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FOREWORD

Thi s program has been perforned as a cooperative effort between nine-
teen scientists with academc affiliations, three private conpanies
and an arm of the federal governnent.

The successful performance of a program of this size and scope is the

result of the hard work and dedication of the '200 partici pants.
Several individuals however played roles which largely deternined the

success of this study. These include:

Dr. |saac Kaplan who originally organized the group and perforned a
| eadership role throughout the program Drs. Arnol d Bainbridge, T.
Chow, Osmund Hel m Hansen, Gl bert Jones, Mark Littler and Mssrs.
WIllard Bascom and M L. Mberg who ably served on the Steering
Conmi t t ee,

M. Leonard Cunningham was key to the very successful shipboard opera-
tions which characterized this program

Participation in this program has been a unique and fulfilling

experience largely because of the high aspirations, professional
standards and perfornance common to its participants.

R.A. Cal | ahan and R.F. Shokes
La Jolla, California
March 1977
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heavily contami nated with petrol eum
trace netals or urban effluents. How-—
ever , the ability of this study to
di scern such changes was limted.

- Mainland rocky intertidal sites have
fewer organisnms and fewer kinds of
organisns than simlar island sites.
Mai nl and organisnms are also less
vigorous than simlar island forns.
These changes appear to be due to
chem cal or physical stresses inpacting
mai nl and habitats.

- Crude oil appears to have altered the
conposition of the rocky intertidal
plant communities at Coal G| Point.

- Four communities of m croi nfauna
(foraminifera) live in the Southern
California OCS. These communities
occupy shallow water, slope or basin
habi t at s.

Al'l of fshore infaunal conmmunities are
i mpoverished in areas of active sedinent
transport or deposition.

- Seasonal changes in rocky intertidal
comunity structure are slight.

Animals from |l ocations contam nated with
petroleum or trace netals typically
incorporate them into their tjssues.
Information gained during this study was
used to select “indicator” species for
subsequent studi es.

petrol eum hydrocarbons can be neasured at
predevelopment concentrations and crude
petrol eum can usually be differentiated
from ot her hydrocarbons, including refined
oils.

The Tanner-Cortes Banks regi on supports an
unusual assenblage of shallow water and
open ocean organisns. At |east two uncom
non organi sms occur on these banks; a
purple coral and a very prinmtive mollusc
of the order Monoplacophora.

Significant inmprovenents were nade in the
collection, analyses and interpretation of
petrol eum hydrocarbon and trace nmetal chem
i cal data. These inprovenents allowed the
reliable neasurement of predevel opnent
concentrations of hydrocarbons and trace
met al s.

— Five devices for collecting uncontam -
nated water and uncontam nated and
undi sturbed sediment sanples suitable
for chenical anal yses were either
devel oped or redesigned from existing
“research” devices. The use of such
state-of-the-art  equi pnent has denon-
strated the practicability of obtaining
a chemical data base of sufficient size
and quality to resolve regional differ-
ences in the chenmistry of the Southern
California Bight.

- Anal ytical nethodol ogi es were devel oped
which allowed the discrinination of
petrol eum type hydrocarbons from ot her

hydr ocar bons.
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1.0 INTRODUCTION

The “Southern California Baseline Study and
Analysis” is one of several marine environ-
mental studies of the Quter Continental
Shel ves (0CS) of North Anerica sponsored by
the Department of Interior, Bureau of Land
Managenent . Sel ected areas of the Southern
California OCS are currently being | eased by
the Departnent of Interior to private concerns
interested in discovering and extracting
petrol eum reserves.

This effort consisted of studies of the
O fshore and Intertidal environnents. The
O fshore study was designed to provide an
initial descriptive overview of the chenical,
bi ol ogi cal and sedimentological regi mes of the
Southern California CCS. The primry purpose
of this overview was to describe this

envi ronnent and the association of the various
ani mal communi ti es, sedi nent s, chem cal
constituents, water depth, and geographical
ar eas.

The Intertidal study provided a statistical
anal yses of the floral and faunal communities
occupyi ng rocky and sandy beach habitats with
enphasis on the associations between organ-
isms, petroliferous and other anthropogenic
inputs, substrate type, tidal height, geo-
graphic area and seasonal fluctuations. The
study was conducted during cal endar years
1975- 1976 through a contract to Science Appli-

cations, Inc. (SAI), La Jolla, GCalifornia.
SAI subcontracted nineteen field sanpling and
anal ytical tasks to principal investigators

fromuniversities and two tasks to private
industries (Table 1-1).
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Table 1-1. Sunmary of key personnel, affiliation and project area.

University California, Berkeley (UCB)
Dr. A L. Burlingame Hydr ocar bon Characterization (GCMS)
Dr. Robert Risebrough (Bodega) Hydr ocarbon Analysis - \Water, Biota

University California, Santa Cruz (UCSC)
Dr. Kenneth Bruland Trace Metal Analysis - Suspended Particul ate

California Institute of Technol ogy, Pasadena (CIT)
Dr. Caire Patterson Trace Metal Lab Calibration

University Southern California (USC

Dr. Dale Straughan Sandy Beach/ Sl ough Sanpling and Comunity Anal ysis
Dr. Robert Douglas Microfaunal Sanpling and Analysis

Dr. Glbert Jones Benthic Sanpling and Macrofaunal Analysis

Dr. Xristian Fauchald Bent hic Sanpling and Macrofaunal Analysis

California State University-Northridge (CSU-N)
Dr. Peter Fischer Sedi nent Geocheni stry and Characterization

San Jose State University (SJSU)
Dr. John Martin Trace Metal Analysis - Biota
(Moss Landi ng)
San Diego State University (SDSU)
Dr. Richard Berry Sedi nent Geochenistry and Characterization

Anal ytical Research Laboratory, Inc. (ARLI)
M. M L. Moberg Hydrocarbon Analysis - Sedinments and Biota

