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EXECUTIVE SUMMARY

WATER QUALITY

Water quality in Marina del Rey is determined by both the
oceanographic conditions prevailing in the adjacent open
coastal oceanic waters and the factors superimposed on those
conditions associated with the rainfall, urban runcff and
general usages of the marina waters. Due to the seascnal and
annual variations in rain and runoff the pollutant load dis-
charged into the marina and the resultant water quality also
show strong variations. This creates an environment that is
suitable only for organisms capable of surviving a wide range
of salinity, temperature and dissolved oxygen and the presence
of a variety of metals and other pollutants.

The limited measurements of metals and chlorinated hydro-
carbons that have been made in the marina waters and sediments
suggest that many of the water-borne pollutants may originate
in deflection of storm flows from Ballona Creek back into the
marina and in storm drain flow.

The marina would be an excellent area for study of the

impact of non-point source flow, but thus far such a project
has not been undertaken.

SEDIMENT GRAIN SIZE AND POLLUTANTS

Sediment grain size showed a dominance of sand in stations
near the entrance to the marina, with silt and clay tending
to appear as a greater portion of the total in the inner areas
of the marina. Thedistribution within the marina at the
various stations was variable, suggesting that natural sorting
mechanisms varied considerably. Following periods of heavy
runoff the sorting appeared to be more graded, with the finer
sediments dominating in the inner slips and along the channel
extending northward.

This suggests that sand may originate in flows from
Ballona Flood Control Channels, as well as being carried from
the beach by prevailing winds and storms. Sand settles out
near the entrance in the southern part of Marina del Rey. The
finer material would tend to deposit in areas where reduced
turbulence would permit settling. Heavy runoff would tend to
resuspend and sweep the finer sediments out of the marina.

Metals found in the sediments, in general, were similar
in concentration to those in sediments of Los Angeles Harbor.
However, chlorinated hydrocarbons did not appear to be present
in 1978. Sources of metals in the non-industrial area are
unknown and concentrations were higher than expected.



PHYTOPLANKTON

The fertility of the waters in the marina was assessed
by measurements of phytoplankton population density, expressed
in terms of chlorophyll a concentration and the productivity
of these organisms. 1In general, the marina waters were
usually more productive than the adjacent coastal waters but
followed the same cyclic seasonal patterns. The area most
consistently high in productivity and chlerophyll a was the
middle portion of the main channel. Stations located in
basins yielded data reflecting the localized patterns of use
of the waterways and ranged from high values to extremely
low ones. The primary productivity of the waters of the
marina was guite variable, but was fairly high. There were
no episodes suggesting the existence of eutrophic conditions
and relatively few instances in which bio-inhibition was
indicated. The impact of flushing from above-normal rainfall
and runoff may have been responsible for the fact that 1977-1978
was the poorest of the three years for phytoplankton produc-
tivity.

ZOOPLANKTON

The dominant zooplankter found in Marina del Rey during
this study was Acartia californiensis, which comprised approx-
imately 95% of the total zooplankton sampled there. This
species is known to prefer shallower, warmer and more turbid
waters and to be tolerant of environmental stress. Tt also
dominates the plankton populations_of the inner harbor areas
in Los Angeles-Long Beach Harbors. The high level of dominance
of this species resulted in an extremely low Shannon-Wiener
index of diversity of 0.44 for zooplankton.

The zooplankton were comprised primarily of copepods,
98.5%, with no other group of organisms contributing even 1%
to the total population. Ichthyoplankton, fish eggs and larvae.,
constituted only 0.04% of the total, suggesting that the marina
is not a center of fisheries reproduction. Temporal digtri-
bution of the zooplankton showed that there were minimal
populations in late summer, fall and winter. Higher levels
occurred in the early spring, increasing to maximal levels in
late spring and early summer. Since this was the dcartia
Pattern, and it was the dominant species, it masked other
seasonal patterns.

Zooplankton abundance was high, about 3.5 times the levels
.- found in Los Angeles-Long Beach, but since it was composed of
. 'very few species it may not be attractive to fish species,
Conversely, reduced numbers of fish predators might be respons-
he higher ‘zooplankton numbers. The highest con-
£ 20e n ¢ found in the inner harbor and
mtrance of the marina.
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BENTHIC FAUNA

Over 115,400 benthic animals representing more than 300
taxa were found in the marina in the three-year study.
Benthic organisms showed clear patterns of distribution, based
on the dominant species. Ballona Creek fauna (station 1)
differed from that of station 2, the marina entry, from station
3, a shelly "reef" at the Ballona Lagoon tide gates and station
4 at the inner end of the entrance channel. But the main
channel and basins differed greatly from the outer four stations.
The numbers of species also showed a consistent, clear separa-
tion between the outermost stations 1-4 with means of 42-61
species per m?, the middle stations 5-7 with 31-32 species/m?,
and inner stations 8-11 with 21-28 species/m?. The station
pattern for numbers of individuals showed means above
10,000/m? -- 24,679 at stations 2, 3, 4 and 7, and below
10,000/m? at the others. Station 11 was lowest in species
and in numbers.

The species diversity index was best at station 4 and
indices were generally better than those in Los Angeles-Long
Beach Harbor., The peak period for numbers of individuals was
September 1977, when the numbers of taxa were lowest. The
means of taxa for the entire marina ranged from 29 to 42, and
means of individuals from 6,7%0 to 22,733.

MEROPLANKTON

Mercplankton, representing sessile sgspecies with plank-
tonic larval stages, were collected on settling racks at
eight locations. They showed good diversity of species and
of higher taxa. The most diverse site was station 4 at the
inner end of the entrance channel. BAll stations showed
seasonality as well as severe impacts during the storm period
of January-Februvary of 1978, The impacts at inner marina
stations were greater where species diversity was lower, and
impacts lasted much longer before recovery. Non-point source
flow should be studied to determine whether pollutants enter-
ing through drainage can be reduced.

FISH FAUNA

The fish surveys in the marina found a total of 35 species
using otter trawl, gill net, diver survey, beach seine, and
other visual sighting. This is about half the number of
species known from King Harbor, but the latter has been sub-
ject to intensive fish surveys. Experiments with caged fish
indicated that runoff was not lethal to them, but fish may be
swept from or leave the harbor during intensive runoff periods.
Low oxygen episodes alsc caused fish to leave. The numbers
were highest in June of 1977 and 1978, low in winter, and
lowest in January 1978.




POTENTIAL MODIFICATIONS OF THE MARINA

Modification of the marina might be undertaken for at
least three purposes: for improvement of water quality, for
improvement of habitat and for increased accommodation of
recreational boating. The economic, social and political
implications of changes do not fall within the scope of this
study, although it is recognized that these factors may
override ecological concerns. While there aretwaiting lists
for recreational boating accommodations throughout southern
California, the capital outlay needed for new marinas has
risen with inflation, and increased public pressure to pre-
serve or restore wetlands places construction of large new
marinas, or large-scale modifications of existing ones, in
doubt.

Flushing

The practice of marina design has been directed toward
protection of boats by obtaining the least amount of water
movement possible and the largest number of accommodations in
the space available. - The results of these design criteria
are generally poor water quality and hence poor biological
quality.

Flushing in Marina del Rey is much lower in the slip basins
than in the main channel and entrance channel. Brandsma, Lee
and Bowerman (1973) tested the flushing characteristics of
pollutants injected at various sites and tidal stages by
computer methods. They concluded that placement of pollutant
injection points such as storm drains at constructed ends of
basins should have been avoided. Solid boundaries severely
restrict convective and dispersive transport of pollutants.

It is unfortunate that storm drains in the marina were
located at the inner ends of basins rather than on the channels
or diverted into Ballona Creek Flood Control Channel altogether.
The impacts of storm waters on water quality and biota have
been severe, as discussed elsewhere in this report and in
Soule and Oguri (1977). Additional drainage to the existing
sites would probably not alter appreciably the destructive
effects inherent to intermittent freshwater storm loadings.

Ballona Lagoon

Prior to construction of the marina, Ballona Lagoon was
connected to Ballona Creek by tide gates and extended to the
Venice canals tide gates. There it turned inland and branched:
one arm extended over to a drainage basin called Lake Los
Angeles, which is now part of the beach area of Basin D; the
other arm extended back toward Ballona Creek, roughly parallel
to the lagoon, and many branches and drainage channels
extended into the area now occupied by the marina (Figure I 2)
At the turn of the century (FigureI 1), water and wetland areas
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were much more extensive. Drainage was effected for various
purposes including oil field development, for mosquito and
other insect control, and for farming.

Tt is most unfortunate that the connection between the
Venice canals junction of Ballona Lagocon and Lake Los Angeles
(Basin D) was not retained. If some connection could be restored,
tidal flushing of the marina and the lagoocn would be much
improved. Basins B and C are closer to Ballona Lagocn and
would probably provide the only links possible at the present
time. Proposals to open Ballona Lagoon to boating might be
feasible if such a connection could be made. Tide gates to
the Venice Canals area could then be structured to flush that
area mere effectively as well.

If such construction were undertaken, the Ballona Lagoon
habitat might well be enhanced over the present conditions of
debris accumulation and highly organic muds. Banks should be
sloped to allow a natural intertidal biota; it is possible
that a bird island could also be created.

Ballona Creek

Historically, wetlands extended through Venice, southwest
through La Ballona, and inland to Machado, a stop on the Santa
Monica Railroad, later the Pacific Electric Railway, and south,
roughly tc the present Culver Boulevard area. Channelizing of
Ballona Creek Fleood Control Channel in the 1930's extended to
the shoreline. Proposals have been considered for the privately
owned land south of the Marina from Fiji Way to Ballona Creek,
and on the south side of Ballona Creek, to break ocut the con-
crete channel entirely and create a large lagoon system.
Although this could be used to create wetland habitat and
support recreation as well, the catchment of storm debris
would be a major problem, and the cost would probably be
prohibitive. Reaching agreement among private entities, the
public, and public agencies on how to construct such habitats
would preobably present even more difficulties than funding.
Regardless of which design were selected, it is essential
that natural sediment banks and slopes be contoured to provide
the estuarine habitat typical of an area such as lower
Newport Bay, rather than the primarily vertical substrates
typical of marina construction.

Construction of any interior channels, extending the
Basin H area to the scuth of Fiji Way, would create very poor
water quality, unless a connection could be made to Ballona
Creek. The creek would have to be deepened to achieve tidal
flushing, and protection from debris designed. Deepening might
enhance wetland restoration on the south side of Ballona Creek.

Improvements in the marina water quality could be made
by increasing flushing via either Ballona Lagoon or Ballona
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Creek.

Non-point source control of the input of high oxygen-

demand Oor toxic materials which enter the storm drain system
1s needed. The storm waters themselves probably Serve an
important function to flush the inner basins and aid in main-
talning a relatively diverse ecosystem in an area that is
naturally a lovr—diversity habitat.




INTRODUCTION

HISTORICAL BACKGROUND
T YR

Marina del Rey is a small craft recreational harbor encom-
Passing some 403 acres of waterways, slips and berthing basn_‘xs.
A similarly sized land area, adjacent to the waterways, provides
support facilities, about one—-third of which are cperated
directly by the Los Angeles County Department of Small Craft
Harbors. The remainder are under lease to private entities
which provide slip and dock accommodations, and amenities such
as shops, restaurants, apartments and hotel facilities (Soule
and Oguri, 1977).

The marina is entirely manmade, created in 1960-1962 from
lands that were formerly part of the Ballona Creek wetlands.
Ballona Creek was concretized in the 1930 's, draining a large
portion of the urban area inland to central Los Angeles. Figure
1 shows the Los Angeles basin and wetlands at the turn of the
century. The wetlands were progressively drained for farming
and oil production and other industry, as well as for vector
control of mosquitos and other public health nuisances.

The history of construction design and funding was
reviewed by the Department of Small Craft Harbors in 1976;
Reish in Soule and Oguri (1977) provided information on bio-
logical colonization during the construction period of the
marina as it became inundated. Other studies relating to the
physical variables in the marina include Bowerman and Chen
{(1971): Brandsma, Lee and Bowerman (1973) ; Chen and Lu (1974).
Information on adjacent Ballona Lagoon includes Bakus (1975)
and Ford and Collier {(1976).

SCOPE OF THE STUDY

The present investigation began in July 1976, to study the
bioclogical, physical and chemical aspects of the marina, which
had not previously been undertaken. Thirteen sites were
selected for establishing stations representative of the
diverse environmental conditions in the marina (Figure 2;

Table 4)., Of these sites stations 1-1l are marine and could
be sampled by boat. Station 12, in Ballona Creek, was sampled
from the footbridge, and station 13 was in the bird sanctuary
and was sampled from land.

Parameters measured are listed in Table 1 along with
references associated with the methods. Each section of the
volume discusses methods and frequency of sampling. Table 2
presents the limits of detection for the chemical analysis of
sediments, and Table 3 gives conversions freon scientific,
metric units t© English units.



Monitoring Program

Monthly monitoring was done from the Department of Small
Craft Harbors boats. Temperature, salinity, dissolved oxygen
and pH were measured at 1 m intervals through the water column.
Turbidity was measured by two transmissometers which malfunc-
ticned so frequently that Secchi discs had to be substituted.

Water samples were taken for nutrient chemistry and for
phytoplankton preductivity determinations, including chloro-
phyll 2 and assimilation ratios.

Zooplankton tows were made and the species and numbers
determined per cubic meter.

Settling racks were suspended at two-month intervals in
the marina studies to determine species and numbers of mero-
planktonic fouling fauna.

Benthic fauna were sampled seasonally by Campbell grab,
which takes 0.10 m? of surface, and sediments screened for
organisms.

Fish surveys were made about twice a vear, by otter trawl,
gill netting, diver census and other visual sightings.

Sediment from the grab samples and water samples were taken
for analysis of trace metals and chlorinated hydrocarbens.
Sediments were analyzed once a year; water was examined during
StOorm seqguences.

Data storage and analysis was by IBM 370 computer using
Harbors Environmental Projects programs. The CalComp plotter
was used for multigraphs and the Symap program was used for
IBM data mapping.

The principal investigators, associates, staff and consult-
ants for Harbors Environmental Projects during the field and
laboratory investigations in Marina del Rey are listed on the
following pages.




FMPTOYEES OR ASSOCIATES OF HARBORS ENVIRONMENTAL PROJECTS - 1978/1979

MANAGEMENT BIOLOGISTS

Director: BPorothy F. Soule, Ph.D., Senior Rescarch Scientist, Institute for
Marine and Coastal Studies, Adjunct Professor of Environmental
Engineering; Marine Biology.

Associate Director: Mikihiko Oguri, M.S., Research Scientist, Institute for
Marine and Coastal Studies; Phytoplankton Ecology, Marine Biology-

Associate Directox: John D. Soule, Ph.D., Professor of Histology and Biology,
USC, and Research Associate, Allan Hancock Foundation; Histology,

Pathology, Marine Invertebrates.

