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I. Project Description and Study Objectives

The striped bass egg and larva survey (ELS) was designed to learn more about the spatial-temporal distribution of striped bass eggs and larvae and to determine and describe the factors that affect their distribution, abundance, growth, diet, and mortality.

The overall goal is to better understand the environment of the early life stages of striped bass so that, where possible, the estuarine ecosystem can be managed to minimize the impacts of water development and entrainment on striped bass and other species in the Sacramento-San Joaquin Estuary.

Beginning in 1992, the project design will be modified to coordinate with the delta smelt survey.  The design and goal will be for the same purposes as stated above.

II. Description of Study Activities

A. Preparations Before Sampling
1. Planning:

Decisions to proceed with the survey must be made early.  Past years analyses, suitability of the water year, current funding levels, and program priorities are evaluated by supervisors and management so that a decision to proceed can be made by December 1 of the preceding year.  The initiation of hiring, study plan preparation, coordination of sampling schedules, procurement of supplies, boat contracts and boat scheduling all requires adequate lead times.

The information which needs to be collected (see table 1) along with the following considerations must be included in writing the study plan; 1) the level of taxonomic identification presently needed, 2) information missing from the present data base, such as vertical and horizontal distribution or school size, and 3) sample quality such as preservation type and effects as well as sorting and identification quality.

A general calendar for a sampling season should be prepared so that the time line of activities can be laid out and followed.  The planning year starts in November of the preceding year and goes to October of the sampling year (Table 2).

Table 1.  List of information collected and used by the striped bass E&L survey
Biological variables

Species of fish larvae - level of taxonomic specificity has varied from year to year.  Usually more detail has resulted during the progression of the years.

Zooplankton species - level of taxonomic specificity has varied in a manner similar to the fish larvae.

Diet items - this has usually closely paralleled the identification of zooplankton as they are the primary constituents of the diet.

Larva Age - otoliths are removed from a subset of the sampled population to determine the age structure of the population.  Care must be taken in selecting the fish to be aged.  Hatchery validation of ring counts is also essential to the process.

Physical variables

Electrical conductivity - indicator of salinity

top - measured all years of the survey

bottom - measured since 1988

Secchi - indication of transparency

Tide - high, low, and two slacks.  Based on the currents rather than the actual tide height.

Date - this is recorded in the data files in a variety of ways including month, day, year, survey, and julday (which is day of the year essentially)

Time of day - time at which sample collection is initiated

Water depth - this was initiated in 1991 to determine what staging pattern was used for the oblique tow.

Delta flows - this is data extracted from the DWR dayflow files and tracks movement of water in the various channels of the delta

Table 2.  Schedule for Work Associated with An Individual Sampling Season.

November

Write Study Plan

Initiate Boat Contract Procedure (if necessary)

Determine total number of sampling dates and samples

December

Identify needed boat maintenance and schedule for completion

Design quality control for the lab and field

Design seasonal education program

Get lab safety course together

Plan boat operator training

Send out fliers for seasonal employees

January

Update data sheets

Put together packet of data changes for data processing

Make equipment list

Purchase supplies

Evaluate buffering procedures

February

Hire seasonal aids

Train seasonal aids and boat operators

Initiate field sampling

March

Determine if sufficient seasonal help

Biologist ride along on all field runs to ensure proper procedures

Start zooplankton identification

April

Identification of samples should be started if possible

Start sampling spawning areas every other day if egg abundance is being assessed

Arrange for hatchery fish from the Central Valley Hatchery.

May

Continue sampling

Obtain hatchery fish for ageing validation

June

Quality control checks of identification must be started by now.

Townet fish will arrive in lab for otoliths

Processing of otoliths should be started as soon as possible

July

Finish field sampling

Edit field and EC data and send them to keypunch

Send data change packet to Biometrics

August

Finish sorting

Measure and count amphipods

Finish otolith analysis and zooplankton identification

Edit data sheets and send to keypunch

September

Finish identification of fish larva

Edit data sheets and send to keypunch

Start diet analysis

Edit data files after keypunch

October

Finish amphipod and diet data

Edit data sheets and send to keypunch

Finalize larva, zooplankton, and otolith data files and summarize data

Write basic report on the years sampling

Evaluate egg quality

In 1991 the project began treating delta smelt in a similar way to the striped bass.  This means that food, lengths, and age data collection from delta smelt larvae began at that point.  This work is coordinated with the delta smelt survey.

2. Scheduling of boats and boat operators:

This is done after program objectives and the study plan are clearly defined. Annual program plans should be outlined and reviewed by December 1 of the preceding year.

If contract boats are required, advertisement in the State Contract Register should be done by November 15 of the preceding year, to assure adequate time for bidding and contract preparations. Advertising does not obligate us in any way should the studies be canceled.

3. Supplies:

 (a) Check equipment inventory, order or fabricate replacement or backup equipment such as winches, nets, net frames, meters, etc. This should be done by January 1.

 (b) Order necessary supplies based on our check lists of required supplies.

4. Temporary Help:

Develop job descriptions and conduct interviews for hiring temporary help and make hiring commitment for adequate staff levels. This process should be initiated about December 15 of the preceding year with job notices sent to schools, Employment Development Departments and other sources of applicants.

5. Boat Preparations:

 (a) Maintenance should be done over winter and early spring.

 (b) Installation of wash down pumps, A-frames, winches etc. should be completed by February 12 on all boats. This work needs to be outlined to the shop person involved by November 1 of the preceding year.

  (c).  Boat operations training. Before the surveys begin, seasonal aids who operate boats should be trained to operate the boats in a safe manner by the Fisheries Habitat Supervisor, or a Mate, Fisheries vessel. In the past, such training has been informal, minimal and could be improved upon. It would be desirable to have all boats operated by permanent, trained operators.

6. In Situ Instrumentation:

None is used. EC samples are brought back to the laboratory for processing.

7. Sample Containers:

Samples of eggs and larvae generally are preserved in 1 quart glass jars.  If large amounts of algae or detritus are sampled, then one gallon plastic jars are used.  CB net samples are preserved in 1 quart glass jars.  Zooplankton pump samples are preserved in ½ gallon plastic jugs.  About 3500 quart glass jars are required when a full series of stations are sampled.  Small vials (24 and 33 ml) are used to store the organisms once they have been sorted out of the sample.  At least three vials are needed for each sample collected and the average used is probably close to five due to zooplankton and amphipods.

