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I. Activities

Objectives of this cruise were:

1. Mooring placement near station NH-10 along the Newport Hydroline.

2. Occupy a grid of stations over the Oregon and Washington continental shelf and slope to measure hydrographic (T, S, pressure), bio-optical (chlorophyll fluorescence, light transmission) and chemical (nitrate, dissolved oxygen) parameters. Combine these data with ADCP measurements of subsurface velocity to explore biophysical interactions.

3. Collect water samples for DNA- and RNA-based microbial community analyses and water chemistry studies across environmental gradients in pelagic environments of the Columbia River estuary, the Columbia River plume, and along established sampling lines along the Oregon and Washington coasts.

4. Collect sediment samples with the multicorer at select sites along the Columbia River Line to characterize surface sediment microbial groups of special interest such as Crenarchaeota or Anammox bacteria.  Samples will also be taken on other lines if we encounter hypoxic (Low dissolved oxygen) water.

5. Make continuous measurements of surface water chemistry with several devices attached to the continuous flow seawater system.

6. Collect large-volume DNA samples from hypoxic waters for large-scale environmental cloning/sequencing (J. Craig Venter Institute)

The ship was loaded at the Hatfield Marine Science Center dock in Newport, OR on 13 August, and departed the following morning.  Throughout the cruise a set of instruments was attached to the surface water flow-through system of the Wecoma.  This surface water mapping system passes surface water through a series of sensors to measure transmission (particles), fluorescence, salinity, temperature, dissolved oxygen and dissolved CO2.  Burke Hales, Dale Hubbard, and Wiley Evans set up and monitored this system.

The cruise was broken into four legs.  Leg 1 was one day long (Aug 14) and included mooring operations and CTD casting practice.  Leg 2 (Aug 15-19) was devoted to sampling along coastal lines that extended from near shore to beyond 1000m depth.  Leg 3 (Aug 19-23) included coastal lines, sampling within the Columbia River plume, a surface water mapping exercise and a coastal CTD transects along the 100m isobath.  Leg 4 (Aug 24-31) included sampling along coastal lines, within the plume and inside the Columbia River estuary.

A total of 232 CTD casts were conducted at 115 different stations, and 148 water samples were collected (74 along coastal lines, 40 in the plume, and 34 in the estuary) at 62 stations/times.  Sediment cores were collected at three stations.  Three large volume DNA samples were collected for shotgun cloning analysis at JCVI (NH-10 at 75m, CM-a at 1200m, CR-7 at 10m Chl max).  All major physical and biological measurements and collections were completed.  The crew of the ship was very supportive and helped facilitate a successful cruise.

Daily Log:

13-Aug. The ship was loaded at the Hatfield Marine Science Center dock in Newport, OR, and departed the following morning.

14-Aug.  Mooring day.  A mooring was deployed near station NH-10 along the Newport Hydroline (Lat 44°39’, Long -124°18’).  Two water samples were collected with niskin bottles (bottom and deep chlorophyll max).  These samples were used to arrange the work-flow of the water sampling team, and to practice sample processing.  That evening we returned to the dock at Newport.  Walt Waldorf and Craig Risien got off the ship, and Christina Tweed and Rachel Schneider got on board.

15-Aug.  We left the Newport dock at about 0800 and traveled south to station SH-10 on the Strawberry Hill line.  The latitude of this line is not parallel with the real Strawberry Hill; it is closer to Cape Perpetua.  We started sampling at 1045, and collected water at four stations collecting surface, deep chlorophyll max and bottom (stations SH-30. SH-70, SH-b and SH-f).  We detected hypoxia in bottom waters at the 100m station and the 1500m station.  The last sample was collected after dark, although the cast began at dusk.  Deep casts to 1500m required about an hour, and we collected surface water at the end of the cast.  

16-Aug.  The night shift ran four CTD casts going east along the Lincoln Beach line starting at 0130.  We then traveled to station NH-1 on the Newport Hydroline, and started sampling at 0830.  Several days of northerly winds creating down-welling conditions during this part of the cruise.  Surface salinity was fairly constant across the shelf and slope.  Conditions became rough with medium to high seas as we moved offshore. We conducted CTD casts at nine stations, and collected water with Niskin bottles at four station (NH-3, NH-10, NH-30, and NH-45).  We started sampling the last station at 2000.  

17-Aug.  The night shift ran six CTD casts going east along the Cascade Head Line starting at 2200, and finished early so that we arrived at the Cape Meares line before 0700.   We sampled at nine stations along the Cape Meares line, collecting water at four stations (CM-3, CM-10, CM-20, and CM-a).  We deployed the multicorer in ~500m of water near station CM-30 in a region that showed a sand/mud sediment signal on the echo sounder.  Three of the eight cores contained sediment, which was extruded and sampled by Rachel Schneider.  At the last station (CM-a) we collected our normal samples from three depths, but also collected 200L of bottom water for Lisa Zeigler of the JCVI.  This sampling required a total of four CTD casts, including three casts to 1200 m.  Weather was rough for most of the day - clear but windy and wavy.

18-Aug.  The night shift ran six CTD casts going east along the Cape Falcon line, and finished early enough for us to arrive at the first Columbia River line station at 0630.  We visited nine stations, and took water samples at four stations (CR-7, CR-15, CR-25, CR-40).  At station CR-7 we collected 12 10-liter Niskin bottles at the chlorophyll maximum for Lisa Zeigler.   We collected core samples at two stations (CR-15, CR-35).  Rachel Schneider sub-sampled these cores and froze the sediment at -80°C.  We completed the final cast at about 2000 hours.  

