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Project Description and Study Objectives
The fall midwater trawl survey (FMWT) produces an index of the relative abundance of young striped bass (Morone saxatilis) as well as other fish to evaluate potential water project effects on their survival.  The sum of the monthly indices is  compared to the Summer Townet abundance index to evaluate survival over the summer. 

The FMWT survey has been conducted every year since 1967 except for 1974 and 1979.  From 1967 to 1977, the survey length was variable, sometimes starting in July or August, but most commonly in September.  Until the 2002 sampling season, the Spring Midwater Trawl Survey (SMWT) was conducted from January through March, to detect delta smelt distribution.  In 2002, the SMWT was discontinued and replaced with the Spring Kodiak Survey.  In January 1970, sampling in San Pablo Bay was increased to 40 stations with every other station being dropped in upstream areas.  In 1973, a data analysis indicated most of the time striped bass were upstream of San Pablo Bay therefore 20 stations were eliminated from San Pablo Bay and sampling was resumed at nearly all sites upstream (except 801, 803, 805).  In 1980, the survey period was shortened from September to December due to variability in abundance indices associated with winter storm events.  We also sampled stations 101-113 and 201-211 in San Francisco Bay until 1978 prior to the San Francisco Bay Study which began in 1980.  The FMWT stations used in calculating the indices have been generally constant since 1980.  In a few years during the 1980's, Delta sampling (stations 812-815 and 900's) was curtailed after the September or October surveys.  

Delta smelt sampling - Additional stations and months were added to more adequately sample the distribution and abundance of delta smelt.  In 1990, four stations were added in the delta to increase sampling for delta smelt (712, 713, 715, and 717).  In 1991, six stations (341, 919, 920, 921, 922, and 923) were added as well as resuming sampling in the spring.  Stations 925 and 926 were added to the survey but dropped soon afterwards because snags in Hog and Sycamore Sloughs prevented towing.  In the fall of 1992, six stations (70, 72, 725, 73, 735, and 74) were added to the survey.  In 1992, a spring survey was added to include January through April for delta smelt excluding most San Pablo Bay stations (stations 305 - 337, 339).  The Napa River stations 338, 340, and 341 are still sampled during this time.  The month of August was added to the survey in 1992 for delta smelt however delta smelt were not large enough to be sampled in August of 1995.  In 2004, two new station numbers were created to replace existing stations that were being sampled downstream of their intended locations.  Station 724 replaced station 725 and station 736 replaced station 74.  In 2009, six stations (723, 719, 797, 796, 795, and 794) were added as an extra sampling effort for delta smelt in the Sacramento Deep Water Channel.  In 2010, six stations were officially added to FMWT, five stations in the Sacramento Deep Water Channel (723, 719, 797, 796, and 795) and one station in Cache Slough (721).   
To evaluate net escapement by delta smelt, an outside smaller mesh was added to the regular FMWT net during Spring 1992 to Fall 1993 for sampling delta smelt stations from September through December and continuously for all other months.

Description of Study Activities
Planning and Scheduling - Generally, the survey starts at the beginning of the month and runs for eight days each month.  The survey starts on the first Monday of the month avoiding holidays and weekends and is finished the following Thursday.  Scheduling of the boat and the boat operator is done during the month prior to the beginning of survey.  Schedules are sent to all parties involved with the program, i.e., boat operators, seasonal aids and supervisors.

Supplies - Very little planning is required.  We need to inventory data forms, sampling nets, buckets, thermometers, secchi discs, electrical conductivity (EC) bottles or meter and measuring boards.  Beginning in spring 1994, a YSI 30 EC meter was purchased to use on the survey.  In 2005, the YSI 30 EC meter was replaced with the YSI 650 MDS display/logger equipped with a 6600 sonde.  

Additional supplies, 2004 to present

The lead biologist maintains the majority of the equipment in the supply cage at CVBDB, Stockton and collects necessary items prior to survey.  The nets, bridles, spectra-line, and feed buckets are housed at Delta base in Antioch.  The lead boat operator is responsible for gearing up the boat prior to the first survey.
Crew – The crew usually consists of a scientific aide, biologist, and boat operator.  Depending on the boat or if high catch is expected, a deckhand may be added to the crew.
Boat Preparation - Nets are rigged, spare nets and equipment are put on board.   The winch is mounted and tested.  The LORAN and fathometer are checked to ensure proper function.

