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I. 
 History and Background




The Townet Survey (TNS) currently consists of 6 biweekly surveys that sample 32 stations in the San Francisco Estuary with up to three, ten-minute, oblique tows.  The TNS samples from eastern San Pablo Bay to Rio Vista on the Sacramento River and Stockton on the San Joaquin River (Figure 1).  From 1959 to 2002, two to five surveys were completed each year.  In 2003 sampling was standardized to six surveys every year, and was conducted entirely Monday through Friday to improve safety and efficiency by avoiding weekend boaters.

A.
Reasons for the Townet Survey

1.
The TNS was started to evaluate major water diversions in relation to the California fishery for striped bass (Calhoun, 1953). These diversions included:

-
The Tracy Pumping Plant

-
The Feather River Project diversion

-
The Contra Costa (Antioch) Steam Plant

-
The Pittsburg Steam Plant.  

These diversions withdraw water from the principal spawning and nursery areas of striped bass. 

      2.  The TNS has two objectives:

-
To determine if there is a relationship between spawning success of striped bass (as measured by the abundance of age-0 bass) and recruitment to the fishery.

-
To identify environmental factors affecting abundance.

B.  Historic sampling

-    The annual Townet Survey started in 1959. 

-
In 1959 and 1960 only surface tows were made.

-
In 1961 hybrid tows were completed, one surface and two oblique tows to correct 1959-1960 data.

-
In 1962 the field methodology was finalized to three 10-minute oblique tows per station (Chadwick, 1964). 

C.
The Annual Index (38.1-mm)

Initially, an annual index of abundance was developed from the mean abundance of bass during the five-week period when the greatest percentage of the population was 0.7 to 2.0 inches long (Chadwick, 1964).  This approach proved to have serious deficiencies, due to mortality rates commonly over 50% during the two weeks between surveys.  To overcome this, abundance was measured when the fish reached selected mean lengths.  Relative abundance, when the mean length in the population is 38.1 mm (1.5 inches), was selected as the primary measure of survival through the first few months of life (Turner and Chadwick, 1972).

A weighted index was calculated by multiplying the catch at each station (sum of the 2 or 3 tows conducted) by the water volume represented by the station.  These volumes were determined by setting boundaries midway between stations, or at a distance of 2.5 miles from stations on the area’s periphery, and estimating the water volume present at mean half-tide to the nearest 1,000 acre-feet (Chadwick, 1964).

1.
An Index was not calculated for the following years:

a.
1966 - Due to transitioning vessels, from the Striper to the Striper II.

b.
1983 - The index was considered invalid due to high flows which moved fish out of the sampling area.  High fall catches in the Midwater Trawl Survey indicated the Townet index was invalid.

c.
1995 - High outflow and cool temperatures caused a prolonged           spawning period, resulting in recruitment during all five surveys, which kept the mean length below 38.1-mm (Foss and Miller, 1996).

d. 
2002 – Consistently small fish, record low catches, and boat breakdowns kept an index from being calculated.  Ten stations were not sampled during survey 5 due to boat breakdowns; average length of striped bass was greater than 38.1-mm for the sampled stations.  Had all the stations been sampled, an index still may not have been calculated due to the record low catches of fish.  

D.
Management use of TNS information

1.
Indices developed from this survey have played a key role in determining environmental standards for the Delta during spring (State Water Resources Control Board, Water Rights Decision 1485, Exhibit 25).

2.
Listing of delta smelt as Threatened under the State and Federal Endangered Species Acts.

a.
Delta smelt indices were calculated for most years of the survey except three:

i. 1966 - due to transitioning vessels, no sampling conducted.

ii. 1967 and 1968 - delta smelt were not enumerated.

b.
Delta smelt was not a survey target and indices were not calculated when the TNS survey began, so the species was not measured or consistently enumerated until 1973.

II.
Gear Description

The sampling net (Figure 2)
, is attached to a hoop frame and mounted on skis to slide readily along soft bottoms without picking up mud (Calhoun, 1953).   The present net is described as follows by Chadwick (1964):

“The net cone was made of ½ inch stretched mesh #6 medium-laid cotton webbing, and nylon bobbinet with openings of approximately 0.1 inches in diameter (Pattern No. 281, Marion Textiles, Inc., New York).  A 9-foot cone of cotton webbing was attached directly to the frame, and a 7-foot nylon bobbinet cone was sewn to the cotton webbing, so that the cotton webbing formed a 2-foot fyke inside the bobbinet.  The overall length of the net was approximately 14 feet.” 

A.
Changes in the net

1.
After 1970, the ½ inch stretched mesh #6 medium laid cotton webbing, used in the front cone of the net, was no longer available and was replaced with material of the same dimensions made from Nylon.  To determine whether or not the two nettings were comparable in fishing efficiency, 18 paired tows with each material were made in 1969 to evaluate differences in fishing depth, mean size of striped bass catch, and numbers of striped bass caught (see files, TNS 
[image: image1.emf] 

- METHODS - sampling gear).  No statistical differences (t-test) were found between the nets.