8. Sample Preservation:

Sample jars for fish and for zooplankton net samples are filled with 95 ml of preservative at least one day prior to going in the field.  Rose Bengal dye is added to the solution to stain organisms and aid in the sorting and identification of fish eggs and larvae.  Samples used in age determination of striped bass larvae are preserved in 95% ethanol.  This is added to the sample in the field.  For zooplankton pump samples 95 ml of full strength formaldehyde is used per ½ gallon sample jug.

For fish samples a five percent buffered formalin solution is used. This is achieved by filling the sample jar 1/20 full using full strength formaldehyde buffered with sodium borate. The buffering is done by adding 8 teaspoons of sodium borate to ½ gallon full strength formaldehyde.  In 1989 this buffering procedure was changed to adding sodium borate until the pH of the full strength formalin is at 7.  Litmus paper is used to determine the pH.  Samples from which the eggs were to be used for egg quality analysis in 1990 and 1991, were not buffered.

In 1992 a new preservative will be used in storage vials.  The recipe is as follows:

 0.5 ml propylene phenoxetol

 5.0 ml 40% formaldehyde

 4.5 ml propylene glycol

 2.0 ml sodium glycerophosphate

88.0 ml distilled water

9. Labeling Procedures:

Prior to sampling, a wax crayon is used to label the lid of the first jar used with the date, preservation type, sample type, and station. Additional jars per samples, if required, are labeled in the field and each jar number is indicated. For example, if two jars are required, the first jar is labeled 1 of 2, the second 2 of 2.

A waterproof label is also included inside the jar with the same information.

We intend to use preprinted pressure sensitive labels in the future since writing with wax is difficult under wet conditions and it is difficult to clean the jars. Previously we used solvents such as xylene. This is now considered to be an unsafe practice.

10. Data Sheets:

a. Field data form is the "Striped Bass Egg and Larva Field Sheet" revised 3/23/88 .  A sample is included for the Suisun-Grizzly boat run for 1988.

b. Electrical conductivity data form is the "Striped Bass E&L Survey Electrical Conductivity Data Sheet" revised 10/09/90 .

c. Fish data determined in the lab from samples is recorded on the "Striped Bass E&L Survey Lab Data Sheet" revised 3/91.  Striped bass lengths are also recorded initially on a tally sheet.

d. Zooplankton data are recorded on the form "Egg and Larva Survey Zooplankton Data" revised 8/89.

e. Striped bass diet data are recorded on the following forms;

"Striped Bass Larval Food Habits - Tally Sheet"

"Striped Bass Larval Food Habits - Summary Form"

"Striped Bass Townet Food Habits - Tally Sheet"

"Striped Bass Townet Food Habits - Summary Form"

These were revised 10/90.

f. Age data from striped bass is recorded on the following forms;

"Striped Bass Otolith Data for ELS - 1991"

"Striped Bass Otolith Data for TNS - 1991"

These were revised 1/91.

g. Egg quality data for striped bass is recorded on the following forms;

"Egg Quality Data Sheet - Diameter Measurements"

"Egg Quality Data Sheet - Weights and Quality Control"

These were revised 10/91.

h. Amphipod data is recorded on the form "Amphipod Lab Data -Striped Bass Egg and Larva Survey" revised 10/90.

I. Quality control data in the lab is recorded on the following forms;

"Striped Bass E&L Survey - Lab Counting Quality Control Data Sheet"

"Striped Bass E&L Survey - Striped Bass Measurement Quality Control Data Sheet"

There are a number of additional data sheets that have not been finalized but are being used in the lab.  They provide the following information; 1) quality control data on sorting, 2) listing of samples identified by an individual in the order that they were identified, and 3) Lab sheet that is used to keep track of samples to determine if they have been sorted and identified.

B. Egg and Larva Survey Field Activities
Field sampling consists of measuring environmental parameters: electrical conductivity, water temperature, water transparency; collecting ichthyoplankton in nets, zooplankton in nets and pumps, and phytoplankton in a pumped water sample which is filtered for measures of chlorophyll a and pheophytin (Discontinued since 1988).

1. Sample Schedule
Prior to 1984, surveys were made every second day but since 1984 they have been run every fourth day except during spawning when sampling is still at 2-day intervals. The Sacramento River above Rio Vista and the San Joaquin River are usually sampled every second day until spawning ceases. The Sacramento sampling usually has started May 2 but because we missed early spawning there in 1986, we decided to start sampling earlier. In 1988, we initiated sampling April 12 in the estuary, and April 24 in the Sacramento River above Rio Vista. In 1991, we initiated sampling on April 4 because some of the early spawning had still been missed. Also, in 1991 the Delta Smelt Project was initiated, and larval smelt sampling was included with the striped bass egg and larval surveys. Due to the early spawning of delta smelt, surveys started at the beginning of February. Added sampling stations located in the vicinity of delta smelt spawning areas were stations 715 and 716 in Cache Slough. 

July 9 or 13 is the last date for larval sampling. In 1992, sampling was conducted every fourth day from February 12 to the beginning of April (exact date varied with boat run). Sampling was conducted every 2nd day from April to beginning of June when sampling frequency returned to every fourth day. In 1993, sampling frequency will only be conducted every fourth day for the entire season due to problems with processing the large number of samples (2900 samples). The Grizzly/Honker/Suisun/Montezuma sampling stations were added in 1993 due to high water flows. Also, the vicinity of North Bay Aqueduct in Barker Slough was sampled in 1993 in order to determine effects from water exports on larval delta smelt and striped bass.

2. Station Locations:

 Figure 1 shows the stations sampled in 1993 and other stations that were sampled in other years. Each station, its latitude and longitude, is available from the GIS files on the GIS work station and the Principle Investigator’s computer.  

3. Description of Boats Used for Each Station Group:

(a) Suisun Bay channel stations (boat 2). This run has consisted of stations 5-32, 65, 66 in years of low flow or stations 1-32, 65, 66 in average or high flow years. This run requires a 30 ft or larger boat that is fast and can handle rough water. The 32 ft DFG vessel Alosa has been used, but since 1984 we have used boats under contract. Two identical 38 ft vessels used under contract, the Midnight Express and Nanna Jennie, were ideal for this survey being stable and fast with ample work space on deck.  In 1988 the contract boat changed to the Dominique Marie which is similar in size to the preceding contract boats.

(b) Grizzly/Honker/Suisun/Montezuma (boat 6). In some moderate flow years we sample stations 63, 64, 67, 68, 515, 606-611. In high flow years, stations 401,403, 407 in Carquinez Straits and 414, 416 in Suisun Bay are added and stations 606-611 in Montezuma Slough are deleted.  These stations were not sampled in 1988-92 due to extremely low outflows. All stations including Montezuma Slough were sampled in the high flow year of 1993. A 25-35 foot boat is desirable for this run though smaller boats have been used occasionally. The Minnow was used in 1988.

