Willard Bascom

LIFE IN THE
BOTTOM

San Diego and Santa Monica Bays
Palos Verdes and Point Loma Peninsulas

There is great interest in the animals that live in the muddy shallow water bottom along
the southern California coast because they are useful indicators of bottom conditions.
These infauna respond to changes in feeding opportunities and surrounding chemical
conditions by making adjustments in their species, their numbers, and their biomass.

The objective of this survey was to obtain enough data on the infauna and on some
chemical characteristics of the bottom over a large area in a relatively short period of
time so that some conclusions could be reached about the effects of man on the marine
environment. The results of the survey are presented both in tables and on charts. They
are as accurate as modern methods of navigation, biology, and chemistry permit. Such a
data base is valuable both for assessing the present situation and for use by future
scientists investigating changes with time.

This work depends largely on the Infaunal Index (a most convenient means of relating
the response of animals to their food supply), on a precise method of determining the
mass of animals in an area, and on the Project's 60-meter control survey of the southern
California coast (which gives data on normal conditions). It was possible to make this
extensive biological survey within the available time and resources because we made use
of sampling and techniques developed in the past, primarily by Harold Stubbs and Jack
Word of the Project (Word 1975, 1976, 1977).

SUMMARY AND CONCLUSIONS

During 1978, a special grab-sample survey was made of the muddy bottom in two large
bays and off two prominent head-lands to determine the variety and quantity of animals
living there. The results show the gradation of conditions ranging from areas greatly
affected by the major wastewater outfalls to the natural, unchanged areas. No previous
survey had extended far enough or covered sufficient area in detail to accomplish that.
Although many samples have been taken over the years, the navigation often was
unreliable, the space between samples was large, the equipment and methods varied from
survey to survey, and the span of time between surveys was too great to permit one to
make a synoptic assessment of conditions.

In this new survey, a pair of samples was taken at each of 300 stations, most of which
were positioned along transects perpendicular to the shoreline at about 4-km (2.2-
nautical-mile) intervals along 120 km (65 miles) of coast. The stations were located
between Point Dume and Dana Point, off Point Loma, and in a grid around the Hyperion
outfalls in Santa Monica Bay. The four principal measurements made at each station
were Infaunal Index, bio-mass of infauna in grams per square meter, percent volatile



solids in the upper 2 cm of sediments, and biochemical oxygen demand (BOD) of the
material in the upper 2 cm. For the purpose intended here, these parameters best define
the benthic infauna and its living conditions in depths between 20 and 200 meters.
Samples of the material and the animals have been retained in storage for possible
additional analyses.

All navigation in the survey was done with LORAN-C, and all bottom samples were
taken with a chain-rigged VVan Veen grab. An explanation of how the measurements and
analyses were made is provided later.

Table 1 contains all the data from the survey, but the charts (Figures 1 through 7) are
a more convenient and effective way of presenting the findings. In them, one can see
certain trends.

1. The four large outfalls have had major effects on the benthic infauna. The
result is that the infaunal communities can be resolved into four generalized areas:

a. Immediately adjacent to some outfalls (within a few hundred meters of
the center of discharge), there is an area where less than half the normal number of
species of animals are present but where the biomass is about twice that in control areas;
the number of individuals present is about the same as at controls. Although the bottom
is anoxic and the odor of hydrogen sulfide can be strong, no sample from such areas was
devoid of life. This zone is characterized by Infaunal Trophic Index numbers below 30,
very high BOD, and volatile solids levels that are many times background.

b. Immediately outside the areas described above are larger areas of
substantial change, characterized by In- faunal Index numbers that range from 30 to 60.
There, the number of species is generally lower than in control areas, but the number of
animals and the biomass tend to be ex- tremely large (there is up to 18 times as much
mass of ani-mals per square meter as at control stations). The percent volatile solids and
the BOD are likely to be twice normal. Some of this disturbance may be caused by acts of
man other than wastewater discharge.

c. The regions where the Infaunal Index numbers range from 60 to 83 are
of special interest. Although these regions are somewhat changed from their original
conditions (as indicated by control data), the changes seem to be improvements. That is,
the number of species present, the number of individuals, and the biomass are all above
those in control areas. Suspension-feeding animals characteristic of normal bottoms are
dominant.

d. Large areas of our local coastal waters have conditions equivalent to
those measured at twenty-nine 60-meter control stations, which can be summarized as
follows:

Control Conditions

Average Range
Infaunal Trophic Index 93+0.9 83.1-99.6
Biomass (grams/sq meter) 70+4.5 28-112
Volatile Solids (percent) 28+0.1 1.8-3.8
Biochemical Oxygen Demand 632 + 38 266-1,017

(mg/kg)



Any conditions within the range of values given can be considered to be normal for
depths of 20 to 200 meters on the southern California shelf.

Within these control-equivalent areas, there are regions where the infaunal population
appears to be enhanced, possibly because of the effects of outfalls. If the Infaunal Index
number is over 93 and the biomass is over 100 grams/sq meter, this can be considered
evidence of enhancement.

2. This survey extended shoreward to water 10 meters (30 feet) deep, where--in most
cases--we found Infaunal Index numbers above 83 but low biomass. This probably
means that man's activities had little or no effect on the near-shore bottom, but we are not
sure that information from that depth is reliably comparable to our control data.
However, along virtually the entire coast, in depths of 20 meters where our data is valid,
there is no substantial decrease below control conditions. Even minor changes begin
several kilometers offshore. Much of the shores of Santa Monica Bay and the region
south of Long Beach seem to be in their original condition.

