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PLANKTON STUDIES IN SAN FRANCISCO BAY, CALIFORNIA. XII.
CHLOROPHYLL DISTRIBUTIONS AND HYDROGRAPHIC PROPERTIES

OF SAN FRANCISCO BAY, 1990

By Sally M. Wienke, Brian E. Cole, Andrea E. Alpine and James E. Cloern

ABSTRACT
Water samples were collected in the San Francisco Bay estuary during 14
cruises from January through December, 1990. Conductivity, temperature,

light attenuation (turbidity), and in-vivo fluorescence were measured

longitudinally and vertically in the main channel of the estuary from near
the Dumbarton Bridge in the extreme southern part of the bay to Rio Vista on
the Sacramento River. Discrete water samples were analyzed for chlorophyll
a. Water density was calculated from values for salinity, temperature, and

pressure (depth), and is included in the data summaries.



INTRODUCTION
Data are presented to summarize the results of surveys of water
properties in North and South San Francisco Bay during 1990. Samples were
collected throughout San Francisco Bay in January, February, April through
August, and December. During March, sampling was done only in South Bay.
Sampling sites are shown in Figure 1 and their locations are identified in

Table 1. A Seabird Electronics conductivity-temperature-depth system, Sea

Tech in-situ fluorometer, and LiCor quantum sensor1 were used to measure

conductivity (salinity), temperature, chlorophyll fluorescence, and ambient
light levels over the water depth at each station. Discrete chlorophyll a
samples were collected at selected sites to calibrate the fluorometer on

each sampling date.

1The use of brand names in this report is for identification purposes only

and does not constitute endorsement by the U.S. Geological Survey.



METHODS

Sampling System

Samples were collected from the R/V Polaris with a high speed
underwater data aquisition system. At each station a Seabird Electronics
(SBE) underwater unit (SBE-9) was lowered through the water column.
Attached to the data acquisition unit was an SBE-4 conductivity meter, an
SBE-3 temperature probe, a Paroscientific digiquartz pressure transducer, a

Sea Tech in-vivo fluorometer, and a LiCor underwater light sensor (model LI-

192). With this instrument package, semi-continuous measurements of
conductivity, temperature, depth (pressure), chlorophyll fluorescence, and
visible light were measured throughout the water column.

The data from the conductivity, temperature, pressure, fluorescence,
and light sensors are digitized in the underwater unit (SBE-9) at 28 scans
per second. The data are transmitted to a deck unit through a single-
conductor armored cable. The instrument package is lowered through the
water at about 0.5 meters per second, resulting in a vertical sampling
interval of about 2 cm. The data are displayed and stored on a shipboard
microcomputer. To conserve space, the data presented in this summary are
averages of about 50 data points collected over 1 meter intervals.

The conductivity meter is a 2-terminal, 3-electrode (platinum), flow-

through sensor. This sensor is accurate within 0.003 Siemens per meter and

has a resolution of 5x10'5 Siemens per meter. Temperature (TEMP) was
measured with a Wien Bridge type resistance thermistor. This sensor is
accurate to #+ 0.006 °C per year and has a resolution of 0.0005 °C. The
conductivity and temperature probes are recalibrated annually at the
National Oceanic and Atmospheric Administration’s Northwest

Regional Calibration Center, 300 120 M Ave., N.E., Bellevue, WA 98005.

Values for salinity (SALIN) were calculated from conductivity and



temperature using the algorithm supplied with the SeaBird Electronics
software. This algorithm is based on the equations of Millero et al. (1981)
and Millero and Poisson (1981). A measure of water density, sigma-t
(SIGMT), derived from values for salinity, temperature, and pressure, was
also calculated from the SeaBird software package. Calculations of sigma-t
are based on the algorithms for computing seawater density as defined by
Fofonoff and Millard (1983). Sampling depth (DEPTH), as derived from
changes in pressure measured by a Paroscientific digiquartz transducer, are
accurate within 0.01 meter. Chlorophyll fluorescence was measured with a
Sea Tech submersible pulsed-light fluorometer, which has a flash rate of 5
times per second. Because the sampling rate of the fluorometer was about
1/6 that of the SeaBird underwater unit (5 times per second as compared with
28 times per second), the fluorescence data we report are 3-m running
averages of the measured values in order to correct for differences in the
sampling frequencies. Hence the vertical resolution of chlorophyll
fluorescence reported here is > 3 m. Ambient light was measured with a
LiCor 192S quantum sensor sensitive to photosynthetically active radiation
(400-700 nm). The exctinction coeffient (EXCOF) is the measure of the
exponential rate of decrease of light between the water surface and the
depth where ambient light is 1 percent of the surface value (that is, over

the euphotic depth).

Discrete Analyses

At selected stations discrete water samples for chlorophyll a and
phaeopigments were collected coincident with the lowering of the submersible
instrument package. Water samples were collected from 1 meter above the
bottom with a Niskin water sampling bottle and from 2 meters below the

surface using a pump located at the bow of the ship. Each discrete sample



for chlorophyll a (DISCR CHL a) and phaeopigments (PHA) was filtered at less
than 12 cm Hg onto a Gelman A/E glass fiber filter and immediately frozen.
The filter was ground in 90 percent acetone within 1 week of collection.
After extraction for 12-24 hours at -10°C, samples were centrifuged and
absorbances of the extracts were read on a Varian 635-D spectrophotometer.
The acetone extracts were acidified to measure phaeopigments (Riemann,
1978). Chlorophyll a and phaeopigment values were calculated using
Lorenzen's (1967) equations.

