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INTRODUCTION

Recent exploration has indicated that the
Southern California outer continental
shelf (OCS) may be a source of potential
0il and mineral reserves, As a result,
the BLM has contracted SAI to undertake
the first comprehensive survey of this
geographic locale over a three year
period. The study focused on a region
known as the Southern California Bight
(Figure 1). This is an area with many
diverse habitats harboring unique asso-
ciations of marine plants and animals.
Sport fishing, recreation, diving, com-
mercial fisheries and kelp harvesting are
all common activities in the Bight.
Proper management and protection of such
a vital and complex resource requires an
extensive information base in order to
address specific questions and problems
that will arise. This paper (Vol. I)
will serve as an overview of the second-
year study carried out in 1976-1977. Its
purpose was to extend the first year's
research (1975-76) in order to establish
a two year data base of the major biolo-
gical, chemical and physical factors of
the Bight, Volume I should not be viewed
as a substitute for the detailed material
which may be found in Volumes II (Summary
and Synthesis) & III (Principal Investi-
gator Reports).

The first step in predicting potential
effects of o0il development is to obtain a
descriptive knowledge of the region.
Towards that end SAI has brought together
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a large scale, multi-disciplinary group
of researchers. This unique association
of oceanographers, biologists, chemists
and geologists is investigating various
aspects of the natural history of the
Bight. The task has required numerous
observations in the field and in the
laboratory and the accumulation of exten—
sive descriptive data. It is like look-
ing at a very ornate woven tapestry.
Even though it may have numerous design
elements, its ultimate visual appeal lies
in the overall pattern which unites the
pieces. A natural enviromment is a
living tapestry, in which the biologic
and physical (non-living) factors contin-
ually interact. Everything in nature is
intricately linked, and man is part of
the web of action and reaction. Ideally,
these interactions could be visualized as
a series of interdependencies (Figure 2).
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Researchers at SAI recognized two main
objectives. The first was to accumulate
the baseline data. The second objective
was to look for regular patterns which
would aid the BIM in its management of
the Bight. Or, stated another way, the
distribution of biologic and physical
variables in space and time must be
understood before management can properly
delineate sensitive or critical areas and
seasons, Moreover, such patterns con—
stitute precursors to predictive studies
required for impact analysis. 1In order
to achieve these objectives, research
surveys were conducted in specific habi-
tats to help organize the accumulated
data for subsequent analysis and inter—
pretation, Thirty-three sites were
surveyed. These can be grouped into two
main categories, each with habitat sub-
divisions (Figure 3)., Figure 4 schemati-
cally depicts the different habitats.
They include the rocky intertidal, sandy
beaches and sloughs, island sites, kelp
beds and offshore underwater pinnacles
(Tanner and Cortes Banks)., These locales
are spread over a 600-mile stretch of
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coastline extending from Pt. Conception
to the Mexican Border.

PRINCIPAL FINDINGS
General

The second year of this project has
resulted in considerable advances in
methodology in the study of biologic,
chemical and physical factors. The
requirement for community studies
motivated innovative and improved methods
of site and quadrat relocation. Bolts
and other position markers were pre-
manently emplaced, even at the depths of
the Tanner—-Cortes Banks. Sophisticated
navigational equipment was employed in
establishing and relocating remote study
sites. Sample collection was aided by
the development of a new SCUBA-powered
vacuum system. This technique permitted
thorough harvesting of even rare and well
hidden species., Biologic data were col-
lected and analyzed photographically; the
photographs provide a permanent, incon-—
trovertable data record.

Laboratory and data analysis methods were
also improved. One useful development
was the creation of a single index known
as the BOP (Bodega 0il Pollution) Index.
It enables investigators to assess the
origin and strength of hydrocarbon con-
tamination by simultaneous consideration
of several relevant factors. Other tech-
nical advances included an overall in-
crease in the resolution of hydrocarbons
especially in biologic tissues. This

improvement was made possible by the
attenuation of problem-causing inter-
fering substances.

