— SCU-T-78-002 c. 2

Marine Studies of San Pedro Bay, Lalitornia

PART 15

THE IMPACT OF THE SANSINENA EXPLOSION AND
BUNKERS C SPILL ON THE MARINE ENVIRONMENT -
OF OUTER LOS ANGELES HARBOR BRCGLEG Lo

Sea Grant Depssitery

Edited by
Dorothy F. Soule and Mikihike Oguri

Published by
Harbors Environmental Projects
Allan Honcock Foundation
and
The Office of Sea Grant Programs

Institute of Marine and Coastal Studies
University of Southern California
Los Angeles, Califernia 90007

December, 1978



This volume incorporates
the final report to the Union 0il Company

and to the USC-Sea Grant Program

The research was funded by
a Con'ract with the Union 0il Company of California
with assistance from the
USC-5ea Grant Emergency Fund
and
Harbors Environmental Projects
of the

Institute for Marine and Coastal Studies

The Principal Investigator



Marine Studies of San Pedro Bay, California, Part 15

ERRATUM

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 abioctic variables. Bar
graph data, presented at the end of this section, show the separate parameters
(Figures 58-67}, but they will generally not show the same ranking of means and
extremes as the welghted 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 cone
year later.

BIOLOGICAL EFFECTS OF THE SANSINENA INCIDENT

A, TPhytoplankton 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 lewvels 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 Biclogy

1. Weighted discriminant computer analysis indicated that December 19756
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 cil and grease, although counts per sguare meter had
not dropped radically.



3. By April, instead of the spring increases normally expected, popula-
tions dropped radically, even though oil and grease levels had also 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 this cumulative impact.

4. By November, numbers of species or other taxa were near normal, but
population counts did not approach those of the 1974 survey. Analysis sug-
gested that cil 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 Investigatiens

1. 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. Paracalanus parvus and Acariia tonsa showed
increases in January.

2. In April numbers of species dropped, 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 ocutweighed
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., ©il 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 pattems (site groupings) were determined
!.argely by phytoplankton parameters and temperature. 1In spite of large
increases in oil and grease levels, those parameters did not appear to
define the site groups. The bypothesis was advanced that the residual oil
Was no longer toxic to zooplankton or to benthic organisms.

D. Meroplankten

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

2. MNumbers of species and individuals were similar in the site area
and cutside it in February, but by Aapri}l the numbers were nearly double away

fmm'the Site as compared with the highest in the site area. That study was
terminateg jn July.

i



E. Breakwater Biota

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. Fish 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 1277 and a resident population was apparently
established without regard to oil in the area.

G. The Cabrillo Beach Area

1. 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 Ligia. [Ligia did not return. The beach and cobble area
waere barren until March, with gradual increases in species through November-
December of 1977.

2, No 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 tc feed in the shallows throughout the study.

H. Diver Survevs

1. 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 Jgncer 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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Helicopter view of the Sansinena inztdent,

Note 0il slicks and boom in upper center; bulk ?Oadinﬁ
faeility to lower left, boat yard to lower pight.
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Helicopter view of the Sansinena at Berth 48
following explosion, fire and Bunker C spill,
December 1876.
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THE IMPACT OF THE SANSINENA EXPLOSION
AND BUNKER C SPILL ON THE MARINE ENVIRONMENT
OF QUTER LOS ANGELES HARBOR
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John D. Soule
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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 1276.
Intertidal areas evidenced the greatest impact. Benthic population de-
creased greatly through April but returned to normal by November 1, 1977.
Benthic organisms correlated best with o0il and grease concentrations in
bottom waters rather than in surface sediments, until November when hydre-
carbons rose but no longer were correlated {toxic). 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 0il 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.




I. INTRODUCTION

The Sansinena Incident
Pl

The Sansinena, an 850 foot, 70,000 ton tanker of Liberian registry
under charter to the Union 0il Company, exploded and burned at the dock
at Berth 46 in outer Los Angeles Harbor at 19:40 hours con December 17,
1076 (Figure 1). The ship had apparently completed unloading 500,000
parrels of Indonesian light crude oil and had taken on 22,000 barrels
of Bunker C fuel while ballasting under low clouds and foggy conditions,
when an unknown incident caused the entire midship section to explode.
The superstructure was hurled high inte the air and crashed on the dock,
pehind 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
purned, along with that which leaked from the dock pipelines (Los Angeles
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, O0il 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
(18:56 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 Guaxd
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 pedre, 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
chemical tanks and lines are located.



=113
glzoizTIT’ O1Y

.m~m~n~w‘m~m.ﬁd 9L6T 8 SL6T
suotlels TIY bL6el 3 gLel
SUOTABIAS puidwes I0qIRH
yoeou buoT-soT9buv sOT 1 2InbTd N

1RjIW U] #|@2g

ooy st . vizg L
i 0

. PUBUIBUDS

e 1oqioy Q
- yIcey
Bue] qﬂ




—

prior Baseline Studies

garbors Environmental Projects at the University of Southern California
had carried out monitoring studies at a station (n9=U09) on the site of the
explosion for six years prior to the Sansinena incident. The most recent
samples had been taken on December 1, 1976, sixteen days before the explo-
sion., Past biological studies in the area have included monthly primary
productiVitY: chlorophyll a and assimilation ratios, microbials, zooplank-
ton species and numbers, meroplankton/fouling fauna and sea birds. Benthic
organisms were 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 water column;
nutrients were 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
1973 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 tighting Corporatiocn (Southern California Gas
Company}, the Port of Los Angeles and Port of Long Beach, the USC Sea Grant
Program (NOAR, 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 conditions 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
Union 0il 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 Feological Impacts of 0il Spills,
Keystone, Coloradc in June 1978 (in press, American Institute of Biological
Sciences).

Analytical Methods

Hierarchical classification was used to study patterns in the biological
data. 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
biota and the environment were suggested. Of particular interest, of course,
was whether parameters that were possibly related to the ship incident were
actually correlated with the pattern or sample-site groupings.

Specifically, flexible sorting {B=-.25) strategy (Lance and Williams,
1967) and the Bray-Curtis distance index (Bray and Curtis, 1957; Clifford
and Stephenson, 1975) were used to classify the sampling sites. The
species counts in each sample were first transformed by a square root and
standardized by a weighted species mean (Smith, 1976). 'The plankton counts
were transformed by a square root and standardized by a species maximum.
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To elucidate the relationships between the species and the sampling
gite 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
are as 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 indices were also calculated. Bar graphs presented show consider-
able overlap in some parameters; the multivariate method assigns coefficients
te the parameters but does not imply statistical significances to them.

II. PHYSICAL EFFECTS OF THE SANSINENA BUNKER C SPILL

0il and Grease Distribution

December, 1976. Surface sediment samples were taken in locations
requested by the Union 0il Company in December, 1976 on the 22nd, 23xd,
24th, 27th, 28th, 29th and 30th of the month. Sampling was limited, and
was hampered by the placement of booms and cleap—up efforts. A small
snapper grab on a hand line was used from a Boston Whaler. Analysis for
total 0il 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
Stern yielded 665,000 ppm. A high reading of 7460 ppm beyond the bow
section on December 24 indicated an umexpected 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
(Figure 2) in the area sampled, where values from 5,000 to above 7,000 ppm
Were found, particularly in depressions on the irregular bottom over a wider
area. Readings in the area closer to the booms or “"sea curtain" were



actually lower than those in areas somewhat farther away. 0il 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).

January, 1977. 1In the water surface by mid-January, 1877 {(Figures 6-g)
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 Geography 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 comparison,
bearing in mind that sampling within the oil pool itself was not carried
cut. Sediment samples were taken as subcores from the benthic boxcores
used to sample the fauna.

April, 1977. The stormy weather of the spring months and salvage of
bow and stern sections of the tanker apparently ccmbined 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. O0il 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 £t on the 17th and 18th, the latter at the time of sampling.
Efforts to vacuum up the peol of oil at the site continued throughout the
summer of 1977,

Sediment oil and grease levels continued to increase at station UQL,
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 (26-32¢)} during mig-January, for several days in February, and
in March and April. This may also have affected the oil distribution
patterns.

July, 1977. 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 recreaticnal 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 indicated
that it was probably not Sansinena oil (R.J. King, pers. comm.; Table 2).

Boxcore samples taken July 18, 1977 were sampled at the top, middle,
and bottom of the sediment cores to obtain information on the depth of
penetration of oil and grease into the sediment. Surface sediment levels
had dropped from the April readings at most of the stations sampled.
Penetration varied considerably, ranging from being almost uniform at
station U0l to dropping by more than 50 percent from top to bottom of the
cores at U019 and UC21 (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.
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november, 1977. Harbors Environmental Projects sampled the stations
again on November 1, 1977 after the conclusion on the Union 01l Company
study. Concentrations in the top, middle, and bottom of the water column
were higher at most stations (Figures 20-22). ©0il 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 accurred 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 vear's study. Although tidal
action 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 iritially 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.

April, 1978. The first ship to stop at the reconstructed dock did so
as a test, with the U.S. Coast Guard and Los Angeles Harbor Department 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 cld, under lease by the Harbor Department
to Union 0il, it cannot be stated unequivocally that all cil accumulated
in the vicinity of the pier was a result of the Sansinena incident. Oil
slicks are not uncommon near Navy facilities {(near station uo2), around
the marinas (U03), and at the boat launching ramp at Cabrillc 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 published records for the area are limited; no
analyses had been done in the areas very close to Cabrillc Beach, so it is
not possibie to state that higher values did not occur in sediments deposited
there prior to the blast. That ig 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. Values in the outer harboer
vicinity 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 sliips.
This might be expected in areas of low flushing that have not been dredged
for 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 (1974) 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 Survey of Sansinena 0il

During the year that elapsed after the Sansinena exploded, releasing
quantities of Bunker C fuel and crude residue, cleanup opexations were car-
ried out. Information on the quantity of oil lost and the quantity recovered
had not been released as of Wovember, 1977. However, residual oil on the
bottom was cbserved by variocus divers. B 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 % 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 wexe
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 11, 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 patrel vessels protected divers and lines by
intercepting boats that ignored dive flags and red buoys. Wwithout 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 o0il was observed along
transects 7, 10 and 11, 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 8,
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except for a deeper patch at the end of the transect farthest from the

pier. Aleong transect 9, oil was found at most positions from 1 through 14,
up to 10 inches in thickness. Construction activities had apparently caused
oil 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. Information on the occurrence of 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 1. It was not clear, however, if this trend was due
to the presence of fewer animals or to the poorer visibility for diver
obgervation 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 0il 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
C 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 conclusien 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 sediment 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 B, but were unable to find any trace of oil. Presumably the oil
was buried or carried to deeper water. Department of Fish and Game personnel
made 14 diver transects on Januvary 25 and 26, 1978 in the area thought to be
at the end of transect 8, where the pooled o0il had been on Dacember 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
1N excess of -50 feet. That was the area that was most extensively covered
with oil, 1t 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
woulg undoubtedly disturb some of the oil, possibly fouling the gear, the
dredge material and the water.
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Hydrocarben Analysis

It was not within the scope of this study to carry out hydrocarbon
chemistry analysis of the Bunker ¢ 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 Monrevia, California, The samples were 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, Maynard and Gebelein (1977} .

Text Table 1shows data on the fraction recovery for the various species.
The Mytilus collected in December 1976 had the highest aromatics content,
followed by mixed crabs collected in Junc,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 Mytilus
appeared almost identical to the Bunker C residue pattern.

Text Tablel. Hydrocarbons in Invertebrate Tissues.

Fraction
Recovery: paraffin Aromatic
Date Sample Hexane Benzene
12/31/76 Octopus 0.0005 0.0009
Cabrillo Beach
Mussels (Mytilus) 0.0014 0.0054
Mixed clams 00,0004 0.0007
Tivela stultorum 0.0003 G. 0000
6/29/77 Mixed crabs 0.0006 0.0031
Cabrillo
Fishing pier Scallops
(Hinnites multi- 0.0006 0.0004
rugosus)
10/13/77 bying Viva {seaweed) -0- -0=
Cabrillc Beach
Healthy Ulva -0- 0.0001
11/15/17 Mixed Clams and 0.0007 0.0025
Cabrillo Beach Mussels
12/2/77 Bunker C residue 0.0021 0.0072
55 ft. depth
Ship Channel
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Experimental Hydrocarbon Study

A supplementary field study was carried cut to d?termin? what the in'.cer-
action of the sediment-water interface might be, if cz:rculat:l.on.was restricted.
Three hemi-cylindrical chambers of plexiglass (Text Figure 1) with sampling
ports, commonly used to determine sediment oxygen demand, were placed at three
locations beside the ship channel at the Sansinena site (Figure 32).

On June 8, 1977 Dissolved Oxygen (DC) as determined by Martek remote
probe analyzer, was 8.40 ppm at the surface and 6.70 ppm at 1lm above the
bottom when the chambers were placed on sites A {U09), B, and C {UQ6}.

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%
respectively of that in the water column at one meter abave 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 indicated 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 showed almost 2 times the con-
centration in the chamber at site A (UQ9) as in the water column, but site
C showed almost no difference; B chamber had been overturned. This study
was discontinued, due to the disturbances by ship traffic.

Physical Parameters

Data on salinity, temperature, dissolved oxygen, pH and turbidity
(as percent light transmittance) were collected monthly at the stations
where oil and grease and biological samples were taken. Use of remote
probe-packs allows for profiling the water column to note variations both
horizontally and vertically. The data are presented in Appendix A.

