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ABSTRACT
The near shore bay floor off Point Molate is soft mud populated by an assemblage of organisms typical of that wide

spread habitat in San Francisco Bay. Polychaetes and phoronids 
predominate, but various small Crustacea, particularly cumaceans, 
are abundant as well. This was determined by core samples taken 
by divers at stations along a tract running southwestward from 
the point. No eel grass was detected, either with visual 
inspection from above the water or by dragging a benthic rake 
over the bay floor. Because the water was exceptionally turbid, 
underwater visibility was essentially zero, thus precluding 
visual assessments of the benthos by divers. There was virtually 
no visible light on the bay floor in the study area, which 
probably is why the beds of eel grass that occur in the much 
shallower water both sides of Point Molate do not extend to the area of the point itself.



INTRODUCTION
This account of benthic organisms off Point Molate, in San Francisco Bay (37° 57' N, 122° 25' W) , is based on a report pre

pared for the U. S. Navy. Although the work was done to permit 
anticipating effects of construction at that site, the results 
are presented here in response to the general need for biological data on San Francisco Bay.

STUDY AREA
The bay floor off Point Molate is soft mud. Close to shore, 

however, the mud lies over and among boulders that have been 
imported to consolidate the shoreline. From the shore, the 
bottom drops sharply to depths of about 2 m, then slopes gently 
to depths of 5 m about 50 m from shore. From that low point, the 
bottom rises to an expansive mud flat under about 3 to 4 m of 
water that extends 300 m offshore. There the bottom drops to a 
depth of 6 m and continues at that level for another 50 m before 
falling into the channel at the end of the pier (Figure 2). 
Because of extreme turbidity, underwater visibility during this 
work was zero and there was virtually no visible light on the bottom at any of the sampling sites.

Samples of the biota were taken with benthic corers in three 
zones along a tract running southwestward from the point. The 
benthos in each of these zones is represented by data from four 
core samples—two from each of two stations, 10 to 20 m apart.
The first zone was in mud lying over and among rocks on the near
shore slope, whereas the other two zones were on the offshore mud 
flat, one on the inner flat and the other on the outer flat.

The area experiences strong tidal currents, so samples and 
measurements were taken when these currents were reduced. Tide 
level at the time was 2 feet above mean lower low water. Methods used in this survey are detailed in Appendix 1.

THE BENTHOS
The habitat near shore off Point Molate is common and widespread in San Francisco Bay, as are the organisms that occur there.

Benthic Invertebrates
Virtually all the benthic invertebrates sampled with corers 

in the three zones are typical of mud-bottom habitats (Table 1), 
and the few exceptions are common inhabitants of rock substrata, 
which were present at the inshore stations. The collections were
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dominated by polychaetes and phoronids. The few differences 
between the three zones sampled can be attributed to the presence 
of rock substrata in zone 1. Thus, cirripedians, which normally 
live on solid substrata (Newman 1975) , were sampled only in zone 
1 (a single 0.8-mm individual), whereas tellinid bivalves, which 
inhabit soft sediments (Keen 1971), were sampled only in zones 2 
and 3. Similarly, the tanaid Leptochelia dubia and the caprellid 
Caprella californica. which are known to prefer hard substrata 
over soft sediments (unpublished data of the Tiburon Laboratory), 
were most abundant in zone 1 while the cumacean Eudorella 
Pacifica, which is known to favor soft mud (Gladfelter 1975), was 
most abundant in zones 2 and 3.

Eel Grass
Although beds of eel grass have been mapped in the coves on 

both sides of Point Molate (Echeverria and Rutten 1989), they do 
not extend to the area off the point itself. This conclusion is 
based on visual inspection from above water and failure to take 
any eel grass with a benthic rake that was dragged over the bay 
floor. (Visual assessments by divers were precluded by the lack 
of visibility underwater). Perhaps the beds are limited to the 
coves (where the water is <1 m deep at low tide) , because in the 
exceptionally turbid water characteristic of this area, 
sufficient sunlight is available to the plant only in extreme 
shallows. With the absence of visible light at all stations 
sampled during this study, including those in 2 m of water 12 m 
from shore, it is likely that benthic plants find conditions off 
the point intolerable.