3. For the same reason (inadequate control data), we are unable to comment on the
meaning of the measurements at stations deeper than 200 meters, although this survey ex-
tended to 300 and, occasionally, 500 meters. The normal response of the animals living
on this relatively steep slope, where sediments are naturally higher in volatile solids and
biochemical oxygen demand, is not known. At some locations, outfall materials are
shifted offshore to the steep slopes below 200 meters by large storms.

4. The changes in bottom conditions near outfalls parallel the depth contours and
create a pattern that reveals the integrated effects of currents over the last few years; this
is because the animals are affected by the fall-out of organic (food) particles that are
distributed by currents that flow parallel to the contours.

5. Volatile solids measurements are a convenient way of determining the presence of
excess organic materials in the bottom. For stations 20 to 200 meters in depth, a vola-tile
solids value larger than about 4 percent usually is an outfall effect, although we can
detect no major change in the infauna until values exceed 6 percent.

6. In areas where Infaunal Trophic Index numbers range from 30 to 60 (indicating
that surface-feeding infauna prevail), Index numbers go down as BOD levels go up.

SELECTION OF STATION LOCATIONS

The area charted here covers over 1,500 sq km (600 sq miles) of sea. It was selected
because it includes the parts of the southern California coastal waters that are most used
and influenced by man. The outflow of harbor waters at Long Beach and San Diego is a
possible source of pollutants, as are the large ships that pass through the area. There may
be effects from tanker unloading facilities and industrial cooling water discharges. The
shoreline structures (breakwaters, piers, jetties, and small boat harbors) probably cause
local anomalies. The effects of the above are probably very small, but other factors may
cause greater changes: Fishing pressure by commercial fishermen, sports divers, and
party boats is intense; streams and city-street runoff after rains carry possible pollutants;
and there is a continual aerial fallout on the sea surface of pesticides, lead, and perhaps
other toxicants. Most importantly, each year four large municipal wastewater dischargers
release about 500 million tons of wastewater that has been treated to various levels after
its use by 10 million people and numerous industries. In all cases, the dilution factors for



these wastewaters are very large, and it is not easy to discover if there are any significant
detrimental effects on the sea or its life.

The first questions to be settled in attempting to survey such a large area were: How
many samples will adequately cover the area and can they be taken and analyzed in the
time available? Naturally, the answers were related to the availability of ships, people,
and dollars. The original number of stations chosen seemed adequate at the planning
stage, but the need for additional data points to settle un-certainties ultimately raised the
number of stations to 300. A few of the stations had rocky bottoms and thus did not meet
one important criterion for a grab survey station (a mud bottom that permits sampler
penetration to at least 5 cm).

Past experience has shown that bottom conditions tend to be similar along contour
lines. Therefore, depths of 10, 30, 60, 100, and 300 meters were selected initially; later,
stations at 20, 45, and 200 meters and other depths were added to cover parts of the study
area in more detail. Stations were then aligned along transects that are approximately
perpendicular to the shoreline and spaced an average of about 4 km apart.

The area covered by this sampling program extends from Point Dume to Dana Point
and includes Santa Monica Bay, the Palos Verdes Peninsula, San Pedro Bay, and the
coast from Newport Beach to Dana Point. A second survey area, detached from this, is
off Point Loma in San Diego County. The sea bottom between these two areas—off San
Clemente, Camp Pendleton, and La Jolla—has natural conditions all the way. Natural
conditions also prevail west of Point Dume.

Although the depth band between 10 and 300 meters was sampled, and the results are
reported here, we do not believe Chat our criteria for normalcy are valid outside the 20-
to 200-meter band. For that reason, the isolines only extend to those depths. In water
shallower than about 20 meters, the change in the bottom to a sandy or rocky
environment with substantial wave action sometimes excludes the Infaunal Index
requirement that there be a mud bottom. In water deeper than 200 meters, the bottom
drops rapidly away, causing changes in sediment grain size, light level, currents, and
temperature; consequently, different animals live there. In this deeper water, the percent
volatile solids is higher, and adequate control data (to establish what normal conditions
should be) have not yet been obtained.

The location of transect lines was not entirely arbitrary. In San Pedro Bay, they were
chosen so that the new stations fell close to a grid of stations surveyed 20 years ago by
the University of Southern California; off Palos Verdes, the stations were arranged to
coincide with some of Los Angeles County's long-term monitoring stations; and in Santa
Monica Bay and off San Diego, the new stations are close to some that have been
sampled by the Project in the past.

The irregularity of the coast and the existence of sub-marine canyons made extra
stations necessary, and the need for more detailed data on the areas around the large out-
falls required closer spacing of stations in those areas. Most of the additional stations
were fitted to the topography. The density of our sampling stations off Palos Verdes is
somewhat lower than around the other outfalls because this area has been so frequently
surveyed in the past and the effects of the outfalls there are well known; the results from
the Palos Verdes samples collected in this survey show no significant changes or
variations that suggest that it would be worthwhile to sample in more detail.



The one-kilometer intervals in the sample grid around the Hyperion discharges shows
the effects of those two out- falls in detail. The substantial effect of the canyon
topography is evident in the results. In this area, the existing government charts were
inaccurate and inadequate to explain the variations between samples, so we carefully re-
mapped the shape of the bottom.