To gain some perspective 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},

is important to note that the water temperature re considerabl
cooler in December 1975 {13C surface to 12.8C bﬁitom) aidwﬁaiu:rgsm% Y
;11.7(: surface to 10,2C bottom) than they were after the spill on December
(3;3 ;g?s (17C to 16.6C at A3). Temperatures rose slightly in January, 1977

.2C), and remained relatively warm through April. Thus the 1976-1977
thex-:'m.al regime can be clzonsidered warmer than usual for the winter period.
It is more normal to find temperatures of 11~13¢ in January, followed by
:rg;:dugl spring _rise. Sometimes a sharp drop will also occur in April
e sguue to marine overcast, and then a rise to sumer temperatures follows.

e and Oguri 1974 and 197 for comparisons, and Appendix A, this volume.)
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Text Table 2. UNION OIL - Benthic Oxygen Chamber Study

Chambers set: 8 June 1977;
Retrieved: 26 June 1977; 24 August 1977

Location: (see Figure 32)
CHAMBER LOCATION DISSOLVED OXYGEN* OIL AND GREASEX#
6/8/17 &6/26/77 8724717
Study Site surface B.40#%
1M above bottom 6,70#
6/26/77
A L.A. Harbor surface 6.50 0,78 1.21
Sta. A9 1M above bottom &.20C 0.88 0.33
i inside chamber 4.30 1.98 0.65
B Mid-point surface 6.60 1.07
between A9 and 1M above bottom 6,50 0.48
Black buoy #3 inside chamber 3.40 i.18
C Black bhuoy #3 surface 6.70 0.45 0.67
1M above bottom 6,30 0.63 0.11
inside chamber no data ## 0.12

Legend, Text Table 2.

* Dpissolved Oxygen determined by Winkler titration, except as marked #
4 D.0.s determined by Martek Water Quality Analyser

$% Chamber found overturned

\12 i

TEXT FIGURE 1. BENTHIC CHAMBER
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0il distribution and thickness near Berths 45-47,

Port of Los Angeles. December 2, 1977.

Tr. 1 2 3 8 9 10 11
1 + + ++ o +++ 2 ++ 1 +
.2 + ++ 0 44+ 2 4+ 1 +
I3 0 + ++++ 1 +++ 4 #+ 1 4]
4 0 + +444+ 1 44+ B ++ 1 0
5 0 0 +++ 3 ++ 1 o
6 ¢ +++ 3 0 ++ 1k ++ 1
i 7 0 0 ++4++ 1 ++ 1k f0 é}
i 8 0 0 ++++ 1 +++ 1] 0
L9 0 6 0 0 ++ & ]O
10 0 0 0 0 + 1%J 0 +
11 0 0 0 ++++ 1% ++ 3 0 +
12 0 o 0 ++++ 1 ++ 3| O +
13 0 o 0 0 ++ 3f 0O = z =
14 o] 0 0 ++ 21 0 g 0 g g
15 0 Q g;) +t+ y #5110 » 0 ® ®
16 0 0 0 +H+ k5 ++ 5] 0 0 0
17 0 0 Q 0 ok 0 0 0
18 0 0 ) K::jz/-—) 0 0 0
19 0 0 0 + 0 éb 0
[ 20 0 0 0 0 0 0 0
121 0 0 0 0 0 0 0 0
122 0 0 0 o 0 0 0
;23 ¢ 0 0 0 0 0 <9 0
. 24 0 0 ¢ 0 0 0 0
‘25 0 ¢ 0 0 0 0 0
|26 0 0 0 0 0 0 Q o
| 27 0 0 o 0 0 0 0
.28 0 ¢ 0 0 0 0 0 0
;29 0 0 0 0 0 0 0 0
30 o o 0 0 0 0 0 0
| 31 0 n 0 0 0 0 0
|32 0 0 0 0 o 0 (:) 0
330 0 0 0 0 0 6 0
34 0 0 0 0 0 0 0 0
35. 0 ¢ 0 0 0 0 0 0
3 0 9 0 0 0 0 0
iz o0 0 0 0 0 0 + 0
38 0 0 0 0 0 0 +++ 630
39 0 0 0 0 0 o ++++ JO
48 O 0 0 0 0 0 ++++ [ O

Legend:

0 or no entry
+

++

+++

Rl

noc oil reported
trace or splotch

- globule

patch or poel

— extensive cover

Number following is the thickness of the oil in inches, where noted.
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31-40

Gorgonian-1
Pisaster-1
Sea pen-2

Cerianthus-2
Sea pen-10

Sea pen-10

Cerianthus-5
Piddock-7

Cerianthus-10
Gorgonian-l1
Ponnatalig-2
Piddock-10

Bacterial patches-7
Cerianthidae-4
Clams-4

Sea pen-4

On rock pile 27-29
Barred sand bass
Bryozoa (2 spp)
Lophogorgia chilensis
Muricea californica

Barred sand bass-1
Cerianthidae-10
Clams-10

Sea pen-10

Table 4. 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.

EEEIEions Transect
1 3 | 5 7
1-1¢ Cancer-1 Cerianthus-1 E(poor visibility) Cancer~1
Cerianthus-2 i
Mytilus-2 ;
11-20 Cerianthus-1 Cerianthus-4 {poor visibility) Cancer=1

Cerianthus-2
Panope-1

Cerianthus-4
Panope-2
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PRE-EXPLOSIDON FIELD DATA

DATE s DECEMBER 09, 1978 TIME: 0959

STATION: A9 CABRILLD BEACH S525Y SSW BERTH 47
DEPTH TEMPERATURE SALINITY D.GZ PH TURBIDITY

MEIERS/FEET °C °FE 0/00 PEM H ION CONGC % TRANS

00 ¢c.C 13,00 55.40 33,80 2,60 8,544 72.00
a1 3.28 13.00 55.40 33,75 2.20 8.45 73,00
02 £.56 13.00 55,40 33.75 2.60 8,49 78.50
03 $.84 13,00 55.40 33,75 2.50 8.55 81.00
o4 13.12 13,00 55.40 33.75 2.70 8.57 82.00
05 16.40 12,90 55.22 33.75 2,80 8.55 80,00
06 19.68 12,90 55.22 33,75 2.80 8.55 72.00
07 22.96 12.8B0 55.04 33,80 2.50 8.55 75.00
ope 26.24 12,80 55.04 33.80 2,60 8,61 80.00

DATE: JANUARY 07, 1976 TIME: ©0%09

STATION: AS CABRILLO BEACH 525Y SSW BERTH 47
DEPTH TEMPERATURE SALINITY D.O2 P TURBIDITY

METERS/ZFEET °C °E 0/00 PEM H ION CONG % TRANS

00 0.0 11.70 53.06 32.40 7.60 7.94 87.50
01 3.28 11.60 52.88 32.40 7.40 7.94 87.50
02 6.56 11,40 52.52 32.40 7.30 7.9% 88,00
03 9.8 11.30 52,34 32.40 7.40 7.95 88.00
04 13.12 10.80 5Sl.44 32.40 7.30 7.95 B7.50
05 16,40 10.60 51,08 32.40 7.30 7.95 87.50
06 19.68 10,60 51.08 32.35 7.30 7.95 87.50
07 22.96 10.30 50.54 32,35 7.30 7.95 a7.50
08 26.24 10.20 50.36 32.30 7.30 7.95 87.50
0% 29.52 10.20 S0.36 32.30 7.30 7.95 87.50
10 36.80 10.20 S0.36 32.30 7.30 7.95 87.50
1t 36,08 10,20 50,36 32,30 7.30 7.95 87.50
12 39.36 10.20 50.36 32,30 7.10 7.93 87.00
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A

2 - 800" transects
sta.20 - 400" interval

M1 Distribution
g" to 10" deep
less than 8"

Diver Survey 2 December 1377

Figure 31. Diver Survey of Residual 0il from the Sansinena,

December 2, 1977.
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15. DECEMBER 1978

71T. BICLOGICAL EFFECTS OF THE SANSINENA INCIDENT

TNTRODUCTION

The effects on the marine biota of the Sansinena explosion of December
17, 1976, and the consequent spillage of Bunker C fuel, were evaluated
in several ways. The groups of organisms that make up the food web were
examined as part of the trophic structure, from nutrients and primary
productivity to primary and secondary consumer organisms. Habitats were
examined for impacts on the species present, or expected tc be present,
and on their populations. These factors were then compared with condi-
tiens prior to the incident within the harbor, and with ambient conditions
outside the harbor. Harbors Environmental Projects has monthly and
quarterly sampling records from 1372 to 1978 at a station (Al} outside
the entrance to Los Angeles Harbor at the sea bucy (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 NUTRIENTS

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 possible to the site initially to
look for micro-effects. The station pattern was expanded to the newly
established UOl to U024 station series on December 29-30, 1976, so the
stations are not directly comparable.

Sampling had been carried out at the regular HEP stations in the V%Clnlty
on December 1, 1976 as part of the monthly program, sypported at that time
partially by the Southern California Gas Company and the sEa‘Grant program.
The stations of this series that are near the site of the incident are
stations A2, A8 and A9. Station Al0 was not sampled on the date. Thesg
stations are shown in Figure 33, along with stations established to monitor
the effects of the Sansinena incident.

marker buoy where the Sansinena docked;

Station A9 is beside the channel .
It was not p0551ble

this station became identified as U09 for the oil study. ! N
to get to the buoy itself, so samples were taken just outside the Ogm o1sda
("sea curtain”) to the east of A9. Station AlO is at the entry of the bo ¥
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Harbor Marina, and was close to U032, 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 AlQ since the 1973-1274 studies, 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
rwo 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 {1952) (Table 1, Section I}. In
this method radioccarbon 1l4C as a carbonate is used as a tracer in the
photosynthetic conversion of nutrient salts to living material by phyteo-
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
(1968}. 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 pigment 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) de 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 U0Q2 through U056,
and at Y09 to U0ll, on December 29-30, as compared with values at the



52

other stations at that time, and with the December 23 values. Also,
rore moderate increases in the chlorophyll @ concentrations resulted
in higher assimilation values at those stations than generally were
found at the other stations.

Rpril, 1977. vValues found in April at the regular UQ stations were
relatively uniform for productivity, chlorophyll and assimilation ratios
(Table B). The values in April were somewhat higher for productivity
and chlorophyll, apparently reflecting a vernal bloom that normally occurs
in harbor and other local waters.

July, 1977. The productivity was high in July and, with the chloro-
phyll data, indicated that the pepulation 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 usually cccur 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 (1976) 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 1377 UO stations.

It is possible that some effect may have been exerted by the conver-
sion of the Terminal Island treatment plant to secondary waste effluent
in June 1977. Higher levels of nitrite and nitrate, which are readily
asgimilated by phytoplankton, are expected with secondary treatment. The
preductivity data (Table 11) showed that higher productivity was found
in the vicinity of the Sansinena site (at A%) on December 1, 1976 than
was occurring at other stations away from the area (Figure 34). The high
broductivity at A9 at that time suggests that it was due to some cther,
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
ratic data ( Table 13) emphasized the differences between the stations
close to the site and those farther away. Assimilation was higher cleose
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 populatien, 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 activity 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 cuter
Los Angeles Harbor (Figure 1, Section 1}, Those stations were monitored
monthly and were in close enough proximity to permit some direct compari-
son, GStation UO3 is at the same site as AlD, U092 and A2 were the same
site, except that both were deflected toc the south by the oil containment
boom or curtain. Stations U003, UQ6, UGS, U010 and UQll could be con—
sidered directly comparable with A9 and AlQ. 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 UQl9,
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
extrapolaticn of finer detail from monthly A staticn sampling than did
the quarterly Union Qil 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 stations occupied clese 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 upcommon ocCCuXrence
in the area.

Nutrients

Nutrient levels in the entire harbor were measured in 1973 and 1974
(AHF, 1976). MNitrite, nitrate and ammonia values were determined for
reqular A stations on December 1, 1976 prior to the explosion, and at
the Union 0il 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 frem 0.0 to 1.02 ug-atoms N/1.

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
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S

below those of A9, throughout the period. A2 had the lowest readings

throughout December, but rose steaply between the 5th and 18th of January
to ke among the highest (Figure 34).

At station AlQ0 {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.

A L L,

Nitrate. Nitrate is always the most abundant chemical in the harbor
of those measured. The mean concentration for 1973-1974 was 3.42 lg-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
hugust (Raymont, 19631).

Values at A2 were low, while those at A8 were just above average and
at A% were slightly higher. Values at A8 and A2 stayed relatively stable
through Januwary 5Sth 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 ug-atoms N/l. Values at UO3 (Al0) were initially higher than at A9
after the spill, but fell at the end of December. The UQ3 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 yg-atoms N/1 with a range from 0.0 to 26.11 and 12.85 Hg-atoms N/1
respectively (AHF, 1976). There were no seasonal extremes during that
pericd, but intermittent peaks occurred.

Ammonia levels were above average at A2 and A9, and highest at A8
before the spill. A8 is closest to the sewer outfall angd cannery waste

areas. These values gradually rose from December 1, 1976 to January 5,
1977.

At station UO3 (Al0) the reading was in the range with A8 and A9
on December 23 but rose above them, lying between values for UO20 (above

U03) and U021 {below UO3). &t U020, the high value decreased, as did the
U03 value by January 18.