2



REFERENCES

Echeverria, S. W. , and P. J. Rutten. 1989. Inventory of
eelgrass (Zostera marina L.) in San Francisco Bay. National Marine Fisheries Service, Southwest Region, Admin. Rpt. SWR-89-05, 18 p.

Gladfelter, W. B. 1975. Quantitative distribution of shallow- 
water cumacea from the vicinity of Dillon Beach, California, 
with the descriptions of five new species. Crustaceana 29:241-251.

Keen, A. M. 1971. Sea shells of tropical west America. 2nd 
edition. Stanford University Press, Stanford, California, 1064 p.

Newman, W. A. 1975. Phylum Arthropoda: Crustacea, Cirripedia. 
In Smith, R. I., and J. T. Carlton (eds.), Light's manual: 
Intertidal invertebrates of the central California coast, 3rd 
edition, p. 259-269. University of California Press, Berkeley.

3



BE
N

TH
O

S OF
F

PO
IN

T
M

O
LA

TE
 

M
A

Y
  19

91
 

03 w 
'O x3

cd 03 cd •H •H
/'“N X) 6 4-J 03 4-J rH
03 cd H d) 8 d) 3
g »h cn -o 03 Cd o cd u U ■u cd
C u e cd B G £ rG o cd cd Xo cd P t—J U 4-> O £ X S-i 4-1
E C o o O U <d o p* Vh cdG «h £ G G b0 a> E •H CG 4-J 4-J r-H B •H •H G cd O wcd o cd o G G u rH •H >cd r-H P. O G cd O U X) T) rH
cd 4-1 X E cd G d) d) <D o<d ' *T3 X X> '—✓ X E cd •H cd •H Pi 13
03 g P •H G d) 4-1 x 4H Q)^ »H cd m-i U *H cd •H *H •H •H •H cd d)

4h T3 4-J w 4_| 4-J 44 Cd 4-J 4-J rH 4-J XJ XJCd *rH •*H »H •H d) •H 4-> G c G C •H G•P 4-> •O 4-> cd -u cd 4-J g u d) 4-J d) X) •H
P C cd C d) G X G cd cd X cd T) cd G
cd a) i-J cu 4-J d) o G X X •H U •H »H > XC *o O -O o XJ O pu c u c c i

cd •H »H rP —H <u *h b0 •H ^ £3 p> •H x> o e>
X 4-> C ■-H 3 6 G •H G rH O o
CCJ O X o p d) X r-H £> n
H < Oh 53 o Pm

CO
a m in o o o m o
g CM CM in o o CM o
u • • •

4-1 o o o rH o o rH

31

r—1

c ft in in o o o in ov->
O CM o m o CM inc

•H ii • • • •
4-J g o o 1—1 o o CMXcd
4->

/-v X-N /-N /-S
• m in oo rH in VO

W CM r- in o\ CM

CO o o o VO o o
V-/ V-/

CO
CT o in in o in o inG o CM CM o CM oJ-|

4-4 o o o rH o o o

g o o in o o m o oO g o CM m in CM o o•H £4-> x o o o VO o o CMCd
4->

/-S /^\
1 in o CO m • rH

CM m VO CM r^W •
1 o o CM o » ol/J __' N-/ V-/

CM

ocr o o o o o o
o o in<D o o o in
o*4-1 o o rH o o o

G oo O o O in o o o
•H II g o o in rs o o o
4-> G Xcd o o o in o o rH
4->
CO

. /-\ /-\ z-\
i 1w ON CO i 1 rH

CM ON r-
CO • •

• 1 O 1—1 i 1 o
V V—'

CO

O
rb

in
iid

ae
U

ni
de

nt
ifi

ed
 or

bi
ni

id
s 

03
03 P

X) H
•H G
G r-H
U o

■ G >
p. G o
w

<u X3 03
cd cn • G G
 -H p *H •tH

•r-1 P d> 03 4h U
P P cd •H 0)
P c X3 03 4-J G
P -H •H > G G O

•P P ^ 4-> cd G T-- 1
P ^3 4-J X X) X) •H
 E X P •H •H G

—1 e 3 Pu G u G X3 i-J G ^ G G3 o
X 5S

in o in in
CM in CM CM

o o o o 0.
25

 

O o o min in O CM

o o rH O 0.
25

 

/-\ /■N /-N rN
o Ov o min CM O CM

o O rH O
V-/ Sw' (0

.2
5)

 

o in o oo CM o o
o o o o 0.

