and conductivity channels as well as light transmissivity, at a sample rate of 24 scans per second.  

The rosette system was suspended from a standard UNOLS 3 conductor 0.322” electromechanical cable. Before deployment of the CTD, the cell was flushed with a brine solution to ensure that the sensors did not freeze when the CTD was taken from the heated room where it was stored between stations.

The CTD used was serial number 09P12613-0474 and the instrument’s serial numbers are listed in Table 1. 

	Primary

Temperature
	Primary

Conductivity
	Secondary

Temperature
	Secondary

Conductivity
	Pressure
	Transmissometer

	SBE 3plus
	SBE 4C
	SBE 3plus
	SBE 4C
	401K-105
	C-Star

	03-2166
	04-2319
	03-2324
	04-2113
	69008
	CST-479DR


	Oxygen
	Fluorometer
	PAR

	SBE 43
	Aqua 3
	QSP-2300

	0060
	88191
	4644


TABLE 1. Instrument/Sensor Serial Numbers

The bottles on the rosette were General Oceanic 30 liter bottles. The bottles were equipped with nylon coated springs and silicone o-rings.  Bottle numbering is 1 to 12 with 12 as the deepest and 1 at the shallowest sampling level. 

The distance of the mid-points of the 30 L Niskin bottles from the bottom-mounted sensors was ~1m .  The PAR sensor was ~ 0.6 m above the mid-point of the Niskin bottles, and the Secchi disk which is mounted on a rod was ~ 0.8 m above the mid-point of the 30 L Niskin bottles. The distance between the PAR sensor and the bottom mounted sensors was ~1.7 m.  The 30 Liter Niskin bottles are ~1.0 m long.

On 29 May, before Station 018 Cast 04, a mishap damaged three of the SIO/STS/ODF 30 liter bottles. These were replaced with the USCG Ocean Test Equipment bottles. In most respects, the replacement  bottles were similar to the General Oceanics bottles except they were equipped with external stainless steel springs instead of internal coated springs. Because of the geometric considerations, the arrangement of the original bottles had to be changed.  The bottles were renumbered using the tripping order sequence as the bottle number. Bottles 10 and 11 were damaged and replaced by bottles 4 and 5.  Ocean Test Equipment bottles were placed in the slots that 4 and 5 had occupied.

After a few casts, the external springs on the Ocean Test Equipment bottles were replaced with SIO/STS/ODF internal springs. 

Before Station 032, Cast 02, bottle 1 was replaced with an Ocean Test Equipment bottle. An internal spring was used on this bottle.

CTD Data

CTD Laboratory Calibration Procedures

Pre-cruise laboratory calibrations of CTD pressure, temperature and conductivity sensors were used to generate coefficients for the calculation of these parameters from their respective sensor frequencies. The conductivity calibrations were performed at Sea-Bird Electronics, Inc. in Bellevue, Washington.  Calibration of the pressure and temperature sensors was performed by Shipboard Technical Support/Oceanographic Data Facility (STS/ODF) personnel. These laboratory temperature calibrations were referenced to the International Temperature Scale of 1990 (ITS-90).

CTD Data Acquisition

The CTD 911plus was operated generally as suggested in the Sea-Bird CTD Operating and Repair Manual, which contains a description of the system, its operation and functions (Sea-Bird Electronics, Inc., 2002). One difference from Sea-Bird’s operation is that data acquisition was started on deck. This procedure allows a check of the pressure offset and an unblocked reading of the transmissometer. The Seasoft acquisition program as described in the CTD Data Acquisition Software Manual (Sea-Bird Electronics, Inc., 2001) provided a real-time graphical display of selected parameters adequate to monitor CTD performance and information for the selection of bottle-tripping depths. Raw data from the CTD were archived on the PC’s hard disk at the full 24 Hz sampling rate. The CTD data acquisition system (the deck unit, and a PC running Sea-Bird’s Seasoft software) were prepared by the console operator prior to each station.

A CTD Station Sheet form was filled in for each deployment, providing a record of times, positions, bottom depth, bottle sampling depths, and every attempt to trip a bottle, as well as any pertinent comments. Bottom depths were logged in uncorrected meters (assuming a sound velocity of 1500 m/sec) from the ship’s Bathy 2000, or if not operational then from the SeaBeam system. When the equipment and personnel were ready, data acquisition was started.  The CTD operator pressed a control key (flag), which appends a summary line into one of the two files created for “inventory”files.  This file contains a summary of the time, ship’s position, and current scan number each time the control key is pressed. It is used as a reference to mark important events during the cast, such as on deck pressure, when the lowering was initiated, when the package was at the bottom, and on-deck pressure with ending position.  After the initial flag, the rosette/CTD system was lowered into the water and held at or near the surface until the CTD pumps activated and a notation was made to this affect. The CTD was allowed to equilibrate for a period of time.  Then, the operator again created a flag and simultaneously directed the winch operator to begin lowering.  The rosette was lowered to within a few meters of the bottom on most casts  using the altimeter to determine distance above the bottom.  The operator created a flag at the deepest point of the cast. 

The console operator and a member of the scientific party monitored the CTD data during the downcast via graphics windows on the display, and decided where to trip bottles on the up-cast or the bottles were tripped at standard predetermined depth.  The depth of each bottle trip was written on the station log and flagged in the data file.  The performance of all sensors was monitored during the cast. After the rosette recovery, the operator created a final flag denoting the end of the cast. The console operator terminated the data acquisition and turned off the CTD power. Any faulty equipment or exceptionally noisy data was noted by the operator on the log sheet. 

CTD Data Processing

Pressure

CTD values determined on deck before and after each cast were compared to determine a pressure offset correction. The comparison suggested no pressure offset needed to be applied to the data.  

Temperature

The temperature sensor was calibrated just before the expedition.  The temperature sensors were monitored during the expedition and found to have a good agreement with one another.  It appears that no additional corrections need to be applied to the data. A post-cruise calibration will be performed and if those results find that both of the sensors drifted by the same amount, the data will be reprocessed.

Conductivity

Corrected CTD pressure and temperature values were used with bottle salinities to back-calculate bottle conductivities. Comparison of these bottle values with the CTD primary conductivity values indicated an offset correction needed to be applied to the CTD data. On stations 000 to 021, 0.00009 mS/cm was added  from Station 022 till the end of the leg 0.00037 was  added to the conductivity data. 

Transmissometer

A WetLab calibrated Transmissometer was utilized throughout the cruise.  An on deck calibration check was performed and it was found there was little degradation from the last calibration.

Oxygen, Fluorometer, and PAR

The CTD oxygen data are only intended for qualitative use.  Similarly, the fluorometric and PAR data are not calibrated.

CTD Data Processing

The Sea-Bird Seasoft CTD processing software was employed in the processing routine. The software consists of a number of programs that perform various functions, and may be combined to provide a semi-automated batch processing system.  A more complete description may be found in the Sea-Bird Software Manual which is available from the Sea-Bird website (www.seabird.com).

The sequence of programs that were run in the processing of this cruise are as follows:

· DATCNV - Converts data from raw frequencies and voltages to corrected engineering units

· WILDEDIT - Eliminates large spikes

· CELLTM - Applies conductivity cell thermal mass correction

· FILTER – A low pass filter to smooth pressure for LOOPEDIT

· LOOPEDIT - Marks scans where velocity is less than selected value to avoid pressure reversals from ship roll, or during bottle flushing.

· DERIVE - Computes calculated parameters

· BINAVG - Average data into desired pressure bins

The quality control steps included:

· Sensor verification After the CTD was set up and sensor serial numbers and sensor location was entered into the computer, another check was made of the CTD to verify that there were no tabulation errors in the setup.
· Seasoft Configuration File was reviewed to verify that individual sensors were represented correctly, with the correct coefficients.

· Temperature was verified by comparison of the primary sensor data versus that from the secondary sensor.