Escatech, | nc.
M. David Hodder Aeri al Photography and Kel p Bed Anal ysis
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3.0 OFFSHORE WATER COLUWMN AND BENTHIC STUDI ES
3.1 Sanpling and Analytical Problens

The acquisition of reliable data which can be
successfully used by decisionmakers to nanage
the use of natural resources requires collec-
tion and handling techni ques which supply
physically intact, uncontam nated and repre-
sentative sanples, as well as analytical
t echni ques which can generate sensitive data.
For example, small changes in the concentra-
tions of petroleum or trace netals in the
mari ne environment can not be nmonitored if
predevel opment  concentrations have not been
reliably estimted. Predevel oj nnent concen-
trations of petroleum in sone areas of the
Southern California OCS were measured to be as
low as 1x10~8 grans per thousand grans of
water, equivalent to one drop of petroleumin
220, 000 gal | ons. Such low concentrations
cannot be neasured if any contamination of the
sanmpl e occurs.

At the initiation of this study, especially in
the area of |owlevel chem cal sanpling, ade-
quate shipboard collection and handling tech-
ni ques had not been applied to a marine pro-
gram of this size with simlar tine con-
straints. Extensive efforts were made during
the first phases of this study to devel op
practical, cost-effective sanpling techniques
which would routinely provide reliable
cheni cal data.

3.1.1 Contamination from Sanpling Platforns

Figure I-3 illustrates sone of the sources of
chemi cal contam nati on encountered when sam
pling at sea and describes the nmjor precau-

tions taken in this programto avoid them
Other precautions for trace netal sanpling
i ncl uded the use of Teflon-1lined, PVC collec-
tion bottles, non-netallic line, plastic
sheaves, pol yet hyl ene-shielded |ead weights,
Teflon messengers, and an electric/hydraulic
winch with a stainless steel drum The philo-
sophy of excluding contam nation when at all
practical was extended to every aspect of the
chem cal sanpling program

3.1.2 Contanmination from Sanpling Techni ques

Three sanplers which enable collection of
uncont am nat ed, representative sedinment and
wat er sanpl es were devel oped for routine sam
pling. Figure I-4 illustrates two of these
samplers and how they work. An i nportant
aspect of these sanplers and their associated
techniques is that they not only mnimze
contam nation but also neximze standardiza-
tion (i.e., sanpling reproducibility). R g-
orous standardization of sanmpling and anal y-
tical techniques is critical when results wll
be used to describe chem cal changes in space
and tine.

In addition, an in situ water sanpler was
devel oped which promises to allow the quan-
titative extraction of a wide range of hydro-
carbons directly from sea water, avoiding the
necessity of collecting large quantities of
water for extraction in the |aboratory.

3.1.3 Anal ytical Methods

Devel oping the capability to neasure petrol eum
in the marine environnent was an essenti al
el ement of this study. A change in petrol eum
concentrations of fromone to two drops per
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Figure I-3., Sources <~ contamination at sea.

Sources of Contamination at Sea

A research vessel and it immediate
environment iy a diffucult place to
collect  an  uncontaminated  sample.
Hydrocarbons and trace metals are often
present in extremely low concentrations
in marine samples; while the sampling
platform (the ship) is grossly contami-
nated with oil and is constructed of
metals. Common sources of hydrocar-
bon contamination on board are the
diesel exhaust, grease and oils from
winches and the oil coated sampling
cable.

Fuel oil is commonly spilled on deck,
and consequently an oil film is present
on all deck surfaces. Sources of trace
metal contaminants include the vessel
itself, paint pigments, rust, the sam-
pling cable, and the samplers them-
selves. Bilges contaminate the water
immediately surrounding the vessel
with oils, metals, garbage and human
wastes. Shipboard contamination can
only be minimized by providing clean
work spaces.

Two such clean rooms were provided
for this study, one designed to eliminate
metal contamination; the other hydro-
carbon contamination. The clean rooms
incorporated such features as particulate
and carbon air filters, limited personnel
access, and noncontaminating paint.
Externally contaminuted samplers were
lashed to the outside of the clean rooms
and plumbed through the wall to filtra-
tion devices within the rooms.
As water was drained from the sam-
plers it was displaced by reagent grade
nitrogen. .

These and similar techniques pro-
tected the samples and samplers from
contamination in the shipboard envi-
ronment. Although similar techniques
had been previously used in research
programs, they were extensively mod-
ified and automated to fulfill the needs
of this large survey-oriented study.



220,000 gallons of sea water can represent a
doubling of the mean concentrations at the

“cleanest” |ocations sanpled off Southern
California.
Figure 1-5 illustrates the necessity and

conplexity of discrimnating between petro-
leumrel ated conmpounds and other types of
hydrocarbons , and between crude and refined
petrol eum

Three to four nonths after initiating this
program the participating scientists and BLM
technical representatives becane aware that
the then-accepted hydrocarbon analytical
techni ques would not provide data suitable for
the needs of this program The existing
nmet hods | acked the sensitivity to determ ne
the |l ow concentrations present, as well as the
ability to repeat the results on the sane
sanple and the qualitative resolution to
separate crude petroleum from other hydro-
carbons. A major effort was nade to inprove
hydrocarbon anal ytical nethods by the chemsts
in the Southern California OCS study, conple-
menting simlar efforts initiated in other BIM
OCS prograns. Substantial progress was made
during the initial year’s program The re-
sults of these efforts can be seen in the
ability of this study to discrimnate petro-
leum from other types of hydrocarbons present
in the Southern California Bight.

3.2 Sanpling Design and Results -- Benthic
and Water Col um

This section sumarizes the results of studies

concerni ng the sedimentology, chemi stry and
biology of the Southern California oCS,
touches on the conpl ex regional variations

found in all paraneters measured, and when

possi bl e assesses their biogeochemical rel a-
tionships.

