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INTRODUCTION
The information presented here is from a report prepared for 

the U. S. Navy that describes the biota in the vicinity of the 
breakwater at the Alameda Naval Station in San Francisco Bay. 
Although the work was done to provide a basis for an informed 
decision on closure of a gap in that breakwater,the data have 
broader interest as a detailed account of the biota in that part 
of the Bay. Because there is pressing need for biological data 
on San Francisco Bay, the results of that study are here made 
available.

STUDY AREA

Alameda Harbor and breakwater were constructed in an 
expansive shallow flat (maximum depth approximately 6m) that 
extends about 2 nautical miles from the eastern shore of south 
San Francisco Bay. The floor of these shallows is a composite of 
sand-silt and shell fragments (mostly fossilized oyster shells). 
Aside from the Harbor, which has been dredged to a depth of 
approximately 15m, there are no depths greater than about 5m 
within 1.5km of the breakwater gap.

The marine habitat at the study site has been strongly 
affected by tidal currents that funnel through the gap with 
exceptional force. These currents have scoured a channel that 
extends from the gap a short distance into the Bay shallows 
(Figure 1). The channel where it passes through the gap is about 
12-13m deep on either side, but 8-10m deep in the middle. It 
appears that the current's scouring action removes finer 
sediments from the channel's edges and deposits them in the 
middle, thus accounting for the mid-channel ridge. As a result, 
the deeper areas on either side of the channel are floored with 
greatly increased proportions of the denser shell, while the 
midchannel ridge is composed of lighter sediments. (Sediment 
samples were taken and turned over to the Navy). The benthic 
habitats within the gap, therefore, are very different from those 
widespread in the surrounding area of the Bay.

Samples were taken by divers operating from a 21-ft boat.
The water was extremely turbid during all of this work, which 
greatly increased the difficulty of mapping environmental 
features. Visibility was never more than 0.3m, this near the 
surface next to the breakwater, and generally was considerably 
less than this. In the gap channel visibility was zero, and the 
work had to be done in total absence of visible light.
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Figure l. (Upper panel) uiugrammatic sketch of habitat features jn vicinity of breakwater gap. (Lower panel) Depths in metersas 
determined by hydroacoustic transects using fathometer These 
da^a are basis for mapping relative depths in upper panel.



SAMPLING CONSIDERATIONS
Samples of the benthos (cores, air-lift and visual assess

ments, the latter sharply limited by turbidity of the water) were 
taken at three sites in the gap, which is considered the Project 
Area, and at two sites outside the breakwater 100 m to the west 
of the gap, which is considered the Control Area. The 
Project-Area sites were: 1) In the channel on the eastern side of 
the gap, 2) on the ridge of fine sediment at mid-gap, and 3) on 
the surface of the east breakwater facing the gap (Figure 1) . The 
Control-Area sites were: 1) on the sand flat 10m from the 
breakwater, and 2) on the surface of the breakwater.

Samples of the fishes (gill net and trawl) were taken near 
the surface and near the bottom in both the Project Area (mid
gap) and Control Area (100 m to west of the gap, 10m outside the 
breakwater). Surface skims with a neuston net were also taken at 
both areas. See Appendix 1 (methods) for details.

Underwater visual assessments generally were impossible 
because turbidity of the water generally limited visibility to a 
few centimeters or less. This same limitation also precluded 
photographs. Several alternative methods were used to assess 
features that might otherwise have been measured visually. 
Hydroacoustic transects provided a basis for mapping the 
submarine topography (Figure 1), and airlift collections 
permitted assessing relative proportions of invertebrates on 
sections of the breakwater. Although it was not possible to get 
quantitative underwater assessments of the macroalgae, these 
relatively large, sessile organisms could be located visually and 
collected by hand for further study in the laboratory, and this 
combination permitted estimates of relative abundance.

RESULTS
Organisms that constitute the biota in each of the sites 

sampled are listed in Tables 1-8.

DISCUSSION
Despite what would seem major differences in environmental 

conditions, the data indicate few differences in benthic 
invertebrates between the Project Area and the Control Area 
(Tables 1 & 7). Moreover, those few differences that were 
evident can be explained. For example, the barnacle Balanus 
hesoerius laevidomus was numerous in both the Control Area and 
gap channel, but was absent on the mid-gap ridge, a circumstance 
readily explained by the lack of hard substrata (a requirement of
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barnacles) on the ridge. And the greater abundance of the 
bivalve mollusk Potamocorbula amurensis on the ridge, compared 
to the other sites, may indicate that it favors the fine 
sediments there. (This species is not a natural inhabitant of 
San Francisco Bay, however, as it was accidentally introduced 
from the Orient within recent years.) Finally, the much greater 
abundance of the terebellid polychaete Polycirrus sp. in the 
Control Area compared to the Project Area probably relates to 
differences in sediment composition, an important habitat 
variable for this burrowing species.

Other than these few exceptions, the benthic invertebrates 
occurred similarly in the two areas. That they demonstrate broad 
tolerances to varied conditions is not surprising, because as 
sessile inhabitants of temperate-zone shallows they must be 
adapted to major seasonal changes in their environment.