2.
In 2002, TNS switched from knotted mesh to knot-less mesh for the townet front-net mesh.  It is not known if this change affected sampling. In 2001, an old knotted mesh townet was used.  In 2002, new nets were made using the knot-less mesh.

3.
A quart jar or other plankton bucket tied in the cod-end is no longer used. Presently the cod-end is tied off to close it.  

a.
About 1968 a 3 or 4 inch diameter plastic pipe was fabricated with some small holes drilled into it and with a 3/8 inch collar or lip which was retained in the net by a hose clamp.  This replaced the glass quart jar (Lee Miller, personal communication).

b.
Sometime in the 1970’s the cod-end was tied off in a manner similar to that used on the Midwater Trawl Survey (Lee Miller, personal communication).

4.
The canvas header was eliminated from the original net, but brought back in 2002.  

B.
Volume Sampled by the Net

1.
The sampling done from 1959-1970 was without a meter to measure flow through the net.  The average volume was based on distance towed and mouth size.  In 1971 the net was metered with a Pygmy flow meter (Kahl Scientific Supply Co.) to estimate volume of water passing through the net.  The average meter revolutions per 10 minute tow was 2254 with standard deviation = 229.  Based on the low variability in meter readings and the small differences in measured standing crops it was decided that measuring water volumes was unnecessary. The average water volume sampled per tow is calculated based on the following data:




Mouth area = 16.01 ft2 (1.49 m2)




Net speed = 2.7 ft/sec (.82 m/sec)




Distance/10 minute tow = 1620 ft (493.8 m)

Volume/10 minute tow = 1620 ft x 16.01 ft2 = 25936 ft3 (735.0 m3) or 25,936 ft3 / 43,560 ft3 per acre ft = 0.595 acre ft




Volume per 3 tows = 3 x .595 = 1.785 acre ft (2204.7m3)

2.  Beginning in 2003 a General Oceanics flow meter was mounted in the mouth of the net to accurately determine the volume of water strained.

C.
Net Efficiency

The only evaluation of net efficiency was done by Chadwick (1964).  He found that the standard 0.1-inch bobbinet net was 100 percent efficient relative to a finer 0.04-inch mesh bobbinet when bass size reached 0.8-inches F.L. (20.3-mm).  The catch of bass >50-mm declines rapidly but the relative contribution of mortality and escapement have never been separated. We assume the gear is reasonably efficient for catching striped bass 20-mm to 50-mm in length.

III.
Description of Activities

A.
Preparations before Sampling

1.  Planning

a.
Historically - The survey was started each season when the mean size of striped bass in the San Joaquin River at Antioch averaged 1.0-inch.  After several years of empirical data we no longer rely on this pre-survey sampling.  From 1998 to 2002, unless the spawning season was unusually advanced due to warmer than normal spring weather, the survey began sampling about the third or fourth week of June.  We relied on the size of bass caught by the State Water Project and Central Valley Project fish facilities and the 20-mm Survey to indicate if early spawning necessitated an earlier start.

b.
Currently - As of 2003, the TNS starts the first or second week of June, running opposite weeks of the 20-mm Survey.

2.
Scheduling of Boats and Operators

a.  Historically - The survey was scheduled for the 5 day time period of least tidal fluctuation (periods of no minus tides).  Hence, the survey was scheduled regardless of holidays or weekends, except when a holiday or weekend might affect our abilities to safely sample in the Delta portion of the survey area (such as the Fourth of July).  Recreational boating can and sometimes does present operational and safety problems.  

b.  Currently – Boat and operator scheduling is done in May or earlier.  Sampling is no longer done on weekends or holidays due to excessive boat traffic making it difficult to sample safely.  Each survey will run Monday through Friday.  Schedules are sent to all involved in the program, including boat operators, scientific aids, supervisors, and game wardens.

3.
Supplies

     See Appendix 2 for a complete list of items needed for the TNS.

     4.  Sample Containers, Sample Preservation and Labeling

a.
Historically - Until 1998, samples of age-0 striped bass for the diet study were preserved in one-quart glass jars using 10% formalin.  Fish were placed in whirl packs by labeled station and then into jars grouped by area.  Whirl packs were perforated prior to field use.  Only 27-36 jars were required for the entire season.  Jars were labeled on the lid with the area designation (plastic tape) and by writing the year and survey number on the lid with wax pencil.  Waterproof labels were placed in the jars.  As of 2000, the striped bass were put in perforated snack-size Ziploc bags by station and tow and placed in gallon jugs.  The lab staff then grouped striped bass by area.  Each station had a designated area (Appendix 7).  These samples were stored in the warehouse.  

b.
Currently - Starting in 2003, striped bass will not be collected for the TNS diet study, although striped bass, delta smelt, threadfin shad, longfin smelt and inland silversides were collected in 2004 for the POD length-weight and diet analyses.

5.
Temporary Help

Since the TNS is biweekly and the season is usually less than three months, one or two scientific aids are transferred from other work or projects rather than hiring new help.