PRINCIPAL INVESTIGATORS/CONSULTANTS

B. C. mbbott, Ph.D. DPirector, Allan Hancock Foundation; Chairman, Department of
Biological Sciences. Phytoplankton, red tide toxins, biostimulation.
{Ph.D. Cambridge Univ.).

K. ¥. Chen, Ph.D. Chairman, Environmental Engineering, USC. Trace metal chem-
istry, amplification, sanitation engineering. (Ph.D. Harvard Univ.}.

John Dawson, M.A. Research Scientist, Harbors Environmental Projects, USC,
Zooplankton fauna, ecology. (M.S. Cal,St.U.Humboldt},

Ethan D. Churchill, Ph.D. Research Associate, Terrestrial Botany, Harbors
Environmental Projects, USC. (Ph.D. Catholic Univ. Amer.}.

C. Robert Feldmeth, Ph.D. Associate Professor, Biology, Claremont Colleges, and
Research Scientist, Harbors Environmental Projects, USC, Marine ecology
(Ph.D. Univ. Toronto).

Patricia Kremer, Ph.D. Research Scientist, Harbors Environmental Projects, USC.
Estuarine ecology, computer modelling, oxygen budgets., (Ph.D. Rhode Island}.

J. J. Lee, Ph.D. BAssociate Professor, Civil Engineering, USC. Ocean Engineering,
Ocean engineering, hydrodynamics, modelling, computer, (Ph.D. Cal Tech).

John McDonald, M.A. Lecturer, Geography, USC. Computer mapping, sociogeography.
(U.S. Army and M.A, Cal State Northridge).

Mikihiko Oguri, M.S. Associate Director, Harbors Environmental Projects, IMCS-USC
Phytoplankton, productivity, physical water quality, radicisotopes.
(M.S. Univ. Hawaii).

Dennis Power, Ph.D. Director, Santa Barbara Museum of Natural History.
Associate for Ornithology. (Ph.D. Univ. Kansas).

Donald J. Reish, Ph.D. Professor of Biological Sciences, Calif. State Univ.
Long Beach, and Research Associate, Harbors Environmental Projects, USC.
Benthic ecology, bicassay. (Ph.D. USC).



Robert Smith, Ph.D. Research Scientist, Harbors Environmental Projects, USC.
Benthic ecology, comprter ecosystem analysis. (Also independent consultant,
BIM, Los Angeles City, Texas A&M, etc.). (Ph.D. USC).

Dorothy F. Soule, Ph.D. Director, Harbors Environmental Projects and Harbor
Research Laboratory, Senior Research Scientist, IMCS-USC, and Allan Hancock
Foundatien. Invertebrates, ecology. (Ph.D,, Claremont Grad. Scheool).

John D. Soule, Ph.D. Professor of Histology and Biology, USC, and Research
Associate, Allan Hancock Foundation. Histology, pathology, marine
invertebrates, (Ph.D., USC).

John S. Stephens, Jr., Ph.D. James Irvine Professor of Biology, Occidental
College and Research Assoclate, Harbors Environmental Projects, USC.
ichthyology, marine ecology. (Ph.D. UCLA).

Cornelius W. Sullivan, Ph.D. Assistant Professor, Biological Sciences, USC.
Marine microbiclogy, biogeochemistry, phytoplankton ecology. (Ph.D.UCSD).

Gary Troyer, M.S. Associate Professor, Claremont Colleges, and Research
Consultant, Harbors Environmental Projects, USC. Ecological assessment,
diver surveys. (M.S. Univ. Redlands).

Louis €. Wheeler, Ph.D. Professor Emeritus, Usc; Associate for Terrestrial
Botany. (Ph.D. Harvard Univ.}.

Mary Wicksten, Ph.D. Research Scientist, Harbors Environmental Projects, USC,
Marine ecology, crustacean biclogy, literature surveys. (Ph.D. USC).

Charles Woodhouse, Ph.D. Marine Mammalogist, Santa Barbtara Museum of Natural
History. Consultant.

ASSQCIATE INVESTIGATORS

Rent Adams, M.S. Research Assistant, Harbors Envirconmental Projects, USC,
Bioassay. Environ. Engineering. (M.S. USC).

Scott Brady, Ph.D. Research Assistant, Harbors Environmental Projects, USC,
Biochemistry. (Ph.D. USC).

Margaret Callahan, Ph.D.{cand.). Research Assistant, Harbors Environmental
Projects, USC. Zooplankton.

Paul Collins, Santa Barbara Museum of Natural History. Vertebrate biolegy (UCSB).

Richard Hammer, M.S., Ph.D.{cand.). Research Assistant, Harbors Environmental
Projects, USC. Zooplankton, crustacean biclogy. {M.5. Texas AsM),

Clyde Henry, Ph.D.(cand.). Researxch Assistant, Harbors Environmental Projects,
USC. Benthic ecology, computer ecosystems analysis. (M.A., Texas A&M).

Anne 1., Bolmgquigt, Ph.D. (cand.) ‘Research Scientist, Harbors Environmental
Projects, UsC, 'thtoplagktqn-pro&uctivity.




David Krempin, Ph.D.{cand.}. Research Assistant, Harbors Environmental Projects,
USC. Radioisctopes, microbiology.

Larry Randall McGlade, M.S. Research Assistant, Harbors Environmental Projects,
usC. (M.S8., Cal. 5t.U.Long Beach}.

Sarah McGrath, Ph.D, (cand.)}. Research Assistant, Harbors Environmental Projects,
USC. Radicisotopes, microbiology.

Gregory Morey-Gaines, Ph.D, (cand.). Research Assistant, Biological Sciences,
UsSC. Phytoplankton, biostimulation, food webs.

T.J. Mueller, Ph.D.(cand.). Consultant in statistical analysis, USC.
Marianne Ninos, Ph.D.{cand.). Research Assistant, ichthyoplankton, HEP, USC,

Robert Osborn, M.S. Research Assistant, Harbors Environmental Projects, USC.
Benthic fauna, polychaete biclogy. (M.S., Cal.S$t.U.Long Beach}.

Scott Ralston, Ph.D. (cand.). Research Assistant, Harbors Environmental Projects,
USC. Ichthyolegy, developmental biology.

Timothy Sharp, M.S. Research Technician, Harbors Environmental Projects, USC.
Microbiology, radioisotopes,

Sarah Swank, Ph.D. (cand.). Research Assistant, Harbors Environmental Projects,
USC. Phytoplankton, bicassay, ecology.

Gordon Taylor, Ph.D, (cand.). Research Assistant, Harbors Environmental Projects,
USC. Microbiology, radioisotopes.

TECHNICAL SUPPORT STAFF

Charles Robert Bostick Melanie Hunter
James Bryan Maria Lorente
Debra Bright Alawia Mahgoub
Clairessa Cantrell Vanessa McGlade
John Dmohowski Steve Petrich
James Dorsey Roseanne Ruse
Frank Edmands David Schomisch
bonna Eto James Shubsda

. Joanne Woodcock
ADMINISTRATIVE STAFF

Lona Proffitt Mary Jim
Ruth Steiger Anlt? Lai

Sophia Ng
QOTHER CONSULTANTS
Donna Cooksey Thomas McDonnell
Kevin Green Mark McMahan
Kirk M. Herring Steve Petrich
Ronald Hill Jill D. sadler
Christine Jadomska Mary Sircky
Steve Ziemba Michelle Smith
Robert Watkins Carol Stepien
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Table 1. Parameters

A, MONTHLY MONITORING

1.

Abiotic Parameters

@, Temperature

b. Salinity

¢. Dissclved Oxygen
d. pH

e. Light transmittance

f. Ammonia
g. Nitrite
h. HNitrate
i. Phosphate

Biotic Parameters

a. Primary Productivity,

b. Chlorophyll

c. Assimilation ratio
d. Zooplankton species

e. Water coclumn fouling
fauna, larvae and
juveniles

B. PERIODIC MONITORING

1.

Abiotic Parameters

a. Sediment grain size

b, Trace m%tals chlorinated
pesticides

Bioctic Parameters

a. Benthic Fauna

b. Fish species

T 8

Measured in Marina del Rey

METHOD

Martek electronic remote probe,
at lm intervals through the water
column

Hydroproducts Transmissometer, remote
probe with self-contained light
path, at 1m intervals through depth

Solorzano {(1969)
Strickland and Parsons (1968)

Modified Strickland and Parsons
(AHF, 1976)

Modified Steeman-Neilsen (1252}

14C light and dark bottles, standard
light source incubator with ambient
water temperature

Spectrophotometry, Strickland and
Parsons (1968) equations

253 net surface tow with flow meter

Glass microscope slides in wood
frame rack, plastic screened,
suspended at 3m depth (bimonthly)

Pettijohn (1957), Felix (1969)
Gibbs (1971), aHF (1976)

Amer. Publ. Health (1976}

Campbell grab
0.5mm screen

Otter trawl, gill netting, diver
census



TABLE 2

UNIVERSITY OF SCOUTHERN CALTFORNIA

Sediment Analysis
- Variation and Detection Limit

Constituent Error $ Det. Limit Constituent Error $ Det. Limit
Moisture % 0.5 0.01% Arochlor 1242 X 1{}‘10 gm
Dry Matter (%) 0.1 0.01% Arochlor 1254 x 10 Y gm
COD 5 0.25 ppm | Arochlor 1260 x 10 ''gm
TOC 4 0.001% Lindane x 107 ¥ gm
TVS 1 0.01% BHC x 10 2 gm
IOD 5 0.25 ppm Heptachler x 10 '?gm
0il & Grease 5 19 ppm* Aldrin X 10 *gm
Kjeldahl N S 0.2 pom Heptachlor x 10 2 gm

Epoxide

Norg 5 0.2 ppm Kelthane x 10" M gnm
P 4 0.05 ppm Methoxychlor x 10" ' gm
Sulfide 5 2 ppm Chlordane x 10 2 gm
Hg 5 0.001 ppm | Toxaphene x 10 Y gm
Pb 1.5 0.05 ppm | Dieldrin x 10 % gm
Zn 0.5 0.005 ppm | DDE x 10 2 gm
As 6 0.005 ppm | DDD x 10" 2gm
cd 0.5 0.005 ppm | o, p', DDT x 10" 2 ¢gm
Ni 1 0.025 ppm | p, p', DDT x 10" 2 gm
Cu 1 0.02 ppm Total DDT -

Fe 0.1 0.2 ppm Endrin x 10 Y gm
Cr 2 0.01 ppm Others (name) -

*
Based on 10 grams of dry sediment
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TABLE 3

CONVERSICN TAELE
(Metric Units to Bnglish Units)

Temperature (Values marked E = exact °F, others rounded)

°C E

3 2 3 4 SE G 7 8 9
) 32 34 36 37 39 41 43 45 46 48
10 50 52 54 1) s7 59 61 63 64 (13
20 68 70 72 73 75 7 79 81 82 84
30 g6 BB a0 91 a3 85 97 99 100 102
Area
1 Hectare = 2.471 Acres
1 Sguare Meter = 1.196 Sguare Yards
1 Square Meter = 16.76 Square Feet
Distance
1 Kilometer = 0.6214 Mile
1 Meter e 1.094 Yards
1 Meter = 3.281 Feet
1 Centimeter = 0.3937 Inch
Volume
1 Cubic Meter = 1. 308 Cubic Yards
1l Cubic Meter
{liquid} = 264.17 Gallons
1l Liter = 0.2642 Gallons
Pressure
1 Newton/Sguare
Meter = 0.000148 Pound/Sguare Inch
Power
1 xXilocalorie = 3.9685 British Thermal
Units (BTU's)
Weight
1 Metric Ton = 1.1 Short Tons
1 Kilogram = 2.205% Pounds

10
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Table 4., Description of Stations

Located at buoy at east entrance to Marina.

Off mouth of Ballona Creek, some protection from
breakwater but subject to currents along coast.
Subject to discharge from Ballona Creek, especially
after rains.

Depth 23 £t (7m).

At entrance of Marina, midway between the two jetties,
Protection by breakwater but subject to currents
along coast.

Depth 16 £t (5m).

Located on west side of main channel in front of tide
gate at entrance to the cld Venice canal.

Protected by jetties and breakwater,

Subject to discharge from Venice canal on ebb tides
and after rains.

Depth 10 ft (3m), variable.

At Administration dock on east side of main channel.
Subject to heavy boating use.

Protected from surge but exposed to strong westerly
winds.

Depth 16 £t (5m).

Located in the center of the main channel.
Subject to heavy boating traffic.
Depth 16 ft (5m).

At very back of Basin B,
Protected from winds by concrete sea wall.
Depth 10 ft (3m).

At work yard dock, back of Basin H.
Exposed to afterncon westerly winds.
Storm drain opening present.

Depth 10 ft (3m).

At center buoy outside swimming beach in Basin D.
Exposed afternoon winds.
Depth 10 £t (3m).

At very back of Basin F.
Protected by slips and sea wall.
Storm drain present.

Depth 6.6 ft (2m).




Table 4.

MDR-10

MDR-11

MDR~-12

MDR-13

I iz

(continued)

1.
2,
3.
4.

At very back of Basin E.

Subject to daily flow from adjacent tide gate from
Bird Ceonservaticn Area.

Subject to storm drain runoff after rains due to
Bird Conservation Area.

Depth 10 ft (3m).

At end of main channel,
Storm drain present.
Depth 10 ft (3m).

On Ballona Creek at Pacific Avenue bridge.
Subject to daily discharge along Ballona Creek
as well as storm runoff after rains.

Depth 10 ft (3m).

At tide gate in Bird Conservation Area.
Subject to daily flushing via tide gate,
Storm drain runoff present after rains.
Depth 6 £t (2m}.

Depths vary according to tidal stage and due to
scouring of shallow bottoms by propellor wash,
storm drains or tide gate flow.

12



Ira 1

SYSTEMS INFLUENCING THE WATER QUALITY
OF MARINA DEL REY

OCEANOGRAFHY QF THE SQUTHERN CALIFORNIA BIGHT

The California coastal waters are influenced by the
California Current, which flows southward from the Gulf of
Alaska, Washington and Oregon carrying remnants of waters
from the northward~flowing Japanese (Kuroshio) Current,
the northern mid-Pacific gyre({s) and some subarctic waters
from the counter-clockwise gyre in the Gulf of Alaska
(Reid, 1960).

The water conditions within Marina del Rey are governed
by the coastal water regime between the southern California
mainland and the Channel Islands, the area called the
Southern California Bight. In addition, waters of the marina
are affected by solar heating and impacted by storm runoff,
some of which enter the slips through large storm drains
(Figure 8, map). Also, runoff from Ballona Creek Flood
Control Channel is carried into the marina by tidal exchange
or deflected into the marina by the breakwater.