25
 

O in o o o o o
o o o o 0.

25
 

s /-si m
• •

» o (0
.2

5)
 

o o o oo in o o
o o o o 0.

50
 

o in o oo o o
o rH o o 1.

00
 

i CO • 1
rH

, rH i 1
v/ (0

.7
1)



(C
on
t.
 2 

of
 4
) 

BE
NT
HO
S 

OF
F 

PO
IN
T 
MO
LA
TE

MA
Y 

19
91

/*Nw in in o * m i in i m o o CM CM m CM CM CM m inCO • • . .
o o o i O 1 o i o o CM 'w' Nw' V-/ V '—' Nw'

op m in o o m o in o in O oCM CM in o CM o CM o CM m inX o o o o o o o o 'o o CM

a m m in o m o in o m m m<D CM CM CM o CM o CM o CM CM CMp
<P o o o o o o o o o o o

/-N /~\ /"“Ni in in o in i 1 ON CO oo 00w CM CM in CM CM o "d-
CO i o o o o • 1 o H o o__' '•w' '—/ 'w' V-/ s-/ v-/

CM
c o O m m o in o o o m ino G o CM CM m CM o o n r^ r**•H II4J e X o o o o o o o O tP o ocdPCO a(D o in m in m o o O o o oo CMP CM CM CM o o in m in m<4-1 • • • • • • • •

75
• •o o o o o o o o o o o

/-N /*\ N /'-s1 1 H in in in in m ouc o in1—1 CM r*. r- CM o in CM
CO l 1 tP iP tP o o O t-1 o ov-/ v-/ V-/ s-/ V-/

1—1
g o o o in m m m m in o o mO G o o CM CM CM in m CM•P • • • • • • • • • •
P G X o o i—i o i—i o o o r—1 o ocdP
00 D o o in in in in in in o in ind) o o r^ CM CM CM CM CM m CM CMPCp o o o o o o o O o o o

COX CO CO•P X CO COO co *P d) CO •p
O X co tP p G CO cdX •H X co i—1 d) i—i G aO o •H X 0) CO cd tP d) •p

t—1 G G •P & •p rC o P cT—1 o i—1 V iM a S G pH •H i—1 u id >> B orC O P- <u p r—1 X cd p
• P< P co co p G O d) •p
a a) Pu > cd i—ico a) X X X X X X rP i—i cd<1) id a) d) a) 0) • d) d> •H X id G aid id X •H •t-1 •»—i •t-1 P cd •p 0 d) > XX •H •p <P <D tp <P CO X H-l 0 •p •p 0) p cd•P P o •P id •»—l Q) •rl •P •p •p 0 cp CP cd o >P cd o P X) P id P a; P <D i—i p •p w X o £id C X G •t-i C X c id G c i—i G cd p •p o 0G •T—1 O a) o 0) •l—1 a) X 0) O d) <D G c cd iP B d) P•P P i—1 X) p X) c X) •i—i X bl P X CD d) •p 3 cd cd QP o i—l •i—i •H o •i—i H •P o d> •p cd X > ,o p X >a a; C r—1 c •»—1 e r—1 c X p c i •P tP U o •p P0) P-< rC P o a. p w d) G3 < G cd O oP-i P-h P-) CO CO H G> > U s

• • 1 COin
i i i o

o o o oo o o o
o O O t-1

o o o oo o o in
o o o o

/*NOO in o inCM in CM
o O o o

m in o inCM m CM
o o o O

o in o inm CM in CM. • • •
o o o o

/~Nin i 1 1CM
o i 1 1V-/

in o o oCM o o o
•
o o o o

in o o oCM o o o
o o o o

Os
tr
ac
od
a 

(o
st
ra
co
d 

cr
us
ta
ce
an
s)

cd •P•p P
CO 0)G p
C p
rC cd d>
c p p
0) G p
CO CO . crt

0) cd Cl n
d) CO cd p CO
cd 3 X cdX rP •p cd cd P
•P G c £ E •P
rP o •p c o P
•P CO Ip o o PP G rP cd cd 0)
s <v Ep

s H

Sa
rs
ie
ll
a  

zo
st
er
ic
ol
a 

0.
75
 

1.
50
 

(0
.8
7)
 