6.
Boat Preparation

a.
Historically - The Striper II was converted from a dual cable trawl mode to a single cable townet mode.  This entailed rotating one of the winches so it was oriented toward the center of the A-frame and moving the block to the center of the A-frame.

b.
Currently - An A-frame is set up on the Scrutiny (a permanent A-frame exists on the Munson) with a block supported from the A-frame.  The net will be placed on the boat, with the cable run through the A-frame, and spooled onto the winch.  All of the survey equipment will be placed on the boat prior to the first survey.

C.
Townet Field Activities

1. Sampling Schedule for the Survey

	Survey Day
	Stations
	Berthing Locations

	1
	809, 902, 915, 918, 914, 910, 912
	Terminous – Tower Park marina

	2
	919, 906, 815, 812, 711, 707, 706, 704
	Antioch

	3
	804, 801, 513, 519, 501, 504
	Antioch

	4
	610, 609, 606, 602, 418, 405
	Martinez

	5
	323, 340, 411, 508, 520
	Antioch


2.
Personnel and Duties

Three persons are required to do the survey.

a.
Boat operator - Usually a person with Mate-Fisheries Vessel classification operates the boat, navigates to the stations (Appendix 1), determines current direction, and directs fishing operations.

b.
Deckhand No.1 - This person should be either a Biologist by training or someone with sufficient skills to correctly identify fish.  This person identifies fish and helps with setting and retrieving the net.  This person is also responsible for the sonde and how to properly use it.

c.
Deckhand No.2 - This person records data and assists with setting and retrieving the net. 

IV.
Vessels

A.
Historically - The Striper II, a 32 foot shallow draft style gill netter, was used from 1967-1997.  The boat was rigged with an A-frame and a heavy-duty winch for retrieving the 200ft. of cable.  The winch was a custom design from the Fabcast Company, Arcata, California.  Before 1995, the winch used was a Model m310CDEE made by Braden Winch Co., Broken Arrow, Oklahoma 74102.  From 1988-1994, a wooden gill net reel was used to spool the cable.

A small block and tackle comprised of 3/8” cable and two 2-inch blocks was used to control the height of the main 6-inch block through which the cable ran when the net was fished.  The block and tackle was suspended from the center of the A-frame at the transom of the boat.  The main block was pulled up to the A-frame when the net was brought aboard and lowered when the net was fished.

To insure consistent sampling efficiency, when the Striper II replaced the Striper, the Striper II engine RPM’s were calibrated to a boat speed of 2.7 ft/sec (.82m/sec), the fishing speed of the Striper.  Since about 1973, cable angle was used rather than RPM as the determinant of proper boat speed.  The angle of deflection of the cable was between 79°-82°.

B.
Currently - The Scrutiny and the Munson have been used since 1997.  The majority of the sampling in 2002 was completed with the SeaArk due to the Scrutiny and the Munson both needing repair. Since 2004, the New Alosa is used when the Scrutiny and Munson are unavailable.  Each boat is rigged with an A-frame and a heavy-duty winch for retrieving the 225 feet of rope used.  The rope is ¼ inch Spectra Line rope marked every 25 feet with nylon flags.  This rope is preferred over the cable due to safety reasons (it does not fray and create “meat hooks”) and it lasts longer.  Each boat has a deck low to the water, covering the out drive.  This makes setting and retrieving the net much easier than the historic procedures on the Striper and Striper II (Figure 3).

V.
Field Procedures

A.
Gathering Physical Data

All physical measurements are taken upon occupying each station, prior to setting the net.


1.  Electrical Conductivity (EC) Measurement procedure:


a. Van Dorn water sampler is lowered to the river bottom to collect water for the      bottom EC measurement.

b. A bucket of surface water is taken.


A YSI Model 30 Electrical Conductivity Meter is used to measure the         salinity and temperature by placing the probe of the meter into the bucket of surface water.  The meter should be set to specific conductance (see YSI Manual).  The values are recorded and then the probe is placed into the bucket that contains the water from the river bottom.

2.
A Secchi disk reading is made.

a.
Taken on the shady side of the boat.

b.
Lowered into the water until the white segments on the disk just disappear.

c.
The depth from the disk to the water surface in cm is noted.

d.
Secchi readings are taken without wearing sunglasses.

e.
Should be taken by the same person over the course of the survey.

3.
The date, time, survey, station, tow number, temperature, top EC reading, Secchi depth, cable length, flow meter readings, and tide code are recorded on the field data sheet (Appendix 4).

B. Setting the Net – The First Tow


The net is towed against the tidal current.  If slack water has occurred, the tow can be made in either direction.