Bent hi ¢ sanpling was focused within areas of
high station density (H gh Density Sanpling
Areas , HDSAs) corresponding roughly to areas
of high lease interest (Figure 1-6). Add i-
tional sanpling was performed at dispersed
stations for broad coverage. This sanpling
design allowed coverage of the five nmjor
subregions of the Southern California 0OCS as
defined on the basis of geographical and
environnmental criteria: (1) the inner Shelf
region, (2) the Inner Basin region, (3) the
Quter Shelf region, (4) the Quter Basin region
and (5) the Quter Banks region (Figures I-1to
|-2).

3.2.1 Benthic Sedimentology

Three approaches were used to exam ne the
sedi ment dat a: (1) Regions were conpared by
their nean sedinment paranmeter values. In
doing so, conparisons between nean grain size,
kurtosis and skewness for each sedinment sanple
provided easily visualized relationships.
(2) Correlational analyses were used to exa-
mne trends between certain sediment charact-
eristics and depth. (3) Trend surface analy-
ses were used to contour the the high density
sanmpling regions for those variables consid-
ered significant.

Sediments fromthe inner shelves are typically
coarse, and rich in heavy mnerals. Thes e
sedinments are selectively left behind after
their finer-grained conponents have been noved
into the basins by the high energy forces
(waves and surf) at work in shallow waters.
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Sampling Methods

The concentrations of trace metals and pe-
troleum must be precisely determined in the
marine ecnvironment in order to establ ish
predevelopment conditions. These same
methods will help determine if changes occur
through time. Marine samples fur chemical
analysis are often contaminated during sam-
pling. In order to avoid these problems new
sampling techniques were developed and
exist ing techniques were extensively
modified.

Two ncw sampling devices are illustrated.
On the left page isa modified Soutar box corer
which collects undisturbed and uncontami-
nated samples, from soft bottoms. This
boxcorer, and a similarly designed Van Veen
grab sampler for sandy bottoms (nut shown),
descend through the water column as open
cylinders. This eliminates surface sediment
disruption caused by the bow wave and
hydraulic pressure within incompletely vented
systems. Both the corer and grab sampler are
made Of noncontaminating materials which
greatly reduce potential sources of hydrocar-
bon and trace metal contamination. Reproduc-
ible subsampling of sediments to uniform
depths was accomplished using a template.
The template was pressed into the sample; the
subsample was removed from within the
template guide using a trowel preset to collect
the desired depth.

The third chemical sampling device was
developed to obtain uncontaminated water
samples for hydrocarbon analysis from any
depth desired. The sampler is an extensive
redesign of Woods Hole's Bodman sampler.
The redesign was performed by the Bodega
Marine Laboratory and Ocean Industries, Inc.
Modifications allow the sampler never to be
opened on the deck of the ship and to pass
through the air surface interface closed; the
sampler opens and closes underwater. BLM “s
Bodega Bodman sampler is constructed of
non-contaminating materials and is equipped
with an automatic bottom closing pilot weight
release mechanism. A dual pulse-rate pinger
changes frequency when the sampler opens or
closes. Quick disconnect nitrogen puerr?_e and
sample drainage Vvalves ensure efficient
connection to filtration and storage bottles
housed within a clean room.



Oil Characterization

In order to monitor the presence und
assess the significance of oil in the
marine environment, scicntists must
be able to measure both the kinds
and amounts of oils present. Chemi-
cally speaking, all oils are combina-
tions of carbon and hydrogen atoms
known as hydrocarbons. The carbon
and hydrogen atoms torming oils
can be bonded together in a variety
of ways creating over two thousand
known hydrocarbon molecules. Pe-
troleum is but one class of hydro-
carbon; other hydrocarbons include,
plant and animal oil and waxes.

The kind of oil present is deter-
mined by measuring the ratios of
different molecular structures such
as branched, double bonded, ringed
structures, etc. The presence of
specific combinations of these struc-
tures, whether in water, tissues or
sediments, can help identity the oils
source. For instance, certain com-
pounds are associated with non-
petroleum hydrocarbon sources such
as plant waxes or industrial wastes.
Petroleum consists of a wide range
of hydrocarbons including cyclical,
aliphatic, branched aliphatic, aroma-
tic and polycyclic compounds.

An analytical technique called gas
chromatography separates the vari-
Ous compounds in an oil sample and
measures the quantity of each. The
product of this analysis, called a
chromatogram, is a finger print of
the types of compounds present.
Note the chromatograms in the third
column, the location and height of
each peak signifies a kind and quan-
tity of hydrocarbon. These chromat-
Ograms are extracts of pristine, seep
contaminated and oil spill contami-
nated sediment.

MAJOR COMPONENTS

C C¢cc c g
/N/N/N/N/\/\
1c ¢ cc

cC ¢ C H

3

n-Pentadecane

ALIPHATICS

Napthalene

AROMATICS

Sis

POLYCYCLIC AROMATICS

ANALYTIC TECHNIQUES

n

|
ek,

: - wehen

. ‘.\‘f\.;\t N .

Pristine Sediment

Refined Oil in Sediment

Figure -5 TFactors influencing the measurement of petroleum in the warine environment,
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amounts contained within their matrices. This
approach was taken in the expectation that any
anthropogenic netal alterations would appear
in surface coatings. Both surface and near
bottom particulate and di ssol ved sanples were
anal yzed for hydrocarbons

Benthic and Water Columm Chemi stry
Resul ts

3.2.3

Metals in Sedinents and Water Particul ate

In general the metal concentrations of water
colum particul ate and bottom sedi ments from
the Southern California OCS reflect the chem
istries of their source materials. The waters
sampl ed between the mainland and first set of
of fshore islands can be expected to contain a
preponderance of |and-derived naterials whose
netal contents have in sone cases been af-
fected by contact with urban effluents. Sur -
face water fromthese areas usually contains
only fine-grained terrigenous mnerals mxed
with small er proportions of planktonic organ-
| SITs. ‘1" he near-bottomwaters tend to re-
suspend various assortments of bottom mater-
ials ranging from fine-grained to relatively
coar se.