Nutrient Results

Nutrient levels peaked well above ambient in the two wesks 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. BAmmonia rose and remained
high; it was highest nearest the spill. This may reflect the reduced
utilization by stressed phytoplankton. BAlthough data points were limited
prior to the spill and restricted by cleanup operations afterward, the
trends appear to be valid.
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Table ¢. Dec. 23, 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.

Productivity Chlerophyll a Assimilation Ratio

Station mg<C/hr,/m3 mg/1

SPI 2.97 0.81 3.67

SPII 3.39 0.92 3.68

SPIII 5.92 0.54 10.96

SPIV 3.62 0.88 4.11

5PV 3.16 0.73 4,33

mean values

X 3.81 0.78 5.35

Special Station Lecations

SPI - near UQ3
SPII - near UO06
SPIII - between UC6 and UC7

SPIV - south of UO9
SEV - at U013
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Table 7. Dec. 29-30, 1976. pPhytoplankton Productivity, Chlorophyll a
and Assimilation Ratio at a Series of Stations in Quter
Los Angeles Harbor. Stationg are shown in Figure
Productivity Chloreophyll a Assimilation Ratiq
Station mgC/hr/m3 mg/1 -

U0l 2.95 1.13 2.61

uo2 5.70 1.08 5.28

ue3 7.24 0.95 1.62

004 5.40 0.84 6.43

uos 5.30 1.12 4.73

jife ) 7.87 1.18 6.50

Uo7 3.79 0.99 3.83

uos 3.26 0.77 4.23

U9 4.66 0.95 4.91

uolo 4.95 1.15 4.30

Uoll 4.72 0.93 5.08

vol2 3.48 0.75 4.64

Uol3 3.09 1.29 2.3%

U014 4.00 0.99 4.04

U015 3.04 0.80 3.82

Ucle 3.84 0.98 3.92

U017 3.73 0.98 3.82

ucls 4.49 1.15 3.90

U0l 2.81 0.66 4,24

0020 2.64 0.75 3.52

U021 1.95 ——— ——

o222 4.04 1.19 3.41

uc23 4.26 —_——— ———

U024 1.52 0.75

2.02

it gy
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Table B. April 15, 1977, Phytoplankton Productivity,Chloroghyll a
and Assimilation Ratio at a Series of Statians in Outer
Los Angeles Harbor.

Productivity Chlorophyll a Assimilation Ratio
Station mgC/hr/m3 mg/1 -
Vo3 7.25 2.70 2.69
Uoe 5.1¢ 2.36 2.20
uc? 7.75 1.49 5.20
uosg 5.51 1.63 3.38
U010 3.28 1.24 2.65
Uoll 8.89 ———— e
uol3 5.71 2.37 2.41
Uo15 8.07 2.15 3.75
U019 8.77 i1.88 4.66
U021 8.22 1.31 6.27
uo22 8.91 2.19 4.07
uo23 8.69 2.23 3.90
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Table 9, July 18, 1977. Phytoplankton Productivity, Chlorephyll a
and Assimilation Ratio at a Series of Stations in Outer
L.os Angeles Harbor,

Productivity Chlorophyll a Assimilation Ratio
Station mgC/hr/m3 mg/1 B
Jo3 9.72 2.21 4.40
V06 16.26 3.80 4.28
uo7 12.48 3.18 3.92
vos 9.69 2.28 4.25
U010 12.87 2.31 5.57
U011 7.73 2.33 3.32
uol3 20.27 2.39 8.48
U015 24,38 3.22 7.57
1019 26.47 1.94 13.64
uo 21 18.42 1.54 11.9¢6
uozz 20.12 2.25 8.94
uoz3 14.34 3.07 4.67
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Pable 10. Nov. 1, 1877. Phytoplankton Productivity, Chlerophyll a
and Assimilation Ratic at a Series of Stations in Outer
Los Angeles Harbor.

Productivity Chlorophyll a Assimilation Ratio
Station mgC/hr/m3 mysl -
Uo3 4.33 6.21 .70
Uoa 4,56 5.99 0.76
Uo7 3.78 6.00 0.63
uos 4.20 3.30 1.27
uolo 4.01 3.17 1.09
U0ll 3.77 4.07 0.93
ucl3 7.50 5.00 1.50
Uols 10.76 8.94 1.20
U019 3.95 3.24 1.22
vozl 5.70 2.90 1.97
uo22 7.74 4.44 1.74
U023 5.93 3.16 1.88
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Table 11. Comparison of productivity data at selected Union 0il stations
and "a" stations in outer Los Angeles Harbor, 1 December 1976
to 4 January 1978.

Date Stations Nearest The Sansinena Site Stations Away From Site

B uo3 Uoé UOL0 a9 al0 U020 voz2l A2

1 Dec '76 3.46 l.42
23 Dec X = 3.81

29 Dec 7.24 7.67 4.95| 4,66 2.64 1.95

5 Jan '77 1.92 1.29 0.96

2 Feb 3.05 3.42 2,27

9 Mar .04 16,15 14,66

6 Apr 10,09 7.9% 22.36
18 Apr 7.25 5.19 3.28 8.22

4 May 4.16 3.39 4.59

8 June 9.56  12.95 14.23

6 July 18,38 13,81 30.52
18 July 9.72 16.26 12,87 18.42

3 Aug 39,11 35,73 51.50
14 sept 0.45 0.20 0.67
28 Sept 1,92 4.95

5 Qct 4,23 7.60
12 oct 3.77 3,93

1 Nov 4.33 4.56 4.01 5.70

2 Nov 3.65% 4,49
6 Dec 0,62 1,17
4 Jan '78 1.40 1.98
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Table 12, Comparison of chlorophyll @ concentrations at selected Union 0il
stations and "A" stations in outer Los Angeles Harbor, 1 December
1976 to 4 January 1978. Data are expressed as mg/ 1.

Date Stations Nearest the gansinena 5Site stations Away From S5ite
uo3 Vo6 U010 A9 al0 U020 vozl A2

1 Dec '76 1.54 0.85
23 Dec SZ = 0.78

29 Dec 0.95 1.18 1.15 | 0.95 0,75

5 Jan '77 1,59 0.66 0.36
2 Feb 1.32 1.33 1.13
9 Mar 1.64  5.11 8.19
6 Apr 5.84 4,06 6.22
18 Apr 2.70 2.36 1.24 1.31

4 may 2.22 2.75 1.59
8 June 2.40  3.15 2.67
6 July 3.56 4.19 4.23
18 July 2.21 3.80 2.31 1.54

3 Aug 1.45 2,77 5,43
14 Sept 3,28 4,03 3.91
28 Sept 2.20 1.85
5 Oct 4.97 4,31
12 oct 5.31 2.03
1 Nov 6.21 5.99 3,17 2.90

2 Nov 3,46 3,14
6 Dec 1.01 0.52
4 Jan '78 1.21 1.17

[__
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imilation ratios at selected Union 0Qil i
. aon of assiml stations
Table 13, Compari?d ations in outer Los Angeles Harbor, 1 December 1%7g

Date Mst the Sansinena Site Stations Away From Site
uo3 uo6 Uoio 29 nl0o uo20 Uuoz2l Az
1 Dec '7 2.25 1.67
23 Dec X = 5435
29-~30 Dec |[7.62 6.50 4.30 4.91 3.52
5 Jan '77 1.21 1.95 2.67
2 Feb 2,3 2,56 2.45
9 Mar 3.68 3.16 1.79
& Apr 1.73 1.87 3.59
18 Apr 2.69 2.20 2.65 6.27
4 Mavy 1.87 1.23 2.89
8 June 3.98 4.11 5.33
6 July 5.16 3.30 7.22
18 July 4,40 4.28 5.57 11.96
3 Aug 26.97  12.90 9.48
14 Sept 0.14  0.05 0.17
28 Sept 0.87 2.68
5 oct 0.85 1.76
12 Oet 0.71 1.94
1 Nov C.70 0.76 1.28 1.97
2 MNov 1.05 1.43
6 Dec
0.61 2.25
4 Jan '8
I 1.16 1.69
‘\‘_\“"—'—————_




63

raple 14- Comparison of Nutrients Before and After Bunker C Spill,
on December 17, 1976 (in ug-atoms N/1).

— 1 bec 23 Dec 30 Dec 5 Jan 18 Jan

| ——

NITRITE

nearest Sansinena
A9 =U09 0.21 0.19 0.22 6.3
ALOZ .28

near‘UO3 0.20 0.22 0.13
across maln channel

a8 0.19 0.18

A2 . 0.16 0.11 0.26
n. side of fairway
vo23 0.20 0.15
5. side of fairway
U021l 0.14
Uo20 0.14 0.14

NITRATE

nearest Sansinena
A9=U09 4,65 6.42 6.14 6.30
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15. DECEMBER 1978

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 benthos, such as inner slips, were
devoid of macroscopic animal 1ife. Because of the high organiec load, the
low dissolved oxygen (DO), and the presence of hydrogen sulfide (st},
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 benthie 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 menitoring 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 ene 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 plume, supported 24 species and 16,000 individuals/m2.

The harbor area not far from the Sansinena site supported about 40
species and 40,000 individuals/m2 in 1974 but there is little information
cn 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. HNote that one of the
species, Haploscoloplos elongatus, showed a small rise in April 1977, at
the sea buoy (Al}, but otherwise counts were low during 1277. At A9, counts
of all three species dropped in April from December-January levels, the
reverse of expected spring increases in populations.



66

ter programs similar to those
inena data were analyzed by compu

?hett%%eports. Results were transformed fromldendrograms o.f
used':.n 4 two-way tables (TWT) of species information J.ni.:o maps showing
SF:tm{:a:?on) groupings. The groupings are based on t}}e k?lologlcal data
?:hz occurrences of species and populations) and the abiotic parameters
measured (see Section I, this volume, for methods).

Weighted discriminant analysis showeﬁi tht? interactions of the parameters
and gives coefficients of separate determination for.each parameter., Thus
the higher the coefficient for a parameter the more J..mportant.th:flt par;—::.meter
ig as a variable interacting with all the other bJ_.otlc and abiotic wvariables.
Bar graph data, presented at the end of thiSlSeCtIOII'l, shows the separate
parameters {Figures 58-67), but the coefficients will generally noF shaow the
same ranking of means and extremes as the bar compensates for ?atchlness and
statistical errors in sampling, population dominance and the like,

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 seascn, separating inner slips and outer shallo‘f
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 8rop in ocean temperatures did
not occur; rather, temperatures increased toward the end of December and in
January 1277 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 gaps 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 erustaceans occur in certain areas, hoWever.

Coefficients of separate determination indicated that salinity, pH,
turbidity and depth were important natural variables. The oil and grease
levels in the surface sediments were highest for Grouyp 2 stations, as shown
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 include sites beneath the pool of eil, since all fauna there would have
been killed when covered by the thick layer of spilled Bunker fuel. There was
little differsnce between the means of Groups 1 and 4 with regard to surface
sediment oil and grease, so that other factors must have influenced the
separation as well. Station UC4, in very shallow water, stood alone {(Group

5}: it is a population feeding area for birds and the benthic fauna might
reflect this as well as physical parameters.

Concentrations in sediments for the D

ecember 30, 1976 benthic sampling
ranged as follows:

Group Minimum Maximum Mean
1 1525 4765 2628
2 3925 72980 5850
3 2815 68930 4820
4 410 5035 2426
5 2155 215% 215%




67

Surface and bottom waters were sampled for oil and grease in December,
The groups defined by the benthic species did not seem to be correlated
with the surface measurements, which is net surprising for benthic species.
The range was from 4.2 ppm at station UO1, down to 0.1 ppm at station 21,
on the channel fairway. Later analyses indicated that levels in the
bottom water may be more important than in the sediment itself. Group 5
was a single station (UO4) isolated in a shallow area of the harbor that is
a popular site for wading birds and gulls. Tt was isolated, using weighted
means, by higher 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 Macoma.

Group 4 stations included inner channel and shallows areas. They were
closely related to Group 5 in low temperature, dissclved oxygen, pH and
light transmittance and probably separated from Group 5 by reason of lower
salinity in Group 4. Sediment cil 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 1, 2, and 3 were in deeper water, but had higher weighted
means for temperature, dissolved oxygen and pH. Groups 1, 2 and 3 had higher
0il and grease levels in the sediment and lower levels in the bottom water
than Groups 4 and 5, although Group 1 means were closer to thase of Groups
2 and 3 than the others. Groups 1 and 2 were quite close to each other in
the dendrogram (Figure 29} as well as overlapping geographically. The
species shown in the TWT indicated the differences that created the separa-
tions of Groups 1, 2 and 3; otherwise they might have fallen into one large
cuter harbor group, based only on natural physical parameters.

Figure 40 gives the numbers of species and individuals per squar? meter
of surface, as well as the Shannon-Weiner Diversity Index. Shannon-Weiner
values should be viewed with consideration of the restrictions in normal
soft-bottom species numbers; the trends in the subseqguent quarters are of
interest for comparison, hawever.