Estimates of chlorophyll a (CALC CHL a) were derived from linear
regressions of measured chlorophyll a (DISCR CHL a) against fluorescence
(FLUOR). The slope (b) and intercept (a) from the regressions were used to
calculate chlorophyll a concentrations (CALC CHL a) from fluorescence values

(CALC CHL a2 = a + b x FLUOR). Regression coefficients are presented at the

end of each daily data summary. The coefficient of determination (r2)
indicates how well the discrete chlorophyll a and fluorescence data were
linearly related. Caution should be exercised in using calculated
chlorophyll a values when this coefficient is less than 0.70. Also note
that some of the regressions resulted in negative intercepts, which indicate
that there is fluorescence in the water not associated with particulate
chlorophyll a. Calculated chlorophyll a concentration divided by
chlorophyll a plus phaeopigment concentrations (CHLa/a+PHA) is an estimate
of the proportion of active chlorophyll a to total concentration of pigments

including chlorophyll degradation products.

10
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Figure 1. Map of San Francisco Bay estuary showing locations of water-
sampling stations.
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TABLE 1. SAN FRANCISCO BAY STATIONS

Station
Number Name N. Latitude W. longitude
657 Rio Vista 38° 8.9’ 121° 41.3’
655 N. of Three
Mile Slough 7.3 42.1'
653 Mid-Decker
Island 6.3 43.2'
649 Sacramento
River #10 3.7 48.0'
2 Chain Island 3.8 51.3’
3 Pittsburg 3.0’ 52.7'
4 Simmons Point 2.9 56.1’
5 Middle Ground 3.6’ 58.8’
6 Roe Island 3.9’ 122° 2.1’
7 Avon Pier 2.9 5.8
8 Martinez 1.8 9.1’
9 Benicia 3.0’ 10.4’
10 Crockett 3.6’ 12,5
11 Mare Island 3.7 15.8'
13 N. of Pinole Point 1.9’ 21.9’
15 Point San Pablo 37° 58.2' 26.2'
17 Central Bay Deep 50.8’ 24.7'
18 Point Blunt 50.7' 25.1'
21 Bay Bridge 48.0' 22.2'
22 Potrero Point 45.7' 21.5'
23 Hunters Point 43.6' 20.2

13



TABLE 1. (continued) SAN FRANCISCO BAY STATIONS

Station
Number Name N. Latitude W. Longitude
24 Candlestick 37° 42.0' 20.3
Point
25 Oyster Point 40.3 19.5
26 San Bruno Shoal 38.2' 19.0°
27 San Francisco 37.1 17.5"
Airport
28 N. of San Mateo 36.0' 16.2'
Bridge
29 S. of San Mateo 34.9' 14.8'
Bridge
30 Redwood Creek 33.3¢ 11.5°
31 Coyote Hills 31.8' 9.4
32 Ravenswood Point 31.1’ 8.1’

14



TABLE 2. TABLE OF UNITS

Variable (abbreviation)

station
(STN)

time at which sample was taken
(TIME)

depth at which sample was taken
(DEPTH)

measured chlorophyll a
(DISCR CHL a)

fluorescence
(FLUCR)

calculated chlorophyll a
(CALC CHL a)

extinction coefficient
(EXCOF)

salinity
(SALIN)
temperature

(TEMP)

sigma-theta
(SIGMT)
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Units

local time

meters

vg/L

volts

pg/L

per meter

salinity units
practical salinity
scale, 1978

degrees Celsius

kg per cubic meter
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LOCATION: South San Francisco Bay
DATE: March 20, 1980
JULTAN DAY: 90079

