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I. Activities

Objectives of this cruise were:

1. Mooring recovery and deployment at NH-10.

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 and its estuary, the Columbia River plume, and along established sampling lines along the Oregon and Washington coasts.

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

5. Conduct a Feature Tracking exercise using the SWAP system and model-based now-cast/forecast system to follow the Columbia River Plume.
The ship was loaded at the Hatfield Marine Science Center dock in Newport, OR on 31 October 2007, 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.  Dale Hubbard and Wiley Evans set up and monitored this system. When Evans was not on the Wecoma, Dan Murphy monitored the sensors. A buoy was recovered and a new one was deployed, and an anchor and a glider were recovered. Water samples were collected in the Columbia River at Beaver Army dock, in its estuary and plume, and in the Washington and Oregon coastal zone (Lines: NH, SH, CR, CH, LP). Unloading took place on 19 Nov 2007.  

Daily Log:

31-Oct. The ship was loaded at the Hatfield Marine Science Center dock in Newport, OR, and departed the following morning. Scientists on board: Herfort, Murphy, Green, Evans, Hyde and van Matre. Rad van is located on the top deck. Two new sensors were added to the CTD rosette: ISUS and FL-NTU. 
1-Nov. Left Newport dock at 10:00 and had a safety drill soon after.  Sailing to the Columbia River estuary.
2-Nov.  ETM sampling devise is not ready, so instead salinity gradients are done. We collected surface and bottom water samples in the estuary at 5 sites along a salinity transect (water samples at 4 sites). Sample labels started where the CMOP Wecoma August 2007 cruise ended – i.e. # 149. After collecting our final water sample we anchored for the night. Murphy and Herfort are collecting environmental samples while Hyde is collecting RNA/DNA samples (confusion with the fixing buffer for the first few samples). Green is doing BP and flow cytometry samples. Evans is doing CTD and helping with collecting water from CTD. 
3-Nov. We started the Columbia River (CR) line at 07:00. We visited nine stations, and took water samples at four stations (CR-7, CR-15, CR-30, CR-40 with 2-3 depths for each). We completed the final cast at about 16:00 hours.  A doppler survey was then carried on a short line along 46 deg 14’N from water depth 20 m to 150 m. Then sailed to NH-35 to stay on station until the next morning. 
4-Nov. We started the Newport Hydroline (NH) at 07:00. We visited ten stations, and took water samples at four stations (NH-3, 10, 20, 55 with 2-3 depths for each). We found out that the depth limit of the ISUS is 1000m and that of the FL-NTU is 600m. So, Sonya removed the FL-NTU to do a 1000m cast at NH-55 and then she placed it back on to have it for the first cast of the following day. We completed the final cast at about 16:00 hours. Then sailed to SH-100.
5-Nov. We started the Strawberry Hill (SH) line at 07:00. We visited ten stations, and took water samples at three stations (SH-100, SH-50, SH15, with 2 depths for each). Careful, cast 036 was called by mistake SH-20 instead of SH-15 in CTD software. We completed the final cast at about 12:00 hours. Then sailed back to Newport to dock (around 15:00). Ethan van Matre and Nate Hyde got off the ship. Murray Levine informed us that they are having some battery troubles with the new buoy to be deployed. So, Murray will not join the Wecoma on Nov 6 to try to have the buoy working for Nov 9.
6-Nov. Mooring crew got on the Wecoma at 08:30: Risien, Waldorf, Brodersen, Elwood. Left Newport dock at 10:00 and had a safety drill soon after. Sailed to NH-10 and arrived at 11:30.  Buoy and anchor recovery finishes at 14:30. SeaCAT 16 Plus with DO of the recovered buoy is damaged. At about 17:00 the large Anchor has been secured. Transit to NH-10 and stay on station overnight.
7-Nov. 07:00 CTD at NH-10 for the microbiology group (surface & bottom). 07:00 mooring the mooring group CTD on the Wecoma CTD rosette to calibrate the instrument of the mooring group. Stay for 15 min at 4 different depths. Microbiology samples collected at: 07:00, 09:30, 11:00, and 13:00. At 11:00 one of the CTD bottles was lost at sea, fortunately there are spares. Dock in Newport at 16:00 and start unloading the buoy and the large anchor. Risien, Waldorf, Brodersen, Elwood, Evans leave the boat.  Transit to CH-b. Murphy and Herfort are collecting environmental samples while Herfort and Green are collecting RNA/DNA samples. Green is doing BP and flow cytometry samples. 