January, 1977. At first glance, examination of January data also
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 leyels were
similar inp Groups 1, 2 and 3, whereas the 0il and grease leVEls.ln Surfacg,
midwater , bottom water and sediments were much higher at the s;pgle station
U07 in Group 5 (Figure 66). UO7 is in shallower water near CabrlllodBeac:;
depth was an important factor in separating Groups 3 and 5 from the deepe
stations Groups 1, 2 and 4.
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The January range for all stations in surface sediment oil and grease
was from 930 ppm to S0B0 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
0il and grease measurements in the water column and sediment., It had the
lowest weighted mean salinity, dissolved 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 o0il and grease levels in all measurements, Groups 2 and 4 assumed
intermedlate positions in the weighted means. Bar graph data (Figures 58-61)
showed a wider range for oil and grease values for Group 2 stations than the
other site groups. Salinity differences were probably transitory and not
gsignificant 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
Aetermination.

The two-way table (Figure 42) illustrates the biological data that gave
the five groupings. The number of species dropped greatly in January, from
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
more to eat in the usually lean month of January.

Population 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 UCZ23 near the main channel the drop was from 1865 in January to
341. At U06, 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 U010 showed an average number of individuals per taxon of
757 in December, 824 in January, and 248 in April. In July, however, the
number scared 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, nc Sansinena studies were possible after
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November, 1977, so that the trends in 1978 could not be observed over the
U0 station pattern. PRecords for the reqular A stations are being taken
under contract with the City of Los Angeles during 1978.

April 1877. <Classification produced five groups (Figures 46-48), with
Group 1 fairly typical of outer harbor stations and with comparatively gqood
diversity and numbers. Station U015 (Group 5} stood alone in the TWT, with
low species and abundance (Figure 47). Along with station UQ21 (Group 2}
these two sites had fewer species and lower abundance. Identification of
the benthiec groups according to the species, as shown in the TWT, created
some overlap in the groupings according to abiotic parameters, as shown in
the bar graphs. The bar graphs and weighted discriminant analysis coeffi-
cients indicated the importance of oil and grease levels in bottom waters,
which were highest and next highest for groups 2 and 5, respectively (Figure
66). Groups 2 and S5 alsc had the lowest and next lowest mean pH and dissolved
oxygen, respectively. Group 5 had the lowest percent light transmittance;
otherwise the two groups were separated only by depth and salinity. Note
that neither of these two stations is near the pier.

Important separations in the other groups were found based on depth,
salinity, dissolved oxygen, turbidity, and temperature in spite of over-
lapping of the groups to some extent for most of these. This demonstrates
the usefulness of multivariate analysis, when ranges as seen on bar graphs
do not provide definitive separation. Figures 58 to &7 show the ranges of
physical parameters for the benthic groups and seasons. The Shannon-Weiner
Index (Figure 49) ranged from 1.80 to 2.43 and averaged 2.17 in April when
total numbers were low. The average SWDI was 1.71 at the end of December
and averaged 1.66 in January, 1977.

July 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 U022 (Group 2)
was low in species, and station U0O7 (Group 4) was particularly low in clam
gpecies (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. O©il and grease levels were distinctive: il and grease levels in rhe
water column were higher than in April, but lower than in January. Group 4
(U07) 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 {U022), also species poor, was the deepest, with
surface oil and grease, high bottom water oil and grease, and low sediment
o0il and grease (Figqures 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
inte outer harbor (Groups 1 and 2} and inner slip (Group 3} stations. There
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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 1278 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).

0il and grease levels increased markedly in sediments during the Noverber

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 cil 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 ranges 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 coil 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 Wovember 1977 the spill had been cleaned up except for amounts
varicusly 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 large 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 A2 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 from 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 wvariables
appeared to be most important in determining species patterns.

b
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Figure 28

Union 0il Benthic Data, December 29-30, 1976.
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Figure 42
Union il Benthic Data, January 17, 1977,
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Figure 47

Union 0il Benthic Data, April 18, 1977.

STATION GROWPS
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Figure 51

Union Oi1 Benthic Data, July 18, 1977.
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Figure 55
Union 0il Benthic Data, November I, 1977.

STATION GROUFS 1 2 3

Coincidence numbers,
transformed and standardized
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ABIOTIC PARAMETERS
by
BENTHIC GROUPINGS

mlr -2 £.a, macn +2 =.a. max
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FIGURE 58
BENTHIC GROUPINGS

TEMPERATURE (Benthic)
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FIGURE 59
BENTHIC GROUPINGS
SALINITY (Benthied
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FIGURE &0
BENTHIC GROUWPINGS

DISSOLVED OXYGEN (Benthicd
CRANGE & MEAN + 2 S.E.)
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FIGURE 61
BENTHIC GRODUPINGS

pH (Banthic)
CRANGE & MEAN + 2 S.E.>

DECENMBER 1876

st ¢ ]
4F | EZ::#:::I] -
|
3t = ] f 4
2r 4
1r 4
6.5 7 7.5 8
JANUARY 1977
s _
- | & —!— d ]| -
4 E F ]
ar E = 3+ .
of PEE#EEB .
]
1r - £ 4]- = ]
7.7 7.8 7.9 8 8.1
APRIL 1277
st + i
il c . > -
gl = E—L—q ] —
|
2r + J
it == :
7.8 7.8 g 8.1 8.2 8.3
JULY 1977
i } -
3- [ 4:- J -4
2 { g
\ — 4 4
1T 4 e hi — |
7.6 7.8 8 8.2
NOVEMBER 1877
I

ar —F 1‘— = i 4
21 LE _%r ——— | =

8.3 8. 35 8.4 8 45 8.5



Group # Group & Group ¥ Group #

Group #

99

FIGURE 62

DEPTH (Benthic grouplngs)
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FIGURE 63

PERCENT LTIGHT TRANSMITTANCE
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FIGURE 64
BENTHIC GROUPINGS

& GREASE (water surface)
(RANGE & MEAN + 2 S.E.>
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FIGURE 65
BENTHIC GROUPINGS

OIl. & GREASE (water mid-depth)
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FIGURE 66
BENTHIC GROUPINGS

OIL & GREASE (water bottom)
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15 DECEMBER 1978

C. ZO0PLANKTON INVESTIGATIONS
Introduction !

Planktonic organisms are those that are permanently 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 encugh
or strong enough to swim any significant distance. Included in the zooplanktop
are numerous tiny crustaceans called copepods, which furnish feood 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 19723 and 1974 for the U.5. Army Corps of Engineers
(AHF, 1976) by the Harbors Environmental Projects of USC. 1In 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, guch ac areas of chemical pollution
or eutrophication. Survey data for Pacific Lighting Corporation cover a
five-year period prior to the Sansinena explosion on 17 December 1976.

The objective of the present study of zooplankton was to determine what
impact the o0il 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
noted 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. 0il
washed ashore or picked up at the air-water interface would alsc 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
constantly 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 bicta in the water column at any given time.

Methods

Surface zooplankton collections were taken aboard the research vessel
Golden West, using a half-meter, 253um nylon, conical plankton net. The
net was towed at about ocne knot for five minutes, with a flow meter of water
positioned between the center and the rim of the mouth te¢ 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:

Fucalanus crassus Temora diseaqudata
Eucalanus elongatus Candacea sp.
Centropages sp. Corycaeus geisbrechti
Rhinealanus nasutus Coryeaeus flaccus
Mecynocera elaust Farranula curta
Lucioutia flavicornis Ischnocalanus tenuis

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

(7 ft+) may have brought into the harbor specles that normally occur offshore.

Concentrations of zooplankton at reqular Harbors Projects stations sampled
on December 1, 1976 prior to the explosion are given in Text Table 3. Station
A% (=U0%} is at the channel marker buoy nearest to the Sansinena site. Other
stations (A2, A3 and AB) are on the east side of the Los Angeles Main 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, 1276

{number /meter 3)

December 1 December 23 December 29-30
A2: 27
A3: 10;§ SPI-II 57 Uuol: 232
AB: 1098 SPIII-IV 593 UC3: 656
A9.- 820 SP V 431 uos: 192

- uov7:  4l4

Uoll: 787

Dec, i i
ec, 23 special stations Uol3: 568
P I - near U03 Unls: 776
8P IT - near U6 uol7: 37
SP III - between UQ6 and UQD7 Uol9: 807
SP IV - south of UO9 U021: 430
S5p v - from UOl3 to north un23: 463

The most notable feature following the explosion and spill was the per-
sistence of high diversity, for at least a few weeks, with an increase in
copepod and cladeceran species, even though the concentrations were reduced.
Numbers of individuals of a few species actually increased,
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Previcusly the two most numerous harbor copepods had been dcartia fonsg
and Paracalanus parvus (ARHF, 1976). Following the spill Acartia tonsa
appeared to have increased in concentration from December 1, 1976 to the
post-spill sampling. Mean Acartic tonsa was about 1100/m3 at stations A2,
A8 and A? prior to the spill, increasing to about 1400/m3 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.
S8imilarly, most Paracalanus parvus concentrations in the post-spill December
29-30 samples were unusually high, particularly at stations UQ7 through U023,
Concentrations after the spill were about 275/m3, much higher than they hag
been since July, 1976,

During 1973-1974 the ranges of mean Acartia tonsq concentrations at A2
were 1800-2400/m?, 1200-1800 at A9, 600-1200 at Al0, and about 600 at AB.
During that pericd mean concentrations of Paracalaius parvus were between
200 and 300/m3 at A2, A8 and A9, and below 100 at AlLQ.

The abundances of four common species of zooplankton at station Al (the
sea buoy ocutside Los Angeles Harbor) and at AS (beside the Sansinena site) are
plotted in Figures 68 and 69 for the period 1972-1977. A surface temperature
curve is superimposed, for ceomparing the variation in temperature seasonally
and annually with the zocoplankton. 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 lLow outside
the harbor from December 1576 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 alcone cannot be cempared absclutely, because the effects of
wind and tide on distribution {pratchiness)} are difficult to assess. Certainly
the data seem to show consistent trends, even though the trends may not be
precisely gquantifiable.

It is typical of a stressed envirconment 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 (1971) found that two species of copepods, Calanus finmarchicus
and Temora longicornis, fed on weathered Bunker C il particles and that
this was a natural facter in the immobilization of an oil spill, without
apparent toxic effects on the ingesting copepods. It is not known whether
recruitment 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 Analvysis

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 parameter such as Bunker C fuel may differ from
field information. Computer analysis (Section I, this publication) offers
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. 1In order
to test whether 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
the 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
site 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. Therefore 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 minimi ze
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
are 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
groypings determined by the dendrogram calculations. The complex equations
used in these analyses are not the subject of this praper 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 means 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-January 1877. Because of difficulties 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.

It 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 biclogical entities listed in
the Two-Way-Table (TWT, Figure 73) and the dendrogram (Figure 74).

When ancother analysis was made using only the 18 most common copepoed and
cladoceran species and recalculated counts, five groupings still were seen,
but slightly different site group separations were created, which isolated
station UDl from UO7 and station UO3 from UQ23.

The important result, regardless of the wvarious analyses performed, was
that the oil and grease levels in the water column far outweighed any other
physical parameters in determining the distribution of zcoplankton in the
winter period. Interestingly, midwater concentrations of o0il and grease
were 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 parameters. 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 determination
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 twe or three axes developed.

The coefficients in the first two axes in Table 16 show the importance
of chlorophyll a and of o0il 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 « and the lowest assimilation ratio, as well as the lowest
salinity and dissolved oxygen and lowest temperature. Group 5 alsc had the
highest ¢il 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 1 sites were clearly isolated in this analysis only on the basis
of the highest weighted means for mid-water and sediments for o0il and grease,
and the lowest pH,

Group 2 overlapped Group 1 spatially and in parameter means and ranges.
Group 2 had the highest mean dissclved 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 if they were included.
The station groupings remained generally similar in the various analyses
tested, with only minor shifts of single sites from one group to ancther.
The important coefficients were the same, although the values were adjusted
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.

April, 1977. Classification 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 gaps 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, isclated 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). Tt 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,
and probably the zooplankton reflect changes in the bottom oil residue
associated with salvage operations. Group 3 had the second lowest weighted
means for salinity, dissolved oxygen and pH, and the lowest weighted mean
light transmittance and productivity. However, Group 3 had the highest
hean surface water oil and grease levels and highest temperature.
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July, 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 g and assimilaticn ratios. Turbidity may have been due to phytoplankton
The weighted means for one analysis are shown in Table 19,

Group 1 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 phyteoplankton parameter means as well.

Group 2 stations were highest in weighted means for disselved oxygen,
perhaps indicating a phytoplankton bloom, and in salinity, and second highest
in temperature. They were second lowest in pH, light transmittance 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 greasge 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 alsc separated slightly by the highest temperature, the second lowest
salinity, lowest pH, and lowest light transmittance. The lowest surface o0il
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 il and grease shown in Chapter II (Figures
14 to 17}. 'The number of species and counts are presented in Fiqure 81,
along with the Shannon~Weiner Diversity Index. Counts were up in a few
locations, as was diversity.

Novembex, 1977. 1In November, as in previocus months, phytoplankton param-
eters of productivity, chlorophyll o, and assimilation ratic deminated 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 1 overlapped both in range.

When phytoplankton parameters alone were eliminated from the analysis,
temperatures appeared to be much more definitive in separating the groups
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in November. Air temperature had extreme ranges inland - 10C(50F) to
32C(90F). Water temperatures were unusuvally high for the period - 17C(&3F)
to 19C({66F). Generally water temperatures have dropped below that level into
the 14-15C range by November. This, along with some rainfall, could affect
the 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 divisiocns, without the
anomalous patterns previously observed which probably were indications of

the impact of the spill, however.