After the transect lines and sample depths were selected, the stations were then
numbered accordingly; the first digits of each station number indicate the transect; the
second set of numbers indicate the relative distance of the station from shore. The
northwestern-most transect line near Point Dume is Line 1, and transect numbers in the
two bays increase to the south to Line 24 near Dana Point. The Santa Monica Bay
transects are Lines 1 through 12; San Pedro Bay/Orange County transects are Lines 13 to
24. When additional intermediate stations were required, their positions were designated
by decimal fractions (for example, Station 10.5-1 is midway between transects 10 and
11). Transect lines off Palos Verdes and San Diego were numbered 1 to 10, the number
being preceded by "PV" or "SD," as appropriate. If necessary in future surveys,
additional stations can be added using the same numbering scheme.

REPLICATION AND THE USE OF
PAST DATA

The number of grab sample replicates required to obtain statistically meaningful
biological data is a long-debated subject. Various laboratories (including this one, in past
years) take 3, 4, 10, or even 20 replicates. If the purpose of a survey is to determine with
assurance that every species of animal living in the neighborhood of each station has been
found, many replicates are useful. However, that was not our objective. In this survey,
we took one sample at each station for biology and a second for chemistry; both had to
meet our quality criteria. Past experience has shown that carefully taken benthic samples
repeat each other with very minor variations. Once it is established that the experimental
variability is small, there is little value in replication. We preferred to spend the available
resources covering a much larger area. We have no doubt that, for the purpose of
assessing coastal conditions, further replication is not necessary.

The Coastal Water Research Project had been sampling and studying the Southern
California Bight, including the bay and headland waters sampled in this survey, for more
than 8 years when we decided to make this special survey. We had examined all available
information from the many scientists who had preceded us in this work. This literature
search covered data from the Albatross expeditions of the 1890's as well as many more
recent surveys. Much good work has been done, many valuable samples taken, and
numerous analyses made by persons from the University of California, the University of
Southern California, Occidental College, California State University at Long Beach, and
the large municipal wastewater dischargers. In previous assessments we made use of that
data whenever possible.

However, there were problems in utilizing past data: (1) The measurements extended
over many years, during which natural or manmade conditions may have changed
substantially, (2) the positions of stations were rarely known precisely, (3) many different
types of sampling and measuring devices had been used, (4) each investigator had a
different point of view or reason to do the work—each asked different questions of the



sea and made different analyses of the samples obtained, (5) there are substantial recent
improvements in the accuracy of methods of chemical analysis, (6) the taxonomy and
biology of the local animals is now much better known, and (7) some of the
measurements that we feel are essential to assessing bottom conditions were not made in
the past.

We decided, therefore, to begin again and make a new survey that would be useful
both now and in the future.

SAMPLING EQUIPMENT AND METHODS

The equipment and methods used for this survey have been tested by this project as well
as by others over a period of years; they have been reported elsewhere, but a short review
may be helpful.

Through the courtesy of the various wastewater dischargers, we were able to use their
small (13- to 20-meter length) survey ships—the Marine Surveyor, Sea-S-Dee, Enchanter
IV, and Monitor Il. All navigation was done with LORAN-C (Model C receiver, SRD
Laboratories, Middletown, Calif.), which gives sample location in the LORAN grid with-
in about 20 meters. If necessary, positions can be converted to latitude and longitude by
anyone with a LORAN-C chart. Once equipped with this precise and convenient
navigational device and a high-quality echo sounder (Honda Model HE-103-C, 50 kHz),
we were able to improve the charts of the sea floor, including the Santa Monica
submarine canyon. In doing this, we found numerous variations from the depths given on
official LORAN charts (No. 18746 and 18744). Therefore, some of the depth contours
shown on the charts in this paper were revised by us and do not coincide with those on
the official charts.

The principal sampling device used was a chain-rigged Van Veen grab originally
developed elsewhere and revised by our group after much usage (manufactured by Kahl
Scientific Co., San Diego). We find that this grab takes virtually un-disturbed 0.1-sg-
meter samples of mud bottoms; mounds and tracks made by animals usually reach deck
level intact, and the light surface constituents of the mud are still present. Tests made for
the U.S. Environmental Protection Agency (Contract No. R801152; Word et al. 1976;
Word 1977) demonstrated the superiority of this sampler to other types. It is about
equivalent to a box corer for the purpose of capturing the infauna or protecting sample
surfaces, and it is much more convenient to use. This grab triggers on bottom contact
about 98 percent of the time in reasonably calm weather.

As previously mentioned, two grab samples were taken at each station, one for
biology and the other for chemistry; water depth given by the ship's echo sounder was
confirmed by means of a metering wheel on the winch.

When a biology grab is retrieved, it is placed in a rectangular plastic basin. The
hinged top of the grab, which consists of a 0.5-cm screen and a rubber flap, is raised so
that the surface of the sea bottom lies revealed, still covered with water. At this time,
any special bottom features (including smell, texture, color, unusual animals or
materials, etc.) are noted. The grab jaws are then opened so that the mud flows into the
plastic basin whence it is then washed into a box with a bottom made of 1-mm screen.



The animals and other matter remaining on the screen are re- moved, preserved in
plastic bags (Whirl-Pak) partly filled with a 5 percent formalin/seawater solution
buffered with borax, and returned to the laboratory.

