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Marine Studies of San Pedro Ba California, Part l5

Page 66, second paragraph should read:

Weighted discriminant analysis showed the interactions of the parameters
and gives coefficients of separate determination for each parameter. Thus the
higher the coefficient for a parameter the more important that parameter is as
a variable interacting with all the other biotic and abiotic variables. Bar
graph data, presented at the end of this section, show the separate parameters
 Figures 58-67}, but. they vill generally not shov the same ranking of means and
extremes as the weighted means used to calculate the coefficients. Weighting
compensates for patchiness and statistical errors in sampling, population
dominance and the like.
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SUMMARY OF IMPACTS

PHYSICAL EFFECTS OF THE SANSINENA BUNKER C SPILL

1. The residual oil in the tanker Sansinena spread over the south-
west basin of outer Los Angeles Harbor, coating the San Pedro breakwater
and inner Cabrillo Beach.

2. Some of the Bunker C fuel on the surface burned and residue

sank, while ruptured lines beneath the dock flowed for several days, creat-
ing a deep pool of Bunker C fuel on the bottom. The fuel spread in the
ship channel and surfaced through the water column as blobs and slicks.

3. Concentrations in the water column and nearby sediments decreased
through the spring and summer but increased in the fall when pile driving
and storms uncovered and stirred up bottom residues. An estimated 3000-4500
barrels that could not be salvaged remained in the outer harbor area one
year later.

BIOLOGICAL EFFECTS OF THE SANSINENA INCIDENT

A. Phytoplankton Productivity

1. The data indicate that a distinct stimulation in the activity of

the phytoplankton occurred immediately following the explosion and oil spill.
There was not a concurrent increase in population size, indicating that the
activity was possibly related to the trauma of the incident rather than to
the presence of oil in the water.

2. An unusual red tide bloom occurred in the area in July, while phyto-
plankton was inhibited in November rather than stimulated. Both conditions
may have been due to natural events, but a return to high oil levels in the
water in November may have been inhibitory.

3. Nutrient levels in the area also peaked above nearby ambient levels
in the two weeks following the spill. In January, nitrite rose and then
dropped below ambient, while nitrate remained high at the spill site but
dropped nearby; ammonia rose above ambient and remained. high throughout the
early spring.

B. Benthic Biology

1. Weighted discriminant computer analysis indicated that December 1976
distribution patterns  site groupings! of benthic species were strongly
influenced by salinity, pH and turbidity, but less so by oil and grease in
the sediments and dissolved oxygen in areas not directly beneath the oil pool.

2. In January 1977 the benthic patterns appeared to be much more
strongly influenced by oil and grease, although counts per square meter had
not dropped radically.



By April, instead of the spring increases normally expected, popula-
tions dropped radica 1 ly, even though oi 1 and grease 1 eve 1 s had a Iso dropped
greatly. It should be noted that more than one month elapsed before large
mortalities occurred. Bioassay tests for toxicity generally are not carried
out for the 2-4 months that would have simulated thi s cumulative impact .

By November, numbers of species or other taxa were near normal, but
population counts did not approach those of the l974 survey. Analysis sug-
gested that oil and grease levels were no longer strongly influencing dis-
tribution in spite of the fact that reconstruction activities at the dock
and storms had increased levels in the water column and surface sediments
greatly. This does not mean, however, that there were no further influences
from the oil residues, but that other factors such as temperature, dissolved
oxygen and salinity played important roles in species distribution and
population.

C. Zooplankton Investigations

l. Species diversity remained high for several weeks after the explo-
sion, with increases in copepod and cladoceran taxa, but total members per
cubic meter were reduced. Paraealanus pa~vs and Acarh-.a tonsa showed
increases in January.

2. In April numbers of species d.ropped, but counts rose greatly in the
Sansinena area, although they did not rise outside the area. Literature
surveyed suggested that copepods may feed on oil without harm.

3. Data analysis showed that oil and grease levels far outweighed
other parameters in December-January in determining species distribution
 site groupings!. Phytoplankton parameters were next in importance.

4- By April phytoplankton parameters, dissolved oxygen, salinity and
PH were major determinants, Oil and grease levels were also important even
though levels were low. July data analysis again showed phytoplankton
parameters to be the most important parameters. Mid- and bottom water oil
and grease levels had lesser effect than did surface levels.

5. November distribution patterns  site groupings! were determined
largely by phytoplankton parameters and temperature. ln spite of large
increases in oil and grease levels, those parameters did not appear to
define the site groups. The hypothesis was advanced that the residual
»s no longer toxic to zooplankton or to benthic organisms.

He ropl ank ton

1- The number of species or other taxa did not show the usual spring
increase near the Sansinena; increases did occur by June and July, however.

Numbers of species and individual.s were similar in the site area
nd outside it in 1'ebruary, but by April the numbers were nearly double awayfro» the site as compared with the highest in the site area. That study wasterminated in July.

vi



E. Bre akwater Bi ota

1. The breakwater rocks were heavily coated with tar at the higher
high tide marks. Animal species abundance was generally better in the
January survey than it was in March, the reverse of the usual pattern, with
some recovery by June, 1977. Algal species returned earlier, with increases
in March, which may in turn have provided food for the subsequent animal
recolonization. A kelp bed built on the breakwater in June subsequently
attracted good diverse populations to the area.

F. Pish Fauna

1. No differences were observed in limited surveys of fish populations
that could be attributed to the spill. Fish were recruited to the breakwater
kelp bed beginning in June 1977 and a resident population was apparently
established without. regard to oil in the area.

G. The Cabrillo Beach Area

l. The most serious impact on the beach community may have resulted
from excessive sand removal in cleaning up the initial oil spill. Animals
that were physically coated with the tarry material died. Intertidal and
subtidal rocks were coated and killed barnacles, limpets, mussels and the
algae-eating isopod li,giiz. ~z. zia did not return. The beach and cobble area
were barren until March, with gradual increases in species through tovember-
December of 1977.

2. Vo dead birds were observed by the research team, although a few

were reported by word of mouth, and some gulls had tarred feet. A variety

of birds continued to feed in the shallows throughout the study.

Dive r Surveys

l. Impact on invertebrates covered by the oil was total. Outside the
area covered by the residual oil those benthic invertebrates that could be

observed by divers did not seem to be affected by the spill. Cerianthid
anemones, sea pens, geoducks and ~~~neer' crabs were found adjacent to globs
of oil on the bottom throughout the study. Poor visibility in the water in
the spring precluded accurate comparative counts. The area in the ship
channel was frequently disturbed by ship traffic prior to the spill, so
would have been depauperate initially .

Dorothy F . Soule, Ph .D., Principal Investigator
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THE IMPACT OF THE SANSINENA EXPLOSION
AND BUNKER C SPILL ON THE MARINE ENvlRONMENT
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ABSTRACT. On December 17, 1976 the 70,000 ton tanker Sansinena exploded
and burned in Los Angeles Harbor while refueling. The explosion and fire
resulted in an estimated spill of 32,000 barrels of Bunker C fuel . Harbors
Environmental Projects initiated studies on December 20 on the spread of
the oil and its impact on biology and water quality at 24 stations . Prior
studies by HEP at the site provided a baseline from 1972 to December 1976.
Intertidal area.s evidenced the greatest impact. Benthic population de-
creased greatly through April but returned to normal by November 1, 1977.
Benthic organisms correlated best with oil and grease concentrations in
bottom waters rather than in surface sediments, until November when hydro-
carbons rose but no longer were correlated ttoxic!. Phytoplankton produc-
tivity dropped during the first two weeks but appeared to be recovered by
January 1977. Zooplankton were affected by oil and grease in the water in
April and. July, but did not. appear to be closely related in November 1977.

ACKNOWLEDGMENTS. Investigations were funded in part by a contract between
Harbors Environmental projects and the Union Oil Company, with assistance
from rapid-response funds of the USC Sea Grant Program and HEP, both of
the Institute for Marine and Coastal Studies, University of Southern
California. Portions of this study are being published by the American
Institute of Biological Science as Proceedings of the Conference on The
Assessment of Ecological Impacts of Oil Spills, at Keystone, Colorado,
June 14-17, 1978.



INTRODUCTION

The Sansinena Incident

The Sansinena, an 850 foot, 70,000 ton tanker of Liberian registry
charter to the Union Oil Company, exploded and burned at the dock

at Berth 46 in outer Los Angeles Harbor at 19:40 hours on December 17 f
]976  Figure 1! . The ship had apparently completed unloading 500,000
barrels of Indonesian light crude oil and had taken on 22,000 barrels
o f Bunker C fuel while ballasting under low clouds and foggy conditions,

an unknown incident caused the entire midship section to explode ~
The superstructure was hurled high into the air and crashed on the dock,
behind the chicksans, rupturing valves and lines, An unknown quantity of
crude and Bunker C flowed into the harbor beneath the dock and wreckage
for several days. This caused intermittent backfiring on the dock,
blazing up periodically  U.S. Coast Guard, 1977! after containment. An
estimated 400 barrels of crude which had been residual in the cargo holds

Times, December 18, 1976; December 19, 1976!. Flames shot 1,000 feet into
the air at one time. The oil spread over the water and the Coast Guard
estimated that most of the crude and some of the light fractions of Bunker
C burned. However, the realization that the Bunker C would sink, es-
pecially if lighter fractions burned, caused revision of estimates of the
amount of oil on the bottom. Oil that leaked under the dock and did not
burn was trapped by the wreckage and pooled on the bottom 8-10 feet deep.
Final estimates were a loss of from 20,000 to 32,000 barrels, but the
actual amount. will never be known. Diver and grab sampler surveys of the
bottom led to the conclusion that globs of oil had also been blown later-
ally through the air and/or water to lie widely splattered across the soft
silty bottom.

When the fire erupted at 19:40 hours, it, was just past high tide
�8:S6 hours! and ebb tide would normally have carried the oil through
the outer harbor and outside the breakwater. However, a southeast wind
of 5-8 knots later helped to keep much of the floating oil in the south-
west basin area. Low tide was at 23: 54 hours on December 17, and booms
were deployed by 02:00 hours on December 18. The next high tide was
a maximum 6 .6 feet at 6:21 hours, which tarred breakwaters, beaches and
pilings up to 1.5 feet above higher high tide marks. There followed a
week of extreme tides, with lows of minus 1.6 ft on December 20 and 21,
and highs of 7.1 and 7.0 feet respectively, which coated intertidal areas
severely.

The importance of having oil delivery systems located in well develop-
ed harbors was displayed in the Sansinena incident. The first Coast Guaro
boat arrived within five minutes, as did the first Los Angeles City Fire
Department boat  U.S . Coast Guard, 1977! . The powerful blast knocked in
windows and doors of residences on the hillside behind Cabrillo Beach and
in San pedro, and the blast was heard more than 40 miles away. More than
sixty fire units provided backup nearby in the harbor, where many oil and
hemical tanks and. lines are located.





prior Baseline Studies

Harbors Environmental Projects at. the University of Souther~ California
had carried out monitoring studies at a station  A9=UO9! on the site of the
em losion for six years prior to the S nsinena incident- The most recent
samples had been taken on December 1, 1976, sixteen days before the explo-
sion Past bi ologica 1 studies in the area have inc luded month ly pri mary
productivity, chlorophyll a and assimilation ratios, microbials, zooplank-
ton species and numbers, meroplankton/f ouling fauna and sea birds . Benthic
organisms vere sampled quarterly; fish trawls were done occasionally.
Monthly measurements also included physical parameters such as temperature,
salinity, oxygen, pH and turbidity throughout the depth of the wa,ter column;
nutrients vere sampled at the surface. Sediment chemistry and grain size
analyses were carried out. Table 1 summarizes the methods and references
to techniques used.

Multivariate analysis  Smith, 1976! had been carried out on data from
3973 and 1974  Allan Hancock Foundation, 1976! for the U.S. Army Corps of
Engineers. Cooperative funding for the studies included the Corps of
Engineers, the Pacific Lighting Corporation  Southern California Gas
Company!, the Port of Los Angeles and Port of Long Beach, the USC Sea Grant
Program  NOAA, Department of Commerce!, the Tuna Research Foundation, and
others.

This data base appeared to offer the first opportunity to study the
impact of Bunker C on the marine environment where prior condit.ions were
known and the impact was confined to a reasonably well defined area.
Although it would have been preferable to duplicate all procedures at the
proposed impact stations, sufficient funds were not available. The study
of the impact of the Sansinena on the marine environment was funded by the
U~io~ Oil Company, with assistance from the USC Sea Grant Program and
Harbors Environmental Projects, of the Institute for Marine and Coastal
Studies, University of Southern California. Preliminary results were pre-
sented at the Conference on Assessment of Ecological Impacts of Oi 1 Spills,
Keystone, Colorado in June 1978  in press, American Institute of Biological
Sciences!.

Anal tical Methods

Hierarchical classification was used to study patterns in the biological
a a ~ Groups of biologically similar sampling sites were defined, and these

groups were then compared with the patterns in the measured environmental
parameters. From this, hypotheses concerning the relationships between the

a and the environment were suggested. Of particular interest, of course,
vhether parameters that were possibly related to the ship incident were

ually correlated with the pattern or sample-site groupings.

Specifically, flexible sorting  B=-.25! strategy  Lance and Williams,
and the Bray-Curt. is distance index  Bray and Curtis, 1957; Clifford

Stephenson, 1975! were used to classif'y the sampling sites. The
counts in each sample were first transformed by a square root and

ndardized by a weighted species mean  Smith, 1976!. The plankton counts
tr'ansformed by a square root and standardized by a species maximum.
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To elucidate the relationships between the species and the sampling
site groups defined in the classification, two-way coincidence tables
were constructed  Kikkawa, 1968; Clifford and Stephenson, 1975! . The
numbers in the body of the table were 1! transformed and standardized as
in the site classification analysis, and 2! converted to symbols, which

follows .

* >.75 to 1

+ >.5 to.75

25 to .50

>0 to .25

blank 0

To study the relationships between the classification results and the
measured environmental variables, bar graphs were constructed for each
group on each variable. This showed the levels and variability of each
environmental variable in the site groups. This technique has the weak-
ness that it will not show the more complex multivariate  biotic-environ-
mental! relationships. To test for the presence of such relationships,
the groups were analyzed for correspondence with the environmental data
using multiple discriminant analysis  Smith, 1976! . Shannon-Weiner
diversity indicqs were also calculated. Bar graphs presented show consider-
able overlap in some parameters; the multivariate method assigns coefficients
« the parameters but does not imply statistical significances to them.

II. PHYSICAL EFFECTS OF THE SANSINENA BUNKER C SPILL

Oil and Grease Distribution

December, 1976. Surface sediment samples were taken in locations
requested by the Union Oil Company in December, 1976 on the 22nd, 23rd,
24th, 27th, 28th, 29th and 30th of the month. Sampling was limited, and
was hampered by the placement of booms and clean-up efforts. A small
snapper grab on a hand line was used from a Boston Whaler. Analysis for
«tal oil and grease was made in the USC Environmental Engineering Labora-
tory, directed. by Dr. X.Y. Chen.

The measurements on December 22 and 23 showed little difference from
expected normal levels in the sediment except where the oil pool near the

«rn yielded 665,000 ppm. A high reading of 7460 ppm beyond the bow
ection on December 24 indicated an unexpected spread in that direction,

and on December 27 increases in the fairway channel to the east were found
uP to 6360 ppm.

A rapid increase in oil and. grease levels was shown a few days later
 »gure 2! in the area sampled, where values from 5,000 to above 7,000 ppm

found, particularly in depressions on the irregular bottom over a wider
Readings in the area closer to the booms or "sea curtain" were



actually lower than those in areas somewhat farther away. Oil and grease
at the water surface ranged from 4.20 ppm at the innermost slip down to
0.10 near the main channel at the end of December  Figures 3-5!.

some readings increased, with a high of 6 .26 ppm at station UO3. Bottom
water concentrations were also higher in a number of locations. A Nauman
sampler was used for taking water. Computer mapping of results is courtesy
of John W. McDonald of the USC eography Department. Values were rounded
to the tenth ppm for computer analysis purposes. The oil and grease levels
decreased in the sediments at most stations. Figure 9 offers a compari.son,
bearing in mind that sampling within the oil pool itself was not carried
out. Sediment samples were taken as subcores from the benthic boxcores
used to sample the fauna.

bow and stern sections of the tanker apparently combined to distribute oil
anew throughout the area. The bow was towed to the scrap yard on February
18, 1977 and the stern was towed away April 18, 1977. Hull debris was
subsequently cleaned up at the site . Oil and grease concentrations in the
water column decreased greatly  Figures 10-12!. This might represent a
decline in leaching of residual oil into the water column, or it might
reflect the tidal phase at the time of sampling. There were tidal highs
of +5.4 ft on the 17th and 18th, the latter at the time of sampling.
Efforts to vacuum up the pool of oil at the site continued throughout the
summer of 1977.

Sediment oil and grease levels continued to increase at station UO1,
a dead end slip, and values were considerably higher at most sampling loca-
tions  Figure 13! than they had been in January . Rain fell throughout the
first week of January and near the end of March; air temperature ranges
were 79-90F �6-32C! during mid-January, for several days in February, and
in March and April. This may also have affected the oil distribution
patterns.

J~ul , l977. Concentrations of oil and grease in the water column
 Figures 14-16! increased, however, and this could not readily be explained
by tides. Inner" harbor surface temperatures had risen about 1.5C, but
temperatures at other stations were generally similar for April and July-
Increased recreational boating could be responsible, and an upswing in
bunkering operations in the outer harbor could also have increased the
incidence of slicks. Certainly all of the oil cannot be attributed to the
Sansinena. Analysis of some of the "chocolate mousse" on the beach indicate
that it was probably not Sansinena oil  R.J. King, pere. comm.; Table 2!-

Boxcore samples taken July 18, 1977 were sampled at the top, middle f
and bottom of the sediment cores to obtain information on the depth of
penetration of oil and grease into the sediment. Surface sediment level.>
had dropped from the April readings at most of the stations sampled.
Penetration varied considerably, ranging from being almost uniform at.
station UO1 to dropping by more than 50 percent from top to bottom of the
cores at UO19 and UO21  Figures 17-19!. This might be related to grain
size of sediment, which tends to be finest in the innermost slip areas
 AHF, 1976! and is easily transported.



November, 1977. Harbors Environmental Projects sampled the statrons
on November 1, 1977 after the conclusion on the Union Gil Company

Concentrations in the top, middle, and bottom of the water column
were higher at most Stations  Figures 20-22! . Oil and grease measurements
were also made at the top, middle, and bottom of the boxcore samples
 Figures 23-25!. Increases in oil and grease levels occurred at all of the
stations over the July readings, except for the shallow stations nearest
the breakwater.

Figures 26 and 27 plot the ranges of oil and grease concentrations
in the water column and sediment over the year's study. Although tidal
acti. on may affect concentrations in the water column during sampling, the
rise in November parallels the increase in the sediment, apparently due
to reconstruction activities .

Reconstruction of the pier involved pile driving and barge operations
at the site. In spite of the clean-up efforts to remove the pool, it was
impossible to remove all of the residue.

The jelly-like blobs that were initially scattered across the bottom
weathered to some extent. However, on warm days tiny blobs would rise to
the surface, where they dissolved in the sunlight into flat slicks. The
vibration of the pile driver also caused blobs to rise to the surface.
Weather in the 80-90 F range occurred into December, 1977.

~A ril, 197B. The first sh p to stop at the recocstrccted dock did so
as a test, with the U.S. Coast Guard and Los Angeles Harbor Depar"nt as
observers. Due to propeller wash, an estimated two barrels of oil rose
to the surface, which was boomed off for recovery. Since the pier is a
public facility some 30 years old, under lease by the Harbor Department
to Union Oil, it cannot be stated unequivocally that all oil accumulated
in the vicinity of the pier was a result of the Sansinena incident. Gil
slicks are not uncommon near Navy facilities  near station UD2!, around
the marinas  UO3!, and at the boat launching ramp at Cabrillo Beach.
However the rising of small slicks strongly indicates that Bunker C
residues are still mixed in the sediments in the area. This will remain
a problem, for dredging the ship channel is planned, and any dredging
method will resuspend and distribute residual oil.

Previous Data. Previous publi.shed records for the area are limited; no
analyses had been done in the areas very close to Cabrillo Beach, so it is
not possible to state that higher values did not occur in sediments deposited
there prior to the blast. That is unlikely, however, since the highest
values found in the harbor in 1973-1974 during a survey by Harbors Environ-
mental projects were in the 4000 ppm range found in the inner harbor blind-
end slips and near an oil island in Long Beach. Valves in the outer harbor
>cinity of Berth 46 ranged from about 1800 to 2100 at the time  Figure 28 ! .

More intensive sampling in Cerritos Channel  Long Beach! in March 1976
showed a few depositional areas with higher readings at the end of slips.
This might be expected in areas of low flushing that have not been dredged

some years. Cerritos Channel values ranged from 660 to 4300 ppm. In
Channel Two, the range was from 4370 to 6670 ppm  Figure 29!.



In San Pedro Channel, the oil and grease levels recorded by Chen and
Lu �974! in the Channel and around Santa Catalina Island are of interest.
Many of these were higher than harbor levels, even at boxcore depths of
30 cm. Levels increased with water depth, suggesting a downward movement
along with the finer sediments to the 450m contour north of the island
 Figure 30!.

Final Surve of Sansinena Oil

During the year that elapsed after the Sansinena exploded, releasing
quantities of Bunker C fuel and crude residue, cleanup operations were car-
ried out . Information on the quantity of oil lost and the quantity recovered
had not. been released as of November, 1977. However, residual oil on the
bottom was observed by various divers. A cooperative survey of the site was
carried out on December 2, 1977, coordinated by Harbors Environmental
Projects  HEP! of the University of Southern California, to determine the
extent of bottom covered by the oil. Agencies which participated included
the U,S. Coast Guard, U.S. Army Corps of Engineers, U. S. National Marine
Fisheries Service, California Department of Fish and Game, Port of Los Angeles,
Claremont Colleges, and the Institute of Marine and Coastal Studies of the
University of Southern California.

Prior to the dive a series of eleven 4 inch polypropropylene braided
lines 800 ft long were prepared with buoys at either end to be anchored to
the bottom by weights at 100 ft intervals. Forty numbered markers were
placed at 20 ft. These were deployed on the morning of the dive to serve
as markers for the transects the divers would follow. A few of the buoy
lines on some of the transect lines could not be secured at the point
nearest the pier. This resulted in some question as to the exact orienta-
tion of the ends of lines 7 through ll, nearest the dock, although the
positions of buoys, as observed from the surface, were not considered to be
excessively in error  Figure 31 ! .

Despite the problems associated with the presence of a barge being used
for construction at the site, all transects were occupied as indicated on
the map and the work was successfully completed. Teams of two divers each
were deployed by tender boats on the odd-numbered lines while two diver teams
remained on board as observers. When the first. teams completed their tran-
sects, the second teams surveyed the even-numbered transects while the first
teams observed. Coast Guard patrol vessels protected divers and lines by
intercepting boats that ignored dive flags and red buoys. Without this
protection such a large-scale dive operation would have been impossible.

The data on oil distribution in the area and, where noted, the thick-
ness of the oil layer are presented in Table 3. No oil was observed along
transects 7, 10 and ll, and no oil was found in the shallow areas around
the ship channel.

The most extensive bottom coverage was in the channel adjacent to the
pier, in the area formerly occupied by the ship. Except on transect 5 the
oil layer in this area seldom exceeded 1 inch in thickness. In the deep
channel fairway southeast of the pier site, oil was spotty along transect B
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except for a deeper patch at the end of the transect farthest from the
pier. Along transect 9, oil was found at most positions from 1 through 14,
up to 10 inches in thickness. Construction activities had apparently caused
oi 1 globs to surface and spread. While the area was boomed, the boom was
opened for barge changes. The tidal extremes in the first 10 days of
December, 1977 may also have contributed to deposition of new oil on Cabrillo
Beach and the breakwater . In formation on the occurrence o f animals at each
transect was recorded for four transects, numbers 1, 3, 5, and 7. The data
are summarized in Table 4.

The occurrence of benthic animals along these transects appeared to be
inversely correlated with distance from the pier and, therefore, with the
presence of oil on the bottom, although this trend was least apparent in
the data for transect l. It was not clear, however, if this trend was due
to the presence of fewer animals or to the poorer visibility for diver
observation which was found in the waters nearest the pier. The latter was
the case for transect 5, according to the dive team.  For earlier diver
observations, see Feldmeth in this volume!.

Calculations were made on the amount of oil remaining on the bottom
on the basis of the data obtained by the divers, as shown in Table 3.
Assuming an area 1000 ft. long  the length of the pier! and 400 ft . wide
 half of a transect! covered uniformly with 3/4 in. of oil  actual range
0 to 10"! one could estimate that nearly 4500 barrels of oil remained on
the sediments. This is considerably in excess of the 100 barrels or less
estimated by the salvage operator at the conclusion of vacuum pumping.

Heavy rain during the last two weeks of December and minus low tides
from December 8th to the 14th and the 24th to the 26th created a great deal
of sedisent redistribution in the harbor. Nearby Cabrillo Beach is known
to lose several feet of sand in a single storm, which may in turn be re-
deposited at a later date.

Attempts to resurvey the oil could not be completed until January,
1978. At that time HEP personnel made repeated dives near the end of
transect 8, but were unable to find any trace of oil. presumably the oil
vas buried or carried to deeper water. Department of Fish and Game personnel

14 diver transects on January 25 and 26, 1978 in the area thought to be
at the end of transect 8, where the pooled oil had been on December 2, 1977.
They were unable to locate any oil and remarked that the area looked as
though it had never been oiled.

The effects of residual Bunker C buried in the sediments made future
harbor improvement difficult. An unnumbered drawing entitled "BERTH 45-47;
MAINTENANCE DREDGING. DREDGING PLAN, PORT oF LOS ANGELEs" included sound-
ings on a 20' X 50' grid in the waters adjacent to the pier. Many of the
soundings, extending southeast from the midpoint of the pier, showed depths
» excess of -50 feet. That was the area that was most extensively covered
with oil. It appeared that proposed maintenance dredging to -51 feet would
not remove much of the oil adjacent to the pier and probably none of the
deeper patches in the Deep Channel Fairway. However, hydraulic dredging
ould undoubtedly disturb some of the oil, possibly fouling the gear, the

d~~dge material and the water.
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H drocarbon Anal sis

It was not within the scope of this study to carry out hydrocarbon
chemistry analysis of the Bunker C fuel as it weathered on the harbor
bottom, or coated organisms or was deposited. on the beach.

However,a few specimens of organisms were assembled in pooled tissue
samples and gas chromatographs were run at Analytical Research Laboratories,
Inc. in Honrovia, California. The samples wer.e not all processed at the
same time on the same machine, but the method gives a precision of 5 units+

on the Kovats scale, according to Zsolnay, Haynard and Gebelein �977!.

Text Table 1 shows data on the fraction recovery for the various species.
The ÃptsZus collected in December l976 had the highest aromatics content,
followed by mixed crabs collected in June, and mixed clams and mussels
collected in November. These data are compared with analysis of Bunker C
residue weathered for nearly one year. The gas chromatogram of QtiLus
appeared almost identical to the Bunker C residue pattern.

Text Table 1. Hydrocarbons in Invertebrate Tissues.
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B rimental drocarbon Stud

A supplementary field study was carried out to determine what the
action of the sedimentmater interface might be, if circulation was
Three hemi-cylindrical chambers of plexiglass  Text Figure 1! with samp]

c~ly used 'to determine sediment oxygen
locations beside the ship channel at the Sansinena site  Figure 32! .

On June 8, 1977 Dissolved Oxygen  DO! as determined by Martek remote
probe analyzer, was 8.40 ppm at the surface and 6 .70 ppm at lm above the
bottom when the chambers were placed on sites A  UO9!, B, and C  UO6! .

After 16 days the DO was measured in two chambers by taking samples
through the ports for Winkler titration. Unfortunately the sampler at C
had been overturned. Surface and bottom water was also sampled for Winkler
titrations of dissolved oxygen, and for total oil and grease concentrations.

The dissolved oxygen occurring within the two chambers was 69% and 52'h
respectively of that in the water column at one meter above the bottom.
This could be caused by chemical oxygen demand  COD! or biological oxygen
demand  BOD! due to microbial breakdown of the organics  Text Table 2! .

Oil and grease apparently was still leaching from the sediment in June
as indi.cated by concentrations of about 2.5 times those in the water column
at one meter above the bottom at sites A and B.

Repetition of this experiment in August
centration in the chamber at site A  UO9! as
C showed almost no difference; B chamber had
was discontinued, due to the disturbances by

showed almost 2 times the con-

in the water column, but site
been overturned. This study
ship traffic.

Data on salinity, temperature, dissolved oxygen, pH and turbidity
 as percent light transmittance! were collected monthly at the stations

where oil and reasg e and biological samples were taken. Use of remote
probe-packs allows for rop filing the water column to note variations both
horizontall and vertic ally. The data are presented in Appendix A.

To gain some ers ectivp p e on the water column conditions during the
Sansinena study, from December 1976 to November 1977, data from December
1975 and January 1976 can be examined  Table 5!.