In the analysis presented, Figure B4 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 characterized by highest weighted mean productivity
and assimilation ratio and highest pH, with the lowest weighted mean light
transmittance and temperature. 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 preoductivity and chlorophyll o,

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 Wovember (Figure 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 Wovember, based on changing the parameters seclected
for the weighted discriminant analysis. In most cases it can be seen that
the 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
UOl and UO2 were together, the sites U010 and UCL] at the Sansinena dock
remained together, and the shoaling area of the outer harbor clustered into
one or more site groups. Certain stations changed groups more readily.
Stations U013, UO6, UQ7, UOB and U021 shifted about; one might assume that
less definitive relationships occurred at these stations. Certainly the
testing carried out indicated that, while flexibility was seen, the trends
were consistent.

Summary. In examining the multivariate analyses, it must be remembered
that the significance is not validated for the weighted discriminant method. Com-
Parison of bar graph data for each separate parameter with the weighted discrim-~
inant analysis plots gives a good indication of interactions among the param-
eters. There is always the possibility that factors other than those measured
are responsible, at least in part, for the results.
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In December and January, unusually high numbers of rare species occurreg
in the harbor but low total numbers of zooplankton were seen. Phytoplankton
parameters were the most important factors, followed by o0il and grease in
the water column. For the rest of 1977 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 phyteplankton and temper-
ature; lower coefficients and averlap led to the hypothesis and tentative
conclusien that oil was no longer toxic to the zooplankton.

Bar graph data of abiotic variables and nutrients are presented, accorgd-
ing to the plankton statian groupings 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
means and ranges that would separate one group from another. In many instances,
hewever, 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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FIGURE 68.

ZOOPLANKTON 1972-1977
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FIGURE 69. ZDOPLANKTON 1972-1g977

ABUNDANCE OF SOME COMMON PLANKTONIC ORGANISMS — STA A9
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FIGURE 70. ZOOPLANKTON 1977

ABUNDANCE OF SOME COMMON PLANKTONIC ORGANISMS - STA Al
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FIGURE 71.

ZODOPLANKTON 1977

ABUNDANCE OF SOME COMMON PLANKTONIC ORGANISMS - STA A9
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FIGURE 73
UNION OIL PLANKTON DATA, JANUARY 1977,
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FIGURE 77
UNION OIL PLANKTON DATA, APRIL 18, 1977.
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FIGURE 81
UNION OIL PLANKTON DATA, JULY 18, 1977.
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FIGURE 865
UNIDON OIL PLANKTON DATA, NOVEMBER 1, 1977.
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ABIOTIC PARAMETERS
by
PLANKTON GROUPINGS

min 2 5.a. maan +2 5. a. max
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FIGURE 88
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FIGURE 93
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FIGURE 94

CHLOROPHYLL a (Plankton groupings)
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FIGURE 95
PLANKTON GROUPINGS

AMMONIA ~ NITROGEN
(RANGE & MEAN + 2 S.E€.)

PECEMBER 19?6/JANUARY 1977

5- i 1 1
4 = i ar— {
s+
L L r——--—l-——u
4 ' l
L iy £ 1 1
‘ | t i ¥ I‘-
3 3.5 4 4 5
APRIL 1877
ar H@E'EH
- [ -E— |
3 i
i |
1|_ == —H
7 8 g 19
JULY 18977
4 =
I T
3+ [ = :.l— =]
21 :$:
1 =
cl— 1 * —
2.5 3 3.5
NOVEMBER 18377
st e
 — E % == |

)
T

-




153

FIGURE 96
PLANKTON GROUPINGS
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FIGURE 97
PLANKTON GROUPINGS

NITRATE
CRANGE & MEAN » 2 S.E.)

DECEMBER JQ?S/JANUARY 1977

N W p - N W

—

| i '
[m: —F — {
+ 1
6 8 1o
APRIL 1977
i e 0
L) I 1
1
1 E T - )|
|
7. 8 8.5 3
JULY 1977
I = = 3
1
|
(1 +- $ B |
1
— ]——%——' )|
|
— T
5 2 25 3 3.5
NOVEMBER 1977
- | : 5
1
2 4 6 8 T3 12




Group # Group ¥ Group ¥

Group ¥

155

FIGURE 98
PLANKTON GROUPINGS
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FIGURE 9%
PLANKTON GROUPINGS

SURFACE OIL & GREASE (Plonkton)
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15. DECEMBER 1978

D. MEROPLANKTON

Introduction

gtudies 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 guantification 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
becume 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 bhottom, either because
of pollution or because the soft substrate is inappropriate to them.

For seven yeaxrs 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 recoleonization 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
with funding limitations (Figure 100).

Discussion and Results

The irreqularity of placement and retrieval due to salvage efforts made
exact gquantification 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 gzams or as
presence-absence, where it is not possible to count accurately the number of
individuals in hydroid, bryezoan, or tunicate colonies, for example.

Prior Data. Analysis of settling rack data for 1973 and 1974 (AHF, 1976)
showed 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,
only 18 taxa found from all racks from the harbor in the December-February
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pericd in 1973, but 27 gccurred in the same period %n 1974. The sum@er
period generally had the highest numbers of taxa, with a mean of 28 1n.both
years for all stations. In some groups of organisms there are two.perlods
of increase in species or in numbers, one in the spring around April, and
another in the late summer == early fall.

pxamination of data at station A3 in 1976 prior to the Sansinena inci-
dent showed a low in March 1976 of 16 taxa, which increased to 22 in April
but dropped back to 18 in august, October showed a considerable rige 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 pum-
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 racks
near the Sansinena are presented; the dates given are those at the end of an
exposure period of approximately one month.

The total numbers of taxa showed an increase in April only at UQ 3,
whereas station U010 showed a large increase in taxa in June and July, 1277.
Station U09 appeared to be reduced in species in comparison to U010 in May
and June.

Spirorbids dominated the racks in February 1977, along with copepods and,
to some extent, Mytilus. Other polychaetes (Ctenodrilus) dominated in April,
as well as increasing numbers of copepods. In May, the summer increase in
numbers of individuals of copepods and amphipods began; large numbers of
hydroids were present and Mytilus began to increase.

The June—-July samples held large numbers of copepods and particularly
amphipods; the amphipod Jassa fuleata outnumbered all others. Mytilus was
quite numerous in June but dropped considerably in July. Growth of the hydreid
el i was very heavy in June, while the bryozoan Bugula neritina was
present in some guantity in June and July and the tunicate (Zona was prom—
inent in July.

Comparisons with data from station A2 across the main channel are of
interest., 1In February fairly similar numbers of species and dominant organ-
isms occurred at the U0 stations and AZ.

In April, A2 had nearly twice as many individuals as the maximum at the
UQ stations. dJassa Ffaleata, which had been almost absent, returned to be the
dominant arganism at A2, but remained scarce at UO stations.

In June, station A2 had cver four times the number of oxrganisms of any
of the UO stations, but Jessa falecata had returned to UO stations as a domin-
ant organism. The numbers at A2 remained wmuch higher than at the UO stations
throughout the sampling period through July, 1977.
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h ING RACK DATA
Table 23. SANSIMNENA SETTL

7

Jun. 77 ) 23 Jul,
[ T3 Feb, 77 1 1 aor. 77 73 Hay 17 3 Jun [ 23 Ju
30 ;ta. ! UO St U0 Sta. i) S;a.‘ ;LO S=a.
93 . 01 73 10 pE] 13 H) 10

Gcganiams [}

ANNELIDA POLYCHAETA
Capitullidas
g:pitni:a 2gpicrta 5 1 b4 13 2 19 16
Chrysopatalidas
Paleanmotue ballis 48 12 10

Cizeatulidaw
ThoetogIne armatz 1
Chaasamans zorong
Tharys Ep.

¢ Crenddrilidas N
' “runadrilus sarcgrCus ? 5 H T 136 3 19

I borvilleldaw .. 4
X Jparyorroeid pudff.i{ 2 2 1

: Sfontsetomerinioas .orgi-
! LETLINY
i
I
!

Heslonidae
Iphiadeormud pugeszansis 4 1

| Nereldaws {
' Placynaraie bigznali-
; dulasa 24

Qpheliidas :
Armgndia bigroulata i 2 2 58 29
Briyoprhalmus Fistus 5 |

Phyllodactdan
| Lulalia sp. 1 3 1
! Tumila wp.

! Fumida eanguinaa
i

Polynoidae 20 10 ) §
juvenils 1 15 20
Raloaydns breviswcing : 2
falraydma jaamgont

: Aarmgthas imbprisarg 3 1

LS}

tavellidas 21
) Chone wp. | 3
' MHome araudsta
Choms mallis 1

Serpulidas
Fyaroidas pasy fiome 5 29

Spionidam
Polyders [igne
Palydora Limioala 8 4
Polydara s02iziis L 3 5
Palydora ap.
Jprzardia prabascsi iea P 4

| laantos Sp.

432

54

; Spirorbidae 298 Fii} 11
! Sexioeptiras Ap. 107 s 3

Syllidam 3
Autoiysus 21p. 2 1 . ‘4 L 29 17
Proncayliive ap. 1 s




Table 23 {continued)

l6l

Z} Feb.

77

1 Apr.

17

3 May 77

7T 125 Jul,

{ ARTHROPCDA CRUSTACEA

no 3

ta.

Lo Sea.

UO Sta,

Tia
S
ERd

-

‘UD Sta.

Qrganisms

gl

03

[ J3

23

3
Lo
39

1J M)

Cupepada

Gammaridea (AMPHIPODA)
Coraphildae

Sorgphium agrepustzum 3D

Epiothontus brasili-
angia

Gammaricdae
Elaamaopus rapaz

Isaeidae
Gammaropais thompsont

Ischyroceridae
Jasaa [rirzia
Misrojassa Iitocas

Podoceridae
Podocerusr Srastii-
ensts

Stenathoidae
Stenothes valida

Caprellidea (AMPHIPODAY
Aaginellidae
Jeutelia calijormize

Caprellidae
Caprella
Caprella
Caprella
Capreila

sp.
caltfornisa
equtlidera
Verrugord

Isopoda
Limnoridae
Limneria tripunctata
Munnidae
Munna sg.

Ianiridae
Iantropaig 3p.

Sphasromatidae
Paracarceis z2oulpte

ARTHROPOCA
Tanaidacea
dnatanais normani

Tharacica
falanus amphitrite

Pycnogonida

CHORDATA ASCIDIACEA
Aplousobranchia
piplogoma mazdonaldi
{mpizort}
Phlebobranchia
Cioma tntessinalis
Stolidobranchia
Botryllus ap.

0.

|

164

2

16

129
19

144

28

13

27
¢.03g

501 gl

419 63

49 5

0.059

0.01g [o.02g

12

12

0. 04y

648

102

486

106

236

12

248

ri:1

48

1728

112

64

384

144
384

160

1211

0.04g

£02 518
2425

a1 25

12 16

330 2403

i

23 4

94 59

146
B4

18 2

12 13

4.01lqg
43 202

0.40g
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21 Feb.

77

77

T3 Mav 77!

771 25 Jul.17

L

Sta.

| 0O 5ta.

LC  Sea,

Ol

[

Ul

12

pE]

iG 13

TJaAnl3ms

MOLLUSCA
Gastropoda snail
Nudibranchia
Nicrella carinaca

Pelacypoda
Hiatellidaa
Fiatmila arctiza

Mytilidae
Myrilus edulis

Peactinidae

Laptopacten latigur-

2EuS
NEMERTEA

ASCHELMINTHES
Namataoda

PLATYHELMINTHES
Turballaria
Polycladia

BRYOZOR CHEILDSTOMATA
Bicelleriellidae

Sugula californica
Bugula reriting

Megmbraniporidae
Nembramipora

Cryptosula ap.

{ CNIDARIA HYDROZOA

Campanulariidae
Sbalta ap.

Tubllariidae
Tubularia sp.

OTHER ANIMALS
Mysldacea Mysid

Sea anezone
Sea urchin
Foraminifara
Qikoplaura

Larval crustacea

Cumacas
Thoracia
Insacta

Sabellaridae
Sabaliaria sp. ;

Gastropoda
Crapidule onyx
Acmaeidae

Decapoda / Brachyura .
Lazarhynaur sp. L

11

0.04g

0.0lg

18

0.01g

0.llg

0.01g

0.01lg

0.4%g

16

0.J4g

32

14

49

1.50¢

0.16q

87

32 49

18 23 64

408 476 18

186 12 B9

32 29 BL

0.01g

0.l6g [0.02g G.42g

16.64g 0.209 G.95g
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e

L Acr,

17 |

1 May 17

25 Jul.

Orqanismg

0o Sk

UQ Sta.

0l 03

1o

s

13

OTHER ANIMALS
cheluridae
~hailurg verebrans

gatracoda

PLANTAE Algae

CHLOROPHYCOPHYTA
Chlerophyceae
Uvales
fnteramorpha Sp.
tlva sp.

CHEYSOPHYCOPHYTA
pacillariophyceae
Filamentous dlatoms

PHAEQPHYCOPHYTA
Phaeophyceae
Ectocarpales
Iotgearyud Sp-

RHODOPHYCOPHYTA
Florideophyceas
Ceramiales
Polysiphonia Sp-

3.29q

0.17g 1 0.43g;

:0.%2g

0.98g

10.72g

0.l6g

0.2Bg

0.4Bg
0.03g

9.16g|0.10g

0.83g
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15. DECEMBER 1978

E. BREAKWATER BIOTA

Algae. 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 differences 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, 1978}.