The grab sample to be used for chemical analysis was brought aboard and opened in
a similar way to expose the un- disturbed bottom. Then a syringe-type corer 2.6 cm in
dia- meter was used to sample the upper 2 cm of mud (usually four such small cores are
taken). The chemical sampling depth of

2 cm was chosen because we wanted the results to represent present conditions. The
character of the bottom changes with time, being eroded by storm waves and/or covered
by new sediments. By taking only the uppermost 2 cm, one reduces the chance of
measuring former conditions that may have influenced the animals living there 10 or
more years ago but now are covered over.

Samples to be used for volatile solids and BOD analysis or for metals analyses are
put in 120-ml presterilized plastic jars; samples to be analyzed for chlorinated hydro-
carbons are put in glass jars with aluminum foil covers. All are presterilized, labeled, and
refrigerated at once.

At 65 stations in Santa Monica Bay, an automatic camera that takes strobe-lighted
photos with Kodachrome film at 3-minute intervals was lowered. The intense flash (25-
watt- seconds in 0.12 microsecond) permits the use of Kodachrome or Ektachrome films
at high f-stops. A small bag of squid was used to attract animals; although it seemed to
create interest, it is rare to see a fish eating in the photographs. Usually there were fish
in the first photo; they were not disturbed by the flash, and their numbers increased
through- out the half hour the camera was on station. Examples of such photos have
been published in the past; when this part of the survey is completed, it will be reported.

LABORATORY METHODS

The plastic bags full of animals and bottom material larger than 1 mm were delivered to
our taxonomy group, whereupon the following steps were taken. The samples were
rescreened under a freshwater spray that removed the formalin; the solid material was
transferred to jars containing 70 percent ethanol solution. The invertebrates were sorted
into seven categories and placed in glass vials (polychaetes, molluscs, crustaceans,
ophiuroid fragments, ophiuroid discs, other echinoderms, and miscellaneous organisms).
Debris was placed in another vial (shells of long-dead animals fall in-to the category of
debris, along with small rocks, worm tubes, grass cuttings, twigs, plastic bits, fish line,
aluminum folil, etc.).

Each of the seven vials was sorted for Infaunal Index animals, which were then
counted. The total weight of each of the seven groups was obtained by placing the damp
animals in a tared plastic tube with a screen on the bottom end. Five minutes were
allowed for moisture at the bottom of the tube to be transferred to the blotter-like paper
towel on which it was placed. Then the total weight of tube and animals was obtained to
the nearest milligram. Total bio-mass is then the sum of all the weights of the animals
collected (including their shells) less the weights of their containers. Relatively large
animals, such as urchins, starfish, and fish were weighed separately; their weights are not
included in the total biomass values.



After the results were logged, the vials of animals in alcohol from each site were
wrapped together and stored for possible future use. These samples could be of value to
some future scientist who wants information about some aspects of this survey on which
we are not reporting.

The plastic bag of sediment intended for volatile solids and BOD measurements is
usually frozen when it arrives in the laboratory. The sample is then homogenized, and a
5- to 10-gram subsample is placed in a tared beaker, dried for 24 hours at 105°C and
weighed again, the result being the dry weight of the sample. The beaker is then placed
in a muffle furnace at 550°C for 1 hour to volatilize the organic fraction and then
weighed a third time. The difference between this weight and the dry weight permits the
calculation of the percent volatile solids.

For the BOD measurement, a 0.5- to 2-gram sample of the homogenized sediment is
weighed in a tared aluminum pan. The sample is placed in a 300-ml BOD bottle, which is
then filled with oxygen-saturated seawater (at 20°C under standard conditions, it contains
8 parts per million of dissolved oxygen). One milliliter of bacterial seed solution (a
culture of ocean bottom bacteria maintained on digested sludge) is added. The bottle is
then sealed and stored for 5 days in the dark at 20°C with 15 seconds of agitation per day.
At the end of the 5 days, dissolved oxygen is determined by the Winkler-azide method,
and the amount of oxygen remaining is calculated in milligrams of oxygen per kilogram
of sediment (dry weight).

For the present, the subsamples of sediment to be analyzed for metals and chlorinated
hydrocarbons are stored in freezers. We do not plan to analyze these samples until there
is a specific need for that data.
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Figure 1. Stations sampled in synoptic survey, 1978.
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Figure 1 continued.
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Figure 1 continued.
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Figure 2. Infaunal Index vales, synoptic survey, 1978. Values for the grid of stations
around the Hyperion outfalls are shown in Figure 4. “R” means rocky bottom.
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Figure 2 continued.
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Page 2 continued.
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Figure 3. Infaunal biomass (grams/sq meter), synoptic survey, 1978. Values for the grid of
stations around the Hyperion outfalls are shown in Figure 5. “R” means rocky bottom.
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Figure 3 continued.
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249 Mar
29 Mir

G ot
29 Ndar
14 Ol
14 D
23 niar
23 Mar
14 flac
23 M
23 lar
23 Mar
A7 Enh
27 P
14 One
27 Feh
14 Oac