(c)  San Joaquin River stations (boat 1). This run has consisted of stations 33-61, 906, 909. A 
smaller boat of 21-30 ft. can be used for this run, though a large boat can also be used. We have used DFG boats Minnow (26 ft) and Delta smelt (21 ft, also called the Monark) for this station group. Station 909 has been discontinued.

(d) Sacramento River stations (Boat 3, 4, and 7). This run has consisted of stations 70-74 and 745-825. Two fast smaller skiffs (19-23 ft) are required for these runs (two segments). In prior years (boat 3), the Crago (23 ft) has been utilized. A newly acquired skiff, the Grady White was used in 1993. The upper reach above Freeport (boat 4)has shallow bars requiring a shallow draft boat. The Delta smelt (Monarch) was used for the upper reach from 1989 to 1994. Stations sampled in these reaches has varied in recent years due to changing project priorities. Since 1992 (boat 3), stations 70-74 and 712-716 have been sampled for the lower reach with further additions of stations 718-721 in 1993. Stations 718-721 were samples every 2nd day, and sampled by boat 7 on the off days of boat 3.   Stations 745-80 (boat 4) were sampled in 1992, with the addition of station 761 in 1993.

(e)  Mokelumne River Stations (boat 5) This run has consisted of stations 26, 46, and 903-
940 . These sampling stations were established in 1992 in order to cover the entire spawning range of delta smelt. A smaller skiff (19-23 ft) is recommended. In 1992, the Crago (23 ft) was utilized, while the Grady White (22 ft) was used in 1993. In 1993, station 940 was added in Lower Georgiana Slough.

d)  Ethanol stations (boat 8). A separate boat run was utilized to collect samples in ethanol 
for otolith analysis between 1984-89. In 1990-93, ethanol sampling was combined with the regular ELS Survey and samples from the following station were preserved in ethanol; station 7, 11, 15, 19, 23, 27, 32, 33, 37, 41, 45, 49, 53, 57, 72, 70, 73, 74, 713, 716, 

4. Equipment:

    a. Original ELS equipment check list (example from 1992 is present in Table 3).

- Net frame with E&L net and center mounted meter and QC meter (collecting jar at cod end), CB net and meter (w/collecting tube).

- Spare E&L net.

- Spare CB net.

- Buckets (2).

- Fahrenheit thermometers.

- Secchi disc with CM scale.

- Winch filled with 200 ft. 3/16 inch wire rope marked in 10' ft.

- Segments with NICO beads and spare marked cable and attachments.

- Charts with sampling locations marked.

- Tow schedule for net retrieval.

- Timer and spare for timing tows.

- Collection jug and jars.

- Data forms, wet labels, pencils, marking pencils.

- Angle indicator for checking cable angle.

- Fathometer on boat.

- Tools for repairs and adjustments.

- Lazy line and buoy.

- Extra floats for marking lost sleds or other needs.

- Tap water for maintenance of fluid levels in flow meters.

b. Equipment required for Clorophyll collection (used for years 1984-1986, 1988)

- Chlorophyll filter set-up.

(1) storage box

(1) vacuum pump

(1) glass fiber filters

- (~100), coin envelopes (~100), volumetric flasks (2), and filter forceps (2).

- Insulated styrofoam container for dry ice.

- Wash bottle filled with MgC03 suspension.

- Extra MgC03 solution in a ½ gallon jug.

- Distilled water in wash bottle for rinsing chlorophyll samples.

- Stopwatches for timing pump samples.

Table 3.  Example of  Striped Bass Egg and Larva Survey Boat Equipment List from 1992
Boat
E&L Net Frame



2 E&L Nets

2 CB Nets




2 General Oceanics Flowmeters

E&L Collection Jar



CB Collection Jar

2 Collection Jar Holders


Hose Clamps

Lazy line (70 ft)



2 Buckets

Miller Swivel on Net Frame Bridle

Snatch Block with Safety Cable

2 Tow Cables with Marker Beads

Jug of Extra Formalin

Jug of Extra Ethanol



Ethanol Pouring Box

Wash down Hoses



Weight for Intake Hose

Secchi Disc




EC Bottle Set

First Aid Kit

Boat Box
3-ring Field Binder



Clipboard

Station Charts



Wax Pencil

Data Sheets



Pencil

Tow Schedule



Pencil Sharpener

Waterproof Paper

Rubber Bands




2 Timers

Plastic Tape




Gloves for chemical handling

Rags





Pipe Cleaners

Zip-loc Bags




Boat Thermometer

Hand Thermometer



Fuses (20 mA)

Spare Wash down Pump


Extra Impellers / Wash down Pumps

Extra Hose Washers



Squirt bottle (H2O)

Squirt Bottle (Ethanol)


Spare EC Bottle Set

2 Spare E&L Collection Jars


2 Spare CB Collection Jars

Cable Angle Gauge



6 Gallon Sample Jars

Spare Crate of Quart Sample Jars

Jug of Distilled Water

Van Dorn Water Sampler


Spare Van Dorn Cups

Sample Jar Lids with Holes


Needle and Thread for Net Repair

Windex




Toilet Paper

Winch Control



Spare Oceanic Flowmeter

Apron





Safety Glasses

Tool Box
Cable Cutters





Crimper

Cresent Wrench




Open-end Wrench Set

Large and Small Screwdriver



Tweezers

Cable Sleeves (large and small)


Shackles (large and small)

Hose Clamps (3 sizes)



Extra Wire

b. Sampling Gear
(l) ELS Net, Frame and Meters.

The egg and larva nets that have been used are described in Miller (1977). From 1967 to 1973 930 um mesh netting was used, but since 1975, either 500 um or 505 um, NITEX netting has been used. The current egg and larva nets used since 1975 are a cylinder cone design which minimizes clogging. Over the years nets have varied slightly in dimensions. In 1987, an inventory of all nets fabricated over the years revealed efficiencies (mouth area: net area) that ranged from 4.19 to 5.00. Since 1987 we have attempted to standardize all nets built with the specifications outlined in Figure 2. However, since each net is individually fabricated some variation in dimensions is expected.