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 H1
wags 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 irreqularity of the substrate and the quantity
of material gbtained.

Station Hl was located near tc station UOL5, 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 UOl4, 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 0il 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 differed 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 o0ily 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 H) was richer than either stations
Ha or Hb, and it is possible that a die-off had permitted a broader range
of species recoclonizing. The increase in species was greatest among the
phaecphycophytes in March (Table 25).

No further algal sampling was possible, but for burposes of compari-
son Table 26 gives species found in the summers of 1973 and 1974 (AHF
1976). There was considerable difference in the species composition ge-
ween 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 limitations and rpatchiness
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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.

Pauna. 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 Cabrille 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 cceidentalis 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 guadrat 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, 1977.

The kelp bed transplant, begun in June 1977, indicated that numerxous
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. (1/16 m. quadrat)

SPECIES

STATIONS

Hl

Ha

Chlorophycophyta
Chaetomorpha Sp.

Cladophora Sp.

Derbesia marina

Enteromorpha Sp.

Uitothrix sp.

Phaephycophyta

Ectocarpus Sp.

Feldmannid SP.

Giffordia Sp.

Rhodophycophyta
Antithamnionella breviramosa

Antithamnion defectum

Champta parvula

Chondria arcuata

® Corallina officinalis chilensis

Corallina pinnatifolia

Coraliinag vancouveriensia

Dagsya Sp.

Delesseriaceae (young)

Erythrotrichia tetraseriata

Gigartina tepida

Gonictrichum alsidii

Microcladia coulterti

Murrayelliopsis dawsonii

Nienburgia andersoniang

Pleonosporium vancouverianun

Polyeiphonia pactifica delicatula

Polysiphonta scopulorum var. villum

O Prionitis lanceclata

Pterosiphonia dendroidea

Ehodymentia pacifica

o Indicates dominant species

® Indicates presence
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Table 25. Algae found along the Los Angeles Harbor Breakwater.
29 March, 1977.

SPECIES H1 Ha Hb
Chlorophycophyta

Bryopsig Sp.
Chaetomorpha linum []
Cladophora sp. [] ]
Derbesia Sp.
Enteromorpha Sp. [] []
Ulva sp. [] 8

“ee s

Phaeophycophyta

Dictyota sp.
Ectoearpus sp.
Feldmannia eylindrica
Giffordia granulosa
Giffordia sp.
Lanminarian (young) 0
Sphacelaria furcigera

Rhodophycophyta

Aerochaetium sp.

Antithamnion defectum
Antithamnionella breviramosa
Corallina vancouvertienais
Dgsya sp.

Erythrotrichia sp.

Fauchea laciniata £. pygmaea?
Gtgartina spinoea

G. tepida

Goniotrichum sp.

Microeladia coultert (]
Nienburgia andersoniana
FPleonosporium vancouverianum
Pleonosporium sp.

Polysiphonia pacifica delicatula
P. gcopulorum var. vilium
Prionitias lanceciatq
Pterosiphontia dendroidea
Pterosiphonia sp.

Rhodymenta sp. arborescensg?
Tiffaniella snyderae

Veleroa subulata (]

Other

Ulothrixr sp. .
Diatoms
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Table 26. Algae from Los Angeles Harbor Breakwater
Summer,1973 and 1974, {(Data from AHF, 1976).

Stations
SPECIES Tl 7
Chlorophycophyta
Chaetomorpha Sp. ®
Cladophora gramined o
Cladophora sp. ®
Derbesia marina 0
Enteromorpha prolifera [5)
Enteromorpha sp- ®
Ulva sp. )
Phaeophycophyta
Colpomenia peregring °
Dictyota flabellata o
Feldmannia Sp. 2)
Giffordia_sp. Y )
Rhodophycophyta
Anisoeladella pacifica )
Antithamnion defectum o ce
Antithamnion breviramosa oe
Corallina officinalis chtlenstis [3)
Corallina pinnatifolia ¢ [
Corallina VAneouvertensts oe
Cryptopleura corallinara oe
Dasya sintccla var, abysstcola o®
Erythrotrichta SP. 0 °
Fauchea laciniata var. pygmaeda ce
Gelidium robustum 0
Gigartina_armata/spinosa complex )
Gigartina spinosa ®
Gigartina tepida O [>)
Gonimophylium skottsbergit 2]
GContotrichum elegans ) o)
Gymnogongrus platyphylius o
Tithothrix aspergtlium O
Microcladid coultert 2] oe
Nienburgia andersontiana o o
Pleonosporium abyssteold o8 ]
Poggnophorella ealifornica o
Polysiphonia pacifica Var. delicatula oe 0
Prionotis Lanceolata O oe ce
Ptercosgiphonida dendrotidea o L)
Ptercsiphonia_pennata *
Rhodymentia californica o
Rhodymenia pacified oe
Sorella delicatula o
"0 1973 ® 1974 O Dominant species for each station

-38-
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Table 27. Animals found along the Los Angeles Harbor Break-—
water Diver Survey Stations. January 4, 1977.

Stations

SPECIES H1 Ha Hb

Protozoa
Foraminifera Abund.

Porifera
Demospongiae Abund.

Coelenterata
Hydroidea Common p
Obelta sp. ? Common

Annelida
Polychaeta 12 3
Serpulidae 27

Mollusca
?Crenella sp. 3

Crepipatella lingulata 3 1

Mitrella carinata 35 3 22

Nassarina penteillata 1 1

?Naggarina sp. 1

Arthropoda
Gammarid amphipods

Harpacticoida

"Dynamenella® sp.

Munna ubiquita

Pagurus n. sp.?
Pugettta dallz
Tanaidacea

L o | ad L L B RV

Pycnogonida
Anoplodactylus erectus 1
Tanystyium sp, 1 1

Bryozoa (abundant)
Amathia distane P
Thalamoporella californiea
Holoporella brumnnea P P
Membranipora tuberculata P
Bugula neritina P
Serupocellaria diegensis
Tricellaria ocoidentalis p
Diaperoecia caltifornica P

Entoprocta

Barentsia gracilis 4 cluster. P

-

-

v

Echinodermata
Strongylocentrotus purpuratus 3 1

Chordata
Ascidians 4 2

P = Present
-315-
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Table 28. Animals from Los Angeles Breakwater Diver Survey - March 29, 1977,
stations
Species Hl Ha Hb
PORIFERA 1
COELENTERATA
Fydractinea, sp. many
Sertularella, sp. 7
ANNELIDA
Polychaeta, unid. 2
Serpulidae, unid. 4
ENTOPROCTA
Barentsta digscreta abund.
MOLLUSCA
Chama pellucida 1
Crepidula perforans l+shell
Crepipatella lingulata 2 1
Hiatella arctica 1
Mitrella carinata 8
Mytilus edulis 2
BRYQZOA
Celleporaria (Holoporella) brumnea abund.
Membranipora tuberculata abund.
Thalamoporella californica 1
ARTHROPODA
Gammaridea, unid. 4
Ammothella tuberculata 1
Cancer anthonyi 1
Panystylum intermedium 1
CHORDATA
abund. 1
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Table 29. Animals from Log Angeles Breakwater Diver Survey - June 29, 1977,

Stations

Species N Hl Ha Hb
PORIFERA 5
COELENTERATA

Astrangia lajollaensis 6
Clavularia?, sp. 4
Sertularella, sp. abund,
ANNELIDA
Polychaeta, unid. 1 1
Serpulidae, unid, 1
Spirorbus?, sp. 6
MOLLUSCA
Aegires albopunctatus 1
Crepidula onyx 1
Crepipatella lingulata 1
Mitrella earinata 9 3
Naaserina, sp. 1
Tricolia pulloides 1
ARTHROPODA
Gammaridea 1 9 11
Balanus tintinnabulum? 1
Cancer anthonyi 1
Canear, ap, 1
Caprella verrucosa 3
Pugettia dalld 1
Tetraclita squamosa 1
CHORDATA
Ascidacea 1 1
Ciona integtinglis 1
BRYQZOA {unid.) abund, few abund.
Serupocellaria diegensis abund,
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Table 30.

December 22, 1977.

animals from Los Angeles Breakwater Diver Survey -

Stations

Species Hl Ha Hb
PORIFERA 1
PHaliclona, sp. 1
ANNELIDA
Polychaeta (unid.) 1
Serpulidae f{unid.) 1
ENTOPROCTA
Barentsia discreta many
MOLLUSCA
Anomiidae 1
Crepipatella lingulata 2
Lacuna unifasciata 1
Leptopecten latiauratus 1
Mitrella carinata 17 38 21
Mytilus edulis 2
1

Oeenebra poulsoni

BRYOZOA

Amathia distans
Celleporaria brunnea
Crisulipora oceidentalis
Membranipora tuberculata
Thalamoperella califormica

6 colonies

17 eolonies

14 colonies

8 colonies

105 coloniesl52 colonies

3 colonies
2 colonies
127 colonies
18 colonies

ARTHRCPODA

Balanus tintinmnabulum 1
"Dynamenella" sp. 1
Gammaridea 18 3 14
Pugettiia richi 1
Taliepus nuttalli L
Tantystylum intermedium 1
Tetraclita squamosa rubescens 2
ECHINODERMATA
Strongylocentrotus purpuratus 5
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MARINE STUDIES OF SAN PEDRC BAY, CALIFORNIA. PART 15. DECEMBER 1978

F. FISH FAURA

Fish fauna of the Sansinena site area had not been surveved 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-
tain (1973, 1974 and 1976) and Stephens, Gardiner and Terry {1973) and
Stephens, Terry and Allen (1974) were summarized in AKF {1976).

Mumbers 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 trawl 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 1%, 1977 Dr. Stephens of Occidental College and his
students made severa) 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 April 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 Genyonemus
lineatus, the white croaker, which appears to flourish in the soft bottom,
calmer water environment as an omnivore. In 1972-75 it composed 56% of
the ocuter harbor fish (AHF, 1976}, Phanerodon furcatus '(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. Symphurus
atricauda (California tonguefish) was third in the April 1977 survey,
whereas it had been the second most common fish in the 1972-75 survevs,
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 mitigaticon 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 alsc 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), M.K. Wicksten (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.
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Table 31. Fish from the

Sansinena
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area, 5an

Pedro, compared with the

White's Point area.
Stn. 1 I Stn. 2 || Stn. 1 | stn. 2 Wht . Pt.
Apr, 8 Apr. 8 Apr. 15| Apr. 15 Apr. 15
SPECIES fr s | #I S BT s L #I s
l
Chilara taylori : 2/225
Citharichthys sordidus ! 2/123
Cymatogaster aggregata 1/85 : |
Embiotoea jacksbni 1/120
Genyonemus lineatus 80/155 29/143 1/210
Glyptocephalus zachirus) . 2/170
Hippoglossina stomata % 5 2/100
Hypsoblemnius gilberti | . 1/55 }
Microstomes pactficous E E 46/113
Odontopyxis trispinosa i é i : 1/100
Otophidium serippsi | l : | 2/148 |
Paralabrax clathratus } 1/60 l i
Paralabrax nebulifer b 1/245 !
Paralichthys ;
californicus ' 1/90
Phanerodon furcatus ﬁ 1/170 4/128 13/129
Sebastes dalli 15/86
Sebastes goodei 7/106
Sebastes saxicola : 1/80 !
Seriphus politus ! 1/135 : i
Symphurus atrieauda ? i 1/140 ? 2/150 E 3/113
Syngnathus sp. | r 1
Xeneretmus latifrons 4798

I
S

number of Individuals
Size (in millimeters) average

Station 1 (control) from Fish Harbor Breakwater toward Angels Gate.

Station 2 parallel to Sansinena south of channel marker buoys.
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TABLE 34 . COMMON AND SCIENTIFIC NAMES OF FISH

FRYLUM CHORDATA
CLASS CHONDRICHTHYS - CARTILAGENOUS F1SHES
Drder Hatercdontifarmes
FAMTLY HETERODONTIDAE - Bullhaad 5haghs

Hornghach . . . - . . . Netarodertus francisat (Girard}
Gulf of California to Monterey Bay. Shallow ko 452
fwar. Los Angeles-long Beach Harbor: 53,

Order Squaliformes
FAWILY CARCHARHINIDAE ~ Raquiem Sharks

Soupfin shark, Galaorhins Fygopterus Jordan & Gilbert
thile and Peru to Horthern Reitish Columbia, but not
in the troplcs. MNesr water surface. Los hngeles-
lLong Beach Harbor: 54,

Gray smcothhound, . . . . . Nustelug coltforaiows Gill
Hazatlan. Me&xico, to Cape Mendocaino, California. Ehal=~
low to L50 fest. Loo Angelesa~fLong Beach Harbor: BS,
HLA, COTmON .

Brown smookthhound . . . . . . . - Musi#ina henlet (G1ll)
Gulf of California to Humboldr Bay, California. Shal-
low. Los Angeles-Long Beach Harbor: HLA. 81.

Lacpard shark, . . . . . . . .Friakig eemifasciqta Girard
Mazstlan, Mexico, Gulf of Californis to Oregah. Bays
and beaches. Lo hngelas-Long Besch Hasbor: B&. E3.

FAMILY SQUALIDAE - Dogfish Sharks

Spiny dogfisk, . ., . . . . . . .Sqwalus cconthias Linnaeua
Temperate and Subtropical Arlaneic and Pacific, Chile,
Baia California to Alaskz, Japan. Shallow to 1200
feet. Los Angeles-Long Beach Harbor: T8, T1L.