Laboratory procedures for the analysis of
trace metals, which are difficult to
measure precisely, were also revised and
improved over the first year. What
resulted was an increase in the overall
resolution of these tests. An innovative
test introduced into this program was the
use of ratio estimation for metal levels
in organisms., The latter method uses the
ratio of two metals, rather than the more
common single metal value. The result is
an indicator which is much more sensitive
to change.,

The Tidal Zone

The tidal zone is a region where the sea
meets the land. It is often a very rich
habitat occupied by unusually adapted
organisms. Here the daily flux of high
and low tides creates a life of extremes.
Seaweeds and invertebrate animals must
cope with wide ranges in the period of
exposure to air, heat and desiccation,
changes in salinity and wave action. The
tidal zone has two main habitats: (a) the
rocky intertidal and (b) sandy beaches
and sloughs, Both were extensively
studied. The rocky intertidal of the
Southern California Bight is a surf-swept
region exposed to constant agitation.
The organisms here have evolved to endure
exposure and the shock of pounding waves.
Though the rocky intertidal has been



extensively studied in the past, the
coordi nated research of this project has
further elucidated aspects of its ecol-

0gy. The study of organism comunity
structure reveal ed only a | oose pattern
at this stage. Each rocky intertidal

site had its own distinct character.
Neverthel ess, a nunmber of useful genera-
lities are evident, and sone may have
managenent inplications. One geograph—
ical consistency is the conmunity sim-
larity between northern mainland sites
and their associated islands. Thi s
resenbl ance was al so the case for south-
ern mainland and island sites. CGover n-
nment Poi nt is aunique site, in that it
har bors uncommon assenbl ages of cold and
war m wat er speci es. It was al so observed
that island rocky intertidal sites gener-
ally had nore abundant popul ations of
organi sms. This may be due to their
greater isolation from human activities

One very comon and ubi quitous marine
invertebrate is the sea nussel, Mytilus

(Figure 5). It is found at virtually all

sites, where its dense beds create a
t hree-di mensional micro environnent nade
up of the nyriad spaces between the
mussel s. This allows many other plants
and animals to exist in and on the nusse

beds. The particular organisnms and their
rel ati ve abundances are distinguishabl e
from nussel bed to bed and site to site.

Sone sites were found to have an unstable
substrate or settling surface. Shifting
rocks in the surf or heavy sand inunda-
tion makes life precarious for many

Figure 5. California Sea Missel

vul nerabl e al gae or invertebrates. Thi s
di sruption enables fast-grow ng, oppor-
tunistic or weed-like organisms to

rapidly establish thenselves. Communi ty
associ ations then develop which are
ecologically immature. Sinply stated,

this means that an equilibrium exists
bet ween the disruptive forces of waves
and scouring and the tendency for nore
mature comunities to replace their
predecessors. The inplication of this
situation is that at such sites inmature
communities might recover nore rapidly
from di sturbances caused by nature or

man. This is because the devel opnent
time of these comunities is relatively
short. Recovery of the rocky intertida

from man-i nduced and natural disruptions
seens to indicate that sinilar patterns

exist fromsite to site. Seaweeds re-
cover nore rapidly than marine inverte-
br at es. The |l ower intertidal zone re-
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covers first. And, in general, disturbed
areas tend to reestablish themselves by
new species moving in, rather than inva-
sion by organisms from older, undisturbed
areas.

An analysis of the physical and chemical
factors affecting the intertidal also
revealed interesting observations, Those
sites where natural oil seepage occurs
(Government Point and Coal 0il Point)
show high hydrocarbon levels in both
animal tissues and in the sediments.

The sea mussel, Mytilus, is a cosmopoli-
tan species which can serve as a bio-
indicator of contamination. By analyzing
its tissues for hydrocarbons we can ob-—
tain a picture of where petroleum
compounds are being incorporated in the
environment. Mussels from sites with
either natural or man made sources (such
as the heavily used harbors of Corona del
Mar or San Diego) all show moderate-
to-high tissue 1levels of hydrocarbons.
Mussels 1living in more isolated island
sites have low levels. Mussel tissue
hydrocarbon levels also vary within study
sites, Those mussels found at the high
end of the tidal zonme appear to have a
greater concentration of hydrocarbons,
compared to those 1living in the lower
intertidal., This variability is probably
due to the greater deposition of o0il on
the upper rocks by stranding.