Before 1991 the cod end sampler of the net consisted of a screened plastic quart jar which screws into a standard canning jar ring mounted inside a reinforcing galvanized outer ring. The canning jar ring is sealed into the outer ring with a fiberglass resin product called Resin Gel, made by BONDO and purchased from Grand Auto. The ring is mounted in the canvas cod end of the net using a stainless steel hose clamp. In 1991 a new plastic cod end connector which has a larger diameter and more threads was put into use on the San Joaquin River and Suisun Bay runs. New nets were built for the connectors that were identical to previous nets except that the cod end was larger to accept the new connector. Quart plastic jars with the appropriate mouth size were made into cod end jars as specified below. This new cod end arrangement was used on all runs in 1992 and 1993. A larger more solid plastic gallon jar was used in 1994.

The quart jar has a 7 cm by 8 cm outlet port screened with 470 um mesh stainless steel bolting cloth which is attached to the jar by heating the plastic with a soldering iron and imbedding the screening in the plastic by applying pressure.

The ELS net frame dimensions are shown in Figure 3. The net frame is constructed of ½ inch steel pipe and 5 inch x 14 gauge sheet steel. Weights are added on the front half of the skis such that the overall weight is 18.6 kg (41 pounds). The meters used for measuring water volumes during sampling years prior to 1975 were Pygmy flow meters manufactured by Kahl Scientific, El Cajon, California. From 1975 to the present we have used digital flow meters, Model 2030, manufactured by General Oceanics, Miami, Florida.

There are 2 E&L meters on each net frame. One meter is center mounted in the net mouth using 1/8" stranded stainless steel cable fastened with miniature niccopress sleeve clamps from each side of the net frame. This meter measures the volume of water passing through the net. Beginning in 1988, a second meter, mounted outside the net, has been used for quality control. This meter is suspended inside a 12 cm diameter ring mounted about 4 cm from the side of the net frame. The difference in the number of revolutions for the net meter and the QC meter indicates the extent of net clogging during each tow. Difficulties using the QC meters has resulted in discontinuing their use in 1990. Efforts to develop a more effective QC meter arrangement would be very worthwhile. Meters are calibrated at the end of the field season to check their accuracy. Since 1990, only the center meter has been utilized.

Meter readings obtained for each meter are examined periodically both in the field and in the office to determine if values are within acceptable ranges of 10,000 to 30,000. Values out of range indicate incorrect field procedures or a malfunctioning meter. Back up meters are substituted when meter malfunction occurs. If poor field procedures are the cause, additional training is done. If a meter is found to have malfunctioned during the survey, it is possible to make adjustments to the data for each date and station that malfunctioning occurred because we have records of the meters used on each run.  Data are corrected by using an average water volume based on similar sampling conditions to replace faulty values.

(2) Zooplankton Net Sampler
A modified zooplankton sampler was designed and fabricated in 1984 because Clark-Bumpus meters could not be obtained within the required time frame. We used a #10 mesh Clark-Bumpus net attached to a 19 cm long clear plastic tube 12 cm in diameter. A 2.5 cm wide band of reinforcing plastic, the thickness of the tube, was glued on the front and back edges of the cylinder to aid in securing the net to the tube and the tube to a mounting bracket. The mounting bracket is made from a 2.5 cm x 15 cm section of channel steel welded to the top of a 3/4 inch cable clamp with the channel side up. This bracket attaches the sampler to the top of the EL net frame.

A digital flowmeter (General Oceanics, Model 2030) mounted in the center of the tube measures flow through the net. The mounting bracket is made of a flat one inch wide piece of bronze-copper metal sheet. The copper sheet sufficiently wraps around the meter so that the meter mounting pin can be inserted to secure the meter to the sheet metal. The copper bracket and meter are secured to the sides of the plastic tube with 3/4 inch bolts (Figure 4).

(3) Zooplankton Pump Sampler
A pump is used to sample small rotifers and nauplii (<0.5 mm). The zooplankton pump is a 12 volt, 1/12 h.p. marine utility pump (Teel, Model lP580D) with a 0.29 cm diameter, 15.2 m long hose. Zooplankton pump sampling was discontinued since 1988.

5. Towing Procedures
Ten minute tows are made unless serious net clogging by algae occurs, in which case tow duration is reduced to 5 minutes or 2.5 minutes. One stepped diagonal tow from bottom to surface is made at each station. The amount of cable released and the frequency of 10 foot retrievals to apportion equal sampling effort at each depth is shown in Table 4. 

Table 4. STRIPED BASS EGG AND LARVAL SURVEY - TOWING SCHEDULE

Station 
 Cable 
     Timer

 Depth 
Length 
    Readings

 (ft)
 (ft)
(Minutes, Seconds) for Retrieval of 10' Cable Segments for a 10 Minute Tow. Cable amounts remaining after each 




retrieval are in Parenthesis.

5
15
5:00
0:0

(5)
(0)

10
30
6:40
3:20
0:00

(20)
(10)
(0)

15
45
7:30
5:00
2:30
0:00

(35)
(25)
(15)
(0)

20
60
8:10
6:40
5:00
3:20
1:40
0:00

(50)
(40)
(30)
(20)
(10)
(0)

25
80
8:45
7:30
6:15
5:00
3:45
2:30
1:15
0:00

(70)
(60)
(50)
(40)
(30)
(20)
(10)
(0)

30
95
8:56
7:49
67:42
5:35
4:28
3:21
2:14
1:07
0:00

(85)
(75)
(65)
(55)
(45)
(35)
(25)
(15)
(0)

35
110
9:10
8:15
7:20
6:25
5:30
4:35
3:40
2:45
1:50
0:55
0:00

(100)
(90)
(80)
(70)
(60)
(50)
(40)
(30)
(20)
(10)
(0)

40
125
9:10
8:20
7:30
6:40
5:50
5:00
4:10
3:20
2:30
1:40
0:50
0:00

(115)
(105)
(95)
(85)
(75)
(65)
(55)
(45)
(35)
(25)
(15)
(0)

Tows are always made in an upstream direction, the usual orientation for each run. If the boats' run is downstream, as has occurred on alternate runs for the Sacramento River, then the tows are made against the current in an upstream direction. Towing speeds of the boats are adjusted to maintain a proper cable angle of 71 degrees. This results in a speed of about 1 m per sec. The tow should start as close to the bottom as possible since striped bass egg and larvae are demersal.