· Conductivity was checked by comparison of the two sensors with each other and with bottle salinity samples. 

· Position Check A chart of the ship’s track was produced and reviewed for any serious problems.  The positions were acquired from the ship’s Trimble P-code navigation system. 
· Visual Check Plots of each usable cast were produced and reviewed for any noise and spikes that may have been missed by the processing programs.

· The density profile was checked for inversions that might have been produced by sensor noise or response mismatches.  
· Additional Sea-Bird programs were run on all or some stations to maximize the data quality:

· WFILTER - Provides a median filter for data smoothing of .CNV files

· WFILTER was employed on selected stations where there were spikes in the data, specifically in the transmissometer data. This program was run after WILDEDIT 
There were several modulo word errors at the beginning of the expedition. The ship personnel had reported problems with the CTD just days before the expedition. Once onboard, a check of all connections and cables was performed. It was found that a shielding around the winch motor eliminated the spiking and most of the noise in the CTD signal. 

Appendix A is a tabulation of the stations sampled. The information is reported for the deepest part of the cast. There are separate columns for the maximum sampling depth of the bottle data and the CTD data. Bottom depths, distance above the bottom, as well as miscellaneous notes are inluded in this tabulation. The bottom depth was calculated by combining the distance above bottom, reported by the altimeter, and the maximum depth of the CTD package.  If there was no altimeter reading, in instances where the packacge was 500 meters or more off the bottom, then the bottom depth is reported from the depth recorder (uncorrected) via the Bathy 2000 or SeaBeam.  

The CTD down trace is being reported:  If there was a problem with the down trace, the up trace was reported and a notation was made in the comments file.  

The CTD data can be obtained through the JOSS web-site, www.JOSS.ucar.edu/sbi. The data is reported using the WHP-Exchange format. The format can be obtained through the WOCE Hydrographic Program web-site, www.WHPO.ucsd.edu. Additional ascii files were created with comments recorded on the CTD Station Logs during data acquisition. These ascii files also include data processing comments noting any problems, the resolution, and footonoting that may have occurred.  These comment files are also in the JOSS database. 

CTD Data Footnoting

WHP water sample quality flags were assigned to the CTDTMP (CTD temperature) and CTDSAL (CTD salinity) parameters as follows:

2 Acceptable measurement.

3 Questionable measurement. The data did not fit the bottle data, or there was a CTD conductivity calibration shift during the up-cast.

4 Bad measurement. The CTD up-cast data were determined to be unusable for calculating a salinity.
7 Despiked. The CTD data have been filtered to eliminate a spike or offset.
WHP water sample quality flags were assigned to the CTDOXY (CTD O2) parameter as follows:

1 Not calibrated. Data are uncalibrated.

2 Acceptable measurement.

3 Questionable measurement. 

4 Bad measurement. The CTD data were determined to be unusable for calculating a dissolved oxygen concentration.

5 Not reported. The CTD data could not be reported, typically when CTD salinity is coded 3 or 4.
7 Despiked. The CTD data have been filtered to eliminate a spike or offset.

9 Not sampled. No operational sensor was present on this cast. Either the sensor cover was left on or the depth rating necessitated removal
Data Comments 

Fine structure that may appear in the upper ~ 10 m of our profiles is most likely caused by ship discharges/turbulence.  To minimize this problem, engine cooling water discharges were restricted to the port side of the Healy starting with Station 002.  At about this time, a procedure was adopted  to induce bottle flushing under the prevailing quiescent conditions. The winch operator was instructed to “yo yo” bottles before the CTD operator tripped the bottle. 

Bottle Data

Note:  All salinity, nutrient and dissolved oxygen data collected by the service team have gone through several stages of editing and are not likely to change significantly.  The chlorophyll observations that we report are, however, preliminary and will undergo post-cruise editing.

Bottle Sampling

There were six generic types of casts performed with with differing sampling protocols.  Generally speaking, the sampling during these casts were as follows, but there is some cast to cast variation.

· Hydrographic 

· Oxygen, 

· Total CO2,

· Total Alkalinity, 

· Nutrients

· Chlorophyll

· Salinity

· O18/O16

· Dissolved Organic Carbon

· Dissolved Inorganic Carbon

· Particulate Organic Matter

· Benthic 

· Stable Isotopes 

· PB210
· Iodine

· Cesium 

· Productivity

· Oxygen and/or Oxygen Respiration

· Productivity

· Nutrients

· Chlorophyll

· HPLC

· Bacteria

· Micro Zooplankton

· Bio-Optics
· Bio-Mark

· Dissolved Organic Matter

· Lignin

· Zooplankton
· Radium

· Nutrients

· Radium
· Zooplankton

· Nutrients

· Zooplankton
· CTD

· No samples 

The correspondence between individual sample containers and the rosette bottle from which the sample was drawn was recorded on the sample log for the cast. This log also included any comments or anomalous conditions noted about the rosette and bottles. One member of the sampling team was designated the sample cop, whose sole responsibility was to maintain this log and insure that sampling progressed in the proper drawing order.

Normal sampling practice included opening the drain valve and before the air vent on the bottle, to check for air leaks. This observation together with other diagnostic comments (e.g., "lanyard caught in lid", "valve left open") that might later prove useful in determining sample integrity were routinely noted on the sample log. Drawing oxygen samples also involved taking the sample draw temperature from the bottle. The temperature was noted on the sample log.

Bottle Data Processing

After the samples were drawn and analyzed, the next stage of processing involved merging the different data streams into a common file. The rosette cast and bottle numbers were the primary identification for all ODF-analyzed samples taken from the bottle, and were used to merge the analytical results with the CTD data associated with the bottle.

Diagnostic comments from the sample log, and notes from analysts and/or bottle data processors were entered into a computer file associated with each station (the "quality" file) as part of the quality control procedure. Sample data from bottles suspected of leaking were checked to see if the properties were consistent with the profile for the cast, with adjacent stations, and, where applicable, with the CTD data. Various property-property plots and vertical sections were examined for both consistency within a cast and consistency with adjacent stations by data processors, who advised analysts of possible errors or irregularities.  The analysts reviewed and sometimes revised their data as additional calibration or diagnostic results became available.

Based on the outcome of investigations of the various comments in the quality files, WHP water sample codes were selected to indicate the reliability of the individual parameters affected by the comments. WHP bottle codes were assigned where evidence showed the entire bottle was affected, as in the case of a leak, or a bottle trip at other than the intended depth.

Bottle Data Footnoting  

WHP water bottle quality codes were assigned as defined in the WOCE Operations Manual [Joyce] with the following additional interpretations:

2 No problems noted.

3 Leaking.  An air leak large enough to produce an observable effect on a sample is identified by a code of 3 on the bottle and a code of 4 on the oxygen.  (Small air leaks may have no observable effect, or may only affect gas samples.)

4 Did not trip correctly.  Bottles tripped at other than the intended depth were assigned a code of 4.  There may be no problems with the associated water sample data.
5 Not reported.  No water sample data reported.  This is a representative level derived from the CTD data for reporting purposes.  The sample number should be in the range of 80-99.
9 The samples were not drawn from this bottle.  

WHP water sample quality flags were assigned using the following criteria:

1 The sample for this measurement was drawn from the water bottle, but the results of the analysis were not (yet) received.

2 Acceptable measurement.

3 Questionable measurement. The data did not fit the station profile or adjacent station comparisons (or possibly CTD data comparisons). No notes from the analyst indicated a problem. The data could be acceptable, but are open to interpretation.
4 Bad measurement. The data did not fit the station profile, adjacent stations or CTD data. There were analytical notes indicating a problem, but data values were reported. Sampling and analytical errors were also coded as 4.
5 Not reported. There should always be a reason associated with a code of 5,usually that the sample was lost, contaminated or rendered unusable.
9 The sample for this measurement was not drawn.

Not all of the quality codes are necessarily used on this data set.