The lower salinity cool water warms gradually as it
flows south. The current passes mainly outside the Channel
Islands and a series of small, counter-clockwise gyres or
eddies develop along the coast (Jones, 1971) which bring
northern water to the shores.

The Davidson Countercurrent {undercurrent) moves
upcoast from Baja California during the winter months for
variable lengths of time and for variable distances. It
generally surfaces in the bight south of Pt. Conception but
has in some years flowed as far north as Ft. Bragg. The
higher salinity tropical water flowing northward in the
winter may cause the intermediate and some surface waters
to be warmer during November-February than they are in
March-May, depending on the strength and duration of the
countercurrent (Soule, 1974; Soule and Oguri, 1979%a,b).

Marina del Rey opens onto Santa Monica Bay, a broad,
relatively shallow and unprotected bay bounded by submarine
canyons to the north and south.

QOceanic Temperatures

Water temperatures along the Pacific coast from Neah
Bay, Washington to Balboa, California were compiled by
Harbors Environmental Projects for the years 1972 through

1978, based largely on Scripps Institute of Oceanography data.

13
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Figures 1 through 7 {Soule and Oguri, 1979b) show that
temperatures are usually warmest at Ventura and Santa Monica
Bay, but they are lower at Pt. Dume to the north of Santa
Monica Bay, and at Los Angeles Harbor, to the south and east.
The lower temperatures perhaps indicate areas of upwelling,
or the direction of the local shallower water gyres.

Mean temperatures at Santa Monica Bay were warmer in
1976 than they were in 1977 and 1978, although the extreme
high temperatures were slightly higher in 1977. North of
Morro Bay and Pt. Lobos, waters were cooler in 1976 than in
1977 and 1978. All three years were warmer than the 1972-
1975 period, which demonstrates the large-scale variation in
coastal ocean temperatures. The data shown are based on
annual means.

Marina Annual Mean Temperatures

Temperatures in the marina were measured monthly in
the present study, from July 1976 to June 1979, at 1 meter
intervals through the water column at 13 stations (Figure 8}
using a Martek remote probe. Complete Martek data are
presented in Appendix A for reference, beginning in July 1977
{See Soule and Oguri, 1977, for 1976-77 data).

Figures 9, 10 and 11l present yearly averages for 1976-~77,
1977-78, and 1978-79, starting each year in July. The legends
are given as histograms on the facing page, showing distribu-
tion of the means for the 13 stations. Comparisons show that
mean temperatures were higher in 1976-77 (Figure 9) than in
1977-78 and were considerably lower in 1978-79,

The warmest area of the marina shifted as well, for it
was warmest at the inner end of the main channel (staticn 11)
the first year, in the bird sanctuary (station 13} the second
year, and in Slip F (station 9) the third year.

Seasonal Trends

The peak temperature recorded was 23°C in the summer of
1976, in the bird sanctuary (station 13). Locally, season-
ality generally falls into natural groups of June, July and
August as the summer guarter; September, October and November
as autumn; December, January and February as winter; and
March, April and May as spring. There are some variations
based on when shifts in southern or northern water masses
cccur, but these groupings have been consistent. Figures
12 to 23 show the seasonal means.

The summer of 1976 (Figure 12) was the hottest of the
three years, with six stations showing means in the 22-23°C
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range, and five in the 21-22°C range. 1In 1977 (Figure 13)
12 stations fell a degree lower in the 20-22°C range and
none were above that. 1In 1978 the range was wider, between
18.87 and 20.8°C (Figure 14).

Autumn mean temperatures shifted downward to a 19-21°
range in 1976 (Figure 15), but that year remained warmer
than subsegquent years which ranged from 18.13-19.73°C in
1977 (Figure 16) and 18.17-19.70°C in 1978 (Figure 17).

The winter of 1976-77 remained warmer (Figure 18) than
normal, with means at most stations in the 16-17°C range,
whereas means of all stations were in the 15-16°C range in
winter 1977-78 (Figure 19). The 1978-79 winter showed more
"normal” mean temperatures in a range of 12.B8-14.13°C
(Figure 20).

The spring periods seemed to show the most variation
(Figures 21-23)., After the warmest summer, autumn and winter
in 1976, the spring of 1977 was coolest; the range of means
was 15.70-18.30°C. 1In 1978, following intermediate seasonal
temperatures the spring was the warmest, with a range of
17.05-20.67°C. And in 1979, following the coldest winter,
spring means ranged more narrowly between 16.3 and 18.37°C.

There are thus shifts between mean seasonal highs of
about 6-8°C throughout the years and shifts in lows of
approximately 4-6°C. Lowest temperatures usually occur in
the winter, but in the warmer 1976 +the lowest temperatures
were in the spring.

The thermal regime is most important to £fish species,
which receive reproductive cycle cues for food storage and
subsequent maturation of eggs and sperm. Without a sufficient
cool period, reproduction seems to be impaired in some species.
This may also relate to timing of phytoplankton and zooplank-
ton blooms, on which the newly hatched larvae must feed to
survive.

Temperature is also related te rainfall and runcff,
which can best be noted in salinity variations, discussed
below.

Ocean Salinities

Salinities in oceans range between 33 ppt and 37 ppt,
with an average of 35 ppt used for convenience (Sverdrup,
Johnson and Fleming, 1946). Off southern Califaornia they
are likely to range from 33.0 to 34.5 ppt.
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Marina Annual Mean Salinities

There were distinct differences in the mean annual
salinities for the three vears, as shown in the histograms
{Figures 24-26), since 1976-77 was a dry year, the fifth
consecutive year that rainfall in the basin had ranged from
7 inches to 1% in. (Table 1). 1In contrast, in 1977-78 a
total of 37.61 in. fell in the central Los Angeles basin,
and in 1978-79 22.63 in. fell ({(uncfficial records by J.D.
Soule). Such intensive periods of rainfall create very
heavy runoff in the Ballona Creek Flocod Control Channel;
runcff in turn is deflected into the marina by the breakwater
and carried in by tides. (See Table 1, p IIA 136).

The range of mean salinities in the marina in 1976-77
was from 29,69 ppt to 32.64 ppt, but only Ballona Creek
(Station 12) showed the lowest of concentrations. 1In 1977-78,
the range of means was 26.22 ppt to 31.02 ppt with the bird
sanctuary the lowest and the outer channel the highest. The
median was at the 29-30 ppt level. In 13%78-79, the range
was only slightly higher: 26.89 ppt to 31.38 ppt. All
stations in the outer and main channel were in the higher
range and Ballona Creek was the lowest, followed by the bird
sanctuary. Warmer oceanic waters from the south are generally
of higher salinity than cooler, northern waters.

Seascnality

Seasonal salinity patterns are shown in Figures 27-38
for the three yvear period. The summer of 1976 (Figure 27)
showed almost uniformly high salinities, up to 33.5 ppt at
most stations. This was a period without rainfall. In
contrast, a tropical storm dropped more than 2 in. of rain
in August 1977, which created a more varied pattern for
that summer (Figure 28). A low of 21.7 ppt occurred in the
sancturary, and the other stations clustered between 27.86
and 31.84 ppt. In the summer of 1978 (Figure 29) there was
no rainfall and salinity was uniform except in Ballcna
Creek. The top reading was 30.7 ppt, however, considerably
below the 1976 levels, which suggests a pattern of cooler
northern waters.

Autumn 1976 (Figure 30) had a range of mean salinities
from 30.50 to 32.73 ppt: some 4 in. of rainfall occurred in
that period. Since storm runoff can be quite swift, monthly
monitoring may not catch the transitory extremes, but a wide
range of variation was still evident. In contrast, the
range of means in autumn 1977 (Figure 31) was 31.97-33.77 ppt,
a period with only 0.1 in. rainfall. Autumn 1978 showed a
salinity range of 29.5 to 32.2 ppt, but means at most stations
lay between 30.8 and 31.8 ppt. :
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The winter period showed the most dramatic contrasts.
In 1976-77 (Figure 33) mean salinities were uniformly high,
up to 34.33 ppt, although there was a storm period in January
that was not reflected in the monitoring. The winter gquarter
of 1977-78 (Figure 34) had more than 23 in. of rain and this
is clearly reflected by the range of 16.15-28.20 ppt. The
low salinity flow from Ballona Creek is deflected back into
the outer marina channel, so that the inner slips have higher
salinities than the outer channel. This flow is also a
source of debris and pollutants. The winter of 1978-79
(Figure 35) had more than 13 in. of rainfall, but the range
of mean salinities was more broad, from 18.53 to 31.2 ppt,
and the intrusion of Ballcna Creek water seemed not to be
as intense as in the previous year. Light rains may cause a
freshwater lens to form, but during heavy rains, mixing is
more general.

The spring of 1977 reflected most of the rainfall for
1376-77, with a range of 27.87-31.37 ppt (Figure 36). 1In
1978, although the range was 25.47-30.93 and there were about
9 in. of rainfall, much of the marina was uniform in salinity,
in the 29.85-30.85 ppt range (Figure 37). In sharp contrast,
the spring of 1979 showed higher salinities, with a range of
31.17-33.40 ppt, the higher values being outside the marina
(Figure 38).

Dissolved Oxygen in the Ocean

Along the local open coast, dissolved oxygen (DO) levels
generally have ranged between 6.0 and 8.5 ppm, although the
saturation point of oxygen is dependent upon temperature
and salinity. The presence of phytoplankton aggregations can
result in elevated dissclved oxygen levels {Sverdrup et al.,
1946), as can turbulent mixing, which may sometimes produce
temporarily supersaturated levels. Regqulatory agencies such
as the State Water Quality Control Board, California Depart-
ment of Fish and Game and the Environmental Protection Agency
have arbitrarily set 5 ppm as the minimum acceptable limit;
below about 3 ppm fish show considerable stress, although
many invertebrates are capable of withstanding much lower
levels.,

Most of the dissolved oxygen in the sea is produced by
single-celled phytoplankton as a byproduct of photosynthesis.
The phytoplankton at times contains certain species which
produce a reddish or brownish coloration to the water when a
sufficient density of cells {a bloom) is attained. The bloom
conditions occurred at times in the 1973-1975 period all along
the open coast as well as in harbors and estuaries (AHF, 1976)}.
In subsequent years, only patchy, localized blooms occurred,
during which times oxygen will exceed saturation and reach
as high as 16 ppm.

17
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Marina Oxygen Levels Annual Means

The maps of annual means of surface values for dissolved
oxygen do not give an accurate indication of the episodes of
extreme low or high dissclved oxygen. Legends for Figures
39, 40 and 41 show the histograms respectively for July 1976
to June 1977, July 1977 to June 1978, and July 1978 to June
1979. The 1976-77 range of surface means (Figure 39) was
5.69 to 7.27 ppm, whereas in the following year the range
was higher, 6.97-8.51; in 1978-79 the range was again low,
from 5.58B to 6.99. Comparison with Table 2 shows that there
were fewer episodes of low DO in 1977 or 1979 (p IIA 137},

Seasconal Means

In the three years, the summer periods (June, July and
August) showed a general progression downward in means; the
lows decreased from 7.25 ppm to 5.00 ppm which approaches
the regulatory minimum, referred to previously (FPigures 42-44).

The three autumn periods (September, October, November)
showed ranges of means of 3.27-7.57 ppm in 1976 (Figure 45);
levels were much improved to a range of 6.70-9.37 in 1977
(Figure 46) but means were again decreased to 3.30-6.40 in
1978 (Figure 47}.

The winter periods (December, January and February}
differed considerably (Figures 48-50) with 1976-77 showing
a very low range of means of 2.20-5.70 ppm, while the 1977-78
range was high, 6.15-9.33 ppm. Mean levels in 1978-79 were
intermediate, between 4.37 and 7.17 ppm. It is of course
possible that monthly monitoring was not sufficiently fre-
quent to show potentially greater short-term variation.

The spring periods, like the summers, were characterized
by high means, but the means and extremes of means shifted
downward over the three year period (Figures 51-53).

Anomalous Patterns

Examination of the raw data in Soule and Oguri (1977)and
in Appendix A of the present volume reveals some anomalous
patterns wherein DO's were much higher, well above saturation,
near the bottom rather than in the surface waters. This
was particularly evident during the winter of 1977-78 during
and after heavy rains, and also in August 1978, when 16.4
Ppm was encountered at station 1. A similar pattern was seen
in April 1979.

These patterns were not similar to those seen in the
high~COD storm waters that flushed the marina in the winter
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of 1976-1977, which constituted the first heavy flushing of
the urban area for several years, nor in the winter rains
of 1978-79.

As reported in Soule and Oguri (1977}, dissolved oxygen
(DC) levels in July and August 1976 were near saturation and
a bloom was beginning. However in September a tropical storm
brought heavy rains to the Los Angeles basin, the early open-
ing of a rainy season following four years of low rainfall
or actual drought. The DO levels were near zerc in the bird
sanctuary and below 4 ppm in many slips.

Substantial rainfall continued from September 13576
through January 1977 and DO continued to be depressed through
February 1977 (Table 2}.

Chemical oxygen demand {COD) in runoff waters measured
during and after another storm in March 1977 showed very
high COD levels (172-204 ppm) but the marina had apparently
been flushed of the dry weather build-up and DO values were
not extremely low. It may be significant that phytoplankton
blooms followed in April and May 1977 {See Section IIIA on
Phytoplankton Productivity).

The causative factors for triggering blooms have often
been thought to be associated with terrestrial runoff, and
this may be one possibility. However, in July and August
1976, strong blooms occurred near the entrance of the marina,
and very little rain had fallen prior to that.

In 1977, substantial rains fell in May and August;
DO's were depressed in August - September at stations 10 and
11 and were extremely low at station 13, the bird sanctuary.
High DO's indicative of blooms occurred patchily throughout
the winter 1977-78 but no further extreme lows were observed.
A general bloom occurred in April, with some low DO's in
May, and an outer marina bloom occurred in August.

Low DO's occurred in September-December 1978, coincident
with the rainy season. In January 1979, a general bloom
occurred but few low DO's were observed except for one very
low reading at station 8.

Conclusions cannot be based on monthly data alone; it @s
possible to miss many episodes of low or high DO unless moni-
toring takes place at least twice a week. However, special .
tests carried out before, during and after rainfall -- especially
rainfall that occurs after a prolonged dry spell -- show that
clearly depression in oxygen levels may occur. Oxygen readings
were always taken in the morning hours.

Because the marina receives an influx of storm waters
from Ballona Creek, as well as through five major storm drains,
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the marina is completely vulnerable to the impacts of rapidly
changing salinities and oxygen depletion. The low circulation
in slips alsc encourages the build-up of patchy phytoplankton

blooms, which first create excess oxygen and then deplete
disseolved oxygen when the bloom dies and bacteria bicdegrade

the phytoplankton cells.