6. Duties of Boat Crew
The following directions are for the 1993 sampling in the Estuary. When sampling the Sacramento River above Freeport, zooplankton and ethanol samples are not collected.

a. Deckhand:

(l) Collect bucket of surface water

- rinse and fill surface EC bottle

- take water temperature ((F)

- take QC sample at appropriate EC stations

(2) Record bottom depth and tow depth

(3) Take Secchi disc reading

- take from the shady side of boat

- lower disc until white sections are not visible

- record reading in cm

(4) Collect bottom EC sample

- set Van Dorn sampler in open position

- lower Van Dorn sampler to the bottom

- pull the Van Dorn sampler 2 feet off the bottom and release weight to    secure sample

- pour water sample into bucket and fill bottom EC bottle

(5) Collect zooplankton pump sample (discontinued since 1988)

- after collecting the bottom EC sample, restart stop watch and slowly raise hose toward the surface (about 1 foot per second).

- allow 16 seconds for pump to clear "bottom" water

- after 16 seconds, put outlet hose into carboy while continuing to raise intake hose

- at the surface, suck in a bubble and quickly lower intake to 4 feet (marked on the hose)

- when the bubble reaches the pump, remove outlet hose from carboy

- Shake carboy with zooplankton pump sample to mix sample thoroughly and pour off ½ gallon into zooplankton collection jug

(6) Chorophyll collection (Discontinued since 1988)

(a) Collect chlorophyll sample before nets are set

- allow 16 seconds for pump to clear the inlet hose

- fill plastic ½ gallon jug

(b) Filter sample after the E&L sled and nets have been set (may be partly done after tow is completed):

- place filters on vacuum bottles (bottom filter with grid side up, top filter with grid side down) and then screw on funnels. The bottom filter may be reused several times and changed only when it is dirty.

- rinse the filters with distilled water, then place approximately 1 ml of MgC03 suspension on filter (be sure to shake the MgC03 wash bottle to resuspend any that has settled).

- start the vacuum pump

- shake chlorophyll water sample well

- pour 400 ml into volumetric flask and then 200 ml into each funnel (total sample - 400 ml). Depending on turbidity, the sample may have to be split into more than two parts.

- label coin envelope: station date

- after sample is completely filtered: rinse funnels with distilled water and continue vacuum until filter is dry; remove top filters, fold in half with phytoplankton inside and place in envelope; freeze on dry ice.

(7) Egg and larva and zooplankton net samples 

(a) Set nets at beginning of tow

- throw out float and lazy line

- remove cloth strips from meter propeller to free meter

- make sure nets are not wrapped around sled

- lower net slowly into the water away from the props

- release proper amount of cable for station depth

(b) At end of tow

- raise net sled onto boat

- tie off lazy line on stern cleat

- thoroughly rinse nets using wash pump until nets are cleared of biota and debris

- record meter readings

- tie cloth strip on meter propeller to secure meter readout

- place fish and CB zooplankton samples in jars labelled with date, preservative type, station, sample type. The entire sample should be preserved.  Alcohol samples are marked with an "A".  Zooplankton net samples are marked "CB" and fish samples "EL".

b. Boat operator towing procedures

(l) Pretow procedures

- stop boat at station

- record the tidal phase


- determine the depth and inform deckhand

- lets out 10-15 feet of cable

- start boat moving forward before Deckhand 

lowers net

- operate winch to release appropriate cable 

length depending on station depth

- set timer to 10 minutes and start timer

 

after cable length is released

- maintains boat speed to keep cable angle at 71( ~ 2(
- operate winch to retrieve cable according 


to schedule (Table 4) for lO-minute oblique tow

(2) End of tow procedures

- operate winch to bring in sled

- drive boat to next station

C. Sample Storage and Laboratory Sorting, Procedures
l. Sample Storage prior to processing
Egg and larva and zooplankton samples will be stacked in the storage area of the warehouse by the four sampling runs and month. Samples are to be processed by date and groups of stations comprising a sample run.

1988 Sample Areas
   Stations
Suisun Bay & Sacramento R.
5-32, 65, 66, 63

Grizzly & Honker Bays/
64, 515, 606,

Montezuma Slough:

607, 609, 67, 68, 611 (MZ2)

Central Delta:


33-61, 906, 909

Net Comparison Study:

As numbered

Fish sample sorters are assigned a group of samples and are held responsible for those samples. Sorters will initial a sign-up sheet for each sample they sort (Appendix 3).

Time periods will be April, May, June, July.

2.  Laboratory Procedures
 a. Safety
(l) Formalin use. Meeting adequate ventilation standards for lab work spaces is required. The ventilation hoods in the laboratory have been tested in the past and are adequate. Laboratory personnel are familiarized with the safety handling procedures for formaldehyde.

(2) Maintenance of first aid supplies, an eye wash station, and fire extinguisher are required in the laboratory and work areas. 

b. Egg and Larva Flow Chart
	Samples are stored in warehouse by boat run, month.

	samples selected ---> 

	Assignments entered in or assigned to laboratory log book.

	sorted and washed.

	fish larvae and eggs 

picked from sample

	egg and larvae stored in vials for I.D.


	Fish eggs & larvae  are measured and identified; saved in vials
	data recorded on E&L lab sheets.  Vials are subsampled for food habits analyses.
	E&L food are measured and Identification habit sheet saved in vials of gut contents. 

	Other species and eggs and striped bass eggs saved currently in a separate vial. Samples prior
to 1988 have been discarded.

 
	later-- measurement of larvae is done.
	measurement data recorded.

	
	diet analyses of selected species  as planned
	


c.   Directions for Sorting Fish Samples
Net comparison samples and any other special studies samples will have the highest priority in the order of sample processing, unless sorters are told otherwise. Care should be taken in processing these samples since they may require different processing procedures, especially for the degree of subsampling permitted. Ask a supervisor for further information if in doubt.

Samples are carefully washed using a standard sieve screen (#50) to remove formaldehyde. Do not use a sieve mesh larger than this. Samples should be washed at the sinks which put the lab effluent in the waste tank outside to avoid putting formalin into the septic tank. Be sure to rinse samples thoroughly.

Care must taken to determine if a given sample has been placed in more than one sample jar (e.g., "l of 2" indicates that this jar is one part of a split sample). If so, all jars for the station will be placed in the sieve and washed together.

Samples are then washed into 5 x 30 x 30 cm plexiglass sorting trays. Large catfish, jellyfish, or other unrelated large organisms or large debris should be carefully removed and discarded, making sure that organisms of interest are not discarded with them. Wash them off over the sieve.

The sample jar label from each sample will be retained by the sorter doing the sample and used to double check for missing samples.  With forceps or pipette, sorter removes all fish eggs and larvae from the sample and puts them in storage vials (Wheaton snap-cap glass specimen vials, 20 ml volume; 30 mm diameter x 52 mm height;  Wheaton Model No. 22538) that are labeled inside and outside by date and station for later analysis. Labeling is done with pencil and waterproof paper. If fish or eggs are very numerous or if the sample is heavily loaded with detritus and will take more than 2 hours to sort, it can be subsampled by taking ½, 1/4, 1/8 or 1/16 sample.