Pressure and Temperatures

All pressures and temperatures for the bottle data tabulations on the rosette casts were obtained by averaging CTD data for a brief interval at the time the bottle was closed on the rosette and then applying the appropriate corrections and offsets that were outlined earlier. 

The temperatures are reported using the International Temperature Scale of 1990.

Salinity

Equipment and Techniques

Salinity samples were drawn into 200 ml Kimax high alumina borosilicate bottles, which were rinsed three times with sample prior to filling. The bottles were sealed with custom-made plastic insert thimbles and Nalgene screw caps This container provides very low container dissolution and sample evaporation.  

A Guildline Autosal 8400A #57-526, standardized with IAPSO Standard Seawater (SSW) batch P-140, was used to measure the salinities. Prior to the analyses, the samples were stored to permit equilibration to laboratory temperature, usually 8-20 hours.  The salinometer had been modified by ODF and contained an interface for computer-aided measurement.  A computer (PC) prompted the analyst for control functions (changing sample, flushing) and logged results. The salinometer was standardized with a fresh vial of standard seawater at the beginning and end of the run.  The SSW vial at the end of the run was used as an unknown to check for drift. The salinometer cell was flushed until two successive readings met software criteria for consistency; these were then averaged for a final result.

PSS-78 salinity was calculated for each sample from the measured conductivity ratios.  The difference (if any) between the initial vial of standard water and one run at the end as an unknown was applied linearly to the data to account for any drift. The data were added to the cruise database. 429 salinity measurements were made and 34 vials of standard water were used. The estimated accuracy of bottle salinities run at sea is usually better than 0.002 PSU relative to the particular standard seawater batch used.

Laboratory Temperature

The temperature stability in the salinometer laboratory was fair, sometimes varying as much as 3.5ºC during a run of samples.  The laboratory temperature was generally 1-2ºC lower than the Autosal bath temperature.

Oxygen Analysis

Equipment and Techniques

Dissolved oxygen analyses were performed with an ODF-designed automated oxygen titrator using photometric end-point detection based on the absorption of 365nm wavelength ultra-violet light. The titration of the samples and the data logging were controlled by PC software. Thiosulfate was dispensed by a Dosimat 665 buret driver fitted with a 1.0 ml buret. The ODF method used a whole-bottle modified-Winkler titration following the technique of Carpenter (1965) with modifications by Culberson (1991), but with higher concentrations of potassium iodate standard (approximately 0.012N) and thiosulfate solution (50 gm/l). Standard KIO3 solutions prepared ashore were run at the beginning of each session of analyses, which typically included from 1 to 2 casts. Reagent/distilled water blanks were determined, to account for presence of oxidizing or reducing materials.
Sampling and Data Processing

Samples were collected for dissolved oxygen analyses soon after the rosette was brought on board. Using a Tygon drawing tube, nominal 125ml volume-calibrated iodine flasks were rinsed twice with minimal agitation, then filled and allowed to overflow for at least 3 flask volumes. The sample draw temperature was measured with a small platinum resistance thermometer embedded in the drawing tube. Reagents were added to fix the oxygen before stoppering. The flasks were shaken twice to assure thorough dispersion of the precipitate, once immediately after drawing, and then again after about 20 minutes.  The samples were usually analyzed within a few hours of collection and then the data were merged into the cruise database. 
Thiosulfate normalities were calculated from each standardization and corrected to 20ºC. The 20ºC normalities and the blanks were plotted versus time and were reviewed for possible problems. New thiosulfate normalities were recalculated as a linear function of time, if warranted. The oxygen data were recalculated using the smoothed normality and an averaged reagent blank. Oxygens were converted from milliliters per liter to micromoles per kilogram using the sampling temperature. 
 531 oxygen measurements were made, with no major problems with the analyses.

Volumetric Calibration

Oxygen flask volumes were determined gravimetrically with degassed deionized water to determine flask volumes at ODF’s chemistry laboratory. This is done once before using flasks for the first time and periodically thereafter when a suspect bottle volume is detected. The volumetric flasks used in preparing standards were volume-calibrated by the same method, as was the 10 ml Dosimat buret used to dispense standard iodate solution.

Standards

Potassium iodate was obtained from Johnson Matthey Chemical Co. and was reported by the supplier to be >99.4% pure.

Nutrient Analysis

Equipment and Techniques

Nutrient analyses (phosphate, silicate, nitrate+nitrite, urea, ammonium, and nitrite) were performed on an ODF-modified 6-channel Technicon AutoAnalyzer II, generally within a few hours after sample collection.  Occasionally samples were refrigerated up to a maximum of 8 hours at 2-6ºC.  All samples were brought to room temperature prior to analysis. The analog outputs from each of the six channels were digitized and logged automatically by computer (PC) at 2-second intervals. 

Silicate was analyzed using the technique of Armstrong et al., (Armstrong, 1967). An acidic solution of ammonium molybdate was added to a seawater sample to produce silicomolybdic acid, which was then reduced to silicomolybdous acid (a blue compound) following the addition of stannous chloride.  Tartaric acid was also added to impede PO4 color development. The sample was passed through a 15mm flowcell and the absorbance measured at 660nm.

A modification of the Armstrong et al. (Armstrong 1967) procedure was used for the analysis of nitrate and nitrite. For the nitrate analysis, the seawater sample was passed through a cadmium reduction column where nitrate was quantitatively reduced to nitrite.  Sulfanilamide was introduced to the sample stream followed by N-(1-naphthyl) ethylenediamine dihydrochloride which coupled to form a red azo dye. The stream was then passed through a 15mm flowcell and the absorbance measured at 540nm.  The same technique was employed for nitrite analysis, except the cadmium column was bypassed, and a 50mm flowcell was used for measurement.  Periodic checks of the column efficiency were made by running alternate equal concentrations of NO2 and NO3 through the NO3 channel.

Phosphate was analyzed using a modification of the Bernhardt and Wilhelms [ Bernhardt 1967.] technique. An acidic solution of ammonium molybdate was added to the sample to produce phosphomolybdic acid, and then reduced to phosphomolybdous acid (a blue compound) following the addition of dihydrazine sulfate. The reaction product was heated to ~55ºC to enhance color development, then passed through a 50mm flowcell and the absorbance measured at 820m.

Ammonium is determined by the Berthelot reaction (Patton and Crouch 1977) in which sodium hypochlorite and phenol react with ammonium ion to produce indophenol blue, a blue compound, with an absorption maximum at 637nm.  Sodium citrate is added to prevent precipitation of Ca+2 and Mg+2.  The solution is heated to 55°C and passed through a 50mm flowcell at 640nm.

Urea is analyzed via a modification of the method by Rahmatullah and Boyde (1980), which is based on the classic diacetyl monoxime method.  A solution of diacetyl monoxime, thiosemicarbizide and acetone is followed by the addition of ferric chloride, which acts as a catalyst.  The resultant solution is heated to 90°C and passed through a 50mm flowcell. The absorbance is measured at 520nm.

Sampling and Data Processing

Nutrient samples were drawn into 45 ml polypropylene,screw-capped “oak-ridge type” centrifuge tubes. The tubes were cleaned with 10% HCl and rinsed with sample three times before filling. Standardizations were performed at the beginning and end of each group of analyses (typically one cast, usually 12-24 samples) with an intermediate concentration mixed nutrient standard prepared prior to each run from a secondary standard in a low-nutrient seawater matrix. The secondary standards were prepared aboard ship by dilution from primary standard solutions.  Dry standards were pre-weighed at the laboratory at ODF, and transported to the vessel for dilution to the primary standard. Sets of 6-7 different standard concentrations covering the range of sample concentrations were analyzed periodically to determine the deviation from linearity, if any,  as a function of concentration for each nutrient analysis.  