Hydrogen Jon Concentration (pH)

Marine pH

The usual range of pH encountered in the open sea is
about 7.5 to 8.4 (Sverdrup et al., 1946); the higher values
occur near the surface and in areas of photosynthetic activity.
Higher pH values may be found in bays and estuaries, due to
phytoplankton utilization of CO,. Lower values below 7.0 may
be found associated with anoxic sediments where HZS is produced.

Marina pH patterns

The marina had several periods where pH values were higher
then 8.5. This occurred in October 1977 through much of the
marina, as well as occurring consistently in parts of the
marina in January-May 1979 (See Table 3, p IIA 138). Intensive
phytoplankton growth in the spring of 197% may have been a
factor in elevating pH, but in other pericds, no blooms were
present. From August 1976 through January 1977, pH was low
(below 8.0) throughout the marina, and coincided with extensive
low dissolved oxygen values (below 5 ppm).

In October 1977, pH was high {(above 8.5) in all but the
outer stations, where very high DO's occurred (above 9 ppm).
Conversely in November 1977 and January 1978 low pH occurred
throughout the marina but high DO's occurred in November-
December 1977 and in February and April, 1978. The high DOQO's
were frequently confined to the deeper waters, especially in
April 1978, as mentioned above. These periods were not char-
acterized by high productivity which was measured in surface
samples only. It is difficult to explain these complex inter-
actions of physical and bioclogical properties. Excessively
high air temperatures were recorded, along with a heavy and
lengthy rainy season and extreme variability and salinity.

Patterns subsequently changed, with both high pH and
high DO's characterizing January-February 1979 and April 1979.

Annual Means

Annual pH means are shown for the three years in Figures
54~-57. There are small differences among them, with 1977-78
having the lowest range of 7.93-8.08, and 1978-79 the highest,
mostly in the 8.18-8.30 range.
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Seasonal Means

0f the summer seasons (Figures 57-59), 1976 showed the
lowest means. The ranges were not very different, however,

The autumn seasons differed, with the lowest range of
means in 1976 of 7.73-8.04 {Figure 60); the range in 1977 was
widest and highest, from 7.87-8.37 (Figure 61), and in 1978
it was 7.83-8.19 (Figure 62).

The winter seasons shifted patterns somewhat, with 1976-77
{Figure 63) showing a range of means of 7.85-8.11. Whereas
pH means were highest in Autumn 1977, they were lowest in
the winter 1977-78 (Figure 64). A shift to higher pH values
occurred in the winter of 1978-79 (Figure 65) which was
similar to spring values.

The spring period in 1977 {(Figure 66} showed high mean
values of 8.23-8.34. 1In 1978, the spring range was 8.07-8.22
(Figure 67}). The spring of 1979 was anomalous, with a range
of 7.67-8.76 but most staticns were above 8.3.

Pericds of low pH may reflect stirring of the bottom
during the winter and possible release of H;S from decay of
organic detritus, the reduction in salinity from runoff, low
phytoplankton levels, or cther, unrecognized, conditions.

Pollutants
Storm Water Runoff

0il and Grease. O0il and grease from surface streets is washed
into the marina during heavy rains, contributing to the impact
of such non-point source flow. The freshwater influx alone
will physically carry some animals out of their habitats in
the basins and channels, leaving the areas temporarily de-—
pauperate. While many intertidal and subtidal species are
eurvyhaline and can tolerate sudden changes in salinity, the
fact that the marina is entirely of marine salinity in summer
will lead to departure or death of stenochaline species during
winter runoff.

The pollutant loadings vary with the length of the pre-
ceding dry period and the flow rate of runoff. Total cil
and grease were measured in water samples during three consecu-
tive storms, on December 28, 1977, January 12, 1978 and Febraury
&, 1978, Concentrations on the first date ranged from 0.32 to
2.64 ppm; on the second date the range was 0.957 to 2.127 ppn;
while on the third date the range was 0.311 to 2.25 ppm. The
mean dropped from 1.341 to 0.024 ppm (Table 4). However, the
distribution pattern changed considerably, with concentrations
increasing at the storm drains in Basin E (staticn 10) and
Basin H (station 7) but decreasing at most other stations sampled
(p IIA 139).
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Chlorinated Pesticides. The level of chlorinated hydrocarbons
were found to be below detection limit during the storm-water
runoff in one liter water samples taken in the marina basins.
Examination of Los Angeles County Flood Control data from
water samples taken in Ballona Creek at Sawtelle Blvd. showed
the presence of several chlorinated hydrocarbons (Table 5) but
there were no indications that these were carried back into the
marina in detectable concentrations. Table 2 in Section I, p 9
gives limits of detection for USC analyses carried out in the
Environmental Engineering laboratories.

Trace Metals. Data from two sampling periods is presented in
Table 6 (p IIA, 141), comparing water samples from the marina
following a one-day tropical sterm in August 1977 and water
samples taken at the end of December 1977, following a week of
rainfall.

Arsenic levels were similar in waters throughout the
marina in August 1977 with a range of 0.002 to 0.004 ppm. They
increased by an order cf magnitude at staticons 1 and 2 at the
mouth of Ballona Creek and at the storm drain, station 7, in
December.

Cadmium was lowest at the entry with 0.0001 ppm at
stations 1 and 2, on Ballona Creek (statiocon 12) and at station
8, and ranging up to 0.0004 ppm at stations 4 and 11 on the main
channel, reaching 0.0009 ppm in the bird sanctuary, station 13,
in August 13. In December, levels increased about an order of
magnitude at the entrance, but were still an order of magnitude
below the levels found by the Los Angeles County Flood Control
District in Ballona Creek at Sawtelle Boulevard near the San
Diego Freeway, about four miles inland (data courtesy of Mr.
John Mitchell, LACYFCD).

Chromium levels were highest in August 1977 at stations
1 through 4 and station 12, suggesting the external source
of Ballona Creek. Largest increases occurred at stations 1,
2, 6 and 7 in December, where amounts were similar to the
Ballona Creek level. The August range was 0.007 to 0.014 ppm;
in December the range was 0.014 to 0.048 ppm, with 0.03 ppm
in the creek.

Iron levels were lowest in August at stations 8, 9 and
10, and the range was from 0.007 to 0.017 ppm. The anomalous
pattern indicated an increased of up to three orders of magni-
tude at the creek mouth, station 1. Yet the LACYFCD data
showed only 0.07 ppm while the range in the marina was from
0.22 to.19.40 ppm. The storm drain station 7 was high also.

Mercury levels ranged from being not detectable at nine
stations to 0.0001 ppm at the entry and storm drain in August.
It increased to being detected at all stations sampled in
December with a range of 0.0031 ppm to 010056 ppm. This was
similar to the Lacchn data.” Highest Lo 2t _stations
1 and 6. e '
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Manganese levels ranged from a low of .10 at the creek
mouth to 0.9 ppm at stations 4 and 12 in August. Levels
increased in December at station 1 but decreased at all other
stations measured, by about an order of magnitude in some sites.
The LACY readings were an order of magnitude lower in December,
suggesting flushing had taken place.

Nickel levels were uniformly low in August, ranging from
0.001 to 0.0002 ppm. Increases were highest at the entry and
station 8, and lowest at stations 4, 5 and 7, with a range of
0.008 to 0.020 ppm. The LACy reading was 0.03 ppm.

Lead levels were fairly uniform in August, ranging from
0.003 ppm at stations 10 and 13 to 0.005 at stations 5, 7 and
11. Increases in lead occurred at all stations sampled in
December with a range of 0.008 to 0.070 ppm, an order of mag-
nitude at most stations. The greatest increases were at stations
1 and 2.

Zinc levels were low in August 1977, ranging from 0.0001
ppm at the entry, station 2, tec 0.0045 ppm at staticon 13, a
wide range. Levels were about an order of magnitude higher
at all stations other than stations 1, 2 and 3. Significant
increases of up to 3 orders of magnitude occurred in December
at stations 1, 2 and 3 and about two orders of magnitude else-
where. The LACY levels in the creek were 0.23 ppm, similar
to stations 1 and 2, and the lowest was 0.145 ppm.

Levels of sediment pollutants were discussed in Soule
and Qguri (1977} and in Section IIB of the present report.

Discussion and Conclusions

Since the general oceanic regime governs the marina
waters in terms of large-scale, seasonal and annual temperatures,
it accordingly governs the species carried into the marina for
colonization. However, the effects of rainfall and urban run-
off and the associated pollutant burden appear to have more
impact on the marina environment. Intertidal and subtidal
inshore organisms have been historically selected in favor of
those capable of withstanding a great deal of natural variation
in temperature and salinity. The widespread channelizing of
large volumes of water through the urban area have led to much
faster runoff, more debris and heavier polliutant loads, which
impact the organisms rapidly; there is less percolation of rain
into s0il for slower, longer-term drainage to maintain more
uniform salinities.

The data suggest that the associated increased chemical

and biological oxygen demand results in decreased dissolved
oxygen during or after most rainstorm episodes.
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Heavy metal concentrations increased in the water
colunn following heavy rainfall runoff, except for manganese
which increased only at station 1. The increases may reflect
a combination of increased stirring of contaminated sediments
and the loadings in Ballona Creek and the storm drains. Table
7 shows the changes in range and the change in patterns of
concentrations to reflect the creek and marina entry {station
1l and 2, and the storm drain at station 7).

It is unfortunate that more metals and pesticide and
analyses could not be carried out due to lack of funds avail-
able. It was strongly recommended that scme EPA-SCAG funds for
non-point source bhe directed to this area because drainage
patterns can be well identified, but this was not done.

It is difficult to determine, on the basis of such few
samplings, whether marina activities contribute significantly
to heavy metals contaminations. Only chromium and iron
appeared to occur at higher levels in the marina than were
recorded in the Los Angeles County Flood Control data from
Ballona Creek and Sawtelle Blvd. in the only comparable period.
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FIGURE 9 LEGEND

TEMPERATURE —-- YEARLY AVERAGE
1976 - 1977
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FIGURE 10 LEGEND

TEMPERATURE -- YEARLY AVERAGE
1977 - 1978
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FIGURE 11 LEGEND

TEMPERATURE -- YEARLY AVERAGE
1978 - 1979
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FIGURE 12 LEGEND

AVERAGE TEMPERATURE: DEGREES C
SUMMER 1976
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FIGURE 13 LEGEND

AVERAGE TEMPERATURE: DEGREES C
SUMMER 1977
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FIGURE 14 LEGEND

AVERAGE TEMPERATURE: DEGREES C
SUMMER 1978
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FIGURE 15 LEGEND

AVERAGE TEMPERATURE: DEGREES C
AUTUMN 1976
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FIGURE 16 LEGEND

AVERAGE TEMPERATURE: DEGREES C
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FIGURE 17 LEGEND
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FIGURE 18 LLEGEND

AVERAGE TEMPERATURE: DEGREES C
WINTER 1976-1977
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FIGURE 19 LEGEND

AVERAGE TEMPERATURE: DEGREES C
WINTER 1977-1578
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FIGURE 20 LEGEND
AVERAGE TEMPERATURE: DEGREES C
WINTER 197B- 1979
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FIGURE 25 LEGEND

SALINITY —-- YEARLY AVERAGE
1977 — 1978
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FIGURE 28 LEGEND

SALINITY —-- YEARLY AVERAGE
1978 - 1979
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FIGURE 27 LEGEND

AVERAGE SALINITY
SUMMER 1976
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FIGURE 28 LEGEND

AVERAGE SALINITY
SUMMER 1977
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FIGURE 29 LEGEND
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FIGURE 31 LEGEND

AVERAGE SALINITY
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FIGURE 32 LEGEND

AVERAGE SALINITY
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FIGURE 33 LEGEND

AVERAGE SALINITY
WINTER 1976~1%77

DATA VaALUE EXTREMES MAE 0. %0 34,33

ABSOLUTE VALUE TTANGE APALYING TO EACH-L EVEL
{ Azl At [NCLUDED IN HIGMEST LEVEL CNLY}

LHLU TR T ] Q. @ 19. 30 22489 26 AT 2T .88 £8 .88 29.8% 30. A% 1. 84
Ma A M 1. 30 22487 26.87T 2T -85 4 .1 2983 30.83 LI 1 Ja.l1]
PERCENTAGE OF TOT AL ABSIRUTE VALUE AANGE 4PPLYING TO EACH LEVEL
5T .37 8.70 11.59 Z2.90 2.90 2290 2.90 290 Te2%
FHREQLEMNCY J]5TRIBUT 1ON OF DAF A BQINT VALUES N EACH LEVEL
LEVEL i 2 k] A 5 & r ] 9
-l'..I-’---‘-.-'I--I--‘.!- '--t’ﬂ...“ll."ﬂ."“-‘-“"--:ﬁ‘--‘ﬂ-‘-z!.-lt.ll-l-‘“
. TEFAFEF4r awmmkw s ererad NN EAL LJUMIUOUS & sel AsREd
Lierer it mamamwEsms FHReSAe4d XAXXNNX XX ODODQOUGA
SYMBULS sa B3NNt amemnldzaww FhbFa v ib xxxxBAMEX QQJOQA4L000
(B ATEEI 1T zmmamEzmE Febesteds XAXAAERAN GO0QUDODO
LA IIE 4 zanmssssE e setbdd AARNNKNAX CO00JOCCGOD
--.—“-‘---‘.I'-l.ml-..u.-".'.ll-'--‘Il“'l----'.'.--"’-‘
FREG » ] o 0 a ]
[ &0

=R I E -

-




.____,___-1-__-,_-_-2____+____3____;_-__4--__+____5____Q___-b____+----r___-y-—__a____f-___g--__

IIA 65

lnhh*-ﬁphphﬁhhfﬁﬁlhhfhhﬂh*hhﬂ_“‘-hhh+hhhhﬂbhhh*h-—-ﬂlﬂo--l-'"Q-_-F-Ub“l—ﬁ‘ W e ey B R e Bt g e e e e B b B g A Rt B e B e e e R R e g e e R

—— e = e | ————

N

M

v

LI

MRS N

MhhA N

LIPE N RR |

(LR R TEY ]

N M MMM

NP N BN

Pt g NN RN

LR L LU LN LT

NN MY NEEINS

MR N BT NN RN

MNP NN NN NN N NN

M N N R NN RN

b e PPy N NN NN

Moy NN NN N RN N

MMM NI B NRN NN RN NN

Fa NN N NTINN NN N RN

NN NANRANENNNAN N

NMAMNMNNNNNNNNNNNRR RS

Mt A aNNNMN NN NNRNA RN

M MRy My N NN NN N SN NN

NP W NN NNNN NN NN NN RN

NMESNY NN NN RN RN N B RN

Nt S NN NNNNNNNNNSNMARHNN

NN Y NHNNNNNN NSNS KRNNY

NN N Y MENN NN NN NN NN

PN N NN NN NNNS N NN NN NN

N b N N NS NR N NN NN NNHRNNN

NNNYNNNNNNNNNNNRNNNNNMNNNN

W ININN NN MNNRN NN NN NN NNNSNN

NN B EEEEEEPEENNN NNNNN NN
: ]