19-Aug.  The night shift ran eight CTD casts going east along the Columbia River line, and then waited several hours before heading into the Columbia R. estuary.  At 0800 we pulled into port in Astoria at pier 2.  Michael Wilkin met the ship and drove with Byron Crump to the Fred Meyer store to buy a small cooler and 15lbs of dry ice.  We transported all DNA/RNA and core samples on dry ice to a -80 freezer at the OSU extension facility in Astoria (Our contact was Craig Holt). Charles Seaton and Ethan Van Matre met the ship and uploaded model predictions/forecasts into the SWAP system.  Christina Tweed, Lisa Zeigler, and Fred Jones (the mate) got off the ship.  Wiley Evans and Captain Rick Verlini came on board.  Captain Dan Arnsdorf remained on board to serve as 1st Mate.  We left port at 1200 and sailed up the Washington Coast, and arrived the Queets River line station QR-3 at 2130.

20-Aug.  The night shift ran CTD casts going west along the Queets River line, ending at about 0430.  We then sailed to station LP-52, and began sampling along the LaPush line.  We sampled at nine sites including a site over the canyon formed by the Strait of Juan de Fuca, and took water samples at four stations (LP-52, LP-32, LP-17, and LP-6).  We found high surface water fluorescence close to the coast.  The evening was spent traveling back to the Columbia River estuary mouth.

21-Aug.  Feature tracking exercises filled the day.  We received 15 way-points from Antonio Baptista, and visited these waypoints at specific times during the day for CTD casts.  Stations were named P-1 to P-15.  We e-mailed information about surface salinity and temperature from the CTD and the Flow-Through system to the modeling team at OHSU, who used the information to compare with model predictions.  The last cast was at 2100.  We then traveled north to station GH-21 to begin a line of CTD casts going south along the 100m isobath, where we expect to see hypoxia.  

22-Aug.  The night shift tan CTD casts at five stations going south along the 100m isobath.  These stations were named N1 through N-5 in the CTD record, but their actual names are GH-21, GHWB-a, WB-19, P-14, and CR-15.  The goal of these observations was to characterize the along-coast distribution of bottom-water hypoxia.  After the sun came up we began the first of two days of Neap Tide Plume sampling.  Antonio Baptista provided 5 waypoints to visit every 2 hours starting at 0800 PDT and ending at 0400 PDT.  Stations were named P-16 to P-20.  These stations covered a range of surface salinities, and included one sample outside the plume front.  We collected water at two depths (surface and bottom, 2 samples per station, 5 stations, 10 samples total).   Then we traveled to station CH-10 on the Cascade Head line in order to continue our nighttime CTD survey of the 100m isobath.  
23-Aug. The night shift tan CTD casts at six stations going south along the 100m isobath (CH-10, CHCM-a, CM-10, CF-10, CFCR-10, CR-15).  After the sun came up we continued Neap Tide Plume sampling.  Antonio Baptista provided another set of plume way-points, but this set included CTD-only points between the water sampling points.  We collected samples at five stations, 2 depths each for a total of 10 samples.  We completed our final cast near the estuary mouth at 1610, traveled into the estuary, and docked at Pier 2 in Astoria.  Jude Apple, Dale Hubbard, and Nate Hyde got off the ship, and Joanna Green, Matthew Kalisz, and Brian Nelson got on.  

24-Aug.  We left the dock at 1200 and transited to station GH-3 on the Gray's Harbor line. 

25-Aug.  The night shift ran CTD casts at 10 stations along the Gray’s Harbor line.  We then traveled to station WB-50 on the Willipa Bay line, and after sunrise we visited nine stations, collecting water at four (WB-50, WB-35, WB-19, WB-9).  We then traveled to the estuary, crossing the bar at around 2200, and continuing up the estuary and anchoring for the night near Tongue Point at river mile 19.

26-Aug.  In the morning we traveled up to River Mile 23 to take freshwater samples near the end of the Ebb tide.  We sampled at a site where the channel was relatively wide and straight.  We then moved down-estuary to Tongue point at river mile 19, did a CTD cast, and continued to Buoy-39 at River mile 15 where we took our second set of samples.  We continued down-estuary to river mile 8 off of the town of Hammond and collected a third set of samples.  We then went to River Mile 11 where we hove to during the strong flood tide.  Following the flood tide we returned to RM-8 to collect high-salinity water, and then traveled to RM-15 for our final samples.  We then anchored at Tongue Point for the night.

27-Aug. We traveled to the North Channel of the estuary and sampled water six times during the day - three at ebb slack in the morning, and three at flood slack in the evening at stations NC-7, NC-9, and NC-11.  An error was made in site selection for this sampling series. The middle of the three stations (RM-9) was located close to the up-estuary station near the bridge rather than being equidistant between the up-estuary and down-estuary stations.  Bottom salinity ranged from 10 to 32, and surface salinity ranged from 4.1 to 30.5. We did not get freshwater samples.  During the day the R/V Forerunner pulled alongside and we conducted simultaneous CTD casts (Cast #185) to cross-calibrate our instruments.  After collecting our final water sample we anchored for the night.

28-Aug.  Three stations were selected for sampling across the mouth of the estuary.  One was just inside the North Channel 7 miles from the mouth (RM-7), one was off Cape Disappointment (RM-4), and the third was as river mile 1 (RM-1).  We sampled water at the three stations during ebb slack tide in the morning, and then again during flood slack tide in the afternoon.  We ran CTD casts hourly at RM-1 during the flood tide, and continued CTD casts hourly overnight at our anchor station in the North Channel near the bridge.

29-Aug.  Early in the morning we traveled across the Columbia River bar and out into the Plume to begin two days of Spring Tide plume sampling.  Yinglong Zhang (OHSU) provided five waypoints/timepoints in the plume starting at 0800 PDT.  We added waypoints between these points for extra CTD casts and named the points P-33 to P-41.  We sampled water at two depths at the five stations (P-33, P-35, P-37, P-39, P-41).  At one station we could see the plume front, which was a wavy line with green on one side and blue on the other.  The primary salinity sensor was reading significantly lower than the secondary sensor, and was replaced.