PHMILY SQUATINIDAE - Angal Sharks
Pagifar angel shark . . . . .Squcting oalifornica AYres

Chile, Guif of Califormis to Scuth Eaet Ahlasks.
Shallow water. Los Angslas-long Besch Harbor: 54,

Order Raiiformes (Gatoidei]

FAMILY FLATYRHIMIDAE - Thornbacks*

Tharpback. FPilatyrhinotdis triseriats (Jordan & Gilbert)
Paja Californis to Ban Francisch. Shallow to 150
feet. Loz Angeles-Long Beach Harbor: BS, 81.

FAMILY RHINOBATIDAE = Guitarfishes

thovelhame quitarfish . ., . .Fhingbotes preoductud {AYTRE}
Gulf of California to San Francisco (recent Te-
cords anly to Capitola). Surfsce to 50 fest. Los
Angelem-Long Beach Warbor: BS, Sl.

FAMILY TORPEDINIDAE - Electric rays

Pacific elmotric ray . - - - Torpade califerricd Ayres
Baja California to British Columhia. Shallow to
640 fest. LOoE Angelea-Long Beach Harbor: T7. TiZ,
TL13 (A number have bess collected in other trawls
but additional date is vnavailable}, Comenon.

FAMILY BAJIDAE - Gkates

Califorpis shate . . - - - -Agja inornata Jordan & Gilbert
Baja California eo Strait of Juan 4+ Fuca. 6 to 2200
feet. Lok Angeles-Long Beach Harbor: S1.

FAMILY DASYATIDIDAE* - Stingrays

Disamend stingray. Dawyatis dipterura {(Jordan & Gilbert]
Palth, Peru, to MNychuat, S8ritish Columbia. £hallow
te 55 feet. Lor Angeles-Long Beach Harbor: BS, 53, 54.

California butterfly ray. - Cymnura marmorgks (Cooper}
Feru to Point Conception. Shallow baye and beaches.
Las Angsles-long Beach Marbor: B5, 54,

Round stingray- - - . - -Mrolophus halleri COOpED
Panama Bay to Humboldr Bay., To 70 feet. Lox
Angeles-Lomg Beach Harbor: BS, 51, 53, 54.

FRMILY MYLIGBATIDAE - Eagle Rays

Pat Tay - -+ =+ o+ o4 v e = Mylipbatis califertice Gill
Gulf of California to Oregon. To 150 feet. Los
Angeles-iong Beach Slarbor: BS, MLD, sl, §3, T3,
Th. Comean.

Order Chimaeriformes
FAMILY CHIMAERIDAL - Chimaeras

Ratfish. . - « hudrolopwe collied (Lay & Bennett)

cuilf of caiiformis to South East Alaska, Shallow to
1200 feeL. Los Angeles-Long Beachk Herbor: 5S4
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CLALS OSTEICMTHYS - BONY FISHES
ordet Anguilliformes [Apodes & LyOmerl:
FAMILY MURAENIDAE ~ MoTays

calilornis orEy. - - - - - LJymrothores mordur LAyTes]
Baja California to Peink Conceptian. Shallow feef
areai. Loz hngeles-Long Beacn Harbor: 51, 54, {ommor
along wnside of outer DreskwAters {Ror Williamsaf,
Univ. Sg. Calaf., pars. cosm.t.

Qraer Clupeiformes
FAMILY CLUFEIDAE - Herrings

Pacific esardipe. . - Sardinoys sagad saeruliLs Jenyns
Guaymas, Mexice, To xamchatka. Epipelagic.  Los
Angeles-long Baach Harbor: @5, 53.
FAMILY ENGRAULIDIGAE - Anchovies

peepbody &RChOVY. - - - Anchos comprogad (Grrard;
Todos Santas Bay, Baja California to Marrc Pay. Bays

and estuaries. Lok Angeles-lLong Beach Harbor: BS,
§3, TH, T13, Tis, TIi7V.

Arcnovecra - . Centengrauliy myslissius (Guntherd
Eechura Ray, Peru, to LOS Angeles Harbor. Low Angeles-
Long Beach Barbor: Mot taken, may be 1Rtrodustion
[see Miller & Lea, 1972, p. 3&7.

pacifiz Herring. - - -Llup#c harengus ;allas: Valenciennes
Worthern Bajs California to kroeic Ocean and Japat.
1nshore schooling fikh,  Los hngeles-iong Beash
Rarbor: BS.

Northern Anchovy - - - - _Engrauziis rmordar Giradd
cape San Lucas, Bajs Califorria to Queen Chazr)otLe
Island, British Columbia, Los Angeles-long Beach
Warbor: BS, 51, 51, T3-TlE, Common.

Elough aRchevy - - - - Anchos diitegrisaimeiGarad:
Magdalens Bay, Baja Califormia Lo Belmont Shores,
Long Beach Harbors. Eftuaries and bay DaCKWaLETE.
Los Angeles-lLang Beach Harbor: BS, Té, TE, Ti3.

order Salmoniforses
FAMILY SALMOWIDAE - Salmonk and Trodrs

Coho ISilver) salmen - - - - iwchorenchus diguton (Walbedm,
Chamaly Bay, Baja Galiforn:a to Bering Ses LG Japar.
Apadromous., Los Angeles-Long Beacn Harbor: 581, kare.

grder Myctophifcrees
FAMILY EYNODOMTIDAE - Lirardfishes

california lizardfish. . . . - .Fwrodur lururecre lAyTes!
cuaymas, Mexico, to San Francisco, % te 150 feet.
Lop Angeley-long Beach Harbor: 51, B4, Ta4-TI, TE.
Til, Tl4, Tl6, Uib.

Crdeyr Batrachoidiformes
FAMILY BATRACHOIDIDAE - Toadfishes

Specklefin midshipman PorickrAne murisster Hubbe & Sohulinz
Maodalena Bay, EBaja ralifornia toc Point Conceptiorn.

california. Shallew to 414 fwet, Llos Angeles-lang
sgach Harbor: BS, HLa, 8., §3. 54, T2-T}7, Jommor

Plainfin midshipman . . . - . _Forichthys narates Glrard
Gulf of California Y Gorda Bank, Raja Califorria o
Sitka, Alasha. Surface to 1000 feet. Loa Angeles-
Long Beach Harbor: TS (only one fiszh tekenl. FRare
Imay be acasonal), UsG.

order Gadiformes (hnacanthinil
FAMILY GACIDAE - Codfishes

Miarcgadus Fresimer (Girard:
40 o 1200 teet

Pacific tomcod*. . - -
Santa Monica Reef to Bering Sea.
Las Angeles-Long Beach Harbor:

FAMILY CPHIDITDAE -~ Cusk-eels

Sputted cusk-wsel S e e L Chilars feeiers IGairards
San Cristobal Bey, Baja Califernia to Meorthern Ore-
gon. 4 to BOD feet. Los Angeles-lona Beack Harber.
TS, T7, T, T11, Gli.

Pasketvweave cusk-eel. - GeopkLaiur germibp st Hukbs
North of Guaymgs, Mexico, to Foint Arguello. Tepir
tc 230 teet. Los Angeles-long Beach Harbor: BS.

Order Atheriniformes

FAMILY RELONIDAE - Hemedlefishes

Californtas neediefish- . Stroagelers w2l iR {GaTaT:
Peru Lo San Frenmcisco. Shallow to aboutr 100 feet
Los kngeles-Long Beach Haroor: Belmont shore.  Surmer

1972, Beach teine, Occudentas folleae.



ragLE 4 (CONTINUED)

FAMILY CYPRINODONTIDME

Fundulus paryipinmia Tirerd

cafufornia killifiah.
Loe Angeles-

Cosmon in Bays of Southarn California.
Long Beach Hartor: b5, Ued.

FARILY ATHERIBIDAE - Silvateldes

Topaselt. - - . - - .- Atherinopy affinfa tAyras)
Gulf of Califormia to 4 wl, =wet of Sooka Rarbar.
vancouvar [#land, B.C. BSays, sloughs. Yelp beds.
Las Angwlew-Long Basch Harbor: B3, DV, GHl, oGN3,
HLA. WLE, 51, 57 {dipnettad at Macina, warchhorn
Nanin, SanPedrol, Common.

Iackmmelt - - o - Atherincpais califomtienein Girard
Sants Marla Bay, Baja California to Yaguina, Gregon.
inghora. bays, Los Angsles-Long Beach Harbor: NS,

HLE, 51, 52 (dipnetesd at marine, Watchhorn Basinm,
san Pedrot..

cglifornia grunion . - - . Laupawthas tanuie (AyTR®!
Magdalans Bay to San Francisco, Suc face to &0 lest.
Loa Angelew-Long Besch Harbor: 65, 51, §21. [taken
by dipret at Marina, Watchhorn Sasin, San Pedro), %23,
Comiyh .

Order Ganterostaiforoms
PRALILY SYNGNATHTDAL - Plpafishes

Halp Pipefloh. . - L Symgmatkks colifornien jtorer

Santa Maria Bay, Baje Cslifornia to ca. tan Ft
Kely bede. Los Anoslas-Long Beach Harbot: 18, VAG.

Pipelish. . i e o+ a4 JByngnathus sp.

28, 51, T6.T7, T8, T13,TL6,
frder Perciformes [Parcomorphi: Azanthoptweyglil
FAMILY SERRANIDAE - 3wa Banias

Kelp bass . . - . . . - .Paralahrax claothrgtus (Glrard)
Magdalena Bay. %aja Californias to Columbia River.
Sucface to 150 fest. Los Angalas-lLong Baach Harbor:
A%, DV1, GWL, HMLA, HWLC, 9).

spotterd 1and bams _Paralabrar magulofeecigtweiftelndachnar)
Maxstlan, Memice, to Montarey, California, including
Gulf of California. To 200 Fest. Los Angeles-Long
Baach Harboc: B%, DV1, GWl, HLA, HLB, HLC, HED, 51,
%1 (Fish Barpor, Tarminel Island), T14 (only one tinh
takent. Common.

satzead vand basse . . . . . . .Paraiodraz nubalifar iGirazd)
Hagdslens Bay. Baja California, to Santa Crus, Call-
tornia. Shallow to 600 fest. Los Angelss-Long Beach
Harbor: BB, DVL, GNL, HLG, 31, 31, 84, Ti:, T17.

GLAnt mep bass. . . . . . ., .Starwsispis gigds hyras
Sul? of California to Humboldt Bay. 1§ &0 100 feec.
tos Angales-Long Beach Hagbor: 94,

FAMILY BRANCHIOSTEGIDAR - Tile Fithas

Ocean whitufish. . . Caubotla¢ilum princeps [Jenynk)
Paru to British Columbia. Surface to JOC fast. [ow
sngeles-Long Beach Harbor: 93, 84,

FAMILY CAMANGIDAR - Jacks and Fowmpancs

Jack Mackerel. . . -
Miqdalena Bay. Ba
Surface to 150 fset. Los Ang
51, 852,

. .Trapkurus sysercrigus {(Ayres}
Californla to Soucth Easy Alasks.
w-Long Seach Narbor:

FAMILY POMADASYIDAE - Srunts

Safgod. . - o - - Jdntactremer davidsoni (SERindachrer)
Magdalens Bay. Baja Celifornis to Santa Cyux, Cakl-
fornia. Surface to L10 feat. Los Angaiwd-long
Bwach Harbor: B8, ALA, RLE, $1. 34, Common, LIF"

Salema, . . . Tanisttur salifornirnuia (Seaindachrer)
Pery to Montersy 3ay, Capth 4 to 1§ fesc. Los Angeles:
Long Baach Harbog: BS.

FAMILY SCIARIDAE - Croakern* or Drums

Black croaker. Che:iotreama sgcurnamiGicardl
Mugdalenn Bmy, Baja Califernia to Paint Conception.
syrface to 150 test, Loa Angalwa—Lonqg Saach Harbox:
ps, ovi, &1, 51, T11l, (oniy one ftah taken in (&
trawlat,

Mhate ssabams. . - - - - - _CyHoaston mobilia thyren)
Magdaisna Bay, B474 California to Juneau, Alawke.
surface tp 400 Feet.  Los Angeles-Long Beach Harbor:
BS. 51, 54,

White croaker. - . . - - Gemyongmus [Ensacus (Ayrent
Magdalena Bay. Saja California to Vencouver [sland,
B.C. Burface to )10 fsac Lo Angslas-Long Raach
Karbar: ®5, GW1. HLA, MLG, WLD, HLE, $1, 52 ifish
Harbor, Tecminal taland), S1, 54, TL-TL7, UG, Cowewon .-
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California corbina | | |  Mentigirraus wndulgtus {Cirard)
Gulf of Californla te Point Conceptioh. gurface to 45
fewt. LO® Anqeles-Long Peach Harboe: BS, HLA, S, 54.

spotfin croakes, | . . Romeador mteenatt {Steindachner)
Maratlan, Mexico., to Point Conception. Surface to
50 fest. Los Angeles-Laong Beach Marbor: B85, OV, 51, s54.

Gueeatish. . . . . . . . . . . , Seriphus palttus Ayrak
vest of Uncle Sam Bank, Baja California to Yaquina Hay,

Oregen., Surface to 300 [eet. tos Angeles-Leng Beach
Harbor: BS, GN}, HLA, HLD, §l, S1, S4, TI-TL?, UG,
Comiman .