2 e

2 Bac

& Dec

& Doc

& Dec
14 Do
14 Fah
14 D

20 Mpy
14 Des
14 Fal
Z2 Mar
22 Mar
22 mpr
20 May
£2 ar
20 Moy
£2 Mar

22 Mar
14 Feh
14 Dag
14 Febi
14 Febi
14 Opg
AL Ay
20 mMar

Drepth

10z

Bottom
Matorial

Sard
Silty sanel
Sarely =it
Flencks
Sarel
Sarwl
Silty day
Silly elay
Fiucks
Silly iy
Sard
Eilly ¢l
Eilty oy
Sy cliy
Clay
Semnd
Sley clay
Sity clay
Sikty clay
Siky clay
Sitty clay
Sily cay
Silty clay
Silty clay
Silty sarel
Sarcly sik
Sarxdy =il
Sard
Silty Clay
Sand
Silty sand
Sardy sik
Sand
Sand
Sand
Silby olay
Sanmy sil
Crarsn sand
Eandy sil
Bily clary
Eilty sand
Recks, silty
sared
Rocks
Land, graws|
Zand, gravel
Land
Eand
Silty sz
Eilty tand
Sty clay
Eilby clay
Hicks, sand.
gravcl
Silby clay
Sty clay
Sandy =ilt
Silty clay
Clay

Sty clay
Clayumy sit
Sand

Inie

faunal
Trophic
Imidax

BE3
4.5
BaB
A,

Bl
aB.2
922
826
nda,

7.4
0.2
325
a3
a0g
el
31
2.8
23E
TiE
B2
857
En0
670
BE.7
B7 4
BB.B
0.0
41.89
62.3
WA

BE.o
B1.1
0.4
47.39

100

708
3.3
721

G3.8
765
a2

Ml

WA
7a.8
d5.5
81.7
714
81.3
BE.1
862

.3
BE.2

7.4
B3
4.2
BE.5
838
81.0

Bia-
masE
ol
L

158
3o
2]
FdA
TE
T
108
a5
[,
i
15
T
AR
el
o7
2
H
Gl
31
ol
k]
a6
105
d
25
130
-]
1385
13
Mo,
=
B4
13
o)
11
123
35
7E
ag
B4
160
A,

{mg/
hgh

Si0

220



Table 1 continued.

z In+ Bio-
LORAN-C Pasition foamal mass
Depth Battom Trophic [
Station LOP 1 LOP 2 Data [} Pateriol inoex 5 mj
—a.2 2E174.5 410642 20 M 28 Sifty snncl 4.7 a3
23 281730 410855 20 Mar a1 | Sandly slt o1 54
2.4 2816587 ALGETO 20 Mar o4 Sy annd 5003 78
B 281605 411039 14 Feb 140 Clay L A aa
9.8 2RSS 411100 20 My 168 Sl ol B35 108
8 28152 4 411160 20 Mar 303 Sy clay it 21
10-1 2T G 410735 158 Munm 45 Silty =l g 545 3B
10-z ZE1TGE A 0FE.2 15 dJun L0 Silly clay 52.3 EB
10-F ZE1T1 G 410926 15 Jun 186 Silly chiy B30 145
— 104 2neLd 41088.3 15 Jun asa Clatgene mill A7.0 57
10-5 TE1SH O a41104.4 15 Jun bl Clitnry ailt 60.8 7
10.5-1 1o A1076.0 30 vy a3 Sarshy = L=l | a6
10.6:2 2H168 7 410708 14 Feb LG Clay BOLR g2
1063 1679 410835 A0 My 165 Clayey gl i Bl 132
1064 2B1EG A4108E6.5 a0 My 3y S, sludin 363 73
1071 21637 410883 14 Fel 106 Rocks I L]
-1 281699 410728 13 Mar T Riocks: A A
112 231680 A1076.1 13 Mar a0 Sanc, grayel a7 T
—113 2RIGEG A105 .0 13 M e - Sty clny 520 a8
114 281505 A108390 44 Mar 105 Sand 51.8 199
11:6 56,6 410820 B3 Mar =l Sand. griovel B 7 18
1.5 2816710 AI0TEE 30 Moy ad5 Sanudy il T2.0 1BE
11.6:2 21650 0782 30 Moy o) Silty Clay G377 213
b 28163 2 41081 1 &0 Moy 173 Cliryeny sill 62.8 188
iT.6.4 23161.2 41084 & 30 Moy B Clinpiry sl 51.3 2
121 2HIBE & 41068 5 16 8or 11 Rocks Py A,
12-2 ZHIGED AN0EE 0 16 8ar a0 “Coaren e d. P, A

—_ roncks
12:3 201667 A1 069 5 16 Mar B2 Silt 376 B4
12:4 281655 410700 15 Mar 102 Sanely wiy A8 183
12-5 ZRIE15 A1070S 15 ivlar 312 Sty clay #4658 HE

" Ban Pedro Boy/Orange Caunty
131 281881 410 E B un 15 Sand, gravel b2 a5
o cliay

13-2 2E1EGA A1010 D un a0 Clay, s B2 120

== qraml
13-3 IRIETR 410002 2R 53 Silly ey 416 G|
13-4 2A1ER S 4100008 S Jun 101 Shadls. silt 506G 112