30-Aug.  The night shift followed a zig-zag grid covering the shelf region off of Tillamook Head in order to use the surface water mapping system. Then we returned to the mouth of the Columbia river to continue Spring Tide plume sampling after the sun came up.  Electrical problems cause us to abort casts 219-221, so the first CTD casts was at 11:42 local time.  We ran six CTD casts at pre-selected way-points, and collected water at three stations (P-46, P-48, P-50).  That evening we traveled to Newport, stopping at five stations along the 100m isobath (CF-10, CM-10, CH-10, LB-100, NH-10) to conduct CTD casts.

31-Aug.  Offloaded the ship.

Several suggestions were made to help guide future CMOP cruise leaders.

1. Bring larger catch bottle for water filtration rigs.  

2. Bring many more gloves, 10ml sterile plastic pipettes, and 0.2 um syringe filters.

3. Bring an extra vacuum pump

4. Bring extra geopump tubing - it wears out.

5. Replace buckets with 20L Carboys

6. Put a lot of effort into getting waypoint Lat Long correct. Provide captain with waypoints no later than dinner time the previous day.

7. Captain needs to be informed when we are going to get close to another vessel.

8. Docking in Astoria is expensive because of longshoremen fees.

9. Try to get wider bore spigots for 10L niskin bottles so that they drain faster.  

10. Remember tubing for draining niskins.

11. 500 ml grad cylinders - will be better than 1000ml ones

II. Methods

Water collection method:  

Six 10L niskin bottles are fired for each sample.  Once on deck, 4 bottles per sample are drained with sample-rinsed 0.5" tubing into sample-rinsed 6-gal buckets (2 bottles/bucket).  Water for respiration measurements, oxygen measurements, and HPLC pigment analysis are drawn directly off the last two bottles.  Respiration samples are collected in 1 gal cubitainers, Oxygen samples are collected directly into BOD bottles and preserved for Winkler titration, and HPLC samples are collected in brown PE bottles.  The remainder of the water in the final 2 bottles is then drained into buckets as above.  Note - Water drains faster if top end-cap is opened.  To do this, un-clip the bottom end-cap, and cock the top end cap.  After water is drained, re-clip the bottom end-cap.

Water Filtering Protocol (Suzanne DeLorenzo):

Set Up/Notes:

· Assemble two filtering racks with 25mm diameter funnels, six filters per tower

· Attach two side-arm flasks to two of the funnels for water collection

· Attach tubing to vacuum pump and carboy. Be sure pump pressure does not exceed 5 mmHg when filtering

· Be sure to empty collection carboy regularly

· For liquid nitrogen, make sure dewar is open for minimal amounts of time. Be sure to replace styrofoam insert and plastic lid after each use

· After each water sample all funnels, frits, flasks, bottles, and cylinders should be rinsed with D.I. water

Labeling:

· Label all vials, bottles, etc. with the following:

· Water sample number

· Sample Site

· Date

· Replicate if applicable

Chlorophyll a: Collect duplicate samples

· Place 25mm GF/F filter (rough side up, grid down) on filter frit & screw down funnel

· Collect sample using brown Nalgene bottles. Rinse bottles and lids three times with sample before collection

· Using a sample-rinsed graduated cylinder, measure exact volumes of sample and pour into funnel. Record total volume filtered (~0.5L in coast/estuary, ~2L in open ocean)

· After filtration, fold filter in half with tweezers and place in pre-labeled 2ml cryovial

· All cyrovials are stored in liquid nitrogen dewar in designated color coded cups

High Pressure Liquid Chromatography (HPLC): 

· Filtration is performed under subdued light conditions

· Place 25mm GF/F filter (rough side up, grid down) on filter frit & screw down funnel

· Collect sample directly from Niskin bottle using brown Nalgene bottles. Rinse bottles and lids three times with sample before collection

· Using a sample-rinsed graduated cylinder, measure exact volumes of sample and pour into funnel. Record total volume filtered (~1 to 4 liters)

· After filtration, fold filter in half with tweezers and place in pre-labeled 2ml cryovial 

· All cyrovials are stored in liquid nitrogen dewar in designated color coded cups

· If water sample depth is below photic zone, no need to perform HPLC measurement

Particulate Organic Carbon (POC): Collect duplicate samples

· Place a pre-ashed 25mm GF/F filter (rough side up, grid down) on filter frit & screw down funnel

· Attach side arm flasks to POC filtering frits for water collection

· Using a sample-rinsed graduated cylinder, collect sample and measure exact volumes into funnel. Record total volume filtered (~1 to 4 liters)

· After filtration, fold filter in half with tweezers and place in a pre-labeled envelope

· Store envelopes in freezer in a small Ziploc bag labeled with site and sampling date 

Suspended Particulate Matter (SPM): Collect during estuary and plume sampling only. Collect duplicate samples

· For SPM measurements, 25mm GF/F filters are pre-dried, weighed and stored in 47mm Petri-dishes.

· Place a pre-weighed 25mm GF/F filter (rough side up, grid down) on filter frit & screw down funnel

· Using a sample-rinsed graduated cylinder, collect sample and measure exact volumes into funnel. Record total volume filtered 

· After filtration, rinse filter three times with D.I. water

· Return filter to Petri dish using tweezers and stored in freezer

· Be sure to place entire filter back into Petri dish, including bits that break off

Flow Cytometry:

· Collect sample in a small brown Nalgene bottle. Rinse bottle and lid three times with sample before collection

· Pipette 3 mL of sample into 5 mL cryovial using pipette labeled “LIVE”

· Under fume hood, pipette 100 uL of paraformaldehyde solution into cyrovial.  Be sure to wear gloves!