Midwater Trawl Field Activities
Sampling Schedule - The daily order of station sampling is as follows:

         Day     Stations 
1
327, 315, 314, 307, 306, 305, 308, 309, 311, 310, 321, 322, 323, 326

2       328, 334, 335, 329, 325, 336, 337, 339, 338, 340, 341, 401, 404, 403

3       406, 405*, 407, 408, 409, 410, 411*, 412, 413, 501*, 502, 503, 504*, 505

4       414, 415, 416, 417, 418*, 603, 602*, 604, 605, 606*, 601, 802*, 804*

5       515, 516, 517, 518, 519*, 507, 508*, 510, 511, 512, 513*, 608*

6       701, 703, 704*, 705, 706*, 707*, 708, 709, 710, 711*, 713, 715, 716*, 721*

7       806, 807, 808, 809*, 902, 915, 914, 913, 910*, 911, 912*, 909, 906*, 908

8       919*, 920, 921, 922, 923, 903, 815*, 904, 905, 814, 813, 812*, 811, 810

9       717, 72, 724, 73, 735, 736, 712

10     723*, 719*, 797*, 796*, 795*

11 Spare Day       

* Denotes mysid sampling also conducted at station

Personnel and Duties - Three persons are required to do the survey.

Boat operator - usually a person with Mate-Fisheries Vessel classification, who operates the boat, finds the stations, determines current direction and directs fishing operations.

Deckhand No. 1 operates one winch and aids in net retrieval and deployment.

Deckhand No. 2 operates the winch and helps deploy and retrieve the net.  This person should be either a biologist by training or someone with sufficient skills to correctly identify fish.  This person records all measurements and observations.

Station Locations - The locations of stations currently sampled are indicated in “FMWT_Station Descriptions_Contreras”.
Boat Description - 
Additional boat information, 2000 to the present

Since 2000, a number of boats have been used to conduct FMWT.  These include the Little Munson (CF ), the Scrutiny (CF ), and the New Alosa (CF ).  Since 1978, we have also used a General Oceanics flowmeter to measure the velocity of water moving past the boat during a tow.

Equipment
Net Description - The midwater trawl net has been described by Von Geldern (1972).  It has a mouth opening of 12 foot by 12 foot (3.7 m2).  The mouth area is 13.4 m2.  The mesh size decreases from eight inch stretch mesh in the forward panel to half inch mesh at the cod end.  

Volume Sampled by the Net - The San Francisco Bay Study assumes that 0.80 percent of the mouth area is fishing. They assume that the net volume is about 7000 m3 per tow.  We made similar assumptions and calculated a value of 6351 m3 but have made no published account of the data using these assumptions.  We generally have reported data in terms of catch per tow.
Towing Procedures
Setting the Net - The net cod end is tied off using a double loop around the net and a slip knot.  The net is thrown overboard and trails behind boat.  

Procedures, 1995 - Present - With the new winches, some procedures changed in 1995.  Each deckhand now operates one winch and the depressors and hydrofoils are no longer thrown.  The depressors and hydrofoils are brought up to the blocks hanging from the davits and released when the cable is let out.  The mate stops and starts the hydraulics when needed.

The length of cable released is based on a table of depth-cable length values.  If the cable warp to be released is 200 ft, the 200 ft marker bead is stopped at the main block at the stern.  The boat speed is adjusted so that the net is set near or at the bottom and fishing properly.

Procedure Notes, 1998 to the Present
The net should actively fish for 12 minutes; 8 minutes at depth and 4 minutes to retrieve the 100' long bridles.  However, the Alosa’s winch configuration (winch retrieval speed 25 ft/min).  Since the Alosa has been surveyed retrieve the net with a retrieval speed as close to 25ft/min and fish the net as close to the provisions.   

Since the time the net is fishing maybe in doubt flowmeter readings are essential.  Flowmeter data can calculate the volume of water, and the density of fish that has been strained by the net can be determined.  The flowmeter is deployed when the net has been fully deployed and when trawling has begun (the net starts fishing) and is retrieved when the net is roughly 25 feet from stern of the boat (the net stops fishing). 

