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SUMMARY

The Biological Survey of San Francisco Bay for the years 1963, 1964, 1965,
and 1966, using special sampling methods, yielded data on organism occurrence.
More than 500 trewl net tows were made; temperature and salinity data were
recorded; invertebrates at ten selected shore stations were observed; and about
100 bottom substrate samples and 100 plankton tows were studied. A total of 7O
species of fish (510,877 individuals) and 80 species of larger invertebrates
was collected. Although much of San Francisco Bay is relegated to waste disposal,
the variety and abundance of animals occurring over many square miles of the

bhay indicate an area of high biological productivity.
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INTRODUCTION

San Francisco Bay stands as a geographical entity end is one of
California's major natural resources, The bay is several hundred square
miles in area, 75 percent of which is publicly owned, and represents 8 counties
and 68 municipalities. As a consequence, conservetion plamning is exbremely
complicated. At present, the ares around the bay has a population of four
million pecople, and this is rapidly increasing.

The waters of San Francisco ﬁay in past years have yielded living marine
resource harvests of considereble magnitude. The oyster, clam, smelt, herring,
shrimp, and sport fisheries each has been, or is now of major é;nseqpence
(Table 1). When these fisheries are combined, they represent a possible

harvest of millions of pounds. The potential for this production still

remains, and may be realized through proper management.

TABLE 1

Peak Landings of Selected Species,
San Francisco Bay

—

Species Pounds Year
Clem, soft shell 302,000 1919
Herring, Pacific 4,733,000 1918
 Oyster, eastern 2,000,000 1916
Shrimp, bay 3,000,000 1929
Smelt 462,000 1945

Sport fishing in San Freancisco Bay is very popular. Anglers freguent
the piers at Sausalito, San Francisco, Oskland, and Berkeley; shore fishermen
cast from seiected sites along'both gides of the bay; angling is popular frcm
partyboats and skiffs; and clammers dig at severel locations. Much effort is

expended for striped bass, salmon, perch, and flounder. In addition, Jacksmelt,
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rockfish, and shark are available in sufficient numbers to attract many fishermen.
The most sought shellfish are littleneck, gaper, and soft shell clams.

In recent years, the Department of Fish and Game has been asked frequently
to give economic or biclogical evaluations concerning extensive dredge, fili,
and waste disposal operabtions that are underway or planned for San Francisco
Bay. Any long term management Plan for the bBay must consider the effects of
domestic and industrial wastes from the greater bay area (San Pablo and San
Francisco Bays) upon the flora and fauna. Basic to the solution of management
Problems is a knowledge of the organisms existing in the area.

In February 1963,Marine Resources Operations, Menlo Park, initiated a
biclogical study to determine distribution and relative sbundance of fish and

invertebrates in major ecological zones ol the chamnels of San Francisco Bay.

PROCEDURE

This study established six fish sampling stations which represent g
wide variation of environmental conditions ranging from essentially ocean waber
to brackish water, which in some areas is contaminated from industrial ang
domestic sources (Figure 1).

The Department of Fish and Game 50 foot research vessel, NAUTILUS, was
used to sample each station each month with the following exceptions: January
and July 1963, January and July 196k, February 1965, and May and July 1966.
At each station we undertook the following activities: (Figures 2 - 3)

l. A-35-foot square-mouthed midwater trawl was towed for 20 minutes at

the surface. The corners of the net were spread by four "doors" each
about 18 inches square., This net normally has a 15-foot square fishing

spread. The cod end is of 1/2-inch stretched mesh which is capable

of catching fish as small as 1 inch 1on$: At the limited depths found
n,

™,
W
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in the bay, adequate collections could be made within 20 feet of the
surface without the hazard of snagging the net on the bottom. This
net is best suited to take schooling pelagic fishes and is not
designed for contact with the bottom (Figure 2).
A 10-foot beam trawl with a 1 inch stretched mesh net was used in
1963. This net, mounted on a steel frame with sled runners, fished
an area 4% feet high and 10 feet wide, and as it slid along the bottom,
often collected oyster shells or mud. However, the heavy beam made
handling difficult, so the bottom sempling has been donz with a
15-foot otter trawl since March 196k. A bottom trawl was towed for
20 minutes, and duplicate tows frequently were made to check con-
sistancy o6f collections. This net was most effective in catching
flatfish and other bottom dwellers. Many of the invertebrates were
collected with this net (Figure 3):
During 1963, bottom samples were collected with a 100 cubic-inch
orange peel dredge, frozen sboard the vessel, and later examined for
invertebrates by specialists at San José State College.
Surface plankton tows of 20 minutes duration were made in 1963 with a
net of 28 mesh per inch and a 1/2 meter mouth. Plankbon samples were
submitted to San Jose State College for sorting and identification.
Temperatures and salirities at the surface were taken by bucket
thermometer and extended-scale ‘hydrometers. Bottom water temperatures
and salinities were taken of water collected with Van Dorn type
sampler. At the shallow station (No. 6), only surface observations
were made. Temperature was determined to 0.1°C and salinities to

0.1 parts per thousand.
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In addition to the regular station samples, a series of consecutive
bottomn trawls was made from one mile south of Carquinez Bridge to the south
end of the bay. The species composition cf the catches indicated the sampling
stations were representative of their respective parts of the bay. Oceasionally,
tows had to be discarded due to gear malfunction or too many fish to haul
aboard. Others were recorded for tests of sample replication, but nct included
in the tetals for comparison. Surface water dwelling species were frequently
caught in bottom tows when the net was on the way down or coming up.

Seven daytime sets with a trammel net were also made. This netting
produced catches that were not significantly different from those of the
bottom-trawl sampling.

Following is & brief description of each station.

Station 1, from Redrock to the Navy's depgaussing range pylon at the
south end of Southamptom Shoal, is roughly three miles long and includes
Redrock Shoal, averaging about 25 feet in depth, and Southampton Shoal averaging
17 feet., The substrate is coarse sand and shells, and frequently bottom
trawls scoop up large quantities of loose, empty oyster shells. The deszper
water ¢f the ship channels on each side of Redrock Shecal cause strong currents
which may be as great as 2.0 knots. The Sacramento-San Joaquin drainage
passes this station, so of all the statioms, it has the greatest amount of fresh
water mixing with seawater. As a consequence, such fishes as carp and two
species of sturgecn appeared cnly at this station. Freshwater flows often
kill large numbers of salt-water shellfish such as littleneck clams.