Prior to subsampling, contact a lead person for a determination of how large a subsample to take. A subsample should yield 200-250 organisms and should require less than 2 hours to sort. The fraction subsampled is recorded on the sample sign-up sheet and on the label placed inside the vial.

The entire sample is distributed evenly in the sorting tray to obtain as uniform a distribution as possible. Dividers are- then inserted to separate the tray into 1/4ths. If sorting ½ or 1/4 or the sample is too large, then 1/4 of the tray is further divided into 1/8 or 1/16 sections of the total tray area.

If taking a subsample of ½, sort quarters that are diagonal to each other. Never take a 3/4 subsample. A portion of the sample can be removed and sorted in a 5 x 32 x 33 cm pyrex dish to facilitate viewing and sorting. After sorting is complete, vials are stored by date, station and time.

Samplers are checked by an experienced lab person after sorting is completed to determine if all fish eggs and larvae have been removed from the samples. Approximately 10 percent of the samples are checked at random for completeness. The acceptable quality limit for sorting is > 98 percent.  At the completion of sorting each sample run, the sorter will check lab sheet against field data forms and identify any missing or incorrectly labeled samples.

d.  Identification, Counting, and Measuring Fish Samples
(l) Duties
Persons assigned this task are responsible for identifying the species in each sample, determining their numbers, aging the striped bass eggs and measuring the lengths of all bass larvae.

 (2) Basis for identifications
 Reference collection of various larvae from the estuary can be used if it is being maintained, but reliance for identification is placed mainly on literature which is more extensive now and on the use of the Bay Study's reference collection materials.

(3) Procedures
Sign up for each sample on the sign-up sheet in the E&L Lab Book (Appendix 3). The sample is rinsed using a #60 mesh sieve and the larval fish washed into a petri dish. All fish larvae and some eggs other than striped bass are identified, counted, data recorded, and returned to the sample vial containing 5% buffered formalin. Identifications are based mainly on Wang (1986). 

Striped bass eggs are aged, counted, data recorded, and returned to the same vial as the "other" larvae and eggs. All striped bass larva are measured to the nearest mm (Standard Length), e.g.  5.50 to 6.49 mm larvae are considered to be 6 mm. The data are recorded on the Striped bass lab form (Appendix 4). Bass less than 10 mm SL may be measured with an ocular micrometer in a dissecting microscope. Larger fish must be measured with a mm grid placed under the fish. 

If there are more than 200 bass larvae in a sample, the following subsampling procedure should be used. Remove all larger larvae (> 7 mm), measure and record. Count all other bass in excess of those > 7 mm and measure 200 of these fish. Multiply numbers measured at each length by the total count and divide by 200 to get estimated total numbers for each length. Record on the data sheet.  For example: You have a sample with 379 fish. By eye, you pick out all larger fish (> 7mm), measure and record them (25 total). You will then take a random sample of 200 of the remaining fish, measure them and multiply the numbers measured at each length by 354/200.  After bass larvae are measured they are put in their own vial labeled with station, date and "striped bass" and saved for diet analysis. Use 5% buffered formalin in the storage vials.  Identifiers will initial and date their ELS lab sheets and put them in the lab sheet binder sequentially by date and station.

Approximately 2 percent of all identified fish samples are re-examined by an experienced laboratory person to determine the accuracy of identification and measurement. Acceptable levels of accuracy in processing these samples is 95 percent or greater. e.g., 
e.  Diet Analysis Procedures for Striped Bass Larvae
 (l) Background
Diet analysis conducted on striped bass collected during the 1966-1973, and 1975 larva surveys differed from recent laboratory procedures. In particular the level of taxonomic identification was poor in earlier years due to lack of information and/or expertise at identifying zooplankton. Most identifications are to order e.g. copepoda, cladocera, Insecta, etc. Since 1984, diet studies have been more detailed with genus or species level of identification.  Striped bass larvae gut contents are examined to identify diet organisms. Larvae from every fourth sampling date and every second station are examined. Of the following laboratory procedures, those for measuring jaw size © and yolk sac size (g) were done only in 1984 and are currently not done. A maximum of 50 fish total or 20 bass containing food will be examined for each 1 mm length group from 4-25 mm. A random sample of specimens from each group is dissected and food organisms identified and counted. 

(2) Procedures
(a). Sign up for each sample on the food habits sign-up form (Appendix 5).

 
(b). Measure fish to the nearest millimeter standard length and divide into 1 mm length groups (see p. 32). Measure up to 50 fish for each length group.

(c). Jaw size measurement. This was done only in 1984 to determine size of prey vulnerable to bass larvae  Measure the jaw size (upper jaw length, from snout to end of maxillary as shown in Figure 5) and standard length to the nearest 0.1 mm and record on data sheets. A total of 20 bass from each 1 mm size interval (4-15 mm) will be measured. Measurements can made on fish used for stomach content analysis or on fish from alternate sampling dates.  Data are recorded on Striped bass Larval Food Habits form (Appendix 6).

(d) Dissect out the stomach: see Figure 6 for details of each stage.

Early Stage (4-10 mm).  The fish intestinal tract is partially transparent but the gut should be dissected because rotifers and small cladocerans can be present, but not visible through the gut wall. By 7 mm, the bend to the intestine is more evident (Illustrations of the development of 6 mm striped bass larvae are shown in Figures 7a and 7b) using a sharp probe,  gently cut open the fish below the  abdominal area and tease out the gut. Sever the gut from the esophagus and also at the intestine when bend is present. 

Later Stage (10-14 mm).  At this stage, the stomach pouch has begun to form but it is not advanced enough to contain food. Gently pull out the developing stomach and intestine with a probe. Sever the stomach pouch from the esophagus and at the bend to the intestine. Peel away any excess material from the digestive tract. 

 Last Stage (15-25 mm).  Development of the stomach is complete, so all parts of the esophagus intestine are now excluded. Cut stomach away from the intestine and esophagus  a probe (or scalpel if necessary). 

(e) Tease open the gut/stomach with the probe and examine the contents.