· Vortex and place in dark (e.g., lab drawer) for 10 min 

· Place sample in liquid nitrogen

Bacterial Counts (Glutaraldehyde):

· Pre-load 7 mL glass vials with 140 uL of 25% glutaraldehyde  

· Under fume hood, pipette 7 mL of sample (collected in small brown Nalgene bottle) into vial and cap. Be sure not to touch pipette to edge of glutaraldehyde vial!

· Store filled vials in refrigerator

Filtered Water Collection: TDN/P, DOC, Nutrients

· Attach side arm flasks under 25mm GF/F filters that have been ashed (i.e., under POC filters) to collect water

· Collect filtered water in flask, sample rinse once, and continue collecting

· Once enough water has been collected, fill pre-labeled sample bottles

· DOC: fill to shoulder of bottle (20ml polypropylene vial)

· Nutrients: fill to shoulder of bottle (Provided by OSU analytical services)

· TDN/P: pipette exactly 20 mL into bottle (Provided by UMCES Horn Point Analytical Services)

· Place all bottles in freezer

DNA/RNA Sterivex Filtration Using Geopump (Caroline Fortunato)
Set up/Notes:

· Assemble Geopump with desired number of heads (1-3)

· Label Sterivex filters by water sample number, sample site ID, date, and type of fixative/solutions/buffers to be added post-filtration.

· Save some 0.2um filtered sea-water for rinsing the tubing after filtration.

· Rinse the tubing with filtered sea-water following each sample.

· Sample rinse the tubes before attaching the Sterivex filters for the next sample.

· Attach Sterivex filters to 10ml syringe tip ends inserted into tubing and set up over a 3L beaker (or other measuring device) to keep track of the amount of water filtered.

· The opposite end of the tubing should be fixed with dipsticks (10ml pipettes) which will be inserted into sample water.

· These should be changed every 2-3 days or when varying the type of water being filtered.

Procedure

· After checking to be sure set up is properly completed and tubing is sample rinsed, turn Geopump on in forward pump direction.

· Keep track of the amount of water filtered using a 3L beaker (or other measuring device)

· Allow filters to pump desired amount of water, note however these volumes may need to be adjusted depending on individual samples, in general:

· Estuaries and Turbid Systems: 1L

· Seawater: 3-6L

· Deepwater Samples (approx 1000L): 6L+

· Once filtrated water flowing through the Sterivex comes to a slow trickle (or the desired filtration amount is achieved) remove dipsticks from sample water and allow any water still in the Sterivex to be flushed out.

· Remove Sterivex filters from tubing and push out any remaining water using a 50ml syringe full of air.

· Seal bottom of Sterivex filter using Hemato-Seal Tube Sealing Compound

· With another syringe add desired fixative/solutions/buffers:

· DEB: 1 ml (approx. ½ tube) filtered with 0.2um syringe filter

· RNALater: 2 ml (approx. full tube)

· Cap the top of the Sterivex filter with autoclaved polycarbonate luer plug.

· Place the filters in a plastic Ziploc freezer bag labeled with the water sample number, sample site ID, and date and store at -80oC.

Fluorescence In Situ Hybridization (FISH) Protocol (Caroline Fortunato)
Wear latex gloves.
· Add 40ml of sample water into a 50 ml Falcon tube.

· Add 1.2ml of formalin

· Close, shake and let stand for 1 hour at room temperature

· Label 2 Eppendorf tubes

· Date

· “FISH”

· Station ID

· Volume Filtered

· Water Sample Number

· Surface, chlorophyll max (middle), bottom (S, M, B)

· Wipe tweezers and filtration apparatus with 70% ethanol.

· Filter fixed sample onto black-stained 0.2um pore size polycarbonate filters:

· 10ml for the first tube

· 1ml for the second tube

· Air dry filter for 5 min in a Petri dish

· Taking care not to touch the sample-side of the filters, place the filters into properly labeled Eppendorf tubes.

· Place tubes and Flacon tube in plastic bag labeled with the date, FISH, station ID, and water sample number and store at -80oC.
Bacteria Production measurements (Jude Apple, Joanna Green)

Set up/Notes 

· Pre-load 2ml microcentrifuge tubes with enough 3-H L-leucine to make the final concentration 20 nM.  

· Double rinse and fill 250 ml dark bottles with water from each depth directly from the niskin bottles

Procedure

· Change shoes when entering rad van.

· Set temperature of incubators.  The temperature on the incubators can be set using the + and – buttons.  Press “MENU” to enter change and “+” to validate.  Although most of the water samples have been from 3 depths, the bottom and mid-depth have been close enough to use the same incubator for these.  

· Record station name, sample depth, ambient water temperature and temperature at which each sample will be incubated.

· Put on gloves. 

· Remove enough charged tubes from the fridge for the number of samples being incubated (3 live and one blank per sample) and place in plastic rack in workspace.  Live tubes have red caps and killed controls (100ul TCA) have blue caps.  Process samples for BP so that the deep sample at each station goes in the lowest number tubes, then mid-depth, then surface. Uncap all tubes and line up caps next to rack.

· Place large (25ml) pipette tip on the Eppendorf pipettor and set dial to “3”. Draw sample water directly from sample bottle until barrel is about half full. Discharge sample twice to clear pipette tip.

· Note time. Begin loading the first tube at an even minute interval.  Pipette 1.5ml of sample into each of the 4 tubes for each sample.  Use caution when loading the blank so as not to splash TCA back onto the pipette tip.  It works best to add sample at an angle down the side of the microcentrifuge tube (not straight down into bottom) to avoid backsplash.