It is important to note that t e
cooler in December 1975 �3C sthat the water temperatures were considerably
�1.7 urface to 12.8C bottom! and January 1976.7C surface to 10.2C bottom! than
2 9, 1976 �7C to 16.6C at A9!. Tem! than they were after the spill on

emperatures rose slightly in JanuaryC, and remained relat.ivel I
elatively warm through April. Thus the 19'76-1977thermal regime can be considered warmer than usual

It is more normal t f' d an usua for the winter period.
rma o ind temperatures of 11-13C i

a gradual spring i in January, followed by
or Ha d

g r se. Sometimes a shharp drop will also occur in Aprrr y ue to marine overcast, and then a rise to s ummer temperatu e
and 1976 foror comparisons, and Appendix A,
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Legend, Text Table 2.
Dissolved Oxygen determined by Winkler titration, except as marked ¹

¹ D.O.s determined by Nartek Water Quality Analyser
¹¹ Chamber found overturned
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Table 3. Oil distribution and thickness near Berths 45-47,
Port of Los Angeles. December 2, 1977.

i 20 0 0
'.21 0 0 00 0

Legend. 0 or no entry-
+

no oil reported
trace or splotch

globule
patch or pool
extensive cover

+++
++++

Number following is the thickness of the oil in inches, where noted.



Animals observed along transects 1, 3, 5 and 7. The
identities reported are those of the divers. The
number following is the number of observations in
the inclusive positions,
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TABLE 5. PRE-EXPLQSl QN FIELD DATA

TIME s 0959DATEt DECEMBER 09, 1975

STATION: A9 CABRILLQ BEACH 525Y SSW BERTH 47

TURBIDITYPHTEMPERATURE SALINITY D. 02
0 D F

DEPTH
F

72 F 00
73.00
78 ' 50

81.00
82 ~ 00

80 F 00
72.00
75.00
80 F 00

,00
.00
.00
,00
,00
,90
.90
. 80
.eo

DATEt JANUARY 07, 1976 TIME ! 0909

STATIQNi A9 CABRILLQ BEACH 525Y SSW BERTH 47

DEPTH
TURBIDITYPH

QN QN
TEMPERATURE SALINITY D ~ 02

11 ~
11.

11 '
11 ~
10.
10.
10 '
10 '
10.
10.
10.

10 '
10 ~

00
01
02
03
04
05
06

07
08

00
01
02
03
04
05
06
07
08
09
10
11
12

0.0
3.28
6.56
9.84

13.12
16 ' 40
19.68

22.96
26.24

0 ~ 0
3.28

6 ' 56
9 ' 84

13.12
16.40
19 F 68
22.96
26.24
29.52
36.80
36 F 08
39.36

13
13
13
13
13
12
12
12
12

70
60

40
30

80
60
60

30
20

20
20

20
20

55.40
55.40
55.40

55.40
55.40
55.22
55.22
55.04
55.04

53 ~ 06
52.88
52 ' 52
52 ' 34
51 44
51 ~ 08
51. 08
50 ~ 54
50 ~ 36
50. 36
50 36

50 ~ 36
50 ~ 36

33.80
33. 75
33 ~ 75

33 ' 75
33.75
33.75
33 75

33 F 80
33.80

32 ' 40
32 ' 40
32.40
32.40
32.40
32.40
32 ' 35
32 ' 35
32.30

32.30
32 30

32 ' 30
32 ' 30

2,60
2 ' 20

2.60
2.50
2. 70
2.80
2.80
2 ' 50
2 ' 60

7.60
7.40

7. 30
7 ~ 40

7. 30
7 ' 30
7.30
7. 30
7. 30

7.30
7.30

7.30
7.10

8,44

8 ' 45
8.49

8.55
8 57
8. 55
8 ' 55
8 55
8 ' 61

7.94
7.94
7.95
7.95

7.95
7.95
7 ' 95

7.95
7.95
7 ' 95
7.95
7 ' 95
7.93

87.50
87.50

88.00
88.00

87.50
87.50
87.50
87,50
87.50
e7.50
87.50
87.50
e7.00
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~~q«e 31. Diver Survey pf Residual Oil from the Sansinena,
December 2, 1977.



48



49

DECEMBER 1978MARINE STUDIES OF SAN PEDRO BAY, CALIFORN1A. PART ]5

III- BIOLOGICAL EFFECTS OF THE SANSINENA INCIDENT

INTRODUCTION

effects on the marine biota of the Sansinena explosion of December
17 19 76, and the consequent spi 1 1 age of Bunker C f uel, were evaluated

eve ra] ways, The groups o f organisms that make up the food web were
part of the trophic structure, from nutrients and primary

oductivity to primary and secondary consumer organisms- Habitats were
examined for impacts on the species present, or expected to be present,
and on their populations. These factors were then compared with condi-
tions prior to the incident within the harbor, and with ambient conditions
outside the harbor. Harbors Environmental projects has monthly and
quarterly sampling records from 1972 to 1978 at a station  Al! outside
the entranCe tO LOS AngeleS Harbcr at the Sea buOy  Part I, Figure 1!.
plus eight other A stations in the outer Los Angeles Harbor. These data
were used for comparison. Ambient conditions were warmer than usual during
the preceding year and the study period. Therefore, efforts were made to
examine the role of temperature as it compared to the impacts of the spill.

A series of 24 stations was established in the vicinity of the
Sansinena for sampling on December 29 and 30, 1976. The number of stations
occupied quarterly was reduced subsequently because of the time and effort
involved. However, the analytical results seen in the plankton and benthos
nevertheless indicated instability and variation between stations through-
out most of the year that justified an extensive station pattern.

A. PRIMARY PRODUCTIVITY AND NUTRlENTS

Samples for measurement of phytoplankton productivity, chlorophyll a
and assimilation ratio were collected at five stations near the Sansinena
on December 23, 1976. while sampling was very difficult for the first. month
because of containment and cleanup efforts, it was important to obtain
Productivity measurements as close as passible to the site initia yin'tiall to

look for micro-effects. The station pattern was expanded to the newly
established UOl to UO24 station series on December 29-30, 1976, so the
stations are not directly comparable.

Sampling had been carried out at the regular HEP statations in the vicinity

»ecember 1, 1976 as part of the monthly program, suppoorted at that time

Partially by the Southern Cali fornia Gas Company and the Sed the Sea Grant Program.

of this series that are near the site of tf the incident are

tions A2, A8 and A9. Station Alp was not sampled on thn the date. These
established to monitorare shown in Figure 33, along with stations est

Sansinena incident.

o where the Sansinena docked;Station n9 is beside the channel marter buoy whered . It was not possible
~came identified as UO9 for the oil stu y.'ust outside the boomg o the buoy itself, so sampjes were taken just othe entry of the Holiday« the east of A9. Station Alp is at t e e y
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Harbor Marina, and was close to UO3, which was located in the center of
the West Channel rather than to the side of the marina. Routine measure-
ments had not been carried out at A10 since the 1973-1974 st~dies, but
it had been used intermittently for a phytoplankton sampling site for
another research study.

Stations A8 and A2 are located across the Los Angeles Main Channel
and thus should have escaped the flow of Bunker C on the bottom. These
two stations have constituted comparative locations for examining possible
effects from the oil nearer the site of the spill.

Samples for productivity measurements were taken with a well-rinsed
plastic bucket at the surface of the water at each station. Subsamples
for each parameter are taken from that sample to insure homogeneity.

Primary productivity measurements were carried out using a modifica-
tion of the method of Steeman Nielsen �952!  Table 1, Section I!. In
this method. radiocarbon 14C as a carbonate is used as a tracer in the
photosynthetic conversion of nutrient salts to living material by phyto-
plankton. Productivity values are expressed as mgC/hr/m3. These values
represent the ability of the phytoplankton present, regardless of popula-
tion size, to synthesize organic material under the conditions prevalent
in the waters sampled. The time factor indicates that. this is a measure-
ment of a rate at which a biological process is carried out, unlike most
values which represent standing crop or the amount of material present
at a given time .

The photosynthetic pigments, the chlorophylls, were assessed. by
spectrophotometric measurement of acetone extracts of the phytoplankton
following the method and formulae described by Strickland and Parsons
�968!. Chlorophyll values are a measure of the standing crop of the
phytoplankton population present at the time and place of sampling.
The determination is made on the basis of pigme~t analysis; the quantity
varies among species and cells but is an acceptable measure of the mater-
ial available to catalyze conversion of non-living material to phyto-
plankton.

Productivity Results

December, 1976. The time of year when the Sansinena incident
occurred coincided with the season that is generally lowest in phyto-
plankton productivity and standing crop. The data from samples collected
on December 23, 1976   Table 6! do not compare directly with subsequent
samples because they were collected in a relatively small area, just
outside the containment boom. Because of the proximity of the stations
and the overall similarity of the data, the values have been averaged for
December 23.

Table 7 presents the data for samples collected at the newly estab-
lished regular stations on December 29-30, 1976. These data show that
there were moderately higher productivities at stations UO2 through UO6,
and at UO9 to UO11, on December 29-30, as compared with values at the
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other stations at that time, and with the December 23 values. Also,
more moderate increases in the chlorophyll a concentrations resulted
in higher assimilation values at those stations than generally were
found at the other stations.

relatively uniform for productivity, chlorophyll and assimilation ratios
 Table B!. The values in April were somewhat higher for productivity
and chlorophyll, apparently reflect.ing a vernal bloom that normally occurs
in harbor and other local waters.

~Jul , 1977. The productivity waa high in July and, with the chloro
phyll data, indicated that the population was probably undergoing a
bloom  Table 9! . The harbor is generally subject to phytoplankton blooms
in the spring and again in the summer months; the so-called red tide
blooms of dinoflagellate species usual,ly occur in late summer or in the
fall. Patches of red tide may occur in limited areas of the harbors
almost year around.

The July bloom may have been indicative of an early appearance of
the red tide.

Oguri �976! presented tables of the primary productivity values for
Los Angeles and Long Beach Harbors for 1973 and 1974, which can be used
to compare the values. The July 1973 values were lower, but August 1974
values were much higher than those seen at the July 1977 UO stations-

Xt is possible that some effect may have been exerted by the conver-
sion of the Terminal !sland treatment plant to secondary waste effluent
in June 1977. Higher levels of nitrite and nitrate, which are readily
assimilated by phytoplankton, are expected with secondary treatment. The
productivity data  Table ll! showed that higher productivity was found
in the vicinity of the Sansinena site  at A9! on December 1, 1976 than
was occurring at other stations away from the area  Figure 34! . The high
productivity at A9 at. that time suggests that it was due to some other,
unknown cause. There was, however, a rise after the explosion, which
did not occur away from the site, followed by a drop in January at all
the stations sampled.

Data for chlorophyll concentrations  Table 12! showed fairly good
agreement with the productivity data through December 1976, Assimilation
ratio data   Table 13! emphasized the differences between the stations
close to the site and those farther away. Assimilation was higher close
to the site through December; the pattern was atypical as compared with
the data at the end of 1977 and January of 1978, shown on the table.

November, 1977. Data for November 1, 1977  Table 10! showed a pattern
of moderate productivity, high chlorophyll values, and low assimilation
ratios. This suggests that the phytoplankton population, although it
remained relatively high, was either limited or inhibited. This might
suggest a declining bloom that occurred with normal seasonal changes.
However, this coincided with a return of very high levels of oil and
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grease in the water column and the sediments so that it appears possible
that phytoplankton activi ty was inhibited. Higher than normal temperatures
for the period would normally have been expected to produce a fall bloom,
such as was shown in November, 1974 data.

The concurrent monitoring program at regular HEP stations included a
few sites in the Sansinena area, as well as other locations in the outer
Los Angeles Harbor  Figure 1, Section I!. Those stations were monitored
monthly and were in close enough proximity to permit some direct compari-
son, Station U03 is at the same site as A10, U09 and A9 were the same
site, except that both were deflected to the south by the oil containment
boom or curtain. Stations UO3, U06, U09, U010 and U011 could be con-
sidered directly comparable with A9 and A10, These stations as a group
were close to the Sansinena site and would be expectea to show the most
pronounced impact. Stations U020 and U021 were farther removed from the
site, and might show less impact. They are most directly comparable to
stations A2, across the Los Angeles main channel  east of station UOl9,
off the map, Figure 33!. Comparing the data in such a grouping of
stations close to the site and farther away from the site permits some
extrapolation of finer detail from monthly A station sampling than did
the quarterly Union Oi.l sampling.

Tables 11, 12 and 13 show the combined data for the stations discussed
for the period of December 1, 1976 to January 4, 1978. The tables also
include the averaged data from the special stat.ions occupied close to the
Sansinena on December 23, 1976.

Conclusions

The data indicate that there was a significant stimulation in the
activity of the phytoplankton in the aftermath of the explosion and oil
spill. However, this did not result in a significant increase in the
size of the population. The shortness of the period during which this
occurred indicates that this was possibly related to the immediate
trauma of the incident, rather than the presence of oil in the environ-
ment. A small. amount of oil in the water is not an uncommon occurrence
in the area.

Nutrients

Nutrient levels in the entire harbor were measured in 1973 and 1974
 AHF, 1976!. Nitrite, nitrate and ammonia values were determined for
regular A stations on December 1, 1976 prior to the explosion, and at
the Union Oil stations shortly afterward  Table 14!.

Nitrite . Nitrite levels generally are at maximum in June-September,
and the minimum falls in January-February The mean concentration in
1973-1974 was 0.19, with a range of from 0.0 to 1.02 Ug-atoms N/l.

Nitrite levels were below 0.20 at A2 and A8, and at 0.21 at A9 before
the spill. Nitrite levels dropped slightly by the end of December and
then rose gradually in January at A9  U09! . Levels at AB were stable and



below those of A9, throughout the period. A2 had the lowest readings
throughout December, but rose steeply between the 5th and 18th of January
to be among the highest  Figure 34! .

At station A10  UO3! the value on December 23rd was close to A8, but
it rose somewhat by December 30, and peaked by January 5. It then dropped
steeply to a level below all other stations in the area by January 18, 1977.

Nitrate. Nit.rate is always the most abundant chemical in the harbor
of those measured. The mean concentratio~ for 1973-1974 was 3-42 pg-atoms
N/1, with a range of 0.0 to 10,06 ug-atoms N/1. There is usually a winter
maximum, followed by spring and summer lows which build up gradually after
August  Raymont, 1963! .

Values at A2 were low, while those at AS were just above average and
at A9 were slightly higher. Values at A8 and A2 stayed relatively stable
through January 5th with A2 rising somewhat; A2 then rose steeply by
January 18 but remained well below A9 values.

Following the spill, values at A9 rose and stayed fairly high, above
6 Wg-atoms N/1. Values at UO3  A10! were initially higher than at A9
after the spill, but fell, at the end of December. The U03 value returned
to the earlier high by January 18, 1977   Figure 34! .

Ammonia. The mean for ammonia in the entire harbor in 1973-1974 was
0.41 pg-atoms N/1 with a range from 0.0 to 26.11 and 12.85 gg-atoms N/1
respectively  AHF, 1976! . There were no seasonal extremes during that
period, but intermittent peaks occurred.

AmmOnia leVelS were abOVe aVerage at A2 and A9, and highest at AB
before the spill. A8 is closest to the sewer outfall and cannery waste
areas. These values gradually rose from December 1, 1976 to January 5,
1977.

At station UO3  A10! the reading was in the range with A8 and A9
on December 23 but rose above them, lying between values for UO20  above
UO3! and UO21  below UO3! . At U020, the high value decreased, as did the
U03 value by January 18.

Nutrient Results

Nutrient levels peaked well above ambient in the two weeks after the
spill in the vicinity Nitrite rose near the spill and then dropped below
ambient by January 18 except at A9. Nitrate remained high closest to
the spill site but dropped in the fairway. Ammonia rose and remained
high; it was highest nearest the spill. This may reflect the reduced
utilization by stressed phytoplankton. Although data points were limited
prior to the spill and restricted by cleanup operations afterward, the
trends appear to be valid.



Table 6 Dec. 2 3, 1976. Phytoplankton Productivity, chlorophyll a
and Assimilation Ratio at 5 Special Stations in the Vicinity
of the Sansinena. Station SPI was nearest. to the bow and
station SPV nearest to the stern.

Special Station Locations

SPI � near UO3
SPII � near UO6
SPIII � between UO6 and UO7

SPIV � south of UO9
SPV � at UO13
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TaMe 7. Dec. 29-30, 1976. Phytoplankton Productivity, Chlorophyll a
and Assimilation 3atio at a Series of Stations in Outer

Los Angeles Harbor. Stations are shown in Figure

Assimilation Rati

Uol 2.95 2.611. 13

UO2 5.70 1. 08 5.28

U03 7.24 7.620.95

U04 5.40 0.84 6.43

U05 5. 30 l. 12 4.73

7.67 l. 18 6.50

U07 3. 79 0.99 3.83

3.26 0.77 4.23

4.66 0.95 4.91

U010 4.95 1. 15 4. 30

U011 4. 72 0.93 5.08

U012 3.4S 0. 75

U013 3.09 1.29 2. 39

U014 4.00 0.99 4.04

UO15 3.04 0.80 3.82

U016 3. 84 0.98 3.92

VO17 3.73 0.98 3.82

UO18 4.49 l. 15 3.90

UO19 2.81 0.66 4.24

UO20 2.64 0.75 3.52

U02 l 1.95

VO22 4.04 l. 19 3.41

vo2 3 4. 26

v024 1.52 0. 75 2.02

P roduc tivi ty
mgC/hr/m3

Chlorophyll a
mg/1



57

Table 8. April 15, 1977. Phytoplaxdcton Productivity, Chlorophyll a
and Assimilation Ratio at a Series of Stations in Outer

Los Angeles Harbor.



Table 9. July 18, 1977. Phytoplankton Productivity, Chlorophyll a
and Ass].milation Ratio at a series of stations in Outer
Ms Angeles Harbor.



Table 10. Nov. l, 1977. Pbytoplankton Productivity, Chlorophyll a
and Assimilation Ratio at a Series of Stations in Outer
Los Angeles Harbor.
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gable ll. Comparison of productivity data at selected Union oil stations
and "A" stations in outer Los Angeles Harbor, 1 t!ecember 1976
to 4 January 1978-



Comparison of chloropbyll a concentrations at selected Unt d Union Oil

stations and "A" stations in outer Los Angeles Harbors 1l December

1976 to 4 January 1978. Data are expressed as mg/l.
a From Site
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Table ] 3
assimilation ratios at selectel Union Oil statio

' d'or
ions

Compari ns in outer Los M9eles Harbor, 1 December 197$  ~ stations

4 January
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1 Dec 23 Dec 30 Dec 5 Jan 18 Jan

NITRITE

neares t Sans inena
A9 =U09
Alo=

near UO3

0. 21 0. 230. 22
0. 28

0. 19

0. 130.20 0. 22
across maxn channel

A8
A2

0. 19
0- 16

0. 18
0. 11 0.26

n. side of fairway
U023 0. 150. 20

s. side of fairway
U021
U020

0. 14

0.14 0.14

NITRATE

nearest Sansinena
A9=V09
Alo=

near U03

6. 306. 14
5. 45

6.424. 65

6.715. 186.82

across main channel

A8
A2

4.20
3. 29

3. 98
2.02 5. 11

n. side of fairway
U023 4. 855.42

s. side of fairway
UO21
U020

5. 70
5.87 4.50

AMMONIA

nearest Sansinena
A9=UO9
Alo=

near U03

7.23
8.34

4.86l. 93

7. 242.93

across maxn channel
A8
A2

6-57
2.76

2. 87
l. 16

n. sxde of f airway
UO23

5.41

sade of fairway
U021

U020

6.63
8.78

Table 14. Comparison of Nutrients Before and After Bun!cer C Spill,
on December 17' 1976  in pg-atoms N/1!
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MARI NL' STUD IF S OF SAN PEDRO BAY, CALIFORNIA . PART 15 . DECEMBER 19 78

B. BENTHIC BIOLOGY

The first major study of the marine benthic ecology of Los Angeles-
Long Beach Harbors was conducted in the early 1950's  Reish, 1959!. Reish
found that some portions of the Harbor be~thos, such as inner slips, were
devoid of macroscopic animal li fe . Because of the high organic load, the
low dissolved oxygen  DO!, and the presence of hydrogen sulfide  H2S!,
these areas were characterized as very polluted. Areas that were less
polluted supported more diverse assemblages of benthic species .

More recently a number of surveys of limited areas have been con-
ducted in the harbor for private industry. Results of these studies sug-
gest a general improvement of benthic conditions, with more species and
less pollution. in some areas. Such improvement probably resulted from
pollution abatement measures enacted circa 1969, although differences in
sampling techniques do not permit exact comparison.

Since 1971 Harbors Environmental Projects  HEP!, University of
Southern California, has maintained an extensive monitoring program and
also conducted a number of small-scale studies in the harbor complex.
Data for 1973 and 1974 were analyzed using multivariate techniques as
reported in Allan Hancock Foundation  AHF!, 1976 and Smith, 1976.

By 1973-1974, the Los Angeles-Long Beach Harbors had one of the richest
soft-bottomed communities in southern California. A number of stations
in the outer harbor supported 40-75 species and 40,000 to 77,000 individ-
uals per square meter of benthic surface. This can be compared with inner
slip areas with 3-20 species and 2,000-10,000 individuals . In Santa Monica
Bay, California, an area that is considered to be enhanced by the Hyperion
sewage outfall plurne, supported 24 species and 16,000 individuals/m 2

The harbor area not far from the Sansinena site supported about 40
species and 40,000 individuals/m in 1974 but there is little information2

on populations since that time.

The effects of seasonal change on benthic invertebrates is probably
less severe than it is on planktonic organisms. Effects of changes in
annual temperature cycles such as took place in 1976 and 1977 are not known,
and the analysis of data available is still in process. Apparently, benthic
populations were reduced generally after 1974.

Figures 35 and 36 show a comparison between the annual surface temper-
ature curve and the incidence of three common benthic species for station Al,
which is at the sea buoy outside the main channel entry of the Port of
Los Angeles, and A9, located by the Sansinena site. Note that one of the
species, Haplosco7oplas elongates, showed a small rise in April 1977, at
the sea buoy  Al!, but otherwise counts were low during 1977. At A9, counts
of all three species dropped in April from December-January levels, the
reverse of expected spring increases in populations.
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The Sansinena ata were analyzed bY comPuter programs similar to tho
used in the 1 reporth 1976 ports- Results were transformed from dendrograms
stations an two-ways ' d two-way tables {TÃl'! of species information into maps
site {station! grouping{ t t' ! roupings. The groupings are based on the biological
 the occurrences of species and populations! and the abiotic parameters
measured  see Section I, this volume, for methods! .

W ighted d scriminant analysis showed the interactions of the parameters
and gives coefficients of separate determination for each parameter.
the higher the coefficient for a parameter the more important that parameter
is as a variable interacting with all the other biotic and abiotic variables.
Bar graph data, presented at the end of this section, shows the separate
parameters   Figures 58-67!, but the coefficients will generally not show the
same ranking of means and extremes as the bar compensates for patchiness and
statistical errors in sampling, population dominance and the like.

Coefficients of separate determination indicated that. salinity i pH1
turbidity and depth were important natural variables. The oil and grease
levels in the surface sediments were highest for Group 2 stations,
by the bar graph data  Figure 67!, followed by Group 3 and Group 1 stations,
in descending order. It must be noted that the station sampling pattern did
not i~elude sites beneath the pool of oil, since all fauna there would have
been killed when cocovered by the thick layer of spill.ed Bunker fuel. There w
li t t le di f f e r ence be tweetween the means of Groups 1 and 4 with regard to
sediment oil and reaseg e, so that other factors must have influenced the
separation as well. St ation UO4, in very shallow water, stood alone {G«up
5!; it is a population ffeeding area for birds and the benthic fauna might
reflect this as well as physical parameters.

Concentrations in sedisediments for the December 30, 1976 benthic sampling
ranged as follows:

Group Hinimum Haximum

1525
39 25
2815

410
2155

4765

7290

6890
5035

2155

2628

5850
4820

2426

2 155

December 29-30, 1976. The site group separations produced by the den-
drograms and two-way tables at first glance appeared to be typical of usual
harbor conditions for the season, separating inner slips and outer shallow
areas from deeper channels. In general, the inner slips may be warmer, with
less circulation {Groups 4 and 5!, while outer harbor areas are more influ-
enced by oceanic conditions  Groups 1, 2 and 3!. Shallow areas are quicker
to warm and to cool, but the usual seasonal drop in ocean temperatures did
not occur; rather, temperatures increased toward the end of December and in
January 1977 and so the temperatures did not produce separations. Examina-
tion of the TWT  Figure 38! showed differences among the site groups based on
fairly large gape in the fauna. The benthic species in the harbor are mostly
polYchaete worms because of the soft unconsolidated sediments composing the
bottom; stirring is common because of shallowness and ship traffic . Some
benthic molluscs and crustaceans occur in certain areas, however-
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Surface and bottom waters were sampled for oilor oi and grease in December,The groups defined by the benthic species did not seno seem to be correlated
with the surface measurements, which is not surprisi f b hsurprising for benthic species.

was from 4.2 ppm at station UOI down to O Io . ppm at station 21,channel fairway. Later analyses indicated that I I ' hevels in the
bottom w'ater may be more important than in the sedime t 't lf.e imen itself. Group 5

station  UO4! isolated in a shallow area f th h barea o t e harbor that is
a popular site for wading birds and gulls. lt was isol t das iso a e, using weighted

by hi.gher salinity and by lower pH, dissolved oxygen and light
transmittance'

while Group 5 had the lowest sediment oil and grease levels, it had
the highest level among the bottom water means  Figures 66, 67!. This was
no doubt responsible for the large gaps in species occurrences shown in the
TWT  Figure 38! ~ Only the polychaetes generally found in polluted areas
were prominent, along with the clam tacoma.

Group 4 stations included inner channel and shallows areas. They were
closely related to Group 5 in low temperature, dissolved oxygen, pH and
light transmittance and probably separated from Group 5 by reason of lower
salinity in Group 4. Sediment oil and grease means were next lowest in
Group 4 and second highest in bottom water. There were gaps in the Group 4
species shown in the TWT, but not as extreme as in Group 5, and the species
really determine the site groupings.

Site groups I, 2, and 3 were in deeper water, but had higher weighted
means for temperature, dissolved oxygen and pH. Groups I, 2 and 3 had higher
oil and grease levels in the sediment and lower levels in the bottom water
than Groups 4 and 5, although Group I means were closer to those of Groups
2 and 3 than the others . Groups I and 2 were quite close to each other in
the dendrogram  Figure 39! as well as overlapping geographically. The
species shown in the TNT indicated the differences that created the separa-
tions of Groups I, 2 and 3; otherwise they might have fallen into one large
outer harbor group, based only on natural physical parameters-

Figure 40 gives the numbers of species and individuals per square meter
of surface, as well as the Shannon-Reiner Diversity Index. Shannon-Weiner
values should be viewed with consideration of the restrictions in normal
«ft-bottom species numbers.- the trends in the subsequent quarters are of
interest for comparison, however.

appeared to show inner slip-outer harbor divisions, with Groups 3 and 5 rep-
resenting the inner area  Figure 71!.

Based on the bar graph data, sediment of oil and grease levels were
re »r in Groups I, 2 and 3, whereas the oil and grease levels in surface,

~dwater, bottom water and sediments were much higher at the single station
Group 5  Figure 66!. UO7 is in shallower water near Cabrillo Beach;

important factor in separating Groups 3 and 5 from the deeper
stations Groups I, 2 and 4.
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The January range for all stations in surface sediment oil and grease
was from 930 ppm to 5080 ppm, a considerable drop from the December range
 Figure 67; Figures 5 and 9, in Section II! .

Group 5 had the highest weighted means for temperature and for all the
oil and grease measurements in the water column and sediment. It had the
lowest weighted mean salinity, di,ssolved oxygen, pH, and light transmittance
as well. Group 3, while close to Group 5 in depth, had the lowest weighted
mean temperature and much lower oil and grease levels than Group 5.

Group 1, composed of outer harbor stations, had the highest weighted
means for salinity, dissolved oxygen, and pH, the deepest waters, and the
lowest oil and grease levels in all measurements. Groups 2 and 4 assumed
intermediate positions in the weighted means. Bar graph data  Figures 58-61!
shcwed a wider range for oil and grease values for Group 2 stations than the
other site groups. Salinity differences were probably transitory and not
significant to the benthic animals.

The most important natural variables for the distribution of benthic
organisms in January were temperature, dissolved oxygen, and depth. Bottom
water  lm above the sediment! levels of oil and grease were more important
than any of the natural variables, according to the coefficients of separate
determination.

The twcrmy table  Figure 42! illustrates the biological data that gave
the five groupings. The number of species dropped greatly in January, fram
about 60 in December to about 40. The dendrogram  Figure 43! could have been
divided into 4 major groups instead of 5, merging groups 2 and 3, but the
TWT showed clear differences in species composition between the two groups .
Although the number of species  taxa! dropped, the average number of organisms
per taxon. per square meter  Figure 44! rose. This suggests a biostimulation
effect of removal of competitors for the animals able to survive stressed
conditions . If bacteria multiply rapidly following a spill, as has been
suggested, the benthic fiLter feeders not affected by toxicity may have found
rare to eat. in the usually Lean month of January.

Po ulation Trends. The April sampling showed a large drop in average
numbers of individuals per species or taxon, from 1256 in January to 252!
At station UO23 near the main channel the drop was from 1865 in January to
341. At UO6, near the Sansinena, December showed an average of 1582; this
dropped to 1016 in January, to 361 in April, to 228 in July, and rose to
488 in November.