Station 2 extends about twc miles north and south along the east side of
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the channel east of Treasure Island. Both ends of this station are only
12 feet deep, but there is a deep area of over 40 feet in the middle. This

g deep spot is the result of the removal cf sand fill material to build

11y, Treasure Island. The fish congregated here, and catches were consisbently
good., Fish peculiar to this station were white spot greenling, rock greenling,

led kxelp greenling, and cabezon. 1his station produced the meximum number of

lf species, 17, in 1963. Sea pens were abundant, and some tows brought up dozens
caught on the trawl warps. Current velocity here reaches 2.5 gnots. Salinity
reflects that of the open ocean,
Station 3, on the west side of Treasure Island, receives the largest
1 volume of ocean water and the most rapid flows which reach 3.3 knots. The
bottom is sand, and weter depth averages 6Q feet. There are generally larger
fish here. This station produced the largest number of fish in 1964 and 1965.
Station 4 is in the center of the widest part of the bay. The bottom
ging is composed of shell fragments which make good attachment for large numbers

of hydroids. The biomass of the hydroid, Obelia dichctoma, amounts tc many

tons in this area. Native oysters are plentiful and the whelk, Busycon

is canaliculatum, which was introduced from the Atlantic with oyster seed, is

commonly picked up in the otter trawl. Tidal flow at this location reaches a
e ol peak of 2.0 knots. This station produced the least fish in 1963 and 1964,
Steticn 5 is in the central channel with a mile of shallow water on all
sides. The bottom is mostly soft mud and frequently several hundred pounds
of tmd were scooped up by the otter trawl. This station produced the least

3F fish and the fewest species in 1964. Temperatures of this part of the bay

are generally several degrees warmer then at the Golden Gate. Flow velocities

reach a maximum of 2.0 knots.
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At Station 6, at the south end of the bay, the Nautilus operaticns were
limited to the buocyed channel two miles south of the Dumbarton Bridge. Over
the extensive mud flats on each side, the shallow layer of water warms quickly
and diatoms multiply in great numbers. Considerable waste water from surround-
ing cities enters the south bay. This combined with the fresh water from Coyote
Creek at Alviso and San Francisguito Creek at Menlo Park keeps the salinity at

about the mean of the other stations. Tidal fiows at the Dumbarton Bridge

reach a meximum of 2.0 knots. Maximum temperatures of over 21°¢ were recorded.

Pacific oysters, spawned from plants made in 1958, are still living in the area,
which indicates water guality has not fallen to a lethal level since then.
Each year sampled, this station produced more fish than either Station 4 oor 5
nearer the bay entrance (Tables 4, 5, and 6). Thirty species of fish were
taken abt this station. A small run of steelhead rpassesthrough this area to
ascend San Francisguito Creek.
FISHES

" A total of 510,877 fish (Table 2), representing 70 species (Table 3),
were collected during the four years of sampling. Anchovies were both more
numerous and greater in totzl weight than all other species combined. Several
times an anchovy haul was over one thousand pounds and could ncot be hauled
aboard. On April 2L, 1964, feeding schools of anchovies south of the Dumbarton
Bridge were estimalted tc contain several hundred tons of fish. The wide
variation in total number of fish taken at each station (Table 2) indicates
that all are very productive and none is consistently high or low as compared
to the others. Compariscns of gross numbers of fish (Tables L4, 5, 6, and 7)
give a general productivity measure. A more meaningful comparison of the
particular sample areas is the number of species taken at each station (Tables

8, 9, 10, and 11). A variety of fish is an indication of a more desirable
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TABLE 2

Total Numbers of Fish Tazken a% the 8ix Sampling Stations of the
San Francisco Bay Survey, 1963-1G66

Station 1963 1964 1965 1965 Totals
1 6,992 17,293 28,655 6,323 59,263
2 16,206 27,801 36,562 17,127 97,696
3 6,656 29,094 148,430 L, 428 188,608
L 5,346 5,402 18,500 15,410 ., Lk, 658
3 17,015 7,372 13,581 12,677 50,645
6 23,221 12,194 27,488 7,10k 70,007
Totals 75,436 99,156 273,216 63,069 510,877
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TABLE 3

of Fish Taken in San Francisce Bay Study, 1963-1965

Common Name
Anchovy, northern
Bass, striped
Bocaccio
Cabezon
Carp
Croaker, white
Flounder, starry
Goby, bay
Goby, bluespot
Goby, Japanese

Greenling, rock

Scientific Wame

Engraulis mordax

Rocecus saxatilis

Sebastodes paucispinis

Scorpaenichthys marmcoratus

Cyprinus carplo

Genyonemus lineatus

Platichthys stellatus

Lepidogobius lepidus

Coryprhopterus nicholsi

Acathogobins flavimanus

Hexagrammos superciliosus

Greenling, whitespotted Hexagrammos stelleri

Gunnel, saddlebaclk

Pholis ornata

Halibut, California Paralichthys califcrnicus

Herring, Pacific
Herring, thread
Irish lord, red
Jacksmelt
Lamprey, river

Lingcced

Culpea pallasi

Cpisthonema libertate

Hemilepidotus hemilepidotus

Atherinopsis californiensis

Lampetra ayresii

Opniodon elongatus

Midshipman, northern Porichthys notatus

Perch, black
Perch, dwarf

Perch, pile

Embictoca jacksoni

Micrometrus minimus

Rhacochilus vacca
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TABLE 3 (con't)

s s
_— ——  ———— ————=

§erch, rubberlip Rhacochilus toxotes
Perch, shiner Cymatogaster zggregata
Pipefish, bay Syngnathus griseclineatus
Poacher, pricklebreast Stellerina xyosterna
Poacher, pigmy Odonbooyxis trispinosa
Pompano, Pacific Palometa simillima

Ray, bat Mylicbatis EEAl nenicus
Ray, Pacific electric Torpedo californica’
Rockfish, brown Sebastodes auriculatus
Salmon, king Oucorhynchus tshawytschae
Sanddab, speckled Citharichthys stigmaeus
Sand lance, Pacific Ammodytes hexapterus
Sardine, Pacific Serdinops caeruleus
Sculpin, bonehead Artedius notospilotus
Sculpin, Pacific staghorn Leptocottus armatus
‘Sculpin, padded Artedius fenestrslis
Sculpin, smoothhead Artedius lateralis
Seaperch, rainbow Hypsurus caryi
Seaperch, striped Embiotoca lateralis
Seaperch, white Phanerodon furcatus
Shad, American Alosa sapidissima

Shad, threadfin Derosoma petenense
Shark, brown smoothhound Triakis henlei

Shark, leopard Triakis semifasciata
Shark, sevengill . Notorynchus maculatus

Shark, spiny dogfish Sgualus acanthias
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TABLE 3 (coh't)

—_—,————— e eV ———————————=——

Skate, big Raja binoculata

Smelt, night Spirinchus starksi

Smelt, longfin Spirinchus thaleichthys
Smelt, surf Hypomesus pretiosus
Smelt, whitebait Allosmerus elongatus
Snailfish, showy/ Liparis pulchellus

Sole, English Parophrys vetulus

Sole, sand Psettichthys melanositictus
Steelhead Salmo gairdneri
Stickleback, threespine Gastercsteus aculeabus
Sturgeon, green Acipenser medircostris
Sturgeon, white Acipenser transmontanus
Surfperch, barred Amphistichus argenteus
Surfperch, walleye Hyperprosopon argentewm
Tomeod, Pacific Microgzdus proximis
Tonguefish, California Symphurus atricauda
Topsmelt . Atherinops affinis
Turbot, curlfin Pleuronichthys decurrens
Turbot, diamond Hypsopsetta guttulata
Turbot, hornyhead Pleuronichthys verticalis