Mytilus was also investigated as a pos—

sible bioindicator for trace metals,
Petroleum products and industrial pollu-

tion can be important sources of these
metals, For example, it is evident that
harbors which have heavy boating and
shipping use show relatively high metal
levels. However, regional mineralogy is

often more important. This may account

for the observation that metal levels in
mussels from Coal 0il point (a region of
high natural oil seepage) aren't un-
usually high.

While it is tempting to speculate on the
influence of contaminants in rocky inter-
tidal communities, effects of low-level
hydrocarbon and trace metal pollution on
marine community structure seem to be
overshadowed by physical and geological
factors. In other words, the influence
of local wave exposure, desiccation, sub-
strate stability (moving rocks, etc.) and
water current conditions, may all have a
greater effect on the community at a
particua}r site than contamination.
Local organisms appear to adapt to high
pollutant levels and even some very sen—
sitive seaweeds are able to thrive at
Coal 0il Point. This indicates that more
focused and intensive research is needed
to understand o0il pollution effects. The
long and short-term results of massive
0il pollution (e.g., Santa Barbara oil
spill, 1969) are difficult to analyze
because very little baseline data existed
at the critical time. The 12 rocky
intertidal sites studied on this program
by the SAI team of scientists will pro-
vide a proper framework for comparison
with any future envirommental conditions.
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Sandy beaches and sl oughs constitute the
other main tidal habitat. Their appear -
ance offers a narked contrast +to the
rocky intertidal. One is not immediately
i mpressed by any profusion of life. Ho w-
ever, it is far fromlifeless. In order
to avoid the wave forces and desiccation,
organi sns have adapted to a life of
bur r owi ng. There is an overall decrease
in the diversity of life conpared to the
rocky intertidal although many species do
occur in great numbers. The effects of
oil pollution could not only threaten
biota in this habitat, but also the
nmllions of people who daily enjoy the
beaches of Southern California.

In contrast to the rocky intertidal, no
geographic pattern or trend was observed.
This has been confirned over a two year
peri od. The organi sns found on sandy
beaches are nobst influenced by | ocal
physiography. Specifically, a few key
factors, such as beach profile (or slope)
and sand grain size, can deternine the
basic comunity type. For exanple, |ong,
gently sloping, fine-grained beaches
usual ly harbor a diverse comunity with
nunerous worm species (Figure 6). Steep,
coarse-grained beaches (which experience
nore focused wave action) tend to be
populated by relatively few, I|arger

ani nal s. Here, the donminant aninmal is
oftep the invertebrate sand crab,
Enerita. It is also noteworthy that, in

general, beach profiles tend to steepen
in sunmer as sand accunul at es.

Sl ough conmunities also appear to be
governed by physical factors, rather than

ALy
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Figure 6. A typical polychaete worm

geographic trends. Sloughs are active or
extinct drainage channels adjacent to the
sea where the tide ebbs and flows. In
these sites the annual salinity range
acts as a major force determ ning com
munity structure. The duration of mxing
with the ocean and the amount of fresh
wat er runoff, anobng other factors, con-
trols the salinity variation. Some sites
are open to the ocean year round and have
al most constant salinity, while others
may beconme bl ocked periodically and show
consi derabl e change during the year.
These phenonena, in turn, effect the type
of organisns capable of sustaining life
in the nmuddy substrates of sloughs.