1.
Historically 

a.
The cod-end was tied off using a double loop around the net and a slipknot, and then the net end was thrown over on boat operator’s signal.

b.
The two deckhands lifted the ski frame over the transom making sure the net did not “hang up” on the cross bar at the rear of the net frame. This was done by lowering the rear of the frame.

c.
The net took up the slack in the cable and rode on the skis about 4-5 feet from the stern.

d.
Deckhand #1, whose position was on the starboard side, went aft and operated the winch to let out sufficient cable length for the water depth at the station.  The boat operator communicated the station depth to the winch operator either before the net was put overboard or as the winch operator began to release the cable to fish the net.

e.
Deckhand #2 lowered the main cable block as the winch operator began releasing cable from the winch.  This was done by untying the end of the block and tackle rope which was tied off by two crisscrossed windings on a cleat attached to the A-frame on the starboard side and letting the pull of the cable take the slack out of the block and tackle.  The block and tackle rope was also secured to the cleat at another position on the rope such that after slack was jerked out, the bottom of the main block stopped about 6 inches above the transom.

f.
The winch operator controlled the amount and speed of the cable released by using the brake.  Care was given to keep the cable taught enough, so that the gear did not dive and dig into the bottom. After the correct warp was released, the clutch was engaged, the brake released and the stop watch operator started the stopwatch. If the cable to be released was 200 feet, the 200-ft marker bead was stopped at the main block at the stern. 

2.
Currently 

a.
The cod-end is tied off using a double loop around the net and a slip-knot and thrown over on boat operator’s signal.  The cod end jar is attached to the CB net.  Record Townet and CB zooplankton start meter readings on data sheet.

b.
The net frame is tipped, using the winch, until the drag on the net mesh in the water causes the frame to slide off the deck.

c.
The winch is free-spooled, with the cable tension maintained by periodically braking, to the desired depth (Appendix 3) and the boat is accelerated.

d.
Fish “two beads to the water”.  If beads are placed every 25 feet on the cable, one bead is located at the block and another is at the water with one in the middle, so 50 feet of cable are between the block and the water.  This eliminates the need to use a cable angle indicator.

e.
Start the timer when the desired cable length is reached.

C.
Net Retrieval

1.
Historically

a.
The stop watch operator retrieved the net by turning the hydraulic valve lever which engaged the hydraulic system.  After retrieval of 25 feet of cable the hydraulic system was disengaged until it was time to pull in the next 25 feet. 

b.
The cable angle while fishing was maintained between 79° and 82° to assure equal sampling of each stratum of the water column.

c.
When 50 feet of cable remained out and 30 seconds remained on the stop watch (45 seconds in 1995, because of the faster retrieval time), the final retrieval began.

d.
After 25 feet of cable were retrieved the winch operator, using the block and tackle, raised the main block to the A-frame and secured the rope to the cleat on the A-frame.

e.
The boat operator sped up the engine to raise the net above the surface so it rode on the skis.  This helped to wash fish into the cod-end.  The net was brought on board by both deckhands.

2.
Currently

a.
The hydraulic valve lever is engaged, starting the pull of the net towards the surface.  After retrieval of 25 feet of rope, the hydraulic system is disengaged until it is time to pull in the next 25 feet of rope (Appendix 3).

b.
The rope angle while fishing is to be maintained at 80° (when using the Scrutiny) to assure equal sampling of each stratum of the water column (Russell Gartz, personal communication).

c.
When 75 feet of rope remains out and 30 seconds on the timer, the final retrieval begins.

d.
The boat operator speeds up the engine to raise the net above the surface so it rides on the skis.  This helps to wash down the net.  The net is let down by releasing the winch.  The net is brought on board by both deckhands.  The Townet and CB zooplankton end meter readings are recorded on the data sheet.


e. The cod-end is untied and the catch is dumped into a plastic tub containing        about a quart of water.  The net is turned inside out and any fish stuck to the      net are meticulously picked off the bobbinet by hand and placed in the tub.


f.   The CB net is hosed down with the wash down pump, and the contents are        preserved in a quart jar with 10% formalin and rose Bengal dye.


g. The cod-end is tied off and the tow is repeated in the same manner as                previously described. 

D.
The second tow

1.  The net is re-deployed for the second tow without the CB cod end jar attached (only one CB sample is collected) and after the flow meter count has been obtained for the first tow.


E.
Processing the Sample

1.
After the second tow is under way, all the fish are removed from the water and debris and placed on the measuring board.  All fish are identified to the lowest possible taxon, measured to the nearest mm F.L. and the data recorded on the Striped Bass Townet Survey Field Form (Appendix 4).  Unidentified fish are preserved and later identified in the lab.  All striped bass, delta smelt, splittail, chinook salmon, and steelhead are measured and their lengths recorded on the form.  Fifty lengths are randomly selected and recorded for all other species.  The number of fish caught in excess of 50 are counted, but not measured, and added to the initial 50 and that number is recorded as the catch.

2.
Codes and some symbols for each fish taxon are provided in the field notebook (Appendix 5) as well as identification materials for fishes in the system (see Appendix 6 and Miller and Lea, 1972) 

3.
If more fish are captured in one tow than can be processed between tows or between stations, then the larger fish are processed, and the smaller ones are preserved in a jar labeled with the survey number, date, station, and tow number.  A waterproof paper label inside the jar and a wax pencil label on the jar lid are used to associate fishes with the proper date, station and tow.