DISCR CHLa/ CALC
STN TIME DEPTH CHL a a+PHA FLUGR CHL a EXCOF SALIN TEMP SIGMT

32.0 1430 1.0 10.8 0.75 1.40 11,1 2.2 25.5 15.5 18.5
32.0 1430 2.0 1.40 11,1 25.8 14.9 18.9
32.0 1430 3.0 1.33 10.5 26.2 14.3 18.3
32.0 1430 4.0 1.30 10.1 26.2 14,2 19.4
32.0 1430 5.0 1.24 9.6 26.4 14,1 19.5
32.0 1430 6.0 1.21 9.3 26.4 14.1 18.5
32.0 1430 7.0 1.18 9.0 26.4 14.0 19.6
32.0 1430 8.0 6.9 0.63 1.13 8.6 26.8 14.0 19.9
31.0 1415 1.0 10.0 0.78 1.29 10.0 1.9 26.3 14.7 18.4
31.0 1415 2.0 1.29 10.0 26.5 14.1 19.6
31.0 1415 3.0 1.30 10.2 26.6 14,2 19.6
31.0 1415 4.0 1.30 10.2 26.6 14.3 1.6
31.0 1415 5.0 1.29 10.0 26.6 14,5 19.6
31.0 1415 6.0 1.28 9.9 26.9 14,5 18.8
31.0 1415 7.0 1.26 9.8 27.0 14.3 20.0
31.0 1415 8.0 1.25 8.7 27.1 14.1 20.1
31.0 1415 9.0 1.22 8.4 27.1 14.1 20.1
31.0 1415 10.0 1.20 8.2 27.2 14,1 20.1
31.0 1415 11.0 1.14 8.6 27.3 13.9 20.2
31.0 1415 12.0 1.10 8.3 27.4 13.9 20.4
31.0 1415 13.0 1.07 8.0 27.5 13.8 20.4
30.0 1355 1.0 8.0 0.67 1.08 8.2 1.5 27.0 14.2 20.0
30.0 1355 2.0 1.09 8.2 27.2 14,0 20.2
30.0 1355 3.0 1.06 7.8 27.3 13.9 20.3
30.0 1355 4.0 1.04 7.7 27.4 13.8 20.4
30.0 1355 5.0 0.99 7.2 27.5 13.7 20.5
30.0 1355 6.0 0.94 6.7 27.6 13.7 20.5
30.0 1355 7.0 0.90 6.4 27.6 13.6 20.6
30.0 1355 8.0 0.88 6.1 27.7 13.6 20.6
30.0 1355 9.0 0.85 5.9 27.7 13.5 20.6
30.0 1355 10.0 0.83 5.7 27.7 13.5 20.6
30.0 1355 11.0 0.80 5.4 27.7 13.5 20.6
30.0 1355 12.0 0.79 5.3 27.7 13.5 20.7
30.0 1355 13.0 0.78 5.2 27.7 13.5 20.7
30.0 1355 14.0 4.5 0.54 0.79 5.3 27.7 13.5 20.7
29.0 1328 1.0 0.81 5.5 1.1 27.8 14.0 20.6
29.0 1328 2.0 0.81 5.5 27.8 13.4 20.7
2.0 1328 3.0 0.82 5.5 27.8 13.4 20.8
29.0 1328 4.0 0.80 5.4 27.9 13.3 20.8
29.0 1328 5.0 0.79 5.3 27.9 13.3 20.9
29.0 1328 6.0 0.76 5.0 27.9 13.2 20.9
29.0 1328 7.0 0.74 4.8 27.8 13.2 20.9
29.0 1328 8.0 0.74 4.8 27.9 13.2 20.9
28.0 1328 9.0 0.74 4.8 28.0 13.2 20.9
29.0 1328 10.0 0.74 4.8 28.0 13.1 21.0
29.0 1328 11.0 0.73 4.7 28.0 13.1 21.0
29.0 1328 12.0 0.74 4.8 28.0 13.1 21.0
29.0 {328 13.0 0.76 5.0 28.0 13.1 21.0
28.0 1310 1.0 0.74 4.5 1.5 28.0 14.0 20.7
28.0 1310 2.0 0.71 4.5 27.9 13.8 20.8
28.0 1310 3.0 0.75 4.9 28.0 13.7 20.8
28.0 1310 4.0 0.76 5.0 28.1 13.6 20.9
28.0 1310 5.0 0.78 5.2 28.2 13.5 21.0
28.0 1310 6.0 0.78 5.2 28.2 13.3 21.0
28.0 1310 7.0 0.78 5.1 28.2 13.3 21.1
28,0 1310 8.0 0.78 5.2 28.2 13.2 211
28.0 1310 8.0 0.77 5.1 28.2 13.1 21.1
28.0 1310 10.0 0.78 5.2 28.2 13.1 21.1
28.0 1310 11.0 0.78 5.2 28.2 13.1 21.1
28.0 1310 12.0 0.79 5.3 28.2 13.1 21.1
28.0 1310 13.0 0.79 5.3 28.2 13.1 21.1
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LOCATION: South San Francisco Bay
DATE: March 20, 18300
JULTAN DAY: S0079