Retows, 1998 to the Present

If for some reason the net’s mouth is not fully open (ie, the doors become twisted) sample or “retow” that station again.  If more than 20 minutes have elapsed between the beginning of the first tow and the retow, a new set of environmental data is needed.  Do not discard the catch from the first tow.  Although it will not be recorded in the FMWT database, catch of any species of concern must be reported to the Interagency Ecological Program (IEP).  Record all delta smelt (Hypomesus transpacificus), longfin smelt (Spirinchus thaleichthys), splittail (Pogonichthys macrolepidotus), chinook salmon (Oncorhynchus tshawytscha), steelhead (O. mykiss), and striped bass from the first tow.  Make sure to record whether or not salmonids had an adipose fin or not and whether or not they are dead.  On the first tow’s data sheet write “retow” and the reason for the retow and turn the data sheet in with the other data sheets.  

The other reason for a retow is if the cod end cannot be opened.  This includes snagging the net on large objects (logs, chairs, etc) or if the net is filled to the point with mud/peat that the net has to be cut open to examine it.  In these cases, examine catch if possible, retow and send the original data sheet back to Stockton, as above.    

Net Retrieval and Physical Measurements - The deckhand engages the hydraulic system.  While retrieving the net the winch operator adjusts the cables if necessary so that the two sides are retrieved at the same speed.  With the old winches, this was done by disengaging the clutch and applying the brakes as needed but with the new winches, the winches are put in neutral.  After retrieval of 25 ft of cable, the hydraulic system is disengaged until it is time to pull in the next 25 ft.  
The cable angle while fishing is to be maintained as best as possible to assure equal sampling of each stratum of the water column.  We know from extensive bathykymograph sampling that there is a lot of inconsistency in achieving the ideal tow.  Some of the tows in deep water do not sample close to the bottom.

The boat operator checks the angle of declination and if it is incorrect at any time during the tow and the boat speed is adjusted.  For the Alosa when one marker is at the block and a marker that is two markers further along the cable is at the water surface, the angle is correct. 
The boat operator speeds up the engine to raise the net above the surface to help wash down the net.  The net is rapidly brought on board by the boat operator and one deckhand while the other deckhand operates the winch.  With the new winches, the net is brought on board by the two deckhands. 

Secchi readings, 1998 to present
A secchi reading is made, on the shaded side of the boat if possible.  When the white segments on the disk just disappear, the depth from the disk to water surface in cm is noted.  Data for the date, time, survey, station, depth, speed, temperature, secchi depth, cable length, flow meter readings and tide code are recorded on the Field form.
Procedure Changes, 1998 to the Present
The meter is thrown overboard when the net begins fishing and the start time is recorded on the datasheet.  When the flowmeter is pulled back on board the tow has officially ended; record the end time on the data sheet. 

The cod end is untied and the catch is dumped into an aluminum tub containing a small amount of water.  The net is examined for any fish stuck to it and the fish removed.  

The cod end is tied off and the net, hydrofoils and depressors are laid out for the next tow at the next station.  The boat operator checks off the station just completed on the station checklist to ensure all stations are sampled.

Electrical Conductivity (EC) Readings, 2005 to 2006

Starting in 2005, the YSI 30 field EC meter was replaced with an YSI 650 MDS Display/Logger equipped with a 6600 sonde.  In the morning of each survey day, the biologist will need to calibrate the sonde.  First vent the sonde by unscrewing the canister so that only 3 to 4 threads hang on.  Turn on the sonde and allow it to warm-up for approximately five minutes.  First calibrate the atmospheric pressure and then the DO.  Before the tow has begun, a crew member will use the YSI 650 MDS to select the correct file to store the EC information.  The sonde will be deployed over the vessel and a surface EC reading and temperature will be taken when the sensor is within the first foot of water when it has stabilized (~ 1 min.).  The sonde will be let down until it touches the bottom, where the crew member will lift it approximately a foot off the bottom until readings have stabilized and record the  bottom EC reading.  The sonde is then retrieved and wrapped in a wet cloth. 

Microcystis 2007 to present


Microcystis was discovered in the early 2000’s in the San Joaquin River.  Beginning in 2007, microcystis density was recorded based on visual observations taken on the sunny side of the boat at each station.  To ensure that there is no microcystis in the water, the bucket of water obtained for the surface EC is inspected for the presence of microcystis.  In addition, a wave code, weather code, and starting and ending latitude/longitude (recorded with a GPS 76) were also added and recorded.  