A correction for non-linearity was applied to the final nutrient concentrations when necessary. 
After each group of samples was analyzed, the raw data file was processed to produce another file of response factors, baseline values, and absorbances. Computer-produced absorbance readings were checked for accuracy against values taken from a strip chart recording. The data were then added to the cruise database. 1217 nutrient samples were analyzed. No major problems were encountered with the measurements. The pump tubing was changed three times, and a stable deep seawater check sample was run frequently as a substandard check.  The efficiency of the cadmium column used for nitrate was monitored throughout the cruise and ranged from 96-100%. 

Nutrients, reported in micromoles per kilogram, were converted from micromoles per liter by dividing by sample density calculated at 1 atm pressure (0 db), in situ salinity, and an assumed laboratory temperature of 25ºC.

Nutrient Standards

Na2SiF6, the silicate primary standard, was obtained from Johnson Matthey Company and Fisher Scientific and was reported by the suppliers to be >98% pure. Primary standards for nitrate (KNO3), nitrite (NaNO2), and phosphate (KH2PO4) were obtained from Johnson Matthey Chemical Co. , Aesar Division, and the supplier reported purities of 99.999%, 97%, and 99.999%, respectively. Ammonia, (NH4(SO4)2) ,  and Urea primary standards were obtained from Fisher Scientific and reported to be >99% pure. In addition, cross-comparisons were made with  KNO3 and KH2PO4 traceable to  NIST that were assayed at ~ 99.98% and ~99.9% respectively. Standards for the remaining nutrients were compared with a suite of standards supplied by the University of  Maryland.  All standard intercomparisons, produced agreement well within the precision of our methods.

Data Quality Notes:

Silicate data from station 10, cast 5, station 10, cast 6 and station 11 cast 2 look reasonable, but are probably not of our normal quality due to problems with the molybdate reagent and baseline drift. 
Baseline problems suggest that the ammonium data from station 11, cast 2 are not of our normal quality.
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APPENDIX A. Station Tabulation

	USCGC HEALY HLY-02-01 SBI Process 1 5-May-2002 to 15-June-2002
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	BIO=
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	PRO=
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	RAD=
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	ZOO=
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	CTD=
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	Station
	Cast
	Date
	Cast
	Latitude
	 
	Longitude
	 
	Time
	Bottom
	Distance
	Maximum
	Maximum
	Remarks
	 

	Number
	Number
	 
	Type
	 
	
	 
	 
	
	 
	 
	Depth
	Above
	Sampling
	Sampling
	
	 

	 
	 
	 
	 
	 
	
	 
	 
	
	 
	 
	 
	Bottom
	Depth
	Depth
	
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Bottle
	CTD
	 
	 

	0
	1
	8-May-2002
	ROS
	64
	59.01
	N
	169
	07.66
	W
	1917
	47
	5
	42
	42
	
	 

	0
	2
	8-May-2002
	BIO
	65
	00.79
	N
	169
	03.04
	W
	2232
	21
	8
	13
	41
	
	 

	0
	3
	9-May-2002
	ROS
	65
	01.91
	N
	169
	03.06
	W
	0027
	49
	6
	43
	43
	 
	 

	1
	1
	10-May-2002
	ROS
	67
	27.47
	N
	168
	53.10
	W
	0601
	49
	3
	45
	45
	
	 

	1
	2
	10-May-2002
	RAD
	67
	28.85
	N
	168
	49.84
	W
	0844
	49
	7
	42
	42
	
	 

	1
	3
	10-May-2002
	BIO
	67
	30.40
	N
	168
	45.72
	W
	1357
	49
	37
	12
	12
	
	 

	1
	4
	10-May-2002
	PRO
	67
	30.37
	N
	168
	52.47
	W
	1718
	50
	33
	17
	17
	 
	 

	2
	1
	12-May-2002
	ROS
	70
	37.96
	N
	167
	27.50
	W
	1846
	50
	4
	46
	46
	 
	 

	2
	2
	12-May-2002
	BIO
	70
	38.23
	N
	167
	24.59
	W
	2109
	51
	9
	42
	42
	
	 

	2
	3
	12-May-2002
	RAD
	70
	38.34
	N
	167
	23.39
	W
	2235
	51
	10
	41
	41
	 
	 

	3
	1
	14-May-2002
	ROS
	71
	55.09
	N
	166
	15.25
	W
	1635
	45
	3
	42
	42
	 
	 

	3
	2
	14-May-2002
	CTD
	71
	53.95
	N
	166
	10.18
	W
	1955
	45
	9
	36
	36
	
	 

	3
	3
	14-May-2002
	PRO
	71
	53.39
	N
	166
	07.96
	W
	2125
	45
	8
	36
	36
	
	 

	3
	4
	14-May-2002
	RAD
	71
	52.68
	N
	166
	05.26
	W
	2324
	45
	4
	41
	41
	 
	 

	4
	1
	15-May-2002
	PRO
	71
	37.02
	N
	165
	59.99
	W
	1919
	43
	7
	36
	36
	 
	 

	5
	1
	17-May-2002
	ROS
	72
	42.44
	N
	161
	14.28
	W
	0454
	50
	4
	46
	46
	 
	 

	5
	2
	17-May-2002
	RAD
	72
	42.72
	N
	161
	14.32
	W
	0650
	48
	2
	46
	46
	 
	 

	6
	1
	17-May-2002
	PRO
	72
	55.22
	N
	160
	31.26
	W
	1721
	71
	11
	60
	60
	 
	 

	6
	2
	17-May-2002
	ROS
	72
	55.27
	N
	160
	30.63
	W
	1851
	73
	4
	69
	69
	
	 

	6
	3
	18-May-2002
	RAD
	72
	53.78
	N
	160
	34.84
	W
	0213
	62
	3
	56
	59
	 
	 

	7
	1
	18-May-2002
	ROS
	73
	02.16
	N
	160
	23.05
	W
	0849
	164
	3
	161
	161
	 
	 

	7
	2
	18-May-2002
	RAD
	73
	01.88
	N
	160
	25.74
	W
	1350
	151
	4
	96
	147
	
	 

	7
	3
	18-May-2002
	RAD
	73
	01.86
	N
	160
	27.09
	W
	1520
	149
	5
	144
	144
	
	 

	7
	4
	18-May-2002
	PRO
	73
	01.98
	N
	160
	28.76
	W
	1716
	149
	5
	140
	144
	 
	 

	8
	1
	19-May-2002
	ROS
	73
	14.81
	N
	160
	00.48
	W
	0210
	548
	6
	542
	543
	 
	 

	8
	2
	19-May-2002
	RAD
	73
	15.23
	N
	160
	03.71
	W
	0443
	691
	-99
	249
	249
	
	 

	8
	3
	19-May-2002
	RAD
	73
	15.52
	N
	160
	05.34
	W
	0601
	-999
	-99
	139
	249
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	Station
	Cast
	Date
	Cast
	Latitude
	 
	Longitude
	 
	Time
	Bottom
	Distance
	Maximum
	Maximum
	Remarks
	 

	Number
	Number
	 
	Type
	 
	
	 
	 
	
	 
	 
	Depth
	Above
	Sampling
	Sampling
	
	 

	 
	 
	 
	 
	 
	
	 
	 
	
	 
	 
	 
	Bottom
	Depth
	Depth
	
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Bottle
	CTD
	 
	 

	9
	1
	19-May-2002
	PRO
	73
	16.90
	N
	160
	07.59
	W
	1843
	1151
	-99
	60
	102
	 
	 

	9
	2
	19-May-2002
	ZOO
	73
	17.66
	N
	160
	09.82
	W
	2033
	1173
	-99
	12
	12
	
	 

	9
	3
	19-May-2002
	ROS
	73
	18.62
	N
	160
	12.04
	W
	2247
	1150
	8
	1142
	1144
	
	 

	9
	4
	20-May-2002
	ROS
	73
	19.45
	N
	160
	13.28
	W
	0054
	1211
	-99
	202
	202
	
	 