(f) Identify all stomach contents to the lowest possible taxon (see food Habits Form 1, Appendix 7, for classifications). 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. Neoymysis and Paleomon should be measured in mm in the same manner as done for zooplankton monitoring (2.0 mm - 2.9 mm - 2 mm), and measurements recorded on Form 2 Food Habits data (Appendix 8). Length is measured from the eyes to the telson as shown in Figure 8. If whole organisms are unavailable, eye diameters should be measured to the nearest 0.1 mm. If neither measurement is possible, record only the number found. Identification of organisms in the diet of larval bass is made by reference to the guide "Food Organism Identifications" (Appendix 9). Record data for each fish examined on Form 1. When a maximum of 20 fish with food (or 50 total) in each length group have been examined, calculate and record the total number of each food item found and the number of stomachs containing each item. Data should then be transferred to Form 2.

 

(g) Oil Globule and Yolk Sac Size - fish will be selected from Suisun Bay stations (1-15) (use alternate sampling days to those used in Food Habits analysis). The oil globule diameter and yolk sac size will be measured on 20 fish with food in the stomach and 20 without food from each 1 mm size interval (3-8 mm). only specimens with intact oil globules should be used. This procedure was done only in 1984. 

(I) Measure the fish to the nearest 0.1 mm standard length. (ii) Measure the oil globule diameter to the nearest 0.1 mm (see Figure 9). (iii) Measure the yolk sac along the longitudinal axis of the body to the nearest 0.1 mm (see Figure 9). (iv) Data is recorded on striped bass larva food habits form (Appendix 10).

f. Zooplankton Identification Training
Zooplankton identification training assistance was initially provided by a Laboratory Assistant. Since the initial training, our graduate student assistants have passed on the training.

 g.  Zooplankton CB Net Samples

 (l) Flow Chart
Samples are stored in warehouse by 

month and boat run.

|

v

 samples are filtered

and washed in a 100

mesh zooplankton cup.

 
|

v

Filtered zooplankton diluted to

------->

Record on ELS 

 to  a  set volume depending on  



Zooplankton Data Sheet.

  concentration of zooplankton.

|

v

1 ml aliquot is placed ~‑‑------------->

 Record number of 

 on Sedgewick-Rafter 


  
     of aliquots on cell 

|





ELS zooplankton data sheet.

v
                      


 


take another 1 ml aliquot

 zooplankton are identified and counted



^

 If count < 200       ----------------------------------------------------
|

if count > 200

|

v

Record counts of each taxa on

 ELS zooplankton data sheet

(2) Sorting and Processing Zooplankton CB Net Samples
Clarke-Bumpus net samples are rinsed with water in a 100 mesh zooplankton cup (149 um mesh opening) to remove formalin and excess dye. Samples are then washed into a graduated beaker and diluted. The amount of dilution is determined by inspection of the samples. Larger numbers of zooplankton require greater dilution. The range of dilution is 10 to 1500 ml. After dilution a 1 ml aliquot is extracted and placed on a Sedewick-Rafter slide. Organisms are identified to genus, and in some case~, to species, using the strip method (left to right, down one field, right to left, etc.) at 100 x magnification. At least 200 organisms are identified from each sample, and the number of 1 ml aliquots necessary to reach to 200-plus count is recorded on the ELS zooplankton data sheet used for pump samples (Appendix 5a). During sample processing the numbers of each organism are recorded on labeled digital counters and when processing is complete the counts are recorded on the ELS zooplankton data sheet (Appendix 11). After identification, organisms are stored in a 20 ml Wheaton snap-top specimen vial for future reference using a 5% formalin and rose Bengal dye solution.

h.  Zooplankton Pump Samples
(l) Pump Sample Flow Chart

Samples are placed in

warehouse in boxes by

survey.

|

v

Sample volume is

measured (ml)
    ----------------------------> volume data are

using a 1000 ml
  


  recorded.

graduated cylinder.

 Sample is Filtered.

|

v

Large Screen  ---------------> Large zooplankton (149 um) discarded.

|

v

small Screen

  (43 um)

|

v

Small 
zooplankton are

retained and stored in 200 ml

jars for later I.D.

|

v

Samples are poured through a screened cup (43 um)

|

v

All zooplankton are removed from the screened cup for counting.

|

v

Sedgewick-Rafter -------------->Count data are counts of total recorded. sample.

 
(2) Sorting and Processing Pump Samples
Pump samples are processed by first measuring the sample volume (in ml) and then filtering the sample through two screens. Sample volume is recorded on the Pump Sample Volumes form (Appendix 12). The first screen is 100 mesh (149 um mesh opening), the second, 325 mesh (43 um mesh opening). Contents of the first screen are discarded, as zooplankton in this size range are sampled with the Clarke-Bumpus net. All zooplankton from the 325 mesh screen are stored in a 5% buffered formalin and rose Bengal dye solution in a 200 ml jar for later identification. When trained personnel are available to identify zooplankton, the stored samples are processed for identification. The stored samples are poured through a small PVC cup with a 43 um screen on the bottom, and then the cup is placed in a 200 ml jar about one-third full of water to facilitate manipulating the zooplankton into a concentration that can be pipetted in 1 ml aliquots. All zooplankton are removed with a small pipette, placed on a Sedgewick-Rafter slide, and counted and identified to genus using the strip method. The number of Sedgewick Rafter cells recorded for pump samples is always one, no matter how many are examined because the total sample is counted.  Zooplankton counts are divided by the sample volumes minus the volume of formaldehyde (95 ml) used as a preservative in the field. Data are recorded on the zooplankton laboratory form which includes categories for rotifers (Appendix 13).

I. Storage and Security of Samples- Post Processing
Striped bass larvae and zooplankton have been stored in the warehouse in locked cages since 1984. Prior to 1984, no samples were saved after identification. We have devoted no effort to replenishing the preservatives or long term security of the samples todate. Samples preserved in 1984-1986 were useful for condition factor analysis in 1987. We should maintain these collections since the early life history stages are the key to understanding the decline in striped bass.  However, we have no resources to do this with presently. Samples will be disposed of when it is deemed they are no longer potentially useful.

j. Chlorophyll a Processing
Photosynthetic pigments are extracted from the frozen filter samples using 90% acetone. Chlorophyll a and pheopigment concentration in ug/l are determined on general procedures described by Lorenzen (1967, see Appendix 14) and modified by the USBR Water Quality Monitoring Program.

Sample absorbencies are measured using a UV spectrophotometer (Perkin-Elmer, Model 559) owned and maintained by the USBR Water Quality ab 2800 Cottage, Sacramento. Instrument operation procedures are listed in Appendix 1 5 .