Turbidity Meter 2009 to present

Both the surface and bottom water that are collected for the EC readings are used to record turbidity for the surface and bottom water.  A 20 ml plastic syringe (without the needle is used to collect the water and feed it into the vial.  The surface water is sucked into the syringe and is used to rinse the inside of the vial.  The contents within the vial are then poured out and refilled with the remaining water within the bucket.  The outside of the vial is wiped with a chemwipe so no fingerprints or outside precipitation occur.  Additionally, there should be no air bubbles within the vial.  The same procedures are conducted for the bottom water sample collected with the Van Dorn.  If the sample is muddy and the turbidity meter blinks 1000, note “Muddy Sample >1000” as the reading.  
Neomysis Tow Protocol 2009

In conjunction with delta smelt catch, a Neomysis tow was conducted at that same station.  The Neomysis sled was connected to the port side warp and the Neomysis and zooplankton flowmeter were recorded before the start of the tow.  The Neomysis sled was deployed to the proper depth, which was determined by the station depth.  The 10 minute tow schedule (provided by the Zooplankton study) was followed to complete an oblique tow.  Once the tow is completed, the sled is brought back onboard and the Neomysis and zooplankton flowmeter were recorded.  Each net is washed down from the outside of the net so no sample contamination occurs and the contents are collected into a jar.  The jar is disconnected from the net and contents are poured into a quart jar containing 10% rose Bengal formalin solution.  To ensure all content in the collecting jar has been transferred, the collecting jar is submerged in water half way, swirled around, and then the contents are poured into the quart jar.  If any water enters the collecting jar through the mouth top, another sample must be collected.  

Neomysis Protocol 2010

Beginning in 2010, Neomysis tows will be conducted at 31 stations.  The Neomysis sled was connected to the port side warp and the Neomysis and zooplankton flowmeter were recorded before the start of the tow.  The Neomysis sled was deployed to the proper depth, which was determined by the station depth.  The 10 minute tow schedule (provided by the Zooplankton study) was followed to complete an oblique tow.  Once the tow is completed, the sled is brought back onboard and the Neomysis and zooplankton flowmeter were recorded.  Each net is washed down from the outside of the net so no sample contamination occurs and the contents are collected into a jar.  The jar is disconnected from the net and contents are poured into a quart jar containing 10% rose Bengal formalin solution.  To ensure all content in the collecting jar has been transferred, the collecting jar is submerged in water half way, swirled around, and then the contents are poured into the quart jar.  If any water enters the collecting jar through the mouth top, another sample must be collected.  (Please note that only 10 Neomysid tows were collected in 2010 because the sled was lost and there was no back up).  
Processing the Sample
Procedures, 1995-Present
The data form was modified to accommodate changes in the measuring procedures.  After the tow is completed, all striped bass are measured to the nearest mm fork length (FL) and lengths are tallied by the deckhand on the data form.  The total catch of striped bass 0 is recorded in the appropriate column.  Striped bass scales are taken for aging when the length indicates that the striped bass could be either a young-of-the-year or one year old, or one year old or two years old, or two years old or three years old.  Scales are taken from the side of the fish between the lateral line and the first dorsal fin.  The area is scraped or wiped to remove the fish slime then the scales are removed by scraping or plucking and placed in a coin envelope labeled with the date, station, and fish length.  Only six to eight scales need to be taken since reading the age usually requires only three good scales.  

As of 1991, all delta smelt and longfin smelt are measured and counts recorded.  All delta smelt are preserved in whirl packs with tags noting the month, day, year, and station where they were collected.  The fish are placed in jars according to the area (1-17) where they are collected.  All other fish are identified to the lowest possible taxon and a random sample of up to 50 fish from each species is measured to the nearest mm F.L.  If more than one liter of a single fish species is caught, the total volume is measured and 1/4 (for small fish) to one liter (for large fish) subsamples are taken depending on the size of the fish.  From the subsample, 50 fish are selected to be measured as described above and the remainder is counted to determine number per unit volume.  Total catch is calculated as the product of the total volume and number per volume.  

Changes in Sample Processing, 1998 to the Present 

The minimum length requirement (above) is removed; identify/measure all fish that are clearly beyond the larval stage.  Measure all of the following species: striped bass (regardless of age), delta smelt, chinook salmon, and steelhead.  Measure up to 50 of all other fish species.  If striped bass are keyed out as older than 2 years write in the margin “SBIII+” and the fork lengths.  In the margin record the catch of jellyfish and mitten crabs.  After handling mitten crabs it is recommended that personnel wash their hands as mitten crabs in China are a vector for lung flukes (no cases of lung fluke infections have been reported in California as of December, 1998).