4.
Selected species (striped bass, delta smelt, longfin smelt, threadfin shad, and inland silversides) are measured, then placed in perforated Ziploc bags and preserved (10 to a bag).  Fish preserved prior to measurement will be measured later in the lab.  Other species caught are discarded after the sampling is completed at that station.  Other species are collected and preserved as necessary.

F.
Procedures for the Third Tow

After the second tow is completed the same procedures are followed for the third tow.   

1.
Historically - If no striped bass were caught in the first two tows, then the third tow was not made.

2. Currently - Since 1994, if zero fish are caught in the first two tows, then no third tow is made except at station 323 in San Pablo Bay where three tows are always made because of the large water volume represented by that station.

VI. QA/QC Protocol

A.  Beginning in 2002, a field QA/QC protocol was implemented (Appendix 18
), but           discontinued in 2003.  

VII.
Laboratory Procedures

A.
Laboratory Procedures for the TNS Diet Analysis (Appendix 9)

B.
Laboratory Processing of Electrical Conductance (EC) Samples

1.
Lab processing of EC samples has not been necessary since 1994, when we began taking field readings with an YSI portable conductivity meter.  The procedures used prior to 1994 are described on page 54 of the Striped Bass Egg and Larva Survey Protocol (Part I).

C.
Laboratory Processing of Otoliths 1989-1993 (Appendix 10)

VIII.
Data Editing, Storage, and Reporting

A.
Editing Field Sheets Prior to Key Entry 

1.
The Biologist verifies that all numbers are legible and that no stray marks occur.  All date, survey, station, tow, time, depth, cable out, and tide code fields must be filled in.  All temperature, Secchi, and EC fields should be filled unless data are missing.  An explanation should be included for missing data.  All editing is done with blue pencil, dated, and initialed.  Edited data should be crossed out without obscuring original value, never erased.

2.
The Biologist verifies that a catch is matched with a species code and vice versa.

B.
Data Storage Requirements

1.  Data Entry

a.
Historically - Prior to 1994, data were key entered by the State Water Resources Control Board management section or by UC Davis computer service.

b.
Currently - Beginning in 1994, data have been computer entered at Bay Delta by staff in Stockton after each survey.

2.  File Editing

a.
Historically - 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.  Data were corrected and formatted for storage in STORET.  The data from 1959-1987 were rigorously edited (line-by-line) because of problems with its original entry into STORET, and the subsequent loss of the original SAS data used for storage by Ecological Analysts.  The retrieved STORET file had records missing when fish were caught.  Consequently, many records had to be inserted.  However, the error rate for this file was very low as a result of those efforts.  In a sample of 3000 random records checked, only two errors (0.7 percent) were found.  Random samples for error rate determination have not been taken for data collected since 1987.

b.
Currently - Data are edited through Microsoft Access.  The data entry form has validity rules that ensure the data corresponds to certain values when they are entered.  Outliers and missing values are checked for by using queries.

3.  Data Storage

a.
Historically - Data were stored on the IEP server, on an annual basis, in ASCII format with back-up files in SAS format, located at Region 2 and Bay-Delta Division.

b.
Currently - After 1998, data are stored in MS Access and annually updated to the IEP server.

C.
Data Reporting Requirements

1.
Levels of Accuracy and Precision

a.
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 Fahrenheit thermometers have been used, such as the Cole Parmer Instrument #J-8126-86 with a range of -30° to 120° in 1°F divisions, or the Cole Parmer Instrument #J-8119-32 range -50° to 120° in 2°F divisions.  The EC meter was used starting in 1994.  The EC meter is read to the nearest 0.1°C.

b.
EC Meter - 2 percent of the meter reading.

c. Secchi Disk - Measured to the nearest 1 cm.

d. Fish Identification and Length Measurements – Fish are identified to the lowest taxon possible, and measured to the nearest 1 mm fork-length, or total length for species without forked tails.

2.
Information Reported

a.
Abundance Index for Striped Bass - An abundance index for the population is calculated when the mean length of striped bass is estimated to be 38.1-mm.  This index is calculated by the following procedures (an example is shown in Appendix 17):

i.
Catches are summed over the number of tows for each station,

ii.
The sum is multiplied by a weighting factor representing the volume of water (thousands of acre-feet) at that station (Appendix 13).

iii.
The weighted catches are summed over stations by survey (station 340 has been excluded since it was not sampled in all years).  This sum is the survey index.

iv.
The mean F.L. of age-0 bass has been calculated for each survey by spreadsheet since 1994. Prior to 1994, indices and mean lengths were hand calculated prior to key entry.

v.
Survey indices are log-transformed and the 38.1-mm Index is interpolated between the two surveys that “bracket” the average size of 38.1-mm.  This calculation is made for all data combined and is also made separately for station data within the Suisun Bay and Delta sub-areas using the abundance for these areas and the overall mean length.

In accord with the PG&E/DFG agreement, survey results should be reported as soon as possible to PG&E.  DFG management should also be informed of annual index values and distribution information as soon as possible so a press release can be prepared, if deemed necessary.