8-Nov. Cascade Head line: CH-line CH-b, CH-a, CH-20, CH-15, CH-10, CH-5, CH-2, CH-1. Samples for microbiology team collected at CH-b and CH-1. At 12:00 we were contacted by Pete Zerr, who asked if we could recover a lost glider belonging to OSU at NH-20. After discussion, we decided to recover it tomorrow (9 Nov) after Levine’s buoy deployment. Brodersen, who owns the glider, will join the Wecoma tomorrow to advise on glider recovery. Last CTD from CH line done at 14:30. Transit back to Newport. Docked at 17:30. 
9-Nov. Rough weather. At 08:30 Waldorf, Levine, Risien, Brodersen and Evans arrive on board. The plan is to deploy to buoy first and then the glider. Chris Holm came to set up some sensors for the mooring and then left at 10:00.  Buoy deployment was finished at 13:30. Glider was recovered at 15:30. Docking in Newport at 18:30. Waldorf, Levine, Risien, Brodersen and Evans leave the ship.
10-Nov. New science party (Delorenzo, Fortunado, Selby and Frolov) arrives at 14:15. At 14:45 start transit Astoria and soon after did a safety drill. A large storm is coming this afternoon so we are in a hurry to get to the Columbia River estuary. Problem with the rad van, water is linking in from a side opening. Two crew members (Doug Beck and Vince Herzel) fixed this.
11-Nov. First CTD at 07:30. Delorenzo and Fortunado are collecting environmental samples while Selby is collecting RNA/DNA samples. Green is doing BP and flow cytometry samples. Frolov is doing CTD and helping with collecting water from CTD. Because of the strong winds our plans for tomorrow have changed as we cannot do the ETM sampling (too dangerous for Wilkin to bring the equipment on the rubber boat). Due to the weather, we cannot do any up river sampling. Instead we will sample across a salinity gradient in the south channel. 5 CTD done today during slack tide. 15:30 filtration work is finished.
12-Nov. No sampling today because of the storm that makes any operation impossible. ETM sampling has been cancelled because of the storm and the associated power cut at CCC. 