DISCR CHL
STN TIME DEPTH CHL a a+P a EXCOF SALIN TEMP  SIGMT

28.0 1310 14.0 0.80 5.4 28.2 13.1 21.1
27.0 1254 1.0 10.0 0.25 1.23 8.5 1.5 28.3 13.6 21.1
27.0 1254 2.0 1.23 8.5 28.3 13.4 21.2
27.0 1254 3.0 1.28 10.0 28.4 13.3 21.2
27.0 1254 4.0 1.28 10.0 28.4 13.3 21.2
27.0 1254 5.0 1.33 10.4 28.4 13.3 21.2
27.0 1254 6.0 1.31 10.3 28.4 13.3 21.2
27.0 1254 7.0 1.29 10.1 28.4 13.3 21.2
27.0 1254 8.0 1.29 10.14 28.4 13.3 21.3
27.0 1254 9.0 1.27 9.8 28.4 13.3 21.3
27.0 1254 10.0 1.28 10.0 28.5 13.3 21.3
27.0 1254 11.0 10.7 0.66 1.27 8.8 28.5 13.3 21.3
26.0 1237 1.0 0.87 6.0 1.4 28.6 13.5 21.3
26.0 1237 2.0 0.87 6.0 28.6 13.3 21.4
26.0 1237 3.0 0.88 6.1 28.6 13.3 21.4
26.0 1237 4,0 0.87 6.0 28.7 13.2 21.4
26.0 1237 5.0 0.87 6.0 28.7 13.2 21.4
26.0 1237 6.0 0.86 5.8 28.7 13.2 21.4
26.0 1237 7.0 0.86 5.9 28.6 13.2 21.4
26.0 1237 8.0 0.85 5.9 28.6 13.2 21.4
26.0 1237 8.0 0.85 5.8 28.6 13.2 21.4
25.0 1215 1.0 0.53 2.8 1.4 28.8 13.2 21.6
25.0 1215 2.0 0.53 2.8 28.8 13.1 21.6
25.0 1215 3.0 0.54 2.9 28.8 13.1 21.6
25.0 1215 4.0 0.54 2.9 28.8 13.1 21.8
25.0 1215 5.0 0.54 2.9 28.8 13.1 21.6
25.0 1218 6.0 0.55 3.0 28.8 13.1 21.6
25.0 1215 7.0 0.55 3.0 28.8 13.1 21.6
24.0 1153 1.0 1.7 0.57 0.41 i.6 0.8 28.0 13.0 21.8
24.0 1153 2.0 0.41 1.6 29.0 12.9 21.8
24.0 1153 3.0 0.43 1.8 29.1 12.9 21.8
24.0 1153 4.0 0.43 1.9 28.1 12.8 21.8
24.0 1153 5.0 0.44 1.9 29.1 12.8 21.8
24.0 1153 6.0 0.44 2.0 29.1 12.8 21.8
24.0 1153 7.0 0.44 1.9 29.0 12.8 21.8
24.0 1153 8.0 0.44 1.9 29.0 12.8 21.8
24.0 1153 8.0 2.6 0.35 0.44 2.0 29.0 12.8 21.8
23.0 1135 1.0 0.39 1.5 1.0 29.1 12.9 21.8
23.0 1135 2.0 0.38 1.5 28.1 12.8 21.8
23.0 1135 3.0 0.41 1.7 28.1 12.8 21.9
23.0 1135 4.0 0.42 i.8 29.1 12.7 21.9
23.0 1135 5.0 0.43 1.8 28.2 12.7 21.9
23.0 1135 6.0 0.43 1.8 29.2 12.7 22.0
23.0 1135 7.0 0.44 2.0 29.2 12.7 22.0
23.0 1135 8.0 0.43 1.9 29.2 12.7 21.9
23.0 1135 9.0 0.43 1.8 29.1 12.6 21.9
23.0 1135 10.0 0.42 1.8 29.1 12.6 21.9
23.0 1135 11.0 0.42 1.7 29.1 12.6 21.9
23.0 1135 12.0 0.41 1.7 29.1 12.6 21.8
23.0 1135 13.0 0.41 1.7 29.1 12.6 21.9
23.0 1135 14.0 0.41 1.6 29.1 12.6 21.8
22.0 1108 1.0 0.39 1.5 1.0 28.2 12.4 22.0
22.0 1108 2.0 0.38 1.5 29.3 12.2 22.1
22.0 1108 3.0 0.42 1.7 29.3 12.2 22.1
22.0 1108 4.0 0.42 1.8 29.3 12.2 22.1
22.0 1108 5.0 0.43 1.9 28.3 12.2 22.2
22.0 1108 6.0 0.43 1.9 29.3 12.2 22.2
22.0 1108 7.0 0.44 2.0 29.3 12.2 22.2
22.0 1108 8.0 0.45 2.0 29.3 12.2 22.2
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LOCATION: South San Francisco Bay
DATE: March 20, 1990
JULTAN DAY: 90078

DISCR CHLa/

STN TIME DEPTH CHL a a+PHA FLUGR

CALC
CHL a

EXCOF SALIN

22.0 1108 9.0 0.
22.0 1108 10.0 0.
22.0 1108 11.0 0.
22.0 1108 12.0 0.
22.0 1108 13.0 0.
22.0 1108 14.0 0.
22.0 1108 15.0 0.
22.0 1108 16.0 0.
21.0 1048 1.0 2.5 0.50 0.
21.0 1048 2.0 0.
21.0 1048 3.0 0.
21.0 1048 4.0 0.
21.0 1048 5.0 0.
21.0 1048 6.0 0.
21.0 1048 7.0 0.
21.0 1048 8.0 0.
21.0 1048 9.0 0.
21.0 1048 10.0 0.
21.0 1048 11.0 0.
21.0 1048 12.0 0.
21.0 1048 13.0 0.
21.0 1048 14.0 0.
21.0 1048 15.0 0.
21.0 1048 16.0 3.3 0.43 0.
Fluorometer Calibration: n r-2
11 0.96
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SIGMT

TEMP

DISCR CHLa/ CALC
atPHA FLUOR CHL a EXCOF SALIN

1990
TIME DEPTH CHL a

JULITAN DAY: 90089

LOCATION: South San Francisco Bay
STN

DATE: March 30,
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LOCATICON: South San Francisco Bay
DATE: March 30, 1880
JULTAN DAY: 80089