The names of fishes used are those of the California Department of Fish and
Game and the American Fisheries Soclety lists.
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fishing area. Several varieties in each ecological grouping also constitute
a more stable gross population by averaging out fluctuations in individual
species of fish. Graphic presentetion of the sampling of fish 1963-1965 has
revealed seasonal variations in number of species teken (Figure b4). May and
June‘peaks approximately coincide  with the . maximim plankton
production, while the lowest points are scattered through the late fall and
winter. Monthly catches by stetion are shown in Tables 4 - 11,

Twenty fish spscies occurred at all six stations. Listed iP order of

magnitude of numbers, they were:

1. Northern anchovy 11. Northern midshipman

2. GShiner perch 12. Topsmelt

3. English sole 13. California tonguefish

L. Pacific herring 14. American shad

5. Bay goby 15. Pile perch

6. Speckled sanddab 16. Starry flounder

7. Jacksmelt 17. Bat ray

8. White croaker 18. Brown smoothhound shark
. 9. Pacific staghorn sculpin 19. Spiny dogfish shark
10. Pacific tomeod 20. Lecpard shark

Six sdditional species, having wide distribution in the bay, were taken
at five of the six stations. These species are walleye surfperch, bay pipefish,
striped bass, white seaperch, big skate, and whitebait smelt., A full presenta-
tion of the four-year fish profile for the stations is in tabuler form

(Tables 12-35).
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TIVERTEBRATES

Widespread distribution of bay shrimp and their availability throughout
the year was indicated by their presence in 101 eof 125 bottom tows. On
August 12, 1964, a 20-minute tow of the 15-foot obtter trawl caught LOO pounds
of shrimp at Station 6. This was the largest catch of shrimp made during
the study. During the study occasional examinations of fish stomachs indicated
shrimp a major food item,

Benthos

During 1963, a 100 cubic inch orange-peel bottom sampler was used at the
six stations established for the study of fishes. One sample was taken at
each station each month except July. Tn a few cases, a second sample was
removed and preserved in formalin or alcchol. Most of the animals were care-
fully measured, with the exception of the very small forms that occurred in
great numbers,

In addition to the orange-peel samples, other bottom living animals were
obtained from hauls of the beam trawl used for ccllecting fish . This net
sometimes dug into the substrate and brought up many bottom specimens. There
were several advantages to this incidental sampling. We obtained crabs which
escape orange-peel sampling; we found some species that the bottom sampler did
not collect because it failed to penetrate deep enough to reach them, or we
found that a species was more numerous in an area than our bottom sample indicated.
Some species that appeared to be relatively rare from our samples actually
existed in large numhers.

Because of the very small size of our sample in relation to the size of
the area which it represented, little can be determined about the total popula-
tion or density patterns of a species. It is disappointing to be able to take
only one sample when many more are needed for adequate statistical anealyses,

However, within the limitations of the survey, we did secure sufficient information
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of a generzl nature to help determine the relative numbers of animals in

several of the bay substrates (Tabies 36-37).

Animals representing five differenb phyls and many species were found in
the samples, and are briefly discussed here by phylogenic grouping.
Porifera

Several small encrusting sponges were observed, but no attempt was made to

identify them. One globular sponge, believed to be Tetilla mutabilis, was

taken in a grab sample at Station 4, and appeared in large numbers in the

dredged material from Stations 4 anti 5.

Coelenterata

No attempt was made to find and identify all the hydroids that might have

been present; however, the most abundant was Obelia dichotoma, particularly in

material from Stations 3 and 4.

Stylatula elongata, the slender sea pen, was collected in two samples at

Station 1 (3 specimens), in three samples at Station 2 (12 specimens), and in
larger numbers in all samples from Station 3 (33 specimens). At Station 3,

.
very small specimens were found in October. The substrate at all these stations

is sand mixed, with mud.

A small salmon-pink anemone, Diadumene ieucolena (an introduced Pecies), was

collected in grab samples at Station 5. Tt was very abundent in dredged material
from Stations 4 and 5, and was found fastened to shells, stones, pieces of wood,

and even submerged leaves all through the spring months.

Bgozoa

Here again, no attempt was made to find ang identify the species of this

rhylum. Membranipora spp. were seen on shells and stones at all stations

except 6. In the dredged material, one species of arborsscent bryozoa was common.




Porifera (sponges)
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TABLE 36

Common and Scientific Names of Invertebrates

(1iona celatbsa
Tetilla mutabilis

Coelenterates (jellyfish)

Chrysaora melanaster

Pelagia pancpyra

Obelia dichotoma

Stylatula elongata

Diadumene leucolena
— Aurellia aurita

Bryozoa (moss animals)

Membranipors sp.

Echinoderms (starfish)

Patiria miniala
Pisaster ochraceous
Pisaster brevispinus
Ophicpteris papillosa

Annelids (segmented worms)

Axiothells rubrocincta
Glycera capltata

Glycera americana
Tumbrineris zonata
Marphysa sanquinea
Neanthes succinea

Nereils procera

Nereis zonata

Pectinaris californiensis

Molluscs {shells)
Pelecypois

Mcdiclus demissa
Barnea pacifica
Botula falcata |
Clinoecardium nuttallilil
Corbicula fluminea

Yellow sponge

browvn jellyfish
blue jellyfish
hydroid

slender sea pen
gsglmon pink anemone

leather starfish
ochre starfish
shortspine starfish
brittlestar

bamhoo worm

ribbed horsemissel .
piddock -

pea-pod borer
basket cockle -
Asiatic clam
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Molluscs

Pelecypods (con't)

Gastropods
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TABLE 36 (con't)

Gemma gemma,

Macome inconspicua
Macoma nasuta

Macoms secta
Musculug senhousel
Mya arenaria

Mytilue californianus
Mytilus edulis

Ostrea lurida
Crassostrea gigas
Pododesmis macrogchisnmus

Protothaca staminea
Solen sicarius
Schizothaerus nmattallii
Tapes sermidecussata
Trachycardium
quadragenarium

Acmaea sp.

Mopalisa sp.
Bittium sp.
Hopkinsia rosaces
Epitonium sp.
Anisodoris noblis

Tethys californica

Busycon canaliculatum
Crepidula nivea
Nassarius cooperi
Wassarius fossatbus
Nassarius mendicus
Nassarius obsoletus
Oceanebra sp.
Olivella biplicata
Pclinices lewisii
Urosalpinx cinereus

Arthropods (jointed feet)

Balanus glandula
Callianassa SD.
Minertia sp.
Cancer antennarius
Cancer magister
Cancer productus
Cancer gracilis

gem clam
inconspicous macoma
bent nosed clam =
white sand clam

md russel *

soft shelled clam
California sea-mmissel s
bay mussel-

native oyster
Pacific oyster
jingle

common littleneck
sickle razor clam
gaper clam

Japanese littleneck -

spiny cockle

limpet .

chiton

horn snail

rosy nudibranch
wentle-trap
lemcn nudibranch
sea hare
channeled whelk
slipper limpet

channeled basket snail-
mud snail e

olive snail
moon snrail
oyster drill

acorn barnacle
ghost shrimp
fish louse
rock crab
market crab.
red crab
slender crab




Arthropods (con't)

Ascidians
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Caprells sp.

Ligyda occidentalis

Limmoria lignorum

Hemigrapsus cregonensis

Splrontocaris sp.