ENNNNNNNNNNN
BNNN NNNNNNNN
BESEENMNRNNNNNNN
ABREERNANANNNNNNN
EEREEEENNNMNNNNNIN
BEGERFHNNNRINNNNKRN
NNV NEEERREEERRENNN NNNNNNN
(]

W23. 70
Ill'll'll
a

u
BERSEED
EEDEEERES RN NN FENASE NN RS GEES SENA U NN
= NNNNN
WENNNNN
BE EENNNNNN
SENEE AN BRENN NN
ENSEEREBENNNNN AN
AN EKOEESENNNN

[ 11
AGSEREUENEGSARREREEPENAN
NNMNNNHNN NN NN NSNS NN HEETE AT S AR N SRR RN AN RN
NNNNNNNNARANAAAAEEEENRAEE s
NNNMRNNANSRRAMANABAR AR
NNNANNNNNAANNESEREEBE
NNANRNNNANAN KRR NN ANENKN

SEEEELAANE BN

NNMNENNNNNANNNNNNNSE
MAMNRMARRNRA RN NKNNNNN
NANKKNMNNNANHANNNN
NhNthhNkNNNNNNNNNN."‘
an

H
NMN
HNNHN
NMHMNNH
TR
NNNN
HNMNN
HHNN
NMNMNN
HNNN
[ ;] NMNN
lllllllllllllll'ﬂu NMHMN
PARENEASANAEEEEEE MK NNNM
FERENEN DA BRERENHNNE HMNN
BEASEARESEENE FRARANEE NNN

s ] N
I3 TEERRENRANTR AR EK BOEN
MESEASSE LSSV SN ELENST
IASEREEaE 1NDa III

a
EEENNNNNNNNIZEREERE AT SN UN RN O EARARES

NHNN FNNNTEENRER Y

NMNN Y NBERE TS
NENANNNERERER
NN i NN N

L)
MNNYNNNIBSEERAR A SOENENERL N GAERAEE SSSASTCS

R&
NNt HKNNNNER D 3, 2 I MEEESE T ERES gy o
MNMNYNNN NNNIIIII“.I‘.IIII ML ERK X%

NNNHNMNNNNHP‘. K
NisNANNNNNNNNEDE

NN NRNNNNNY NNER
NANNNMNNNNNNNNSNT

NMMN NN NNNNNNNNNANNSER
NN NNNNNNNNS NN S NER
NENNNNNNNNNNNNNNN A
NNNNNivNNNMNNNNNCERD

- DU

s
AEEVAEREEREEE NNNNANNRNNR R
ASEEEEEREEN TENNNNNAARAMMEN

FIGURE 33

WINTER —~~ 1G76-1977
AVERAGE SALINITY

77

—— e fr -

- Oﬂnﬂ—+~—~—0-~—q-u—-ﬂuun—*nnmhonunﬂ+mn—umnnﬂ—QHHHHpnunhQ—hmnu—-H-¢—qﬁum———-o——u—pnuﬁ“¢—-—
[ge———y I 4 =t

e fm—— o mmm pmm m e e e g e T e it e B e e ke et | -



IIA 66

FIGURE 34 LEGEND

AVERAGE SALINITY
WINTER 1977-1%78
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FIGURE 35 LEGEND
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FIGURE 39 LEGEND

DISSOLVED OXYGEN —— YEARLY AVERAGE
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FIGURE 40 LEGEND

DISSOLVED OXYGEN —-— YEARLY AVERAGE
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FIGURE 41 LEGEND

DISSOLVED OXYGEN —- YEARLY AVERAGE
1978 ~ 1979
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FIGURE 42 LEGEND

DISSOLVED OXYGEN
SUMMER 1976
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FIGURE 43 LEGEND

DISSOLVED OXYGEN
SUMMER 1977
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FIGURE 44 LEGEND

DISSOLVED OXYGEN
SUMMER 1978
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FIGURE 45 LEGEND

DISSOLVED OXYGEN
AUTUMN 1276

UaTa vaALUE EXTREMES ARE 3. 27 -1

ABELL JTc WALUE RANGE APALYING TO EACH LEYEL
{HAX L MUY TNCEUDED EN MIGHEST LEVEL GNLY )

CIRTR TP Q.2 3. 040 4+ .00 S .00 ba30 7 +00 Ax00 T+ 09
may luuwm 3.00 4.00 5.00 -39+ 1+ T.00 3.00 .00 .53

PERCENTAGE OF TOT A ABSOLUTE vy uuf RANGE APPLYING TO EACH LEVEL
RYRE 2. 10.49 A AS 1088 1085 10.49 L0sa9 32536

FRAEQUENCY DISTAIBUTION UF DATA POINT WALUES IN EAlH LEVEL
LEVEL 1 2 3 hd s 4
.g..usﬂ.tnn!!.:-'-st--Il‘tnill!"“l.ﬂ-—‘"_‘-"“.’

TN I I ppedpedrd XAXAREAXX QOOQOQOGCU S4GEE0008
FERINI AN e bbb be XRAXXANNE COOODOCOOO0 O8805 8088

1
SYM3ULS PARRQI Y fae43eded AXEXRANNENY QOOOSOOD0 B588LSA85 LN ] “as
TEAAAAN P ppprkeb ey AANXNXNNX DOOOCOO00 J66680GARE & SENSEANAE
rereiri s parrerbed XAAXXEX AN COCODGOOD weGSS8008 # SREEAEBRAR
AEREEXN ST ARSI AR AN SN AN R AP I FAT ARSA BN FEAFXFASE X ANERN R EE 2XXxE
FRED . ] 5 ] ] k] Q a
L [is3a4] T+*3¢e] [uxapxi 1095001 o aaet
< T#+ el ix s nxf aaeda ]
3 IteSes] LI L Y Y &1 (£ 2% ]
. Psedrrl
5 Tt esrl]




‘—-__'_—__1-n__o_-__24———,____3----.————4-———.————5__——;—---6----*----7—--—;___-3—___+-_-_91_-‘+————1__a

o o o b P et A o G B o i Bt e L e g 9 oy B o B et e g e b i B i i e B e B o e B R e B i b B i e P e T e e e e e e e

N

N

[ EETA

MMy

L AT

BN AN

L Dt B

L LT Y L

MM ANNNN
NN NN NANN
LI L T L b
RN M NN NN
MmN NN NMNNNN
MR N M NNN NN

Ira 89

RN I RIS Rt bbb b
I e R L Y R s s
[ S Y P Y YA S T Y PO R L
T R I L R A
IR L Y Y N P R R R S L RS L +48,53
P S R PR RIS IS AR R LR FHEF SRR
Xxx FREPEEFE PR R RE PR RN
XXX %EK FEVEFEEFEFE R bbb,
S SN ST PEFFEFFE LA E RSO R
AXELXXEA AN AAUAE AR E A KA LA Y b b+ ¥t e T b v erobdr bt NMN

EXAXEREENNAE PN RXAXNAKARE XK KR+ 44+ 3 EFt bt bbb bt MM N NN
AAXNS ]l IXXXEKBREXKELEARNKEAE RN b+ bbb bt bbbt XX NNNNN
XEXN XXX XA N RXERLEL XU KK S bt b rrbes b XM XXNMNNN N

KEXEXAXKAXEAAAEAIXEENEX A4 ¥4 4444 P40 bbbt ais EEKXK XX XXX MNNhN

HENKEMEXEMA EARKXAT KL K+ S r e v b T KX X EERMEEN KX NMEBMNRD
FEENXEAX XENL MEXEX XX XXX XEHMNNN
M0 N M KK KKK NN NN NS
RN KKK KK KN XX XN

NN NNNN NN NS RN RN NA NN NSNS X 0008 %0000 X % KX KK X0 X NNNN

NNMNNNNNANNNNNENNN S 4+ 43 4 4 AN R KX XM N K XK Y XX KM XN

NN ANNNNANR A RNR 4+ e e e 00K K 0000 5 0K KN Q
NMNMNNYNNNENENE SRS+ b bt 4+ 2 RXN XXM NN XX NN AN N COC
MMM ANN NN RN NN NN S 5000 X008 XK XK XN Xxxx000
NNNNNNNNNNANAENRRNMANNNE & E ¢ RN KM XM XX X KXXXAXNG DD
MR AMN MK N KA XEXRAKAXCOLH
MMM XA AKX KAXKENERKX X

EXMEKXKG 23X KK AKX AKX KK
AXEAXX KA EAK XMXXXAXXK KX
FHEEFE A A r R F AP F A SRR X000 K JOCX K XU NE X XXX
PR aTTH e 4 G F AT FEF LR v b+ EXNARENE AR L AR AKX KX
PRI FE R AR AR AP R 2R N MK X KR XK X KA X
FHEFE L A LA AR R AP E A AN A AKX XXX
PEFE AP A AR E P TR RN PR P AANA AN AL XN XX
EXEKXAX XK EXX
XAMAKA KL NLKX
KW MKMW KX M NN
AXEKXKXX XX X X0
NMNAMANRNMNAMNNKNNNSGS B0 X X 00030000000
NANNANKANKNANARANNNNGGGOO CO0C DL OGEDT
At AN AR NNNMNNNNNNNN 8608 6868080868646
NMNNNHNNNNNNNNNNNN LEE8E 4884 D8 28 A5y
MARRAENAMANNNNNMNAN NG 905080 80888

P Febu W N M NN NN BE SEHE G0 B HE
PR N S NN NS S98/8REBAEAN
SRR Y TN T T G0E86800688
Nt N RN NN S N 848805883052 N
MNNL AN NN R R AN S6Fec 506861246 NNN
NENNNNMHNHNNNNNNKN £ 68 86 58 S e HNMNH
Nt bd s NS HNNNN NN NN N /G988 T. 57 NNANN
NPt N NS NN NN NS R S GA R AR 8E S22 NNMN
NENNNNNNNNNNNNNSNA RN €88 E8€080E585E LU LYY
NINYIN NN NNNN NN A RN S50 BAR 8068 D NNNN
NN NN NNNNNKNNNNN NN asaaeaE g8 8gdng HNRN
I S B P NP N R N N N N R 080680 6RE8EHAH NNNN
N NN NN MNN NN AR R ANNN G883 868AG0B88AE NM&N
bk B A RE NN N RN SN NN CCCEaReRa a0 66008 MNN
NENNNRMENNNNNNNN AN A RNNNN 000000899 885888 83NN NNKMN
NANN Nt N NNNNN NN NN NNNNNN X XOUOCOEARNEE808E KE NNNN
NANNNNNRNNNNNNNMNNN NN XAXXOOCCOGESDEOGNNNE NNN
NN MINNNNNNNNN NS D ANNNNNN XXX XX XX 0000 808N SENNN
PMNN N NNNNR NN R RN RS NSN NN HAKE XXX XK XOO000 0800 RENNKN
NNNNeSEOESSGBBNNNA ANNNNN AXEXXAEXEX XX XKODOITOS8 RB+NN
o B S SSOESEES8E NI A M M RNHNNN M LGOREMXENAXXNX KOO KAR X ++N
Neod 8 8 89568 808N NN NNNNNNNN L EF LRI TSI NI A4847 L0 2)
NG 0800 BGANMNNNNNNNNNN EXEXREM XXM LKNKAN XX NN HEX+ &+
Bhana) HESNESEINHNNINNRNNN AKX XEXE MK AEEAXLEXAR XA AR K& 4+
NoodobBaaeEBDEENANNNNNNNNN MR XKKXMAK KX KKK KRN AKX RN & &+
Neto BE06RACESENANNNNNNNNN 3341188388898 833¢ 8¢ EEATE)
NNNN a8 ESH &EAE NNNMNNANNNN MG K KX KM XN N RN KRB+ + 4+t
NAMADOS GG EaNANMNNNNEREOO00OO X X XXX KX XX N XX X XBE+ +++ 44
MENNARNNSSES88ENKNNNNENNINE DOD0ODX NEX XK XX XX XANREXS & +4 4+
NANNNENSSSESEENANNERERSS028000000 XXX EXEX NXER +4++be
NhNNRNLEE0686ENNEIEESEASIRE000000CEXXXXX B 4 1T+
NN NNEGESG8880L TR ECEA6UBEAEBBDCCOCNX XX BN 4+ 44544
MNihN NG HEE00N 66 EEE0E808 00880000 CCKEN + + 44 44 4
NRNNN I hE €8G50 60€E EECOREEEHEEANENHONE +e it sr e
MNENNHNNE1 88608488 EECOGRERAESE00DERE X+ +é 4+
MhMNNHAMNGESS 8800 EECEERB0080E6RGEEN Y 4 ++4
NNN NANNNIAESEESEEC ESLCERB0AREOX + ¢4 4++
NNHMNNNNNESAT o 23 £6600088810C0X +4+ 4
NHNA NYNNNNE BER0EA € EESEEIRB 00X X XX K HX
NNMNNNNNNNOESEGE8 FETRRE6G0 L +ARRG 06
NNNANNNNHNNNESEEE £E 888660 00X O0AREAEAR
MNhnN NN NNNNN ML S9EEE£E088EAA A SR RARESREES
NNNA NNNNNNN N E €6 £€06F 88060 68 88885886 3D08 &
NHNNN{NNNNN NN BT SE 5 8608880006 808808098888 €
HNNANNNANNNNNNN 358888 7 + 1 368 8662 8888908888660
M NNHMENNNNNM N E SES008208 006 0ARSEEEEAEAEEN
MRl NN NN ANNN AL LRSS0 8 868 85886 08 £ EGAEE 8B £ HN FIGURE 45
MNP NN NHSNANENNA S A WEEEREECE00R08APEERAAEENNNL
MANSMNNNNNNNNNANAN ARESERE06 B0BD 80D 88388 NNANNMN
MRNN R NN NNNNNN NN NNES 0 RO 62 9P GO EE8G8 A NNNANNNNN AUTUMN=~-—19T8
M N NHNNNRNN NN N L HESEE6E S 8E 88 SEaERaNN NN KNANMNHNN od
MANNNNHNNNSANKNLEEEE0EE 0B DAABEBBEESNNNNNAKKMRNANN
101
e el B e e B e i - e e e e e e - + - ] *

e ot ot s e T ol kP e ol e g 0 N g Ty o Ty LY et T e P T e S et B e i P g P et e e P e e Pt ) g bl o e i B gy R g g e



ITa 90

FIGURE 46 LEGEND
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FIGURE 47 LEGEND
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FIGURE 48 LEGEND

DISSOLVED OXYGEN
WINTER 1976-1977
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FIGURE 49 LEGEND

DISSOLVED OXYGEN
WINTER 1977-1978
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FIGURE 50 LEGEND

DISSOLVED OXYGEN
WINTER 1978-1979
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FIGURE 51 LEGEND

DISSOLVED OXYGEN
SPRING 1977
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FIGURE 52 LEGEND

DISSOLVED OXYGEN
SPRING 1978
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FIGURE 53 LEGEND

DISSOLVED OXYGEN
SPRING 1979
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Table 1. Unofficial Rainfall Figures from Los Angeles Basint*

RAINFALL
{inches)
YEAR

Month 1972 1973 1974 1975 1976 1977 1978 1579
Jan NR 2.67 9.60 0.00 0.00 3.89 7.25 7.55
Feb NR + 0.00 2,60 4.23 0.15  10.66 3.35
Mar NR 2.70 4.20 3.%0 1.70 2.10 B.90 6.70
Apr NR 0.00 0.00 1.60 0.45 0.00 3.00 0.00
May NR 0.00  0.00 0.00  0.10  3.60 0.16  0.05
Jun NR 0.00 0.00 0.00 0.20 0.00 0.00 2.00
Winter 72/73  13/74 74775 15/76 16717 11/78 78/79
Cycle 7.19  14.55  12.36 7.40 14.84 37.61 22.63
July 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Aug 0.32 0.00 0.00 0.00 0.00 2.20 0.00 ¢.00
Sept 0.00 0.00 0.00  ©0.00 2.30 0.00 0.58 0.00
det 0.00 0.00 .66 0.00 1.10 0.00 0.10 ©.80
Nov 0.00 + 0.00 0.00 1.10 0.10 1.90 0.00
Dec 1.50 0.75 3.60 0.36 0.60 5.40 2.40 0.10
Annual {Inc}

Total 1.82 6.12 18.06 B.46 11.68 17.44  34.89 18.55

*Records from inland Los Angeles Basin by John D. Scule.
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Table 4 . Total 0il and Grease Concentrations in Storm
Water Runoff Samples (in ppm).