One sheltered site (Twin Harbors) is in-
habited by a unique combination of
organisms which defies either beach or
slough categorization, Twin Harbors is
protected from wave action and is charac-
terized by muds of local origin. How-
ever, runoff is the only freshwater
source. The relative stability of the
enviromment appears to favor the con-
sistent presence of the same species from
year to year,

Scientists believe that sandy beaches are
not likely to be altered in the long run
by offshore development. Nevertheless,
the study of physical variables, such as
sediment characteristics, are important
in monitoring the potential effects of
mineral development. For example, a
beach may show less diverse community
structure when compared to an earlier
baseline study. The grain size and pro-
file might also have been altered during
the period of O0CS development, This
would indicate that the physical environ-
ment is in a state of flux or transition.
Biologic changes might then be attributed
to natural processes or human activities
(construction of piers, etc.), rather
than impacts of petroleum exploration,
Though a direct cause and effect rela-
tionship for these changes may not be
defined, the role of various factors may
be more objectively assessed because of
the available information,

Chemical aspects of sandy beaches focused
mainly on hydrocarbon and trace metal
levels in the sediments and animal (sand
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crab) tissues. Sediment hydrocarbon data
reflected both geographic and seasonal
trends: mainland beaches showed higher
levels than island sites. Mainland
hydrocarbons were primarily derived from
petroleum sources, The island beach
hydrocarbons were mainly from plant com-
pounds, indicating a predominantly bio-
logic source. Seasonal patterns showed
elevated sediment hydrocarbon levels
during the winter; 4t was also observed
that hydrocarbon content generally
increased with decreasing tidal height.
This is in contrast to the mussel data
(in which the effect of splash was impli-
cated) and is probably due to the fact
that compounds farther from the high tide
mark are less exposed to air and associa-
ted weathering processes.

The biclogical indicator selected for
sandy beaches was the common sand crab,
Emerita (Figure 7). Even though rela-
tively few animals were analyzed compared
to the number of sediment samples, their
hydrocarbon uptake showed the same geo-
graphical and seasonal trends found in
sediments (i.e., higher levels in the
winter and on the mainland).

Sediment trace metal patterns were less
clear-cut. Seascnal variation data were
not consistent, This lack of wuniform
trends makes it difficult to discern
seasonally related processes. Emerita,
however, did show some trace metal pat-
terns. Animals taken from heavily pol-
luted harbor sites (e.g., Corona del Mar)
showed high concentrations of many



Figure 7. Sand Crab.

metals . Enmerita also reflected the high
| evel s-of cadm um on San Nicholas Island
where water enriched with nutrients from
upwelling is thought to be inportant.

No correlation appears to exist between
trace netal and hydrocarbon variability.
This isn't surprising, since trace netals
and hydrocarbons follow different geo—
cheni cal and bio-accumulation pat hways.
Trace netals tend to reflect 1local
m neral ogy conditions and are rather
resistant to change. On the other hand,
in areas where pollution levels are high,
increased inputs are readily neasured.
Low | evel s of hydrocarbons associ at ed
with chronic pollution would be rapidly
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changed due to weathering and the action
of bacteria. Larger effects due to seeps
or significant human input are readily
mani fested in organi smand sedi ment |eve

i ncreases.

The Subtidal Zone

Seaward of the shore is an inportant
regi on known as the subtidal. This is a
subnerged narine environnment which is
less affected by the daily tidal flux.
The southern California Bight subtida
zone is characterized by extensive under-
wat er kel p forests which provide numerous
habitats for sea life. The subnerged sea
banks of the region also create unique
habitats where shall owwater organisns
exi st. The Bi ght subtidal offers both
recreational and commercial opportuni-
ties. An understanding of its natural
history is particularly crucial, as there
is active interest in its potential oi
reserves.

The surveys of the Tanner and Cortes
Banks habitats were conducted to obtain a
picture of the local community structure
(i.e., species association) and anbi ent
| evel s of contam nation. The four sites
studied are considered representative of
the hard-bottom communities found on the
banks. The speci es conposition in nmany
respects is simlar to other subtidal
areas throughout the Bight. Sone species
are conspi cuously absent from the banks
(e.g., giant kelp; Garibaldi - a protec-
ted fish) and others are unique to this
area (e.g., pink hydrocoral). The impor-



tant difference, however, is the greatly
increased abundance of many species at
the Tanner-Cortes sites, compared to the
mainland. Some species also occur at
unusual depths on the banks. These
phencmena are at least partly due to the
presence of unusually clear water and the
absence of human activity.