In contrast UO10 showed an average number of individuals per taxon of
757 in December, 824 in January, and 248 in April. In July, however, the
number soared to 2836 and remained up in November. The average number for
all taxa rose from the low of 252 in April to 719 in July and back to normal
at 1213 in November  Figure 45!.

April generally shows an increase in harbor fauna so that the drop was
impressive. Unfortunately, no Sansinena studies were possible after
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November, 1977, so that the trends in 1978 could not be observed over the
UO station pattern. Records for the regular A stations are being taken
under contract with the City of Los Angeles during 1978.

~A ril 1977 . Classification produced five groups  Figures 46-48!, with
Group 1 fai rly typic al of oute r harbor stations and wi th c omparat i ve ly good
di ve rs i ty and numbe rs . Stat i on UO 15  Group 5 ! s tood alone in the TWT , with
low species and abundance  F i g ure 4 7 ! . Along wi th stati on UO2 1   Group 2 !
thes e two s i tes had fewe r spec i es and lowe r abun dance . I denti fi c ati on of
the benth i c groups according to the specie s , as shown in the TV?', cre ate d
s ome ove rl. ap in the groupi ngs accordi ng to ab iotic paramete rs , as shown in
the bar g raph s . The ba r graphs and wei gh ted di s c riminant analysis coe f fi-
cie nts in di c ated the import ance o f oi 1 and grease leve ls in bottom wate rs,
which we re h i ghes t an d ne xt hi ghe st for groups 2 and 5 , re spe cti ve ly  Fi gure
6 6 ! . Groups 2 and 5 a 1 s o had the lowe st and ne xt lowe st mean pH and dissolved
oxyge n , re spe ctive ly . Group 5 had the lowest pe rcent li gh t trans mitt ance ;
othe rwi se the two group s were separated only by depth and salinity . Note
th at nei ther o f thes e two s tati ons is near the pie r .

Important separations in the othe r groups were found based on depth,
salinity , di s solved oxy ge n , turbi dity , and tempe rature i n spi te of ove r-
lapping o f the groups t o s ome e xtent for most of the se . This de mons trates
the usefulness o f multivariate ana ly s i s , when ranges as seen on bar graphs
do not provi de de fi ni t i ve separation . Fi gure s 5 8 to 6 7 show the ranges of
physical pa rame te rs for the ben th i c groups and seas on s . The Shannon-We 1 ne r
Index  Fi gure 49 ! range d from 1 . 80 to 2 . 4 3 and ave raged 2 . 17 in April when
total numbers were low . The ave rage SWD I was 1 . 7 1 at the end o f Decembe r
and averaged 1 . 66 in January , 19 7 7 .

~Jul 1977. Four groups of sites were identified, somewhat patterned
along the lines of inner slip and shoals  Group 1! and outer harbor  Group 3!
separations  Figures 50-52! . However, the overlapping of groups may serve
to indicate that abnormal, stressed patterns existed. Station UO22  Group 2!
was low in species, and station UO7  Group 4! was particularly low in clam
species  Figure 51! . In July the average SWDI had dropped back to 1.93,
from 2.17 in April  Figure 53!.

Separations based on weighted discriminant analysis were more clear in
July. Oil and grease levels were distinctive: Oil and grease levels in the
water column were higher than in April, but lower than in January. Group 4
 UO7! which was depauperate, was the shallowest and warmest, with the lowest
sediment oil and grease, but with the highest oil and grease concentration
in the bottom water. There was no overlap with other groups and the differ-
ence was clear cut. Group 2  UO22!, also species poor, was the deepest, with
surface oil and grease, high bottom water oil and grease, and low sediment
oil and grease  Figures 66 and 67! .

Coefficients for depth, temperature and pH were important but were dom-
inated by oil and grease levels in water and sediments. Separations of Groups
1 and 3 were less distinctive, based partly on higher mean salinity, dissolved
oxygen, pH and lower mean transparency in Group 3  Figures 59-61! .

November 1977. Classification patterns were more definitively separated
into outer harbor  Groups 1 and 2! and inner slip  Group 3! stations. Ther~



were no really extreme isolates   Figures 54-56!, and the species groups in
the TwT appeared to be somewhat more balanced  Figure 55! . The swDI  Figure
56! dropped to 1.83, but there are no 1978 data as yet analyzed for the area
to extend the comparisons further. Numbers of species or taxa were nearly
normal, but populations were nowhere near 1974 levels  AHF, 1976! .

Oil and grease levels increased markedly in sediments during the November
sampling and showed penetration throughout the 45 cm cores, but in spite of
this populations appeared almost recovered to 1976 levels. Analysis in July
showed that the benthic populations were correlated with oil and grease levels
in the water column at one meter above the sediment rather than the oil and
grease in the sediment itself. Group 1 stations had higher oil and grease
levels in surface and mid-water, but the ranges in bottom water were overlapped
by Group 2, which had a higher mean as well. Group 2 had a lower mean for
sediment surface oil and grease, but the ran.ges were overlapped completely
by Groups 1 and 3. This indicates that group separations on the basis of oil
and grease alone were not possible. Temperature, dissolved oxygen and sal-
inity exerted as much or more influence.

Group 3 had the lowest mean and range for bottom water oil and grease.
However, it also had the lowest temperatures, dissolved oxygen and pH, and
poorest light. transmittance, but was not depauperate. Groups 1 and 2 were
separated by higher salinity in the latter, but shared higher temperatures,
dissolved oxygen and pH than Group 3.

Conclusion

By November 1977 the spill had been cleaned up except for amounts
variously estimated at 200 to 4000 barrels. The residual tarry material may
well have migrated to the main channel or become covered by storm-shifted
silt. However, oil and grease levels in the water and sediments rose greatly
and were as high as they had been the previous December, perhaps due to storms.

The benthic community appeared to have recovered by November, 1977, at
least to the level of December 29-30, 1976, which was after the explosion
but prior to the l.arge drops in numbers of species seen in January  Figure
42! and drops in counts seen in April  Figure 45!. Prior to the spill, on
December 2, 1976, there had been 76 species or taxa at A9 with average counts
of 365 per m . These trends are difficult to interpret, however, and long
term data analysis is still in progress.

In spite of the return of high levels of total oil and grease in the
water in November, toxic fractions presumably had been largely reduced or
dissipated fr'om the residual material or the benthic fauna would not have
approached normal numbers. Oil and grease in bottom water still had a high
coefficient, but this was exceeded considerably by coefficients for salinity
and temperature and approached by dissolved oxygen, so that natural variables
appeared to be most important in determining species patterns.
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Figure 38

Union Oil Benthic Data, December 29-30, 1976.
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Union Oil Benthic Data, January 17, 1977,
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Figure 47

Union Oil Benthic Data, April 18, 1977.
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Union Oil Benthic Data, July 18, 1977.
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FIGURE 59
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F I GURE 60
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F I GURE 62
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FIGURE 63
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FIGURE 64
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FI GURE 65
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FIGURE 66
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FIGURE 67
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MARINE STUDIES OF SAN PEDRO BAY < CALIFORNIA. PART 15 DECEMBER 1978

C. ZOOPLANKTON INVESTIGATIONS

Introduction

planktonic organisms are those that are permanent.ly or temporarily sus-
pended in a water mass and subject to transport by circulation patterns.
Although some are able to swim, the organisms generally are not large enough
or strong enough to -wim any significant distance . Included in the zooPlankton
are numerous tiny crustaceans called copepods, which furnish food for many
fish and invertebrates, plus the eggs, larvae and some juveniles of other
crustaceans, molluscs, polychaete worms, ectoprocts, hydroids and fish.

An extensive zooplankton survey of the Los Angeles-Long Beach Harbors
was carried out during 1973 and 1974 for the U.S. Army Corps of Engineers
 AHF, 1976! by the Harbors Environmental Projects of USC. In this study
distribution and diversity of zooplanktonic organisms were studied for the
many geographic localities of the harbors and related to seasonal variations
as well as points of particular interest, such a. areas of chemical pollution
or eutrophication. Survey data for Pacific Lighting Corporation cover a
five-year period prior to the Sansinena explosio~ on 17 December 1976 .

The objective of the present study of zooplankton was to determine what
impact the oil spilled by the Sansinena had upon the zooplankton communities
of the harbors. Zooplankton were thus collected for a number of localities
throughout 1977 so that a comparison could be made with existing data from past
years. Alteration in numbers of animals or species diversity could thus be
rroted by comparison with these data.

The presence of Bunker C fuel in a marine harbor habitat would be expected
to have a considerable impact on any organism living on or in a surface with
which the oil makes contact. Benthic epifauna and infauna such as worms,
anemones, crabs or sea pens would all be affected by contact with oil. Oil
washed ashore or picked up at the air-water interface would also have an
impact on marine invertebrates and plants. Zooplankton, because they live
within the harbor water column, are likely to show less impact because they are
constantlv being exchanged by tidal flushing. Oil rising from the bottom or
washed by currents, tide or wind-produced turbulence, may have a transient
impact on the biota in the water column at any given time.

Methods

Sur face zooplankton collections were taken aboard the research vessel
Golden West, using a half-meter, 253Imr nylon, conical plankton net. The
net was towed at about one knot for five minutes, with a flow meter of water
positioned between the center and the rim of the mouth to record the volume
of water flowing through the net. plankton samples were placed in liter jars
and preserved in formalin.

Identification and counting of the samples was preceded by subsampling
with a Folsom plankton splitter such that the aliquots contained approxi-
mately 500 to 1,000 organisms.
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Within a week after the spill sampling was begun on December 23, 1976
at special stations I to V and expanded to ten stations on December 29-30,
1976. The special sampling near A9  =U09! outside the booms provided data
for' the area close to the Sansinena.

Results

The numbers of species found on December 23 were unusually high. The
following species were found that are rarely present in the harbor:

The weather and oceanographic conditions for the fall of 1976 and for 1977
were unusually warm, and this may account for differences in the species
present. Increased diversity was also found in samples taken on December
1, 1976, outside the harbor. The very high tides of November and December
� ft+! may have brought into the harbor species that normally occur offshore.

Concentrations of zooplankton at regular Harbors Projects stations sampled
on December 1, 1976 prior to the explosion are given in Text Table 3. Station
A9  =U09! is at the channel marker buoy nearest to the Sansinena site. Other
stations  A2, A3 and AS! are on the east side of the Los Angeles Nain Channel.
These data, compared with concentrations found on December 23 and December
29-30, after the spill, show a decrease in concentrations after the explosion.

Text Table 3. Concentrations of Zooplankton, 1976
 number/meter 3!

December 29-30December 1 December 2 3

A2: 2774
A3: 1063
A8: 1098
A9: 829

SPI-I I 757
SPIII-Iv 593

SP V 431

Dec. 23 s ecial stations

SP I

SP Il
SP III
SP IV
SP V

near UO3
near UO6
between U06 and U07

south of UO9
from UO13 to north

The most notable feature following the explosion and spill was the per-
sistence of high diversity, for at 3east a few weeks, with an increase in
copepod and cladoceran species, even though the concentrations were reduced.
Numbers of individuals of a few species actually increased.

Fuca2anus crassus

Zuca2anus e2ongatus
Ceniropages sp.
Rhinca2anus nasutus
Mecynacera c2ausi
t'ai cuti a f laui ccrni s

Temor a discaudata

Candacea sp.
Cory cacus gei sbr e ch ti
Corycaeus f2accus
Farranu2a curia
Ischnoca2anus tenuis

Uol: 232
UO3: 656
UO5: 192
UO7: 4 14

UO11: 787
UO13: 568
UO15: 776
UO17: 637
UO19: 807
UO21: 430
UO23: 463



previauSly the twO moSt numerOuS harbOr CopepOdS had been ACaI'tea tonal
and Pgzacalanus pagus  AHF, 1976! . Following the spill Acartia tonsa
appeared to have increased in concentration f rom December 1, 1976 to the
post.-spill sampling. Nean AcarHa tonsa was about 1100/m at stations A2,
A8 and A9 prior to the spill, increasing to about 1400/m after the spill.
This may not be significant, however, due to the generally patchy distribu-
tion of zooplankton because of winds, tides and proabaly food supply.
similarly, most ParczcaEanus partrus concentrations in the post-spill December
29-30 samples were unusually high, particularly at stations U07 through U023.
Concentrations after the spill were about 275/m3, much higher than they had
been since July, 1976.

During 19 73- 1974 the ranges of mean Ac'ar tea tonsa concentrations at A2
were 1800-2400/m, 1200-1800 at A9, 600-1200 at A10, and about 600 at A8.
During that period mean concentrations of Pameakanus pamtu were between
200 and 300/m at A2, A8 and A9, and below 100 at Alo.

The abundances of four common species of zooplankton at station Al  the
Sea buOy OutSide LOS Angeles Harbor! and at A9  beSide the SanSinena Site! are
plotted in Figures 68 and 69 for the period 1972-1977. A surface temperature
curve is superimposed, for comparing the variation in temperature seasonally
and annually with the zooplankton. Figures 70 and 71 give the data on an
expanded scale for the year 1977 alone.

No peaks were apparent at the sea buoy  station Al! during the winter of
1976 and early spring, prior to April or May of 1977 in the four species
graphed  Figure 70!. In contrast, some distinct peaks occurred near A9
 the Sansinena site! in December/January  Figure 71!, particularly for
Paracalanus parvus. However, fall peaks occurred both inside and outside
the harbor in September-November 1977. This is not an uncommon phenomenon in
the harbor  AHF, 1976! and may be related to seasonal temperature changes.

The numbers of individuals per cubic meter continued to be lcm' outside
the harbor from December 1976 through the spring of 1977, but counts in the
spill area rose greatly in April as compared to the other area. The numbers
of species of copepods and cladocerans dropped in the site area from
December / January levels through April and July, and rose again by the
November 1977 sampling.

The numbers alone cannot be compared absolutely, because the effects of
wind and tide on distribution  patchiness! are difficult. to assess. Certainly
the data seem to show consistent. trends, even though the trends may not be
precisely quantifiable.

Et is typical of a stressed environment that many species will be elimin-
ated from an area, and a relatively few hardy or opportunistic species will
"bloom". The initial surge in numbers is later followed generally by an
increase in numbers of species and a decrease in numbers of individuals, due
in part to growth and competition. Certain species may not be very tolerant
of environmental stress but do not compete well with other species in a
normal environment. Conversely some species cannot tolerate the varied
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environment of a natural estuary and would not survive long there even if
they were reintroduced frequently by tidal exchanges.

Conover �971! found that two species of copepods, Calamus ginmaxchicxs
and ZSmaxa Zangiearnia, fed on weathered Bunker C oil Particles and that
this was a natural factor in the immobilization of an oil spill, without
apparent to xi c e f f ects on the in ge st ing cope pods . I t i s not known whe the r
zecruitment is possible to any extent, since zooplankton have limited
ability to move independently of tidal or other water movements.

With regard to transitory effects of oil on zooplankton, it must be
noted that at the time of the collection of the first samples subsequent
to the spill  special stations I-V! the technicians observed that the cope-
pods showed no activity and appeared dead. Upon sorting these samples
there was no evidence of their death prior to collection, such as the presence
of broken or decomposing bodies. It is possible that the zooplankton were
in a state of torpor caused by the presence of the oil spill. While this
observation is very subjective, it may be significant nevertheless.

Discriminant Anal sis

Because there are synergistic effects of the physical and chemical
parameters exerted on the biota, experimental or observational information
on the impact of a particular paz'ameter such as Bunker C fuel may differ from
field information. Computer analysis  Section I, this publication! of fers
a method for calculating and plotting the interactions and indicating the
relative importance of each parameter measured. This is not to say that
the methods are necessarily statistically significant, or that some
unmeasured parameters might not exert an influence that was not recognized.

Temperature ranges were unusual in 1977 and therefore might have exerted
an influence that would exceed or mask the impacts of the oil spill. In order
to testwhether temperature exerted an overriding impact, multiple indis-
criminant analysis was first carried out without temperature data intput,
and then repeated with temperatures included. Similarly, analysis was
carried out with, and without, the input of phytoplankton data to examine
«differences in the importance of the oil and grease content of the water
column .

A variety of treatments of the data can produce different species and
»te groupings, so that the importance of different parameters can be examined.
The analytical programs were run first, using all the entities  species and
higher categories! reported and then using only the most common copepod and
cladoceran species. Therefoxe it must be recognized that the station
groupings, the Two-Way-Tables and the dendrograms are not fixed and might
be different in each case. Also, weighting of variables is used to minimize
particular problems, as for example to reduce extreme ranges of counts of
dominant species. The important factors under each set of inputs can thus
be identified. If certain factors are identified as important under each of
the analyses tested then it can be assumed that. the parameters so identified

strongly related to the faunal distribution of that period.
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Weighting of variables is accomplished by using calculations of biologi-
cal "distance" between sites by constructing similarity matrices based on
groupings determined by the dendrogram calculations. The complex equations
used in these analyses are not the subject of this paper and are discussed
in depth in Smith, 1976.

Means and extremes of the data for each variable are presented as bar
graphs at the end of this section  Figures 88-99!. However, in discriminant
analysis the nM ans are weighted by using the similarity matrices, so that the
values in the tables of weighted group means will not be the same as the
values for raw data shown in the bar graphs.

December 1976-Janua 1977. Because of di.fficulties in making horizontal
plankton tows around booms and cleanup crews, the December 29-30 and January
data were combined for multiple discriminant analysis and classification.
zt is an accepted procedure to combine data for analysis on a seasonal basis
in any cast. Figure 72 shows the five groups for the post-spill month which
were delineated by classification of all the biological entities listed in
the Two-Way-Table  TWT, Figure 73! and the dendrogram  Figure 74! .

When another analysis was made using only the 18 most common copepod and
cladoceran species and recalculated counts, five groupings still were seen,
but slightly different site group separations were created, which isolated
station UOl from UO7 and station UO3 from UO23.

The important result, regardless of the various analyses performed, was
that the oil and grease levels in the water column far outweighed any other
physical parameters in determining the distribution of zooplankton in the
winter period. Interestingly, midwater concentrations of oil and grease
weze more important than surface water concentrations. Chlorophyll a was
the most important natural variable. Temperature and salinity were less
important. variables, along with dissolved oxygen; pH and light transmittance
were of marginal importance under the various analyses.

The weighted group means of the variables for December-January are shown
in Table 15. Site group 1 was characterized by having the lowest weighted
means in primary productivity and chlorophyll. a but the second highest
assimilation ratio, all phytoplankton parametezs. Group 1 also had the
highest weighted means for temperature and salinity as well as the lowest
weighted water means for oil and grease in surface, mid- and bottom water
and sediment.

Table 16 shows one of the sets of coefficients of separate detezmination
developed for the winter data. The numbers for each parameter are expressed
as percentages of the "influence" among all parameters measured. The axes
 columns! represent hypothetical plots in space, on which the combined values
of interacting parameters would be located as new values . Generally, most
of the significant values fall within the first two or three axes developed.

The coefficients in the first two axes in Table 16 show the importance
of chlorophyll a and of oil and grease in the water column and sediment .
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Group 5 in this analysis included the inner channel stations, which were
clearly separated on the basis of the highest weighted means for productivity
and chlorophyll a and the lowest assimilation ratio, as well as the lowest
sa] inity and dissolved oxygen and lowest temperature . Group 5 also had the
highest oil and grease in surface and bottom water and second highest mean
content in mid-water and sediment.

The Two Way Table showed distinct gaps in. the species composition in
Group 5.

Group 3 sites were clearly isolated in this analysis only on the basis
of the highest weighted means for mid-water and sediments for oil and grease,
and the lowest pH.

Group 2 overlapped Group 1 spatially and in parameter means and ranges.
Group 2 had the highest mean dissolved oxygen and lowest pH and light transmit-
tance. Group 4 sites also were not clearly separated.. They were distinguished
only by having the highest assimilation ratio and percent of light transmittance.

It must be emphasized that there is always the possibility that some
parameters not measured in the present analyses could alter these groupings
and achieve further separations or characterizations i f they were includec .
The station groupings remained generally similar in the various analyses
tested, with on!.y minor shifts of single sites from one group to another.
The important coefficients were the same, although the values were ad]usted
according to the number of variables included.

Figure 75 presents the data on the number of species and number of indi-
viduals per cubic meter at each station, as well as the Shannon-Weiner
Diversity Index calculation for the period.

a~ril 1977 ,Clas.sification of species groups showed four site group-
ings in the area  Figures 76-78! in April, three of which had considerable
overlap. The TWT showed distinct gape in the species composition of each
group. Tables 17 and 18 present the weighted means for the site groups and
the coefficients of separate determination, respectively. Based on the
coefficients  Table 18!, primary productivity, dissolved oxygen and salinity
were the most important natural parameters; oil and grease in the water surface
was also important, even though levels were low. Temperature and pH were
apparently of lesser importance.

Group 2, isolated as station U023, had the highest weighted means for
primary productivity, salinity and pH, and the lowest mean dissolved oxygen
 perhaps associated with the productivity!. It also had the second lowest
weighted mean for water surface oil and grease and the lowest temperature.

Groups 3 and 4 were composed of stations close to the Sansinena site,
»d probably the zooplankton reflect changes in the bottom oil residue
associated with salvage operations. Group 3 had the second lowest weighted

for salinity, dissolved oxygen and pH, and the lowest weighted mean
light transmittance and productivity. However, Group 3 had the highest
mean surface water oil and grease levels and highest temperature.
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~Jul , 1977. Classification techniques resulted in four groupings
 Figures 80-82! . The TWT shows the reduced numbers of species and gaps in

distribution.

In July the zooplankton was clearly dominated by productivity, chloro-
phyll a and assimilation ratios. Turbidity may have been due to phytoplankton
The weighted means for one analysis are shown in Table 19.

Group I stations were intermediate, having second highest weighted means
for salinity, pH, light transmittance and oil and grease in surface waters,
It was, however, lowest in dissolved oxygen, and next lowest in temperature,
and was median in phytoplankton parameter means as well.

Group 2 stations were highest in weighted means for dissolved oxygen,
perhaps indicating a phytoplankton bloom, and in salinity, and second highest
in temperature. They were second lowest in pH, light transmi ttance and surface
water oil and grease. However, they were first in productivity and assimila-
ion ratio, probably the determining factors.

Group 3 had the lowest weighted means for salinity and temperature and
highest for pH, light, and surface water oil and grease. It was second
lowest in dissolved oxygen. The three stations in Group 3 were clustered
next to the pier. In July, differences in oil and grease in the water
column were small and bar graph data showed extensive overlap. Once again
phytoplankton clarified this group, with the lowest productivity and assimi-
lation ratio, and the highest chlorophyll a and light transmittance. While
surface water oil and grease showed no importance, when the analyses were
re-run with mid- and bottom water concentrations included those coefficients
showed some importance. They were still outweighed by the phytoplankton
characters. The coefficients for two analyses are compared in Table 20.

Group 4 stations were physically isolated. They shared lowest chloro-
phyll a values and second highest productivity and assimilation ratio. They
were also separated slightly by the highest temperature, the second lowest
salinity, lowest pH, and lowest light transmittance. The lowest surface oil
and grease apparently was not an important factor, since differences were so
small in the physical variables. Interestingly, the map of groupings
resembles the distribution of oil and grease shown in Chapter II  Figures
I4 to 17!. The number of species and counts are presented in Figure 81,
along with the Shannon-Weiner Diversity Index. Counts were up in a few
locations, as was diversity.

november, 1977. In November, as in previous months, phytoplankton param-
eters of productivity, chlorophyll fr, and assimilation ratio dominated group
separations of zooplankton that otherwise could not be clearly made. When
temperature and phytoplankton measurements were all omitted from the data,
weighted discriminant analysis produced weak separations, with overlapping
bar graph data, based on salinity, dissolved oxygen and pH. Overlap was
extensive in all oil and grease data, except. for surface water where Groups
2 and 3 were separated by that factor, but Group I overlapped both in range.

When phytoplankton parameters alone were eliminated from the analysis,
temperatures appeared to be much more definitive in separating the groups



November. Air temperature had extreme ranges inland - 10C�0F! to
32C gpF!. Water temperatures were unusually high for the period � 17C�3F!

L9C�6F!. Generally water temperatures have dropped below that level into
L4-L5C range by November. This, along with some rainfall, could affect.
diversity as well as total numbers; certainly the combination of temper-

ature extremes with pollutants would affect plankton populations. Groupings
were tupical of inner slip-deep channel-shoaling area divisions, without the
anomalous patterns previously observed which probably were indications of
the i.mpact of the spill, however-

In the analysis presented, Figure 84 shows one set of site groupings
developed, along with the Two Way Table  Figure 85! and dendrogram of sites
 Figure 86!. The weighted means used in these figures are in Table 21.

Site group 1 was characterised by highest. weighted mean productivity
and assimilation ratio and highest pH, with the lowest weighted mean light
transmittance and temperatures Site group 2 had highest weighted means for
salinity, dissolved oxygen, light transmittance and oil and grease in surface
waters. However, the most important parameters were probably the low weighted
means for productivity and chlorophyll a.

Group 3, the inner channel stations, had the highest weighted mean
temperature values but lowest weighted means for salinity, dissolved oxygen,
pH and surface oil and grease. Species diversity did not change appreciably
in November  Fi,gure 87! but the counts per cubic meter appeared to have
increased, especially at the inner slip stations.

Table 22 gives comparisons of two different sets of coefficients of
separate determination for November, based on changing the parameters selected
for the weighted discriminant analysis. In most cases it can be seen that
~he important coefficients  higher values! remain important  above 5.0, perhaps! .
However the comparative values change as more parameters are introduced.
Salinity temperature and dissolved oxygen in particular dropped when phyto-
plankton parameters were introduced.

The site groups could be altered by various adjustments in the species
included and the counts. However, in each case tested the inner stations
"Ol and UO2 were together, the sites UOLO and UOll at the Sansinena dock
remained together, and the shoaling area of the outer harbor clustered into

or more site groups . Certain stations changed groups more readily .
~~atio~s UO3, UO6, UO7, UO8 and UO21 shifted about; one might. assume that

definitive relationships occurred at these stations. Certainly the
testing carried out indicated that, while flexibility was seen, the trends
were consistent.

a~tivariate analyses, it a~
the significance is not validated for the weighted discriminant method. Corn-

Parison of bar graph data for each separate parameter with the weighted discrim-
nant analysis plots gives a good indication of interactions among the param-

There is always the possibility that factors other than those measured
responsible, at least in part, for the results.
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In December and January, unusually high numbers of rare species occurred
in the harbor but low total numbers of zooplankton were seen. Phytoplankton
parameters were the most important factors, followed by oil and grease in
the water column. For the rest of l977 species diversity was low but numbers
of individuals rose well above usual counts in the outer harbor.

In April and July, phytoplankton furnished the dominant parameters, with
oil and grease and temperature also showing lesser separations.

November groupings were largely determined by phytoplankton and temper-
ature; lower coefficients and overlap led to the hypothesis and tentative
conclusion that oil was no longer toxic to the zooplankton.

Bar graph data of abiotic variables and nutrients are presented, accord-
ing to the plankton station groupi.ngs by season at the end of this section
 Figures 88 to 99! . If separations were made with bar graphs on the basis
of individual parameters rather than by coefficients, each might show some

and ranges that would separate one group from another. In many instances,
however, there was considerable overlapping. The multiple discriminant
techniques using weighted variables show the interactions or interrelationships
among the physical and biological parameters.
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F1GURE 68. ZOOPLANKTON 1972 � 1977
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FIGURE 70. ZQQPLANKTQhl 1977
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F I GURE 7 1 . ZOOPLANKTON 197 7
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FIGURE 88
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F FIGURE 89
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F I GURE 9p

DISSOLVED OXYGEN {p i gag <on group i ngs!
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FIGURE 9i

pH Cptankton grouping+!
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F I GURE 92

PERCENT L? GHT TRANSMITTANCE
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FIGURE 93

PRODUCTIVITY Cp I ankton group I ngs!
 RANGE 8. BEAN 2 S.E.!

5 4
3 S
0 g 2 4 S
3 0 I 4
Q S

3 L Z

0 L 3 2
0 L

I



l51

FIGURE 94

CHLOROPHYLL a CPlankton groupings!
 RANGE K MEAN + 2 S.E.!
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FIGURE 95

PLANKTON GROUPINGS

AHMCINI4 � N j: TR 0b E N
 RANGE K MEAN + 'Z S,E,!
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FIGURE 96

PLANKTON GROUPINGS
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F I GURE 97

PLANKTON GROUPINGS
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FIGURE 98
P1 ANKTON GROUPINGS
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FIGURE 99
PLANKTON GROUPINGS
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DECEMBER 19 78MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15.

D. MEROPLANKTQN

Introduction

Studies of the environmental impact of the Sansinena incident on the
biota were well quantified for phytoplankton, zooplankton and benthic
organisms. In other cases it was not possible to collect sufficient
samples for quantification and subsequent computer analysis, either
because of disruptions due to cleanup operations or because of limitations
in the scope of work. Sampling of meroplankton was one such study.

The meroplankton consist of eggs, larvae and adults of organisms that
are temporarily suspended in the water column, but will settle out and
become sessile or attached at some stage in their life cycle. The use of
settling racks that can be suspended in the water column above possibly
polluted bottoms gives an evaluation of those organisms being brought into
an area during one month by tides or reproducing nearby on fixed surfaces.
Many of these organisms would not survive on the bottom, either because
of pollution or because the soft substrate is inappropriate to them.