%\
Statis 12/28/77 1/12/78 2/6/78

1 2.64 - -

2 1.52 - -

3 0.53 1.14 0.52
4 1.09 1.1s 0.53
5 0.65 - -

€ l.16 0.98 0.61
7 0,55 1.38 2.51
8 0.32 1.81 0.43
9 - 2.13 0.31
10 - 1.18 2,25
11 - 0.96 -
X = 1.06 1.34 1.02

Notations

12/28/77: samples taken during rain, following a week of
rainfall.

1/12/78 samples taken 2 days after a week of rainfall.

2/6/78 samples taken during rain, following more than

" of rain in January.

All stations could not be reached for sampling on each date.
Note heavy 0il and grease at mouth of Ballona Creek, Stations
1 and 2.

Note increase in ©il and grease at storm drain locations,
Stations 7 and 10.
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Table 5. Concentration of Chlorinated Hydrocarbons and
Pesticides in Runoff Water Samples (in nanograms
per liter).

USC~HEP Samples

Marina del Rey* LACYFCD**
12/18/77 12/27/77
op DDE none detected 132
PE DDE " 72
op DDD " K10
pp DDD " K10
op DDT " 42
pp DDT " 53
PCB 1242 " Klo0
ECB 1254 " K10
PCB 1260 " -
Chlordane " -
Dieldrin " K10
BHC - 51
Heptaepox - 41
Lindane - 116

** LACYFCD = Data courtesy of the Los Angeles County Flood
Control District. Collected samples from
Ballona Creek at Sawtelle Blvd., about 4 miles
inland.
— = not analyzed
K = below 10, limits of detection

* = Detection limits listed in Table 2, p I9
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Table 7 . Changes in Heavy Metal Ranges and Extremes
Following Rainfall.

August 1977 December 1977%

Station Station
Parameter Range (ppm) Low High Range (ppm) Low High
As 0.002-0.004 2,9 5,11,12 0.006-0.025 3 2,7

Cd 0.0001-0.0009 1,2 13 0.0004-0.0023 8 1
Cr 0.006-0.015 lgiig, 4,2,1 0.012-0.048+ 5 1,2,7
cu 0.005-0.016 13 10,7,9 || 0.010-0.035 9 1,2,7
Fe 0.007-0.017 9 4,2,13 0.22~-19.40+ 6 1,2,7
Hg ND-0.001 - 1,2,7,9 0.0031-0.0056 5 1,6,9
Mn 0.10-0.90 1 4,12 0.80-0.27 5,10 1,2
Ni 0.0001-0.0002 - 5,12 ND-0.02 3 1,8

Pb 0.003-0.005 14,13 5,7,11 0.008-0.070 3 1
Zn 0.0001-0.0045 2,1,3 11,13 0.125-0.245 9 1,2

* Stations 9-13 not sampled in December, 1977
ND - not detected

+ Levels higher than the LACy Flood Control District Samples
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SEDIMENT GRAIN SIZE AND POLLUTANTS

INTRODUCTICN

The composition and distribution of surface sediments in
the marina are governed by a number of factors: the historic
estuarine watershed of the Los Angeles River caused deposition
on unconsolidated sediments throughout the low lying area; the
channelizing of Ballona Creek as a County Flood Control Channel
in the 1930's resulted in heavy, sediment-laden, storm runoff;
and increased urbanization led tc increased pollutant loads.
In addition, the coastal currents, tides and prevailing winds
carry sands into the entrance channel, and some portions of
the land that was excavated for the marina is characterized
by older strand sands or sandy soil.

Because the character of the sediments governs the nature
of the benthic biota to a large extent, the HEP research
group chose to carry out grain size analyses in order to
relate those physical and biological parameters. Accordingly,
during ten benthic biota sampling cruises, sediment samples
were also taken and the percentages of sand, silt and clay
determined. Samples for ten periods from March 1977 through
June 1979 were analyzed.

While funds were not available for chemical analyses of
sediments for heavy metals and pesticides in each period,
analyses were carried out in March 1977 (Soule and Oguri,
1977) -and in March 1978, More frequent water analyses were
carried out to determine whether pesticides were transported
into the marina by wet or dry weather drainage flow.

Sediment Size Analysis Methods

Sediment samples were taken from the research vessel with
a Campbell grab (modified Van Veen grab) which samples a 0.1lm?
surface area. Duplicate subsamples for analysis of grain size
and pollutants were taken with plastic containers from the
center of the grab sample to prevent contamination. Samples
were chilled and transported to the laboratory, where they
were frozen. Water samples were stored in plastic bottles
for metals analysis and in glass for pesticides.

For grain size analysis, each sample was thawed, stirred
thoroughly, and a split taken, varying in size according to
estimated sand content, Hydrogen peroxide (30%) was then
added to the sample to remove organic material. The sample
was next washed three times in tap water and three times in
distilled water to remove salt. The sample was then wet-
screened through a 62um screen and the material passed
through was collected in a 1000 ml cylinder. Material
retained on the screen was collected in a 50 ml beaker and
oven-dried., The dried material was rescreened on a dry
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60um screen because some material can be retained hydrauli-
cally by the screen when wet. The additiconal material that
passed through the dry screen was added to the cylinder, and
the material retained on the screen was weighed to 0.1 mg.

A deflocculant, 0.3ml of 20% NHyOH, was added to the cylinder
and the contents analyzed by the standard pipette method of
Pettijohn (1957). The coarse fraction, greater than 62um,
was analyzed by settling tube (Felix, 1969} and calibrated
according to Gibbs, Matthews and Link (1971).

Marine sediments consist of discrete particle groupings
that tend to show log-normal size distributions, which per-
mits comparisons according to grain size. Although there are
a number of sediment characterizations by composition and
size, only the major divisions of sand, silt and clay were
analyzed in the present study. These are identified accord-
ing to the Phi Scale, the log of the diameter of the sediment
grain, and by grain size in millimeters as follows:

Grain Type Grain Size in @ Grain Size in mm
Sand <4g 0.0625 to 1.0000
Silt 49 - 8¢9 0.0039 to 0.0625
Clay >8¢ .0039

Results of Grain Size Analysis

Changes in the percentages and distribution of the major
sediment types occurred seasonally and also annually, accord-
ing to the analyses carried out (Figures 1 through 10). It
must be recognized that a single grab sample at each station
may well miss significantly different substrates nearby.

Sorting takes place in nature due to the interactions
between the natural or man-made influences on the transport
medium and the size, shape and specific gravity of the sedi-
ment particles. If the velocity of currents decreases
slowly, sorting takes place over a longer space, with heavier,
larger and more rounded particles dropping out first. The
lighter, smaller, more irregular particles tend to remain in
suspension until the velocity decreases. If velocity
decreases rapidly, both modes occur over a short space,
resulting in poor sorting {Twenhofel, 1950).

Areal Distribution

Sand was predominant at the mouth of Ballona Creek
{Station 1) and in the entrance channel of the marina (sta-
tions 2, 3, and 4). In the main channel (stations 5 and 11)
silt predominated, with sand present in significant amounts
only in September 1978 at station 1l.

Among the slips, only slip B (statxon 6) was con31stently
and predominately sand.
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Slip E (station 10} was predominately sand only in June
and December 1977, and was mixed sand, silt and clay in
varying proportions in the other periocds. Sand had almest
disappeared in December 1978 and April 1979.

Slip F (station %) showed sand predominating in June,
September and December 1977, and September and December 1978,
The sand had almost disappeared in April 1979,

Slip D {(station 8) is the recreational beach, but the
area is predominately silt and had substantial amounts of
sand only in June and September 1978, The entire inner part
of the marina was mostly silt and clay in April 1%79. By
June 1979 sand had returned to Slip E.

Seasonal and Annual Differences

In 1977 the percentage of sand increased at the mouth
of Ballona Creek (station 1) from March to June and peaked
in September, but decreased in December. Sand increased at
the marina entrance (station 2) from March to peak in June
1977, and decreased in September but increased in December
1977, perhaps due to the high tides of November.

In 1978, the percentage of the sand at Ballona Creek
was as high as the peak of September 1977 for the entire
year, decreasing only slightly in December 1978 and April
1979, Sands at the marina mouth were high in June 1977 and
were highest in June 1978 (Figure 6). By April 1979, the
sand had decreased greatly in that location.

While the percentages sand, silt and clay varied con-
siderably throughout the marina, only the April 1979 pattern
of distribution showed decreased sand throughout the inner
marina and the mouth, except in Slip B and at the Ballona
Lagoon tide gate (station 3). This is the only period when
sediments appeared to be well sorted.

SEDIMENT POLLUTANTS

Patterns of sediment contaminants were presented in Soule
and Oguri (1977) for March 17, 1977 (Table 1 herein). Samples
were taken again, on March 30, 1978 (Table 2). 1In both
instances subsamples were taken from the benthic bioclogical
grab samples, stored in plastic containers, and frozen until
chemical analysis was carried out in the USC Environmental
Engineering laboratory.

Comparison of the data from the two sampling periods is
made in Table 3, giving ranges of concentrations. 1In Table 3a,
Bowerman andé Chen's (1971) data are compared, but improved
analytical technigques may make some earlier values doubtful.
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Results

The peak loadings in 1977 occurred at station 10 for
seven parameters, suggesting that deposition from the storm
drains and bird sanctuary has occurred there and also at
statien 11, Station 7 also showed high loadings. The lowest
levels occurred almost uniformly at station 3 in 1977, but in
1978 that station was never the lowest. Station 1, at the
mouth of Ballona Creek, was the lowest in most instances.

DISCUSSION AND CONCLUSION

The results suggest that the exceedingly heavy rainfall
of the winter season in 1978, amounting to over 23 in. in the
basin, had swept sediments deposited in the drier years out
to sea. The inner marina basins also showed decreases in
most parameters, except for station 3. It seems probable
that sulfide and other pollutants may have been carried from
the Venice Canal system and Ballona Lagoon into the entrance
channel due to the excessive runoff,

Although the Ballona Lagoon is considered by some to be
a good biological habitat, the muds appear to be highly
organic and may act as a sink for a number of pollutants.
Heavy flushing action probably does not occur during tidal
change but does occur when runoff disturbs the bottom
sediments (Ford and Collier, 1976).

The impacts of the storm drains are apparent, although
sediment loads decreased, again probably due to heavy runcff.
The incidence of pollutants in the water column is discussed
in section ITA on water quality. The limits of detection
for chemical parameters are given in Section I, Table 2. As
was noted earlier, no evidence of pesticides was found in
1978 samples.

Comparison of sediment data with that of Los Angeles-
Long Beach Harbors is of interest (Table 4, Soule and Oguri,
1980} . Immediate Oxygen Demand (IOD) at Marina del Rey
station 8 exceeded the maximum in Los Angeles Harbor at the
mouth of Dominguez Slough, the most polluted site in the
harbors! Chemical Oxygen Demand (COD} was similar in 1977
at the marina stations 2 and 10 to the 0il dock in Los Angeles
Harbor. Quantities decreased in the marina in 1978 at
station 10 to levels near those in inner Los Angeles West
Basin. Levels of Total Organic Carbon (TOC) and sulfide at
station 10 were similar to those in inner Los Angeles Harbor.
The Total Volatile Solids (TVS) levels at station 10 were
similar to those at the Terminal Island Treatment Plant
outfall station; oil and grease levels at MDR station 7 were
also similar to the treatment plant values. The minima were
much lower in Marina del Rey than at harbor stations, empha-
sizing the impact of runoff at stations 10 and 7. Thig
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clearly has a seriocus impact on such a small water mass as
compared with the large harbors. Phosphorus levels were
comparable with levels in outer Los Angeles Harbor and main
channel.

Among the trace metals, arsenic levels were almost an
order of magnitude lower in the marina than in the harbor,
as were those of cadmium. The maximum chromjium level at
MDR station 5 approached that of the outer harbor oil
terminal, but elsewhere levels were much lower in the marina.

Upper levels of copper at station 8 approached levels
at Dominguez Slough in the inner harbor, and the lower levels
were similar to those in the outer harbor. The iron levels
in the marina were similar in range to outer Los Angeles-Long
Beach levels, and the range of mercury levels was also similar.

The higher manganese concentrations in the harbors
exceeded marina levels at station 10, but the intermediate
and low levels were similar.

In the case of nickel, the marina range exceeded the har-
bor range considerably. Nickel and iron were also metals
that apparently increased in the marina in 1978.

Lead levels in the marina were similar to the harbor
range, except for Dominguez Slough, which had a much higher
level at 401 ppm compared with B8.5 ppm at MDR station 1.

Zinc levels in the marina were similar to harbor levels except
for Dominguez Siough and another inner harbor station, where
levels were much higher.

It is unfortunate that the expense of metal and hydro-
carbon analysis is so great that the data are rarely taken.
The costs of replicates for statistical analysis were beyond
the scope of the present study and therefore minor differ-
ences among levels cannot be considered significant. It was
unexpected to find such high levels of pollutants in the
marina, attesting to the important impact of runcff in that
environment.

