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Between 1974 and 1983 a series of cruises were conducted off the Washington coast to provide seasonal information on the physical, chemical, and biological properties over the continental shelf and adjacent offshore waters under the auspices of research grants funded by the U.S. Department of Energy (and its predecessor the Energy Research and Development Agency).  A survey line of designated, closely-spaced stations along latitude 47°07’ N extending from near shore about 180 km offshore to about 126°30’ W was sampled as rapidly as possible during each cruise, and at selected locations 24-hour drift stations were occupied to provide measurements of in situ primary productivity and diel variations of hydrography, nutrient concentrations, and phytoplankton and zooplankton standing stock.  In addition to sampling along the designated line of stations, various other tasks were accomplished on the cruises, such as deployment and recovery of sediment traps or current meters, zooplankton grazing experiments, sediment sampling, and/or optical measurements.  These other tasks varied from cruise to cruise depending on the interests of the personnel on board the ship.





The following methods were employed for these cruises between 1974 and early 1978:





Ship				Cruise		Begin/End Dates		Chief Scientist


R/V Thomas G. Thompson	TT091		08 Jul 1974/29 Jul 1974		Bruce W. Frost


R/V Yaquina			YA199		10 Jan 1975/13 Jan 1975	Mario M. Pamatmat


R/V Thomas G. Thompson	TT096		29 Mar 1975/03 Apr 1975	Carl J. Lorenzen


R/V Thomas G. Thompson	TT100		11 Jul 1975/18 Jul 1975		Carl J. Lorenzen


R/V Thomas G. Thompson	TT105		23 Oct 1975/27 Oct 1975	Carl J. Lorenzen


R/V Thomas G. Thompson	TT111		15 Sep 1976/05 Oct 1976	Carl J. Lorenzen


R/V Thomas G. Thompson	TT112		07 Jan 1977/13 Jan 1977	Mary J. Perry


R/V Thomas G. Thompson	TT116		14 Apr 1977/22 Apr 1977	Carl J. Lorenzen


R/V Thomas G. Thompson	TT122		05 Aug 1977/11 Aug 1977	Carl J. Lorenzen


R/V Cayuse			CY378		30 Mar 1978/05 Apr 1978	Mary J. Perry








Standard Station Methods





	Except for cruise YA199, which did not utilize a CTD, immediately after arrival on station a Bissett Berman STD or a Plessey Environmental Systems Model 9400 CTD was lowered to within 5-20 m of the bottom in shallow water (<150 m depth), or to 150 - 300 m depth in deeper water, to obtain a continuous temperature and salinity/conductivity profile.  The Bissett Berman STD data were recorded on paper tapes using a locally developed data acquisition system.  The Plessey CTD data were recorded on magnetic tape with a Plessey 8400 data logger.  Following a cast the data were processed through a series of programs written by the University of Washington data processing group to check for data quality and calculate temperature, salinity, and density values.  At least once per cruise a separate deep cast was made to about 1500 m to collect reversing thermometer temperatures and bottle salinity samples for calibrating the CTD sensors.  Other depths were occasionally sampled during standard station casts for the same purpose.  These CTD data were not utilized for the biological studies and they are not reported here; instead reversing thermometer temperature and salinity measurements collected with each bottle closure were included in the measured parameters during the cruises.





Standard observations of weather and sea state were made every two hours by the ship’s officers and solar radiation was monitored with an Eppley pyranometer or a Belfort recording pyrheliometer mounted on an upper deck railing of the ship as free from shadows as possible.  Secchi disk readings were made at stations occupied during local daylight hours.  Positions were determined by the officer on watch based on LORAN-C signals.





	Additionally, on the cruises between 1974 and 1977 except for cruise YA199, a submersible pump was lowered to 100 m or close to the bottom at shallower stations to provide a profile of the in vivo chlorophyll-a distribution and to identify the location of the subsurface chlorophyll maximum if it were present.  Water from the pump was passed through a Turner 111 fluorometer equipped with a flow-through door and in vivo fluorescence was recorded with a Rustrak recorder (Lorenzen 1966).  The flow-through cell was rinsed daily with concentrated hydrochloric acid to prevent fouling.