clay

13-5 IBIB1S S10000F Z.un 304 Silly ofay IhE 181
-] 201232 AEISE 2000t 20 Sarely 5ic GEE 17
14-2 IE1894.2 A0Ed o 200 20 Sard BT ]
14-3 2maa8 A0E84 6 20 0ct 30 Sarel T30 43
15.4 21864 ACAEL O 2005t GO Sk, shels T1-TF 26
4.5 28185.6 A0996.3 200¢t 100 Sy elay BB 25
14-G 28181.9 A0aaiy 5 20 0e1 100 Sy sand 1.0 i3
L S 281704 A090 = 13 Sop 208 Sty chiry Fox 18
15-1 28206.6 a0av L 18 Oel 20 Senchy =ik 639 [
52 282014 A097HE 18 Qgr ZB Sond hE T 13
153 281866 Afarea 18 Qgl 20 Snnd 837 13
I5-4 288820 afera e 18 Dgi A8 Sty zand FEE B3
15-5 281BEB AECTEEG 3 18 Dl &l Sty =snd 7RO 25
156 281B6.T A0BE 2 15 Sop a9 Samy =il 7682 31
] T 2B EIA AfHEET & 13 56 k| Sk day B7.2 116
(G- PEHET 40963 0 £ A 20 Sl 6.7 14
l6-2 282043 AreT 4 15 ALx) =1 Hilty =and 76.1 41
16-3 2B107 & A0 6 113 A a5 Eanu a1 10
16-4 Z2B185.0 A 1.3 B 45 Harnd, gravel B0.5 170
T 1E-S ZFE124 0 A A 15 Aixg Errs Sand 7.5 i
|G-6 ZB192.1 055 0 1.3 20 00 Hangd v0.3 a1
|G- 2E183 Eila e 13 aug 3210 Hilty &g s 18
171 2B213.7 AT 5 180 ls] Harud Gd.7 22
172 FEMDT ATBAR O 1 Zop 30 Silty sand 50.2 a2

i ] ZE204.7 N0348.0 1 Sep [i1¥] Sanily sl 7H.5 i F)

a
I

= = O Gl = B T

bt el G0 B e T G

Sl —
i R - )

{0 e T /5 e S R
[l B ST R R S



Table 1 continued.

SLatEnn

21-2
213
21-4
210
221

22.2
223
2341

23-2
23.3

21

Tahle 7 continued

LOAAN.C Pasltion

LOPE 1
2E200.3

281800
282074
282102
2H220 .6
282178
2E214.6
202128
AE210.08
282113
ZE2102
28208 5
20N 6
ZE211.2
FE214.7
£E213.0
282110
2E2347
ZHFEY G
ZEZTDE
2BMTT
2EZ1ED
2a2iE D
282147
Z2EZ1EE
2821156
20229 6

282222
EEE21A
282208
/2195
282170
232967
282240
282209
282283
AHRATT
282263
ek eiek i
282223
28220,7
282182
282223
JR22R.0
TE2G5
i
TRAAG.A
TEIAR.G
TE2I2G
FERING
Pl N
e ot e
FE2327
rEraza
A .a
v el ]
FEAATO
ZEXAT S
AR
ZE242.2
FE2a1.3
EE2A0.2

2B245.6

LO# 2
d0RE0.0

A0aG1.5
40042 5
ACA3EE.4
anaat .3
[ Ll o |
ACAAE.G
ACAEE. &
A0S 2
A0A35 .4
A3 B
ACEAA G
408351
AP0
ATRIE0
IHG 5
AOD2E D
4oaigd
G2
a0oi T3
A0 &0
40aian
A0 aE
anags
L b
Aannia s
AN B

200130
A s
200102
argr:n
A0a9108
a1 B
A0M0G O
ASIE O
A0002 .5
AU 2
A0NEE A
A0902 8
AUEHE 0
409033
A0
A0A99.7
aaga6E.o
40a8a.1
ACA95.5
40897 1
A0Aa6.4
40400.9
aUEgE N
40892 1
ACAAGE.0
408853
A0RaG.s
AAG 9
A0Aa7 .2
A0 .0
AQE? 3
A2
A0EES 1
ARG 5
ADEEG.7

A0EA0.2

Date
I Sup

i Bup
BJdul
Gl
2 Moy
Gl
2 May
Bl
2 May
Sud
F My
5.0l
Z My
5l
5.l
5.5l
5.Jul
Z Ky
E.Jul
2 My
B .Jul
3 Mav
2 Koy
2 Klay
&.Jul
2 Kay
3 Moy

3 Mow
A o
B Jdul
3 Moy
G.Jul
G dul
3 Moy
3 Mo
A hay
L Jdid
3 hay
a M.ﬂ'.r
3 May
G dig
3 May
6 dud
A Mow
G Jul
7 dul
7 dul
7wl
G Jul
7 dul
Fdul
3 by

Depth

{m}

100

24

Baottom
Material

Salr, gliny,
shells
Siley clay
Silny gand
Sy

Sanel
Saiul
Snrel
Sty mand
Sanly sl
Sarcly mln
Sy alay
iy elay
Clay

=il

Silry santd
Sanidy aill
Silty ol
Bard
SHilty s
Sanudy =il
Silby cloy
Silvy c:lay
Sty sand
Eilll}r' 21l
Silby cliy
Clay
Greon and
Idack =:h
Clay, sl
Sk, clay
Sanity =it
Sandy =ilt
Sty cly
Sty clay
Sty oy
Sty sand
Sand
Sand
Siry cly
Sty sanc
Sandy salt
Sity clay
Sty chay
Sy clay
Cliny, =1
Silty clay
Chry, 530
Silty clay
Silty clay
Silly clay
Chyyey sill
Silty clay
Sorely it
Silty clay
Silty iy
Silty clay
Tilly oy
Hilty Sy
Sty Aoy
elty clmy
Sand
Silty day
Sill g
shedls grivel
Silly sarel

507
50149
G0

113

167

Yoln-
il
Salids
a9

240

CEBM M
Mk WDBURNBSDWDRM-

L P P — B PO



Table 1 continued.