	9
	5
	20-May-2002
	BIO
	73
	20.22
	N
	160
	14.80
	W
	0303
	1160
	171
	990
	997
	
	 

	9
	6
	20-May-2002
	RAD
	73
	20.56
	N
	160
	21.31
	W
	0611
	1176
	-99
	101
	252
	
	 

	9
	7
	20-May-2002
	RAD
	73
	21.06
	N
	160
	22.24
	W
	0728
	1163
	-99
	200
	252
	 
	 

	10
	1
	20-May-2002
	PRO
	73
	26.93
	N
	159
	50.17
	W
	1927
	1894
	-99
	100
	101
	 
	 

	10
	2
	20-May-2002
	ROS
	73
	25.86
	N
	159
	44.32
	W
	2221
	1950
	-99
	202
	203
	
	 

	10
	3
	21-May-2002
	ROS
	73
	26.37
	N
	159
	44.92
	W
	0050
	1918
	8
	1908
	1910
	
	 

	10
	4
	21-May-2002
	BIO
	73
	26.57
	N
	159
	45.66
	W
	0324
	1927
	-99
	502
	504
	
	 

	10
	5
	21-May-2002
	RAD
	73
	26.58
	N
	159
	46.52
	W
	0453
	1919
	-99
	199
	252
	
	 

	10
	6
	21-May-2002
	RAD
	73
	26.62
	N
	159
	47.39
	W
	0613
	1908
	-99
	100
	259
	 
	 

	11
	1
	21-May-2002
	PRO
	73
	36.66
	N
	159
	33.39
	W
	1835
	2516
	-99
	-999
	-999
	CTD Data lost

	11
	2
	21-May-2002
	PRO
	73
	36.48
	N
	159
	34.44
	W
	1920
	2524
	-99
	100
	100
	
	 

	11
	3
	22-May-2002
	ROS
	73
	44.68
	N
	158
	57.13
	W
	0349
	3057
	19
	3038
	3038
	
	 

	11
	4
	22-May-2002
	ROS
	73
	45.05
	N
	158
	58.81
	W
	0646
	3125
	-99
	200
	302
	
	 

	11
	5
	22-May-2002
	RAD
	73
	45.40
	N
	159
	00.59
	W
	0850
	3124
	-99
	249
	252
	
	 

	11
	6
	22-May-2002
	BIO
	73
	45.64
	N
	159
	01.44
	W
	0953
	3124
	-99
	149
	252
	 
	 

	12
	1
	23-May-2002
	ROS
	73
	26.34
	N
	157
	32.34
	W
	1106
	2850
	19
	2831
	2832
	 
	 

	12
	2
	23-May-2002
	ROS
	73
	26.60
	N
	157
	33.30
	W
	1348
	2834
	-99
	228
	247
	
	 

	12
	3
	23-May-2002
	PRO
	73
	26.85
	N
	157
	34.17
	W
	1655
	2857
	-99
	140
	142
	
	 

	12
	4
	23-May-2002
	RAD
	73
	27.01
	N
	157
	35.09
	W
	1848
	2852
	-99
	253
	253
	
	 

	12
	5
	23-May-2002
	BIO
	73
	27.32
	N
	157
	36.70
	W
	2106
	2808
	-99
	2461
	2499
	
	 

	12
	6
	23-May-2002
	RAD
	73
	27.94
	N
	157
	38.65
	W
	2356
	2809
	-99
	46
	252
	
	 

	12
	7
	24-May-2002
	RAD
	73
	28.21
	N
	157
	39.23
	W
	0105
	2855
	-99
	218
	253
	 
	 

	13
	1
	24-May-2002
	PRO
	73
	20.21
	N
	158
	11.31
	W
	1824
	2379
	-99
	100
	502
	 
	 

	14
	1
	25-May-2002
	ROS
	73
	05.91
	N
	158
	09.15
	W
	0426
	2140
	8
	2133
	2134
	 
	 

	14
	2
	25-May-2002
	ROS
	73
	05.58
	N
	158
	09.91
	W
	0703
	2150
	-99
	224
	302
	
	 

	14
	3
	25-May-2002
	RAD
	73
	05.46
	N
	158
	10.60
	W
	0851
	2138
	-99
	299
	302
	
	 

	14
	4
	25-May-2002
	PRO
	73
	05.77
	N
	158
	12.43
	W
	1636
	2163
	-99
	149
	152
	
	 

	14
	5
	25-May-2002
	RAD
	73
	05.68
	N
	158
	12.66
	W
	1817
	2157
	-99
	249
	256
	
	 

	14
	6
	25-May-2002
	RAD
	73
	05.62
	N
	158
	13.07
	W
	1931
	2152
	-99
	150
	267
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	Station
	Cast
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	Remarks
	 

	Number
	Number
	 
	Type
	 
	
	 
	 
	
	 
	 
	Depth
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	Sampling
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	Bottom
	Depth
	Depth
	
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Bottle
	CTD
	 
	 

	15
	1
	26-May-2002
	CTD
	73
	02.14
	N
	157
	56.33
	W
	1005
	2031
	-99
	-999
	498
	 
	 

	16
	1
	27-May-2002
	ROS
	72
	52.50
	N
	158
	16.67
	W
	0031
	1080
	45
	1035
	1037
	 
	 

	16
	2
	27-May-2002
	ROS
	72
	51.54
	N
	158
	17.55
	W
	0305
	993
	-99
	200
	299
	
	 

	16
	3
	27-May-2002
	BIO
	72
	51.97
	N
	158
	19.29
	W
	0507
	1086
	-99
	595
	601
	
	 

	16
	4
	27-May-2002
	RAD
	72
	52.23
	N
	158
	20.53
	W
	0639
	1068
	-99
	297
	303
	
	 

	16
	5
	27-May-2002
	RAD
	72
	52.36
	N
	158
	21.29
	W
	0738
	1017
	-99
	253
	254
	 
	 

	17
	1
	27-May-2002
	PRO
	72
	51.05
	N
	158
	29.35
	W
	1752
	424
	-99
	139
	202
	 
	 

	17
	2
	27-May-2002
	ZOO
	72
	50.89
	N
	158
	30.45
	W
	1940
	398
	-99
	31
	102
	
	 

	17
	3
	27-May-2002
	ROS
	72
	51.98
	N
	158
	33.60
	W
	2134
	437
	8
	429
	430
	
	 

	17
	4
	27-May-2002
	BIO
	72
	51.85
	N
	158
	35.10
	W
	2340
	407
	159
	248
	303
	
	 

	17
	5
	28-May-2002
	RAD
	72
	51.79
	N
	158
	35.95
	W
	0052
	406
	-99
	135
	252
	
	 

	17
	6
	28-May-2002
	RAD
	72
	51.75
	N
	158
	36.90
	W
	0214
	381
	129
	253
	254
	 
	 

	18
	1
	28-May-2002
	ROS
	72
	44.73
	N
	158
	36.98
	W
	1538
	229
	3
	226
	227
	 
	 

	18
	2
	28-May-2002
	ROS
	72
	44.61
	N
	158
	37.12
	W
	1648
	229
	3
	226
	227
	
	 

	18
	3
	28-May-2002
	PRO
	72
	44.42
	N
	158
	37.39
	W
	1846
	226
	106
	119
	123
	
	 

	18
	4
	29-May-2002
	RAD
	72
	44.99
	N
	158
	42.90
	W
	0141
	217
	3
	214
	214
	
	 

	18
	5
	29-May-2002
	RAD
	72
	45.18
	N
	158
	44.11
	W
	0248
	216
	57
	159
	206
	 
	 

	19
	1
	29-May-2002
	PRO
	72
	36.36
	N
	158
	45.36
	W
	1629
	90
	9
	81
	81
	 
	 

	19
	2
	29-May-2002
	ROS
	72
	36.44
	N
	158
	47.53
	W
	1802
	86
	6
	81
	81
	
	 