0.
50
 

0.
75
 

(0
.4
8)
 

0.
50
 

0.
50
 

(0
.2
9)



(C
on
t.
 3 

of
 4
) 

BE
NT
HO
S 

OF
F 

PO
IN
T 

MO
LA
TE

MA
Y 

19
91

Ao
ri
da
e

co cd /^s
X3 *P p cd CD co•P o cd CD o p COo o •H o cd cd X3O »P "0 cd p CD •p•P P CD p co o pP O a. co P cd cd COo id co •p P cd p 4J p X3id a. d) p u o o cd CO o o •p
a p p p o •p •p P p Cl uu id o •p Cp 'd rG P •p *p Q)id xi cd o P p p P O o r—1X 2 cd a cd TD a. r—1p T3 CD cd P X) X3 •p<j cd<D cd CD o a cd cd o CD £cd *p rO •P cd • p •p a CD •p cdXJ M-l V-/ 4-1 E cd a V-' P o cd p • P T3 cdP »P •p i—i co a) CO x> •p a cd «p oO P cd p O p cd rC •p •p i-> (D CO CD O COO P •p p d> p a) O p p cd xi co *p
p d) XJ d) P o o o cd a) XJ cd •p *p 1—14J X5 d) X) cd o o cd p cd p X) •p p P rP 0)O P P- •P <D T3 p X) p X) o •p e p Cd CD 0ca c •P p o 0) p 0) o u p e p 1 CL gr
p- P P p> cd W »J cd -1 D- •p p> 3 s <£
S-i p E P o o s cc3 ^
cfl •H cd CO o35 o O H M

cow o r- vo
CO
Po o o o o o o o ino o•H D o o o o o 044J P 
cd o <f4~> 04 tPcn

o oo o o o o o ooCD o o o o o o op«w

✓“Nin 1 co m in i 04
w CM r- cm c-
C/3 o 1 CM o o ,V—' V-/ v_x04

P O in o o m m o o oO C CM o m cm o o in•H ||•P P X o o co o o ocd
4JC/3

D m o o m in o o o<D CM o O CM CM o o o
4-1 o o <P o o o

/-N
m m t—i m m inw oCM CM VO CM CM CM in

00 O O O P CO o o ov-/ v-/ Vw' w w V-/

p ft in in o m in m in oO <j* CM CM O CM CM CM CM mc•H II P P O o rP in P oX o o
cd 
p 
c/3 o ^ m in in o o in in in

cd w CNI 04 r- o o 04 04 04p X3 .qp o o o o P P o o oP<
d)
P- /*N
o coo co co pX3 P

Un
id
en
ti
fi
ed
 a
or
id
s 

0.
25
 

0.
50
 (

0.
50
) 

0.
00
 

0.
00
 -

 
- 

0.
00
 

0.
00

Co
ro
ph
ii
da
e

Co
ro
nh
iu
m 
ba
co
ni
 

0.
25
 

0.
25
 (

0.
25
) 

0.
00
 

0.
00
 -
 

- 
0.
00
 

0.
00

Co
ro
ph
iu
m 

st
im
ps
on
i 

0.
00
 

0.
00
 -

 
- 

0.
75
 

1.
00
 (

0.
41
) 

0.
75
 

04
co

2.
25



(C
on
t.
 4

 o
f 
4)
 

BE
NT
HO
S 

OF
F 
PO
IN
T 
MO
LA
TE

MA
Y 

19
91

/-N1 1 1 1 1 1 1 r* O' i in
m CM CMcn

1 1 1 1 1 1 1 oo O • om v-/ 'w'

P oo o o o o o o o O o o in
•rH p o o o o o o o in in o CM
P P • • • • • • • • . • .
cd X o o o o o o o r—1 o o o
P H
CO