In- RBig- %
LORAN-C Pogition Faurial maga Vola- BOD
Cajath Batiom Truphic 1af tila {mg/
Station LOF 1 LOP 2 Data imp Patarinl It &y il Salids kb
Y B 22451 4051 4 31 Ay 44 Silly clay 1.5 BE 28 570
-3 2BZA3E ADENZ 5 31 Aum G Silly clay = e B2 29 FED
1-4 2EEAZ.5 OB S AT | 100 Silly cliay j= ik ] 160 A0 1100
2B 282476 WOEET & TR | a0 Silly sanel [ 12 21 552
262 2082467 ANGEG S 3 A 42 Silly clay 201 Bt BY 1.072
33 282450 WOEZ0 5 T | =%} Silly clay mE 227 43 TG0
54 282440 A0EZ1 0 20 Ay 100 Silly clay 100 00 40 560
a5 2324258 AIESZ & B TR 300 Siliy clay o B3 &l 1.020
26-1 20248.2 AOE1G0 TR | a0 Snnd F4.7 66 1.y aan
762 282470 AOB1T 3 30 A B0 Hilly cliay B 108 %] 530
B-3 2a246.3 A0BIS 5 30 A 1662 Silly chay Q8.3 102 5.3 1,470
G-l 282606 AnBH S T 300 Silly ooy 1000 23 4.6 1.5
San Disgo
S0 01 2HL62.8 a0EM B 21 A m Rocks M M Ma MA
oz 2EIE0.1 06T 21 fug 50 Eandy sil B7.Z 59 24 1,260
013 AHPLEY 063N, T 21 g chi) Eandy =ill an.7 160 2z 1030
501-4 HErsae A0641,2 9 Ry 100 Eandy =ilt g7.6 = 13 10
S50E-1 ZEAE1.6 qUE21.0 H hay i) Rocis o 2] e M
D22 2E250.4 40625,2 9 My GO Silty elay a5.2 138 15 om0
023 2E256.3 ADE3NE 9 fday 4] it 9r.0 | 35 23 1010
SOZ-1 ZE253.9 A0E35.0 9 ey 100 St 0.7 a3 1.5 550
502 5-1 SEIGE 4 ANG2A3 21 g ED Sy cly dao0.s 116 15 1.340
0341 EE2G0.4 AG16.3 10 May ao Kela, coarse §2.9 52 0 280
=and
o93.2 28ZERT 40621.0 10 Bty =11} Silly ¢lay G647 100 2.6 1.520
&n3.3 2BZREE D 40625 5 101 By 3k Clay, sil 56 174 2.6 1.050
2034 202629 d0E31 O 10 klay 100 Sardy sk S06 43 1.6 a50
D334 28ZE5.0 A0E150 11 Moy ) Silly eday a0 a 2.5 1.000
D32 2EFRET A0622 & 11 Bday 71 Slliy ciay Ty a1 2.4 s
DT 2BXESE A06158 11 May a2 Sarul ERD ia 05 acdy
S034-2 23z57.7 A0GZ00 21 A G5 1] B30 ay 2.5 1,580
_BD3-E-1 2326576 A0G15.5 11 May &3 Clay sludge ek} 36 36 1,750
03.5-2 ZEZEE.3 A0E21.5 21 Aurg 70 Sity clay B6.3 133 2.8 50
DEEa 2926E.0 A0BZZ 11 May 20 Elay, sill OE.0 118 22 =00
SDE71 23250.5 al6la.2 11 May e Sy clay i 1148 2.6 2330
5072 242673 ROG1E.2 21 gy (73 il A 122 2.8 1.270
D381 23250.0 a6l 2B 10 May 2 Rocks M A M Iy
Dxa-2 282565 A0E1E0 11 May 52 Llay, sill B1.5 134 23 1.0
~Dda-1 2d2568.5 qA0E14.5 20 AL ar Sanry sill TO.6 a5 3.2 1.310
5012 52565 S0GR1T.3 100 May =] Zilt, oy 7E.8 107 2.2 1,200
5043 282551 A0620.5 10 May Bl Sty lay o974 124 25 30
Coel-a FE251.2 A0G27F.0 10 My ¥ Sandy sill Bae.2 13 2.3 1,150
D 6-1 FE256.4 ACG15.6 21 Ay it S, graved 60.8 151 2.5 =X
shezls
S06-1 FE263.0 A0E0N.0 A2 A 18 Sand, shells LIS A &, Iy
D52 F5250.5 AOE07.5 10 May a0 Riociis rA, P [T Il
053 2525d.0 A6, 5 22 Pun a7 Silby cliny 78.7 Bl 21 Grd
D54 FERT6E.3 Q0130 10 iy G0 Sandy =il 76.3 55 2.4 1,120
S05-5 3538 A0 1RO 10 hday =11} Clay. =it g97.0 152 L 1,150
S05-6 ZEAS0.0 40624,1 16 Mdayy 1040 Sand as5.1 56 19 530
0gB-1 ZEMEZ A a0 5 100 Pty an Sand 738 21 433 hED
0a-2 ZE2EE.3 400,59 10 Moy 45 Sand a5.0 L-F4 14 530
S06-3 282552 A0E:0E.3 100 ks B Ciaarse sared 87.7 £a 13 B30
5064 ZEISI S ACH A0 16 Wy B Sikty sand a9.7 TH 16 G0
‘anta Monies Bay Inpar Grid
A 2HILED2 41111 16 My a0 Rocka Ma A A M,
Az 2A15349 411578 & Feb &0 Sand, graval GE.9 35 8.7 aon
A3 281556 112045 B Feh TE Sand G1.0 111 6.7 as0
| 291573 21121 .5 E Feb 70 Sand, oraval 47.0 157 3.6 00
5 28159.0 411284 & Feb 62 Sand, araval 44.0 139 25 820
LB FHIED.T 211264 17 Feh &1 Sangd 30.6 27 1.8 250
A7 Ja162.4 411222 17 Feb BB Sandy il 57.8 124 27 1170
AT 281641 1119.2 17 Feh 57 Silty cly G35 a3 3.4 1,320
B az152.7 41143.2 6 Feb 138 Sancl. gravel, 66.7 28 5.0 150
rocks