13-Nov.  At 08:00 collect water at Beaver Army Dock. At 09:00 additional sample taken for Holly Simon for Mariya to develop the Microarray protocol: surface sample, all environmental samples collected, 24 Sterivex collected (cast 061, WS # 212). Volume filtered for these 24 Sterivex were not recorded in the lab book but here in the cruise report (from # 1 to # 24): 1660, 1670, 1610, 1700, 1590, 1670, 1840, 1660, 1660, 1710, 1650, 1780, 1710, 1620, 1570, 1680, 1640, 1690, 1670, 1450, 1800, 1390, 1730, 1800 mL. All fixed with RNAlater. At 11:00 CTD was done at a slightly different location (more shallow, 14 m) because the Columbia River bar had just been re-opened and there are several large ships passing by at our original sample location. Last CTD at 12:00 and then heading back to Astoria to pick-up Rathmell and Kalisz before night fall. Rathmell and Kalisz boarding at 15:50. 
14-Nov. Start feature tracking at 24:00, 11 stations done, but not following the timing. Cast 077 surface water was collected for Suzanna Brauer (bottle labeled Plume 2). Bottle stored at 4 0C. Four plume water samples collected for microbiology team (surface and bottom each time). At 11:30 we transited back to the estuary because of the up coming bad weather. Did CTD at 4 stations in the North Channel of the Columbia River estuary during slack tide (NC-1 to NC-4; cast 81 to 84). Cast 081, surface water was collected for Suzanna Brauer (bottle labeled NC-1). Bottle stored at 4 0C. Surface and bottom water was also collected for microbiology team at NC-1 (cast # 81). All 4 sites were characterized by high bottom water salinity. Last CTD was done at 15:00. The wind has increased tremendously since cast 81 and currents have also picked up, so work cannot be continued. Stay overnight in the North Channel. 
15-Nov. Study of limit of salinity intrusion in the south channel. Start sampling at 11:50 during slack tide after an ebb tide. The first CTD (cast 85) off tongue point had much higher surface and bottom salinity values than predicted by the model. Water was collected because bottom water is an old water mass and we might see interesting microbial gene expressed. There is again a problem with the rad van, water is dripping onto the sink from the sealing escape hatch (not were any 3H-Leucine work is carried out). Joanna Green took a wipe test from the water that accumulated in the sink’s rim and the test came up negative. Two crew members (Doug Beck and Jay Jeanbart) then fixed the escape hatch to stop the leak. Second CTD cast (about 2 miles up river from Tongue Point) still had high salinity values (surface 1 PSU, Bottom 15 PSU). Water collected for the microbiology team at surface and bottom. Backscatter sensors show a small peak at the bottom so water also collected for Suzanna Brauer (stored in the fridge). Cast 87, backscatter signal is back down. Probably touched the bottom on the way back up (after water collected), hence the large backscatter signal.  Cast 88 (2 miles further up river) was freshwater throughout so we collected a surface sample. Casts 89 and 90 (15:00 and 15:30) were done at the end of the flood tide. On cast 89, we can see the reminding of the old salt wedge and lower down the new salt wedge. Cast 230 and 231 (1.7 m/0.9 PSU and 13 m/ 16.5 PSU) samples (filter and Sterivex) were collected for testing the chemistry of the ESP (MBARI, Chris Scholing). 70 ml of water was filtered through a membrane filters -25 mm diameter, 0.2 um. 4 and 5 samples were collected for surface and bottom water. 12 Sterivex were used to filter the following volume of water from sample # 1 to # 12: 2090, 2380, 2210, 2075, 2085, 2085, 1935, 1910, 2075, 1935, 2420, 2205 mL. All (filters and Sterivex) placed in liquid nitrogen and then stored at – 80oC (no fixatives).
16- Nov. Crossed the Columbia River bar at 06:00 and started the CO line (skipped CO-01 and CO-02). We did CTD from CO-03 (cast 95) to CO-10 (cast 102). We had some troubles with cast 95 because the CTD program could not automatically register Lat. Long. We continued nonetheless because these coordinate are entered manually for each casts and the bridge record the coordinates. So, from cast 95 on there was no automatic coordinate registrations. We did the Willapa bay line (WB-05, WB-09, WB-14, WB-19, WB-23, WB-30, WB-35). Cast 106, entered on the CTD file WB-23 instead of WB-19. On the way to LaPush line did a CTD at GH-36 (accidentally labeled QR-24 on the computer, cast 110) and QR-24 (cast 111). 

17-Nov. Started at 07:00 LaPush line at the off shore site LP-52, LP-42, LP-32, LP-27, LP-22, LP-17, LP-12, LP-09, LP-06, LP-04. Collected water samples at LP-52 (4 depths: 1000, 500, 200, 2 m), LP-32 (3 depths: 600, 200, 2.7m), LP-17 (surface and bottom, 130 and 2.8 m), LP-06 (surface and bottom: 50 and 2.8 m). Weather is really bad today and CTD are difficult. Then started the Coastal line again (CO-17, CO-16 and CO-15). 
18-Nov. Did CTD for the Grays Harbor line (GH-03, GH-06, GH-10, GH-16, GH-21, GH-26, GH-31). Those were labeled for the CTD GH1 to GH7. Then we did a CTD at CO-11 (labeled CO-X on the CTD), CO-08, CO-04, CO-a (46 11.00N -124 14.00W), CO-b (46 06.70N -124 17.00W), CO-c (46 02.40N -124 23.00). The weather is better today because the wind is less strong. After the last CTD we head back to Newport. 
19-Nov.  Offloaded the ship.

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 5-gal bottles (2 bottles/bottles).  Water for all other parameters are drawn directly off the last two bottles in brown PE bottles.  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:

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 
· 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 
· After filtration, fold filter in half with tweezers and place in a pre-labeled envelope or a piece of pre-ashed aluminium foil.
· Store in freezer in a small Ziploc bag labeled with site and sampling date 

Suspended Particulate Matter (SPM): Collect during river, 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 
Set up/Notes:

· Assemble Geopump with desired number of heads (3)

· Label Sterivex filters by water sample number, sample site ID, date. Number 1 and 2 were always fixed with DEB while 4, 5, 6 and 7 were fixed with RNAlater.
· Rinse tubings with distilled water after filtration.

· Attach Sterivex filters to pipettes and place each into a 1L graduated cylinder.

Procedure

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

· Keep track of the amount of water filtered using graduated cylinder
· 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 tubbings from sample water and allow any water still in the Sterivex to be flushed out.