	Water was then collected at discrete depths which were selected on the basis of the in vivo fluorescence profile and the temperature and salinity data from adjacent stations.  Up to twelve depths were sampled in the upper 150 - 200 m of the water column with 6-Liter modified Van Dorn bottles (Van Dorn 1957) made of PVC with latex rubber tubing to close the end caps, and which were equipped with reversing thermometer racks.  On cruise CY378, 2.5-Liter capacity Niskin bottles were first utilized.  Standard hydrographic wire casts, with the bottles closed by messenger drop, were done on all cruises except TT122, when a General Oceanics Rosette sampler was employed.





	Depths were determined on the basis of wire out and wire angle for the standard hydrographic casts.  For cruise TT122 the rosette sampler was closed based on readouts of the CTD depth.  Paired temperature observations were made for each depth with reversing thermometers mounted on the bottles, except for cruise YA199, when a laboratory thermometer was placed in the water bottle as soon as oxygen samples had been drawn, and for cruise TT122 when the CTD-measured temperature and salinity values were recorded for each depth sampled.  Paired reversing thermometer temperatures and salinity samples were collected regularly during TT122 to calibrate the CTD.





Subsamples were drawn from the water bottles for the following measurements:  dissolved oxygen, salinity, dissolved nutrients (phosphate, silicate, nitrate, nitrite, and ammonium), chlorophyll-a and its degradation products, 14C primary productivity, and phytoplankton species identifications and enumerations.  Occasionally, samples were collected for identification and enumeration of microzooplankton species also.  Both the phytoplankton and microzooplankton samples were preserved with a final concentration of  1% (v:v) formalin that had been buffered with 30 g sodium acetate per liter of formalydehyde.  Additional microzooplanton samples were preserved with Schaudin’s fixative.  The phytoplankton and microzooplanton samples were saved for over ten years, and some were microscopically examined by various students, before they were discarded.





	On most cruises replicate bottle casts were made at selected stations in quick succession to obtain paired samples of routine parameters from 2-4 depths for statistical analysis of sampling error.


During cruise TT122 replicate bottles were sequentially closed at randomly selected depths during most 


rosette casts instead of doing a separate cast at each location.








Laboratory Methods





	Salinity samples were measured with a locally built salinometer, which was a modification of the Wenner-Smith-Soule salinity bridge (Paquette 1958).  Dissolved oxygen was determined by the Carpenter (1965) titration method.  Oxygen solubilities were calculated in accordance with the equations of Truesdale and Gameson (1957) in 1974 and 1975, and beginning in 1976 using the equations of Weiss (1970).





	Dissolved nutrient samples were either analyzed immediately on board the ship, or they were frozen for later analysis on shore, using a Technicon AutoAnalyzer II system.  Nitrate, nitrite, phosphate, and silicate were determined with modifications of the Strickland and Parsons (1968) methods for autoanalyzer use.  Ammonium concentrations were determined following Koroleff (1970).





Samples for in vitro chlorophyll-a were vacuum filtered (pressure differential < 7 psi) onto Millipore HA (0.45 mm pore size) membrane filters and frozen over silica gel for later spectrophotometric analyses (Richards with Thompson, 1952; Creitz and Richards 1955; UNESCO 1966).  About 1 ml of a saturated magnesium carbonate/filtered seawater slurry was squirted onto the filter surface before filtering to prevent degradation of the phytoplankton pigments before analyses.  During cruises TT091, TT096, TT100, TT105, TT111, and TT112 separate samples were similarly treated and filtered onto Gelman Type A/E or Whatman GF/C glass fiber filters (varying from cruise to cruise) for immediate on board fluorometric (Yentsch and Menzel 1963; Holm-Hansen et al. 1965) analyses of in vitro chlorophyll-a with a Turner 111 fluorometer.  The fluorometer was calibrated against spectrophotometrically measured chlorophyll-a extracted from exponentially growing mixed phytoplankton cultures prior to each cruise.