The particulate material suspended in the
waters of the outer areas is sonewhat dif-
ferent fromthat found near-shore, being a
conmbi nation of relatively coarse debris from
the islands and outer banks (Tanner and
Cortes) and ot her bodies of living and dead
planktonic organi sms. The planktonic con-
tribution is particularly evident in the sur-
face waters in the outer edge of the Southern
California OCS where upwelling supports an
unusual Iy high level of primary productivity.

15

Al though particulate suspended in the water
can be considered to be sedinents on their way
to the bottom there are observable differ-
ences in the netal concentrations measured in
settled and unsettled materials. These dif-
ferences occur because the origins of these
settled and unsettled particulate gare dif-
ferent. It is interesting to note that both
surface and deep particulate and suspended
particul ate and deposited sedinments differ in
trace metal chemstry. |In nost cases through-
out the Southern California OCS there are
slight elevations in the netal concentrations
of deep particulate relative to surface
particul ate. This is caused either by |oss
of organic matter as the particles sink or by
nore extensive adsorption of nmetals onto the
surfaces of the finer-grained deep sanples
(especially true in the deep basins). Only
barium which decreases in concentration wth
wat er depth, and cadmium, which is relatively
uniform with depth, depart from this trend.

In nost cases, the metal concentrations of
suspended particulate from near-bottom waters
are elevated relative to the deposited sedi-
ments |ying beneath. In almost every in-
stance, the disparity in the chenistries of
these two phases can be expl ai ned by natural
physi cal and chem cal processes acting on the
deposited sedinments and altering their con-
centration distributions.

Near - shore sedinents tend to be highly vari-
able in nmetal contents, at times exhibiting
the effects of local sources of pollution.
The deeper water sedinents found in the off-
shore basins are normally enriched in netal
concentrations relative to near-shore mater-

ials, but these enrichnents are typically
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as conpared to other sources. Al though nany

geographi cal areas were represented by only a
few sanples, several generalizations can be

inferred from these paraneters.

For the inner basins, indications of the
presence of petroleumin bottom sedinments are
greatest in sanples from Santa Barbara Basin,
the northern part of the south coastal basin,

and three stations from Santa Moni ca Basin.

For Santa Barbara Basin the high petrol eum
levels are likely the result of natural seep-
age from Coal 0il Point, whereas those for
Santa Mnica and northern South Coast Basins
could result from seepage, sewage (including
i ndustrial discharge), shipping, harbor traf-

fic, or any conbination of the four. Mderate
val ues observed in San Pedro Basin and the
majority of the Santa Monica Basin sanples
suggest a ‘blend of natural and man-derived
contributory sources.

In the outer basins and slopes the greatest

i ndi cations of petroleum occur in sedinents
from the Tanner-Cortes and San ©Nicolas
Basins, as well as in those collected from
south of San M guel Island, south of Santa
Rosa Island and northwest of Santa Catalina
I'sl and. Petrol eum burdens in nost of these
areas can be directly related to known natural

seeps, mlitary activities, or proximty to
shi ppi ng | anes.

In addition to petroleumrelated hydrocarbons

t hose derived from biol ogi cal processes (e.g.,
productivity) were also found at various con-
centrations to some degree in all of the sedi-
ments collected in this study. The two nain
sources of these biogenic hydrocarbons in nost
near-shore nmarine areas are (1) run-off from

land contributing the remains and products of
terrestrial vascular plants and (2) metabolic
materials from nmarine plankton.

Sediments containing materials fromterres-
trial plant waxes are distributed throughout
the Southern California OCS, although in

general, locations exhibiting the highest
proportions are limted to the near-shore
shelf and adjacent basins. [ nputs from ot her

hydrocarbon sources often Oask the presence of
the plant wax conponent in near-shore areas
(e.g., Santa Barbara, Santa Mnica and San
Pedro Basins and adjacent shelves).

Hydr ocar bons derived fromboth living and dead
mari ne plankton generally increase with dis-
tance fromthe mainland and with coarser sedi-
ment grain size. Both of these trends, how-
ever, are ultimately related to the characters
of sedinments generally found underlying waters
of high productivity.

Hydr ocarbons in the Water Col umm

The concentrations of hydrocarbons dissol ved
and suspended in marine waters were found to
be very lowin all sanples not collected in
close proximty to outfalls. Concentrations
as low as 60 rig/liter (sixty billionths of a
gram per liter) were nmeasured in open waters,
while nore conmon dissolved fractions varied
from0.15 to 11 pg/l, (el even millionths of a
gram per liter) and those associated with
particul ate ranged from undetectable to 2.1
pvg/l. (An exception of one sanple off the
Hyperion outfall which had a particulate
hydrocarbon | oad of 81.0 ug/1l.) Typically,
10-20 times nore dissolved hydrocarbons were
present than those associated with parti-
culates.
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contained materials which are characteristi-
tally biogenic. Organisms living in basins
were found to have hydrocarbon concentrations
sonewhere in the mddle to high range.
However, their body burdens were of a nore
bal anced petrogenic/biogenic character than
were the aninmals associated with near-shore
seeps and outfalls.

3.2.4 Benthic Biology (Macro and Mcro
Infauna)

The purpose of the benthic community analysis

was to define infaunal assenbl ages -- the
communities of animals that live in the bottom
sedi ments — throughout the study area. Since

these animals have very little nobility and
live in a relatively stable environnent,
studyi ng changes in their community structure
over tinme could provide observable indications
of the inpact of man’s activity on a diverse
community of marine organisns. Two types of
benthic infauna were studied, macroinfauna
(animals larger than 1.5 mm) and m croinfauna
of the class Foraminifera. Foraminifera are
smal | calcareous-shelled ani mal s which can be
taxonomically classified by the shells (tests)
al one. These shell fragments persist in
mari ne sediments for many thousands of years.
Foraminiferal community analyses have been
extensively used to provide information con-
cerning environnental conditions in the
geol ogi cal past.