Changes in Sample Processing, 2001 to the Present


Beginning in 2001, jellyfish are speciated and enumerated when possible.  Depending on the amount of jellyfish present, it can be possible to count them all.  However, if there is a large catch, “eyeballing” the number is more practical.  It is important that the data recorded reflect the order of magnitude of the jellyfish catch, when an exact number can not be accurately obtained.  As always, the catch should be thoroughly sorted first, separating different species of jellyfish.  Unidentifiable jellyfish can be brought back to the lab preserved in formalin.  

If more fish are captured at a station than can be processed between stations then the contents of the second station are put into buckets containing water until the fish from the first station are completed. All fish are retained in a bucket of water until release when the net is not fishing (to avoid recapture). 

Changes in Sample Processing, 2007 to the Present

All striped bass older than age-2 will be recorded as age-3+ fish.
Changes in Data Recording, 2010 to the Present
On the data sheet, if no fish are caught, but inverts (jellyfish or shrimp) are caught, “No Fish” is written on the datasheet.  If no fish or inverts are caught, “No Catch” is written on the data sheet.  
Laboratory Procedures 

Laboratory Procedures for Delta Smelt

Jars containing smelt are brought into the laboratory and the whirl packs of smelt are rinsed under the hood.  Laboratory personnel process all delta smelt according to diet analysis procedures from one station at the same time.  

Laboratory Processing of Sonde Calibration


The sonde 6600 must be calibrated before each month’s survey.  This involves calibrating pH, turbidity, conductivity, and fluorescence using the Ecowatch program.  You may refer to the YSI Environmental Operations Manuel – Section 5 for information on operation principles in located in FMWT biologist’s shelf.  


Calibration solutions will be ordered by the biologist in charge, when they are running low.  

Laboratory Procedures for Scale Analysis
Scale samples are read by the laboratory assistants on the adult striped bass project using a dissecting microscope.  The age is recorded on the scale envelope and returned to the biologist who notes the fish age on the field sheet.

Changes in Scale Reading, 1998 to the Present
Scale samples which came from striped bass that had their stomachs removed will initially be read by Young Fish Investigations personnel.  This is done in order to expedite correction of the MWT data sheets. 

Data Editing, Storage and Reporting
Editing field sheets prior to Key Entry
A biologist ascertains that all numbers are legible and no stray marks occur.  All date, survey, station, time, speed, depth, cable length, meter readings and tide code fields must be filled.  All temperature, secchi and EC fields should be filled unless data are missing.  All editing is to be done with blue or red pencil to distinguish it from original data.

A biologist ascertains that all EC data have been transcribed correctly from the laboratory computational sheet if this was used.

A biologist ascertains that a catch is legible and the corresponding lengths are on one line.  If more than one line has been used to record lengths then all lengths must be circled and it is made clear (e.g. by an arrow) that the lengths recorded are for one species only.  If any fish not printed on the data sheet already are caught, the biologist must enter the species code from the list.

A biologist ascertains that all tallies of bass by length are properly summed and the number recorded in the catch column opposite their age group.

All forms are photocopied prior to submitting originals for key entry.

In 2008, 32 age-2 striped bass were changed to age-3+ as the fork lengths fell out of the age-2 range.  A new species code (109) was added for age-3+ striped bass.  Prior to 2007 age-3+ striped bass were inconsistently measured and not entered into the database because they were considered bycatch.  
Data Storage Requirements
Prior to 1994, data were key entered by the State Water Resources Control Board Data management section or by U.C. Davis, computer service.  In 1994, a permanent half-time keypunch operator (Diana Jones) was hired by the Bay-Delta Division to key all data.  Data files were typically ASCII and had to be imported into ACCESS.  


Beginning in 2002, data was key-punched (offsite) directly in ACCESS on a monthly basis.  These files are then electronically sent and uploaded into the MWT database. 

File editing - Edit criteria are applied to the files using SAS programs to search for outliers in the data and to check for missing or erroneous values.  Databases are stored in SAS and ASCII formats on site and at the computer analyst work station in Sacramento.  Files are available in ASCII format on the IEP server (c/o Mr. Karl Jacobs, DWR, Central District, Sacramento, California -CALNET 498-0435) Biometrics has developed editing programs and documentation which can be found in the Data Management Protocol for checking error rates.

Data were stored on the Environmental Protection Agency's STORET system at the National Computer System (NCC) until 1989.  The target date for storage is the March following the fall survey.  Following editing, the files are also made available on the IEP server.  