Q o o o o o o o in o o mo<D o o o o o o m o CM
P<p o o o o o o o o o o o

/—\ X~Nw • • 1 m ■ 1 m in m i in• CM CM in CM CM
CO • • . .i 1 1 o i 1 o t—i o i oN—X CM 'w'CM Nw'

C ■f o oo o o m o o m o m o inv p o o o CM o o CM•H o CMII o CM
P c X o o o o o o o r^Cd o o o
P
CO

a o o o m o o m o in o ina> o o o CM o o CM o CM o CMp
4-4 o o o o o o o T—1 o o o

/-s /-s /~N x—s /-N /~\ X~N
w CM in in i ON O O' CO • m m

<t CM CM cm in CM CO CM ON
CO
'w VO o O 1 o o o o • o oVwX v-x V-X V-X V-X T—1 V—' SwX

t—i v_x

e o in in m o o o O o o m ino q CM CM o in m in in O CM CM
•H II • • • •
P c VO oX o o o o o ON o o rH
Cd H
P
CO

a o in in o o m o m o m o
<D m CM CM o in cm in r^ O CM in
M o o o o o o o o o o o

X
cd

CO rHa CO 01 o
CO e p X5 >

X) cd •H io
•H Sh 0) p O O
P CO 01 cd rC *H co P co
CO p X) o CO 0] 01 X~\ 3 P
P CO o •M T3 C CO <D •rl X
<D 0) C4 c •P X! a) X) cd rH X >r—1 -d •rl p rH C -P •rH X) P a. p
a •r-1 X o rH cO P P •iH P O 3 CO

P 34 4h (D tt) O f—1 •iH ai W)
X) cd E •t—1 P 0] W p i—1 P X) 00

a CD E co 1---* PH X 3 o cd X ai oi <1)• CO •r-l E cd cd CO c4 x pj ■h ai
p. a) 4-1 cd C a) o a P pH 4h -h a)
CO cd cd <D •rH txO co co a co '—X co cd •H P 4-)

X) •H cd P 0) X3 cd CD '— iH *T—1 CD p cu cd
CD CO •rH rC X) P (D X) -rH i—i rH x cd P X* C c pcd •H p o •iH CD r-l •H i—1 i—i •iH co ai X5 c •H co o XX> p CD •H P X> •M i—1 rH a) c x) w •P p O X> -P cd

•H c O i—1 CO •?H P rH (D P <D O 0 P c u •h x: P
0) X O 3 p c CD 0) P P > 34 D O rP p C Q pCd cd cu x> a CD 33 > P 34 cd P CO 33 u CU •iH 33 O CDX CO O r—1 P 34 CO o O o Xcd 1—1 CP CP CO U %CD X aH o Q CP o



APPENDIX 1. SAMPLING METHODS.

A. Preliminary Reconnaissance

The study area was assessed at midday on April 3, 1991. Hydroacoustic 
transects from a 17' whaler at that time are the basis for the depth 
contour depicted in Figure 2. The water level at the time was 
approximately 2 feet above mean lower low water.

B. Conditions during Sampling

Core samples were taken at the Point Molate site between 0830 and 0930 on 
May 20, 1991. The tide was on its ebb during the sampling, a decreasing 
tidal current of about 0.5 knots was flowing through the area at the 
outset, and the water level was 2 feet above mean lower low water.

C. Benthic Cores

Specifications: Vented, capped tube of ABS pipe, 10 cm in diameter.

Procedure: A total of 12 samples were taken at the sites identified in 
the text. All samples were taken in pairs, one meter apart. For each, 
the core was inserted approximately 13 cm into the sediment so that 
each sample involved one liter of material. Upon returning to the 
laboratory, the samples were sieved through a 0.5 mm screen, and the 
organisms retained were then identified to the lowest taxa feasible.

D. Benthic Rake

Specifications: Weight 11 kg, flat stock 99 cm long by 5 cm wide by 2.5
cm thick, with 12 curved teeth on opposite sides of the bar (total of 
24 teeth), each pair about 9 cm apart.

Procedure: The rake was towed behind the whaler over all but the most
shoreward perimeter of the study area (where submerged rocks precluded 
its use).
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