The benthic infaunal study included eleven
hi gh density sanpling areas (HDSAs) in which
concentrated sanpling was enployed. Wth one
exception these areas were associated with the
five |l ease tract areas proposed by the BIM for
of fshore resource devel opment (see Figure
1-6).

Inadditonto the HDSA's, nore scattered,
br oad- coverage “survey” stations were sanpled
t hroughout the Southern California oCS.

Boxcores , augmented by traw s and dredges were
used for the collection of selected macroin-
vertebrates for taxonom c and chem cal analy-
si s, Box cores were collected from 711
stations; 145 traw /dredge sanples were taken.

Box cores were collected with a standard Nava

El ectronics Laboratory (NEL) spade corer
equi pped with a stainless steel sanple box of
0.063-m2 surface area and an underwater-
shutter 35 mm canera desi gned to photograph
the sedinent to be sanpled just prior to
penetration. The phot ographs were used to
observe the ocean floor around the boxcore
sanple. Al organisns larger than 1.5 mmwere
renmoved from the sedinment and preserved for
|ater identification in the |aboratory.

Three separate types of anal yses were con-
ducted on the macrobiota collected by
boxcoring :

L Prelimnary community analysis
(coarse-sort) of all 711 box core
sanmpl es .

2. Rapid ldentification Procedure (RIP)
of 546 of these sanples, and

3. Conpl ete, or detailed, analysis
(fine-sort) of le5 of these sanples.

The prelimnary analysis, or coarse sort,
i nvol ved separating those organisns retained
on the screen into five nmajor groups, and
recording the number of individuals and the
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ment Of an assemblageindicated nore signifi-
cant ecological relationships than obtained by
unabridged statistics. Estimtes of foramini-
fera standing crop and species diversity were
deternined by counting live and dead i ndivid-
ual s.

Analytical methods focused on the possible
rel ati onshi ps between changes in the physical
environnent and in the comunities under
st udy. Plots of live/dead ratio, standing
crop, species diversity, nunber of species and
nunber of individuals as functions of water
depth, wvarious sedinment characteristics and
ot her physical environnmental factors were
enpl oyed. Besi des cluster analysis, nultiple
descrimnant analysis was applied

3.2.5 Benthic Biology Results

Macrofauna

The HDSAS could be separated into three dis-
tinct macrofaunal groups: a nearshore group
(Hunti ngt on Beach-Laguna Beach, Point Dune,
Coal QI Point), an island group (San Miguel
and Santa Rosa |slands) and an open water
group (Santa Catalina Island, Santa Rosa
Ridge, Santa Cruz Basin, and Tanner-Cortes
Banks) . The comunities within each group
were generally found not to be statistically
interelated. Only the Point Dune and Coal Q|
Poi nt HDSAs were found to be statistically
simlar. I ndi vidual stations tend to be simi-
lar across geographi c groupi ngs on a depth-
rel ated basis. However, this relationship is
by no neans clearcut. Sinilarly no community
alterations could be shown to exist at Coal

21

0il Point stations where sedinents are rich in
petrol eum However, this survey was not
designed to detect such alterations.

Many new and a few possibly rare species were
found, including a snail-like molluscan of the
cl ass Monoplacophera, an ancient class of
“living fossils"". Tanner and Cortes banks,
| ocated approximately 210 km west of San Diego
(Figure I-1 and 1-2) appear to constitute an
unusual environment where near-shore and open

ocean species form unusual associations.

The spatial distribution of benthic macrofauna
in the Southern California Borderland is nost
clearly associated with bathymetry. However
some associations also exist between the
benthic macrofauna and sedi nment characteris-
tics. Few cause and effect relationships may
be discerned because they are obscured by the
conplexity of interactions between the biota
and their physio-chemical environnents. It is
extremely difficult to separate the effects of
sedi ment type and bathymetry on benthic assem—
blages because they are so interdependent.

Sonme overall patterns of biotal and sedi nent
di stributions, however, are apparent. For
exanple, a particular sea cucunber dom nates
where there are fine sedinments with little
shell debris in shallow water. \Were there is

nore shell debris, a species of brittle star
is co—dom nant or dom nant. In slightly
deeper wat er with the same sedinent

characteristics, sea urchins are dominant.

In shallow areas where the ocean bottom
consists of soft silts and clays, three
famlies of amphipod crustaceans predom nate.
Shal | ow areas with gravel and boul der-strewn
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4.0 INTERTIDAL STUDIES

The intertidal studies (rocky intertidal and
sandy beach/slough) consisted of several in-
terdisciplinary approaches including: (1)
seasonal community analyses, (2) trace metal
and petroleum hydrocarbon analyses of selected
biota, (3) a study of mussel community compo-
sition and (4) an aerial photographic survey
concerning the distribution and seasonal var-
iations of kelp beds. These studies have been
summarized in the following sections. Empha-
sis was placed on characterizing the varia-
tions in biological, chemical and physical
aspects of the intertidal environments.

4.1 Rocky Intertidal Study
4.1.1 Scope of the Study

Rocky Intertidal Biology (including Mussel and

DNELD OoULVEYD )

Three basic sampling approaches were taken in
order to characterize the biological distribu-
tions and community structures. These in-
cluded undisturbed, disturbed and aerial
photo-survey (for the kelp beds).