Heavy metals exert various effects on animals; depend-
ing upon concentration they act as biocides, or may inhibit
reproduction or respiration. Of the metals in the marine
environment, only cadmium, some forms of mercury and iron seem
to bicaccumulate in food chains to lewvels that might he
hazardous to human health. Apparently no studies on levels
of metals have been done on food chain organisms in the marina.
Pesticides and PCB's also inhibit organisms and have the dis-
advantage of not being biodegradable. It is fortunate that
these are not a problem in the marina.
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Table 3., Ceomparison of peak concentration
/17773 3/30/78
Stations Stations
Parameter Range Low High Range Low High
% Moisture 21.44-62.08 3 7 27.2-57.3 1 11
% Dry Matter 37.92-78.56 7 42.7-72.8 11 1
% TOC 0.21-3.94 3 1 0.099-1.46 1 10
CoD 14,500-108,900 3 2,10 | 7286-31,918 2 10
10D 629-5010 3 5 43-4590 1 8
3 TVS 1.87-0.29 10,7 0.35-5.7 1 10
is 6-2430 3 10,7 68.68+~351_21 1 10
Qil & Grease 1050-6920 3 7 708-4620 1 7
0rg K 3.2-1950 3 7 110%-827 1 5
Total N 3,2-1850 3 7 195%-1243 1 10
2 391-1170 3 11,9 542-1650% & 7
As 2.72-22.9 3 10 2.76-13.7 1 7
cd 0.308-1.19 9 2 0.158~0.768 2 7
cr 27.1-129 3 11,10 29.3-82.1 6 5
Cu 10.9-270 3 10 8.9-201 1 8
Fe 5230-39100 3 11 13,400+-43,800+ 2 1
Hg 0.35-2.43 1,3 6 0.28-1.89 2 7
Mn 86-441 3 11 151*-374 7 10
Ni 9.1-64.8 3 10 29.4%-145+ & 11
Pb 33~359 3 10 11.3-88.5 6 1
Zn 32-449 3 10 69.4%-274 2 11

+ increase in 1978 over 1977

Table 3a.

(Bowerman and Chen, 1971)

Comparison of Peak Pollutants in Sediments in 1971

Parameter Range
cd* 1.319+ - 7.79+
Fe 20600+ - 43800
Hg 0.064” - 1.147
Mn G.107 - 54.47
Pb 37.8% - 220

= lower than 1977-78 concentrations
* improved analytical techniqnas makg comparison of these data questionable

:.172..._;

+ higher than 1977-78 concentrations




Table 4.

1978
increase 4

Ire 19

1978 Sediment Pollutants Compared with 1973-74
{in ppm unless indicated) in L.0s Angeles-Long Beach

Harbors.

decrease + 1978 Ranges 1973-74 Ranges**
% moisture content 62.6-26.09 57.56=-21,94
% Dry Matter 73.91-37.4 78.06-47.40

4 % Total volatile Solids 14.4-2.0 10.16-2.19

+ Immediate O, Demand?* 3560-647 1698-190

¥ % Total Organic Carbon* 1.67-06.26 2.239=-0.302
- Chemical O, Demand 125,000-9,580 128,502-11,050
+ 0il and Grease 21,500-85 4,260-1,020
t Total Phssphorus 5,400-246 2,300-310

+ Organic Nitrogen 2,730-65.7 953-107

+ Sulfide* 472~113 4,216-86

+ Arsenic* 121-21.6 17.0-1.01

+ Cadmium 2.62-0.30 6.56~1.26
+ Chremium 221-16 170-34.6

+ Copper 233-15.8 296-36.4

+ Iron 69,600-13,800 45,370-12,310
+ Mercury®* 0.134-0.09 4.17-0.10

+ Manganese 842-177 489=-210

+ Nickel 1l06.8-8.2 148-17.3

+ Lead 401-<3.6 413-38.4

+ Zinc 1,317-53.1 516-61.0
t+ Total DDT 0.589-0.000 0.047-0.018
+ Total PCB 1.247-0.000 5.728-0.,222

* incomplete data
** AHF, 1976,
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PHYTOPLANKTON PRODUCTIVITY AND NUTRIENTS

INTRCDUCTION

The phytoplankton is composed of single~celled algae,
plants which provide dissolved oxygen to marine waters and
a source of carbon to the food web. Primary productivity
measurement is an assessment of the interaction of the
phytoplankton organisms and their environment, resulting in
the photosynthetic production of bicleogical material from
non-living nutrients. As with terrestrial plants, the
phytoplankton utilize the energy of sunlight in this con-
version. In turn, the phytoplankton can be consumed by
grazers present in the biota, which serve as the next
trophic level in the food webs of the natural environment.

The rate of production is partly governed by the size
of the population capable of photosynthesis, and the nutrients
available to these organisms. Other environmental conditions,
such as the presence of stimulatory, toxic, or inhikitory
substances, will also be reflected in the rate of production.

The assessment of phytoplankton productivity and the
estimation of the size of the photosynthetic population by
measurement of Chlorophyll ¢ was carried out as a part of
the Marina del Rey studies to aild in assessing the status
of the bioclogy and water gquality of the area.

METHODS

The methods used in this study have not changed from
those given earlier (Soule and Oguri, 1977) and are as
follows:

Samples of surface water were collected monthly at
stations 1 through 11 for determination of phytoplankton
productivity and pigments. The data are shown in Tables
1-3. In the tables, three numbers are shown for each date
and station values are: productivity as milligrams of carbon
fixed per hour of incubation per cubic meter (P}, chlorophyll
@ as milligrams per liter (C), and assimilation ratio (A)
which is derived by dividing productivity by the Chlorophyil
concentration. Assimilation ratio gives information on
the amount of biological material that can be produced
{productivity) per unit of standing crop (Chlorophyll ).

A high assimilation ratio indicates efficient production
and a low one suggests environmental stress.

Primary productivity was determined by measuring the
amount of radicactively labeled carbon {(!°€C) incorporated
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by the phytoplankton when incubated under controlled
illumination for about three hours in seawater at ambient
temperature. Standing crop, the number of phytoplankters
present per volume of water, was determined by filtration

of all plankton in one liter of water through Millipore

HA filters, followed by extraction of the pigments chemically.
The amount of chlorophyll a is determined by spectrophotom-
etry. Since chlorophyll a pigment is directly proportiocnal
to the biomass of phytoplankton, a measure of standing

crop can be obtained accurately,

Data were averaged for each of the three 12-month periods
to give annual differences and shown in Figures 1 to 9.
Seasonal averages of the same data are presented in Figures
10 through 48.
RESULTS

Annual Variation

Productivity for the 1976-77 year averaged substantially
higher than in the subsequent years. The lowest average
productivity in 1976-77, 10.88 mgC/hr/m® at station 8, was
higher than the highest averaged values in either 1977-78
(9.83 at station 6) or in 1978-79 when the highest found
were 2.98 at station 5 and 9.91 at station 7. The year
1976-77 was also the only year in which average productivities
at the entrance to Marina del Rey stations 1 and 2 were
among the highest values found in the area. This suggests
that during this year substantial phytoplankton klooms had
occurred in Santa Monica Bay.

The distribution of these values within the marina suggest
that lower preoductivity values will usually occur in the
northernmost stations 9, 10 and 11 and in the southerly
stations, 1, 2 and 3. Stations in the middle were usually
higher in productivity, while stations 6, 7 and 8, in basins
B, H and D respectively, were more variable than those along
the main channel (Pigures 1, 2 and 3).

Chlorophyll a values,averaged for each of the 12 month
periods (Figures 4, 5 and 6), showed a similarity to the pro-
ductivity data. The first year, 1976-77, had the highest
values, indicating that phytoplankton populations were high.
The bimodal distribution of values for chlorephyll a con-
centration shown in the histcgram for 1977-78 and the high
values shown in the histogram and Figure 5 for that year
reflect extremely high values found in June 1979 for station
7 and in July for stations 2 and 3, as shown in Tables 1 and
2,
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If the three highest values noted for the second year
are ignored, the data suggest that the marina contained
somewhat more phytceplankton than occurred in the entrance
waters and, presumably, in Santa Monica Bay. Consistent
patterns of distribution within the marina were not apparent.

Assimilation ratios, based on the productivity and
chlorophyll g values, are presented in Figures 7, 8 and 9
for each of the three l2-month periocds of this study.

The averaged assimilation ratio data were highest in
1976-77 and lowest in 1978-79. Only in the first year did
high assimilation occur in the waters at the entrance to
the marina, bearing out the earlier noted possibility of
blooms in Santa Monica Bay during that year.

Values for assimilation in all years tended to be higher
in the middle of the marina, particularly at stations 4 and
5 in the main channel. Lower values occurred at the entry,
at station 3 and in the inner marina, at stations 9, 10 and 11.

Seasonal Variation

The seasonal averages were calculated with June, July
and August as summer months; September, October and November
as autumn or fall; December, January and February as winter;
and March, April and May as spring. Inspection of the data
in Tables 1-3 supports this definition of the seasons but
leads to the first "summer" of this project consisting of
data only for July and August of 1976 and the last summer
consisting only of June of 1979. The seasons are consistent
with the analytical system used for the other parameters and
other HEP studies (Soule and Qguri, 1979%a, b).

Productivity values found during the summer months,
shown in Figures 10-13, were generally the highest seasonal
values found. For the most part, they showed the greatest
range, with the high values usually found in the main channel
and at station 8 near the beach. Values at station 10 were
usually among the lowest. In all but the summer of 1978,
high productivity was found at one oxr both stations 1 and
2, nearest the entry into the marina, also suggesting that
blooms, possibly of red tide organisms had occurred in Santa
Monica Bay.

Summer chlorophyll g values (Figures 14-16) show that

the standing crop of phytoplankton in 1978 was the lowest
of the three-yvear periods sampled.
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In both 1376 and 1977 the highest values were found
near the entrance to the marina, suggesting that the phyto-
pPlankton in the marina originated in Santa Monica Bay in
those years. Station 8, near the beach in Basin D, con-
sistently showed relatively high levels of chlorophyll a,
and stations 6 and 10 in the basins had low values.

Summer assimilation values were moderate and variable
in 1976, high and fairly uniform in 1977 and 1979, and low
in 1978. Values at station 8 tended to be high, suggesting
biostimulation in that area, and station 11 values were
always low, suggesting that inhibition of phytoplankton
was taking place at that station.

Autumn productivity average values for 1976, 1977 and
1978 are shown in Fiqures 22-24. In 1976, values were
similar to those found in the summer and a distribution of
values was also similar to those described. High values
were found at the entrance to the marina, stations 1 and 2,
in the middle- section of the main channel, station 5, and
near the beach in Basin D, staticon 8. The lowest values in
1976, which were approximately equal to the highest values
found in subsequent years, occcurred at stations 7 and 9. In
autumn 1977, low and relatively uniform productivity values
were found throughout the area. The highest values occurred
at station 5, and were found at station 3, near the Ballona
Lagoon tide gates, and at stations 6, 7, 9 and 10, in the
basins. The autumn 1978 values were higher cn average than
those for 1977, but lower than those for 1976. Highest
values occurred throughout the main channel and in the basins
at stations 3, 4, 5, 7 , 8 and 9. Stations 6, 10 and 11 had
low values.

The autumn chlorophyll values, shown in Figures 25-27
for the three years, essentially parallel the average levels
noted for productivity values. Autumn 1976 values were high-
est and 1977 values were lowest, The 1378 values were inter-
mediate.

In 1976 the chlorophyll a values were highest at the
entry, extending to station 4 in the main channel. High
values were also noted in the basins at stations 6, 7 and 8.
The lowest wvalues were found at staticons 10 and 11. In
1977 the highest values occurred at the entrance to the
marina with lower values occurring at all cother stations,
although station 5 had somewhat higher values than the other
inner stations. In 1978 higher values than those at the
entrance were found at both the southern end of the main
channel, stations 3 and 4, and at the northern end, station
11, Lowest values occurred at stations 6 and 10.
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The autumn assimilaticn values (Figures 28-30) were,
on average, similar in 1977 and 1978. However, in autumn
1976 values appeared to be higher generally, and it was the
only autumn in which high assimilation ratios occurred at
the entrance to the marina,

In all three yvears the middle of the marina showed
generally higher wvalues than occurred to the south, near
station 3, or to the north near station 10. Station & tended
to have lower values and station 8 tended to have higher ones.

Winter values for productivity, shown in Figures 31-33,
were the lowest for each year. 1In the winter of 1976-77,
substantially more productivity was measured than in sub-
sequent vears and the range of values was considerable. The
highest productivity was found at stations 6, 7, 8 and 9 in
the basins, and the lowest at stations 1 and 2, at the entrance
and near the Ballona Lagcon tide gates, and at station 10
near the bird sanctuary drainage., In the two subsequent
years productivity was uniform and low throughout the entire
marina area.

The winter chlorophyll @ values, shown in Figures 34-36,
were similar in pattern to the productivity values for this
season. In the winter of 1976-77, more chlorophyll was
present and a wider range of values was found than was noted
in the two subseguent yvears. Higher wvalues were found at
basin stations 6, 7, 8 and 9. Low values cccurred at channel
stations 3 and 5. In both subsequent winter seasons the values
found were lower and mere uniform in distribution.

The assimilation values for the three winters are shown
in Figures 37-39. The winter of 1976-77 showed highest assi-
milation rates and 1978-79 the lowest. In all three years
the stations inside the marina tended tc show higher rates
of assimilation than occurred at the entrance, with higher
values generally noted in stations along the main channel
and at station 8, in Basin D.

Productivity values in the spring, shown in Figures
40-42, were substantially higher than those for the winter,
reflecting the usual spring bloom. Spring of 1977 and 1979
productivity values were about three times higher than those
found in 1978. In all three years the range of values was
narrow, with higher values occurring at the inner stations
as compared to those near the entrance to the marina.

The pattern of spring chlorophyll values presented in
Figures 43-45, is similar to that of the productivity wvalues.
The values in the spring of 1978 are lower than those for
1977 and 1979. The range of values for each spring is not
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quite as restricted as for productivity but is narrow. 1In
all three years the values found were higher at the inner
stations than near the entrance.

Assimilation values for the spring seascns are pre-
sented in Figures 46-48. In 1977 a broad range of values
was found, with high values occurring aleng the main channel,
particularly near stations 4 and 5 in the middle of the
channel. Low values were found at station 6, Basin B and
station 10, Basin E.

In 1978 low values occurred at stations 1, 2 and
3 nearest the entrance. Values of assimilation increased
with distance from the entrance. In 1978 assimilation was
generally less than in 1977 or 1979.

In the spring of 1979 the range of values found was
narrower than in the preceding years. Generallv higher
values were found near the entrance and at station 7, Basin
H, and station 11 at the north end.of the main channel.
Basin D, station 8, had the lowest wvalue.