· Remove Sterivex filters from tubing and if necessary 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) filtered with 0.2um syringe filter
· Cap the top of the Sterivex filter with polycarbonate luer plug or Hemato-Seal Tube Sealing Compound.

· Place the filters in a plastic Ziploc freezer bag labeled with the water sample number, sample site ID, and date and store at -80oC. Place DEB and RNAlater filters in different bags.
Fluorescence In Situ Hybridization (FISH) Protocol 
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)

· Place 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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V. Tables and Figures
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Coastal 
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Plume 
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Samples

River 

Samples

Abbreviation description

NH4 X X X X Ammonia

SRP X X X X Inorganic Dissolved P

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

DOC X X X X Dissolved Organic Carbon

TDN, TDP X X X X Dissolved Nitrogen, Dissolved Phosphorous

SPM X X Suspended Particulate Matter

ChlA X X X X Chlorophyll a

POC, PON X X X X Carbon, Hydrogen, Nitrogen

HPLC pigments X X X X

BP X X X X Bacterial production

Prokaryotic cell abundance X X X X Gluteraldehyde fixed samples

Flow Cytometry X X X X Paraformaldehyde fixed samples

FISH samples X X X X Formalin fixed samples

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

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

Table 1.  Biological and Chemical analyses for water samples



[image: image2.emf]Table 2, station locations 

Columbia River -CR Beaver Army Dock- and coastal lines

Station

Degrees Minutes Degrees Minutes

CR-4 46 10.000 124 4.600

CR-7 46 46.000 124 9.500

CR-10 46 10.000 124 13.100

CR-15 46 10.000 124 20.000

CR-20 46 10.000 124 27.100

CR-25 46 10.000 124 33.400

CR-30 46 10.000 124 40.200

CR-35 46 10.000 124 47.500

CR-40 46 10.000 124 54.600

NH-1 44 39.100 124 6.000

NH-3 44 39.100 124 7.800

NH-5 44 39.100 124 10.600

NH-10 44 39.100 124 17.700

NH-15 44 39.100 124 24.700

NH-20 44 39.100 124 31.700

NH-25 44 39.100 124 39.000

NH-35 44 39.100 124 53.000

NH-45 44 39.100 125 7.000

NH-55 44 39.100 125 22.000

SH-10 44 15.100 124 7.392

SH-15 44 15.100 124 7.645

SH-30 44 15.100 124 8.043

SH-40 44 15.100 124 8.997

SH-50 44 15.100 124 10.120

SH-60 44 15.100 124 13.080

SH-70 44 15.100 124 15.131

SH-80 44 15.100 124 19.658

SH-90 44 15.100 124 23.510

SH-100 44 15.100 124 27.703

CH-b 45 3.000 125 1.183

CH-a 45 3.000 124 42.900

CH-20 45 3.000 124 27.500

CH-15 45 3.000 124 20.500

CH-10 45 3.000 124 14.000

CH-5 45 3.000 124 8.000

CH-2 45 3.000 124 4.500

CH-1 45 3.000 124 2.000

C.R.  46 10.980 123 11.280

Lat. Long.