Undisturhed sampling was performed at ten
sites (Figure I-8) using a photographimetric
technique. This sampling approach allowed the
quantitative measurement of cover, density and
standing crop distributions, and provided
permanent records of biotal conditiomns which
can be used to reveal any future changes at
each site,

An integral part of the undisturbed technique
is that after the photographs were taken a
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trained taxonomist recorded the taxa, counted
the individual invertebrates and visually
estimated the cover of each species in a
detailed sector-by~sector format, All sites
were permanently marked so that the survey
could be replicated in the future,

Disturbed sampling was utilized to measure
standing crop biomass for further community
description. The wet weight, dry weight and
ash-free weight data provided by this effort
are useful in interpretations similar to those
obtained from the cover, density and distribu-
tional frequency data derived from the undis—
turbed method. Quadrats for disturbed sam—
pling were selected for their biological simi-
larity to the photoquadrats. Organisms within
each quadrat were harvested quantitatively for
subsequent sorting in the laboratory, and the
disturbed plots were photographed and harvest-
ed within the high, middle and lower inter-
tidal regions, Tidepool finfishes were quali-
tatively sampled in conjunction with quarterly
disturbed and undisturbed sampling.

Small animal communities which exist within
the interstitial space of mussel beds were
studied at six rocky intertidal areas along
the Southern California coast. Mainland
localities were sampled twice during the year
and island localities four times in order to
determine if significant seasonal variation in
these communities existed.

Quantitative data relating the distribution of
rocky intertidal standing crop to tidal height
was obtained., These data were used to deter-
mine differences in communities existing at
different sites and between seasons at each
site.
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Bi ol ogy

Inall, 477 taxa were identified at the 10
sites. Over half of the plant species were
red algae and nost of the animals were
gastropod moliuscs (snails).

Three intertidal zones are consistently found
on Southern California rocky shores: an upper
zone dom nated by bl ue-green algae, a mddle
zone dominated by barnacles, and a wet, |ower
zone covered by coralline al gae, red al gae and
kel p. All three of these zones were clearly
recogni zable at all study sites having con-
ti nuous rocky sl opes.

Seasonal trends were generally |acking except
for a general reduction in bionmass standing
crop during the winter.

Assenbl ages of organisns were found to be
specific to site. This distinctiveness can
generally be attributed to variations in
substrate material, substrate stability,
upwel I'i ng exposure, wave exposure, water
transparency, natural and man-nade di sturb-
ances , and available nutrients.

The sites tend to fall into two groups
island sites and mainland sites. This overal
trend appears to be due to a |ower |evel of
human-i nduced stress on the island sites.
Island sites tend to have higher bionmass
standing crop than nmminland sites. Thi s
difference is primarily due to the brown alga
standing crops which are nore sparse and
patchy at the mainland sites. The data
suggest that reduction in brown algal biomass
may be associated with sewage-induced stress
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in addition to the differences in the brown
algae; red algal turf comunities tend to be
made up of larger andoore robust specimens at
the island sites. Mai nland turf communities
were generally found to be |ower, nore com
pact, and nore epiphytized (plants grow ng on
other plants). Qcean Beach (a mainland site)
provided is an inportant illustration of this
characterization. [t appears to have received
little environnental stress over the last 30
years, since its present biota closely resem
ble those found in the area in 1947. Inter-
estingly, the turf communities in both cases
(1947 and present) resenble the present island
turf conmmunities. The observation al so sug—
gests that a conpact, highly epiphytized turf
mor phology is characteristic of a “stressed”
comunity.

ot her parameters which appear suppressed at
mai nl and sites as conpared to island sites are
nunber of taxa, richness, evenness and macro-

invertebrate species diversity. Macrophyte
cover was found to be about the sane at each

type of setting.

The nunber of macrophytes (large plants such
as kelp) unique to the islands is much higher
than the nunmber found only on to the mainland.
Also, there are nany nore macroinvertebrates
unique to the islands than to the nminland.
These observations suggest that the plant and
ani mal comunities on the mainland have been
reduced due to environnental stress although
they are predicated on the assunption that at
some previous time, the island and numinl and
environnents had simlar biological composi-
tions,



*paurjop KA[TeOT3ISTIBIS 3G PINOD
poTduwes satoads Lue I03J S1UD]UOD
TeleW 9yl UT SOOUIIIIITP TLUOSEIS Of °

:9Je Bl1ERp TEOIWOUD 23Ul
WOIJ POATIIP SUOTIEAIISQO AUlaomajou oyl Suomy

il
Butjepronye 10J SISeBq TEBOTISTIBIS Yl opraocad
jou PIP 310332 S,1®94 TEIITUT STYl SJuranp
pejeaauel aseq elep IYI ‘IANIONIAIS LI TUNWWOD
1e218070TIq PUE JUSWUOITAUD TEOTWSYD UIaMIaq
1sTX9 sdTysuorleyax 3ID9JJ2 PUB ISNED  JUEDT
~JTu8TS JT usa® ‘Aypuodag *("01° ‘UOTIILIDISAP
‘aanjeiadwa) ‘JusmEAOW 93BIISQNS ‘uUOTIOE SABM)
syoedur Te01s4dyd o031 poiedwoo TeUTuIm xeadde
SIUPWUOITAUD 9S9Yl JO ®©IOIq oYl uo 3oedur
1E01WOYD ‘uoijepunul IO JO SISEBD SNOIAQO 3YI
utr 3dsoxy *STUI 10J SUOSEII TBIDAIS I 3I3YJ
*juaiedde oie sSuolinqrilsIp TeOI180701q PpuUE
TeoTwayo usamlaq sdiysuorieyaa ou ATTeo11oead
‘Burrdwes Ted180701q PaqanisiIp 9yl jo laed se
PR103TT00 21am sordues 9ssyl Jo TTB YSnoyaty

*SUOTIBIS TEPIIIAIUT AN¥201 (T SUI wWOiJ PaziT
~BUE PUEB PO31JI9TT00 9I9M SISSETO IDTWOUOXE] XTS
3utjuasaadaa ‘satoads g1 ‘ITe Ul *Se31eviIgalA9dA
-utoioeruw pue s2314Aydoidew JO SWIOJ] TBIDAIS UT
SUOTIBIIUIOUOD JUITqWE 2173 SUTUIWISISP PIBMO]
Pe1021TP Uyloq 219M SITPNIS UOQILD0IPAY pue
1e39wW AaB9Y 20eal 9Yl “II0JI° TETITUT STIYl Ul
2%e19A00 satoads jo o2oueilaodwr 9yl SBuiztuBoosy