Concentrations are calculated using a Microsoft Basic program based on equations given by Lorenzen (1967). This program is listed as Appendix 16. Data are recorded on striped bass egg and larva chlorophyll a form (Appendix 17). (l) flow Chart of Procedures
(1)Chlorophyll a flow chart
Sample frozen on filters

on dry ice in field

|

v

 
Sample stored in

frost-free freezer

in DFG warehouse

|

v

Filters are put into 12 mls of 90% acetone in vials and stored overnight in a dark place to extract chlorophyll pigments.

|

v

Samples taken to USBR.

|

v

Vials are placed into

a sonic bath filled

with warm (50-53() water.

|

|

v

Sonicate for 15 minutes

|

v

Cool samples in cool water bath.

|

v

Add one drop of NaCl solution

|

v

Shake and remove filter

|

v

Centrifuge for 5 min.

|

v

Pour off supernatant ‑‑-> Discard residue.

Centrifuge supernatant again for 10 minutes.

|

v

<‑‑Repeat with next sample‑‑-------------------------------------------

Record sample absorption at 665 and 750 mm with a dual​ channel spectrophotometer and a 90% acetone correction blank. 

|

v

Acidify sample by adding one

drop of HCL.   

|

|

v

Remeasure absorption at 665 and 750 nm.

|

v

Wash sample cell with acetone and repeat with other samples

 

|

v

Yes  
Yes

more samples -->   Ran 12 samples?‑‑->  Run standard (filter)

      
|


|

|
               
|     

|

 

v


v

|

         
No




|

|




v

|

v


No
 
Run 2 sample cells with 90% acetone for controls.

Determine absorption

from chart recordings

|

v

Calculate the chlorophyll a
concentrations using

computer program (Appendix 16).

____________________________

k. Specific Conductance 

 Water samples for measuring electrical conductivity are taken at each station for both surface and bottom samples. Specific conductance of water in the samples is measured within 1 to 3 days after collection using a Beckman Conductivity Bridge. Instructions for its use are on the instrument and procedures for its maintenance have been established (Appendix 18). Corrections are made for sample temperature at the time the samples are processed. Temperature of each sample is measured with a high quality ERTCO immersion thermometer with a -5 to 50(C range. Correction factors for each temperature are listed in a table on the clip board which is kept with the Beckman conductivity Bridge. EC readings are multiplied by the correction factor to estimate corrected EC and these are recorded on the EC lab data sheets (Appendix 19). A supervisor will review QC values for precision level of duplicate samples.

D. Data Editing, Reporting and Storage
1. Editing Fish Laboratory Forms Prior to Key Entry
(a) Make sure all numbers are legible and there are no stray marks.

(b) Check subsample factors again~t tho~e listed in the E&L lab book. If there is a discrepancy, check the vial (values in the lab book should be correct). Put a 1 in column 54 if there is no subsample factor.

c) Make a list of all dates and stations missing. When all sheets have been checked, check field forms and check off if station was not sampled. At stations that were sampled and nothing was caught, a sheet should be put in, listing only date and station.

(d) Xerox all forms (make sure copies are legible), clip copies by date and station groups according to boat run.

2. Editing Zooplankton and Chlorophyll a Forms Prior to Key Entry 

The same procedures are followed as for Fish Lab Forms except for item b.

3. Data Reporting Requirements
a. Levels of accuracy and precision

(l) EC readings + 2 percent meter readings

(2) Temperature (a) Primary thermometers - Cole Parmer Instrument #J-8126-86 Range -30( to 120(F in 1(F divisions. No in-house calibration of these thermometer~ against a certified National Bureau of Standard (NBS) reference thermometer; therefore accuracy is unknown. These thermometers are said "...to meet NBS specifications and requirements for accuracy".

Back-up thermometers - Cole Palmer Instrument XJ-8119-32 Range -50( to 120(F in 2( divisions. Uncalibrated; therefore accuracy is unknown.

(3) Secchi - no data on accuracy

(4) Chlorophyll a - No data on accuracy (chlorophyll a standards are not commonly available).

1988 EL Survey - Precision estimates from field duplication are: Mean deviation - 
0.013 ug/l

S.D. =     1.06 N= 91

b. Kinds of Information Reported

Densities of striped bass and zooplankton per m3 are calculated based on estimates of water volumes filtered (Appendix 20). Bass abundance is calculated by weighing densities by the water volumes at each sampling station (Appendix 21). See SWRCB contract report: Striped Bass Egg and Larva Monitoring and Effects of Flow Regulation on the Larva Striped Bass Food Chain in the Sacramento-San Joaquin Estuary by DFG staff for detailed description of analyses done to date. 

c. Units and significant figures reported as appropriate. 

d. Reporting Schedule

Annual preliminary findings usually completed by January 15 so that changes can be incorporated into the current year study plan. Other analyses are ongoing.

4. Data Storage 

a. Key entry Data to be key entered following editing by biologists and laboratory staff.  Data are keyed and verified by the Data Management section of the State Water Resources Control Board or by U. C. Davis or more recently by DFG. 

b. Data storage locations   Data files are currently stored on the IEP Server. Environmental Protection Agency's, STORET system at the National Computer System (NCC) was used prior to 1989.

c. File Editing and Proofing - Edit criteria are applied using SAS programs to examine the data for outliers missing or erroneous values. Data are corrected and readied for storage in STORET. Corrected SAS working files were maintained on the NCC. Procedures for verification, storing and measuring reliability of data bases are described in Appendix 22.

E. Data Adjustments to Account for Low Net Efficiency Before 1975
New ELS nets were designed in 1975 based on net comparison studies which demonstrated escapement of smaller larvae through the large me~h of the old net as well as escapement of large fish due to less flow through the net (Miller, 1977). Consequently, all 6 mm- 38 mm larva densities collected prior to 1975 were adjusted for sampling inefficiency by the following new net:old net correction factors:

Larval bass
Correction factor

6 mm


5.6

7 mm


1.7

8 mm


1.43

9 mm


1.39

10 mm


1.34

11 mm


1.3

12 mm


1.26

13 mm


1.21

14 mm - 38 mm
1.17

Our analysis of the data for mortality rates and entrainment rates indicate that gear selection is still a problem despite the use of more efficient nets since 1975. Steep declines in bass abundance verses size suggest that too few larger fish are captured. In the spring of 1988 we made five day/night net comparisons with larger nets of the same mesh to determine escapement rates of bass from our current ELS net. Following evaluation of these results corrections to existing data or further studies will be recommended.  Additional sampling was done in 1993 and new net correction factors have been developed and are now published in the Journal of Plankton Research ( Gartz et al, 1999).
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