DISCR CHLa/ CALC
STN TIME DEPTH CHL a a+PHA FLUOR CHL a EXCOF SALIN TEMP S51GMT
28.0 1120 14.0 0.85 6.4 28.4 15.0 20.9
27.0 1105 1.0 3.7 0.70 0.67 4.0 1.6 28.3 15.6 20.7
27.0 1105 2.0 0.67 4.0 28.3 15.3 20.7
27.0 1105 3.0 0.69 4.2 28.3 15.2 20.8
27.0 1105 4,0 0.69 4.2 28. 4 15.1 20.8
27.0 1105 5.0 0.68 4.1 28.4 15.1 20.8
27.0 1105 6.0 0.71 4.3 28.4 15.1 20.8
27.0 1105 7.0 0.71 4.4 28.4 15.1 20.9
27.0 1105 8.0 0.73 4.5 28.4 15.1 20.8
27.0 1105 9.0 0.74 4.6 28.4 15.1 20.9
27.0 1105 10.0 0.76 4.8 28.4 15.1 20.9
27.0 1105 11.0 4.6 0.40 0.79 5.0 28.4 15.1 20.9
26.0 1052 1.0 0.68 4.1 1.6 28.5 15.3 20.9
26.0 1052 2.0 0.68 4.1 28.5 15.14 21.0
26.0 1052 3.0 0.68 4.1 28.5 15.0 21.0
26.0 1052 4,0 0.68 4.1 28.5 15.0 21.0
26.0 1052 5.0 0.68 4.1 28.5 15.0 21.0
26.0 1052 6.0 0.68 4.1 28.5 15.0 21.0
26.0 1052 7.0 0.70 4.3 28.5 15.0 21.0
26.0 1052 8.0 0.75 4.7 28.5 15.0 21.0
26.0 1052 8.0 0.78 5.1 28.5 15.0 21.0
25.0 1035 1.0 0.58 3.3 1.5 28.8 14.8 21.2
25.0 1035 2.0 0.58 3.3 28.8 14.7 21.2
25.0 1035 3.0 0.60 3.4 28.8 14.6 21.3
25.0 1035 4.0 0.61 3.5 28.8 14.6 21.3
25.0 1035 5.0 0.62 3.6 28.8 14.6 21.2
25.0 1035 6.0 0.63 3.7 28.7 14,6 21.2
25.0 1035 7.0 0.63 3.6 28.7 14,7 21.2
24.0 1048 1.0 3.4 0.61 0.61 3.5 1.8 28.1 14.2 21.6
24.0 1048 2.0 0.61 3.5 29.1 14,4 21.6
24.0 1049 3.0 0.62 3.6 29,1 14.1 21.6
24.0 1048 4.0 0.62 3.6 29.1¢ 14.1 21.6
24.0 1048 5.0 0.62 3.6 29.1 14,4 21.6
24.0 1049 6.0 0.63 3.7 29.1 14.1 21.6
24.0 1048 7.0 0.64 3.8 29.1 14.1 21.6
24.0 1048 8.0 0.65 3.8 29.1 14.1 21.6
24.0 1048 8.0 4.0 0.40 0.66 4.0 29.1 14.1% 21.6
23.0 1003 1.0 0.69 4.2 2.3 29.0 14,3 21.5
23.0 1003 2.0 0.69 4,2 28.1 14.2 21.6
23.0 1003 3.0 0.70 4.3 28.0 14.2 21.5
23.0 1003 4,0 0.70 4.3 29.0 14.2 21.5
23.0 1003 5.0 0.70 4,3 28.0 14,2 21.6
23.0 1003 6.0 0.71 4.4 29.14 14.2 21.6
23.0 1003 7.0 0.74 4.6 29.14 14.2 21.6
23.0 1003 8.0 0.75 4.7 29.14 14,1 21.6
23.0 1003 8.0 0.77 4.8 29.1 14.1 21.6
23.0 1003 10.0 0.75 4.7 20.1 14.1 21.6
23.0 1003 11.0 0.74 4.6 29.1 14.1 21.6
23.0 1003 12.0 0.73 4.6 29.14 14,1 21.86
23.0 1003 13.0 0.73 4.5 28.1 14,1 21.6
22.0 944 1.0 0.66 3.9 1.8 28.2 14,2 21.7
22.0 941 2.0 0.66 3.9 29.3 14,1 21.7
22.0 941 3.0 0.67 4.0 28.2 14,4 21.7
2.0 944 4.0 0.68 4.1 28.3 14.14 21.7
22,0 G414 5.0 0.68 4.1 £9.3 14.0 21.8
a0 dal g.0 Q.68 4,1 29,3 14,0 21.8
22.0 84t 7.0 0.68 4.1 29.4 14.0 21.8
22.0 8941 8.0 0.71 4.4 29.4 13.9 21.9
22.0 941 9.0 0.71 4.3 28.5 13.9 21.8
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LOCATION: South San Francisco Bay