· Between each sample, fill the pipette barrel with DI and discharge into waste cup to rinse.

· When all tubes are filled, cap and vortex each one and place in the racks located in each of the incubation chambers.  Try to incubate samples within 1 degree of ambient water temperature. 

· Remove pipette tip and place in stand. Remove gloves. Record start time in notebook.  Set timer for 55 minutes.

· Remove tubes from incubation chamber a few minutes before anticipated stop time.  Remove caps of all live tubes. Place 5ml pipette tip on pipettor (marked 100% TCA) and set dial to “1”.  (NOTE: sometimes if there is a little TCA left in the tube when you attach it to the pipettor it will squirt out.  I usually point it into the solid waste bag).

· Fill pipette with TCA.  Start adding 100ul TCA to tubes at an even minute interval. When all tubes are filled, cap and vortex each one.  Place killed samples in the racks located in the refrigerator.

· Remove pipette tip and place in stand. Remove gloves. Record end time in notebook.  
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	Table 1.  Biological and Chemical analyses for water samples

	Measurements
	Coastal Lines
	Plume Samples
	Estuary Samples
	Abbreviation description

	NH4
	X
	X
	X
	Ammonia

	SRP
	X
	X
	X
	Inorganic Dissolved P

	NO3+NO2
	X
	X
	X
	Nitrate+Nitrite, dissolved silica

	DOC
	X
	X
	X
	Dissolved Organic Carbon

	TDN, TDP
	X
	X
	X
	Dissolved Nitrogen, Dissolved Phosphorous

	SPM
	
	
	X
	Suspended Particulate Matter

	ChlA
	X
	X
	X
	Chlorophyll a

	POC, PON
	X
	X
	X
	Carbon, Hydrogen, Nitrogen

	HPLC pigments
	X
	X
	X
	

	BP
	X
	X
	X
	Bacterial production

	Respiration
	X
	
	
	Oxygen Respiration rate

	Prokaryotic cell abundance
	X
	X
	X
	Gluteraldehyde fixed samples

	Flow Cytometry
	X
	X
	X
	Paraformaldehyde fixed samples

	FISH samples
	X
	X
	X
	Paraformaldehyde fixed samples

	DNA (DEB)
	X
	X
	X
	DNA on sterivex filter, fixed with DEB*

	DNA-FL (DEB)
	
	
	X
	DNA of free-living bacteria (<3 um) on sterivex filter, fixed with DEB*

	DNA (RNAlater)
	X
	X
	X
	DNA on sterivex filter, fixed with RNAlater

	DNA-FL (RNAlater)
	