For seven years small slide boxes containing 25 glass microscope slides
and screened front and back with plastic screen have been used in harbor
studies  Soule and Soule, 1971; AHF, 1976!. Changed monthly, they give a
picture of reproduction and recolonization as well as a faunal inventory.
Eggs and larvae are carried through the screens and settle on the slides
or frame. Some predation does occur in that microenvironment, but the
collections have proved to be more diverse in major categories than either
the benthic or zooplankton sampling.

Procedures

Following the Sansinena explosion settling racks were placed at four
stations in the vicinity. Containment and cleanup activities caused con-
siderable difficulty, however. sometimes it was not possible to reach
locations to place or retrieve racks, and a number of racks were destroyed
by cleanup work or storms during the months surveyed. The effort was sus-
pended in August 1977 because of continued problems with destruction and

funding limitations  Figure 100!.

Discussion and Results

The irregularity of placement. and retrieval due to salvage efforts made
exact quantification impossible, since there were variations in time exposed
 due to lack of access! and a lack of comparability, where racks at particu-
lar sites were lost. Counts of colonial animals are given in grams or as
presence-absence, where it is not possible to count accurately the number of
»dividuals in hydroid, bryozoan, or tunicate colonies, for example.

Pri or Data. Analysis of settling rack data for 1973 and 1974  AHF, 1976!
howed that the numbers of species or other entities  taxa! were lowest in

the winter period but varied from year to year. There were, for example,
o»y 18 taxa found from all racks from the harbor in the December-February
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'od ' 1973 but 27 occurred in the same period in 1974. The summer
peri in, u of 38 in bothriod enerall had the highest numbers of taxa, with a mean o i

two eriodsf 11 stations. In some groups of organisms there are p
d. A ril, andof increase in species or in numbers, one in the spring aroun pri

another in the late summer � ea.rly fall.

Examination of data at station A9 in 1976 prior to the Eansinena inci-
dent showed a 1ow in March 1976 of 16 taxa, whic'h increased to 22 in April
but dropped back to 18 in August. October showed a considerable rise to
41 taxa, which dropped to 21 in November.

The occurrence of peak periods for reproduction is closely tied to
temperature, and especially to temperature change rather than specific num-
bers. Apparently a rise  or fall! of several degrees in the water temper-
ature serves as a reproductive "cue" to the metabolism to initiate maturing
of eggs and sperm.

Post-Sansinena Data. In Table 23, data from some of the settling rack~
near the Sansinena are presented; the dates given are those at the end of
exposure period of approximately one month.

The total numbers of taxa showed an increase in April only at UO 3,
whereas statio~ UO10 showed a large increase in taxa in June and July, 1977.
Station UO9 appeared to be reduced in species in comparison to UO10 in May
and June.

Spirorbids dominated the racks in February 1977, along with copepods and s
to some extent, Mytikus. Other polychaetes  Ctexodr'itus! dominated in April,
as well as i.ncreasing numbers of copepods. In Ray, the summer increase in
numbers of individuals of copepods and amphipods began; large numbers of
hydrOids Were preSent. and Mutid uS began tO increase .

The June-July samples held large numbers of copepods and particularly
amphipods; the amphipod fJessa fa7cata outnumbered all others. J'Nycti lus was
quite numerous in June but dropped considerably in July. Growth of the hydroid
I!'76 t!.t was very heavy in June, While the bryozOan Huaula acr'itasca waS
present in some quantity in June and July and the tunicate C7.onf7. was prom-
inent in July.

Comparisons with data from station A2 across the main channel. are of
interest, In February fairly similar numbers of species and dominant organ-
isms occurred at the UO stations and A2.

In April, A2 had nearly twice as many individuals as the maximum at the
UO stations t'essa fcLcataf which had been almost absent, returned to be the
dominant arganism at A2, but remained scarce at UO stations.

In June, station A2 had over four times the number of organisms of any
of the UO stations, but Tessa . 2~catc had returned to UO stations as a domin-
ant organism. The numbers at A2 remained much higher than at the UO stations
throughout the sampling period through July, 1977.
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SJuVSI bfEVA SETTL,IKG RACK DA'M
Table 23.

eb. 7 1 hnr. 77 3 Sa 77
CQ Sta,, SG Sta., I.OIJ StsUQ Ste 39 '0 100 0903 0Or ante rrrs

16192 13

104B 12

197 136

24, 9 77 26 40 16 29 32

Se
5

29
3

20 3,0
15 20

21

29

432

94

9 p r. rat b idee
~ r o apt l'5 sp.

20 13 25 35107

r.dao
to Ly Yus sp ~
!noo3rllre sp.

29 l7
16

AvtrELIDA KILYCIIAETA
Capttsll!.dne

:ap to I'a ap'':!."c

chrysr!petolrdee
Pa!eanotu ~ bel' te

clrretalldee
hoetaeane afrnata

,haetasone anfana
.haf, " ep,

C tonadr llldae
: a n,rdr i! rre ea f fa ra ~

Oorvr L Leldee
3pnf!otr aoha purr I.'.'o
Sonr t tenoroon Ja ~ .anpt-

o ! f 'r r. 4

! gear.antdee
Rphrodrarfi 4 pupa t arne ie

I Meter.dee
Platyner' ~ ie broarra'.i-

ota

QPII ~ 1 1 idee
4fnandia biaoulatc
.aoiyop atra!cue ptotue

Phy 1 1 odncl de ~
Su a!ra sp.
Innrda ep,
Srrrnrda eanguinea

Pa Lynn tdII
3 uveni le
ea Lo ~ ydna bra!ie ~ ra ~ 4
Fa.'oardna Janntnni
Sar no thee inb rioa to

Sabre l 1 l dee
Shone ep.
.'h o no ~ rnid 4 ta
Jhono uollte

Serpalrdee
ryydrnideo paar./ious

Sp tanldee
Po ryder 5 rgn L
P ~ Iydofa linraolt
Po!ydafa fo r.rir ~
P!! y iar a sp.
Sn..nardta prabaeoidea
canine sp

I
I
I

1

S Jun. 77 25 Jol. 77
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2 3 Feb. 11 1 Acr. 11
rO Sta I' Sca

Or arri sms 10 O9

364 ' 144 804 648 848 60238350' 526

102 ZBB 1211

48 81

242565»m 35 28

25

12 1613

24031128 380486

717112 25230612

23290

5994236

Caprellidae
Caorclla 384

144
384

146
84Caprsl la ca.i, ornic* 1

Caprella sq» 'LiOrc
Cap rr L la vs r r»cosa

16

�unos. dec
M»nnc sp.

13124946

12

160
Pyccogocida

0 Olq0. 05g
20280 49

0.04g

121819 2'1

0.03g 0.40g0,0lq 0,02g . 04q

Table 2 3  Conti~ued!

ARTHROPODA CRUSTACSA
C pe?ada

Gamrearidea  AHPHIPODA!
Coraphiidae

.orcphi»m achsr»sic
Erictho .6»s rorcsi'.

en sic

Gammaridae
ELasmcp»s raper

Isaexdae
Cammaropeis thompsc

Ischyrocerrdae
ass a  a l cc ta

Xtcrojaesa I' torse

Podoceridae
?odocer»s Srcsi li-

ensis

Stenothoidae
Steno thos ca  ida

CaPrellidea  AL4PHIPOOA
Aagrcellidae

Dc»tello ca  jcrni

Isopoda
LjcLooridae

Cimnoria rip»ncta

Ianiridae
Ianiropsis sp.

Sphaeromatidae
Paracsrccis sc»lptc

ARTHRO PODA
Tacaidacea

dna tanais norman

Thoracica
Balan»s amphitrits

CHORDATA ASCIDIACSA
Ap iouaobracchia

Oiplceoma macdonaldi
  pisoni!

Phlebobranchia
Cicna intestinal s

S tolidobraochia
Sc try L Lus sp.

0 3 01 3

3 msv 11 3 2"r,. 11 25 J»L,
Sts, i UO Sta, UO Sta.
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23 Feb, 7'7 I UG . I'G3 a I'G ata.
29

ta
136ta. 09

anssms

4HILLUSCA
Oastropoda snarl

Hudtbranch*a
.Y4tra4ia oarinata

6
06

32
4

23
30 16u 59

67

1423
Pe lacypoda

Slate 1 1ldae t
Siatakla arcti

2316

Hy t I I ldaa
Sy tiiutt adu4ia

479400401611 38

HEHSRTEh,

hSCHXLHZN THE 6
Netsatoda

16 12

P LATYHEIÃY NTH ES
Turbellarta
pc lyc ladle

32

0.049 0.019HRYOZOA CHBILQSTONATA
Blcallariellldae

Sutyula Oa ii @arnica
Buyula noritina

.01
0.020.01g 0.16g

Heebraniporldao
Ivsabrnnipora

0,01g

I
1
'0. Ilg

Cryptooula sp.

CHZDAHI A HYDRO ZOh
Caapanularladaa

0bofia sp. .49g ,049 2. 50g 16. 64 0.2

Tubilari idee
Tubulazia sp. 0.01g 0, 16g

OTHER ABIHALS
44ysidacea Hys id

3 32

Sabellar idee
Saba 1 1 aria sp.

Can tropoda
Crapidula onyx
lctaae idee

Pecapoda / Brschyura
Zoxorttynauo sp.

Table 23  continued!

Pectinidae
0 ~ ptopaaton latiaur-
a tur I

Se a a netttohe

Sea urchin

torastiniyara

Oikopleura

Larval crustacea

Cuaacea

Thor ac la

Znsecta

1 hor. 77 0 Jua. 77 29 Jul 77
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Table 23  continued!
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15. DECEMBER Z.978

E. BREAKWATER BIOTA

~cCae. The breakwater rocks form a habitat for algae and incrusting,
attached or sessile invertebrates. Samples taken from the breakwater by
divers represent the growth and succession of biota of unknown size and
duration, in contrast to settling racks which represent monthly changes
in harbor species. The texture of the rocks and the di fferences in orien-
tation, as well as the amount of exposure to air intertidally and
exposure to wave action, give variety to the area and encourage species
diversity.

The breakwater is really the only major habitat for algae in the
harbor, except for limited numbers of species found on pilings and docks,
and of course the newly planted kelp bed  HEP, 1971! .

In July and August of 1973 and 1974, 12 stations on the breakwater
were surveyed for algae and associated invertebrates, six on the inside
of the three sections of breakwater and six on the outside. station Hl
was located at the bend in the San pedro breakwater and H7 was on the
outside at the same location. At that time a full square meter template
was used for the area scraped, but subsequent sampling effort was reduced
to 1/16 m because of the irregularity of the substrate and the quantity2

of material obtained.

Station Hl was located near to station U015, established in December
1976 to study the Sansinena impacts. Two new stations were added; Ha was
located at the outer end of the fishing pier near UO14, and Hb was
located about halfway from Hl to the Angels Gate end of the breakwater.
The surf was too dangerous in January 1977 to scrape the outer breakwater,
but there was no evidence of oil on the outer rocks. The 1973-1974 surveys
had shown that, while there were about the same number of algae species on
the inner and outer breakwaters, the species composition dif fered greatly.

The algal species found on January 4, 1977, two weeks after the
Sansinena incident, are listed in Table 24. The breakwater had been
heavily oiled by the tidal extremes, and oily debris was trapped at the
bend; this is probably the reason for finding fewer species at Hl, fol-
lowed by Ha. Station Hb was the richest.

However, on March 29, 1977 station Hl was richer than either stations
Ha or Hb, and it is possible that a die-off had permitted a broader range
of species recolonizing. The increase in species was greatest among the
phaeophycophytes in March  Table 25!

No further al.gal sampling was possible, but for purposes of compari-
son Table 26 gives species found in the summers of 1973 d 197  
1976! .! . There was considerable difference in the species composition be-
tween the two years, as indicated by the symbols. This may have been due
to the quite different temperature regimes in the five years  AHF, 1976!.
However, the possibilities for sampling limitat ' dions an patchiness
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preclude attaching undue importance to the data. Robert Setzer, who
identified the 1973-74 algal collections, also identified the January
and March 1977 samples.

Fauna. The animal species found in association with algae in the break-
water quadrat sampling were found to be much more abundant in species
and numbers of individuals in the January 4, 1977 sampling than in March
1977  Tables 27 and 28! . Studies discussed later showed depauperate fauna
in January and March at Cabrillo Beach, with some recovery by June.
However, the abundance seen in the January samples at Hl was not found
in June, although species diversity was good. Wicksten recorded the
return of the isopod Ligia oecidenta'Ljs to the beach in August as an
indicator of more normal conditions.

A final survey in December 1977  Table 30! showed considerable
diversity. It should be roughly comparable to the January 4 sampling
since the winter quarter is considered to consist of the months of Decem-
ber, January and February in this region.

Conclusion

Indications from the quadrat sampling were that there was a consider-
able impact on breakwater biota following the oil spill. Both numbers
of species and individuals were greatly reduced in March and June,

The kelp bed transplant, begun in June 1977, indicated that numerous
species and individuals were in the area or came to inhabit the kelp
following that period  HEP, 1978!.
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Table 24.
Algae from Los Angeles Harbor Breakwater.
January 4, 1977. �/16 m. quadrat!

STATIONS

Hl Ha

SPECIES

Chlorophycophyta

Chaetomoz' ha s
Clado hoz a s
Dez besia mazina
Enteromor ha s
U ot rzx s

Phaephycophyta

Ectocar us s
Fe mannza s

Gz ozdia s

Rhodophycophyta

Antithamnionella breviramosa
Antzt amnzon e ectum
C am za azvula
C on ria arcuata

a Cora lina o icinalzs c zlenszs
Cora L lina irma tz o 2ia
Cora zna Vancouve. zenszs

Das a s
Delesseriaceae   oun !
Er throtzichia tetzaseriata
Gi artina te ida
Goniotz ichum alsidii
Nicrocladia coul teri
Hurra e 22o s is dazzsoni z
Nienbuz za andersoniana
Pleonos orium vancouverianum
Pol. si honia acz ica delicatula
Pol si honia sco ulorum var. villum

a Prioni tie lanceola ta
Pterosz onza en z oz ea

R o menza acz ica

0 Indicates dominant species

~ Indicates presence
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HbHaHlSFECIES

Chlorophycophyta

Br o eie s
Chaetomor ha linum
Clado hor a s

Derbesia s
Enteromor ha s
Viva s

Phaeophycophyta

Di ct ota s
Zc to car ue s

Fel mannia c Lin rica
Gi or ia ranu oaa
Ci or ia s
Lamxnarxan   oun
S ace aria urciqera

Rhodophycophyta

Acr o chae ti um s

Anti thamnion e ectum
An ti thamni one l La bre vi ramada
Cora ZZina vancouveriensie
Dae a s

Fr throtrichia s
Fauchea la ci ni ata f . maea?
Ci artina e inoea
C. te ida

Goni at ri chum s
hei crocla ia cou'lteri
Nienbvr ia andersoniana
Pleonae apium vancouverianum
Pleonoa orium s
Pal si hania aci ica delicatula
P. 8co ul arum var. vi 2'Lum
Prioni tie lanceolata
Pter osi honia en roi ea
Pteroei honia s
Rhod meni a s . arboreacene?
Ti anxeZLa en erae
Veleroa subuTata

Other

ULo thri z s
Dx atoms

Table 25. Algae found along the I os Angeles Harbor Breakwater.
29 March, 1977.
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Stations

SPECIES

Chlorophycophyta

Chaetomor ha sp.
C a o ora aram~nea

C

0

a o ora sp
Der esia marina
Enteromor a r z fer a
Enteromorv ha sp.
U va s

0

Phaeophycophyta

Col omenia er e vina
Dict ota 2 abe 2 ata
Fel.dmannza s
Gz or za s

oO

Rhodophycophyta

Anisocladella aci ica
Anti thamnion de fee t~m
Anti t hamni on br eve r amos a
Cora lina o icina2zs c .z enszs
Coral 2ina irma ti o l ia
CoraZ Zina vancouverienszs
Cv to Zeura corallinara
Das a sinicola var. ab sszco a
Er throtrichza s
Faze hea 2ac inia ta var. maea
GeZidium robustum
Gi artina armatafs inosa complex

0 ~

0 ~

0 ~
0 ~

0 ~

0 ~

Gz artzna s inosa
Gi ar tina te ida
Gonimo h 22um shot tsber
Gonz'o tvic hum e 2e ans
G mno on res at h xs
Lithothrix as er ill ~m
Mzcrocla za cou terz
Nienbur ia ander sonzana
Pleonos orium ab ssicola

0 ~
0 ~oO

0 ~

Po ono bore 2 la cali or nica OOPol si honia aci ica var. e2zcatu a
Prionotis 2 anceo Zata

o ~
0 ~0 ~

Pterosi honia aendroidea
oO

Pter osi honia ennata
Rhod menia ca 2i f'orni ca
Rho menza acz zca

0 ~

Sore 2 la de 1 ica tu l.a

Q Dominant species for each station' o 1973 ~ 1974

-38-

Table 26. Algae from Los Angeles Harbor Breakwater
Summer,1973 and 1974.  Data from AHF, 1976!.
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Stations

HbHl HaSPECIES

Protozoa
Foramini fera Abund.

Pori fera
Demos on iae Abund .

Coelenterata
H droidea Common
Octa s�.? Common

Annelida
Pol chaeta l2

Ser ulidae 27

Mollusca
7Cr encl la s

Cre a atella zn u ata
Natrella carinata 22
Naeearz,na enact ata

7Naeearina s

Arthropoda
Gammarid am hi ods
Ha actxcoida
"D namene a" s
sunna u a usta

Pa urue n. s .?
u ettaa a

Tanardacea
Pycnogonr a

Ano lodact Lue erectue
Tan et um s

 Abundant!
Amathia dietane
Tha lama ore L La ca li orni ca
Po Lo ore L La brunnea
hlembrani ora tuberculata
Bu ula neritina
Scru oce L Laria die eneie
Trice Llaria occi dental i e
Dia eroeci a ca Li orni cc

Entoprocta
Barenteia raci lie 4 cluster.

Echinodermata
Stron Locentrotue ur uratue

Chordata
Ascidians

P = Present

-35-

Table 27. Animals found along the I.os Angeles Harbor Break-
water Diver Survey Stations. January 4, l977.
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Table 28. Animals from Los Angeles Breakwater Diver Survey � Hatch 29, 1977.

Stations
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Table 29. Animals from Los Angeles Breakwater Diver Survey - tune 29, 1977.

Stat ions
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Table 30. Animals fram LoS Angeles BreakWater DiVer SurVey
December 22, 1977.

Stations

Species

PORIFERA

?Ha2icLona, sp.

AMNELIDA
Polychaeta  unid.!
Serpulidae  unid.!

ENTOP ROC TA

Bar entsia di scr e ta many

MOLLU SCA

1
21

2
3817

BRYOZOA

14 colonies6 colonies

17 colonies

105 colonies

ART HROPODA

1

18
1

14

ECHINODERMATA

Str ongpLocentrotus purpuratus

Anomiidae

Cz'ep~pate22a Lingu2ata
Lacuna uni fasciata
Lept opec ten latiaura tus
Mitre22a carinata

MytiLus eduLis
Ocenebr'a pou 2soni

Amathia aistans

Ce22eporaria brunnea
CrisuLipora occidentaLis
Nembrani pora tube r cu 2ata
Tha Lamop or e l La ca Li f orni ca

BaZanus tintinnabu2um
"Dpnamene22a" sp.
Gammaridea

Pugettia richi
Ta2iepus nutta22i
Tantpsty Lum intermedium
Tetrac2ita squamosa rubescens

3 colonies
2 colonies

8 colonies U7 colonies
52 colonies 18 colonies
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F. FISH FAUNA

Fish fauna of the Sansinena site area had not been surveyed system-
atically by trawling as had the fauna of other areas in outer Los Angeles and
Long Beach Harbors in years previous to the explosion. Data from Chamber-
lain �973, 1974 and 1976! and Stephens, Gardiner and Terry �973! and
stephens, Terry and Allen �974! were summarized in AHF �976 !.

Numbers of fish in the outer harbor area reached higher than 3000 fish
per trawl in the summer and fall of 1973 but dropped to below 200 by
January 1974. The counts reached only about 700 per t.rawl in the fall
of 1973  AHF, 1976!. After that counts dropped down to as low as 1-2 fish
in 1975-76  J.S. Stephens, pers . comm.! .

On April 8 and 15, 1977 Dr. Stephens of Occidental College and his
students made several trawls in the area from outside Fish Harbor toward
Angels Gate  Figure 102! and parallel to the Sansinena site toward the
southeast  Trawls 1 and 2!. They also trawled off Whites Point, west of
outer Cabrillo Beach on April 15 and the resulting data are presented in
Table 32. Numbers of individuals per trawl and their average size in
millimeters are given. The clear division in Apri 1 1977 was between
harbor species and. coastal Whites Point species, rather than any obvious
differences between the in-harbor areas close to the Sansinena and away
from it, or between the dates surveyed in April.

The most numerous species in the harbor in April 1977 was C~enponenms
Kinectus, the white croaker, which appears to f!,ourish in the soft bottom,
calmer water environment. as an omnivore. In 1972-75 it. composed 56% of
the outer harbor fish  AHF, 1976!. Phanerodan fez'cafes  white surfperch!
was second in the April 1977 survey, whereas it had been fourth in the
1972-75 surveys, having 3.9% of the total. during those years. Sqmphuvus
africauda  California tonguefish! was third in the April 1977 survey,
whereas it had been the second most common fish in the 1972-75 surveys,
with 10.9% of the total during the earlier period.

Due to the limited access to the area more extensive surveys could
not be carried out in the spring and funds were not available for summer
or fall surveys .

Fishes were surveyed quarterly at the San Pedro Breakwater from
June 1977 to June 1978 by Harbors Environmental projects as part of a
contract for construction and maintenance of a kelp bed for the Los Angeles
Harbor Department. The project, created as a mitigation measure, attracted
a variety of fish to the area. The complete study of the kelp bed  HEP,
1978! suggests that there was little or no inhibitory effect on its growth
from the residual oil from the Sansinena.

The only prior records available to HEP for the breakwater area were
qualitative, made by Mary K. Wicksten in the course of invertebrate
research there. These data, previously unpublished, are presented in
Table 32.
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The kelp bed diver surveys were much more intensive and thus indicate
the nature of the fish population more accurately. Comparison of species
lists with the trawl data also reflects the difference in habitat sampled
and the trawl method as compared with diver surveys of the breakwater-
kelp habitat. Divers surveying the kelp included C.R. Feldmeth  HEP
and Claremont Colleges!, N. K. tlicksten  HEP!, and G. Troyer  Pomona
College! . These data are presented in Table 33.

A check list of fishes from the harbor by Chamberlain  AHF, 1976! is
presented for reference to names and ranges, as Table 34.

Figure 102. Apri 1 Pish Trawls, 1977.
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I I

1/60

1/24 5

Otophi diwn seri ppsi

Pcralabrax cLathr'atus

2/148

Paralabrax zebu li few

I = number of Individuals
S = Size  in millimeters! average

Station 1  control! from Fish Harbor Breakwater toward Angels Gate.
Station 2 parallel to Sansinena south of channel marker buoys.

Tab]e 33.. Fish from the Sansinena area, San Pedro, compared with the
t'thite's Point area.
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TABLE 34 COMMON AND SCIENT FIG NAMES OF FISH

Pity l.ghl CHORDATA
CLASS CHONDBICH'YHYS � CARTILAGENOUS F1SHPS

Order HetCrodonti formac
FAHILY BKTKRODONT1DAE - Bullhead Sharks

Burnshark......., . Hetarcdcntas franc ~ ci  Girardl
Gulf of California tc Monterey Bay. Shallov tc l92
fast. Las Angeles-LOng Beach Harbor. 63.

Order Squaliforlaas
PAHILY CARKHAlullNI DAB Bequiem Sharks

SOuPfln Shark... Calearhinva SkeaP ere ~ JOrdan 6 Gilbert
Chile aod Peru to Northern British Culumbia, but no'I
in the trOpics. Hear water surface. Los Angeles-
LOng ecach Harbors 6 ' .

Crey SmcathhOund........ i!cate aa Cal ifaraiCaa Gill
Ilaratlan. Rexico, to Cape Mendocino, California. Shel
luv tc 15O fact. Loa Angelee Long Beach Harbor: BS,
6th, Coamon.

Brovn emoothhound,....., .. Kus te lvs lian le i  chil!
Culf of CallfOrnia to Humboldt Bay, California. Shel-
lcv. Loe Anqelea-lang BeaCh barbar: HLA. Sl.

Leopard shark.......... 1'riahis se i face tata Girard
Haratlan, Mexico, Gulf of california rc oregon. Bayc
and bcachea. Los Angelea lang Beach Harbor i BS. 63.

FAMILY SODALIDAE - Doqf ish Sharks
Spiny dogfish..., ....Sgvalus acanthiae Ltnnaeua

Temperate and Subtropical Atlantic and Pacific, Chile,
Bay ~ California tc Alaska, Japar.. Shallow tu 12DB
feet. Loa Angeles-Lcmg Beach Harbor i Te. Tll.

FAMILY SQUATIH DAE - A qel Sharks
PartfiC angel Shark......Sguatina aalifarniaa Ayrea

chile. Gulf of Californi ~ ro south Kact Alaska.
She lltnr water. Los Angelus-Lung Beach Harbor i Sl .

Order Bajiformes  Batcidei.l
fAHILY PLATYHHI'NIDAE - Thornbeckss

Thotnback.. Fli;tyr!iiacidis triperiata  Jordan 6 Gtlbert!
Baja California to Ran Francisco. Shallow to 15B
feet. Los Angels ~ -Long Death Barbar i BE, Sl.
FAMILY INIIHOehqf oaE - Guitar f ishes

ShovelnOae gu starfish, .Hhiaahatae prodsctsa  Ayres!
Gulf of Californi ~ to Sen 'Franrisco  recent re-
cords only tc Capitolal . Surface to 5D feat. Loa
Angeles-Long Beach Barber i BS, Sl.
FAPIILY TORPEDINIDAK � Elcctrtc rays

Pariflc eisctric rey .. Farpedc cali fcrnice Ayrec
Bala Gal ifOrnis tO Britiah Cclumbia. Shallow tO
6lq feet. Lcs Angelea-Long Bear'h Harbor i TY, T12
T1 3  A number have bean collected in other travla
but adiiit tonal data is onauailebl ~ !, Ctaamon.

FhilILY RAJIDAE � 6katca
California skate .. Hafa inarnata Jordan 6 Gilbert

cela Calif Omit to Strait of Juan da Fuel. 6O to 22DD
fart. Lac Anqcles-Long Beach Harbor: Sl.

FAMILY DAS YATJDI OAKs � Stir grays
Dlemcnd stingray. ~ Da ~ yatia dipiervra  Jordan 6 Gilbert' !

Pal ta. peru, to Hyuhuat. British Columbia. Shallow
to 5 5 feet . Los angeles-lang Bearh Harbor i BS, SI, Sl .

California butterfly tay. ~ - Gy sure earns rata  Cooper!
peru to point Cunception. Shallcv bays amd beaches.
Los A~gales lang Beach HerbOri BS, Sl.

Hound stingray- - . . - ~ ~ -Pra cphve halters Cooper
panama Bay tc Nvmboldt eay, To YO feet. Los
Anqelca-Lcmg eeach Harbors BS, Sl, S3. Sl.

FAMILY HYLIOBATIDAK - Eagle Rays
Bat ray ~ - ~ ~ ~ ~ - ~ Hyiiaha tie CelifareiCa Gill

Gulf of Cal 1fornra to Oregon. Tc 150 feet. ias
Anoeles-Lung Beach Harbor: BS, H D. Sl, 63, T3,
rl Coinmcn.

Order Chimaerifurmes

CLASS OSTK ICHTHYS - BOH Y Fl SHEa

Order Ahgull 1 tforaca  Apodes 6 Lyomeri',

FPPI1LY llURAEFIDAK - Morays
mn theres m. i Svr lay rei ICaltfornia moray. . . , . . ymn tiara

Bala California tO Point Conception. Shallov reef
areas. Loe Angeles-Lang Baser. Nestor: 61, S ~ , Conmcr
alOng inside of outer hreakvaters  Hor, Williamscr.,
Vhiv. So Ca li f ., pars. ccmsl. I .

Order Clupei forsms
FAHI .y clUPEIDAK - Herrings

Pacific Sardine..., .. Sar inahi sepce ccats .vr .Icn!ns
Guaymss, Mexico, ta Bamohat.'ke. Kpipelegic.
Angeles-Long Bsacn Harbor: BS, Sl.
FAPIILY KIIGBAt!LIDIDAK - Anchuv ice

Despbody anchovy . . . . , . . lr.ch "' aeepr sea IGirerd,
TOdos Santcs eay, Bala California to Horrc Bsy. Bays
snd ectuariea LOr Angeles-LOng eeach Harbors BS,
63, 'TB. T13, Tl6. T13.

Anth t ....... Ceniengraa.'ii mrs I i . ter  Cui ther lArse oveta-Sachura Bay. I'aru, to Los Angeles Harbor. Loa Angalss-
LOng BeaCh Harbors Hct. taken, may be introdurtior.
lsac stiller 6 I.sa, 1972, p. 56!.

pacific Herring... C lapel hare .ass s I .'as i Va lane irnn
Northern Bala California to Arctsc Cesar. and J spar.
lathers schooling f iah. Los Ange es � sang Bea h
Haroori BS,

NOrthern AnthOVy -....... indra  ii etrd.r Gliard
Cape Saa Lucas, Bala Cali fo ria to Queer: Char! uric
Island, eritiah Columbia. Los Angeles-Lang Beach
Harbori BS, Sl, 6!. ~ 3-T16, Cosmos.