DATE: April 5, 1890
JULTAN DAY: 38b035

DISCR
STN TIME DEPTH CHL a

23.0 8957 8.0
23.0 857 10.0
23.0 957 11.0
23.0 8957 12.0
23.0 957 13.0
23.0 857 14.0
23.0 957 15.0
22.0 1015 1.0
22,0 1015 2.0
22.0 1015 3.0
22.0 1015 4.0
22.0 1015 5.0
22.0 1015 6.0
22.0 1015 7.0
22.0 1015 8.0
22.0 1015 8.0
22.0 1015 10.0
22.0 1015 11.0
22.0 1015 12.0
22.0 1045 13.0
22.0 1015 14.0
22.0 1015 15.0
22.0 1015 16.0
22,0 1015 17.0
22.0 1015 18.0
22.0 1015 18.0
21.0 1027 1.0 3.4
21.0 1027 2.0
21.0 1027 3.0
21.0 1027 4.0
21.0 1027 5.0
21.0 1027 6.0
21.0 1027 7.0
21.0 1027 8.0
21.0 1027 9.0
21.0 1027 10.0
21.0 1027 11.0
21.0 1027 12.0
21.0 1027 13.0
21.0 102 14.0
21.0 1027 15.0
21.0 1027 16.0
21.0 1027 17.0
21.0 1027 18.0 2.8

Fluorometer Calibration:

CHLa/

a+tPHA FLUOR

0.69

0.36

9 0.83
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S1GMT

TEMP

EXCOF SALIN

CALC
CHL a

a+PHA FLUOR

D1SCR CHLa/

19980
TIME DEPTH CHL a

80102

Zan Francisco Hay

b
<

South

DATE: April 12,
STN
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JULTAN DAY:
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SIGMT

TEMP

EXCOF SALIN

CALC

a+PHA FLUOR CHL a

DISCR CHLa/

TIME DEPTH CHL a ——— -

12, 1890
80102

Bav:

LOCATION: South San Francisco Bay
STN

DATE: A
JULTAN
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LOCATION: South San Francisco Bay
DATE: April 12, 1990
JULIAN DAY: 90102

STN TIME DEPTH Béfcg gﬁ%ﬁi FLUOR Sﬁﬁca EXCOF SALIN  TEMP SI1GMT

23.0 1001 15.0 0.60 3.5 30.0 i5.0 22.1
22.0 838 1.0 0.67 4.5 0.8 28.7 15.3 21.9
22.0 938 2.0 0.67 4.5 29.8 15.2 21.9
22.0 938 3.0 0.67 4.4 30.0 15.1 22.1
22.0 938 4,0 0.62 3.7 30.0 15.0 22.1
22.0 838 5.0 0.61 3.6 30.1 14.9 22.2
22.0 938 6.0 0.59 3.3 30.1 14.8 22.2
22.0 938 7.0 0.57 3.1 30.1 14.9 22.2
22.0 938 8.0 0.56 2.9 30.2 14.8 22.3
22.0 938 9.0 0.54 2.7 30.2 14.8 22.3
22.0 938 10.0 0.55 2.8 30.3 14.7 22.4
22.0 838 11.0 0.52 2.4 30.3 14,7 22.4
22.0 938 12.0 0.51 2.2 30.3 14.7 22.4
22.0 938 13.0 0.5¢ 2.3 30.3 14.7 22.4
22.0 938 14.0 0.53 2.6 30.3 14.7 22.4
22.0 938 15.0 0.55 2.8 30.3 14.7 22.4
22.0 938 16.0 0.56 3.0 30.3 14.7 22.4
21.0 921 1.0 4.4 0.76 0.68 4,7 1.5 29.4 16.3 21i.4
21.0 921 2.0 0.69 4.7 28.4 16.1 21.5
21.0 921 3.0 0.89 4.7 28.5 16.0 21.5
21.0 921 4.0 0.66 4.3 29.6 15.7 21.6
21.0 921 5.0 0.64 4.1 29.6 15.6 21.7
21.0 921 6.0 0.62 3.7 29.7 15.4 21.8
21.0 821 7.0 0.61 3.6 29.8 15.3 21.9
21.0 921 8.0 0.60 3.4 29.8 15.3 21.8
21.0 g21 8.0 0.59 3.3 29.9 15.2 22.0
21.0 921 10.0 0.59 3.3 30.0 15.1 22.1
21.0 921 11.0 0.56 2.9 30.0 15.1 22.1
21.0 921 12.0 0.56 3.0 30.0 15,1 22.1
21.0 921 13.0 0.58 3.0 30.0 15.0 22.1
21.0 921 14,0 0.55 2.8 30.0 15.0 22.1
21.0 921 15.0 0.54 2.6 30.0 15.0 22.1
21.0 921 16.0 0.54 2.7 30.0 15.0 22.1
21.0 g21 17.0 3.4 0.53 0.66 4.4 30.0 15.0 22.1
Fluorometer Calibration: n r~2 A B Syx

10 0.87 -4.7 13.63 4.4
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TEMP

EXCOF SALIN

CALC

1980
DISCR CHLa/
atPHA FLUOR CHL a

80108

18,
TIME DEPTH CHL a

Bav:

STN

LOCATION: South San Francisco Bay

DATE: A
JULIAN
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LOCATION: §
il

outh San Franclsco Bay
1800

DISCR

DEPTH CHL a

DATE: Apr i8,
JULIAN DAY: 90108
STN TIME
28.0 854 7.0
28.0 854 8.0
28.0 854 9.0
28.0 854 10.0
28.0 854 11.0
28.0 854 12.0
28.0 854 13.0
28.0 854 14.0
28.0 854 15.0
28.0 854 16.0
27.0 907 1.0
27.0 807 2.0
27.0 907 3.0
27.0 907 4.0
27.0 907 5.0
27.0 907 6.0
27.0 907 7.0
27.0 907 8.0
27.0 907 8.0
27.0 807 10.0
27.0 907 11.0
27.0 907 12.0
27.0 907 13.0
26.0 926 1.0
26.0 926 2.0
26.0 926 3.0
26.0 926 4.0
26.0 926 5.0
26.0 926 6.0
26.0 926 7.0
26.0 926 8.0
26.0 926 8.0
26.0 926 10.0
25.0 843 1.0
25.0 943 2.0
25.0 943 3.0
25.0 943 4.0
25.0 943 5.0
25.0 843 6.0
25.0 943 7.0
25.0 943 8.0
24.0 1004 1.0
24.0 1004 2.0
24.0 1004 3.0
24.0 1004 4.0
24.0 1004 5.0
24.0 1004 6.0
24,0 1004 7.0
24.0 1004 8.0
24,0 1004 8.0
24.0 1004 10.0
24.0 1004 11.0
23.0 1022 1.0
23.0 1022 2.0
23.0 1022 3.0
23.0 1022 4.0
23.0 1022 5.0
23.0 1022 6.0
23.0 1022 7.0
23.0 1022 8.0

13.7

15.9

CHLa/

a+PHA FLUOR

0.75

0.81

0.72
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LOCATION: South San Francisco Bay

DATE: April 18, 1980
JULTAN DAY: 90108

DISCR CHLa/
a+PHA FLUOR

STN TIME DEPTH CHL a

EXCOF SALIN

23.0 1022 8.0
23.0 1022 10.0
23.0 1022 11.0
23.0 1022 12.0
23.0 1022 13.0
23.0 1022 14.0
23.0 1022 15.0
23.0 1022 16.0 4.8
22.0 1044 1.0
22.0 1044 2.0
22.0 1044 3.0
22.0 1044 4.0
22.0 1044 5.0
22.0 1044 6.0
22.0 1044 7.0
22.0 1044 8.0
22.0 1044 9.0
22.0 1044 10.0
22.0 1044 11.0
22.0 1044 12.0
22.0 1044 13.0
22.0 1044 14.0
22.0 1044 15.0
22.0 1044 16.0
22.0 1044 17.0
21.0 1057 1.0 5.1
21.0 1057 2.0
21.0 1057 3.0
21,0 1057 4.0
21.0 1057 5.0
21,0 1057 6.0
21.0 1057 7.0
21.0 1057 8.0
21.0 1057 9.0
21.0 1057 10.0
21.0 1057 11.0
21.0 1057 12.0
21.0 1057 13.0
21.0 1057 14.0
21.0 1057 15.0
21.0 10587 16.0
21.0 1057 17.0
21.0 1057 18.0 4,2

Fluorometer Calibration:

0.61

0.73

0.60

n

11

46

CALC
CHL a
0.65 4.8
0.64 4.6
0.60 4.1
0.60 4.1
0.58 3.8
0.57 3.7
0.58 3.8
0.56 3.6
0.50 2.7
0.50 2.7
0.51 2.9
0.51 2.9
0.51 2.9
0.51 2.8
0.50 2.7
0.49 2.6
0.48 2.5
0.46 2.2
0.47 2.3
0.45 2.1
0.47 2.3
0.46 2.2
0.47 2.3
0.47 2.3
0.51 2.9
0.61 4.2
0.61 4,2
0.59 4.0
0.60 4.1
0.58 4.0
0.58 3.8
0.57 3.8
0.56 3.6
0.57 3.7
0.56 3.6
0.54 3.4
0.55 3.4
0.55 3.4
0.55 3.4
0.62 4.4
0.61 4.3
0.62 4.4
0.64 4.7
r°2 A B
0.98 -4.2 13.85
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SIGMT

TEMP

EXCOF SALIN

CALC

DISCR CHLa/
a+PHA FLUOR CHL a

1990

ril 19,
AY: 980109

TIME DEPTH CHL a

LOCATION: North San Franclsco Bay
STN

DATE: A
JULIAN
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Fluorometer Calibration:
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Fluorometer Calibration:
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JULIAN DAY: 980211
TIME DEPTH CHL a
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DATE: July 30,

HARA MO NOO-MITITWNWOO®

-------------------

OOMOOMS I ST NN WNINWNOLW
PR e R R R e e R R R R R R R R b R i

OO DARNODNHBAN DO OO

ooooooooooooooooooo

Llviolululolalofulo o Yo ko) Jo Yo Te e Yo Yool
L R D R R R R R R R R e R e R ]