[image: image3.emf]CO-3 46 13.942 124 10.082

CO-4 46 16.448 124 12.452

CO-5 46 20.139 124 12.543

CO-6 46 22.509 124 11.085

CO-7 46 24.969 124 9.991

CO-8 46 27.657 124 10.173

CO-9 46 30.847 124 10.356

CO-10 46 35.312 124 10.356

CO-11 46 41.145 124 10.128

CO-15 47 7.721 124 16.929

CO-16 47 22.886 124 21.985

CO-17 47 40.241 124 28.896

CO-a 46 11.000 124 14.000

CO-b 46 6.700 124 17.000

CO-c 46 2.400 124 23.000

WB-35 46 40.000 124 53.500

WB-30 46 40.000 124 47.000

WB-23 46 40.000 124 36.500

WB-19 46 40.000 124 30.500

WB-14 46 40.000 124 24.000

WB-9 46 40.000 124 17.500

WB-5 46 40.000 124 11.000

GH-3 47 0.000 124 14.800

GH-6 47 0.000 124 19.200

GH-10 47 0.000 124 25.000

GH-16 47 0.000 124 33.500

GH-21 47 0.000 124 41.700

GH-26 47 0.000 124 48.800

GH-31 47 0.000 124 56.400

GH-36 47 0.000 125 3.700

LP-4 47 55.000 124 44.500

LP-6 47 55.000 124 47.500

LP-9 47 55.000 124 52.500

LP-12 47 55.000 124 57.500

LP-17 47 55.000 125 5.000

LP-22 47 55.000 125 11.500

LP-27 47 55.000 125 18.500

LP-32 47 55.000 125 25.940

LP-42 47 55.000 125 40.820

LP-52 47 55.000 125 55.700


[image: image4.emf]Table 3. Water samples numbers and associated information

date Location WS # cast #  depth  station

02-Nov Estuary South Channel, neap tide 149 1 2 salinity gradient 1

150 1 13 salinity gradient 1

151 2 1.5 salinity gradient 2

152 2 11 salinity gradient 2

153 3 1.5 salinity gradient 3

154 3 11 salinity gradient 3

155 4 1.5 salinity gradient 4

156 4 13 salinity gradient 4

03-Nov Columbia River line 157 6 2 CR-7 S

158 6 55 CR-7 B

159 8 2 CR-15 S

160 8 110 CR-15 B

161 9 50 CR-15 M

162 11 2.5 CR-30 S

163 11 315 CR-30 B

164 12 75 CR-30 M

165 15 2 CR-40 S

166 14 860 CR-40 B

167 14 45 CR-40 M

04-Nov Newport Hydroline 168 17 2 NH-3 S

169 17 46 NH-3 B

170 19 2 NH-10 S

171 19 80 NH-10 B

172 20 20 NH-10 M

173 22 2 NH-20 S

174 22 139 NH-20 B

175 27 2 NH-55 S

176 26 1000 NH-55 B

177 26 500 NH-55 M

05-Nov Strawberry Hill line 178 28 1.8 SH-100 S

179 28 98 SH-100 B

180 33 2 SH-50 S

181 33 49 SH-50 B

182 36 1.3 SH-15 S

183 36 15 SH-15 B

07-Nov Newport Hydroline 184 38 2 NH-10 S

185 38 79 NH-10 B

186 40 2 NH-10 S

187 40 79 NH-10 B

188 42 1.5 NH-10 S

189 42 80 NH-10 B

190 44 2 NH-10 S

191 44 78 NH-10 B


[image: image5.emf]08-Nov Cascade Head line 192 47 2 CH-b S

193 47 1000 CH-b B

194 52 2 CH-1 S

195 52 25 CH-1 B

11-Nov Estuary South Channel, spring tide 196 55 1.9 Gradient-1 S

197 55 15 Gradient-1 B

198 56 2.1 Gradient-2 S

199 56 14 Gradient-2 B

200 57 1.8 Gradient-3 S

201 57 11 Gradient-3 B

202 58 1.8 Gradient S

203 58 14 Gradient B

204 59 1.9 Gradient S

205 59 12 Gradient B

13-Nov Columbia river Beaver Army Dock 206 60 1.9 Beaver-1 S

207 60 21 Beaver-1 B

208 62 1.8 Beaver-2 S

209 62 17.7 Beaver-2 B

210 64 1.9 Beaver-3 S

211 64 20 Beaver-3 B

212 61 1.9 Beaver

14-Nov Plume, spring tide 213 76 2 Plume-1 S

214 76 35 Plume-1 B

215 77 2.9 Plume-2 S

216 77 105 Plume-2 B

217 78 2.7 Plume-3 S

218 78 81 Plume-3 B

219 80 2 Plume-5 S

220 80 25 Plume-5 B

Estuary North Channel, spring tide 221 81 1.7 NC-1 S

222 81 18 NC-1 B

15-Nov Estuary South Channel, spring tide 223 85 1.8 LS-1 S

224 85 19 LS-1 B

225 86 1.8 LS-2 S

226 86 13 LS-2 B

227 87 1.8 LS-3 S

228 87 16 LS-3 B

229 88 1.6 LS-4 S

230 91 1.7 LS-7 S

231 91 13 LS-7 B

17-Nov LaPush line 232 112 500 LP-52 M2

233 112 1000 LP-52 B

234 113 2.3 LP-52 S

235 113 200 LP-52 M

236 115 200 LP-32 M

237 115 600 LP-32 B

238 116 2.7 LP-32 S

239 119 2.8 LP-17 S

240 119 130 LP-17 B

241 122 2.8 LP-6 S

242 122 50 LP-6 B


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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