Both methods of chlorophyll determination were used for this series of cruises to compare the two methods in our local waters as we considered changing our standard methods.  Prior to 1974 investigators in our studies used only spectrophotometric analyses, beginning with cruise TT116 in spring of 1977 and in subsequent years only fluorometric analyses were done.  The results of the fluorometric analyses are reported in these data sets for all cruises except YA199, when only spectrophotometric analyses were performed.





	For primary productivity measurements during these cruises the radiocarbon method of Steeman Nielsen (1952) was used.  Samples were inoculated with 1-4 mCi NaH14CO3, incubated, collected by vacuum filtration (< 7 psi pressure differential) on 25 mm diameter Millipore HA (0.45 mm pore) membrane filters, fumed over concentrated HCl for less than one minute, and placed into vials containing scintillation fluor.  The scintillation fluor base consisted of 5 g PPO/Liter and 0.5 g dimethyl-POPOP/Liter dissolved in reagent grade toluene.  PPO is the short for 2,5-diphenyloxazole, and dimethyl-POPOP is short for 1,4-bis-[2,(4-methyl-5-phenyloxazolyl)]-benzene.  Each vial contained 9 ml fluor base and 1 ml Beckmann formula BBS-3 Biosolv.  They were counted with a Packard Tri-Carb Liquid Scintillation Spectrometer (Model 3310).  Computer processing of the data included corrections for background, dark bottle uptake, inorganic carbon content of seawater, counting efficiency, and isotope discrimination.





	A variety of incubation conditions were employed during the cruises.  For most depths sampled, light and dark bottles were incubated for about 2 hours under constant cool-white fluorescent light (9000 lux) in a water-cooled rotating incubator.  At some stations, photosynthesis versus light intensity experiments were also done with samples from selected depths to determine the phytoplankton’s uptake of carbon in response to a range of light levels from about 0.5 to about 50 klux.  The light levels were attained by placing neutral density perforated metal screens between the samples and the light source.  Results from neither of these types of experiments are reported here.





At selected stations simulated in situ incubations were conducted with water from 4-6 specified light depths based on Secchi disk measurements.  The light depths chosen approximated the following percentages of surface irradiance:  100, 50, 20, 7.5, 2.5, and 1% or 100, 50, 25, 15, 5, and 1%.  Samples were kept on deck under neutral density wire screens (to match the light depth from which they came) illuminated by natural sunlight in a tray cooled by running surface sea water.  These incubations usually lasted from local apparent noon to sunset.  These results are included in this data set.





	At drift stations, in situ primary productivity measurements were usually made.  Water samples were collected at 4-12 depths (including several light depths to match the on-deck experiments), then subsampled and inoculated before dawn.  The experimental bottles were suspended from a drifting buoy that was attached to a parachute drogue.  The ship tracked the buoy as it moved with the drogue, and additional STD or CTD casts, submersible pump lowerings and bottle casts were conducted every 6-8 h in the vicinity of the buoy.  The experimental bottles were retrieved after sunset and either filtered immediately or else placed in the deck incubators until dawn the next day.  These results are included in this data set.





Zooplankton samples were collected at the drift stations by vertically towing an unmetered 1-m diameter, 216-mm mesh closing net through discrete depth intervals near noon and midnight local time Samples were preserved with a final concentration of 10% (v:v) formalin, which had been buffered with sodium borate.  Many of the samples are stored at the University of Washington, School of Oceanography, under the care of Dr. Bruce Frost.  Some have been enumerated and results have been reported in papers and data reports by Dr. Michael Landry (currently at the University of Hawaii) and associates at the University of Washington.
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