Because the data have been extensively re-edited we believe there will be minor discrepancies between the manually calculated indices currently in use and the indices that can be generated from the edited database.  A SAS program has been written to check hand calculated indices based on the current Townet database.  Differences in indices have been reconciled through editing of the database and correction of rounding errors of early years.

b.
Abundance Index for Delta Smelt - delta smelt was not a survey target and indices were not originally calculated when the TNS began in 1959.  As a result, delta smelt were not measured prior to 1973.  Because length data were lacking from early years, the delta smelt index is calculated differently than the striped bass index.  The delta smelt index is the mean of the first two survey indices rather than an interpolation requiring knowledge of mean lengths.  The index is calculated by the following procedures:

i.
Catches are summed over the number of tows for each station.

ii.
The sum is multiplied by a weighting factor representing volume of water (thousands of acre-feet) at that station (Appendix 13).

iii.
The weighted catches are summed over stations by survey (station 340 has been excluded since it was not sampled in all years).  This sum is the survey index.

iv.
The survey indices for surveys 1 and 2 are averaged, and that number is the abundance index.

IX.
Data Adjustments

A.
Converting Surface Tows Data to Diagonal Tows Data

During 1959 and 1960, only surface tows were made.  In 1961, Chadwick (1964) made two diagonal tows (the first and the third tows) and one surface tow per station.  Chadwick (1964) developed ratios of diagonal to surface catches for specific stations and station combinations (Appendix 12).  These ratios were applied to all appropriate surface tow data for 1959-61 to make the data comparable to the diagonal tows made in all other years. The data were stored in STORET after these adjustments were made.

B.
Changes in Station Designations

The station numbers were changed in 1970 to conform to station number designations used for the Midwater Trawl Survey.  The STORET river kilometer designation or primary station number is given e.g. LSB5, the current DFG station designation which is TNS501 and the former station identification used prior to 1970 which is TN27A (Appendix 1).  Those stations that were dropped from the survey prior to 1970 retain their original numeric designations e.g. TNS035 = TN35. 

Prior to 1971, bass fork lengths were measured to the nearest 0.1- inch.  Since then they have been measured to the nearest whole mm F.L.  All length data prior to 1971 were converted to mm.

Over the years, changes have occurred in the data collected (Appendices 14 and 15).

C. Evaluation of the depth keeping and water straining properties using the Scrutiny during the 2000 TNS (Appendix 19).  After 1997, a change in boats and equipment was made without an analysis on the performance of the townet while sampling.  Appendix 19 addresses the issue.

REFERENCES

Calhoun, A. J.  1953.  Distribution of striped bass fry in relation to major water diversions. California Fish and Game 39(3): 279-299.

Chadwick, H. K.  1964.  Annual abundance of young striped bass, Roccus saxatilis, in the Sacramento-San Joaquin Delta, California.  California Fish and Game 50(2): 69-113.

Foss, S. F. and L. W. Miller.  1996.  Summer Tow-Net Survey: 1995 Young-of-the-Year Striped Bass Index.  Interagency Ecological Program for the Sacramento-San Joaquin Estuary Newsletter 9(3): 11-15.

Gartz, R.G.  2001.  Department of Fish and Game.  Personal conversation.

Miller, D.J. and R.N. Lea.  1972.  Guide to Coastal Marine Fishes of California.  California Department of Fish and Game Bulletin 157: 1-249. 

Miller, L.W.  2002.  Department of Fish and Game.  Personal communication via electronic mail.

State Water Resources Control Board.  Water Rights Decision 1485, Exhibit 25.

Turner, J.L. and H.K. Chadwick.  1972.  Distribution and Abundance of Young-of-the-Year Striped Bass, Morone saxatilis, in Relation to River Flow in the Sacramento-San Joaquin Estuary.  Transactions of the American Fisheries Society 101(3): 442-452.

2002 STRIPED BASS FOOD HABITS-TOWNET
A.
Laboratory Procedures
1.
Laboratory Procedures for Townet Survey Striped Bass Diet Analysis

a.
Striped bass samples are preserved in formalin in perforated Ziploc snack-size bags by station and tow in gallon jars. Lab staff then groups striped bass by area. These samples are stored in the warehouse.

b.
Process samples one survey and one area at a time.  Use a sign up sheet to keep track of the work (Appendix 8). Compare information from tag in jar to information on lid.  Under the hood, place fish in #50 sieve, retaining preservative.  Rinse fish under a light spray for several minutes and soak if necessary, then transfer to a sorting tray.  Randomly remove fish from tray, one at a time.

c.
Measure the fork length of each fish.  Sort the bass into the following length groups:

  




 < 25 mm F.L.

26 - 49 mm F.L.

> 50 mm F.L.

until there is a maximum of 50 fish per length group and place in 4 oz. wide mouth jars half full of water.  If jars are not analyzed that day, add a small amount of formalin.  If there are less than 50 fish per length group, analyze all fish for that group.  If there are more than 50 fish per length group, analyze the first 50 sorted and preserve the surplus in 4 oz. tall jars labeled with survey #, area, year, “Food Habits”, jar # (1 of 1, 1 of 2, etc.).