Diving surveys of the banks sites re-
vealed two primary community types.
Shallow-water areas are characterized by
what is termed a "ridge-top” community,
Here, the dominant aspect is a canopy~-
forming brown seaweed (Eisenia) (Figure
8) and its associated community. The
other community dominated in deeper
waters (25 m). This “crust" community
was characterized by encrusting algae and
masses of brittle starfish (Figure 9),
Underwater topography plays a role in the
distribution of ridge and crust habitats.
Community structure and diversity are
also directly related to differences in
depth. This pattern is probably attribu-
table to the amount of light filtering
down through the water. That is, the
clear water allows the palm kelp
(Eisenia) to flourish at unusual depths,
but below a certain level, even on the
banks, the 1light becomes too dim for
photosynthesis, In the absence of
Eisenia the species protected by the
canopy are not found, Except for the
deepest station at South Tanner, no com-
munity pattern was found to be related to
geographic position on the banks. Vir-
tually no Eisenia occurs at South Tanner.
The results of this study may be extended
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Figure 8. Palm Kelp.




to areas of similar depth and topography.
SAl scientists suggest that future
studies cover broader geographic areas
(perhaps by underwater video cameras).

Three Banks subtidal species (starfish
and kelp) were wused to nonitor hydro-
carbon and trace netal |evels. In
general, it appears that tissue hydro-
carbon levels are considerably |ower here
than in other areas and consist primrily
of biologic sources. Unfortunately,
wat er sanples were not collected at the
same time (i.e., synoptically) so that no
direct correlation between the environ-

Figure 9. A typical brittle starfish.
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ment and the animals tested could be
made. Some seasonal patterns were ob-
served in the levels of hydrocarbons.
Ti ssue hydrocarbon |evels were generally
higher in the winter.

An interesting observation from trace
netal tissue assays is an increase in
barium and lead levels in the Banks over
ot her areas of the Bight. These netal s
are components of drilling nmuds, and may
reflect the fact that those operations
were underway at the time of the survey.
Further investigations are needed to
clarify some of these nore anbiguous
findi ngs. No ot her significant between-
site, or seasonal pattern of trace netal
distributions, was evident.

Large areas of the Southern California
Bi ght subtidal coastline are dom nated by
a different and conplex marine ecosystem
Here, the giant kel p Macrocystis (Figure
10) resenbles vast wunderwater forests.
Their rapid and | engthy growth creates an
extensive, resilient habitat for nany
marine organisns. Reports have indicated
that 128 plant species and over 700
animal species may live in this habitat.
Though the Bight kelp beds have been the
subj ect of nunerous studies, conclusive
data are still lacking on regional trends
which may effect their distribution.

SAL has now conpleted two years of quar-
terly, aerial surveys. The giant kelp
was given primary attention because it is
the dom nant plant species everywhere it
occurs. Its range therefore determ nes
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the distribution of the other associated
organisms. The growth form of an exten-
ded canopy floating at the water's
surface enables it to be surveyed by
aerial photographic methods.

The results of these surveys reveal wide-
spread changes in canopy area. However,
the observed changes in individual bed
areas were small in comparison to the
variations over the past 60 years. This
longer period has seen shrinkage of the
kelp beds in virtually all regions where
data are available.

The combination of higher water tempera-
tures and storm activity are two factors
which limit kelp growth, A general
framework in natural control of kelp
density has been suggested by these
studies. Factors such as protection by
islands from storm and wave action,
denuding during winter storms, maximum
growth during early summer, followed by
thinning of the canopy during late summer
(due to higher water temperatures) inter-
act variably, depending on the particular
location,

FUTURE

Not all the findings are understood at
this stage, especially as they might
relate to fundamental processes. We
still lack a complete understanding, for
example, of what governs the fate of
chemical pollution and its effects on
biological community structure,



Know edge of this and other questions
will be further enhanced by the results
of the third year (1977-78) intertida
study. Conplete elucidation of potential
inpacts will require predictive (experi-
mental ) studies, which should follow this
basel i ne wor k.