	
	X
	DNA of free-living bacteria (<3 um)  on sterivex filter, fixed with RNAlater

	RNA
	X
	X
	X
	RNA on sterivex filter, fixed with RNAlater

	RNA-FL
	
	
	X
	RNA of free-living bacteria (<3 um)  on sterivex filter, fixed with RNAlater


	Table 2.  Sampling locations

	Station ID
	Latitude
	Longitude
	Latitude
	Longitude

	SH-10
	44 deg 15.10'
	124 deg 7.39'
	44.25167
	-124.12300

	SH-30
	44 deg 15.10'
	124 deg 8.04'
	44.25167
	-124.13400

	SH-50
	44 deg 15.10'
	124 deg 10.12'
	44.25167
	-124.16900

	SH-70
	44 deg 15.10'
	124 deg 15.13'
	44.25167
	-124.25200

	SH-90
	44 deg 15.10'
	124 deg 23.51'
	44.25167
	-124.39200

	SH-100
	44 deg 15.10'
	124 deg 27.70'
	44.25167
	-124.46200

	SH-b
	44 deg 15.10'
	124 deg 41.50'
	44.25167
	-124.69200

	SH-d
	44 deg 15.10'
	124 deg 55.50'
	44.25167
	-124.92500

	SH-f
	44 deg 15.10'
	125 deg 9.52'
	44.25167
	-125.15900

	LB-c
	44 deg 51.50'
	125 deg 1.56'
	44.85833
	-125.02600

	LB-b
	44 deg 51.50'
	124 deg 41.82'
	44.85833
	-124.69700

	LB-a
	44 deg 51.50'
	124 deg 22.14'
	44.85833
	-124.36900

	LB-100
	44 deg 51.50'
	124 deg 12.24'
	44.85833
	-124.20400

	NH-1
	44 deg 37.50'
	124 deg 6.00'
	44.62500
	-124.10000

	NH-3
	44 deg 37.50'
	124 deg 7.80'
	44.62500
	-124.13000

	NH-5
	44 deg 37.50'
	124 deg 10.60'
	44.62500
	-124.17667

	NH-10
	44 deg 37.50'
	124 deg 17.70'
	44.62500
	-124.29500

	NH-15
	44 deg 37.50'
	124 deg 24.70'
	44.62500
	-124.41167

	NH-20
	44 deg 37.50'
	124 deg 31.70'
	44.62500
	-124.52833

	NH-25
	44 deg 37.50'
	124 deg 39.00'
	44.62500
	-124.65000

	NH-35
	44 deg 37.50'
	124 deg 53.00'
	44.62500
	-124.88333

	NH-45
	44 deg 37.50'
	125 deg 7.00'
	44.62500
	-125.11667

	CH-b
	45 deg 3.00'
	125 deg 1.18'
	45.05000
	-125.01971

	CH-a
	45 deg 3.00'
	124 deg 42.90'
	45.05000
	-124.71500

	CH-20
	45 deg 3.00'
	124 deg 27.50'
	45.05000
	-124.45833

	CH-10
	45 deg 3.00'
	124 deg 14.00'
	45.05000
	-124.23333

	CH-5
	45 deg 3.00'
	124 deg 8.00'
	45.05000
	-124.13333

	CH-1
	45 deg 3.00'
	124 deg 2.00'
	45.05000
	-124.03333

	CM-1
	45 deg 29.00'
	124 deg 0.40'
	45.48333
	-124.00667

	CM-3
	45 deg 29.00'
	124 deg 2.20'
	45.48333
	-124.03667

	CM-5
	45 deg 29.00'
	124 deg 5.50'
	45.48333
	-124.09167

	CM-10
	45 deg 29.00'
	124 deg 12.50'
	45.48333
	-124.20833

	CM-15
	45 deg 29.00'
	124 deg 19.60'
	45.48333
	-124.32667

	CM-20
	45 deg 29.00'
	124 deg 26.90'
	45.48333
	-124.44833

	CM-30
	45 deg 29.00'
	124 deg 40.80'
	45.48333
	-124.68000

	CM-a
	45 deg 29.00'
	124 deg 55.04'
	45.48333
	-124.91733

	CF-a
	45 deg 44.00'
	124 deg 53.40'
	45.73333
	-124.89000

	CF-30
	45 deg 44.00'
	124 deg 39.00'
	45.73333
	-124.65000

	CF-20
	45 deg 44.00'
	124 deg 25.00'
	45.73333
	-124.41667

	CF-10
	45 deg 44.00'
	124 deg 11.10'
	45.73333
	-124.18500

	CF-7
	45 deg 44.00'
	124 deg 6.90'
	45.73333
	-124.11500

	CF-3
	45 deg 44.00'
	124 deg 1.50'
	45.73333
	-124.02500

	CR-4
	46 deg 10.00'
	124 deg 4.60'
	46.16667
	-124.07667

	CR-7
	46 deg 10.00'
	124 deg 9.50'
	46.16667
	-124.15833

	CR-10
	46 deg 10.00'
	124 deg 13.10'
	46.16667
	-124.21833

	CR-15
	46 deg 10.00'
	124 deg 20.00'
	46.16667
	-124.33333

	CR-20
	46 deg 10.00'
	124 deg 27.10'
	46.16667
	-124.45167

	CR-25
	46 deg 10.00'
	124 deg 33.40'
	46.16667
	-124.55667

	CR-30
	46 deg 10.00'
	124 deg 40.20'
	46.16667
	-124.67000

	CR-35
	46 deg 10.00'
	124 deg 47.50'
	46.16667
	-124.79167

	CR-40
	46 deg 10.00'
	124 deg 54.60'
	46.16667
	-124.91000

	QR-3
	47 deg 32.00'
	124 deg 25.50'
	47.53333
	-124.42500

	QR-6
	47 deg 32.00'
	124 deg 30.00'
	47.53333
	-124.50000

	QR-10
	47 deg 32.00'
	124 deg 36.50'
	47.53333
	-124.60833

	QR-14
	47 deg 32.00'
	124 deg 42.00'
	47.53333
	-124.70000

	QR-19
	47 deg 32.00'
	124 deg 48.50'
	47.53333
	-124.80833

	QR-24
	47 deg 32.00'
	124 deg 56.00'
	47.53333
	-124.93333

	QR-29
	47 deg 32.00'
	125 deg 3.50'
	47.53333
	-125.05833

	QR-a
	47 deg 32.00'
	125 deg 11.00'
	47.53333
	-125.18333

	LP-52
	47 deg 55.00'
	125 deg 55.70'