  

d.
Measure fork length of fish using the E.R. Bogusch measuring slide or a scientific ruler for fish over 40 mm.  If fork length measurement is impractical due to caudal fin damage, use total length.

e.
The stomach of each fish is removed by dissection and the presence or absence of food recorded.  For bass less than or equal to 15 mm, the intestine is also removed, dissected, and examined.  The number of stomachs examined and the number of empty stomachs should be recorded.  

f.
Food organisms from the stomach (if any) are identified to the lowest possible taxon as listed on the “Striped Bass Townet Food Habits Form” (revised 7/7/98, Appendix 9A).  A description of changes from the original form can be found in Appendix 9B.  To minimize the possibility of counting the same food organism more than once, whole organisms and/or heads only should be counted.  If other body parts are identifiable as distinctly different organisms, they should also be counted.  Mysids, Crangon, Palaemon, Gammarus, and Corophium should be measured from the tip of the head to the beginning to the telson to the nearest 0.5 mm (Figure 2) and measurements recorded on the back of the Food Habits Form.  Total length of larval fish are to be measured to the nearest 0.5 mm and noted on the front of the food habits form.  If organisms are fragmented, eye diameter should be measured to the nearest 0.1 mm.  If neither measurement is possible, record as not measurable (NM).  For unidentifiable mastitis, record as “Other Malacostraca” with a note on data sheet. 
	2003 AREAS FOR FOOD HABITS STUDY
AREAS




TNS STATION
1 



       1                           323, 340, 405, 411, 418, 501

2 



504, 508, 513, 519, 520

3



704, 706

4



707, 711

5



801, 804

6



809

7



812, 815

8                      902, 906, 910, 912, 914,





915, 918, 919

9



602, 606, 609, 610


	


“Striped Bass Townet Food Habits form” (revised 2/7/95) was first used for the 1994 Townet Survey.  This form was revised from “Striped Bass Townet Food Habits form” 2/5/86.  (Appendix 9).  (Other revisions to this form were made in 12/90 and most recently in 7/95.)  Stomach contents are identified to lower taxa on the 1986 form than possible for food analyses recorded on the form used prior to 1985 (see appendix 10).  Taxonomic additions to the 1995 form included Acanthocyclops vernalis, Acanthomysis sp., and Cumacea.  The “total # food items” and “# stomachs with food” columns were removed. As of 7/20/95 the data sheet was revised to reflect the change of Limnoithona tetraspina to Limnoithona spp..  Also added was unidentified cyclopoida and unidentified mysids.

1998 revision: Added a row for unidentified organisms. This was added for stomachs which contain food that is partially or mostly digested beyond the point of recognition. Such a stomach should not be recorded as empty, as was apparently done in the past.
TNSPROTO.WPD

REVISED 7/7/98

2003 Townet Survey Striped Bass Food Habits QC Protocol

One in every 10 fish with food in its stomach will be double-checked by a Supervising Laboratory Assistant or a Senior Laboratory Assistant sufficiently trained in zooplankton identification.

QCs should take place immediately after initial ID, so the IDer may learn what they are misidentifying before they identify more samples.  If the QC cannot take place following the initial ID, then place contents of stomach into a vial and preserve with formalin.  Include all pertinent info on label.  Set up time for a Supervising Laboratory Assistant or Senior Laboratory Assistant to QC the sample.

The QC person looks at the sample and identifies the organisms present and records them on the QC data sheet.  They compare the original data sheet with the QC data sheet, double checking that all the corresponding species counts are correct.  Do not erase the original data, just cross it out.  Make the corrections in blue pencil.
Appendix 2

TOWNET SURVEY EQUIPMENT AND PREPAREDNESS CHECKLIST

1.   Field binder - containing station descriptions, protocol, fish identification keys, fish codes, data sheets, net retrieval timetable.

2.   Timer and one spare.

3.   Fish measuring boards and clipboard. The scale is 0-150 mm.

4.   Shallow plastic pans (gray tubs) and plastic buckets for sorting fish.

5.   Small aquarium size nets for sorting and picking up fish.

6.   Pencils, wax marker, labels.

7.   Gallon preserving jugs with formalin- for unidentified fish and POD work.

8.   Zooplankton quart jars with formalin.  One jar per station.

9.   Secchi disk - with cm scale.

10. YSI model 6600 sonde for water quality measurements. 

11.  Two state vehicles for transporting personnel between boat harbors.

12.  Townet plus a spare net.

13.  Cell phone, marina keys, boat credit card

14. Ziploc snack-size bags.

15. Life jacket – one per person.

16. Spare flow meter.

17. Spare Clarke-Bumpus zooplankton net, flow meter, and plastic housing.

Personal
1.   Sunscreen and personal necessities.