Slovgh anchovy . . - - - anchaa dsit'certes m.t~ ~ tra«'
Ilsgdalena Bay, Bala California tc Be leant Shores,
Lang Besdh Barbara. Estuaries and hai bsckvaters.
Las Angelel-Lung et*eh Harbor i BS, 96, TB, T13.

Order Salmoniformea
PAPlILY SALHOHIDAE - Saint ns end T tout.s

Coho  Silver! salmon - ~ ~ - 'sah i .ch e lis t ~ .  we bouc,
Chaaalu Bay, Bal ~ Cali furnis ta Bering Sea ts, 3 spar,
Anadrosaus. Los Anqe les � Lohq Beacfi Harbor: S1. p re

Ot der Hyc'tophi f arses
FAMII.Y SYHODOHTIDAK - I.irard i shee

C ~ li fornia L heard f ten.......Spnader 1 sr r crt s I hires
Guaymas, hlexiro, to Saa Franriscc. 5 tc 150 fest
LOS Arigalrs-Long Beach Harbor: Sl, Sl, 'Yl-T'I,
Tll, Tll, 'Tl6. URG.

Oriier BatrachcidifOrmea
FAMILY BATHACROIDIDAE - Toadf lakes

Speck!sf in midshtpman .. pnrii s s- r = <crier Hutr. l gers'..
Ilaodalcna Bay, sale Califurnia tc put n, Concep i or .
California. Shallcv to ill feet. Los Angeles-lano
Death Harbor: BS, HLA, Sl, 63. Sl. T2-1! r, Ccnmor

Plainfin sidshipmah....... Fir rhI 6 s «c. -.." ' ire. d
Gul  Of California I Gorda eank, Baja CalifOtnia
Sitka, Alaaka. Surface to IDOO feet. Loa Ariacles-
lang Beach Barbers TS Ionly one fish 'rake nl, Rare
Imay bc Seasonal!, UlG.

Order Gael fOrmes  Ar acanthini!
FAMILY GADIDAK � Cod f ishes

P ' I ' tomoud air ncaa.t i' I rr i P  Cl ra, dPaciric tome
Santa Monica Iteef te Bering Sea. ID t.c 12tlr teat
Los Angeles-Lone Beach Harbor Sl.
FAH11,Y O'PHIDLIDAE " Cusk-eels

Spatted cusk-cel....... hi lars fs . r. IGirsrd
San Criatobal Bay, Bala Calif crt..ls to Hc them Ore-
gon. I to BOD feet. Los Angeles-Lane Beati'. Harbcr
TS, TY, TB, T13. Gll.

Baaketveave tuck-eel.... I I t 9 r i =: ur I c r i ri ' '- Hur O
North cf Guaymus, Mexico, to point Argue! lo Dept.
tc 23B feet. Las Angeles-Long Beset Barbar BS

Order Alber ini forrnal

FA!sf LY CHIMAKHIDAE - Chlmac res
Ratflsh- nl drc!apse rnl lies  Lay l Bemnett!

Cvlf of Call furr is to South East Alaska. Shel os to
�OB Eeet. Las Angeles-Long easel. HarbOr: 6 ~ .

FAHII.Y BELCH OAK - Needlefiches
California nesdl ~ lish- - .. Str. sp  %- ~ i .': r,  I' rnid

pCru to San FranCi st o. Shel luv tt snout 3ttr ! rrt
LOS Anne lee � Luna Heath Harper Balmnt Shore. Surs sr
1972, Beach seine. Occident.a Collcar
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Califarnca corbrna,,ken I I cl rrnue uadula cur  Clrardl
Gulf af Call farces ta palnr. Canceptaan. Surface ta 65
feet. Iaa Anqelaa "Lcnq Sasch Harbor: MS, HIA, S!, Se

Spotfin croaker., Hcncudor e csru ~ ri  Stc Indachner!
Harat.lan, Bexcca. Io Purnt Cancaptton. Surface to
50 tact, Las Angelus-Ianq Beach Harbor: SS. OV1, S!, SS

Y ~ llovtin croaker... Henri un ruucadpr Jordan s Gilbert
Cult uf CslcfOrnia ta point Conception. Surface ta
150 tact. Las Ange ler-Ianq Beach Harbor eS, 51.

PANILY KYPMOS EDAM - Sea chubs
Opaleyu ......Ccrc l la ncgrcuauu  Ayren!

Cape San LuCas. Sej ~ Call fornl ~ to San prancisco.
Enrerttdal tO 95 fest. Iaa angeles Lonq Beach
Marbarr DVE. Chl, 51.. S!, VEG.

Mal faoon,...,sadia luna cali furucanai ~  Stetndachnorl
Gulf at California ro Ktsruath Stver. Surtace to
1� feet, Las Angeles-Eanq Meath Barbar: DV1, GNE, Sl,Order Gasterastaifaroe ~

PAP El,Y MNSEOTOCEDAS -SurtPerches
Barr'ad surfperah...,, Iapkiacickul argratvvt Aqaeeis

Playa Maria Say, 'Saj ~ C ~ ittarnca rO Badass May.
Surface cO l!D feet. Lor Anqeler-Lonq Beach H ~ rbar;
SS, S!, Sa..Syapaatkua rp.PcPaflnh.

Bs,s!,f s,l'I. Te, T I !. f 16. CaliCD lurfparCh... Septi ~ CICAu ~ tcr lal  Bubba!
Arroyo San I ~ Idro, Sa!a California ta Shr Shi Beach.
lraahinqtan. Surface ta 30 feet Los Anqalee-Lang
Beach Harbor MLAPABELY SSBSANEDAS - Sea senses

Shcnar surfperch . . . , , Cyantngcptrr aggregate Glbbans
San Dutntcn Say, Baja Callfornla ro Part Hrangel1.
Alaska, Surface to 660 feet. I.os Anqolae-Long Beach
Harbor MS, Dvl., CHl. CH3. BLA. Hl S. HLC, HLD, HLB.
S!  siqbt record, luerlna, Batchhorn easln, Sall pedcal,
Cancan.

pt a surtparch....... Daaulrckrkyr paces Glrerdl
Guadalupe Island to pOrt urangal 1, sleek ~ . surface
to 150 feet, Lar Angular-tang Beach Harborc BS, DVE,
GH!, HIA, MLS, 53. Si. T!, 'YI, Tl!-Tli. Casruan.

Bleak aur I perCh ... Kadl C I PCn Jockaaal Aqae ~ la
point Abrea jan, Baja Call tornla to port Sraqq. Scarf sce
to 130 teat, LO ~ Ange lee-LOnq Bosch HarbOr: BS, OV1, GN1,
BLA, HLB, MLc, HLD, HLB, 51. s! . ss, T3, TS, T!, Tq-Tl ~ .
Tly, C~n.

'Hatleya SurfperCh....Hyper praanppn nrgaaCSaa GtbbOnr
Paint San naasrita. Saj ~ California ta Vancouver Inland,
Surface to 60 tact. Ias Angeles-Lang Beach Narbar ~
SEA HLD BLS 51. S! 56, Tl T
. Tl! Tl ~, Cawnoo,

Daerf sue tparch Hi cross true al.nice ~  Gibbons!
Cedros I ~ land, Se j ~ Calitornoe ta Sodegs Say. Tlda-
paala to 30 feet, LOe Angeles-Lang beach Harbar: BS.

uhite aurfperah...,...pkansrpdpa furcnrua Cirard
Potat Crbrss, Se ja Cali toro a ta VancouVer, B.C.
Surtaca ta 160 feet, LOS Angeles-Long Bosch
barr SS,DPI. GHl. GN!, BLA, HLD, HLS, 56, Tl � T!y, oaG,
C~n.

lhlbber llp Sar fperch..., ., I kaanckc  ua tarn I as Agaeei k
Thur lao Head, Baj ~ California to Rusetan Gulch State
Seanh, Nendoctno County, California. Suc.l'ace to 15D
feat. Iae Anqeler Lonq Beech Harbor c SS, DVE, GN1.
S!, 56. TR, T3. TS, Tq T13, Canon.

PANILI' POHADAS'Y  DAB - Crutlte

~ ink ear fparah... I a land  c ~ rasanru ~   Jordan 6 Gllbertl
Coif ot Caltfarflt ~ ~ Dd Sah Cri stabs 1 Ba'y Se ja Ca 1 1-
ramie to Drakes Bay. � ta !DO feet. Lae Anqelee
Lang PeaCh HarbOr c Sa,

Mainbaa aurtpetch . . . . . . . .gypsy rur caryc Aqanetr!
Kia 5anto Taaas. Be! ~ Calitarni ~ to Caps luendaclno.
Surfate to 1� tert, LOs Ahqetee-Lang Beach Barbar c
DV1, Gpl ..Cia c la trees ~ ucuraaa  GirerdlBlack croaker.
PANILT PONACINTMEDAS - Osaeelt shee

Blaokaelth........, Ckl'net ~ p un clip «» c ~   Cooper I
Point Saa gable, B ~ ja California ta Nonrerey Say,
Surface to 150 feat. LOe Anqelee-Lang easch BarbOr I
Dgl. CHI, 51, 03,

Garibaldi......., ..Sypsypapa rl duce ndua  Girard!
Naqdalena Bsy, Saj ~ Calitornca ta Nanterey Say. Sur-
face to 95 feet. Iae Angeles-lang Beach Harbor c DVl.
CN1. Sl. 53.

PANILT LABSIDAS - lrrsssea

SOC kuraaee -gcriiCAOrrc ~ Srnllccnt tr a  Ayreel
Gulf at Calitarnla to Pacnt Conception Surface to
TS test. Lou Angelus-Lang Beach Harbor. Sl.

TABLf 34  CONT INI!f fr j

YIVII I Y C'f PKEHODOHTEDAB
Ca rfornra Icl ill fish.. ~ . -Puadulur nary pc a a lrard

Caneon In Says of Southern Catifarnta Eae Anqelar-
long Beach Karbarc SS,VSG.

FANELY ATHSSEHIDAB - Silvarrlder
Tapeaelt...........n rkpr iaop ~ affr ale  Ayran!

aqui f of Cali fhrnia tO ~ ei, vest of SaOka HarbOr,
Vancouver inland, S.C. Says, elauqhe. kelp bed ~ .
Loa Ange lee-Lang Beach Barbar! SS, DVI, Gnl. CN3.
'HLA. HLS, Sl, Sl ISIPnettad at Nariha, nstchharn
4nln, Sanpedral, Canaan.

J ckaae!t ......Stkarcacpa  ~ cali fprnlrnpcl GirardJackasssanta narl ~ Bay. Sajs Caliiornia to yagutna, Oreqo n.
lnrhar ~ . beys, Lar angeles-Long Beach Harbor! SS.
HE,S, Sl, 53  dipnetted ~ t acr inn, Hatchnarn Basin,
san Pudral.

C ~ 1lfarnla gran an.....laursstkan tsnslr Ayreul
Magdalene Bay ta San I'ranciscO, Surfaoe tO 60 te ~ I..
Los Angelus-tang SuaCh HarbOP r SS, Sl. 51.  taken
by dlpnet at N ~ fina, Hatchhara gaslrl, San pudrol, 53,
Canaan .

I'AIIELY SYHCNATHYDAK - Piper ishes
ns lp plpatlnh . - ...Syvgnatkua cele fnralsasi ~ Storer

Santa harl ~ 'Bay, Sa j ~ California tn ca. Saa francisco.
K ~ EP beds. Los Anaalsr-Lonq Searh Harbar r TS, I!SG.

Order Psrrltonneu  Percaaarph r Aaanrhapreryq t!

Kelp ban.........Puralabrar clrrrkratur Glrard'I
Naqda lans Bay, Baja Calltornl ~ ta Caluabla giver.
Surtacu tO 150 faut. Lou Anqalae-LOnq Seauh Harlxlrl
BS, Dyl, GHl, BLA. HLC, S1.

Spotted sand base - I'aralndrar aspera frrtriatus lgtelndarhnar!
Nasutlan. Heaica, to NOntarey, California, Enrtudtnq
Cult nt Cat!tarn! ~ . Ta 100 feet.  ae Angeles Lang
sarah Harbarc BS, Dv!. Cnl, HEA. HE 0, HLC. HLD, Sl,
SI  pish Harbor, Tarulnsl Island! . Tld  only one fi ~ h
taken . Comon.

ssrrsd sand bane,.....Para sever aud ~ li far'10trard!
Naqdslsna Say. Baja C llfornia, to Santa Crus, Call
furnla. Shel  av ca 600 feet. Las Angelus-Eanq 4*oh
Harbor: SS. Dy I . GH1, HLL, 51, 53, 96, Tl I, Tly,

Giant. Iss base . . . . . , .SC ~ ranlapi ~ giga' Ayrea
Gulf ut Call fern!a tO Hunbaldt Say. I ~ tO 100 teat.
laa Anqalee Lah'9 Bauch Harbor c Ss,
PAP !ET SMAHCHEOSTSGIOAS - Tile fishes

DCSan vhltatluh......raulaletilaa Prier ~ Pr  Jenynal
peru Io British Cc lush a. Surtaae to �0 fest. Lar
Angelus-Lang Bauch HarbOr: g!, SI,
rnhlt,r CAKABGEDAS - Jacks and PoaPenaa

lac.k Hacker ~ I .. -...'Prapkurua syeevlripur lnyreel
!lands!aha Bay. Sa! ~ Call.tOrnla tO Bauch Bart Alaska.
Surface tu 150 fast. Las Angeles-Lang 4ach Harbarc
sl . 6!.

5arqO.... Inc ~ nCraaap dani dance lstaindathnar!
Haqdalsna Say. ca! ~ Callfarnca ta gents Cruk, Cali
tornla. Surface to 130 tear.. LOa Angeleu tanq
Beach Harharr SS, MLA, HLS, S!. 56, C~n, V. kd.

Salaaa..... f sac ~ C cur sall farniranl ~  Statndaahner I
peru ta plantaray Say, Depth 6 ta 35 fast. LOa Anqelaar
Lang Beach Harbocr SS.
PA!Illy SC!AH DAB � Cruakera or Druna

bay Ba! ~ C el 1 to rais to Paint Conc aPt o"
Sur face to 150 East. Loa Anqs les � Eanq Beach Barbar:
SS. Dvl, Sl, 5!. Tll,  only ona rlrh taken in IS
tca I ~ I,

eh!le suabaru- Cyanaccca nndllr ~  kyreel
Magdalene Say. Sa!s California ta Juneau, Alanna,
Surf scu to 600 lest. Las Ange as-Eanq Sense Harbor r
eS. 5!, sl.

Vhcta croaker' ~ Gaaycavaus liasataa ayraa!
Magdalene Say . Sa!a California th Vancouver island,
B.C. Surface ta !� fust. Los Angelee Long 4ech
Barbar: BS, rJI!. HLA, HLC. HLD, HIS, 51, S2  Fl ~ h
harbor, Te carnal t s! anal . 5!, SS . TI-T17, DSC, Cram .

Oueenfinh
Hast af
Oregon,
Harbor:
C onsnnn

,Svrcphu ~ pc lltua Ayrna
uncle Saa Barlll, Sa!a Callfornla to Yagucna Say,
Surface to 800 teer.. Las Angeles-IOng Beach
BS, CIY!, HLA, HLD, Sl. s3, Ss, T!-ytj, usG ~
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Seonbrroerrnr rrnralrr
FANILY I UGILIDAE � Mullets

PANI1.I'I CLIMIDAB � Clinids

PAMILY �00110AS - Gobics

FAMILY CDTTIDax - Sculpins

Senarita ...,, JrrJnlii rr'~porn~co IGunther!
Crdrcs Island, hs!s California tu Sausslita  Recent.
Only tO Santa Crui! . Surf see ta 100 feet. Lah hngelCs-
len9 Beach: Dul., Sl.

Calif amia rheapheid .. pier lans Cope . Ps IChrnn   y A res!
Cape San Luclss, Baja California la Monterey SurfaCe
ta 100 feel. Lns Anueles-Long Beach Rerbcr: DV , Gkl,
S!.

Striped sullet...,...,sisal ortho le ~ Linnarus
tartern psCifiC, Galspagar lrlandi ea Nanteeey. Sur-
face to 600 feel.. Lor Angrier-Lang Beach Hsrbcr. Bs, S3.

PANIIY SPBYBASS!I DAB - sarrrcudes
Cal Eornia barraCuda..., Sphyrae o argr laa Girard

Cape San Lucia, Baja Cslifarnis ta Radish Island,
Alias ~ . Surface tO 60 feet, Los Angeles-LOng Beach
Harbor: BS, HLA. Sl, S3.
PANILY PDLYMSNIDAS - I'bread fine

ycllov hobo........pv ydaeesls ~ opsroulari ~ IG ll!
Callao. Peru, io llonterey. She lion inshore erase.
Las Angelel-LOhg Sesch Harbor: Mot taken in thi ~
study  ses nilLcr 6 Les. 1912, pq. 1601.

Spatted kelpf ish..... Gibbons is e lrgo ~  Cooper!
Nagdslena asy, Baja Calif Ornla to paint pecdras Blsncar.
Surface to 105 leer.. Loi Angeler-Lang Beach NaebOr: Dul.

Giant kalpfarh...., .Prerroreichnr roseraevr Girard
Cape San !.aces, asjs Call farnia ta Br tish Colusbia.
5urfaCS to 132 frat. Los Ange lee-Lang Beach Harbor:
SS, HLC. Dvl.

SrrCSStiC frinqehrad ..... ReOo liner bl anrhandi Girard
Cessor Island, Beje California to Ssn pranciaco, 10
tc 200 feet. Los Angalaa-Long Beach Harbor: Sg,

Ycllavfin fringahcad...... Raoo liner ~ erpkensar bubba
POint San Sepal i to to Monterey 10 ta 90 fast. Lor
Angeles-Ireng Beach Harbor: tWI  right record onlyl .

DncepOt frlngeheid....... drool neo vninoeaevs Nuhhs
Ssn Diego  lay to Bodcgo Bay. 10 to 90 fact. Los

gales lehg beach Hrrbat: BS, Tlg.

PANILY Bt.SMNIIDAK - Casbtooth blenniaa
RaCkpacl hlenny ....Syproblrnnisr gilbrrei Jordan!

Magdalene Bay, Baja California tO Monterey. Inter-
tidal to 00 feet. Las Angelec-Long Beech Harbor: MLA

nusecll blenny... Sppr oh Lrnnivr Or nki nri Jordan 6 tvarsann
Pusrta llarguis. Ilexico, to COil Oil point. Depth
intertidal to 20 Eeet, LOe Angeles-Lang Beach Rasher:
as.

Lang}aV SudhuCker ...., . Gi I l Chlhf r nirabi I i ~ CaOPer
Gulf Of California to Tossles Bsy. Shallovr af
bsy ~, sudf lets. Loc Angeles-Long Beach Harbor: S3.

asy gaby..., ..., . irpidogobiur lop der  Girard!
Cedros Ieland, Ba} ~ Callfarnl ~ to vancouver Island.
B.C Shsllov baye and to 200 fcct. Lor Angales-
Long Beech Harbor: Dul, Gkl. Sl, T3-TLL, T13, Tll,
T�. Tl7, C~n.

RlackCyC gOby,....Cargphoplrrvr n Chrl ~ ii Beanl
South of paint Itaspicntc, Baja C ~ lifornis to Skide-
gate Channel, C!veen Charlotte ta., B.C. 5 to ea feet.
Los Angeles- ning Beach karbar: DVL, tg-TS. 'Ill, Tlr,
Ca sion.

gaby ~ ~ ~ - - ~ Clove  ondio i os I Jordan 6 Gilbert!
Gulf of California to uancouwr I ~ land, B.C. 5hallov
arel92 of bays. Los Ange Or-Lorlg beach Marner: Dip-
netled in pleb Harbor: S2,

Chisel«h g»y .. - ~ ~ Prldeneioer erigonoorpha vn Gill!
Las Angeler Harbar and in San PranC SCO Bay. Shallav
bsy riess !as Angeles-LOng BerCh harbor. trot taken
in this study  see Killer and Lea. 1972, pg. ! B6! .

PAN  Y SCONB  IDAS - Mackerels 6 Tunas

SlendCr tune.... - - -allo au ni ~ folio~ SerVenty
vsrr seas. vert!y in southern her sphere; north ta
Los Angeles Harbor. Depth: Inshore pelagic. Las
ange ter-Lang Beach Harbar . Mot taken ln this study
 see killer snd Lea, 1912, pg. 19 ~ ! .

VrvybrCr SklpjiCk' .. ~ ~ ~ -E thinner ofrinir CSntar!
!ndo-psci ic.. north la Los Angeles Harbor on oue coast.
tplpr  saic Los Ance!cs-Lonq Beach Harbor - 'liat taken
ln  his study Iree 'keller 6 Lee, 1912. Pg. 192!.

Pacific bonito,....., . Iardo ohe irnrf ~  Cuvier!
Chile tO Gulf af Alaska. SPipslagic. Los Angeies-
Lang Beach Harbor: HLA, NLC, Sl, 53, C~n.

PrCl f IC  Chub! Saekaral..... Iraabr r I aper<res Haut luyn
transpacific, th eaetern pea if ic, Chit ~ to Gulf of
Alaska. Surface to 150 feat.. Lor Angeles Lang
Beach Harbari Sl,

Nahtcrey spanish saakoral
 Lockingtan!
Gulf Of California ta SagOSl. Searehors pelagic f  eh
ler Angeles-Long Beaah barbOr: SS.
PANII.'f STB069ATKIPAK - Wtterf iah

Pacific butterf iah......Prpr  ls ~ res i 1 I ~cur  *yresl
Nagdalena Bay, Baja Califoseia to tracer Raver, B.C.
30 to 300 feet. Lor kngeler-LOng Reach Nirbor: BS,
MLA, NISI. 61, S5, Tll. Tl ~, Combo.
PANI!LY SCDRPASNIRAS - Reeks ishaa

Spatted Saarpionfish.......drorpsrva gs teats Glrrrd
Uncle Sas Bank, Baja California ta Santa Crut, Shillov
ta 600 feet.. LOS Angeles Long Beach Harbor: 61, 53.
Sd, Tj, 'T9, ~n.

Bravn rackf ich........grass er ~ rei ionia  ~ Girird
Hlpalseo Say, Baja California ta South test Alaska,
Shal lou 'ta 100 1 ect. Las Angeles-Lahg beach Harbor .
T13  only oae f 92eh taken in ~ 6 trivia! .

Calico rOCkfish...drbar lac de 1 lii  Slgensann 6 Wasan!
Sahastiae Viicaiao Bay, baj ~ California to San Prsn-
cisco . 6 0 t a 0 3 tl f act . Los Ang C 1 r r - Lon9 as ac Ii
Harbor: SS.

Chil ipappar....debar err Saadri tigensann 6 tegenssnn!
hagdalsna Bay, Baja Cali farriii to Vancauvar Island
Surfaac tO 660 fact. Los Angeler Lang B«ech Sarbar:
Tj, 1'0 .

Verse lion Sockf ieh ~ Srheres ~ slnidlvr  Jordan 6 Gi lbert!
6an Benito I ~ lands. Baja California ta uancauvcr Ir-
lind, British Calarabea. Shel lov ec 660 face.. Los
Angaler-Lang Waah Harbor: T3-tg, T16,

Blue rOCkf ieh ~ . - SsWr err err r ines  Jordan 6 Gilbert!
paint Santa Trail. Ba} ~ Calif Ornia ta bering Sca.
Surface ta 300 feet. LOs Angeles-Long Beach Harbor:
tn L  sighted only, aot taken en 66 trivial, Sl.

~ occsaiO .. ~ ~... -...Sebrrler psveirpini ~  Ayres!
poirlt Bjanoa, Baja Califarnia to Kadiak Island, Alaska.
Surf sac to 1050 fact, Los Angclee-Long Beach Harbor:
T3, T'5-TR, Tll, tll . Carman.

Grass rockfish Srbaaeer perepeiligrr Jordan 6 Gilbert!
PLaya hasta Bay Baja Calif ernie to Ysgulns Bay,
DrcgOn. Intertidal 'tO 150 feet, Los Angclve-
Long Beach Harbor: Dul, HLC Sl

tlag rOCkfiah . . .Srbarerr rvbriuinr lue JOrdan l Gilbert!
CaPO Cajhett, Ba}s California to Aleut.iah Irlahdr .
100 te 600 feet. Lnr Angeles-Long Reaah NsrbOr: Tg
lonly one fish te!icn ln 66 travls!.

Striptail rbckfish . ~ ~...Ssbrel ~ r rasic olo IG Lbertl
Sebast ice Viscaino Bay, Bej ~ CallfOrnii to South
tart alaska. 192 to 1320 lect. Lar Angelei-Long
Beach Harbor: TI. T5, T6, Tl, T9, T12. Cmen.

Olive raCkfiah .drear ter srrrrnO der  tigennann 6 tigcnnannl
Sah Benito I ~ land. Baja California to padding keck,
Del Marte County. Surface ta 6BO fact. Lar Angcles-
Lang Beaah Barbar Dul, GNL. TI-T9, Tl1, T13, Tl6,
C~n.
PANILY HRRAGRA BIIDAS - Greenlinge

Kelp grcenling - -....Srcegparror drr asraaenr Ipsilssl
JOlls tO Aleutial  elands, Alaska. Intertidal ta

150 feet. Loe Angeles-Long Beach Srrbar: DVL,GN .
lirleCOd . - . . . . - . . . . . ,Oykeodr n rlrngaenr Girard

Point Ssr Csrlal. Saga California to kodlck Island.
Al ~ Ske, Surface ta 1600 feet. Las Angeles-Long beach
Harbor: MLA.
PAP!I Ly RANIDLSPIDIDAK - Crrabf esses

Lall9epihe Canbfieh ~ - - ..Ieniolepit lalirtnni. Gerard
San CrietObrl Bry. Ssjs Cali arne ~ to Vcnrouver tr-
land, B.C. 120 to 332 feel.  es Angel ~ 6-LOng Beach
Harbor: 66.

aOnyhead ~ Cutpin - . - - -Sr ra vr n ~ r ~ pi! "rue Girrrd
point San Trina. Saj ~ Cal efOthia lu 3'ugst Sound.
Intertidal ta 150 feet 1 Los Angeler-Lane Beach
karbOr: BS, Sl, TB.

Roughneck rculpln ~ Chr.ronotvr rior'r ri Stelndechner>
Santa lhirin Say, Baja Cali arnis. lnttrtlda! en ~  I
 cet. Los Angeles � leng Bear h Harbor . 5 ~ . tlaG.
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TABLE 34 COHT IH{!ED!

PAHIL,'r AGDHIDAE Poschars

Hooly sculpin........clinoaot tea aaali ~ {Girardl
Aacusiion paint, Baja CalifOrnia to Cape Hendqafnc.
Intertidal tO 60 fast. Loe Angelea LOng Beach Harbor:
IWI, CHI, S 1, Vr G.

Pacific ataghorn aculpin....laptoaottu ~ areola ~ Girard
San Guitltin Bay. Baj ~ Califcrnia tO Chignik, Alaska.
Intertidal to �0 feat. Lor Angeles-Lonq Beach
Harbor: $$, HLA. $1, Sl, Tl1, T12, 5'll, Tl I, Ctnraan,

Cabeaon . . . . . . . .Saorpaaaiahthaa aaraoratua {Ayrer!
point Abracjor, Bc!a CalitOrnia tO Sitka, Alaska.
Intertidal tO 136 fart. Los Anqales-Lonq Beach
ltarhor l Dyl, GHl. Sl, S!,

Pygtay poacher..., .. Ddoa t opyaia tetr pinot a Lockington
Cedror I ~ land. Ba!a Calitorni ~ to South tare Alaska.
� to 12DS teat. Loa Angrier-Long Beach HarbOr: T3,
Ta-T9, TIS, VaG.

Order ylaurohectiterrrea {Beteroaanata!

PAHILV BOTHIDAE - Lett-rye flounders

I'ac itic randdab...,, . Cia hariahthya ~ ordfda ~ {Girard!
Capo San traces. Ba ja Cali toraie to Barinq Saa. 30
to 1600 feet. Los ange!sr-Long leech Elarborc Tl!
{only one fish tahrn in 44 bottan traalsl, Rare, 06G.

spoor!rd sanddab . . Cithavi allrhya ~ tiyaaau ~ Jordan I Gilbert
Hagda lans Bay, Ba !a Ca! itcrni ~ to Hontague Island,
Alerka, 10 to 110D feet {1! . Loa Angalaa-Long beach
Harbor c BS, $3, T1 Tlt, tld, COHHOn, VIC.

LOng tin sanddab..... Citrarictlayr raatrar tides Gilbert
Carta Rica to Honterey Bay. Depth 4 to 44 test,
Laa angrier-LOng Beach Harbor: $$, 060.

Ras so!e . . . . . . . .Glypt.ooaphalur aachiru ~ Lockington
San Diego trOugh tO Brrinq Saa. Depth 60 to 2100
teat. Los Anqales Lonq Sarah Harbor: $$.