	19
	3
	29-May-2002
	RAD
	72
	36.39
	N
	158
	50.11
	W
	1955
	75
	6
	69
	70
	 
	 

	20
	1
	30-May-2002
	CTD
	72
	27.51
	N
	159
	26.87
	W
	0820
	49
	4
	46
	46
	 
	 

	21
	1
	30-May-2002
	CTD
	72
	20.41
	N
	159
	42.89
	W
	1114
	48
	4
	44
	44
	 
	 

	22
	1
	30-May-2002
	PRO
	72
	14.57
	N
	159
	47.34
	W
	1621
	46
	3
	43
	43
	 
	 

	22
	2
	30-May-2002
	ZOO
	72
	14.53
	N
	159
	48.54
	W
	1747
	45
	3
	18
	42
	
	 

	22
	3
	30-May-2002
	ROS
	72
	14.48
	N
	159
	49.48
	W
	1856
	46
	3
	43
	43
	
	 

	22
	4
	30-May-2002
	RAD
	72
	14.39
	N
	159
	51.21
	W
	2053
	46
	4
	42
	42
	
	 

	22
	5
	31-May-2002
	BIO
	72
	14.35
	N
	159
	59.75
	W
	0502
	44
	42
	2
	36
	 
	 

	23
	1
	1-Jun-2002
	PRO
	71
	24.35
	N
	158
	07.59
	W
	1652
	92
	4
	85
	88
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	Cast
	Date
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	Longitude
	 
	Time
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	Distance
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	Maximum
	Remarks
	 

	Number
	Number
	 
	Type
	 
	
	 
	 
	
	 
	 
	Depth
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	Depth
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	CTD
	 
	 

	24
	1
	2-Jun-2002
	ROS
	71
	48.78
	N
	155
	41.09
	W
	1535
	103
	3
	99
	100
	 
	 

	24
	2
	2-Jun-2002
	PRO
	71
	49.15
	N
	155
	42.87
	W
	1752
	107
	3
	95
	104
	
	 

	24
	3
	2-Jun-2002
	ZOO
	71
	49.22
	N
	155
	43.54
	W
	1910
	99
	17
	81
	82
	
	 

	24
	4
	2-Jun-2002
	RAD
	71
	49.27
	N
	155
	44.44
	W
	2106
	97
	5
	92
	92
	 
	 

	25
	1
	3-Jun-2002
	CTD
	71
	43.00
	N
	155
	24.89
	W
	0658
	188
	4
	-999
	184
	 
	 

	26
	1
	3-Jun-2002
	PRO
	71
	33.29
	N
	154
	33.66
	W
	1615
	37
	8
	28
	30
	 
	 

	27
	1
	4-Jun-2002
	ROS
	71
	29.69
	N
	153
	53.91
	W
	0746
	50
	2
	45
	48
	 
	 

	27
	2
	4-Jun-2002
	ZOO
	71
	29.69
	N
	153
	53.92
	W
	0931
	49
	5
	11
	44
	
	 

	27
	3
	4-Jun-2002
	RAD
	71
	29.66
	N
	153
	53.95
	W
	1029
	49
	4
	33
	45
	 
	 

	28
	1
	4-Jun-2002
	PRO
	71
	42.33
	N
	154
	13.13
	W
	1626
	51
	5
	46
	46
	 
	 

	29
	1
	4-Jun-2002
	ROS
	71
	46.75
	N
	154
	24.10
	W
	2001
	121
	4
	118
	118
	 
	 

	30
	1
	5-Jun-2002
	ROS
	71
	49.97
	N
	154
	37.51
	W
	0026
	181
	4
	176
	176
	 
	 

	31
	1
	5-Jun-2002
	ROS
	71
	55.68
	N
	154
	49.31
	W
	0430
	399
	6
	393
	392
	 
	 

	31
	2
	5-Jun-2002
	BIO
	71
	55.68
	N
	154
	49.87
	W
	0623
	420
	168
	209
	252
	
	 

	31
	3
	5-Jun-2002
	RAD
	71
	55.68
	N
	154
	50.28
	W
	0738
	456
	153
	303
	303
	
	 

	31
	4
	5-Jun-2002
	RAD
	71
	55.69
	N
	154
	50.62
	W
	0837
	496
	199
	199
	296
	
	 

	31
	5
	5-Jun-2002
	PRO
	71
	56.94
	N
	154
	56.00
	W
	1802
	342
	6
	139
	336
	 
	 

	32
	1
	6-Jun-2002
	ROS
	72
	04.35
	N
	154
	27.99
	W
	0150
	1311
	10
	1300
	1302
	 
	 

	32
	2
	6-Jun-2002
	ROS
	72
	04.98
	N
	154
	28.65
	W
	0431
	1464
	-99
	174
	203
	No samples

	32
	3
	6-Jun-2002
	BIO
	72
	05.46
	N
	154
	28.14
	W
	0606
	1475
	-99
	301
	301
	
	 

	32
	4
	6-Jun-2002
	RAD
	72
	05.79
	N
	154
	28.71
	W
	0722
	1520
	-99
	175
	253
	
	 

	32
	5
	6-Jun-2002
	RAD
	72
	06.08
	N
	154
	29.02
	W
	0831
	1554
	-99
	252
	252
	
	 

	32
	6
	6-Jun-2002
	ROS
	72
	06.35
	N
	154
	29.29
	W
	0937
	1578
	-99
	169
	202
	
	 

	32
	7
	6-Jun-2002
	PRO
	72
	07.59
	N
	154
	29.28
	W
	1624
	1674
	-99
	140
	201
	
	 

	32
	8
	6-Jun-2002
	ZOO
	72
	07.81
	N
	154
	29.18
	W
	1852
	1690
	-99
	51
	52
	 
	 

	33
	1
	7-Jun-2002
	ROS
	72
	11.24
	N
	154
	23.77
	W
	0759
	1805
	10
	1795
	1795
	 
	 

	33
	2
	7-Jun-2002
	ROS
	72
	11.22
	N
	154
	22.49
	W
	1031
	1910
	-99
	199
	302
	
	 

	33
	3
	7-Jun-2002
	RAD
	72
	11.39
	N
	154
	21.36
	W
	1219
	1958
	-99
	165
	304
	
	 

	33
	4
	7-Jun-2002
	RAD
	72
	11.48
	N
	154
	20.23
	W
	1332
	1995
	-99
	301
	301
	
	 

	33
	5
	7-Jun-2002
	BIO
	72
	11.49
	N
	154
	18.90
	W
	1452
	2066
	-99
	1579
	1599
	
	 

	33
	6
	7-Jun-2002
	PRO
	72
	11.36
	N
	154
	17.41
	W
	1642
	2132
	-99
	140
	192
	
	 

	33
	7
	7-Jun-2002
	ZOO
	72
	11.15
	N
	154
	16.64
	W
	1803
	1975
	-99
	11
	11
	 
	 


	CAST TYPE:
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ROS=
	Hydrographic
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	BIO=
	Bio-Markers
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PRO=
	Productivity
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RAD=
	Radium
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ZOO=
	Zooplankton
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	CTD=
	CTD only, no samples
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Station
	Cast
	Date
	Cast
	Latitude
	 
	Longitude
	 
	Time
	Bottom
	Distance
	Maximum
	Maximum
	Remarks
	 

	Number
	Number
	 
	Type
	 
	
	 
	 
	
	 
	 
	Depth
	Above
	Sampling
	Sampling
	
	 

	 
	 
	 
	 
	 
	
	 
	 
	
	 
	 
	 
	Bottom
	Depth
	Depth
	
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Bottle
	CTD
	 
	 

	34
	1
	8-Jun-2002
	PRO
	72
	32.06
	N
	154
	29.97
	W
	1837
	2936
	-99
	139
	201
	 
	 

	34
	2
	8-Jun-2002
	ROS
	72
	32.84
	N
	154
	33.34
	W
	2215
	2928
	17
	2911
	2911
	
	 