2.   Food and beverages.


Appendix 5
   TOWNET SURVEY TAXONOMIC CATEGORIES FOR CODING OF SPECIES CATCH

FAMILY/SPECIES                         
CODE      SYMBOL
Osmeridae - Smelts
  1

Longfin smelt (Spirinchus thaleichtys)
  2
 LFS

Delta smelt (Hypomesus transpacificus) 
  3
 DS

Wakasagi (Hypomesus nipponensis)
 67
 WK

Clupeidae - Herrings
  4

American shad (Alosa sapidissima)
  5
 AS

Threadfin Shad (Dorosoma petenense)
  6
 TFS

Pacific Herring (Clupea harengus pallasi)
 52
 PH

Ictaluridae - Bullhead andCatfishes
  7

White catfish (Ictalurus catus)
  8
 WCF

Channel catfish (Ictalurus punctatus)
  9
 CCF

Brown bullhead (Ictalurus nebulosus)
 54
 BB

Gobiidae - Gobies
 11


Yellowfin goby (Acanthegobius flavimanus)
 10
 YFG

Tidewater goby (Eucyclogobius newberryi)
 12   
 TWB

Arrow goby (Clevelandia ios)
 13
 AG

Chameleon goby (Tridentiger trigonocephalus)
 58
 CG

Bay (fine scaled) goby (Lepidogobius lepidus)
 59
 BG

Shimofuri goby (Tridentiger bifasciatus)
 66
 SG

Shokihaze goby (Tridentiger barbatus)
 97
 SKG

Tridentiger spp.
 98
 TRI

Engraulidae - Anchovies
Northern anchovy (Engraulis mordax)
 14
 NA

 Salmonidae - Salmon
Chinook salmon (Oncorhynchus tshawytscha)
 15
 CS

Steelhead (Oncorhynchus mykiss)
 55 
 STH

 Percichthydae - Temperate Basses


Striped Bass, age 0
   0
SBO

Striped bass, adult (Morone saxatilis)
 16

Striped bass, age 1>
 17

Striped bass, age 2>
 18

Pleuronectidae - Right-eyed Flounders
Starry flounder (Platichthyes stellatus)
 19
 STF

Gasterosteidae - Sticklebacks
Three-spine stickleback (Gasterosteus aculeatus)
 20
 ST

Acipenseridae - Sturgeons
 21

White sturgeon (Acipenser transmontanus)
 22
 WST

Green sturgeon (Acipenser medirostris)
 23
 GST

FAMILY/SPECIES                         
CODE      SYMBOL 

Cyprinidae - Minnows
 24

Golden shiner (Notemigonus crysoleucas)
 25
 GSH

Common Carp (Cyprinus carpio)
 26
 CP

Goldfish (Carrassius auratus)
 27
 GF

Splittail (Pogonichthys macrolepidotus)
 28
 ST

Hardhead (Mylopharodon conocephalus)
 29
 HH

Sacramento pikeminnow (Ptychocheilus grandis)
 30
 SQ

Hitch (Lavinia exilicauda)
 57
 HIT  

Poeciliidae - Livebearers
Western Mosquitofish (Gambusia affinis)
 31 
 GAM

Atherinidae - Silversides
 32

Topsmelt (Atherinops affinis)
 33
 TSM

Jacksmelt (Atherinops californienis)
 34
 JS

Inland silverside (Menidia audens)
 53
 ISS

Syngnathidae - Pipefish
Bay pipefish (Syngnathus leptorhynchus)
 35

Centrarchidae – Sunfish and Bass
 36

Redear sunfish (Lepomis microlophus)
 56
 RES

Green sunfish (Lepomis cyanellus)
 37
 GSF

Bluegill (Lepomis macrochirus)
 38
 BGS

Largemouth bass (Micropterus salmoides)
 39
 LMB

White crappie (Pomoxis annularis)
 40 
 WC

Black crappie (Pomoxis nigromaculatus)
 41
 BC

Sacramento perch (Archoplites interruptus)
 42
 SP

Percidae - Perches
 43

Bigscale logperch (Percina macrolepida)
 44 
 BLP

Embiotocidae - Surfperches
 45

Tule perch (Hysterocarpus traski)
 46
 TP

Shiner perch (Cymatogaster aggregata)
 47
 SHP

Cottidae - Sculpins
 63

Staghorn sculpin (Leptocottus armatus)
 48
 SSC

Prickly sculpin (Cottus asper)
 49
 PSC

Batrachoididae - Toadfish
Plainfin midshipman (Porichthyes notatus)
 50
 PFM

Sciaenidae - Drums
White croaker (Genyonemus lineatus)
 51 
 WCR

Petromyzontidae - Lampreys
 60

Pacific lamprey (Lamptera tridentata)
 61
 PL

River lamprey (Lamptera ayresi)
 62
 RL

FAMILY/SPECIES                         
CODE      SYMBOL 

Catostomidae - Suckers
Sacramento sucker (Catostomus occidentalis)
 64

Cyprinodontidae - Killifish



Rainwater killifish (Lucania parva)
 65
RK

Unknown

99                UNK 
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