Argeia pugettensis

Palzemon macrodactylus

Pachygrapsus cragsipes

Pegurus hirsutiusculus
Petrolisthes cinctipes
Pinnixa franciscana

Pugettia grascilis
Pugettia richii
Pyromaia tuberculata
Crago franciscorum

Crsgo nigricauda

Molgula sp.
Styela montereyensis

skeleton shrimp
isopod

gribble

nud crab

shrimp

Korean shrimp
shore crab
hermit crab
porcelain crab
pea crab

kelp crab

spider crab ,

bay shrimp
blacktail shrimp

gea sguirt
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TABLE 37

Distribution of Species and Specimen Numbers Taken by
Orange~Peel Dredge at Six Stations, San Francisco Bay

April T December, 1963

%

Station and substrate Number of Number of Species
Species Specimens Unique to
Station
Station 1 - predominantly sand with 16 39% 2

some mud and fine shell.

D e D e G D N A W G e S G G5 S5 D D D AN S S S e A R Y N D D M e T S M G D e e i o G S R S G A v i = e

Station 2 ~ predominantly sand and 16 60% 3
shell but with some mud., More varied
than Station 1.

O S T et DD G G5 e e e e D D WD N S N e W el T S D D ) RS D o e N b b D M G D P A L A G

Station 3 - mostly homogeneous sand 19 123* 1
and mud, usually with empty bamboo
worm tubes,

T D D D D AT R S SR D NN NS oF e 0 e vl D A P S o e S G D D D e e A S S e Sl ot T G G G T e e e =

Station 4 - Predominantly mud with 11 g8 2
shell frapments.

R A A U S D O Gl DD D ED e om S S5 S S A W TV N WD D D D e e Sy D S R e n e o D AR D WD T AR W u e e =

Station 5 ~ sticky mud with some 13 549 1
sand, little or no shell, more
varied than 4 or 6,

R 5 N D T S SRl S N N D e D e S Gy O S N sl S A e B P A W R SR SR R S S R D A S mb o el e e R SR R SF A e e e ol e

Station 6 - uniformly very sticky 7 93 1
mud with no sand or shell.

O S G S D S D SR RSB e A e e R Y S e T s BB S o

* Gewma gemma, amphipods, and chelifers ommitted from the specimen count at
three stations. These would add thousands at Stations 1 and 2, and huadreds
at Statiomn 3,
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Nemertea
Only four speclmens were collected and no attempt was made to identify
them.
Annelida
A1l the snnelids collected belong to the class Polychaeta.

Glycera americana, one specimen in each of two samples, was found at

Station 1 (notably lacking in polychsetes). It also occurred in one semple
from Station 3. In all three cases the substrate was sand mixed with mud.

" Glycera capitata was found in three samples at Station 2, and it is

probsble that four very tiny glycerids found at this station in May were G.

capitata.

Pectinaria californiensis occurred in one sample from Station 1, three

samples from Station 2, and one sample from Station 3. Empty shells were found
in several other samples, but no living worms were taken. In all cases except
one, the substrate was a mixture of sand, mud, and broken shell. In the
exceptional case,the substrate had very 1little sand, but did contain broken

shell.

Axiothella rubrocincta, the bamboo or joint worm, was the most numerous

and wide-spread polychaete. It oceurred in one sample from Staetion 1, cne

from Stetion 2, and in 5C percent of the samples from Station 3and Station L,
While it was not found at Station 5, there were empty tubes, and some living
specimens were found in dredged material from this gtation. 'This species was
not taken at Station 6. The tubes of this worm mist be very resistent and long
lasting, for they were in extracrdinary abundence in many samples. The worm
was most abundant in rather sticky pure md. Since the substrate in Station 6

is of this nature and the worm shows some tolerance (the substrate in Stations 1
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and 2 was sandy), its distribution must be limited by scme other factor.

Nereis zcnata was found in one sample from Station 4, two from Station 5,

and two from Station 6. Nineteen specimens were recovered, all from sandy mud.

Neanthes succinea was more widely distributed than N. zonata since it was

found at Stetions 3, 4, 5, and 6. However, fewer specimens (15) were taken.
These polychaets seemed to reguire the same substraste and were taken in the

same samplie twice.

Nereis procera was found in dredged material at Station 5.

Merphysa sanquinea was found only at Station 6 in homogeneous sticky mud.

Turorinereis zonata occurred in one sample at Station 3.

Mollusca
The phylum Mollusca was represented by several species of clams, oysters,
mussels, and snails.

Musculus senhousei, the mud mussel, was extremely sbundamt. This species

occurred in large masses fastened %ogether by byssal threads. One mass examined
contained 75 individuals. This mussel was taken at all stations except 1 and 3.
Stations 2 and 4 had only six specimens while Station 5 had Lys., The largest
specimen was 36 mm in length., Two size ranges were found at Station 5 in June
and Octobef; and at Station 6 in June. This would indicate that there are two
reaks of settling, and these occur prior to June and prior to October. This
might be explained by spawning occurring earlier in one area of the bay than in
another, and individuals from both areas contributing to the sample. Temperature

differences conld cause such a situation.

A few small bay mussels, Mytilus edulis, were found at scattered locations.

Only eight specimens were cbtained at Etations h, 5, and 6. The lzrgest was

20 mm in length, indicating that the aress sampled masy not be suitable for the

maturing of this species.
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Macoma nasuta, the bent-nosed clam, was found at Stations 1, 2, and 3.

The maximum size was 30 mm, but most were smeller. They occurred in 50 percent
of the samples at both Stations 2, and 3, and in one-third of those at Station 1.
In all, 33 specimens were taken, and there was no correlation between season

and size,

Macoma inconspicu® was taken only at Station 1. It occurred in two

samples, in one case with M. nasuta. Both of these clams were found on sandy

bottoms where there was some admixture of mud.

r

Tapes semidecussata, the Japanese littleneck, was abundant. However, it

was not found at Station 1 or 2, and only four specimens occurred in two samples

at Station 3. At Statiorn 4, 49 specimens were found in four samples. At i
Station 5, 142 clams were taken and occurred in all but one sample. At Station 6,

five specimens were found in three samples.. All were very small, and no

specimens approached the maximim size for the species, the largest being 31 mm. ¢
According to Fitch (1953), the maximum is sbout 77 mm. There were, however,

areas in the channel at Station 5 where large specimens were taken by dredging.

Ostrea lurida, the native'oyster, was found only once. Three small

specimens were found attached to an old Macoma shell at Station 1.
The three species of oysters, which have been harvested in times past

from San Francisco Bay, are Crassostrea virginica, the eastern oyster; C. gigas,

the Pacific oyster:; and Ostrea lurida, the native oyster. The eastern cyster

production was from growth of young oysters brought in from the Atlantic coast
by rail for several years efter completion of the transcontinental rallroad.

About 1938, Pacific oyster seed was brought to Californie from Japan, but few
marketable oysters were produced in San Francisco Bay. BSan Francisco Bay did

not prove suitable for the spawning of tThe eastern or the Pacific oyster. The
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most recent planting of Pacific oysters was made in San Pablo Bay in 1958, but
the seed was lost in soft mud. The native oysters have never been an important
commercial product of San Francisco Bay. For many years, 0. lurida shells have
been dredged from the deeper waters of south San Francisco Bay for use in
poultry feed and the making of cement. Geologists have reported these shell
beds indicate that large populations of native oysters existed in the bay over
2,000 years ago. At present, the native oyster occurs in the bay, but is too
sparse to support active harvesting activities.