Kaistway)
(uoT3led0T
o1ydeaBoa8 TeuipniTaley 031 paleIa1)
98uer1 9anjeiadwol I33BM JUSTIqUY °

8¢

a93em moT daoqe JyJiey pue
‘adoys ‘ssouyfnox ‘adf3 o3evalSONS
ur Atvaemtad ‘A3TfTqETIIRA 3IBITQEH ®

sds9s 1O TERAN]EU
‘93BIISQNS dTqeIsSuUn 3TIns DAEBM SE
yons €sS9SS9131S TPIUDWUOATAUD TERINIEN L

(SutTdumes ‘Burrdweal) joedwr ueuny
JO sSwioJ JI9YJ0 PUEB SIISEBM uBRqIQ .

: JuRm
—-UOITAUD TEBPTII2IUT £}201 Iyl UT SUOTIBIIBA
Te2180T0Tq 29Ul YITM PIETD0SSe L[9SOTD 1IS0W Se
$1030®] TEIUSWUOITAUD BUTMOTTOJ oYl S21BOIpUT
£pnas sIyl uT PpoIdYyIe8 SOUSPIAD BYI ‘TIBIDAQ

*S$91TS puey
-uTew I9Yyjo 9yl 1e Arsnortnbiqn aesdde yorym
exe]l jueld LAuem pojBUTIWIT® sey TTeJINn0o °8emeos
Aqiesu a9yl 23eyz 21s288ns Jutogd SOITUM WOIT
BlEp 9Y] *SWIOCF UOWWMOD SSO] ‘aioJaisyl ‘pue
aaT3112dWoduOU 8STMISYIO 10J IBIIQERY B S91E31D
os Zuiop ur pue s2T23ds 21Aydoidoem snolInbign
Auew ojeurwrTS Aew 3Jurod TIIO TeOD 3B sdoss
Teds07 woxj TIo Jo @aoussaad syl eyl sisa33ns
STYL *3ST® 9J9YMOU INDJ0 YOIYMA DUNOJ 3SIdM
exel juetd sutu jurod IO TEBO) 3B ‘UOTIITPPE U

*3utod
TIO TEO) 3B INID0 30U OP ¥%(GC PUB IUTOJ S9ITUM
J® INndO0 10U Op 952Ul JO %99 €S91IS PUBTUTIEBW
duTu JI9Ylo 9yl 1A' Indd0 UYI1uym siuetd oyl
30 *s19ylo TI® WOII 3IOUIISTP o2ae uorinyyiod
Jo sooanos Jutod 3Jo A3ITUIDIA 9Yl Ui =29 03
uaddey yoTym S911S OM2I JBY] UOIIBAIISGO 3yl Aq
peijaoddns 19yzany ST S91TS puUBTUIRE 1B SUOT]
~Tsodwod A31unmmod TeOT8070Tq Ppaidedwr Saey
S9S$59115 T[RIUDWUOITAUS IJeyl uorledITduwr oyy



Because of the broad-brush sanpling
approach, it cannot be stated with
certainty that there are no seasonal
variations , only that none were
observabl e.

The sanpling and analysis of only a
few individuals of any given species
was found to result in chem cal data
of high variability. One hundred
percent variation from the nean was
found in sone cases. These data are
of limted use in the establishnment
of well-defined *'baseline*’ condi-
tions; however, they do provide
initial indications of the chem cal
concentrations and variations to be
antici pated in subsequent nonitoring
surveys.

Conparison of trace netal data
derived in this study wth those
from previous studies of simlar
systens is in general agreenent.
Some noticeable differences, such as
| ower |ead concentrations found in
some cases in this study, nore than
likely are the result of utilizing
i nproved sanpling and anal yti cal
net hods which have significantly
reduced sanple contam nation.

Only the California nussel could be
geographi cally conpared al ong the
mai nl and coast for its netal con-
tents, and they appear relatively
constant except for noticeable
el evations of |lead at Pales Verdes
and Corona del Mar. Only cadm um
showed significant variation in
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tissues originating fr om the
i sl ands, being elevated at island
sites in both kelp and mussel s.
Chrom um showed sone evidence of
el evation at mainland sites relative
to island sites in the tissues of a
small marine snail.

Rel atively large variations were
found in body tissue concentrations
of hydrocarbons, in rocky intertidal
organi sms.  These variations are due
in part to evolving changes and
i nprovenents in the analytical
met hodologies , and in part to the
nmore conplex pathways by which
these materials are incorporated
into tissues, as conpared to heavy
metals assimlation.

Bivalves <collected at Platform
Heidi, an active rig near Coal G|

Point, were found to have relatively
low petroleumtype  hydrocarbon
concentrations with a high fraction
of their total hydrocarbons derived
from pl ankt on.

In general, all organisnms collected
at Coal QG| Point contained signifi-
cantly higher petrol eumrel at ed
hydrocarbon burdens than did their
counterparts from other mainland and
island sites. Unfortunately, the
nmost thoroughly sanpled rocky inter-
tidal plant, the G ant Kel p does not
occur at Coal GO Point. For this
or gani sm the highest petrol eum
hydrocarbon concentrations wer e
found in sanples collected at Santa
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Sampling along the single-line transects
was acconplished by excavating cores at
regular intervals from high to low tide
| evel s. Sand was removed in stages to study
the distribution of species by depth. Exca-
vated sand was anal yzed at each depth for
noi sture , grain size, and organic carbon
content. At each site, three of the cores
(designated upper, niddle and |ower) had
addi ti onal sedinent sanples collected for
total organic carbon anal ysis. During the
1976 sunmer quarter, sedinment sanples were
renoved from these same quadrats at Ocean
Beach (San Diego) and Coal G| Point for
hydrocarbon and trace heavy netal analyses.