	34
	3
	9-Jun-2002
	ROS
	72
	33.32
	N
	154
	34.28
	W
	0119
	2929
	-99
	223
	302
	
	 

	34
	4
	9-Jun-2002
	BIO
	72
	33.54
	N
	154
	34.44
	W
	0311
	2922
	-99
	495
	603
	
	 

	34
	5
	9-Jun-2002
	RAD
	72
	33.61
	N
	154
	34.54
	W
	0422
	2920
	-99
	101
	303
	
	 

	34
	6
	9-Jun-2002
	RAD
	72
	33.63
	N
	154
	34.71
	W
	0523
	2907
	-99
	199
	303
	 
	 

	35
	1
	10-Jun-2002
	ROS
	72
	11.05
	N
	155
	02.88
	W
	0039
	1012
	2
	1007
	1010
	 
	 

	36
	1
	10-Jun-2002
	PRO
	71
	53.57
	N
	155
	40.18
	W
	1651
	125
	12
	101
	113
	 
	 

	37
	1
	11-Jun-2002
	ROS
	71
	39.03
	N
	155
	45.51
	W
	0351
	183
	3
	179
	180
	 
	 

	37
	2
	11-Jun-2002
	BIO
	71
	39.00
	N
	155
	45.79
	W
	0539
	176
	24
	150
	152
	
	 

	37
	3
	11-Jun-2002
	RAD
	71
	38.98
	N
	155
	45.83
	W
	0641
	179
	6
	149
	172
	
	 

	37
	4
	11-Jun-2002
	RAD
	71
	38.96
	N
	155
	45.83
	W
	0739
	176
	9
	149
	167
	 
	 

	38
	1
	12-Jun-2002
	ZOO
	71
	33.00
	N
	156
	12.02
	W
	0104
	168
	8
	19
	160
	 
	 

	39
	1
	12-Jun-2002
	ROS
	71
	24.22
	N
	157
	11.22
	W
	1351
	119
	4
	114
	115
	
	 

	39
	2
	12-Jun-2002
	ROS
	71
	24.38
	N
	157
	11.41
	W
	1607
	122
	22
	99
	99
	
	 

	39
	3
	12-Jun-2002
	RAD
	71
	24.49
	N
	157
	11.50
	W
	1744
	122
	7
	100
	115
	 
	 


APPENDIX 3a. ADCP Data Collection during the SBI Spring Cruise, HY0201


The USCGC Healy is equipped with two Acoustic Doppler Current Profilers (ADCPs), a broad band 150 kHz (BB150) and an ocean surveyor 75 kHz (OS75).  The OS75 was newly installed during the recent dry-docking period early this spring and enhancements were made to both systems to maximize their capabilities.   Roughly speaking, the higher frequency BB150 unit is capable of finer vertical resolution while the lower frequency OS75 unit is capable of greater range. During the cruise the configurations of both units were varied to test the capability of different setups.  When conditions were most favorable, the BB150 had a range of 150 to 200m while the OS75 had a range of over 400m.

Both units returned good data when conditions permitted.  The biggest item affecting the quality of the data was breaking ice.  Under those conditions only occasional pings returned data.  In their sensitivity to the noise and vibration associated with ice breaking, the ADCPs were no different than the other acoustic devices on the ship.  Since the ship spent most of the cruise in heavy ice conditions, he distribution of good data is heavily biased to those periods when the ship was on station with the result that while the temporal coverage looks very good, the spatial coverage appears intermittent.  Data processing has not reached the stage where we are able to determine to what extent we can extract reasonable quality data from the ice breaking periods.  Nor have we been able to determine whether there are differences in data quality that depend on the severity of ice breaking.  Another factor affecting the data coverage was the shallowness of the Chukchi Sea.  The draft of the ship plus the quiescent interval before the ADCPs can start to acquire the data from each ping means that the shallowest bins start at about 20m, a significant fraction of the water depth over the shelf (~40m).  Special techniques are required to extract useable data from the narrow region before interference from the bottom limits the range.  Maximizing the data under both ice breaking and shallow water conditions will be one of the major tasks during the post cruise processing.

A preliminary data processing methodology was developed during the cruise that enables a presentation of velocity data that have been roughly calibrated and undergone some quality checks.  The results should be adequate for determining the overall velocity structure during the cruise.  Further refinements will probably make only fine adjustments to the velocities.  Although the magnitude of the adjustments is hard to anticipate, it should be small.  The biggest modification anticipated is to the BB150 unit when we are able to determine the speed of sound in the transducer well.  However, the lack of knowledge of the sound velocity in the well has been roughly taken into account during bottom-track calibration and since temperature is fairly constant in the fresh water/antifreeze mixture in the transducer well, big changes in the velocity data are not anticipated. 

The ADCP velocity data distributed at the end of the cruise have been averaged into half-hour by 10 meter vertical bins from each instrument.  These data are contained in two large ASCII data files, HY0201_BB150_ADCP_Vel.dat and HY0201_OS75_ADCP_Vel.dat, in which the velocity profiles are listed, together with the date, time and position, by time interval. Data bins where the velocity data did not pass the preliminary editing process are indicated by “99999”.  These data are also presented in color contour plots of eastward and northward current components in the files: HY0201_BB150_Vel.tif and HY0201_OS75_Vel.tif, respectively.  

In addition to these basic data products, velocity contours are also presented for the West and East Hanna Shoals sections.  For these plots, the data were averaged into 5 km radial segments from the beginning of each section.  The standard deviations of the eastward and northward binned velocities are also presented in separate plots for each ADCP.  The velocity contour plots for the transects are presented in: HY0201_BB150_WHS_UV.tif, HY0201_BB150_WHS_STD.tif, HY0201_BB150_EHS_UV.tif, HY0201_BB150_EHS_STD.tif, HY0201_OS75_WHS_UV.tif, HY0201_OS75_WHS_STD.tif, HY0201_OS75_EHS_UV.tif, HY0201_OS75_EHS_STD.tif.

APPENDIX 3b. Operation of the 150kHz Broad Band and 75kHz Ocean Surveyor ADCPs on the USCGC Healy

General Configuration


The ADCPs consist of three components, transducers mount in the bottom of the ship just forward of frame 63, deck units located in the “gyro” room next to the gym on deck level 2, and PC computers located in the “Computer Lab”.   

The individual transducer wells are circular with removable lids and water tight electrical stuffing-boxes.  To reduce ringing and acoustic interference from the ship, an acoustic dampening material, approximately 1” thick, lines the inside of each well.  Acoustic windows consisting of approximately 2” thick “SeaBeam Orange” urethane are mounted flush with the bottom of the ship to protect the transducers from ice damage.  The wells are flooded by a propylene glycol (Formula 2790 PG Green) antifreeze/fresh water mix maintained at a sufficient hydraulic head to keep sea water out in the event of a leak between the windows and the wells.   There is also an Applied Microsystems sound velocimeter (Model SV2000) installed in the transducer well for the Broad Band 150kHz (BB150) ADCP.

The cables from the transducers and velocimeter are led up two deck levels and forward to the deck units in the gyro room at bulkhead 44.  Ship heading data is fed to the deck units through gyro synchro inputs.  Discussions with one of the ship’s ETs (Chief M. McGuire) and a representative from Sperry (Mike Chappell) indicate that the heading data supplied to the ADCPs can come from three possible sources.  There are two gyros and a single attitudinal GPS (Ashtech) unit that supply heading data to the ship’s “integrated bridge system”.  These units are all inherently digital and the data from these units are converted to analog synchro outputs for the ADCPs through a D/A converter.  Which of the three possible heading sources is sent to the ADCPs is controlled by a manual switch on the bridge.  Typically, gyro #1 is used but above some latitude (~80oN) the gyros produce poor data and the attitudinal GPS data source will be used in preference.  However, there is no guarantee as to which data source is being used at any given time so it must be assumed that the choice is arbitrary.  The data source is clearly subject to change outside the control of the Healy’s science group.  Given the construction, communications and command needs on the Healy, the only way to ensure a constant heading data source is to install a completely separate gyro system for science use.  However, under normal conditions the arbitrariness of the heading source should not adversely effect the ADCP data since attitudinal GPS data output is available for post-processing and can be used to correct the heading data to a single stable source.