In contrast to the benthic invertebrates, many of the fishes 
showed major differences in distribution between the Control Area 
and the Project Area, with greater numbers in the Control Area in 
every such case (Tables 2—5) . These results indicate that 
conditions in the Project Area are less favorable for the species 
involved. Considering that the Project Area is a small pocket of 
aberrant conditions, this result could have been expected. It 
can be assumed that species which occur here regularly are 
adapted to the conditions that prevail in this part of the Bay, 
and that they are likely to favor these conditions when presented 
with an alternative. Thus, the fishes by their.greater numbers 
in the Control Area would seem to be demonstrating preferences 
for conditions there compared to the Project Area.

Although the limited visibility prevented visual assessments 
of organisms on the breakwater, the results of the airlift 
collections made there fail to show differences between the 
Control Area and the Project Area (Table 7). Thus, the greater 
current velocities along the breakwater in the Project Area does 
not seem to influence occurrences of benthic invertebrates on 
that structure. The macro algae on the breakwater, too, showed 
generally the same species composition in Project and Control 
Areas (Table 8), although one notable exception was Fucus 
distichus, which was the dominant intertidal form in the Project 
Area, but was absent in the Control Area.
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TABLE 8. MACRO ALGAE ON BREAKWATER1
Estimated Rank2 in Relative Abundance
Intertidal Subtidaltaxa_______________________ Control Project_____Control Project

CHLOROPHTYA
Enteromorpha intestinalis Ulva lobata 6

1
5 
2PHAEOPHYTA

Fucus distichus - 1Saraassum muticum 1 1RHODOPHYTA
Porphvra lanceolata 
Porphvra sp. 
Gelidium pusillum 
Giqartina aqardhii 
G. exasperata
G. papillata 
Rhodoqlossum roseum 
Iridaea cordata 

2
-
5
4
3
7

6

7 
4
3
8

7

4 
3

2

I. flaccida 5Gastroclonium coulteri - 2 6 Ceramium sp.
Cryptopleura violacea 
Polvsiphonia sp.
Polyneura latissima 
Crustose corallines 8

6
8
5

8 
4 
7 
3

Values in this table are estimated rank, based on visual 
assessments. Approximate wet weights of a algae taken inciden
tally in air-lift collections were: Control Area 956.0 g/m2

Project Area 916.4 g/m2

Top eight species ranked
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APPENDIX 1 METHODS
Sampling Benthic Invertebrates 

1. Benthic Cores.
Core specifications

Vented, capped tube of ABS Pipe. 
Diameter: 10cm

Sampling Method.
Benthic cores were taken during mid-morning on 26 and 

27 April, 1989. On each of these days 24 cores (replicate groups 
of 12) were taken along transects in the Control Area, and 24 
along transects in the Project Area (12 from the gap channel, and 
12 from the mid-gap ridge) . From each group of 12 samples, 2 were 
preserved and set aside for possible future use by the U. S.
Navy. Each group of 12 cores consisted of samples taken lm 
apart, with the core inserted approximately 13cm into the 
sediment, thus taking one liter of sediment.

Sampling the fishes
1. Gill Nets
Net Specifications.

depth: 8 ft.
width: 150 ft (6-25ft. panels).
mesh: variable stretch mesh of 5 sizes, 1/2" 

to 3".
material: monofilament

Sampling method.
The gill-net collections consisted of two day-night series 

in both the Control Area and the Project Area, one series on 18 
July, the other on 20 July. Each series included two daytime 
sets and two nighttime sets at each site, with each set lasting 
about one hour. The daytime sets were between 1145 and 1330 hr, 
the nighttime sets between 2210 and 2350 hr. Of the two sets in 
a series at the Project Area, one sampled the upper part of the 
water column, the other the lower. In the Control Area, however, 
all sets were from the bottom because the depth was not great 
enough to benefit from two-depth settings.
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Sampling the fishes (continued)
2. Trawl
Trawl Specifications

Type: 16 ft. semi-balloon otter trawl
Mesh: body __ 1 1/2in stretch mesh

cod end  1 1/4 in " "
liner   1/2 in " "

Sampling method
Trawl collections were made after each gill-net set, and 

thus followed the schedule presented above, except being about 
one hour later. Each collection lasted 10 minutes, with the boat 
motor maintained at 800 rpm, and sampled along the bottom.

3. Neuston Net ("Surface Skim")
Net specifications

Neuston net on 86 x 15.5cm rectangular frame 
Mesh: 0.335mm nitex

Sampling method
The Neuston net sampled the water's surface layer to a depth 

of approximately 8cm. One neuston sample was taken after the 
second trawl collection in each segment of the day—night series 
described above. Net was deployed from an outrigger to one side 
of the boat, and towed for 10 min at 600 rpm within the gap and 
adjacent area (traversing a distance of approximately 300m, and 
filtering approximately 20m3 of water).

Assessments of Breakwater Organisms
With underwater visual assessments impossible because of the 

turbidity, an air-lift was used to assess organisms on the 
breakwater. Samples were taken from rock surfaces of the 
breakwater at three sites, one in the Project Area, the other two 
in the control Area. Each collection sampled approximately 
one-quarter meter of rock surface, taken as a narrow strip (the 
diameter of the air-lift intake) from just below the water's 
surface to near the base of the breakwater, a depth that varied 
from 2 to 5m.
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