Biqlaauth aclr - r{ppop!aaarna aaOaalO {tiqrnaann I Eiganaann!
Gulf Of Callfarnia tu NOnterey Bay. !DD tO 450 taCt..
Laa Angrier-Long Beach HarbOt. $4. Ta. T9, TID.

C ~ !ifarnia halibut -...Pa alichtrur ca!iforaicua{Ayrea!
Hagdalena Bay, Baja California tc Oaillayute River,
B.C. Surface to !DD teat., Los Angeles-Long larch
Harbor . '9$, HLA. HLE, Sl. $3, T3. T4. TI, T!, TS,
TlD-T14, Glg VLG. C~n.

Fantail hola..., .fyatrrurpa {icl.cpi ~ Jordan I Gilbert
Gulf of Cali forl3ia to Honterey Bay. 15 to 260 Eeet
Lor Ange lrr-LOng Beach Harbor: $$, SI. T9, Tlc, Tl I.
T13, T14. 06G.
PAylILV PLEVROHECTIDAE - Right-ayc flounders

Petrale rulc........,fopaatta,iordani {Lockingtcn!
Ia>a COEOnodoe islands, Baja Califcrnio to Gult of
Alaska. 60 tc 1500 fret. Los Anqclea-Lonq Brach
Harbor . SI .

Diancnd turbot......,yypaopartto gul tulota{Gii'ard!
Hagdslana Bay, Ba ja Cali tcrnia tc Cape Hrndocinu.
5 tO 150 feet. Lor Angrier-LOnq Seath Harbor r BS,
$3. $4, T9. 'flD, Tlt, 06G,

English sole.........parophrrya urt vier Girard
San Criatobal Bay. ba!a Callfcrnia to North 'Hest Alaska.
60 to lDDD East. Lca Ange!ra-Long beaCh HarbOr r bS.
$3, SI, 'Ti, T4, TS. T9-T1 1, Tlt, VLC.

C-0 turbot.......... Plai roai ohrhra oor .oars Girard
Cape CO!nett, Sa ja California to South East. Alarka.
Sheller to 210 feet. Los Angelaa-Long Brach Harbor t
BS, Rara.

Curltin turbot...Plruronichtky ~ dac'arcana Jordan 6 Gilbert
San Ouintin Bay, Ba! ~ CalifOrnia tO North Neet Alaska.
60 to 1140 feet, Los Angular-Long Beacn Harbor: BS,
S3, $4, 'EI-T11, 'rl3, Tl I, Cceaaon.

Spotted turbct ~ ~ ..Flruroniohthdo ril cari Star'ks I slot'rae
Hagdalana bay, Ba!a Call,fornia to Point. Concept.ion,
I ta 15D teat. Loa Angrier-Long Beach Rlirborc BS,
SI,G9 {only ona tash taken in 46 botroa traul s!, vaG,

Hornyhead turbots .P!auloh{ahtaya uactiaa!ia Jordar I Crlaaer t
Hedge lena 6ay. Ba!a Ca latornia to Point Rays. 30 to
641 tart. Los Angrles-Long Beao'h Harbor: BS. Sl,
S3, $4, T2-t14, VIC.

I'AHILV CYHOGLOSSIDAE - Tongue fisher
California tonquefiah- ~ Spahauru«trr cauda { Jordan 6 Gilbert !

Cape San IuCaa, Bala Califcrnia tO Big LagOOn, Hula-
boldt County. 5 to 276 teat. Lcs Angeles-Long
Beaoh Harbor l BS, S3, SI, T2-t�, Tl6. T�, Coeraon,
Gad.
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA . PART I5 . DECEMBER lg 78

G. IMPACT OF THE SANSINENA OIL SPILL ON THE CABRILLO BEACH AREA

INNER CABRILLO BEACH

INTRODUCTION

Inner Cabrillo Beach lies southwest of the site of the explosion
of the Sansinena, across the shipping channel. The beach is the only
remaining area of intertidal sand inside Los Angeles Harbor in San
Pedro. The site is a popular recreation area used for swimming, boat-
ing, water skiing, fishing, clam digging, and picnicking.

Except for pilings, docks, and the rocks of the main breakwater
and jetties, inner Cabrillo Beach was the only intertidal area to re-
ceive a large part of the spilled oil from the explosion of the Sansi-
nena on December 17, 1976. The observations recorded in this paper
present the changes in the flora and fauna at the beach during the year
following the spill and suggest ways the biota may have been affected
by the oil and tar.

METHODS OF STUDY

Observations of the area began on January 9, 1977 and continued un-
t.il December 8, 1977 during tides of +2 to -2 feet. Occurrences of oil.
and tar, plants and animals smeared by tar, dead animals cast ashore,
and locations of drift algae were recorded. Lists of readily observable
plants and animals in the intertidal zone were maintained for six areas
 Figure 103!; the cobble A!, from the boulders of the main breakwater to
the stretch of sand and cobble at tne low water mark; the bend  B!, the
sand and rocks across from the Cabrillo Marine Museum; the beach  C!,

along the main parking lot; both sides of the south jetty by the floating
dock  D!; the rocks and sand by the floati.ng dock  E!; and Sea Scout
Beach  F!, in front of the Cabrillo Beach Sea Scout Base. Notes were

made on any obvious increases or declines in the plants and animals, run-
off of fresh water, and movements of sand. Voucher specimens of poly-
chaetes, sponges, algae, and bryozoans were collected for identification.
Color slides of the marine life and the beach were taken for reference

at irregular intervals.

DESCRIPTION OF THE BEACH

Five substrates are present at. inner Cabr illa Beach. The inner side
of the main breakwater consists of large, hard boulders exposed to the wind
chop of the harbor. The jetties contain smaller stacked rocks protected
from much action of waves. Cobble  smaller scattered rocks! occurs along

the breakwater toward the Cabrillo Marine Museum. The main beach and the
intertidal zone below the rocks consist of fine sand, shell chips and a
few pebbles with a light covering of silt. At the -2.0 foot tide level,
a. bottom of sand and clay is exposed near the bend
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Although inner Cabrillo Beach is sheltered from the usual ocean waves

by the breakwater, the beach is subject to frequent erosion and deposition
of sand, Durinq windy days, waves about 1 m high can break on the beach,
eroding the sand and exposing shell.s and buried rocks. Gusty winds dry
the sand and blow it into the harbor. During quiet weather, the sand accu-
mulates in drifts, Winter storms can change the profile of the beach ex-
tensively  Straughan, 1975!.

RES ULTS

Oil, Tar, and Other Petroleum Residues

Prior to the explosion of the Sansinena, i nner Cabri llo Beach occa-
sionally received oi 1 and tar from other parts of the harbor  Straughan,
1975! . Oil slicks often were noticed near the boat launching dock, where
recreational craft were used, Other possible sources of oil products were
recreational marinas in the west harbor area, a small boat repair yard, a
Navy oiler terminal and a landing for commercial sport fishing boats. Oil
also may have been carried from the main channel on changing tides.

Following the explosion, shiny, iridescent oil slicks were seen at
the beach on every day on which observations were made. Tar  black, sticky
material! was observed as a thick, black smear across rocks of the upper
intertidal zone after the initial spill and as small blobs on the sand dur-
ing later months. On the beach behind piles of drift algae or in tide pools
with slow circulation, a bubbly brown residue  " chocolate mousse"! floated
on water.

The distribution of the differ'ent petroleum residues varied from day
to day  Table 35!. The tar of the initial spill dried and hardened on the
upper rocks, turninq rusty in color at the highest tide level by August.
Tar on the lower surfaces of rocks, however, collected floating debris and
stayed sticky and black until November of 1977. Although the scraping of
wind and waves removed much tar on exposed rocks, protected cracks and

lower surfaces remained smeared throughout the period of study  Figure 2!.

From January 1977 until early December the petroleum products at
Cabrillo Beach seemed to dry out or be buried by sand. After windy days
or rain storms, oil slicks and tar blobs were more noticeable than after
periods of calm weather, althouqh some oil always co~ld be found at the
bend The tar on the upper rocks, except in sheltered spots, dried ard
was scraped away. Zn December, however, the entire beach was contaminated
by extensive oil slicks, tar blobs, and "chocolate mousse," although there
were no storms and few windy days during that part of the month, This new
contamination coinci.ded with operations using a pile driver to build a new
dock at the site of the explosion, but there may have been other, unidenti-
fied sources contributing to the contaminat.ion.

Dredging during March, 1977 scooped sand from near the floating dock
and dumped it on the upper beach. The dredging cleared the launching ramp

until about September, by which time the dredge tailings had dried out,
been blown by the wind and eroded. by small waves, and had been swept over
the jetty back into the boat launching area. Drifts of sand over 2 m nigh
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were noticed along the so~th jetty in November.

During 1977, rain was scant. Run-off of fresh water at the beach
was confined t.o a channel along the south end of Sea Scout Beach, where
water from the boat cleaning area ran into the harbor. During a short
storm in August, fresh water also ran down the beach near both of the
lifeguard towers.

During the period of study, the temperature of the water ranged from
56-70 F �2-20 C!, with a temperature of 15 C being most common. The
water usually contained floating particles and silt which reduced visibi 1-
ity to about one meter at best.

Plants and Animals

Different associations of plants and animals occur at inner Cabrillo
Beach according to the tidal height and the substrate. The biota of the
main breakwatez' is typical of a protected outer coast  Ricketts, Calvin,
and Hedgpeth, 1969! . The barnacles BaZanus qZandu2a, ChthamaZus fissus,
and Tetrac2ita squamosa rubeecens are common, as are acmaerd limpets
<CoZZiseZZa diqitaZis and others!, striped shore crabs <Pacnygrapsus cras-
sipes!, and aggregated sea anemones  AnthapZeura eleaantissima!, On the
cobble, plants and animals of quieter waters occur, such as branched bryo-
zoans <Bugu2a ne~tina!, brown slipper shells <Cz'epidu2a onymy!, and rock
crabs  Cancer anthonyi! . The hermit crab Paqur us hirsutiuscu2us, whi.ch
tolerates silty water well, can be found by the hundreds here.

The sand has been found to contain between 26 and 31 species of seg-
mented worms of the class Polychaeta  Straughan and Patterson, 1975;
Straughan, 1975!. Although only seven species were identified from the
beach in 1977, dimples and marks of feeding on the sand indicated that oth-
ers, too small oz too deeply buried to be collected, also were present.

In the lower intertidal zone of the sandy

nuttaZZi! and hermit crabs  IsocheZes pi2osus!
OZiveZZa bipZieata and Nassraius fossatus plow
crustaceans  cumaceans and gammarid amphipods!

areas, gaper clams  Tr'esus
can be found. The snails
through the sand. Small
can be common in pools.

On the floating dock, a fauna typical of protected piles  Ricketts
et al., 1969! can be found, Great masses of bay mussels  MytiZus e&2is!,
tunicates <Ciona intestinaZis!, bryozoans  BuguZa net tina!, and fine red
algae  PoZysiphania sp. ! live on the lower surfaces of the docks.

Birds rest and feed along inner Cabrillo Beach. On the harbor waters,

The jetties, protected from much wave action, often have silt on the
rocks. The flora and fauna of these rocks tend to be less diverse than
those of the cobble except at the lowest tidal zones, where a thriving
association of red algae  A'eoagardhie22a baiZeyi and .~igartina spp.!. tube
mollusks <SerpuZarbis squamigerus! and bryozoans <BuquZa neritina, Vatersi-
pora arcuata, and Cryptosu2a pa22asiana! can be found.
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Forster's terns, brown pelicans, and eared grebes hunt for fish. Sander-
lings, wi lie ts, black-bellied plovers, and mazb led godwi,ts forage along
the sand. Hundreds of gulls often zest on Sea Scout Beach. Pigeons, crows,
and barn swallows feed along the beach. Feral cats sometimes chase the

birds or scavenge along the beach, as do the rats that live among the rocks
of the breakwater.

Chan es in the Plants and Animals

Observers on a boat and along the shore on December 20, the third
day after the accident, reported seeing gulls with tar on their feet. Many
birds near' the Sea Scout base were feeding with no apparent difficulty, how-
ever. One or two grebes were reported to have died from oiling following
the explosion and fire.

In January 1977 most of tho barnacles, limpets and mussels of the main
breakwater were coated by tar. The shells of the dead animals remained in

place, still anchored by their own attachment or stuck in the tar. Moribund
crabs  Pachyaz'apses crassipes and Cancer anthony'! lay in the lower inter-
tidal zone. On the sand, dead and dying hermit crabs  rsocheles pi Eosus!
were found either glued inside their shells by tar or fouled on their respira-
tory appendages by the sti.cky material. The isopod Ligia occidentalis, which
could be found in swarms of hundreds on rocks prior to the spill, was nowhere
to be seen on the inner. beach.

By March, many of thc dead shells had been scraped off the rocks by wind
and surf. A vigorous settlement of tiny barnacles, small snails  Litto2"dna
spp.! and acmaeid limpets  Collapse'L2a die~'" ta2is and others! was observed in
tar-free places. By June, most of the scraped areas were repopulated either
by the animals or by the algae Ukva sp. and Enter*omorpha sp. which rapidly
coloni.ze disturbed areas  Reish, 1964 and 1977!.

The bi.ota observed at the beach by July was similar to that observed
prior to the spill except for the absence of 'ic>ia occiaen~al.s in its for-
mer habitats. By this time, the green alga URa sp. had created a thick
green CoVering Over the rockS. I,arge sea hareS  Ap?~gaia CalZfcrniCa! and
striped shore crabs fed on this and other algae.

Toward the end of August, L. occidsntafi was seen in al.l the rocky
areas of the beach, although only at the bend and near the cobble was it con-
spicuous During thc same time, the species occurred in swarms on o~ter
Cabrillo Beach, on the seaward side of the main breakwater, which was not. af-
fected by the spill. The green alga Viva, common throughout the rocky zones,
began to tuzn yellow and di.e off.

By late October, the UEVa had been reduced to small tufts. Much of the
dense growth of red algae had died back in the lower intertidal zone. The
rocks of the upper intertidal zone bore a thick covering of laxge, healthy-
looking barnacles and limpets except in cracks or in crevices, where thick
tar remained. Bugaka nez'ztz.na and 4'atarsipora arcual became very wide-
spread on protected rocks.



Throughout this time, rocks periodically covered by sand bore organ-
isms that appeared adapted for short lives on rocks exposed from sand. The
hydroid TubuLaria crocea and the brown alga ionia Fennebackeriae were
found on exposed rocks in sandy regions of the low tidal zone. Their appear-
ance coincided with erosion that exposed rocks in the sandy areas .

In December, Bugwla nemtirla became less common. Silt covered rocks
in the lower intertidal zone. Dead and dying hermit crabs  lsock~~es
pi Lassie! were found in the oil-smeared sand at the bend. The fauna of the
intertidal zone appeared much the same as before the spill, except for the
continuing lack of life in the tar-mired cracks and overhangs, the relative-
ly low numbers of L. oocidentalts, and the hard tar clinging to the shells
of barnacles and limpets that survived the initial spill. Complete lists
of the organisms observed at the beach and the dates of their occurrences
can be found in Tables 36 and 37.

DISCUSSION AND CONCLUSIONS

The most obvious effect of the spill on the beach, the miring by tar
of invertebrate organisms, was most serious immediately after the spill.
The scouring action of natural processes appears to have removed much of
the tar and weathering has dr'ied it. Barnacles and other sessile organisms
were able to resettle previously mired areas after the tar was scraped off

The oil on the beach may have killed animals inhabiting the sand. Un-
fortunately, sampling of deep burrowing animals could not be done to compare
the fauna with that reported previously by Straughan �976! and Straughan
and Patterson �9/S!. Removal of several feet of sand by bulldozers in
cleanup operations, continuing dislocations of the sand due to winds and
waves, and deposition of drifts of rotting Ulema sp. up to a meter high might
have affected the fauna as much as or more than the deposition of oil.
Harpacticoid copepods and polychaetes were abundant even under the "chocolate
mousse" on the beach.

The death of the hermit crabs  I. pilosis! and the other crabs found
on the beach after the spill and in December, 1977 may have been due to
fouling of the respiratory apparatus. These crustaceans maintain a flow of
water across their gills by rapid flicking of appendages in the mouth re-
gion. If these appendages cannot move, the crab suffocates. At. least four
of the hermit crabs found in January had the entire mouth region smeared
with tar.

Barnacles, limpets, and mussels of the upper intertidal zones were
probably killed by several means after miring by tar. The tar may have
sealed off respiratory passages in the animals, preventing flow of oxygen to
their bodies. A tight seal of tar prevented some barnacles and mussels from
opening their shells. Barnacles are known to suffer from increased stress
of heat  the black body effect! when their shells are coated by black tar
 Straughan, 1976!. The combination of the physical effects and the toxic
effects of various fractions in the oil and tar killed hundreds of these
sessile animals and probably was responsible for the die-off of Ligia
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occidentalis on the inner beach while they survived on the outer beach.

The die-off of Loggia oc'cidentalzs might have contributed to the accu-
mulation of rotting algae in drifts on the beach in spring and early summer
of 19'77. Ulna and Enter'omor",>ha can grow rapidly in harbors, break off, die
and decompose. In the absence of herbivores, the decomposing algae can
cause odors and sometimes depletion o f the dissolved oxygen in areas o f re-
duced circulation of water  Reish, 1977! . Although flies, sea hares, and
striped shore crabs probably fed on the algae, Ligia is one of the most.
active herbivores of the upper intertidal zone. A single average
may consume 0384 grams of brown algae  Sar'qass~ sp. ! per day, Since about
315 of these isopods can occur in one square meter of a favorable beach, the
amount of algae consumed by. these animals can be considerable  R. Brusca,
pers. comm. ! .

The resumption of di.sturbances in the explosion site by the pile dri-
ving appears to have dislodged remains of tar that escaped the cleanup oper-
ations and settled on the bottom near the site of the wreck. This new dis-

persion of oil and tar could create further problems for the marine life by
miring it, exposing it to harmful chemicals, or creating stressful si.tua-
ti.ons that could prevent the organisms from spawning. New disturbances by
dredging, churning by ships ' propel lers, storms and hot weather could cause
blobs to surface and form slicks on the rocks and sand. Allowing the tar
residue to dry and be scraped. off the breakwater, rocks, and pilings by natur-
al processes and letting the normal siltation of the harbor cover the tar and
oi.l on the bottom seem to be the best means to allow the area to return to

"normal" condi.tions.

No serious effects of the usual slicks on the biota have been detected.

The flora and fauna appear to be normally diverse and numerous following
recovery from the accident.

NOTES ON EFFECTS OF THE OIL SPILL OH CRABS AT CABRILLO BEACH

A qualitative survey was made on January 15, 1977 during a low tide,
along the inside beach at Cabrillo Beach, near the Cabrillo Museum in San
Pedro. Abnormal behavior and casualties caused by the oil spill were noted
in four species of anomuran and brachyuran crustaceans. Most obvious was
damage to the sand-dwelling hermit crab, Zso he'Les p7,Losus. These animals,
studied at this location during 1976, normally live in soft sand from the
0.0 foot tide level to about 25 feet deep. During low tides when they are
dislodged from the sand by light surf, they are carried up the beach, but
are able to return to their habitat by running or by using the chelipeds
and walking legs to bury themselves and their shells in the sand within
20 seconds  Wicksten, unpubl. manuscript!. Of 10 hermit crabs found on
this date, two were dead, and completely "glued" in their shells by a thick
coating of sticky black tar which filled the apertures of the shells. Five
others had patches of tar on the eyes, antennae, chelipeds, walking legs and
maxillipeds, These five wiggled when picked off the sand, but were unable
to bury themselves when set on the sand. Three of these five died within
24 hours after collection. One other crab had a light smear of tar on the
chelipeds, but could bury itself normally and survived up to present,
Another two had no tar, buried themselves normally, and also survived.
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The crabs coated with tar were observed trying to scrape it off with
the walking legs, chelipeds, and maxillipeds. They were not successful-
one was seen with the endopodites of the third maxillipeds stuck together.

As is normal during winter, dead post-reproductive adults of Pugettia
produeta, Cancer mthonyi, and C. antennarius were found cast ashore. How-
eVer, at leaSt fiVe dead PaChygrapabiS CrriaeipeS Were Seen, as well aS live
subadult CanCer akbtenkiariuS and C. anbhonyi in the mid-intertidal zone.
One rarely finds subadults of the genus higher than the low intertidal zone,
and then half-buried in sand. These crabs were sitting, poorly covered,
under rocks. Large adult Pacnygrapsus crassipes were found under cobble
in the low intertidal zone, where they usually are not encountered. Con-
sidering that the nearest rocks in the higher intertidal zones, where one
uSually findS Paehyg2'apSb!S, Were thiCkly COated wi.th tar, the CrabS mayhave moved to escape the tar. zd!~e nJ ron i

bare r nr k

nn!noh zmnr

knr

hn r nor I err

n! r! r n r i n   e r b r' do 1 z rr n e

!I! v r nnd Fn zernmnr!. bv

mr.'dd be inter ti dry b zona

reakwater near

il 17, 1977.
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OBSERVATIONS ON THE BIOTA OF THE CABRILLO FISHING PIER: 1977

INTRODUCTION

The Cabrillo Fishing Pier is located 0, 5 mile from the Marine Museum
at Cabrillo Beach, San Pedro, California. It lies almost directly south
of the site of the explosion of the Sansinena. The pier is available to
the public for hook and line fishing and using traps to catch crabs.

METHODS OF STUDY

Observations of the organisms present and their depths of occurrence
were made while SCUBA diving on February 18, February 20, and August 26,
and by snorkeling on June 29. Notes were made of any oil or tar present
and possible effects of them on marine organisms. Color slides of conspic-
uous organisms were taken for reference with a Nikonos IX camera, close-up
lens, and Nikonos flash attachment.

RES ULTS

The pilings of the pier rise from a sloping sandy bottom at depths of
eight to 28 feet, the end toward the Marine Museum  the west end! being the
shallower one. T' he only petroleum residues seen on the pilings was a thick

coating of sticky black tar at the high tide level. Under the tar were emp-

ty shells of barnacles  Balanrrs >Zandrr2a! and bay mussels  M~y~i m edu2is!,
although most of the tarred zone was free of ei ther live animals or dead

shells. No evi.dence of resettlement of the tarred zone by plants or animals

was seen during the period of study.

Below the water level, the piles normally support a biota typical of
protected piles  Ricketts, Calvin, and Hedqpeth, 1969! . In the first five
feet under the water, barnacles  BaZarrvs gZarrduZa!, striped shore crabs
 Pachyigrap us crass' pcs!, and ochre starfish  Pi saster ochracerrs! are com-
mon. At about five feet, red algae, a brown alga �!esrvarestia sp.!, and
aggr egated sea anemones  Antho!! Zebra e Zeganf'issima! occur. At 10 to 20 feet,
a diverse association can be found of strawberry anemones  Co+rractis ca>"�-or'-
nica!, hydroids  ObeZia sp. and others!, rock scallops  rr'irrrites muZ+irucJo-
sus!, spider crabs  Puqef Cia vicki and Scgz'a acrrti�r"orrs!, nudibr anchs
 Po2ycera abaca and others!, tunicates  Stye2a montereyensis and others!, and
small fish  Gibborrsia sp., small Scorpaerra qut tata and others! . At depths
of 20 feet or more, gorgonians  Muricea ca2i�omica and r ophogor'gaia chi.Zen-
sis!, decorator cr'abs  ~ozone hyrrchus cr'ispatrrs!, and sea cucumbers  Paras+i-
chopus par virrrerrsis! live The sandy bottom below the pilings is inhabited
by tube anemones  Pachycez'iarrthris sp.!, swimming crabs  Por  urrrrs sarltrrs i!,
terebellid worms, gaper clams  Tr'esses nrrf ba22i !, green paper bubble shells
 Hanrinaea VireSCerrS!, and flatfishes  family pleuronectidae! . A Complete
li.st of plants and animals observed during the dives in 1977 is given in
Table 3.
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Observations of the fauna of the pilings during previous years suggest
that much of the motile fauna moves from piling to piling, from pilings
to other hard substrates, or across the sand. Opisthobranchs  nudibranchs,
green paper bubble shells, and the California Navanax! may be seen by the
hundreds during one dive and then be absent on the next, possibly in
response to the supply of their particular prey. Their absence during one
particular day of diving, therefore, probably is due to normal movements
rather than to oil pollution.

Except for the barnacles and mussels of the upper intertidal zone,
the attached fauna of the piling showed no effect of the oil or tar. How-
ever, many of these animals feed on particulate material suspended in the
water. Contamination of the water by petroleum products could result in
these organisms becoming saturated with hydrocarbons. This could create
stressful conditions that would interfere with the normal life processes
of the animals. Detailed studies of these animals would be necessary before
one could say whether they and the organisms that prey on them are harmed
by petroleum residues.
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Table 35. Petroleum Residues at Inner Cabrillo Beach

1977 Cobble Bend Beach Jett

15Jan Xt Xt

Mar

13

17

XtMay XtXt

13 Xo

Xt,cXo

22 Xt,oXt,o

26

29 Xt

XoXt,oJun

XoXoXo

XoXt19 XtXt,o

XoXt,o25 Xtp o

17 XoXtJul Xt

Xo23 Xt Xt

29 Xt

XtXt,oXtug

Xc,o Xt,oXt,o18 Xo

28 XoXt

10 XoXtep

XtXc,oXt,o

Xt,oXt,oXt Xoct

13 Xc,o

Xo15

Xt,o25 Xo Xo

XoXt,o XoXtov

Xt,o20

Xt,o XoXt,oXc,t,oec

ate moussechoco
residue present

Xt,o

Xt,o

Xc  o

XCT o

Xt,o

Xcg o

Xt,o

Xc,o

Xc,o

Xc,t o

Xt,o

Xc,t, o

Xc,o

Xc,t,o

t = tar
o = oil

Launch
Area

SeaScout
Beach
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Table 36

BeachSpecies of Plants and Animals at Inner Cabrillo Beac

Tidal range Substrate

PLANTS

Chlorophycophyta: green algae

sp.
Spe
sp

UIva sp.

Phaeophycophyta: brown algae

Rhodophycophyta: red algae

Gc ar C cna
Irc aea sp.

k'

Pho o toeeum a~ine

L
L

~ei. It a 	. sill

Coelenterata

Class Hydrozoa. hydroids

Hydroidea, unidentified
Obeiia sp.
Tnhnlaric crocea L L

Key:

L: low tide M.- rnid-tide H: high tide R: rocks or otherhard substrates S: sand

Deomarea tia sp.
E rc ea nensieeii
".or a.cene sp.
Taonea hennebackeriae

Microalgae tunidentified!
ANIMALS

Porifera: sponges

I!II $iI t pea ei baei S

L
M
H
L-H

L
L

L L

L � M

L-M

I
L
M-H

M

R

R R
R

R
R

R R

R

R R
R R
R
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Table 36  Continued!

e Ze an tis siva R SM L
Pack ceri anthems sp.

Cirratulidae
Ca pi tel li dae
~Di o atr a ornate
E t Eracittiiss

Lumber inc z'i s sp.

Nereis Zatescens

Psctinaz ia

Phra ma0o o
bi caxaZicuZata

iochaeto terms costarum

R R R R R R R
R R R
R,S

Class Anthozoa: sea anemones

Platyhe]minthes: f latworms

Unidentified species

Annelida: segmented worms

Mollusca: shelled animals

Class Gastropoda

Acar thing soi rata: unicorn snail
A~m bassa sp.: dove shell
~AZ cia caZiforni-"a: sea hare

CoZZ~seZZa Z~matuZa: file limpet
Co22iseZZa scabra: rough limpet.
C d 2 ~ox z: brown slipper shell

L2ia ZuZa san di e ensi s: nudibranCh
Haminoea vi r escens: green paper bubble shell
He r mi s s e ed a c v as s i c o r xi s: opa les cent nud ib ranch
ri 2 ter i na p 2anari s: flat periwinkle
Litfoz isa scuiuZata: checkered periwinkle
Mi tz eZZa carinata: keeled dove shell
Nassarius fossatue: basket whelk
Ocenebra pouZeoni: dwarf triton

~PoE cere atra: nudibranch
s 2 b' tube snail

k turban snail

TeceuZa ~altina: checkered turban snail
~Trio 'na ~rand~s: nudibranch

L L L L L
L L

L L L L

L-

L L H
M H

L L L L L L H
H L L L L L L H H L

SS S R R S S S S R S S

R

R R R S

R S R R R R R
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Table 36  Continued!

M
L-M

S R S
R R S R
R,S

S S S
clay

L L

L L L
L L-M

L L L L L

R,S

S R

R S R R
R R

R R R RL
L
L-M

Class Amphineura: chitons

~Cano iar ~hartve ii
S~lfo alia muscasa

Class Pelecypoda

Amtantis callaaa: white clam
Ckaaa Pe l~luc* a; jewel box shet]
Clinooardium nut tall7' Nutta] 1's cockle
Btateiia arctica: nestling clam

hfacoma sei ta: white sand macoma
~Mti 1 us eduiis: bsy mussel
Protothaea stam~«~: rock cockle

'7 ':
Tive la s tu Ltorum: Pismo clam
Tresjde nuttalli: gaper Clam
~Zi r aca ~%isbn i: rough piddock

Arthropoda: joint-legged animals

Class Crustacea

BaLanue ~landuta: acorn barnacle
Baianus Laac  taue; barnacle
Balance tintinnabulum: striped barnacle

Canc.er antennariue: rock crab
Cancer a~nthon i: yellow rock crab

ranear dracilie: graceful rock crab

~Ca relta lasuiuscuia: skeleton shrimp
~ra rails uendaa: skeleton shrimp
Ckthamal. fuisssus; buckshot barnacle
Cumacea

arroi gas~baror di: isopod
Gammaridea: beach hoppers
Harpacticoida

u
Isackeles piiasus: hermit crab
~tr ia ccaid tsanl s, iisopod

>~gun us hi rsutiusau ius: hermit crab
~Pa urus samue lie: hermit crab
petroli8thes cabri l loi: porcelain crab

H L

L L L

L L L L L
H L L
M L-M
L-M
L-M

L

L H L L

R R R
R R
R S
R R

R R S
R R
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Table 36  Continued!