Sl ough environments were sanpled differently
than were the exposed sandy beaches due to the
uni que characteristics of these estuarine
sites. A single sanpling techni que was used
combi ning coverage aspects of both the profile
Iine and random quadrat approaches. This
procedure better accommpdated the |arger
species, such as the sand dollar, found in
estuarine sites.

Sandy Beach/ Sl ough Sedimentology

In conjunction with the biological and cheni -
cal sanpling perforned at the 17 sandy beach
slough sites (see Figure 1-8), beach sedinments
were collected for substrate characterization.
The goals of this effort were to (1) provide a
sedimentological survey and description of the
sandy beaches throughout the Southern Califor-
nia 0CS, (2) provide substrate characteriza-
tion for correlation with biological comunity
distributions and (3) provide correlatable
sedimentary data for aiding the interpretation
of chem cal (hydrocarbon and trace heavy
metal) measurenents.
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During the study, grain size distributions,
clay mneral characterizations , and calcium
carbonate and total organi c carbon determ na-
tions were performed on sedinent sanples
sel ected from el even mainland and six island
beach sites.

Sandy Beach/ Sl ough Chenmistry (Sedinments and
Biota)

beach sands were collected by plastic or
stainl ess steel push cores at seven of the
mai nl and and five of the island sandy beach
sites (Figure I-8) for the neasurenent of
anbient levels of petroleumtype hydrocarbons
and the several trace heavy netals. Con-
current with these collections , sand crabs
were also taken for neasurenment of these
constituents

Sanpl es were apportioned over several of the
beaches in such a way as to provide some
informati on on seasonal, tidal height, and
sedi nrent depth effects on chem cal distribu-
tions. Coal O Point , which receives natural
petrol euminput from nearby seeps, was com-
pared to Ocean Beach (San Di ego) which was
considered a “petroleumfree” control.

4.2.2 Sandy Beach/ Sl ough Results

Bi ol ogy

All beaches sanpled had distinctive biological
communities and no single species was found at
all sites. A total of ’'240 species were
identified at the 17 sites; of these, 53 were
found at nminland beach sites, 119 at island
beach sites and 68 at slough sites. O the
119 species found on island sites, 96 were
found at Twin Harbors and 45 of those were
unique to that site.
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sites were sampled often enough to establish
such trends. ALSO> it nust be realized that
these observed seasonal peaks were usually

dom nated by increases in a single species, as
opposed to prevalent changes in a location s

characteristic biological make-up.

Sedimentology

Based on data fromthis initial year's survey,
nost intertidal sites foll ow expected sedi-
mentological trends. Selected sites, however,
exhibited unique patterns of variation between
seasons and tidal |evels. For exanple, gen-
eral trends observed for decreasing tidal
levels were a decrease in grain size, an in-
crease in calcium carbonate, and a decrease in
organic carbon. Also, the nmainland sites were
found tohave carbonate conprising less than
3% of the sanple weight with a slight increase
fromnorth to south. The island beaches con-
tain much nore carbonate (average 16% than
the mainland sites due to lower availability
of terrigenous sedi nment.

The general tendency for beaches to erode
during the winter and acrete during the summer
was observed at npbst of the sites. The
departures from this trend which were found
during the 1975-1976 sanpling period appear
paradoxical relative to site |ocations.
During the summer the Southern California 0OCS
receives swells fromsouthern storns and any
sunmmer errosion cycle which mght occur should
be expected to focus on beaches facing south.
This did not appear to be the case. In
1975-76 the only two island beaches facing
sout h exhi bited sunmer accretion and others
facing west and north were characterized by
erosion. These observations may be explai ned
by one of the following factors
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. the 1975-1976 data are atypical,

. sand movenment at the island sites is
controlled by the nearshore submar-
i ne topography rather than by gen-
eral wave patterns al one,

e beach erosion is controlled by
seasonal variations in the direc-
tions and strengths of the preval ent
current systems operating off South-
ern California during the different
“oceanographic seasons” character-
istic of the area.

Chem stry

The relationship between patterns of community
variability and levels of trace netals and
hydrocarbons in sedinents and tissues is of
prine interest to this program The marine
environnent of the Southern California OCS is
by no neans pristine, having been subjected to
relatively large inputs of donestic and indus-
trial effluents as well as natural and man-
induced oil sources. The general increases in
[ evels of pollutants in this environment has
been inplicated in the docunented declines in
t he nunmber of species and bi omass of various
groups of organi smns.

As anticipated, beach sands from Coal Ql
Poi nt contain generally higher total anounts
of hydrocarbons than those of Ccean Beach (San
Di ego) The el evated hydrocarbon |evels at
Coal G| Point do not, however, appear to have
had inhibitory effects on the devel opnent of
its sandy beach fauna. Moreover, sanples of
sand crabs from Coal G| Point did not show
el evated hydrocarbons levels in their tissues
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5.0 CONCLUSI ONS AND RECOMMVENDATI ONS

The initial year of this environmental base-

line program was generally successful in its
mai n purpose of describing the chenical,

physi cal and biol ogi cal assenblages in the
Southern California OCS. Significant progress
was nmade in identifying inprovenents which
woul d enhance future program designs and re-
finenents in sanpling and anal ytical tech-
ni ques . Progranms suggested fromthe exper-
ience of this initial effort pronmise to
further clarify the anbient distributions of
chemi cal and biol ogical constituents in the
ar ea.
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Information useful to the management of 0CS
resources includes estimations of the inherent
“"natural” variations which characterize |ocal
bi ol ogi cal and chenical paraneters. Rel i abl e
estimates of these paranmeters will provide for
meki ng sound deci si ons regardi ng environnent al
protection.

An intensive program tostudy t he biology and
chem stry of Tanner-Cortes Banks, an unusual
habitat, was al so recomended and included in
the second years program