DISCUSSION

The seasonal pattern of events in the occurrence and
productivity of the phytoplankten in Marina del Rey is
similar to the patterns occurring elsewhere in the coastal
waters of Southern California. Winter lows in productivity,
population (chlorophyll a) and assimilation ratios are
usually followed by spring blooms in all of these parameters.
Secondary blooms usually occur in the summer and fall which,
in Marina del Rey, were more intense than the spring bloom.

In the marina, a similar pattern was seen during the
first year of this study. Summer and fall high levels was
foliowed by lower values in the winter of 1976-77. Spring
and summer blooms occurred, with high levels of productivity,
chlorophyll ¢ and assimilation. However, the fall of 1977
through winter of 1978-79 showed levels of productivity that
were about one-third that of the period from the summer of
1976 through the summer of 1977 and levels of chlorophyll g
that were about one-half those of the earlier pericd. The
spring and June of 1979 showed a return to the higher levels
of the first year.

The patterns of distribution cof the phytoplankton pro-
ductivity and population indicator, the chlorophyll con-
centration, shown in the Figures suggest that during the
1976-77 period the higher levels of phytoplankton productivity
and chlorophyll a also occurred outside the marina. In the
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two subsequent years the values found near the entrance to
the marina for productivity were always among the lowest.
Chlorophyll a concentrations at stations 2 and 3 in 1977-
1978 (Figure 5) were high largely because of unusually high
values found in July of 1977 at those two stations. If
these high values were not ccnsidered, the average at
station 2 would drop from 5.56 to 2.01 and the average at
station 3 would drop from 4.33 to 1.61. With this change
the same statement would apply to the chlorophyll ¢ data.

This suggests that during the 1976-77 year a substantial
contribution te the high levels of phytoplankton productivity
and populaticns may have originated in contributions from
populations in Santa Monica Bay. In subsequent years this
contribution was lower. Inspection of the rainfall data
presented in Section IIA of this report suggests that
increased rainfall and the timing of it may have affected
the exchange of waters with Santa Monica Bay. In 1976, a
low rainfall year, rainfall occurred only in fall and winter.
The late spring and summer months were dry. 1In 1977, rain-
fall in significant gquantities was reported almost every
other month. This rainfall and subsequent runoff could
serve to promote a heavier net flow of water out of the
marina than would otherwise occur. This explanation is
conjectural since the tidal flushing rate of the marina and
the runoff volumes are not known.

The pattern of rainfall occurrence in 1978 showed a
massive increase in winter and early spring precipitation
followed by a long dry spell of about 5 months. During this
year both productivity and chleorophyll values increased
within the marina but the values at the entry remained low.

A sharp decline in productivity and chlorophyll a
values was reported for 1978 in Los Angeles-~Long Beach
Harbors (Soule and Cguri, 197%a, b). However, this occur-
rence did not coincide in time with the 1977-78 drop in
those values at Marina del Rey. The proximate cause of the
events in Los Angeles Harbor appeared to be more related to
patterns in artificial enrichment of that area.

Within Marina del Rey several patterns can be seen in
the data. The summer high values in the vicinity of the
bathing beach near station 8 suggest that body contact
sports are a factor in locally enhancing the fertility of
the waters. An opposite effect, possible inhibition, seems
to occur in the waters near Ballona Lagoon tide gate at
station 3 and to a lesser extent at station 10 near the
bird sanctuary gate. Stations 6, 7 and % located in Basin
B, H and F, were variable in productivity and chlorophyll a,
sometimes showing high wvalues and other times showing low
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ones. This suggests strongly that the use of the waters

in the wvarious locations results in the input of both
bicinhibitory and biostimulatory substances. Examples of
such input include the exchange of waters with Ballcna Lagoon
and the Venice Canals, and the bird sanctuary, the hosing
down of walks and lawns observed near station 6, illegal
releases from hoats and ships, cloroxing of becat hulls to
remove fouling and the possible input of various wastes at
the public launching facility near station 7. These,
together with the restricted water flow and exchange in
blind end slips and basins, represent possible bloregulating
mechanisms. It is noteworthy in this regard that stations

4 and 5, which consistently show relatively high levels of
phytoplankton productions, are the most isolated from these
factors mentioned above. Given the low flushing character-
istics, the runcff and the high level of usuage, the con-
ditions in the marina appear to be remarkably good,
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NUTRIENTS

INTRODUCTION

Monthly analyses were made of surface water samples at
each station to determine the concentration of nitrate,
nitrite, ammonia and phosphate. These are frequently referred
to as nutrient salts and are essential for the growth of
phytoplankton. Their concentration in open oceanic waters
is usually quite low, similar to the values shown in Tables
4, 5, 6 and 7 for 1976-1977. 1In open oceanic waters the
nutrient guantities available are low and are limiting to
phytoplankton production.

Their routine measurement in Marina del Rey was under-
taken in part to establish the relationship to the measure-
ments of phytoplankton activity, and also to delineate some
of the parameters of water gquality in the area.

METHODS

Samples were collected in plastic buckets, filtered
through 0.45um pore size Millipore filters, and stored under
conditions appropriate for the substance being analyzed.
Analytical methods used were the standard techniques listed
in Table 1, Section I in the Intrcduction.

RESULTS

The data for the measurements taken are listed in Tables
4, 5, 6 and 7 for nitrate, nitrite, ammonia and phosphate
respectively. For all four of the nutrients the concentrations
during the first year, 1976-77 were very low, approximating
the values reported for open ocean waters. These low values
persisted into August 1977 and then showed sharp increases
to maximum values in the winter of 1977-1978. Values then
decreased to lows through the spring and summer of 1978 and
then rose again to higher fall and winter values. The values
then dropped in the spring and summer of 1979. The lowest
values noted cccurred in the first year, 1976-1977, and the
highest in the second year, 1977-1978. Higher values in the
winter are thought £o represent lower uptake from the smaller
phytoplankton crop and low values in summer would represent
greater utilization.

The patterns of distribution of nutrients indicated

that higher levels of nitrate tended to occur in the main
channel, particularly at the entrance, than occurred in the
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basins and at the hezad of the main channel. This pattern was
reversed for the distribution of ammenia concentrations and,
to a lesser degree, the phosphate concentrations,

DISCUSSION

The seasonal variation in values for nutrient salt con-
centrations is similar to that found elsewhere in waters off
soputhern California. The values during the first year were
low and uniform throughout the yecar. In subsequent years
values were 1 to 2 orders of magnitude greater, and showed
a distinct pattern of fall and winter highs, with lower values
in spring and summer. Seasonal runoff probably contributed
markedly to this pattern.

The distribution of the data suggests that some of the
nitrate may originate through mineralizing and deposition
from flushing or from the adjacent ocean entering the marina
on the tidal cycles. The ammonia and phesphate most likely
originate from terrigenous, urbhan sources including storm
draing and boats in the marina.

A crude inverse relationship is apparent between
nutrient concentrations and phytoplankteon productivity. 1In
1976-1977 productivity was extremely high and nutrients were
minimal, perhaps limiting. 1n 1977-1978 productivity was
minimal and nutrients were high, particularly during fall
and winter. In 1978-1979 the nutrient cycle was the expected,
with fall and winter highs and spring and summer lows. The
heavy rainfall during the last two years of the study would
result in increased nutrients entering the marina in the
runoff.
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FIGURE 5 LEGEND

CHLOROPHYLL A - YEARLY AVERAGE

1977-1978
JATA val UE EXNTRZIMES ARE L.0T 536
TOTAL ®i551NG DATA POINTS IS 2

ABSO_UTE VALUE RANGE APPLYI NG TO EACH LEVEL
(7 mkd LMJM? LNCLUDED N HIGHEST LEVEL amLT)

LN MU B9 1.27 2.00 2«58 3.00 4«50
WA XL MM L=07 2.00 250 3 .00 4.00 5.00

SENCENTAGE OF TOTAL ABSOLUTE VALIUE RAMGE APPLY inG TO EACH LEVEL

L9« 2% Lo. 73 B39 Ba.99 17.9% 1T.99

FREWUENCY JLISTRIGUTION OF J4TA POKNI YALLES IM EACH LEVEL
i 2 - 3 ]

Licvel

S0
5.58

10.07

R
Frereebes ANTAARRNS Suowbrodd ARESRNSSE
resbetise AAXRXANEX POGIVCE0S ABADALEDE
FHEIEAEE AXAKAARAY SS005L4EE DIRCHARREE
retestdedd AAKXNXXEXX UOGSCAS04 JESNEREGE
Frésesies AXIRAAXEX DOOOSGAGN NASEEMEES

SYHOOLS

e ram
[STLEEEELTL L L

FRCG . ] T 1 o L &
] pangesy [eerIee] {1 311
] Irezedy 104N L
3 ‘l.z..l
& pee2er |
- Jevaesg
o Teezen g
7 fudzne g

133



L e elt-L Rt EEE T LEL LS S il tatnbabed 4 &= + & + T + —Jemm— e ——— G m—f——— = L= & .
I
Irra 2o 1
i
1
N MNNN +
LL LT 1
NMMNMN 1
NMMNN I
NM L
1
1 @
NNANMNANNNMNY S8 rta ey 1
L] l R IR ERNEENEN) i
‘e eV L RIS I
L] FAV LRSI R I G W +
1
1
3
L
LR} 2
LR BN B J
IERNRRN Y] v : .
dd N e ] _SINEAN ad kaw i
[(ERERENETERENEN NN [ R RNN N ] 1
[ E RN NEELNENERDNS] asdt NN +*
IR RS TENNEN] I IR RE NS RNRY ] * NANNRKN 1
AR RD AN RNy l
AR R PR NNNMNN l
I
MNNNRNNNNN AR NNNNNNENN NN NS A
NNNNNNNNNNNNNNNN S sdraeardd 1
NNNNHNNNNNRANMNNNIS ¢t st st e en 1 .
NN NHNNN NN n e st s e I
NNNNNNNNNNNNNENNNNNNNN S ? 1
NMNNNNNNNNNNNNNENNNNNNN Y e o agaubos, 48 +
20400588530 8N i
Erdiaterte Pt T ST I
nrddnd 61" + + K X 868668 1
FAA N RS AR NI R el KEDYYY 1
™~ [ENERR NN NN (AR NRENY N ] aTe e th b XX XK »
Y LI TARE LN RTINS oy [Py I
frs YRR EE N LERERY ] LA rée |
NMMN assa e and seensans T P 1 @
LU L1 IR RN EE R REN R ER TR E NER L RN N I
[T IE AN RREN Y] +*
LT T AR ENT NN 1
NivkMNNNN 1
NN NNN (X N H
N NNNNNNN HNNNNNNNA NWHMMNMNIT S0 0N 1
MM NN NN HNNNNNNNNNNNENNNY Y P R8s ey S
NANNNNNMNNY NINNNNAMNMNNNNNNNNN LB R 1
A NMNNRNNNN NN MNNNNNMNNNNNNNNNNN qaemar 1
M NNNANNN NN NN MANNNNNRNNNNNNNNN NN 4 .
NivbiteNNNNNENN NN f
MMM NNNNNNNNN M
Nd MmN NNN N NN NN I
Mo NN NNNNNNNNNNN N 1
Nty N R NRBNNNNNN NN NNN 1
NN NNNRN N NN NN NN NNNN i
NN NN NNNNN N NNNN NN N MM NN ]
NMNINNNNNNNNNNNN NN NN NNNN i
M NAMNMENNNNNNNN NN NSNS NMNN i
N MM NN N NNNN NN NN NNHN [
i i NNNNNNNNNN NN NN NN I &
NN NN NNNNMNNNNMN NN NN NNMMN +
M N NNNNN NNNNN SN NNNNN NNNN i
NN NNN NNNNNNNNNN BN NSNS NHN | 9
NANANNN NN NN NNNN NN NNNN NN NNNH 1
Mot NN NNMMNNAMN NNNNNNNNNNN N MG aeX +* * TERIENE NMNNN I
NMNMNMNANNHNNNN KNS NNNNNN BEDRESBAX K +* ¥ * LENNNE NNMN T
NN NN NNNNMANNNNNNNBNNNNNN SOREEEEBEAS N + 47 1§ ¢ FWMNN H
NN NRNNNNNNNNNNNNNNNNN SRR BSRRRE R AEEK + " NNERNNNE I
NMNRBESEBRBERENNNAKNNNNN S8 EARADDEDERE DS G X + AN NN 1
NNNNEREBEBEERERNNNNNNNNN NN 4 .33 SEERBANREEE BEGNERNHNY 1
NEBARAREREREEEH NN NMNHNNNN S84 9FARAALNE LK BERERENNNNNN - .
NASAREREAEBIBRNANNANNNNNM SLADDADSEDERNNNNNN L
ERARAREENEBEWRNNNNNNNNNNN aa SDERERBBENE NNNNN 4
MNEABRBARRNARERERN NNNHNNNNNN ad BEERDNNEE NNNNN i
NEREE SHENBHEE RN NN NHNNNNMNH [ 1 1] EBEENE NNNNMN 1
MM AMNBEEE R BN NN N NMNN NN SESREAESSAREE RENEENNNNNN a8
[ i 1] SRR NNNNNN 1
asad EEEEKNNNNN 1 !
88 A NNNNN 1 '
B REBEENNEE KMNNNN 1 ’
SASERKEMNNNNHNN - .
SHREEK ANANANN I .
AN NN ERRARRES S G R lmllllll NMHNMNNN I i
N NN NSRS A ARSEA NS ASBEE NNNNNN 1
NN LR B AL LR A + M NN NN I
Nt NN M SR RE § DREA IR RA RENNNNNNN 9

MMM NNNNSETRES . SO X B+ MMM N
Shleiiib N MY DEERTTEREE B B NI NN S NN N
NNMNNMNNN N EAREEE BRENE S ++ NMNLEE® * * ¢
NN NN N RN ST OIS K& +4 ¢ MNNNN® a1 8 00
NN HE R A A4+ e TR E R
mmumuumﬁ.”u a n TeEN

R AAG e NNMNN
LETRETTRE ety
YEARLY AVERAGE —- 1977-1978

PRI P PN N NN N W N aesa CHLDRDPHYL.L A

[ .-n...up.-hn‘h-hnﬂh"'hl"""‘-"c"‘-"'"Q 1P e g P o B iy o T e e P T g B e e P P s B o g e A e B g g e B g R T e R S e e e R B e e B e

!
.‘,

3 + Fmm——tem e

I

H

I

I

+*

I

1

i

N ) 1
IXTTE] [T LY P _ FIGURE 5 l;
L

I

1

+

1

1

1

»




Trra 21
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FIGURE 15 LEGEND
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FIGURE 186 LEGEND
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FIGURE 17 LEGEND
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FIGURE 18 LEGEND
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FIGURE 19 LEGEND
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FIGURE 20 LEGEND
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FIGURE 21 |LEGEND

ASSIMILATION RATIO
SUMMER 1979
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FIGURE 22 LEGEND

PRODUCTIVITY
AUTUMN 1976
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