Solen sicarius, the sickle razor clem, was found in two samples from

Station 1, and in three samples from Station 3. The substrate in all cases
was sand with some mud in homogeneocus mixture. One specimen was 75 mm in
length while the others were small, Our sampler did not penetrate deep enough
to collect large individuals of this species |

Clinocardium nuttallii, the basket cockle, occurred in one sample at

Station 1, two at Station 2, and one at Station 3. All specimens were small,
the largest 20 mm, and occurred in samples taken from September to December.
The substrate was muddy send with fine shell fragments in some cases.

Mya arenaria, the soft-shell clam, was found once at Station 3.

Gemma géggé occurred in almost unbelievable numbers at
Stations 2 and 3. Care was taken to estimate the numbers
carefully. The samples containing this minute clam were frozen which caused
the shell to gape. In washing the samples, the soft parts were often lost;
therefore, a count was made of all shells with the hinge intact. Only 32
specimens of this species were found at Station 3; however, these clams were
present in all Staticn 2 samples except the one taken in December. In two

cases, 2,000 or more were present in a single sample, The total number of
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intact shelis (still hinged) was estimated at 6,500 and those still retaining
soft parts at 2,300. Peak numbers seemed to be reached from May to August with
a gradual decrease through the fall months. The substrate at Station 2 was
quite uniform, consisting of fine sand with some mud and shell fragments.

Schizothaerus nuttallii, the gaper clam, was found only once in fine md at

Station 6. This specimen was 20 mm in length. The presernce of siphens in many
starry flounder stomachs indicate this clam is quite abundant in some areas.
Nassarius cobsoletus, the mud snail, was very common. This introduced

r

species occurred in two samples from Station 1, one sample from Station 3,

cne from Station 5, and three from Station 6. It was abundant in dredge samples
at both Stations 4 and 5 so that our bottom sampling may have been biased. It
was usually found in rather heavy mud, but did occur in a sandy substrate as at
Station 1. There seemed to be no seasonal peak ot size, and large animals

were found.

Nassarius fossatus was found in ftwo samples from Station 1, and in three

samples from Station 2. It was always on a substrate of sand with some nmd.

Nassarius cooperi was found in two samples from Station 2, and in one

sample from Station 3. It was found in one sample with N. fossatus.

Nassarius mendicus was found only once at Station 5.

Several other gastropods were found only once: Crepidula nivea at Station Ly

in November, Epitonium sp. at Station 4 in November, Ocenebra sp. from Station 5

in October, Clivella biplicata from Station 1, Bittium sp. from Station 2 in

June. Urosalpinx cinereus was found at Station 6. In a dredged sample nine

large specimens of the introduced conch, Busycon cenaliculatum, were taken at

Station 4.
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Arthropoda

Other than gammarids and chelifers, which were extremely numerous in
spring samples from g+ation 1 and 2, few crustvaceans were taken in bottom
samples. This is undoubtedly due to the fact that surface dwelling crabs can
escape the sampler. Most of our specimens were fron material brought up by
beam trawl.

Cancer magister was taken only once. This was & very small crab (carapace

width 12 mm) obtained at Station 2.

Cancer antennarius was taken once in a grab sample, and two specimens of |

large size were taken by dredge at Station L.

Cancer productus was taken at Station 4 by dredge.

Cancer gracilis was taken at Station 4 by dredge.

Hemigrapsus oregonensis was very common in dredged material from Stations

4 and 5, and was found elinging to the trawl net at Station 6.

Pachygrapsus crassipes was found once, in a most unlikely situation, in

md brought up at Station 6.

 Pugettia richii was taken at Station 5.

2.
A spider crab, Pyromaia tuberculata , was taken several times in hauls at |

Stations 4 and 5. The distribution of this crab is reported to extend as far

northward as Monterey Bay (Schmitt, 1921; Rathbun, 1930). This presented

problems of identification, but we think this is correct. We have more than a
dozen specimens.
Zooplankton
The plankton study was made to determine relative abundance andé seasonal
variations of zooplankbon. An exact quantitative analysis was not possible,

but the data give us a general picture. The animals collected were at, or
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very near, the surface and were 1 mm Or larger in size. This limitaticn
excluded protozoans, planulae, trochophores, immature copepods, and possibly
some of the smallest mature copepods. The results are bissed because of the
differing vertical distributions of the various species encountered. Although
all tows were twenty minutes in duration, there was considerable variation in
the quantity of water that passed through the net depending on whether the
vessel was progressing with or against the tidal current.

Tn this zooplankton study, the volume of the sample was reduced to 50 cc
by straining away excess liquid. The larger organisms, which weée picked out,
included amphipods, mysids, postlarval crabs, and a few iscpods and chaetognaths.
These were counted for the whole sample. The remainder of the sample was care-
fully stirred and a 1 cc aliquot removed. The sample was stirred again and
another aliquot removed. The process was again repested. The three aliquots
were combined, put into a Petri dish, and the animals identified and counbted.

The species of copepods could be distinguished with practice except for

Acartia clausii and A. tonsa, which required an examination of minute structures

at high magnification. It was decided as impractical to separate these, so
they are considered together. Where a great many copepods were found, the
sample was estimated by counting random squares.

In treating the larval crustaceans, no attempt was made at.specific identi-
fication. Brachyuran larvae were identified simply as brachyuran zoea or
postlarval stages (mysis and megalops). The zoeal and postlarval stages of
the anomuran crabs were separated from those of the brachyurans. Larval stages
of the Cragcnidze, readily distinguishable because of the long fifth leg, were
listed separately.

Our samples were biased for several reasons. Most planktonic animals
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migrate vertically in the water, and are near the surface only during the night.

For example, Calanus fimmarchicus, a member of a carefully studied genus of

copepod, tends to go deep in the water and to prefer a depth of a few fathoms
even during darkness. A surface haul probably would nct sample this species.
Species of the genus Acartia show a more varied pattern of movement. GSurface
sampling does not give an accurate picture of animal distribution with respect
to the total vertical water colum. In s more comprehensive study, vertical
hauls should be made. The data for monthly hauls indicate San Francisco Bay
plankton tends to have a shifting distribution. Phytoplankton is concentrated
just below the surface except in the darkest winter months, and the members of
the food chains dependent directly on phyteplankton or on the primary consumers
follow this pattern. In the case of the mysids found in samples during the
winter months, we were obtaining "strays,"since these are primarily bottom animals.
They may swim upward at night and be found in small numbers in the upper zone.
Amphipods also tend to be more subsurface in distributicn, but are not as definite
bottom dwellers as mysids.

The only previous work with which comparisons may be made is that of
C. G. Esterly (1924) who studied the copepods ccllected by the U. S. Bureau
of Fisheries steamer ALBATROSS during the survey of San Francisco Bay, 1912-13.
Esterly found 11 species of copepods in the bay, but three were collected only
once and in a single ssmple. Others were rare. The common species were the
game three that we found most abundant, but the proportions of their ocecurrence

were very different. In his study, Esterly found Paralabidocera 15 times as

numerous as Calanus and 100 times as numerous as Acartia. Our samples indicate

Paralabidocers to be 5-1/2 times as numerous as the other genera {Table 38).