Data Reporting Requirements
Levels of Accuracy and Precision
Temperature - Temperature has been measured with a variety of thermometers.  No "in house" calibration of any of these thermometers has been done.  For the most part we have used Fahrenheit thermometers such as the Cole Parmer Instrument #J-8126-86 with a range of -30( to 120( in 1(F divisions or the Cole Palmer Instrument #J-8119-32 range -50( to 120(F in 2(F divisions.  The YSI 30 meter has an accuracy of + 0.1( C.

EC readings are within + 2 percent of the meter reading on the meter in the laboratory.  The YSI 30 field conductivity meter has an accuracy of + 0.5 percent over the full scale of conductivity measured and automatically adjusts for temperature. 

Secchi - No data on accuracy.

Information Reported
Abundance Index
An abundance index for the population is calculated by the following procedures:
(a)
Catches are summed by area (there are a total of 17 areas) and a mean catch per tow is calculated.

(b)
The mean catch per tow is weighted by the water volume (thousands of acre ft.) for that area.

(c)
The weighted catches are summed over all areas by survey.  This sum is the survey index.

(d)
These data are mostly hand calculated prior to key entry and the data reported as soon as possible to DFG management and staff for use in data analyses. 

Length data collected on striped bass for all years and on other species beginning in 1969 (MWT6994L.ssd) are stored separate from the catch data (MWT6794C.ssd).  Data from the outside net special study are in a separate file.  Length data were collected for striped bass 0 from 1967-1968 but the data are missing.  All monthly index values are rounded to the nearest whole number.
Data Reporting, 1998 to the Present
The striped bass length data from 1967-68 have been recovered.  The SAS data sets are periodically updated and now in “.sd2" format.  The catch and length files indicate the beginning and ending years for that current data set.  For example data set “MWT6798C.sd2" contains catch data from 1967-1998.  The MWT data base is also provided in ACCESS and can be useful for finding quick answers.


The biologist in charge of the MWT shall write a memo monthly to all interested parties concerning the number and age of striped bass which had their stomachs removed for diet analysis.  This memo includes the date, station, geographic area (as determined by the DFG adult striped bass program), fork length and age (0, 1, 2, 3).   
Data Adjustments
Changes in Area Station Groupings - Stations 419, 712, 713, 714, 715, 918 and 919 were dropped from the calculations of the abundance indices in June, 1994 because they were inconsistently sampled throughout the survey.  

Changes in Station Designation - In 1971, the station designation was changed to the current scheme while in previous years data were collected with a different station numbering scheme.

Changes in Station Location – During the 2003 season it was discovered that 2 stations were not being sampled at the locations described in the protocol.  Information was gathered from boat operators familiar with the survey in order to decide whether or not sampling would continue at the existing location, or be moved back to the originally intended locations farther upstream.  Since more years of sampling had been conducted at the current location, it was decided to abandon the original stations, create new numerical designations (724 and 736), and continue sampling in the current locations.  Catch and sample data tables in the Midwater Trawl database have been adjusted to document these changes.  All records associated with station 725 have been changed to 724, and all records associated with station 74 have been changed to 736.  
Changes in Data Recording - From 1967 to 1970, a Hach turbidometer was used to measure turbidity since then a Secchi disk has been used to measure water clarity.  These measurements were converted to estimate Secchi values by a regression relationship of Secchi and turbidity.  The original regression equation used is not available and data for turbidity and Secchi were confounded in the file.  A new algorithm to convert turbidity to estimated Secchi by using records where the two measurements were made simultaneously in the early 1970's.  The best empirical fit to the data was the following relationship:  1/ Secchi (m) = 0.2802+ 0.084 (JTU) -0.000035(JTU)2.  Secchi was estimated from turbidity values for surveys in the period 1967 to 1970. This revised estimated Secchi and turbidity records were put into the file in early November 1997.  

Changes in Data Base Parameters - Variables which have been added or dropped are as follows:

Year

Variable





Added/Dropped
1971

Turbidity





Dropped

1971

Water clarity (Secchi)




Added

1978

Boat speed (Speed)




Added

1978

Time of sampling (Time)



Added

1978

Bottom depth (Depth)




Added

1985

Tidal stage (Tide)




Added

1985

Tow direction (Direction)



Added

1985

Flow meter measurement (Meter_in, Meter_out)
Added

1995 

Bottom EC





Added

1997

Start Time (Beginning of Fishing)


Added

1997

End Time (End of Fishing)



Added

1997

Time of Sampling (Time)



Dropped

2005

Serial Numbers for STRBAS & DELSME

Added

2009

Turbidity





Added
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