Class Crustacea

S R RL L

Class Insecta

Diptera: flies
Hymenoptera: ants

R,S
R

L-M R

Ba2 entsia sp.

sou rtsa king ~abaci Lfs

~Bu ula nsri*ina
C 22 br ennea

azcuata

Str on 2ooentr atua long-spined red L
sea urchin

L

B ts 22oiaes sp.
C'iona intestina2i8 L L L

ptioata

Portunus ~ant~sii: swimming crab
P~uettia produota: kelp crab
rstraolita ~s uamosa: red barnacle

Class Pycnogonida: sea spiders

Ammothea h '2 d

Phylum Entoprocta: ~odding moss animals

Phylum Bryozoa: moss animals

Echinodermata: spiny-skinned animals

Class Asteroidea: starfish

Pisastez ache accus: ochre starfish

Class Echinoidea: sea urchins

Class Holothuroidea: sea cucumbers

Par asti oho us rvim

Chordata

Class Ascidacea: tunicates

L R
L R
L R
I R
L R
L-M R
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Table 36  Continued!

Class Pisces: fishes

L L L L IiAtherinidae: top smelt
Clinocottus analyze: wooly sculpin
Cottidae: sculpins
Embiotocidae: surfperches
Leuresthes tenuis: grunion

Class Aves: birds

Acti tis macuharia: spotted sandpiper

Arenaria inner ree: ruddy turnstone

Corvus brach rh nohos: common crow
Crocetbi a alba: sanderling
Gaoi a tmmer: common loon
Surundo rustica: barn swallow

~sac ia: Caspian tern
larue delavarensis: ring-bil.led gull
Larus heermanni: Heermann's gull

bimosa fedoa: marbled godwit

Numenius americanus: long-billed curlew
Pelecanue occi dentalis: brown pelican
Produce s ~cae i cue: eared grebe

Sterna a~lb' rona: least tern
Sterna ~orsteri: Forster's tern

Class Mammalia: mammals

Felg'.s domestica: cat
Rattus sp.: rat
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MARINE STUDIES OF SAN PEDRO BAY@ CALIFORNIA PART 15 DECEMBER 1978

H. D IVER SURVEYS OF THE SANSINENA OIL SPILL IMPACTS

ON BENTHIC INVERTEBRATES

INTRODUCTION

Following the explosion of the Sansinena on December 17, 1976, the
presence of Bunker C oil on the surface of the bottom substrate vas first
observed and photographed on January 4, 1977 by the Harbors Environmental
Projects  USC! team of divers. Three original transects were sampled
 Fig. 1! and oil was found in small globules, patches �0-25 cm in
dimeter! and in a large pool near the ship's stern.

To determine the persistence of the oil and its impact upon the
large benthic invertebrates which make up the faunal component of this
bottom community, a monthly study was established along three 800 ft <
244 m transects  Fig. 2!. Beginning in late January and continuing
through September of 1977, the transects were analyzed for both inver-
tebrates and the presence of oil. Photographs and species counts were
taken at 32 m intervals along the transect to document, any changes in
the oil, substrate or benthic fauna with time.

METHODS

Transect lines consisting of 244 m  800 ft.! 6 mm �"! poly-
propylene line were weighted at 30.5 m �00 ft ! intervals with 250 g
lead weights. A 500 g cylindrical anchor was attached at an end and
the line was laid out along the harbor bottom along the designated
transect locations. When laid, one end was buoyed with a small float
and a diver team descended to the harbor bottom and sampling proceeded
along the line.

The number of organisms visible within a 3 . 5 x 3 . 5 m radi us o f
each weight along the line was recorded. A photograph was taken at
each 30 ~ 5 m interval by holding the camera l . 8 m above the bottom.

All pho tographs were made with a Nikonos I I I c ame ra equ ipped with
twin Vivitar strokes  Model 292! housed in Ikelite cases.

Once the nine stations were sampled along each transect, the line
was retrieved and moved to the next t ran se ct location .

Preliminar Surve

In the emergency reconnaissance survey of January 4, 1977, oil was
found in small quantities spread over a large area southwest of the ship
and two sizeable oil pools were present near the ship's bow and stern.

of the oil appeared to be broken up into small clumps or globules and
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covered with silt; as such it was not apparent on the bottom unless
touched. Figure 1 shows the January transects.

Patches of oil werefound on benthic organisms and large areas
covered with oil pools appeared to be devoid of invertebrates. Three
specie wp ies were found to be quite numerous in the area outsi e the pools
Pachycerianthus johnsoni, a burrowing anemone; Stylatula e5onqa a ~ e
sea pen; Cancer anthonyi, a large crab; and Panope generosa, the geoduck
clam.

A few dead burrowing anemones were found and oil was observed on
and around sea pens and anemones, but no marked mortality was apparent-

The three transects sampled for the monthly surveys are indicated
on Fig. 2. The depths for each station on the transects are given in
Table l.

Transect I proceeded toward the southwest from the mid-ship
position. The depth remained at 8-10 m �6-33 ft ! for the first 7
stations and then sloped abruptly down to l5-18 m �0-60 ft ! at
stations 8 and 9, because of the ship channel irregularities near the
dock. Transect II approached the ship from the stern and was entirely
within the ship channel, ranging in depth from 15-18 m. Transect III
crossed a relatively shallow and somewhat rocky portion of the harbor
near the ship's bow and ranged from 8-18 m, �6-60 ft ! in depth .
Benthic oil

The oil which appeared to be scattered in the relatively shallowareas southwest of the ship was observed at stations 5-7 of transect Iin the February-Rarch study but soon disappeared  Table 2! . Oil remain-ed in the deeper ship channel in considerable amounts through the entirestudy period.

Transect II passed directly through a large pool near the stern of'the ship. This pool persisted throughout the study and was in factstill present on December 2, 1977  see part I, this volume!-
Transect. IIX, in the bow area only passed through small traces ofoil and these also disappeared from view with time .

ftetine Life

The species and numbers of benthic invertebrates observed alongeach transect are summarized in Table 3. Burrowing anemones Pachycerianthus johnsoni!, sea pens  Styfatula and Vizgulav4! and thegeoduck  Panope qenerosa! are all sessile, long-lived suspension feeders
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and their total population density seemed not be affected by the oil
spill. Both Eiermissenda craosicornis  nudibranch! and Cancer anthony'
are mobile and probably move about seasonally. They were not common
enough to indicate any trend but also appeared unaffected by the
presence of oil.

DISCUSSION

The impact of oil on benthic invertebrates was probably consider-
able. The oil that formed pools near the ship's stern for many months
probably killed all the marine life which had occurred there. However,
transects which covered Large portions of the surrounding area indicated
little or no quantitative impact upon the benthic invertebrates  Table 3! .

Exact quantitative comparisons on a month to month basis were
not possible for our data because the transect could not be laid in
exactly the same location each month. Permanent lines could not be
installed because of the salvage efforts that continued on the ship' s
hulk. However, the same general areas were sampled each time and
invertebrate densities were similar for each species throughout the
study period. Tables 4-11 give monthly transect survey data.

There was a period in April and Ray of 1977 when poor visibility
made underwater observations almost impossible and very low numbers of
animals were hence observed. The numbers in the table thus reflect the
poor visibility rather than depleted fauna.

Sampling for June through September, when visibility improved,
indicated that population densities were approximately the same as at
the start of the study. Since these organisms are mainly Iong-lived
suspension feeders, it is reasonable to assume that they were present
but not counted in the spring surveys of April and Nay

The general benthic cormunity in the shallower water  Transects I
and III! is probably richer due to the lack of dredging and large ship
traffic in those areas. Only small amounts of oil settled in the
shallow areas, probably spread by the explosion itself. This diverse
and highly productive area seems relatively unaffected by the spill.

The deeper ship channel of transect !I and stations 8 and 9 of
transect I were moze seriously affected by the oil spill. However
this area had been continually disturbed by ship traffic before the
explosion and the impact in terms of total density appears not to have
been great. Stations 8 and 9 of transect II were beneath a sizeable
oil pool for over 12 months and marine life in that local area probably
was killed. No studies of biological recovery have been made since the
end of the cleanup operations and resumption of docking.
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Table 38 ~ Union Transect Depths, 26 January 1977

Station

TRANSECT II - S.E. to Stern.

Station

5 0-60

STATIONS

TRANSECT III - S.W. to Bow.

Station

* Transects began 800 ft from the Sansinena and terminated at the
ship site, with stations at 100 ft intervals, except for the S.W.
bow transect.

TRANSECT I - Midship from SW to Tanker.

1

2 3
4 5

6 7 9

1 2 3
4 5

6 7 8 9

25-30
25-30
25-30
25-30

25-30
25-30
25-30
50-60
50-60

25-30
25-30
25-30
50-60

50-60
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Table 39. Distribution of Oil on the Benthos.

Transect I

Transect II

Transect III

L = light  small globu les!
N = medium  large globules!
H = heavy  pool!
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Table 41. Animals and Oil Found Along the Sansinena Transects
Diver Survey, 26 January 1977.

as f oun dea
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Table 42. Animals and Oil found along the Sansinena Transects
z � lxx.

February-March, 1977
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Table 43. Animals and Oil found along the Sansinena Transects
I-III. 26 April, 1977
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Table 44. Animals and Oil found along the Sansinena Transects I-III.
2S May, 1977.

* Indicates presence of oil�.
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4> p.animals and Oil found along the Sansinena Transects
y-III. June 29, 1977.

* Transect. gine did not go into area under barge where oi po
had Previously been located.
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Table 46- Animals found along the Sansinena Transect lines.
July 25, 1977.

L = light amount of oil M = medium amount of oil
H = heavy amount of oil
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Table 46  Continued!

L = light amount of oil N = medium amount of oil

H = heavy amount of oil



220

Tah],e 47. Animals found along the Sansinena transect lines.
August 26, 1977.

L = light; VL = very light; H = heavy.
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Table 48. Animals found along the Sansinena transect lines.
September 29, 1977.

light amount of oil N = medium amount of oil
H = heavy amount of oil
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DECEMBER 19 78MAR1NE STUDIES OF SAN PEDRO BAY, CAL IFORNIA. PART 15 .

1V ~ OTHER EFFECTS OF TANKER 1NCIDENTS

A. PRELIMINARY REPORT ON THE PHYSICAL AND SENSORY EFFECTS

OF THE EXPLOSION OF THE OIL TANKER SANSlNENA

by

John W. McDonald
Department of Geography

University of Southern California

On December 17, 1976 an explosion destroyed the liberian registered
tanker, Sansinena, at its berth in Los Angeles Harbor. Property damage was
incurred in the residential areas adjacent to the explosion and the blast
was heard over a much larger area of southern California. A two-part survey
was undertaken to ascertain the size and shape of the area sustaining
physical damage and the size and shape of the area over which the blast had
bee n pe rce i ve d.

A house-to-house survey of physical damage was conducted by 120 students
from three geography classes from the University of Southern California.
This survey covered a large part of San Pedro as well as transects in
Wilmington and Long Beach. Students also observed and recorded on question-
naire forms any visible evidence of damage. They then interviewed the
occupants, asking about structural damage, broken glass, interruption of
utilities and oil aerosol fallout. They also asked each interviewee his
recollection as to what he had thought had happened at the time of the
explosion. Over 2,600 buildings were surveyed in this manner.

The second part of the survey took the form of a mail-back question-
nair'e sent through the campus mail service to all employees of the Univer-
sity of Southern California. Each addressee was asked if he had seen,
heard, or felt the explosion and what his perception of the nature of the
explosion had been. Approximately 1,200 replies were received.

The information collected was transferred to punch cards for computer
analysis. The analyses being carried out include computer generated 2- and
3-dimensional maps showing patterns of damage, perception of the incident,
and the influence of d.istance and land form on these patterns.

The first data item to be tabulated and analyzed was the response given
in the house-to-house survey to the question, "Did your home or building
sustain any damage in the explosion?". Response to this question are tallied
in Table l. In this table the column headed "no response" includes build-
ings where no one was at home, persons who refused to answer, and persons
who claimed to be unable to speak English.

The accompanying computer-generated maps are a results of this on-going
analysis. These maps depict in three different forms, each giving a
different. perspective, the responses to the question on damage to buildings .
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The first map, drawn by a computer plotter, shows the responses grouped
within the boundaries of census tract block groups. Inasmuch as census
boundaries usually are city streets, this map is useful in identifying
where damage occurred  Figure 1!.

The second map, produced in typescript by the computer line printer,
is a contour or isoplethic map based on the centroids of census tract block
groups. The interpolative algorithm used in the production of this map is
useful in showing trends or patterns  Figure 2!.

The third map, also drawn by the computer's pen plotter, is a three
dimensional block diagram or model of the same information.

The factor illustrated on these three maps is the number of buildings
damaged. No attempt was made to assess the ~severit uor the dollar value
of the damage. Nonetheless, in spite of giving all reported damage equa3.
weight, the number of buildings damaged can be seen to be a valid measure
of the effect of the explosion over an area. The maps, especially the
contour and the three dimensional, dramatically demonstrate the effects
of the explosion diminishing in a radial pattern with distance from the
blast, especially to the west along the Palos Verdes Hills above San Pedro.

Data on the number of buildings damaged at Fort NacArthur, Ports of
Call, and the Coast Guard station were not available when these maps were
compiled, since they did not respond to mailed surveys. However, examina-
tion of a topographic map of the area  Figure 4! shows that the damage
was related to elevation contours. Toward the north, where elevations
were lower, less damage was noted than was the case toward the west.
There, the higher elevations are delineated by damage even though the
points were approximately the same distance from the center of the
explosion as the less damaged lower areas .



229

Table s . Damage Survey of the Sansinena Explosion.

Congas Tract/
Block ~p

29621
29622

29625
29661
29662
29663
29664
29671
29672
29681
29682
29683
29691
29692
29693
29694
29695
2971-'L
297l2
29713

29715
29721
29722
29723
29724
29725
29?3l
29732
2975l
29?52
29753
29761
29762
29763
29764
29765

2
2

5
22

17
9
4

3 7
6 2

0 2
16
4
3
0

30

46
46
52

7
16
44

2

5
17

12

72 ?
32
55

0 3
6

2$ 3
21 7

32
8

53

3
10
21
46

10 3
27 9

25
54
16
28
85
40
4

25
26
46

19
5
3

17

0
0

1

0 1
5
1
6

17
30

7
5

25

17
0

33
2

53
18
62

50
52

66 3
23
17

2

0

47
92
33
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15. DECEMBER 1978

A REVIEW OF THE EFFECTS OF SPILLED BUNKER C FUEL
ON MARINE ENVIRONMENTS

by

Mary K. Wicksten
Harbors Environmental Projects

University of Southern California

FATE OF THE COMPONENTS OF THE OIL IN SEA WATER

The most abundant components of Bunker C fuel oil are alkyl phenols,
indOleS, and naphthaleneS  WinterS and parker, 1977! . UpOn expOSure tO
sea water, highly volatile fractions of the oil escape into the atmosphere,
while insoluble residues may form floating masses or hard, pavement-like
surfaces on sediments  Guard, Hunter and Di Salvo, 1975; Thomas, 1973! .

Guard, et al. �975! found that about 100 mg of each liter of oil �0%!
is estimated to leach into sea water. The major components of seawatez
extracts of Bunker C fuel oil are acetophenone, naphthalene, phenol,
o- and p-cresol. Hethylnaphthalene and xylenols are present in minor
amounts. Winters and parker �977! reported that over 80% of the naph-
thalenes are lost during the first 12 hours after exposure. Host of the
alkyl benzenes, naphthalenes, biphenyls, and hydrocarbons will evaporate
before reaching less well mixed water. The remaining fractions, however,
can be carried for many miles by ocean currents and can continue to mix
with ocean waters during that time  Guard, et al., 1975!.

EFFECTS IN ROCKY HABITATS

There have been two major spills of Bunker C fuel oil in areas with
rocky habitats: in February, 1970, at Chedabucto Bay, Nova Scotia
 Thomas, 1973! and in January, 1971, in San Francisco Bay, California
 Chan, 1977! . ln both areas the oil washed ashore and coated intertidal
rocks. The oil deposited on the rocks killed barnacles  Balanus spp.!
by suffocation. Major die-offs of the striped shore crab Pachyqrapsus
or assr,"cs were reported in San Francisco Bay. In Chedabucto Bay, the
brown alga Fucus serratus was broken off the rocks and cast ashore
afteZ being COated with Oil. Fur'uS SviraliS waS eliminated entirely in
areas where oiling was severe. Populations of the snail Li ttorzna
oh';usa+a, which inhabits F. serratus, declined.

Sublethal effects of extracts of Bunker C fuel oil have been dis-
covered in two rocky intertidal organisms. At concentrations of more
than 50%, number six bunker oi 1 is toxic to fertilization of eggs of
the sea urchin, Strongglocentrotus purpuratus. Cleavage stages of the
fertilized eggs are even more sensitive to the oil  Allen, 1971! .
Periwinkle snails  lit torina 2ithorea! increase their rates of crawl-
ing and respiration in the presence of Bunker C oil  Hargrave, 1973! .

Recovery of oiled zocky intez'tidal areas appears to be rapid
except in sheltered areas. Within three years after the spill in San
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Francisco Bay, Chan �977! found that. recruitment had doubled the mean
population of invertebrates found in study areas immediately after the
spill. No lingering effects of the oil were observed except a contin-
ued low population of shore era la. Exposure to crude oils has been
found to inhibit chemoreception, feeding responses, and mating
activities in these crabs  Kittredge, Takahashi, and Sarinana, 1975! .

In Chedabucto Bay, the oil on the rocks declined rapidly during
the winter of 1970-71, probably due to rough weather and scouring by ice.
The remaining oil on the rocks, however, formed a coating which would
warm up, soften, and cause re-oiling.

Recolonization of oiled rocky areas in Chedabucto Bay proceeded
rapidly. The snails Lzttox'zrra azatiEzs, Lzttorina Ti ttor'ea, and
Littorina obtusata became abundant. The brown alga Ascophpl7um rrodosum
appeared not to have been affected by the oil, perhaps due to a thick
coating of mucilage which repelled the oil. Fuczrs spzraLis, however,
did not settle again in oiled areas   Thomas, 1973!.

EFFECTS lN SAND, MUD, AND SALT MARSHES

Bunker C fuel oil was spilled on beaches, in lagoons, and in salt
marshes in Chedabucto Bay in 1970  Thomas, 1973!. Some Bunker C oil
was spilled in Chesapeake Bay in February, 1976, although most of that
spill consisted of number six fuel oil  Westree, 1977; Hershner and
Moore, 1977! . Oil from the spill in San Francisco Bay drifted ~orth
to contaminate Stinson Beach  Chan, 1977! .

Contamination by Bunker C fuel oil had worse effects in areas of
soft sediments in Chedabucto Bay than in rocky areas. Thomas �973!
noted that lagoons acted as "oil traps." Salt marsh grass   ~r artzruz
alternzf'2or'a! was eliminated in oiled areas. The edible soft-shell
clam /pa ar'errax'za was killed by oiling or forced from its burrow and
eaten by predators. Even when these clams were moved to clean sedi-
ment, they ejected visible oil for at least one month.

Vandermeulen �975! and Vandermeulen and Keizer �977! found that
the sediments of the beaches of Chedabucto Bay acted. as a sink for
stranded oil. Persistence of the oil in these sediments was estimated
at 150 years. Because of this long residence. burrowing and rooted
organisms would be subjected continuously to high levels of petroleum
hydrocarbons.

Significant levels of contamination were found in the eel grass
7ostera marzna in Chedabucto Bay. Hydrocarbons remained fairly con-
stant in the gut-hepatopancreas-foot complex and adductor muscles of
bivalve mollusks. No Bunker C contamination, however, was detected in
the "common mussel"  probably Ãz'rzZus edrr7zs!  vandermeulen, 1975;
Vandermeulen and Keizer, 1977! .
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In Chesapeake Bay, fuel oil was buried to a depth of 10 cm in
beaches. Tidal action re-exposed this oil from time to time, causing
new contamination. Oil smothered benthic organisms, including
oysters; coated marsh grass  +ax tin@ sp.!, and tainted edible oysters,
clams and crabs. Ribbed mussels  HodioLus gsmissus! died as tempera-
tures rose in contaminated areas in April and May  Roland, Moore, and
Bell.anca, 1.977; Hershner and Moore, 1977! .

The spill in Chesapeake Bay occurred during the winter, when much
of the biota of the marshes is inactive. After cutting and removal of
oiled grasses, a greater proportion of the new stems from remaining
rhizomes flowered and produced seed heads than in areas without oil.
The snail LBtox'ina t~orxxta reinvaded the new patches of salt grass
 Hershner and Moore, 1977! .

At Stinson Beach   California!, slight gains occurred in the popu-
lations of the sand worm Naphthous sp. and the mole crab E'ver'isa analog
by 19I4. However, neither population regained its numbers prior to
the oil spill  Chan, 1977! .

EFFECTS OH SUBTIDAL AREAS

Thomas �9/3! reported that oil in subtidal sediments in lagoons
in Chedabucto Bay was released on disturbance. Four species of shallow-
watex' demersal fish were found dead cn the beach in an area where chem-
icals were used in the clean-up of oil in the bay. Divers in San
Francisco Bay saw iridescent films, heavy patches of oil, and soft black
globules which floated about one foot below the surface  White, 1971! .

EFFECTS ON BIRDS

In both the San Francisco Bay spill and the Chesapeake Bay spill,
grebes were among the birds suffering highest mortalities   Anonymous,
1971; Roland, Moore, and Bellanca, 1977! . Sea ducks  scoters and old-
squaws!, loons, murres, and cormorants died by the hundreds. Off San
Francisco, immature murres, which rest on water at night, suffered
worse damage from the spread of the oil at night than coxmorants,
which roost on rocks at night.

Bunker C oil consumed by birds has a short but lethal effect on
their eggs. Japanese quail, chickens, and Canada geese fed 200 mg of
Bunker C fuel oil laid eggs with grossly abnormal yolk on the follow-
ing day. After four days, however, the egg-laying habits of the birds
returned to normal  Anonymous, 1977!.

Bourne �975! found that damage to oiled bixds is related both to
the type of oil and the temperature. The worst damage is caused by
fresh, fluid oils which clog plumage and break down its insulating



237

capacity. Fuel oils, which are liquid until dispersed, cause more harm
than crude oils, which form "mousse" or tar balls. At higher tempera-
tures, refined oils tend to disappear entirely and crude oils lose
their volatile and soluble toxic components, becoming biologically
inert solids. At lower temperatures, however, these processes are slowed
or halted, impairing the ability of an oiled bird to rid itself of its
contamination.

CLEAN TECHNIQUES F' OR SPILLS OF BUNKER C FUEL OIL

Three methods were used with some success in the Chesapeake Bay
spill: scooping up pools of heavy oil or sand and oil with front-end
loaders, cutting and removal of oiled marsh grass, and spraying rocks,
piers, and grains with a high pressure water hose. Booms failed to
contain the spill due to waves, wind, and tidal action. Vacuum trucks
were ineffective due to the viscosity of the oil  Roland, Moore, and
Bellanea, 1977!-

Westree �977! noted that the mixing of oil with the soil during
cutting of salt grass caused additional contamination. The oil pre-
sumably becomes a long-term pollutant, contaminating rhizomes and bur-
rowing organisms for years in the future.

After the spill in Chesapeake Bay, return of the recovered oil to
dealers was found to be too costly. Some of the oil was used for roads.
Most of the rest was put into steel drums and was burned. Although
this procedure removed the oil, it produced a cloud of objectionable
bl.ack s~oke  Wise and Brunk, 1977! .

Some of the beaches in Chedabucto Bay were cleaned with chemical
dispersal agents. However, due to the isolation and cover of ice in
many areas, most of the oil was left untouched  Thomas, 1973! .

In San Francisco Bay, straw was spread on oil on land and water.
After the straw became soaked, it was gathered and put into garbage
dumps or pits to decompose. Plastic booms, vacuum hoses, and skimmers
were used to collect some of the oil for shipment to refineries.
Shredded styrofoam, spread on the oil to collect it, proved diffi.cult
to gather  White, 1971! .

Oiled birds in San Francisco Bay were collected by volunteers,
cleaned with a bath of mineral oil, dried in a mixture of flour and
corn meal, and kept in a warm place for observation. The birds were
fed a mixture of water, fish, antibiotics, and vitamin Bl. Despite
these precautions, the rate of survival of the treated birds was
extremely low  White, 1971; Anonymous, 1971!.



238

LITERATURE C ITED

Allen, H. 1971. Effects of petroleum f~actions on the early develop-
ment of a sea urchin. Nar. Poll. Bull. 2  9!: 138-140.

Anonymous. 1971. Treatment of oiled birds in California. Mar. poll.
Bull. 2 9!;132.

Anonymous. 1977. Oil pollution detected in birds' eggs. Nar. Poll.
Bull. 8 8!:173.

Bourne, W.R.P. 1975. Temperature and the seasonal and geographical
occurrence of oiled birds on west European beaches. Mar. Poll.
Bull.

Chan, G.L. 1977. The five-year recruitment of marine life after the
1971 San Francisco oil spill. Proc. 1977 Oil Spill Conf. Amer.
Petr. Inst. Publ. No. 4284. pp. 543-545.

Guard, H.E., L. Hunter, and L.H. DiSalvo. 1975. Identification and
potential biological effects of the major components in the
seawater extract of a bunker fuel. Bull. Environmental Contam-
ination and Toxicology 14�!:395-400.

Hargrave, B.T. 1973. Crawling and respiration as indices of sublethal
effects of oil and a dispersant on an intertidal snail Lsttorina
2ittorea. J. Fish. Res. Bd. Canada 30�2!:1789-1792.

Hershner, C.,and K. Moore. 1977. Effects of the Chesapeake Bay oil
spill on salt marshes of the lower bay. Proc. 1977 Oil Spill
Conf. Amer. Petr. Inst. Publ. No. 4284. pp. 529-533.

Kittredge, J.S., F, T. Takahashi, and M.A. Bellanca. 1977. Bioassays
indicative of some sublethal effects of oil pollution. Gov 't.
R eports Announcements 75�2! r46.

Roland, J.V., G.E. Moore, and M.A. Bellanca. 1977 . The Chesapeake Bay
oil spill � February 2, 1976: A case history. Proc. 1977 Oil Spill
Conf. Amer. Petr. Inst. publ. no. 4284. pp. 523-527.

Thomas, N. 1973. Effects of Bunker C oil on intertidal and lagoonal
biota in Chedabucto Bay, Nova Scotia. J. Fish. Res. Bd. Canada
30 l!:83-90.

Vandermeulen, J.H. 1975. 1970 Arrow Bunker C in 1974: Re-entry of
stranded Bunker C oil into the marine environment. Record of Proc.,
13th Pac. Sci. Congress. Vol. 1, pp. 85-86.

Vandermeulen, J.H., and P.D. Keizer. 1977. Persistence of non-alkaline
components of Bunker C oil in beach sediments of Chedabucto Bay,
and lack of their metabolism by mollusks. Proc. 1977 Oil Spill
Conf. Amer. Petr. Inst. Publ. no. 4284. pp. 469-473.



239

westree, B. 1977. Biological criteria for the selection of cleanup
techniques in salt marshes. Proc. 1977 Oil Spill Conf. Amer.
Petr. Inst. Publ. no. 4284. pp. 231-235.

White, P.T. 1971. Barehanded battle to cleanse the bay. Nat.
Geographic 139�I:866-881.

Winters, K., and P.I.. Parker. 1977. Water soluble components of
crude oils, fuel oils, and used crank-case oils. Proc. 1977
Oil Spill Conf. Amer. Petr. Inst. Publ. no. 4284. pp. 579-581.

Wise, N., and p.A. Brunk. 1977. Black oil idsposal techniques.
Proc. 1977 Oil Spill Conf. Amer. Petr. Inst. Publ. No. 4284.
pp. 277-279.



240

MARINE STUDIES OF SAN PEDRO BAY   CALIFORNIA. PART 15 . DECEMBER 1978

OIL, FISHERIES, AND THE HEALTH oF THE EcOSYSTEM: A REvIEW

by

K. Sherman and J. B. Pearce

Narragansett Laboratory
U.S. Department of Commerce

National Oceanic and Atmospheric Administration
National Marine Fisheries Service

Northeast Fisheries Center

Woods Hole, Mass. 02543

ABSTRACT. An overview of the effects of petroleum hydrocarbons in the
marine environment on fisheries and on ecosystems is presented.
Assessments of damage from major spills are reviewed.