These differences may be due to the sampling methods or gear used.
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TAELE 36

Relstive Abundsnce of Principal Plankton Forms in Aligquot

Parts of Plankton Samples Collected April, 1963-February, 196k

Copepods 1 2 3 L 5 6 Totals
Calanus 92 57 329 196 203 138 1015
Paralabidocera 830 881 1355 856 788 996 5706
Acartisa 26 122 285 200 215 215 1085
Totals 948 1060 1969 1274 1206 1349 7806
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Undoubtedly the nature of the bay in many respects has been altered
radically in fifty years. A rise in water temperature, which has been suggested,
might increase the numbers of Acartia. This genus was common off southern
California, but rather scarce further north fifty years ago. Salinity changes
might be involved, because the more oceanic species that have apparentliy
increased in numbers. Of course, the shift may represent a yearly variation
rather than a long term shift of numbers. A possibility exists that the
differences in secondary consumer populstion composition mey be the result
of different survival rates. It is an interesting guestion about which one
can only speculate.

Crab zoea and postlarval stages were important elements of the plankton,
These first appeared in large numbers in April (they might have been there in
March - we had no March samples). They continued through June and dropped
off sharply by August. A few were present in Septerber. They are a more
important element than their numbers indicate since they contribute considerable
biomass. Most of the larvae were brachyuran crabs. A few porcellanid larvae
were found. Cragonid larva were very rare in the plankton, and this was
surprising because great numbers of gravid female shrimps were found in the
areas we sampled. They must spend their lerval life in deeper waters, or in
some other portion of the bay.

Amphipods occurred in moderate nuwmbers throughout the yeér. However, a
sample from Station 1 in May contained a large number.

Mysids were taken in small numbers during the winﬁer months. There are
apparently three closely related species all belonging to the genus Neomysis

represented in our samples. In the winter, they exist in large numbers near

the bottom.
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Fish eggs were numerous throughout the spring and summer, but some were
present at other times,

It was rather surprising to find so few of the usual invertebrate predators
in the plankton. There were no large jellyfish and only two arrow worms.

During no month was the plankton really depleted. It was quite evenly
distributed throughout the year, though a single month might show considerable
variation from station to station. There was s definite spring peak with a
tapering off through August and September and a new build-up beginning in
December. There did not seem to be two peaks. This may have bé;n a special
characteristic of the year, and should be assumed so until further data are
available,

Intertidal Sampling

A series of widely separated locations (Figure 1, A through I), which
included a wide range of waber guality and substrate material, was chosen for
intertidal cbservations. Limited collections of intertidal animals were made
to reveal what invertebrates were common about the margin of the bay. An
examination of each location was made for macrofauna during a minus tide
(Teble 12). Species identification was not made for all groups of invertebrates
collécted. Over two dozen species of annelids are known to occur in San Francisco
Bay, so are referred to as worms in the following discussion. Japanese and
ngtive littleneck clams also have been combined, as have the basket and spiny
cockle. The white sandclam, bent-nosed clam, and the inconspicuous macoma are
all considered macome clams., The acorn barnacle is the most common invertebrate
in the bay, but there are several barnacle species that are difficult to dis-
tinguish which are probably present. A sim%lar sitvation exists with other

groups such es sponges, sea slugs, and anemones,
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A thorough study to determine distribution and relative abundence of the
invertebrate species in the vast mud flats, sloughs, and channels of San Francisco
Bay would require an investigation manifold larger than this biological survey.

Station A, Strawberry Point in Richardson Bey, is an area of coarse gravel
eroded from the bluff above the shore. This substrate is ideai for littleneck
clams, and meny small Japanese littleneck clems are harvested for bait in this
area by sport fishermen. ©Sea lettuce, Ulva sp., is plentiful, and hundreds
of northern midshipmen spawn under the flat rocks. The road, built in 1964
along the south shore, rrovides access to this popular fishing area.

On January 23 and July 9, 1963, the following animals were found at this

location:
Northern midshipman Littleneck clams
Mud crab Gaper clam
Shore crab Macoma clams
Rock crab Lemon nudibranch
Barnacles Worms
Bay mussel

The ares from the southern limits of Sausalito south to the sewer plant
was chosen ;s Station B. This area has some sandy beach at its southern
end, but is composed of large rocks at the north end. This shore is heavily
used by fishermen. Numerous gaper clams were found living about 200 feet from
the sewer plant. The outfall is several hundred feet offshore, and does not

appear to influence marine life along the beach. Hundreds of thousands of

Japanese oyster drill egg cases were found on the rocks and pilings at the

edge of town.
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The invertebrates found July 13, 196k, include the following:

Kelp crab Basket cockle

Rock crab TLittleneck clams
Porcelain crab Jingle

Ghost shrimp Oyster drill
Barnacles Lemon nudibranch
Isopods Ochre starfish
Califcrnia sea mussel Bat starfish )
Bay mussel Chitons

Gaper clam Worms

The substrate of Station C, located at the Brooks Island and the Richmond
jetty, ranges from rough rocky shore along the south side of the island to
very soft mud on the north side. The stone jetty running west from the
island does not support as much marine life as the rocky island's southeast
point. There are numerous patches of eel grass north of the island but
none to the socuth.

On August 24, 1964, we observed the following invertebrates in the inter-

tidal zone:

Mud crab”’ Soft-shell clam
Market erab Littleneck clams
Barnacles Piddock

Bay massel Basket cockle
California sea mussel Limpets
Bent-nosed clam Mud snail . -~
Native oyster Worms {?

L] ‘ A e
VAR b '
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Station D, on the east shore of Yerba Buena Island between the By Bridge
pier end the north end of the Coast Guard Base, has severel kinds of bottom.
The bridge piers at this station s;pport a fauna that is similar to that of
a steep rocky shore. High on the beach is coarse gravel and rocks. However,
at sbout the -2.0 foot elevation, there is an area of almost level sand, over

an acre in extent, that supports a good growth of eel grass.

Animals found August 10, 196k:

Northern midshipman Littleneck clam
Shore crab Basket cockle
Mud crab Macoma clam
Hermit crab Jingle

Market crab Oyster drill
Rock crab Sea slug

Ghost shrimp Ochre starfish
Barnacle Shortspine starfish
Isopods Sponge

Bay mussel Anemone
California sea mussel Worms

Station B consists of several miles of shore from Alameda south to the
mouth of San Lorenzo Creek. A drawbridge leads from Bay Farm Island to Alameda,
and & sand and gravel bar follows the south side of the channel westward for
about a guarter of a mile., The littleneck clam populaticn along here was the
most dense found during our study. At some sandy areas along this spit, worms
are dug for fishbait. A mile southeast of the drawbridge many gaper clams

occur along the channel by the old airport. Intensive digging has resulted in




-115-

harvest of the larger clams. The area around the San Leandro Marina is included
in this station. Soft-shell clams are the most sbundant form here. Approximastely
2 miles southeast of the marina there is a sandspit about one-half a mile long

at the mouth of San Lorenzo Creek. The most common marine life found here is
ghost shrimp.