Cantimed



Table 1 continued.

Station

B2
ES
Bd
E&
BE

Palos Verdes
Pwaa
Pwia
P2
Pwa3
Pwaa
PyRa
Pwia
Puy2
P
Puded
PU?-5
Pud-1
Pyg-2
P

LOAAN.C Pagifion

LOP 1

201644
261 B3
2B B8
251 B3 4
25181.2

Z6162.9
281844
Z8153.2
28154.9
281666
2a3166.3
281600
2a161.7

28165.3

2B166.1
2B183.7
261564
2B1E57.1
2B165.6

2B180.5
201622
281639
201 Gb.G
PRI 2
281520
2E157.6
FE158.3
ZE181.0
21627
ZFE16L.4
ABTGEG
231647
231564
231581

21588
23761 .5
QRS2
ZRTEe8
221656
2158
281887

el
R
el B K

ZEIE7 S
2B
ER10C
E1Es 2
1R
ZB176
HN7E0
P el
1763
FE1IED
RE bl
EEI L o
28179.6
2A17R,T

LOFZ

411385
A1125.7
41133.6
411308
41127.3

d41124.2
411211
d41146.3
411420
411388
4113646
d1132.6
=11284

A1 356

d11x32
i1143.4
d11442
4114059
411377

4113496
4113214
411283
FAREE R
di1d454
d1 1452
411431
411388
411355
411335
A1130.4
411273
411514
41148.3
A1145,1

21141 .8
&1136.7
411356
CARRCry|
dL1E93
AIETE
11282

411388
114908
411445

AHE3.3
A410E3.3
ANGE3E
410233
41048 4
A1C41.5
410335.2
G350
410344
1033
410343
41023.2
4C023.0
410228

Table 1 continued

Date
i Faly
&5 Balar
& Mlar
15 Mlay
A7 Fals

27 Fel
17 Fah

G Faiy
1t My
16 Py

Li flar
27 Fely
27 Feh

27 Fely

17 Fal
I3 Faly
5 Faly
ERA AT
13 Klar

15 May
ET Fub
ET Fub
1T Fela

G Feb
15 kiay
& Mar
16 by
27T Feb
Z7 Feb
27 Eeb
17 Feb
15 My

3 b

G War

G Mar
27 Feh
16 iay
27 Feh
17 Feb
30 Jan
30 Jar

27 Feb
30 Jan
20 Jan

15 Mg
12 Jul
18 Jul
18 Jul
12 Aug
1E &g
18 Jul
19 dul
1G Aupg
19 Ju
12 Ju
17 Ju
20 Ju
20 Jd

Dapth
(m]

240

217

10
i)
GEB
G2

5B

53
210
185
=

85

Bottam

Klatarial
Zand
Eand, graen]
Sand, granesd
Sarwl
Silly =ared,
granvzl
Silly clay
Silly <y
Clay
Silly clay
Silly clay
Rozks
Sancly 51t
Sitty eday
Al
Sty elay,
et
Sl clay
Cliry
Sty clay
Surige
Siby manc,
rks
Eilt. slusdpe
Sancy il
Silt. gravwal
Sy alay
Hley glay
Silty clay
Sangy aill
Rocks
Sarkd
Sand
Sarkiy s
Silly clay
Silly clay
Sardy i1
Sill. soncl,
arevel
Suard
Sared
Surcly st
Sy clay
Sy clay
Sl
Shudkge, werud
iocks
Shuris
Sanchy Sill
iy clay

il

Hilp

Eilty zand
Hilly ol
gill

il

Sarel
Erack sili
i

Black sif
Siy on clay
Sancly st
Sit

Clay

L3

Tavanal
Trojphic
Irdex

434
e
206
T
47.8

259

538
512
508.0
758
a1
6d.3
d46.0

0.7
4@.7
G0.9
7o4d

361

Bio-
misss
Lt
50 m;

29
112
135
52
15

a7
14

&7
2aEn
320
&
23t
328

ol

129
Z1a
234
138
223

ATD

133
Ma
30

A
112
187
137
142
157

473
174

158
124

277

5
Walii-
film
Snlida

L ! e L
beld =@ R R

i odad 3 Pl =

160
afEn
1,928
10 5k
1,780

2,19
1,58
G5

12100
ZEm0

& 7E
11120
10760

&, 0
12,061
15,1E1

4.BZ0
16,57
15,5
21,38

6.0
11,200

15,81
1 ,EE‘I‘