	47.91667
	-125.92833

	LP-42
	47 deg 55.00'
	125 deg 40.82'
	47.91667
	-125.68033

	LP-32
	47 deg 55.00'
	125 deg 25.94'
	47.91667
	-125.43233

	LP-22
	47 deg 55.00'
	125 deg 11.50'
	47.91667
	-125.19167

	LP-17
	47 deg 55.00'
	125 deg 5.00'
	47.91667
	-125.08333

	LP-12
	47 deg 55.00'
	124 deg 57.50'
	47.91667
	-124.95833

	LP-9
	47 deg 55.00'
	124 deg 52.50'
	47.91667
	-124.87500

	LP-6
	47 deg 55.00'
	124 deg 47.50'
	47.91667
	-124.79167

	LP-4
	47 deg 55.00'
	124 deg 44.50'
	47.91667
	-124.74167

	P-1
	46 deg 31.14'
	124 deg 9.42'
	46.51900
	-124.15700

	P-2
	46 deg 39.84'
	124 deg 11.40'
	46.66400
	-124.19000

	P-3
	46 deg 39.48'
	124 deg 23.22'
	46.65800
	-124.38700

	P-4
	46 deg 31.32'
	124 deg 13.50'
	46.52200
	-124.22500

	P-5
	46 deg 23.94'
	124 deg 10.14'
	46.39900
	-124.16900

	P-6
	46 deg 17.34'
	124 deg 10.86'
	46.28900
	-124.18100

	P-7
	46 deg 14.88'
	124 deg 7.50'
	46.24800
	-124.12500

	P-8
	46 deg 12.78'
	124 deg 9.78'
	46.21300
	-124.16300

	P-9
	46 deg 7.80'
	124 deg 7.86'
	46.13000
	-124.13100

	P-10
	46 deg 9.24'
	124 deg 13.50'
	46.15400
	-124.22500

	P-11
	46 deg 3.06'
	124 deg 14.22'
	46.05100
	-124.23700

	P-12
	46 deg 9.60'
	124 deg 18.12'
	46.16000
	-124.30200

	P-13
	46 deg 15.06'
	124 deg 14.94'
	46.25100
	-124.24900

	P-14
	46 deg 20.04'
	124 deg 17.04'
	46.33400
	-124.28400

	P-15
	46 deg 24.60'
	124 deg 24.66'
	46.41000
	-124.41100

	P-16
	46 deg 27.96'
	124 deg 21.84'
	46.46600
	-124.36400

	P-17
	46 deg 21.78'
	124 deg 14.04'
	46.36300
	-124.23400

	P-18
	46 deg 14.70'
	124 deg 13.14'
	46.24500
	-124.21900

	P-19
	46 deg 2.50'
	124 deg 16.50'
	46.04169
	-124.27507

	P-20
	45 deg 51.71'
	124 deg 23.94'
	45.86180
	-124.39893

	P-21
	46 deg 3.12'
	124 deg 4.80'
	46.05201
	-124.07994

	P-22
	46 deg 5.95'
	124 deg 7.63'
	46.09920
	-124.12712

	P-23
	46 deg 9.02'
	124 deg 10.22'
	46.15031
	-124.17038

	P-24
	46 deg 11.85'
	124 deg 11.87'
	46.19750
	-124.19790

	P-25
	46 deg 15.86'
	124 deg 14.23'
	46.26434
	-124.23722

	P-26
	46 deg 19.16'
	124 deg 16.59'
	46.31939
	-124.27654

	P-27
	46 deg 24.35'
	124 deg 19.42'
	46.40590
	-124.32373

	P-28
	46 deg 24.83'
	124 deg 25.79'
	46.41376
	-124.42989

	P-29
	46 deg 23.41'
	124 deg 33.34'
	46.39017
	-124.55572

	P-33
	46 deg 21.26'
	124 deg 15.09'
	46.35429
	-124.25148

	P-34
	46 deg 19.84'
	124 deg 15.04'
	46.33070
	-124.25074

	P-35
	46 deg 18.43'
	124 deg 15.00'
	46.30710
	-124.25000

	P-36
	46 deg 17.90'
	124 deg 16.86'
	46.29826
	-124.28097

	P-37
	46 deg 17.36'
	124 deg 18.72'
	46.28941
	-124.31193

	P-38
	46 deg 13.29'
	124 deg 16.95'
	46.22158
	-124.28244

	P-39
	46 deg 9.23'
	124 deg 15.18'
	46.15375
	-124.25295

	P-40
	46 deg 10.86'
	124 deg 10.89'
	46.18103
	-124.18143

	P-41
	46 deg 12.50'
	124 deg 6.60'
	46.20831
	-124.10992

	P-42
	46 deg 14.62'
	124 deg 12.52'
	46.24370
	-124.20871

	P-43
	46 deg 14.98'
	124 deg 15.27'
	46.24960
	-124.25442

	P-44
	46 deg 15.33'
	124 deg 18.01'
	46.25550
	-124.30013

	P-45
	46 deg 12.28'
	124 deg 18.01'
	46.20462
	-124.30013

	P-46
	46 deg 9.23'
	124 deg 18.01'
	46.15375
	-124.30013

	P-47
	46 deg 6.17'
	124 deg 16.50'
	46.10288
	-124.27507

	P-48
	46 deg 3.12'
	124 deg 15.00'
	46.05201
	-124.25000

	P-49
	46 deg 7.06'
	124 deg 9.16'
	46.11763
	-124.15268

	P-50
	46 deg 10.99'
	124 deg 3.32'
	46.18324
	-124.05536


	Table 3.  Water sample numbers and associated information

	WS#
	Cast#
	depth
	station
	Niskin bottle #s 

	1
	2
	73
	NH-10
	1 to 6

	2
	2
	18
	NH-10
	7 to 12

	3
	7
	20
	SH-30
	1 to 6

	4
	6
	7
	SH-30
	7 to 12

	5
	7
	1
	SH-30
	7 to 12

	6
	8
	66
	SH-70
	1 to 6

	7
	8
	13
	SH-70
	7 to 12

	8
	9
	1
	SH-70
	1 to 6

	9
	13
	90
	SH-b
	1 to 6

	10
	13
	22
	SH-b
	7 to 12

	11
	14
	1
	SH-b
	1 to 6

	12
	15
	1500
	SH-f
	1 to 6

	13
	16
	200
	SH-f
	7 to 12

	14
	17
	1
	SH-f
	1 to 6

	15
	23
	42
	NH-3
	1 to 6

	16
	23
	7
	NH-3
	7 to 12

	17
	23
	1
	NH-3
	1 to 6

	18
	25
	75
	NH-10
	1 to 6

	19
	25
	20