Animals found February 5, 1963 and April 5, 1963:

Ghost shrimp Soft-shell clam
Barnacle Gaper clam
Ribbed horsemussel Worms

Littleneck clams

Station & includes the Port of Redwood City and the adjacent shore. The
substrate is soft mud in the deeper water and along the shore, except for the
filled location behind the dock. This dock has had trays of living oysters
hanging from it since February, 1962. At no time since then has the water
quality csused oyster mortality. Near the dock there is enough broken shell
on the surface to make walking possible. Soft-shelled and gaper clams are found
in these gravelly areas.

. Animals found December 6, 1963, March 10, 1964, and May 6, 196k:

Mud crab Ribbed horsemussel
Skeleton shrimp Soft-shell clam
Barnacle Gaper clam

Isopod Native oyster
Gribble Sponge

Hydroid Ascidians

Bay missel
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Station H includes the Dumbarton Bridge and nearby western shoreline.
The bridge piers support Pacific oysters. These were the only ones found in
San Francisco Bay, and they were ali cld individuals which probably originated
from spawning of earlier plantings in the south end of the bay.

Animals found January 31, 1962, May 17, 1963, September 20, 1963, and
April 18, 196k:

Shore crab Ribbed horsemissel
Skeieton shrimp Native oyster
Barnacle Basket cockle
Gribble Pacific oyster
Hydroid Sponge

Bay mussel Sea anemone

Station I is near the town of Alviso at the railroad bridge over Coyote
Creek. The natural flow of fresh water from the creek, as well as the con-
siderable flow of sewage coming into the bay here, limits the variety of
organisms. As a result, only three species were found living here. They were
scorn barnacles, ribbed horsemussels, and mud snails. However, there were

hundreds of snails per square yard. Observations were made January 16, 1963,

r

and April 19, 196kL.

The ribbed horsemussel, Modiolus demissa, deserves special mention because

it is one of the more abundant shellfish in the bay. This bivalve was introduced
from the Atlantic coast with transplants of Eastern oysters, which began in 1879.
It lives in the high interiidal zone and prefers areas of cord grass, Spartina
foliosa. This mussel, a filter feeder, removes all sorts of suspended matter

from water, and a dozen animals in g five-gallon aguarium of murky water will
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remove most of the suspended material within a few hours. It is high in vitamin
D content and has been harvested commercially on the Atlantic coast. A venture
in 1962 to harvest this mussel from San Francisco Bay beds was unsuccessful.
This shellfish is common in Napa Slough as well as asround the socuth end of the
bay. A sirngle square foot of substrate in the Palo Alto Harbor wiecinity contained
387 individuals weighing 7.45 pounds. When this figure is projected for the

total area they are known to inhabit, estimates of hundreds of tons are feasible.

MAMMATS
Though not subject to speciel study in the course of the bi;logical survey
of San Francisco Bay, several species of marine mammals were cbserved. Their
occurrence is noted briefly here for they do represent an important part of

the bay's population of larger animals.

California sea lions, Zazlophus californianus, were frequently seen in

the bay within a mile or two of the Golden Gate. South of the Dumbarton Bridge

we observed a coleny of harbor seals, Phoca vitulina. This non-migrating

population has been estimated to be of 50 to 100 individuals. Anothexr group
of about 30 harbor seals was found near the Richmond end of the Richmond-

San Rafael Bridge. Occasionally harbor porpoises, Phocoena phocoena, were seen

between Treasure Island and the Golden Gate.

SALINITY AND TEMPERATURE
Means of surfact water salinities are shown in Figure 5. The measurements
at specific stations are given in Tables 39 to k2. Considerable freshwater
flows into the bay system from the Sacramento and San Joaguin rivers and lowers
the surface salinity in the north end of the bay. November, 196k shows 14.2

parts per thousand at the surface on Scuthampton Sheal. This was the lowest
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salinity recorded. The highest was 34.1 in August, 1963 on San Bruno Shoal.
The bottom water is generally more saline, but the stirring action of the tides
causes the whole body to become of equal density by the time it reaches the
Golden Gate. The addition of sewer effluent and irrigation waste waters also
reduce the salinity. At times of maximum river flow there are severe dieoffs
of certain shellfish. Japanese littleneck clams are killed but soft-shelled
clams are unaffected.

Temperature means for surface water are shown in Figure 6. Tables 43 to
45 give readings by station. The highest temperature measured wasg 23.90 C south
of the Dumbarton Bridge in August, 1965. The lowest recorded was 8.6° C on
Sén Bruno Shoal in December, 1963. A series of cold days with strong winds
from the central valley will reduce the bay water temperature below that of
the open ocean. On windless days in the summer or fall, exceptional highs

occur in the shallow south bay waters.

DISCUSSION

The waters of San Francisco Bay from San Rafael to Alviso support a wide
variety of vertebrate and invertebrate animals. The bioclogical survey, including
several locations in the deeper channels as well as intertidel areas, reveals
the assemblage of three species of marine memmals, 71 species of fish, and
numerous invertebrates representing as many as eight phyla. The microflora and
fauna are rich and support & wide variety of filter feeding animals. The
'zooplankton consists of the eggs and larvae of many of the resident and migrant
species as well as many other small animals of major importance in the food
chain of the bay. San Francisco Bay has been, is now, and can be in the future
en area capable of supporting large commercial and recreational activities

based on utilization of marine resources. The bay is uniqgue in California in




*SUOTHBAS XTS JO Sueal ‘Awg OOSTOUBIL UBG UT saanjedadwas JI93eM 20BJINg g SINFTI

o 12[1_..
DEGREES CENTIGRADE

N _ [ [ | _ _ _ |
0T {
T g
——— —  Go6T
S - no6T
"R EEEE ] v e mmm.ﬂ ) o .
€1 e
7A0D 5 v
) ~
T p ]
— —
aT \ \ 6T
/S
9T / - 4 : 9T
\. o \
LT P - LT
// \

- 50 qT

8T - - / \
B
‘., .l%..-//.l.l.l \...l.llll-

et - m.._”
6T

N\ — \\ §
oe Q¢
1z

| _ | ] | _ | _ _ I |
0Ha AON o d9s Ny ne e IYH HIy VW a7 NYP



-125_

~

€6 £ €T 2°8T g gt T'61 g'AT 9°CT g'EeT T°ET [ARTEE SuUBsW S0BIINE
26 °TT T°8T 902 112 Titc 0°'ST 9°4q1 €' €T AT 30BFINS 9
6 E°CT LT6T 9°02 6°9T f1°HT T°€T moqq0q
L6 9'€T 1°gT 0-02 T'12 £ oe €02 1 HT T°ET T°ST adBIINS o
£'g 6"ET £'gT 6°'QT £€°81 9°GT 2'HT g2t woq40q
9'Q €T T'QT £°8T 6°gT 2'AT 0°6T L*HT g 2l g2t sorzms
16 6°€T AVAN G L1 G LT LUHT 2'qT g et wog30q
76 6°ET g LT T°gT 6°9T 1°9T 2T g°cr 6°TT 20BFINS J
76 6°€T T°8T £'QT T°gT 0°GT 2 T R°er wog3oq
2'6 6°ET €8T g LT 6°9T g°aT LHT g el E°ET soBgans ©
0°0T €8T 19T T°QT €61 T'tT g'eT mo3q0q
6 6°ET g*gT £°ptL 61 71'9T 2'HT g'er 47T aoegans L
*oa( *AON £ .00 ‘dag *3ny ‘TP e Rapy *ady * I8N *qod ‘uB[ Hot1e1s