Currently, the velocimeter is not functional.  The BB150 ADCP deck unit has the capability to ingest sound velocity data directly but that is a poor option because the sound velocity correction needs to be reviewed during post-processing before it is applied.  A better choice is to have the sound velocity data recorded by the ship’s Science Data Network.  Since the transducers are protected from changes in the sea water by the acoustic window and are immersed in an antifreeze/water mixture, the sound velocity is expected to be different from that in seawater and to vary rather slowly.  Thus, the sound velocity corrections for the BB150 can mostly easily be addressed during post-processing.

The deck units are connected to PCs in the computer lab through serial RS232/RS422 cables.  The PC’s for both units run a Windows-based program called “VM-DAS”, RD Instrument’s new data acquisition system for vessel mounted ADCPs.  Briefly, this program sends commands to the ADCP deck unit specifying the character of the acoustic pings to be sent by the ADCP and how the returning signal is to be processed before it is sent to the computer.  VM-DAS then takes that data, combines it with navigation data, adds it to the data archive and displays a summary of the data on the screen together with ancillary information.  Navigation data on the Healy can come from either the dedicated bridge or science system.  There are P-Code GPS units for both the bridge and the science components.  The P-Code acquired by the unit in the Computer Lab is being sent directly to the ADCP PCs in NMEA format through RS232 serial lines at a refresh rate of 1 Hz and includes the GGA message.  Attitudinal GPS data is also available to the ADCP system from the ship’s single Ashtech GPS receiver mounted on the helicopter control officer’s shack.  According to Chief McGuire and Mike Chappell from Sperry, the Ashtech data for the PCs come directly from the Ashtech unit via an RS232 serial splitter box on the bridge from which cables are led to the PCs.  The refresh rate of the NMEA Ashtech data stream was adjusted by Chief McGuire to 1Hz during Healy cruise HY0201 and includes both the GGA message for position as well as the GPPAT message for Ashtech 3-D attitude.  During HY0201, both P-Code and Ashtech data were sent to the PC for the OS75 but only one of the navigation streams was acquired by the BB150’s PC because that PC lacked enough serial ports.  A minimum of three serial ports are needed to connect to the ADCP deck unit plus the two navigation sources.  

VmDas Data Acquisition Program


There are several manuals supplied by RD Instruments describing the details of the BB150 and OS75 ADCPs and the operation of the VmDas data acquisition system.    Below is just a brief description of the operation of the VmDas.  VmDas is a Windows based program that operates on essentially any Windows 97 -> XP operating system.  While it is possible to set up and run the VmDas strictly using point and click choices in the “options” menu, it is recommended that previously saved and edited options files be used to control its operations as this minimizes the risk of missing essential in the setup.  The options, or *.ini, files are flat-ASCII files typically saved in the VmDas subdirectory (C:\Program Files\RD Instruments\VmDas).  The options file contains the path to an ADCP definitions, or *.txt file which contains the commands that are actually sent to the deck unit by the PC.  The text files are also saved in the VmDas subdirectory.  The options file also contains directions about the running of VmDas itself, items such as where the data is to be stored, the short and long term averaging intervals, scaling of screen plots, and a long list of other items.  Both the *.txt and *.ini files can be edited with any simple editor.  


Running a pre-saved version of VmDas from the keyboard is quite simple.  Double click on the VmDas icon on the screen or start VmDas.exe in the C:\Program Files\RD Instruments\VmDas subdirectory.   A blank VmDas screen will appear with a few menu options available.  Click on the file menu and highlight “Collect Data”.  This will open the data acquisition portion of the program and will probably show several empty plots and a data table.  The options (*.ini) file is chosen using the Options/Load menu and choosing the correct options file for the ship’s location and science needs.   You can view or edit items in the options file that effect the data processing and presentation by VmDas using the Options/Edit menu.  After you have made changes, save the options file before starting actual data collection.  Data collection is started by clicking on the blue right arrow in the upper left-hand corner or by clicking the Control/Go menu item.  Stopping data collection is accomplished by clicking the blue square or by clicking the Options/Stop menu item.


When running, VmDas shows the file name leader and data session number in the task bar at the top of the screen.  A number of visual real-time data presentations are available while data is being collected.  These are controlled by the square buttons on either of the two lines immediately under the menu.  The button with the small “R” on it will cause the results from the individual pings to be shown.  The “S” button shows results from the short-term averages while the “L” shows those from the long-term average.  The next three buttons choose the display of velocities, quality indicators and/or a table of the data.  The buttons with “CFS”, LDR”, “BOT”, “WTR”, and “NAV” bring up panels with configuration, leader, bottom track, water track and navigation data, respectively.  Choice of any of the display options has no effect on the data collection, these are strictly for real-time display purposes.  The figures can be fine-tuned using the blue arrows or zoom-in/zoom-out buttons.  Right-clicking the mouse over any of the graphs brings up other choices for the displays.  It is also possible to show the short or long-term averaged velocities as stick vectors on track plots.  However, these only result in reasonable results if the ADCP’s heading offset has been correctly entered in the *.txt file.  Not all types of presentation are available for each of the three types of data presented.  

Setup of VmDas on the Healy


The VmDas data acquisition PCs on the Healy are networked into the Science Data Network which supplies plenty of storage space for the voluminous files produced by the ADCPs.  A mapped drive on the network is thus the primary data file repository.  A backup subset of files is also recorded on the PC itself.  There is enough room on the present ADCP PCs to hold about 30 days of data before the directories need to be purged and they should be purged at least before each cruise.  The data files are currently stored on the server under separate directories for each instrument.  The files are stored under E:\cruisename for the BB150 and under F:\cruisename for the OS75 where cruisename should be a unique identifier  The data files are also backed-up on each instrument’s PC in the directory: C:\RDI\cruisename. 

There are 10 files generated each time VmDas starts a new ADCP session.   They are described in the VmDas manual (pg 73 of the User’s Manual) if you need further information.  Briefly, the files use the convention: CRUISENAMEnnn_mmmmmm.Ext, where CRUISENAME would be something like HY0201 which uniquely identifies a cruise.  The next three digits indicate the sequential session number; the 6 digits after the “_” constitute the file sequence number within each the session.  Each time VmDas is restarted the session sequence number is increased by one.  Note that VmDas will choose a session number that is as low as possible and will fill in gaps in the session numbers so it is important for orderly file management to let all the files for a cruise accumulate in the directory until the end of the cruise, if possible.  The maximum size of the files is set in the options file (typically 10 MB).  When a file reaches maximum size, a new file is started with the same session number but with the file sequence number increased by one.  Different file types fill up faster than others so the file sequence numbers do not necessarily correspond to data taken within the same time window.  

The file types and extensions generated by VmDas are the following:

*.ENR
- Raw binary ADCP data file which contains every ping

*.ENS
- Binary ADCP data after the data has been preliminarily screened for backscatter and correlation 

*.ENX
- Binary ADCP data after screening and rotation to earth coordinates

*.STA
- Binary ADCP ensemble data that has been averaged into short term averages

*.LTA
- Binary ADCP ensemble data that has been averaged into long term averages

*.N1R
- Raw NMEA ASCII data from the primary navigation source

*.N2R
- Raw NMEA ASCII data from the secondary navigation source, if available, and which should include Ashtech heading data

*.NMS
- Binary screened and averaged navigation data

*.VMO - This ASCII file is a copy of the *.ini options file that was used during the data collection

*.LOG
- ASCII file containing a log of any errors the ADCP detected during the session
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