ACKNOWLEDGMENT. This review was adapted from a background report to
the Marine Fisheries Advisory Committee  MAFAC! of the National Marine
Fisheries Service, National Oceanic and Atmospheric Administration,
Department of Commerce.



241

OII,, FISHERIES, AND THE HEALTH OF THE ECOSYSTEMIV. C.

INTRODUCTION

In ut of Petroleum H drocarbons to Narine Waters

Each year 6 million metric tons of petroleum hydrocarbons enter
the ocean  Nat. Acad. Sci., 1975!. Of this amount 1% is attributable
to offshore production, 44% is introduced from municipal and industrial
wastes and river and urban runoff, 35% from transport and off loading
operations, and 20% from natural seeps and atmospheric fallou,t  Table 1! .
Measured against this total, an acute tanker spill represents a relative-

spectacular, represented 1% of the total annual input of oil in the
marine environment.

Dame e Assessrrent Problems

During the next decade the demand for oil products will result in
continued spillage and damage to coastal fisheries and their environ-
rrents. The full impact af this oil on the marine ecosystem is difficult
to assess in the absence of coordinated scientific assessment programs.
It is clear, however, based on our studies in National marine Fisheries
Service and from a search of the literature, that most damage to fish-
eries has been in nearshore waters. For the most part, damage has been
localized. Depending on the extent of exposure and the type of oil
involved, recovery of marine populations to forrrer abundance levels can
range from weeks to years. The effects of oil on resource populations
on a global scale are not known. Studies are just now being initiated
to evaluate the effects of petroleum hydrocarbons and. other hazardous
substances on the mortality and physiology  e.g., genetics, histopath-
ology, biochemistry! of resource populations on the continental shelves.

Assessments of petroleum effects on marine organisms have been
largely restricted to laboratory toxicity experiments on individual
species. It is difficult to translate these findings to actual environ-
mental conditions. A more serious problem is the difficulty in extrapo-
lating from the results of short-term studies of an acute spill to the
long-term impact on population levels, without adequate baseline infor-
mation on natural population fluctuations in the vicinity of the spill.

Oil Effects on marine Fish and Shellfish

Oil is a complex mixture of hydrocarbons. Its toxicity to marine
organisms is roughly proportional to its aromatic content. The olefin
compounds present in refined oils combine with other elements  e.g.,
hydrogen, sulphur, chlorine, oxygen! to produce toxins that can persist
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in marine organisms for long periods. The extent of damage from oil on
marine organisms is dependent on a number of factors including the type
of oil, residence time, rate of evaporation, dissolution, and degrada-
tion.

The effects of oil on marine organisms based largely on laboratory
toxicity studies have recently been summarized by Sindermann  l978!:

1. Direct Lethal Toxicity. Soluble aromatic hydrocarbons can be
lethal to adults in low concentrations �-100 ppm!, and to the
more sensitive larval stages at even lower concentrations �.1 to
1 ppm!.

2 . Sublethal Disr tion of Ph siolo ical or Behavioral Activities .

Sublethal effects may occur in adults in the 10-100 ppb range and
are varied, depending on the species tested. Larvae can be
affected by concentrations as low as 1-10 ppb. Some lethal effects
are: inhibition of mating responses, reduced fecundity, chromosomal
abnormalities in eggs, abnormal larval development, decreased feed-
ing activities, and interference with neurosecretory responses.

3. Effects of Direct Coatin and ln stion of Oil. Mortality
can result from the occlusion of gills or digestive tract, entangle-
ment of appendages, or snnthering and asphyxiation of sedentary forms.
Sublethal effects induce irritation of mucous membrances, important
in respiration.

4. Taintin of Edible Fish and Shellfish. Tainting can result
from exposure of fish and shellfish to as little as 1 ppb soluble
petroleum components; human detection levels in tissues are 5-550
ppm~

5. Accumulation of Potentiall Carcino enic Pol c clic Aromatic
Co ounds in Food Chains. Some of the components of crude oil have
been determu.ned  in experiments with terrestrial animals! to be car-
cinogenic. These compounds occur in the marine environment, and
can be accumulated and retained in marine animals.

6. chan s in Habitats and Ecos stems. Transient changes in
the upper layers of the ocean in the immediate vicinity of oil
spills, and longer lasting changes in the bottom sediments and
associated benthic animals have been observed. Short-term and
long-term changes in predator-prey relationships have also been
reported. "
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IMPACTS OF MAJOR SPILLS

Nearshore Im acts

Greatest damage from a spill of petroleum hydrocarbons in a shallow
nearshore environment results from the mixing of petroleum hydrocarbons
in the water column, and subsequent penetration in the sediments. This
action increases the residence time of the oil. Case histories of oil
spills in embayments and other littoral environnents describe a w'ide
range of lethal and sublethal effects on fish, benthos, algae, and the
disruption of ecosystem stability  Clark and Finley, 1977!. In each of
the cases reviewed where significant damage was demonstrated, the
petroleum hydrocarbons persisted at high levels for days and even weeks
in acute releases from wrecked tankers, ruptured pipelines, and leaking
storage tanks. Damage in areas where petroleum hydrocarbons penetrate
the substrate can persist for several years. For example, Dow et al.
�975! reported a loss, over 3 years of 50 million clams, representing
854 of a stock in the immediate vicinity of a No. 2 fuel oil spill in
Searsport, Maine.

An instance of severe but localized damage was reported for a
spill of No. 2 fuel oil from a grounded barge in Buzzards Bay, Mass.,
in 1969. Following the spill, large-scale mortalities of fish, molluscs,
and other invertebrates in the tidal and intertidal areas of the wild
Harbor area of Buzzards Bay were reported. Later sampling of the area
in spring, l970, revealed massive mortalities of benthic invertebrates.
The species composition of the surviving benthos shifted from a typical
mixed community to a single species dominance of a pollution indicator--
the polychaete worm, Capite7.la cantata. Within two years of the spill,
the area showed some signs of recovery. However, eight years later, at
least one sampling location did not reach its normal species assemblage.
And in the other sampling locations sublethal chronic effects have been
detected in fish and crab populations. The clam flats have not yet been
reopened  Sanders, 1977! .

Chedabucto Ba S ill

A spill of 500,p00 gallons of Bunker C fuel oil in 1969 caused
severe damage in Chedabucto Bay, Nova Scotia. Approximately 100
kilometers of shoreline were adversely affected. Losses of shellfish,
intertidal crustaceans, and attached algae were reported just after the
spill. Subsequent nenitoring of the area has been continued. It was
estimated that 4 to 8 years would be required for recovery of the algal
populations. The clam  Rpa ammma! populations will requi re an esti-
mated 10 years to reach half of their forner population densities
 Vandermeulen, 1977!.
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Damage information is incorrplete at this tirre on the impact of the
Amoco Cadiz spill. However, direct reports from NQAA rrembers of the
Spilled Oil Research Team visiting the site report that damage is exten-
sive. The spill is the largest on record. Some 29 million gallons were
released and drifted onto the shoze of Brittany in late March 1978 when
the vessel ruptured. Wave action was responsible for massive infusion
of oil into the sedirrents. Irmrediate harvesting saved sorre of the
valuable shellfish beds  oysters, mussels! . It is unlikely that,
area will be free of oil in time for seeding next crop. Massive
mortalities of fish, shellfish, algae, subtidal crustaceans, and birds
were observed. Oil has moved into several of the large estuaries causing
widespread damage to shellfishing areas  J. Robinson, NOAAf ERL, Boulder;
personal Communication! .

Most studies on the effects of oil on fish and shellfj.sh have been
concerned with the onshore or nearshore impacts on littoral organisms
 Sanders, 1977! . Sublethal effects of crude oil have been described
for saithe, Pollachirrs rrr.zeus  pollock!, in the immediate vicinity of a
grounded tanker off the Norwegian coast  Grahl-Nielsen et al., 1976! .
In experiments where salrrxrn and saithe were exposed to moderate levels
of oil  =50 ugms EKOFISK crude oil/liter seawater! both species showed
residues o f petroleum hydrocarbons within 7 hrs of dosing. Following
termination of dosing after 68 days, both species showed naphthaline
levels comparable to those existing prior to dosing, indicating that at
moderate dosage levels, effects are sublethal and reversible  Brandal
et al., 1976!.

Most of the more sensitive egg and larval stages of fish and
molluscs are 1p anktonic. They are carried by the tides and currents,
lack the abilit toy to avoid oil spill areas, and are subject to large-
scale mortalit from oiy rom oil, particulazly in the surface and near-surface
waters. Laborato ry studies have shown that crude oil can damage develop
ing fish eg s and ca egg cause high mortalities in cod, herring, and capelin
embzyos  Kirhnol d 1969969 ] 974; Johannessen, 1976! . Also, plaice larvae
and other species from throm the Black Sea suffered high mortalities from
exposure to crude oil in 1il in laboratory experirrM nts at exposure~
O.l ppm  Mizonov, 1968
toluene! are hi hl t 1969 ! . Aromatic hydzocarbons  e - g benzene

g y oxic to fish larvae. High rrKrrtalities and serioussublethal deformities were owere observed among pacific herring and no«hemanchovy dosed with conncentrations as low as 5 ppm  Struhsaker e1974! . Observations f mns from collections made at sea have shown thatzooplankters, particulazl coaz y copepods, can ingest particles of o
em through the ut wi

 C h g gut without any observable negative effectConover, 1971; parker, 1970! . so
observed t Som species of adult fish have been

o avoid areas cocontaminated with oil. Bivalve shellfi
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 quahogs, scalloPs, mussels! are sedentary and hy an ve only limited capa-bility to purge themselves externally and inte ]1
petroleum hydrocarbons. They suffer significantin ma ly of large amounts of

gn~ scant mortalities in areas
where sediments become contaminated with oil  Bl

et al 1970Thomas, 1973, Jeffries and Johnson, 1975!. r e»l damage has been
demonstrated on the continental shelf based o

rm studi
is known of the longer-term effects of chronic ec ronrc exposures proper assess
ments of the impact of oil on the continental shelfa s e ecosystem willrequire the combined e f fort o f extensive sea sampl ' d xpeamp ing an experimental
support studies .

The Ar o Merchant S ill

e f fort to assess oil-related biological damage had been undertaken in the
open waters of the continental shelf off the northeast coast. The
investigators participating in the damage assessment studies emphasized
the difficulties in at.tributing changes in the abundance and condition
of marine populations to oil as compared to changes from other causes.
They recognized that attempts made to isolate oil-induced mortalities
or sublethal effects need to be viewed against the background of
natural fluctuations and the complexities of multispecies interactions at
different trophic levels and over a range of spatial and temporal scales.
MOreover, StudieS tO deal With theSe prOblemS need tO be in plaCe and
operational long before any acute spill event  Sherman and Busch, 1978!.
The damage assessment of the A~ro spill was based on multidisciplinary
studies of both changes in population levels and the physiological
conditions o f the principal species .

The results were sufficient to indicate that the impact of A~ra oil
on the populations of Nantucket Shoals was minimal based on the short-
term assessment studies carried out during the 12 months following the
sp>11 ~ Supporting evidence for this conclusion was found in both the
Populat.ion stuides and the physiological effects studies done at the
tissue and. organism levels for galluses, fish, birds, zooplankton, and
ben'thic crustaceans. In the histopathological, biochemical and physio-
logical studies the recovery from initial observations of sublethal

to "normal" conditions was reported for each of the groups of
organisms examined, except for marine birds. The bird mortalities caused
by oil, however, were few and the impact on bird stocks was not consider-
ed»gnificant.

Studies conducted after the spill showed significant impact of A~ro
oil on the viability of cod and pollock eggs. High mortalities, and
malformed embryos attributed to oil-caused cytogenetic damage were
collected from the spill zone. Mortalities ranged from 20'h to 80< of t ef the

embryos collected from the spill zone  Longwell, 1978! . The genetic
damage observed in developing cod and pollock embryos was localized,ocali zed and

» unlikely to have had a significant effect on subsequent year-class
cruitsent of these stocks. ~ratory exposures of cod eggs to water-
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soluble fractions similar to the ArrLo No. 6 oil caused suhlethaL damage
 reduced heart-beat rates! at doses of l00 ppb and high mortalities at
exposures of 250 ppb  K !hnhold, 1978!. Although levels exceeding
250 ppb of oil were detected following the spill, the area of concentra-
tion was limited to the irrmediate vicinity of the A~r o wreck and is
likely to have affected a relatively small fraction of the Nantucket
Shoals cod stocks.

Trophic pathways of A~Pr o oil were observed among the zooplankton
and benthos leading directly to important fish stocks. Further com-
prehensive stomach analyses of fish revealed a minor incidence of "oiled"
prey in the digestive tracts of fish. Less than 5% of the fish
examined showed any traces of Argo oil in tissue samples collected within
30 days of the spill. On subsequent surveys of bottom fish no ~Ar o oil
tr'aces were found in fish, shellfish, or zooplankton samples. Commercial
catches and bottom trawl surveys of the spill zone and adjacent areas
showed no evidence of reduction in the population densities of the
more irlportant fish and shellfish stocks.

Ihe limited short-term impact was attributed to the mitigating
ecological circumstances during the spill: �! biological productivity
was at an annual low, �! no large-scale deposition of oil was observed
in the sedirrents, and �! the high velocity wind and currents of the
season carried the oil, which was largely limited to the surface in
vertical distribution, rapidly offshore while it was in the process of
evaporation, emulsification, and dissipation in the turbulent upper
layers of the water column.

The EKOFISK-Bravo Blowout

The imPact of the Bravo blowout during April, 1977, in the EKOFISK
Field off Norway in the North Sea was also minimal. During the 7.5 days
that Bravo remained uncapped, 3.8 mil/ion gallons of EKOFISK crude oil
spread over an area of about 4,000 km in the central North Sea. The
Institute of Marine Research at Bergen initiated the first survey of the
ecosystem and maintained liaison with vessels of other countries that.
later joined in the effort  Denmark, Fed. Rep. of Germany, England,
Scotland!. An attempt was made to sample the area containing oil and
also sample adjacent "clean" waters as a control. Sampling was designed
to obtain information on changes in abundance and distribution of living
resources, record mortalities, monitor water chemistry, study microbial
degradation, and monitor hydrographic conditions.

Chemical sampling included collections through the water column at
1 and 5 m and samples of fish and zooplankton that were frozen for
petroleum hydrocarbon analysis. In addition, collections were also made
to obtain samples of hydrocarbon degrading bacteria. Phytoplankton
standing stock and productivity rreasurerrents were made to estimate the
possible effects of oil on primary productivity. Ichthyoplankton were



247

collected at each of the sampling locations Fish distributions were
tracked with echosounders, and sampled with pelagic and bottom trawl s.

From the preliminary results it was apparent that the spring bloom
triggering the onset of the growing season for larval fish had not yet
developed at the time of the blowout. The water column was thermally
mixed and temperatures were lower than normal. Primary production was
at a low level. Spawning activity was also munimal. Only a "few" eggs
were collected representing five species--whiting, haddock, cod, dab,
and plaice Sand eel larvae and "cat fish" larvae were present in low
numbers . The fish biomass was also low as recorded in echograms and
verified from pelagic and bottom trawl catches .

After considexing the observed low levels of hydrocarbons in the
water and the scarcity of commercial-size fish, scientists at the Insti-
tute of Marine research concluded that it was," . . . unlikely that
serious effects on the production of fish resources have occurred."
Other trophic levels may have been more seriously affected. Evidence was
found of an area of reduced primary productivity extending l0 nautical
miles eastward of the Bravo platform where "some" dead fish eggs and
copepods were found. Additional surveys were later conducted in coopera-
tion with other North Sea countries to investigate the sublethal, chronic
effects of the spill on the marine ecosystem. '?he result of these
studies is not yet available.

Miti atin Biolo ical and Environmental Conditions

To date n.o comprehensive study has been completed on the effects of
oil on the productivity of marine populations of a continental shelf
area. The recent Arcro Merchant spill along with the Bravo blowout
represent case studies for which the long-term effects studies are can-
tinuing. Preliminary findings are similar with respect to the minimal
impact observed on the mature stages of fish. No evidence of massive
mortalities was reported associated with the two spills. However, in
both cases sublethal chronic effects were detected. More immediate
impact on the ecosystem was observed in the Nantucket Shoals area where

mortality. Also, oil was ingested by filter feeding copepods and entered
the food web. It is important to note that in both cases the spill even
was during a period of low biological productivity. 'Ihe impacts would
have been far more severe had they occurred during the spring and summer~
when many of the important fish species spawn. Fish eggs and larvae ar

lev-sensitive to petroleum hydrocarbons. Mortalities have been reported at
els of l00 ppb and concentrations of up to 250 ppb were found in the
vicinity of the ~Ar o wreck.

During the warmer months of the year eddy systems are well develop
an the continental shelves. The large voluze of oil carried by the
sup rt kers, if released into an eddy syst m in spring or s~r, co&
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CauSe SignifiCant damage tO fish eggS and larVae. TheSe SenSitive early
develop@I ntal stages are most abundant during the warmer months in
temperate waters. They undergo high natural mortality. Additional
losses of the small percentage of survivors caused by toxic petroleum
hydrocarbons could seriously impact recruitment, should a spill coincide
with the peak hatching and early larval growth period. Contamination of
the microzooplankton utilized as food by first-feeding larvae could also
prove disastrous to an incoming year-class of fish.

In stressed ecosystems it has been observed that the primary pro-
duction level remains relatively constant. Significant shi fts occur
among the species composition of primary and secondary producers.
Smaller species gain a competitive advantage for available space and
food over the larger species. The species shi ft results in the acceler-
ated growth of fast-growing, smaller, and generally less desirable species
 Steele and Frost, 1977! .

E rimental Results

Results from recent experiments tend to support the size-selection
hypothesis. Several large plastic enclosures placed in deep water off
the British Columbia coast were "seeded" with local phytoplankton,
microzooplankton, and macrozooplankton populations and dosed with No. 2
fuel oil. Other enclosures were "seeded" with similar populations and
used as experimental controls. The plankton populations within the oil-
contaminated enclosures shifted after dosing from essentially a large-
celled diatom and large copepod fauna to a dominance of microflagellates,
and small microzooplankton, including small copepods  Lee a Takahashi, 1976! .

Recent studies in large-scale microcosms at the University of Rhode
Island have also revealed adverse effects of oil on experimental popu-
lations. After the dosing of No. 2 fuel oil at levels of 100-150 ppb,
the population numbers of copepods were reduced and inhibited in their
physiological responses  S. Vargo, URI, Personal Communication!.

The experiments demonstrate the significant adverse impact of oil-
induced stress on controlled ecosystems. It. is difficult to extrapolate
these findings to actual in situ conditions. The results, however,
corroborate other observations made recently in the North Sea and off
the northeast coast of the U.S.

The North Sea Ecos stem

It has been suggested that the stress of overfishing and/or environ-
mental changes in the North Sea has resulted in a species shift in
abundance from large pelagic species � mackerel and herring--to smaller,
fast-growing, and less desirable  from an economic point of view! species,
e. g., sand lance, sprat, and Norway pout  Hempel, 1978; Ursin, 1977! .
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Other significant changes in the North Sea have been reported for
the plankton populations  Robinson, 1970; Colebrook, 1972 ! . Durinq
past two decades a shift has been observed in species composition of
phytoplankton and zooplankton. The spring phytoplankton bloom has bee�
delayed with the initiation later in spring now than in the 1950's.
Also, rather than the large diatom cells dominating the spring bloom,
smaller dinoflagellate cells predominate now. This shift from larger
smaller cells may have affected the species composition of the zoop] ankto
favoring the development of the smaller copepod species. The causes for
the long-term shifts in species composition are not known. Whether
changes are attributable to fishing pressure, cyclical or natural
environmental fluctuations, reduction in the stock size of principal
zooplankton-feeding fish  mackerel, herring!, or the impact of pollutants
remains an open question.

The Georges Bank-Gulf of Maine-Middle Atlantic Bi ht Ecos stems

Off the northeast coast mackerel and herring populations have been
reduced. during the past decade. In fact, the entire biomass of economi-
cally valuable food fish has decreased over 50% in the Georges Bank-
Gul f of Maine-Middle Atlantic Bight areas since 195B  Clark and Brown,
1977! . Much of the decrease is the result of heavy fishing pressure and
to a lesser degree environmental changes. The effects of large-scale
dumping of oil and other industrial and urban wastes may also have
contributed to the decline. Unfortunately, the systematic physiological
baseline data required to separate the various components of mortality--
fishing, natural, and pollution induced--are not yet available.

Some evidence, however, is now available suggesting a marked
increase in the abundance of l.arvae of the sand lance  Ammadyfss
arne'.canus! off the northeast coast. Whether this marks a shift in the
species composition of the pelagic fish fauna from the dominance of
mackerel and herring to a fast growing, smaller and less desirable
species like the sand lance is not clear. Additional studies are
underway to verify earlier findings, showing an increase of sand lance-
In 1966 they constituted less than 20% of the spring larval ichthyoplank
ton community. Their densities increased to 85% in spring, 1977.

Environmental conditions off the Mid-Atlantic Bight have been the
subject of an intensive study by the NMFS and NOAA/MESA program for
several years. In 1976 a dramatic reduction of oxygen off the New
Jersey coast resulted in mass mortalities of bivalve molluscs. The
causes for the anoxic condition appear to be in part the result of
unique hydrographic conditions  Armstrong, 1977! . However, if a
tanker had grounded in the busy shipping lanes in the vicinity of the
mortality and released large amounts of oil, the ecological damage
assessment would have become even more complex. It is likely that
petroleum hydrocarbons would have been implicated as a source of the
mortality. The scenario may not be too far from reality. As the
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multiple use of continental shelf resources grows, the complexities of
the ecological interactions become more difficult to separate. For-
tunately, sufficient "baseline" data were available to sort out the
alternative possibilities for the mortalities, and offer a reasonable
hydrographic explanation.

In summary, off the northeast coast the fish stocks are in a
stressed condition. Much of the reduction in biomass is related to
heavy fishing mortality. But, the impact of the increasing pollution
of the area cannot be discounted as a contributing agent without further
study.

DISCUSSION

Pro osis for the 1980's

The scientific literature on the effects of petroleum hydrocarbons
is based largely on laboratory toxicological and bioassay studies .
Exposures to petroleum fractions at levels 100 ppb can be lethal to a
wide array of marine species ranging from protozoans to chordates
 Craddock, l977!. The critical questions, as yet unanswered, are
concerned with how to estimate damage to populations under in situ
conditions. Analysis of sea water and tissues for petroleum hydrocarbon
levels is difficult to separate from naturally occurring hydrocarbons
in marine organisms, particularly at low levels. Analytical methods are
expensive, requiring sophisticated equipment and highly trained personnel-
While soae progress has been made, it has not been of sufficient scope to
provide definitive answers to key questions:

�! How best can the effects of petroleum hydrocarbons on fish
stocks and their environrrents  ecosystems! be assessed quantitatively?
�! Are the alterations observed in the nearshore areas from the
contamination of petroleum hydrocarbons reversible?

�! Can we continue to input. massive armunts of petroleum hydro-
carbons into the ecosystem with little risk of ecological disasterg

These questions are not readily answered. The problems are important and
they should be addressed not only in the context of oil pollution but
they should be expanded to include the effects of other hazardous
substances in marine waters .

We have not. been treating the problem of petroleum hydrocarbo~
Pollution adequately. Our scientific studies have been generally short-
term and not designed to answer the three questions. They have not b«n
formulated, as yet in an urgent sense, stated as objectivesi and Pro
grasped for solution. For questions l and2, partial answers can be formu
lated- Some effort has been directed to the initiation of a balanced
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programmed program to quantitatively monitor population changes
physiological condition or "health" of the key marine populations Qn
continental shelf. With respect to question 2, perusal of the llterate rat ure
provides sorre insight to the solution. If the oil does not penetrat~ te the
sedirrent of a spill area, recovery can be measured in weeks or months
When the petroleum enters the sediments the recovery process can take
years, or in the worst cases, no full recovery can be expected. amen ts
in Raritan Bay and the New York Bight contain thousands of parts per
miLLion of long-chain petroleum hydrocarbons. In areas of chronic dis
charge, bivalve mollusc populations show high hydrocarbon levels
initially. These are then reduced as the organisms develop resistance.
Although the community may return to pre-spill species composition
densities it is likely that the tainted condition of the benthos, partic
ularly bivalve molluscs, will preclude their use as a marketable product

The answer to the third question is an enigrrra. 'The approach to the
problem has been piecemeal. Responsibility for assessing ecosystem
damage has been divided among several agencies  e.g., EPA, BLM, NOAA,
DOT!, then given minimal support. Legislative authority for getting on
with the job may rest with NOAA in the Marine Protection Research and
Sanctuaries Act of 1972 and the Fisheries Conservation and Managerrent
Act of 1976. More recent legislation now pending  Ocean Pollution
Research and Monitoring Act S-1617! clarifies the problem, the responsi-
bility, and provides the basis for the necessary budgetary support to
mount a comprehensive program.

During the next decade the demand for oil will irr|pact more directly
on fisheries. Damage can be expected from both chronic and acute input
of petroleum hydrocarbon and other toxic substances. The probability
for greater input is heightened with the expanding development of con-
tinental shel f gas and oil reserves  e.g., pipeline ruptures, transport
accidents, storage tank leakage, off loading seepage! . A summary of oil
spill events in the waters adjacent ta the U. S. is given in Table
The present background levels of petroleum hydrocarbons may be suf ficiently
persistent to damage the more sensitive species of phytoplankton and
eggs and larvae inhabiting the surface waters of the continental shelf

'The surface plankton community known collectively as "neuston
most susceptible to petroleum contaminants. Significant amounts of tar
balls persist in surface waters off the east coast of the United Sta
Larval bluefish, flounder, tuna, marlin and other important resource
species have been collected in neuston nets contaminated with tar

 Sherman et. al., 1974! . The level of oil and tar contamination in
neuston sample~ taken betweer! Virginia and Cape Cod is low but per
ent �.05 mg/m to L.04 mg/m in 1972-73! . At least 30% of the» p
collected from the area were contaminated. The percentage of samp es and

weight of the tar mass collected increased in the Gul f Stream and
the Bahamas  Table 3! . More recently, qualitative estimates were de

of particulate oil and tar in 332 samples collected from the Geo g
Bank Nantucket Shoals area. Of this number, 36% were contaminate
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ol 1  Sherman and Busch, 1978 ! . Tar cl umps have been found in
surface water throughout the Atlantic. Morris and Butler �973! estimate
the standing stock at 86,000 metric tons, with concentrations in the
Sargasso gaea 3, 6 times greater than the ave rage we i ght of day t i me z oo-
p]ankton  9 5 gp/m2 versus 2.6 gm/m ! . Tar clumps constituted about
20% of the weight of neuston samples collected by them south of the
Grand Banks. The effect of oil residues on neuston populations is not
clear, and needs to be addressed.

Lon -Term Assessments

groundings of other oil tankers on the continental shelf are dramatica]ly
illustrative of specific events that are not predictable. For example,
the northeast Fisheries Center is frequently requested by responsible
officials -- local, state and federal -- to assess the impact of major
environmental incidents on the f ishery resources of the northeast con-
tinental shelf. To deal with these incidents special studies are
initiated to assess the impact on the environment and living resources.
These efforts, however, are of limited duration and conducted with little
information on the initial physiological condition of the living
resources. Information on the baseline conditions or health of the
stocks is inadequate. We are dealing with a complex system that requires
a combination of short-term tactical observations that can be evaluated
against a background of long-term baseline information on the condition
and health of fish and shellfish stocks.

Ocean Pulse

ln order to effectively assess pollution damage an approach is needed
that: �! encompasses the coordination of the short-term assessment
studies of various groups and agencies conducted in response to a
pollution "event," �! provides for regionally oriented long-term
monitoring of ocean environments and populations, and �! provides suit-
able information for interim or near-term policy guidance and decision
making. Because the pollution "event" can occur at any site over the
continental shelf, an integrated approach is being developed that couple~
in-depth physiological baseline studies  e .g., genetics, histopathologyi
»ochemistry! at specific sites with long-term monitoring of change»n
the abundance of the populations of fish and other key species in the
ecosystem.
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Mi 1 1 ion
Metric Tons
per Annum

Percent
of
TotalInput

352.133Trans porta ti an
Tankers, dry docking, terminal
operation, bilges, accidents

Coastal refineries, municipal and
industrial waste

Offshore oil productions
River and urban runoff
Atmospheric fallout
Natural seeps

130.8

01
31
10
l0

0. 08
1.9
0.6
0.6

1006.113TOTAL

Table 1. Petroleum Hydrocarbons in the Ocean. Adapted from NAS, 1975.
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Table 3. Percent Occurrence, and Average Concentrations  mg/<2!
af Tar by Areas in Summer 1972  July-August 1972!
Winter 1973  January-March 1973! during NARMAP Survey
Operations. Fram NBS Spec. Publ. 409, December 1974

RegionSur vey

Va-Cape Cod
 coastal!

3129 0.18

38VA-Cape Cod
 coastal!

29

0. 7783Va-Cape Cod
 affshore!

52

0.05Va-Cape Cod
 of f share!

59

0. 23N.C.-Florida

 Gulf Stream!
32

1.22N. C. � Fl orida

 Gulf Stream!
48

3 98739

4.89647

 S-Summer 8 W-Winter!

N. Antilles
Bahamas

N. Antilles 8
Bahamas

No. of Percent Cancentratian
Neuston w/Tar mg/m2

Tows
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