	NH-10
	7 to 12

	20
	25
	1
	NH-10
	8 to 12

	21
	31
	135
	NH-20
	1 to 6

	22
	31
	14
	NH-20
	7 to 12

	23
	31
	1
	NH-20
	1 to 8

	24
	35
	665
	NH-45
	1 to 6

	25
	35
	50
	NH-45
	7 to 12

	26
	36
	1
	NH-45
	1 to 8

	27
	44
	56
	CM-3
	1 to 6

	28
	44
	19
	CM-3
	7 to 12

	29
	45
	1
	CM-3
	1 to 8

	30
	47
	125
	CM-10
	1 to 6

	31
	47
	9
	CM-10
	7 to 12

	32
	48
	1
	CM-10
	1 to 8

	33
	50
	250
	CM-20
	1 to 6

	34
	50
	16
	CM-20
	7 to 12

	35
	51
	1
	CM-20
	1 to 8

	36
	53
	1200
	CM-a
	1 to 6

	37
	55
	35
	CM-a
	7 to 12

	38
	55
	1
	CM-a
	1 to 8

	39
	65
	50
	CR-7
	1 to 6

	40
	65
	15
	CR-7
	7 to 12

	41
	66
	1
	CR-7
	1 to 8

	42
	68
	100
	CR-15
	1 to 6

	43
	68
	9
	CR-15
	7 to 12

	44
	69
	1
	CR-15
	1 to 8

	45
	71
	145
	CR-25
	1 to 6

	46
	71
	15
	CR-25
	7 to 12

	47
	72
	1
	CR-25
	1 to 8

	48
	75
	860
	CR-40
	1 to 6

	49
	75
	45
	CR-40
	7 to 12

	50
	76
	1
	CR-40
	1 to 8

	51
	93
	1500
	LP-52
	1 to 6

	52
	93
	30
	LP-52
	7 to 12

	53
	94
	1
	LP-52
	1 to 8

	54
	96
	775
	LP-32
	1 to 6

	55
	96
	26
	LP-32
	7 to 12

	56
	97
	1
	LP-32
	1 to 8

	57
	99
	100
	LP-17
	1 to 6

	58
	99
	19?
	LP-17
	7 to 12

	59
	100
	1
	LP-17
	1 to 8

	60
	103
	50
	LP-6
	1 to 6

	61
	103
	15
	LP-6
	7 to 12

	62
	104
	1
	LP-6
	1 to 8

	63
	126
	80
	P-16
	1 to 6

	64
	126
	1
	P-16
	7 to 12

	65
	127
	47
	P-17
	1 to 6

	66
	127
	1
	P-17
	7 to 12

	67
	128
	56
	P-18
	1 to 6

	68
	128
	1
	P-18
	7 to 12

	69
	129
	100
	P-19
	1 to 6

	70
	129
	1
	P-19
	7 to 12

	71
	130
	156
	P-20
	1 to 6

	72
	130
	1
	P-20
	7 to 12

	73
	137
	57
	P-21
	1 to 6

	74
	137
	1
	P-21
	7 to 12

	75
	139
	70
	P-23
	1 to 6

	76
	139
	1
	P-23
	7 to 12

	77
	141
	60
	P-25
	1 to 6

	78
	141
	1
	P-25
	7 to 12

	79
	143
	73
	P-27
	1 to 6

	80
	143
	1
	P-27
	7 to 12

	81
	145
	128
	P-29
	1 to 6

	82
	145
	1
	P-29
	7 to 12

	83
	156
	1400
	WB-50
	1 to 6

	84
	156
	45
	WB-50
	7 to 12

	85
	157
	10
	WB-50
	1 to 6

	86
	159
	660
	WB-35
	1 to 6

	87
	159
	15
	WB-35
	7 to 12

	88
	160
	1
	WB-35
	1 to 6

	89
	163
	
	WB-19
	1 to 6

	90
	163
	10
	WB-19
	7 to 12

	91
	164
	2
	WB-19
	1 to 6

	92
	166
	55
	WB-9
	1 to 6

	93
	166
	10
	WB-9
	7 to 12

	94
	167
	2
	WB-9
	1 to 6

	95
	169
	11
	RM-23
	1 to 6

	96
	169
	1
	RM-23
	7 to 12

	97
	171
	13
	RM-15
	1 to 6

	98
	171
	1
	RM-15
	7 to 12

	99
	172
	14
	RM-8
	1 to 6

	100
	172
	1
	RM-8
	7 to 12

	101
	175
	12
	RM-8
	1 to 6

	102
	175
	1
	RM-8
	7 to 12

	103
	176
	12
	RM-15
	1 to 6

	104
	176
	1
	RM-15
	7 to 12

	105
	178
	17
	NC-11
	1 to 5

	106
	178
	2
	NC-11
	6 to 10

	107
	179
	14
	NC-9
	1 to 5

	108
	179
	2
	NC-9
	6 to 10

	109
	180
	18
	NC-7
	1 to 5

	110
	180
	1
	NC-7
	6 to 10

	111
	184
	11
	NC-7
	1 to 5

	112
	184
	2
	NC-7
	6 to 10

	113
	186
	13
	NC-9
	1 to 5

	114
	186
	1
	NC-9
	6 to 10

	115
	187
	15
	NC-11
	1 to 5

	116
	187
	1
	NC-11
	6 to 10

	117
	188
	10
	NC-7
	1 to 5

	118
	188
	1
	NC-7
	6 to 10

	119
	189
	26
	RM-4
	1 to 5

	120
	189
	2
	RM-4
	6 to 10

	121
	190
	15
	RM-1
	1 to 5

	122
	190
	2
	RM-1
	6 to 10

	123
	194
	17
	RM-1
	1 to 5

	124
	194
	2
	RM-1
	6 to 10

	125
	195
	27
	RM-4
	1 to 5

	126
	195
	2
	RM-4
	6 to 10

	127
	196
	10
	NC-7
	1 to 5

	128
	196
	2
	NC-7
	6 to 10

	129
	207
	55
	P-33
	1 to 5

	130
	207
	2
	P-33
	6 to 10

	131
	209
	60
	P-35
	1 to 6

	132
	209
	2
	P-35
	7 to 12

	133
	211
	95
	P-37
	1 to 6

	134
	211
	2
	P-37
	7 to 12

	135
	213
	91
	P-39
	1 to 6

	136
	213
	2
	P-39
	7 to 12

	137
	215
	18
	P-41
	1 to 6

	138
	215
	2
	P-41
	7 to 12

	139
	216
	50
	P-42
	1 to 6

	140
	216
	2
	P-42
	7 to 12

	141
	218
	34
	P-44
	1 to 6

	142
	218
	2
	P-44
	7 to 12

	143
	223
	22
	P-46
	1 to 6

	144
	223
	2
	P-46
	7 to 12

	145
	225
	22
	P-48
	1 to 6

	146
	225
	2
	P-48
	7 to 12

	147
	227
	
	P-50
	1 to 6

	148
	227
	
	P-50
	7 to 12


Figure 1.  All CTD cast locations. 
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Figure 2.  CTD cast locations in the estuary and plume region.
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