It should be noted that the radical
change in weather experienced In the
third year (1977-78) may force reasses-
sment of sone patterns and concl usi ons.
Two years of drought were followed by a
year of heavy rains and storms. Despite
some contradictory results, we have still
reached a point where research on basic
environnental processes isS now nore
clearly defined. The purpose of future
i nvestigations would be to generate pre-
dictive nodels using indicators. These
nodel s would help in the managenent of

specific regions of the Southern Cali-

fornia Bight.

CONCLUSI ONS:

The principal advances and findings from
the second year study of the southern
California Bight are:

CGener a

. | nproved nethodol ogy in sanpling

techni ques and recording procedures

. I mproved |aboratory and data anal y-
Sis procedures
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0"

Rocky

Devel opnent of a unique oil pollu-
tion index for hydrocarbons

I mproved resolution of trace netals

[ntertidal

There is a north-south geographic
pattern in comunity structure

Governnment Point is a unique site
whi ch harbors uncomon assenbl ages
of cold and warm wat er speci es.

Island rocky intertidal sites gen-
erally are nore lush than their
mai nl and count erparts.

Mussel -bed communities occuring in a
three dinensional m cro-environnent
are distinguishable in type and
relati ve abundance from bed to bed
and fromsite to site

Fast-growi ng, opportunistic or weed-
like organisns rapidly reestablish
t henmsel ves

I Mmature comunities present at
naturally disturbed sites recover
rapidly

Flora recover nore rapidly than
fauna

The |l ower intertidal region recovers
before the upper



Reestablishment by new species is
more likely than encroachment by
organisms from undisturbed areas.

Animal tissues and sediments from
sites influenced by natural oil
seepage and man—-made input show
correspondingly higher hydrocarbon
levels compared to those from more
pristine sites,

Trace-metal burdens in mussels were
related more to regional mineralogy,
than to petrogenic sources,

Physical and geologic disturbances
appear to have a greater influence
on the biotic communities than low-
level hydrocarbons.

Sandy Beaches and Sloughs

The role of physical variables is
noted to be important in future
monitoring of the potential effects
of OCS mineral development.

Biologic communities found in sandy
beaches can be predicted by consid-
ering physiographic factors

The annual salinity range is a major
force determining community composi-
tion in sloughs.

Protected beaches such as Twin Har-
bors show a more consistent presence
of the same species from year to
year.
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Sediment and sand crab tissues from
the mainland showed higher petroleum
hydrocarbon content than those from
the islands.

Mainland hydrocarbons were pre-
dominantly of petrogenic origin
whereas island sources were largely
biogenic. Hydrocarbon levels were
higher during the winter and gene-
rally increased with decreasing
tidal height.

Sand crabs taken from heavily pollu-
ted harbor sites showed higher con-
centrations of many metals. High
levels of cadmium in animals taken
on San Nicolas Island were attribu-—
ted to upwelling.

Subtidal

Pristine conditions (clear water) at
Tanner and Cortes Banks are prim-
arily responsible for the abundance
of many species and the presence of
unique species (such as pink hydro-
coral) compared to the mainland.

Community structure and diversity
appear to be related to depth,
probably as a function of the amount
of light filtering down through the
water,

In general, tissue hydrocarbon
levels are lower in the Banks than
in other areas, are primarily of



Fut ur

biogenic origin and are higher in
winter.

Rel atively high barium and |ead con-
tam nation in tissues may reflect
the presence of drilling nuds in the
Banks region during the sanpling.

Density fluctuation measurenents of
kel p beds by aerial photographs
during the two years of the study
were small in comparison to the nuch
greater shrinkage over the past
sixty years.

H gher water tenperatures, storns
and wave action tend to limt kelp
bed area.

e

Many questions remain to be an-
swered , particularly the factors
which govern the fate of chemi cal
pollution and its effect on
bi ol ogi cal comunities.

The third year study which is in
progress may provide sone contrary
results since it represents a
significant change from tw years of
drought to a year of heavy rains and
stornms .

Future studi es should be of a pre-
dictive design following this base-
['ine work. The use of physical,
chem cal and biol ogical indicators
i's recomrended.
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