(epvaxfdrausa

saaaxdeq)

E96T ‘Apngg feg oOSTOUBIZ UBG JO SUOTIBIE 3B PIpPIosy gaangeiodua], Ja%EM

ciy 19V

-



126 -

02T " 6T 6°LT 9'gT 2'gT Elm 2'9T 6°€T T°ET LTT SUeSW 99BJIINS
T°ET 1°QT L76T 0°02 T°12 9'gT T°gT £°GT 9° 6T L'TT soRJINE Q
2'cl 19T £°QT 69T 76T G LT L°9T 14T 6'€T g el woqq0q .
A 5 L 9T £°9T g L1 L'6T g'LT L°9T 1 HT 9"ET LUTT soeFIns -
A £°CT 26T €8T 1°6T FAFAN 6°9T 1 9°'E1 221 wog40q
FANAN g4t el 9°gT 002 TAUAN '9T 47T E°ET 6°TT soBgans
g8°0T LT G*9T QLT T'9T rAFAR 29t g'etl r AR LTI mwoq40G
TTT 4T L'9T G*AT T'9T 2T #7°9T G'et 2et T°TT 208JINS 2
L°TT 2T L°9T " 6T G AT £ 6T 0°GT g et T°ET rAAN wo3.300q,
3 IR 6°ET AVAS 6°8T © i 1°9T 9° 41 FAtAN G et AN oomgans ©
T'TT °7T #91 69T g AT g Gt 6°ET T°€T T°¢T AT wog30q
Tt f1°7T L'9T 6°gT LT 6°91 2 HT €T 8- 2T L'TT sopgans
*09( “AON “920 ‘dsg - Bny e unp ey cady “xep *qad ruep 1019819

(epBIBT3us)

sesxda (q)
—_——e————————™————— e e e ——————

96T ‘fpngg feg 00STOUBIL] UBS JO SUCTHRILE 98 pPopaowdy sagnjeradus] Is98M

Eff TIEVL

=



127 -

~

0°0T LUex 09T 6 LT 86T G'ET 9° LT 8" HT L 4T 04T 201 suesWw 30BIINS
16 9°€T T'8T 6°gT 6'te 6°1¢ g2'2ge 9°¢T 96T 26T 0°0T apeJINE 9
0° 0T T°€T AN 6°gT L'Te BiEE T'QT L*HT 7T £€T g6 woq40q
16 g et B LT 6°gT LR 712 T°gT 0°ST 6°¢tT €€T 2'6 20BIANS 6
00T €'ET L'9T 6°g1 0'0e 16T 6T 9°¢T 6°ET E°€T 6°TT priehtiele]
L6 £ et 861 61 L76T 1°6T 6°gT g€°¢T o HT E°ET 6°TT 208JaNns "
e g ar grar 10T L'9T G'LT 0" 4t 14T 6°ET FAleA) T°TT woqqoq
Q01 ARAN 04T T°9T 2° LT g LT T°97 6°ET 9°'€T Q' et 9 0T 8DBJANE C
T°TT g er LTHT L9t QLT g LT £°a1 4T 9 a1 6°¢T g' 0T mog30q
€01 2 et 06T AUAN QLT £'gT 96T 0"6T 0°ST 6°€T L6 BOBIINS E
- BF e AN LT 49T ) QAT 21T g eI 24t AN T°TT woq30q
90T AN AR Lot 9°§T €8T 0°6T 2°HT g° 4T g el 0°0T aoegans ©
*oe( * AON 100 *dag “Sny I gy KLep rxdy * I8 *ged ‘B ucTaB18
(speraB8r3usp) ss3xFag )

GO6T ‘fpnag Aeg oosTouBgd UBS JO SUOT}elS 98 PopIoosy SaInjeiadma], Io1BM

wh TIAVE

et



_128..

¢'el T°Ht gt 68T 8°8T 8°8T €91 /T 2'Tr {'OT SUBSW I0BIINS
AN 0°4T A1 L 61 g'ee 6°Te 9°GT 9°GT 6°TT "6 aoBIIMS g
6"TT L' 6T 7°6T g oze £r02 9°gT T°9T €01 9 0T wog3q0q
61T 0°6T 0°0e 6°QT g'o2 9'02 €8T £r6T 9'0T 9'0T SOBJANS m
T'€T 0°02 £°0e 1°gT 9'gT G LT 9°¢T £ 0T g° 0T woq3.0q
g'et €€t L 6T L6T £°QT 9°'gT T'8T 0°ST #'TT T°TT svezans
g et g a4t 6° 8T A o [C 0°ST E°eT gzt 7' TT T'TT wog3oq
LTT 6°ET L9t G LT G'LT #°9T 6°€ET £°CT 0 L 0°0T S0BIINS 5
£°eT G LT g LT L°9T L'9T 0°6T 6°ET 7°TT 90T moq30q
g et g°€T FAUAN 6°9T L9t T°gT 49T 6°ET T'TT 90T aveguns ©
grer AN 6°gT £°9T 8" .LT 6°ET G2t L*TT TTT wog40q
6°1T 6°€T G'AT £°gT 6°9T FAUAS €61 £°ET T'TT 90T soezins T
*o9( "AON *390 *deg *Eny e sunpe fLepw +xdy * TBH *qag *uep uoTgEe1s

(epBIBT3Uu=

sa2aaxBaqg)

96T ‘Apnyg Avg OOSTOURIJ UBE JO SUOTY®]S 38 DPapIooay sosngetodue] I899EM

oh TIGVL




- 120-
regard to size, fresh water run-off received, and industrial and domestic pollution
discharges. Another fact stands out, in addition to their great waste carrying
capacity, the waters also support a wealth of marine organisms. Therefore,
conditions can be improved or worsened, depending upon the decisions of those
governmental agencies, commissions, and legislative bodies controling the future
of the bay.

San Francisco Bay yields to the sport fishermen perch, rockfish, salmon,
striped bass, smelt, shark, Jacksmelt, and many others. (lam diggers can enjoy
littleneck, soft-shell, and gaper clams. Commercial fishermen have shark,
ohrimp, and bait species for the taking, and there is a tremendous potential
for culture of oysters and clams. These uses of the bay are not at established
fishing piers and in deep channels alaone. They occur along the shore, on the
intertidal flats, and along many miles of sloughs.

The California Fish and Wildlife Plan specifically includes bays and
estuaries in both its research and management recommendations as well as fubure
planning recommendations. San Francisco Bay in particular received considersble
attention in the plan (Vol. ITI, pages 795-807) which explained the problems of
the bay and emphasized the need for a program to meet them.

The need for protection of the fish and wildlife resources and their
habitat is well documented., This Marine Resources Operations Biological Survey
of San Francisco Bay presents data which

gives an indication of the great need for additional study to
gain an understanding of the relationships between the deep and shallow water

environments and the marine resources therein.

|
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