O OLTOOA~SAMNMUNONNORANN

NPHHO~NNNNNNNNNNNNN
A NN NNNNNNNNNNNNN

NMOITONNANAAOCOAOO0OCOMWN

-------------------

[slelolelolelelololelasloleleslalelelele]

NOTONNAN A Attt o A O () T
OMOOIOMOEOOMOMOOOOOMEOMOOOMEOM

-------------------

[elejslelololololelelelololelololololo]

[elelolejololelolelololesleloleleolelolo]

OO N L UG 00 0D i N D LD [~
Attt At A A SO NN NN NN N

l=lolelelelslololelololololeleololelol]
ot vt v vt et vt v v o et et e
OOOOOOOOOOOOMEOOMOOMM
P b ke laba bk labaiakala kel s Rala ke Ral

ooooooooooooooooooo

OO DHANNNADONIDADD

ooooooooooooooooo

N BN BN W O O
st o et vl vt o ]

()@ a9 W w0 MOV O 0O

ooooooooooooooooo

QOB MNARANRARNMNMD
N vt vt vt v ot ot v v wtwd v v vt vt e

FOMINOANIRNONMTIT T

O ottt et NN 0 0 ) ) 0
QANNNNNNNNENNNN NN

(3]

.
-t

AN N DO NTOON

ccccccccccccccccc

WO DM I N
O OONOOM MO

nnnnnnnnnnnnnnn

jejelolelolelelololololelelolole )

49

0.76
0.23

<
(e ]

3.3

efeojojolelvlelelelolelololole e o]

ooooooooooooooooo

—SNOINOMN~ORO AN TN WM
B R R R R R R

ccccccccccccccccc

=t vt et vt et v v et v v e

QONISWNWLWNWINANN®

aaaaaaaaaaaaaaa

W WWOOWOOWO WO~
D R R B R B R S e L L)

— O MO WO -0 W Ww o 0

---------------

[oXe e oo Yo [ Te,¥a Yo No Yo Mo Yo 1o )3
22111111&1111111

s 1] v lelelolelole] 16001

OOOOIIIIIS I SO
NNNNNNNNNN NN NN

o™~

.
-4

DOWOBOOINAORO~-OORD

...............

A A A St O QO OO OO O

LIIIN~ONNON~ WO~ VOD
LTILIILIIIILIIOOMOMONO®MOM

CO00O0O0OTOODOO

[elejslslelololalolelelolele e

S NNOOUdD—~N<T W

VODVDOONNOQOT
ettt S NN

MO OB ©©

nnnnnnnnnn

OMNOM WOV DO
B R R R e R e ]

----------

¢¢¢¢¢¢¢¢¢¢

WO TONNN—

DNDWHONN DLW
S~ OO WU ST T

0000000V 0

0.89
0.51

5‘7

1

QOO0O0QOOOITO

oooooooooo

123456—/890

WD WD N WD UL
R R . R ke R e K]
P R N e R ]

[sleleloleloleole o]

----------

OOMOMOEOOa o
et oot et e e et

18.7 19.9

0.59 3.3 1.1 28.2

0.80
66

1.0 3.5

1050

16.0



SIGMT

TEMP

EXCOF SALIN

CALC

DISCR CHLa/
atPHA FLUOR CHL a

¥ 30, 1990
: 80211
TIME DEPTH CHL a

LOCATION: North San Francisco Bay
STN

DATE: Jul
JULIAN DA

NDONMDOANNOWEONNVOPNOODDO

YT L= R T e e B S e 4
SANANNNNNNNNNNNNNNNNNN

ST IITITNASOO0OOCTTMHINAOOHOD

----------------------

elielisleeRielieTeelvelrelealuslect gl g ind il iad ok ol it
D b R e R e R e B e e R R e R R R e R ]

NOWDAHINOOO~NNNME) T3S < Tt T

VOOPDPDRNOQOOISO0QIOOID
NNNNNNNNNONOANNAOOOAOO

MO AHEONOVBNOWNTOMMINMONMON

----------------------

N IO NN vt v vt vt ot ot vt vt v v ot ot ot ot v vt

997308755332
WOW WD T T < Tt <P T

......................

(ejlefalofelelelolelelololelofelolololololele]

QD
o~

[eleofaleleleleleleloslolelelololelolelelels fe)

N LI O™ DN O —ANM O DOt NM
ot v vt =t et NN NN

oooooooooooooooooooooo

B R R P R R ]

1
1
1

NONOINUNWUWOOOWONSNSNSNOO0OOOOCDOONONDANGD

NN IO (0 0 03 ) @) 0300 00 1) €09 03 00 00 Y MY 00 03 73 €3 €13 €03 €0 013 02 03 ¢ 0 I 9 )
2222222222222222222222222222222222

&5540864333322111000999988888888887

oooooooooooooooooooooooooooooooooo

77777666866666666666555555555555555
D e b R R e R R e e R e e R R R e e R e R e ke L kel b L L L R e

MNNMOONBONNANNNNMOMOM ST ST T T <N W WD W WWW

QO OGS w1t O O O O O O O