¥mllowfin croaker _Umbpina roncader Jordan & Gilbert
Gul? of Californis to Point Conception. Surfaca o
150 famt. Los Angaies-Long Beach Harbor: BS, 51.

TAMILY KYPHOSIDAE ~ Sea Thubs

Opaleys . . . . . - . ... . JGirella nigricane (Ayras}
Caps 5an Lucas, Ba california to San Prancisco.
Incertidal to 95 Fest. Los Angeles-Long Beach
Harbor: TV, G&l, $1., 33, U&G.

Halfmoon ., . , Wediaiung ealiforncnsia!Sutndnchn.rl
Gulf of Californis to Klamath River. Surfacs to
130 fest. LOS Angeles-Long Baach Harbor: ovl, GM1l, 5l.

FAMILY EMBIGTOCIDAE -Surfparchas

Barred surfpsrch , . ., . _Amphigtichul argdnteus Agaseiz
Playd Maria Bay, Bajs Califernis to Bodana Bay.
Surtuca bo LID fest. Low Angeles-Long Baach Harbor:
BS. 53, 54.

Galico wurfparch, . . . _Amphistichus kosl3i [Hubbs)
Arroyo San Isidro, Baja California be Shi 5hi 8each.
wWashington. Surface to 10 fast_  Lox Angeies-Long
Beach Matbot: HLA.

Shiner surfperch . . . . . .CyeMatogarter aggregata Glbbons
San Juintin Say, Bajs Califormia to Poct Wrangsll,
Alaska, Surface to 430 fswt. Los Angelss-Long Seach
Marbor: 8%, D¥t, dnl, GNJI. HLA, HLB, HLC, HLD. HLE.

52 {sight record, Maripa, Watchhorn pasin, San Pedrnol,
Common .

File surfperch . . - . . . -Damalichthye razea(Girard)
Guadsiupa Island to Port Wrangell, Alasks. Surface
to 150 fewt. Low Angeles-Long Beach Hagber: BS, DVI,
GMl, HLA, HLE, 5], 54. T3, Ti, T1)-Tl4, Comwon.

Bluck surfperch . . . . , , . .Embiotoco jackrontAgaseiz
Poinc Abrwojos, Rsis California to Fort Bragy. Surfacs
ko 130 fewt., Las Angelus-Long Beach Harbor: S, pYl, N1,
WLA, RLB, ALC, KLE, HLE, 53, 53, 54, T3, Th, T, TI9-T14,
T1T. COmMOT.

. Hyparprodopen argentdus Glhbons
Polnt San Momarica, B california te Vancouwer Island.
surface to 60 feet. Los Angeles-Long Beach Herbor: RS,
HLA, HLD, HLE, 51, 53}, 54, TL, T12, T1}, T1d, Common.

Walleve surfparch , .

Dwarf surfparch | | Migromeirua minimus (Gibbonu}
Cadros Island, PAjR Californoa ko Bodegs Bay. Tide-
pocla to 10 fewt. Loa Angelies-long Beach Harbor: BS.

White surfpeceh . . . . . . . .thaaereodon furcatua Girard
Point Cabram, mja California te Vancouver. n.C.
Burface tao 140 feot. Los Angalss-Long Basch Har-
bog: WSOV, GNL, GH3, HLA, WLD, HLE, 54, T1-T17, e,
Common .

Rubbwrlliy surfpecch . . . . .  Fhacockilus toxotes Mgsdmiz
Thuflos Head, Baja California te Ruseian Guich Statas
peach, Mandocino County, Callfornia. Sucface to 150
fwst. Los Angwlem=-Long Bamsch Harbor: BS, DVL, GWL.
83, 34, T2, T3, T6, TE8~TL1, Common.

rink surfparch  , _Zaelembius roracsus (Jordan & Glibert)
Guif of Californim wnd 3an Cristobail Bay, Baja Call-
fornia to Drakas Bay. 30 to 100 fewt. Los Ange
Long Baach Harbor: 3Si.

Sainbow zurfperch . e s s . . JHypEurus soryllAgQasEi)
Fio Santa Towmas, Baja Californis to Cape Mendoclno.

Sucface to LI0 feer. Low - z
by Angeisg-Long Basch Harbor:

FAMILY POMACENTRIDAE - Dawmswlfishusn

Blacksmith Chromis tpinmi
5 . e e e e e Punctipinniyg {Coocparl
Pgint Sam Pakblo, Baja California to Monterey Bay,

Surface to LS50 Faat. Los Asgelesa-icng Baach Ha :
oL, G, s1, 83. 9 xhor:

Garibaldi a :
« -+« 4« «Aypeypops rubicundus IGirard
Magdalens Bay, Asia California to Montersy Bay, !5\n:f !
é;il.-a ;lil Dzslut. Loa Angwles-Long Beach Harbor: OVL,

FAMILY LABRIDAE - Wrassas

Ryckvragie ; .
Pttt ~Halichovrren a# 1
Gult of Californis to Point Cnnception.q‘ga:;:xé: t(;?r-"

TE feet. Los Angeles-Long Beach Harbor: S51.



TABLE 34lCONTINUED)

Senorita . . . . . . . . . .dzyjuire zelvformica \Gunther)
Cedrof Island, Paja Californis to Sausslito (Recent
enly to Santa Cruzl. turface to B0 feet. LGB Angeles-
Lang Beach: DVL, 51

Pimglometopor pulehrum (Ayres|
sSurface
ovl, GNl,

Californis aheephesd | |
Cape San Lucas, Baja California to MOntuerey .
tp 160 fser. LoB Angeles-long Beach Harbob:
E3.

FAMILY LUGILIDAE - Mullers

Striped mullet . . . . . . . . Nugil gephalur Linnasus
gantern Pacific, Galapagor lxlande to Nonterey. Sur-
face to 400 faet. Lop Angeles-Long Beach Harbor: BS, 51,

PAMILY SPHYRAENIDAE - Barracudas

California barxaceda , . _Sphyraeng grgentes Girard
Cape Gan Lucas, Baja California te Kodiak Island,
Alsska. 5Surface to 60 feet, Lop Angales-long Beach
Harbor: BS, HLA, S1, §3.

FAMILY POLYNEMIDAE - Threadfinm

Yellow boba . . . . . Polydaotylue opercuiarie (G111}
Callao, Peru, to Monterey. Shallow inshore arsans.
Los Angelas-Long Beach Herbor: Not taken in this
scudy [ewe Maller & Lea, 1972, 3q. 168) .

FAMILIY CLINIDAE - Clinids

Spotted kelpfish . . . . . . . _Gibbonsia elegane (CoOpAT)
Magdalena Bay, Baja California to Foint Fiedras Blancas.
Surface ko 185 fesc. Lok Angales-Long Beach Marbor: PV1.

Giant kelpfish . . . . . . _Hatarcatichus rostratus Girard
Cape San Lucas, Baja Califoroia to Britich Columbis.
Surface to 137 feet. Loi Angeles-Long Beach Barbor:
BS, HLE, OVl.

Earcastic fringehead. - Neoclinus blanohand: Girard
Cedzos Ialand, Bais California to San Francimco. 10
to 200 fest. Los Angelaa-Long Beach Harbor: §4.

Yellowfin fringahaad . , . .Napolinus scaphensasr Hubbs
Point Sen Hipalito to Montayay 10 tp 90 fear. Lok
Angelap-long Beach Hagbor: DV1 Laight record onlyl .

.Feoelinus wntxotactus Hubbe
10 o 90 fast. Lo
B5, T1D.

nespot fringehead . . . .
San Disgo Bay to Rodugo Bay.
Angeles=-Long beach Barbor:

TAMILY BLENNIIDAE - Combtooth blannias

Rockpool blenny . . . . . .Aypsobienniue gilbertilJordan)
Msqdalena Bay, Baia California to Monterey. Intar-
ridal to B0 feet. Los Angeiss-Long besch Harbor: HLA

Mussell blenny
PusTta MArquis, Mexico, to Coal Qil Point. Depth
Intertidal to 70 feet. Los Angeles-Long Beach Harbor:
BE.

FAMILY GORIIDAE - Gobies

Longjaw mudsucker . . . . . LGEllichthye mirabilis Cooper
Gulf of Califorria to Tomales Bay. Shallows of
bays, mudflats. Los Anoeles-Long Beach Harbor: 53.

Bay 9oby . . . . - - . . . .Lepidogobrus lepiduriGirard)
Cedros Island, Baja Celifornis to Vancouver Island,
B.C. Shallow bays and to 200 feet. Los Angeles-

Long Beach Harbor: DVL, GH1, S4&, T3-Tll, Ti, T,
TIE, T:7, Common.

Elackeye goby . . . . . .Corypkoptarut nighalait {Bean)
South of Point Rompiente, Baje California to Skide-
gate Channel, Queen Charlotte Is., B.C. 5 to 8D Fest.
Los Angelea-Long Beach Harbor: bD¥1, T4-TE, T11, Ti&,
Common . -

Arrow goby . . . . . . .Clevelandig ipa!JoTddn L Tilbert)
Gulf of Califorria to Vancouver Imland, B.C. Shallow
asreaz of bays. Los Angeles-Long Beach Harbor: Dip-
cett¢d in Fiah Harbor: S,

Charelean goby . . . ~Tridentzger trigonoc#phalis (Gill)

Los Angeles Harbor apd in San Francisco Bay. Shallaw
pay aieas. Los Angeles-Long Beasch Herbor: #HoOU teken
in this study (see Miller and iea, 1972, pg. lB6).

FAMILY SCOMBRIDAE - Mackerels & Tunas

Slepder tuna . . . . . . . . - -Allothunnis [elliar Serventy
WATH Beas, ®Ostly in scuthern hemisphere: north to
Los Angeles Harbor. Depth: lrahore pelagic. Llox
Angeles-Long Beach Harbor: Mot taken in thais etudy
Isee Miller and iLea, 1973, pg. L®4).

Wavyback skipjack® . . . . . . -Futhuanue affinirpiCantar)
Indo-Facific, north to Los Angeies HarboT on our codrkt.
Ipiprladic. Los Anqeles-Long Beach Harbor: Wot taken
1 this study (see Miller & Lea, 1%72, pg. 192).

 Aypachlenniuws jankinsi Jordan & Evermann
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Pacific BORIES . . . - « &+ .« - -Sarda chiliandis [Cuvier)
Chile to Gulf of Alaska. Epipelagic. Los Angales-
Long Beach Harbor: HLA, HLL, 51, 53, Common.

Facific (Chub) mackersl LSepaber Japonmioms HOULEuyn
tranmpacific, 1A eaatern Pacific, Chile to Gulf of
Alasha, Surface to 150 fsat. Los Angeler-long
Beach Harbor: Sl.

Montarey SpAnish macharal .. . - _Scomberckerun concoler

ILockington)

Guif of California to boguel. Nearshors pelagre fish.

Los Angelas—Long Besch Harbor: BS.

FAMILY STROMATEIGAE - Buttertish

Pacific butterfish - . . - LPeprilus aimzllimua (Ayrasl
Magdalena Bay, Baja Califoenra to Fresar River, RB.C.
A0 to J00 fest. Los Angelas-Lang Beach Harbor: BS,
HLA, HLD, 51, $5, T1Z, 714, Common.

FAMILY SCORPABNIDAE - Rockiishes

Spotted scorpionfish . .3zorpaema guttaiv Girard
Uncle Bam Bank, Bejs Californis to Santdk Crur. Shallow
to 600 feer. Los Angeles-Long Besch darbor: 51, 51,
54, TI, 79, Common.

»rown rockfish . . . . . . .Sebaazer qurizulatus GiTard
Hipolito Bay, Baje California to Scuth Fast Alashs,
Shallew to LAG t. Lok Angalas-laong Beach harbor:
113 (only ona fish teksn in 46 trawls).

Calico rocifish . .Sebgetes dalliilEigenmann 4 Resson)
Sabasbtian Viscaino Bay, Baja California to Sap Fran-
cimce. 60 to B30 fest. Los Angeles-Long Beach
Harber: E4.

.Sebarcey peodei{Eigermann & Eilgenmannt
» California to Vancouver Island.
Los Angel&s-Lang Beech Harbor:

Chilipepper . -
Magdalena Bay,
surface to 650 feet.
™, T8,

Vermilion rockfish . -Sabaktas minigtus(Jordan & Gilbert!
Ean Benito Yelands, Baja Californas to Vancouvar Is-
land, British Columbaa, Shallow co 650 fesc. Lok
hngeles-Long Beach Warbor: Ti1-T%, Thé.

Hlue Tockfish . . -Sabadies mpstines {Jordan & GLlbert)
Point Santo Tomas, Baja Californis to Bering Sea.
Surface to 300 feet., Los Angsies-Lony Beach Harbor:
Wl {mighted only, Dot taken in 45 rrawls), S).

BOCCBEE® « « + + o« 2 - - = _Sebawtas pawcispinia {Ayres)
point Blanca, Baje Califernia to Kodiak Island, Alaska.
Surface to 1050 feet, Los Angeles-long Bwach Harbar:
T3, T5-TH, TLl, T12. Comsmon.

Grass rockfish . .Sebaates rastreliliger {Jordan & Gilbere!
Flays Maris Bay, Bejs Californis to Yaquine Bay,
Oregon. Intertida} o 1%0 feer. LoE Angeles-

Long Bdeach Harbor: DVL, MLC, El.

 Eebastes rubrivinctus {Jordan & Gilbert|
Cape coloatt, Baja Califcrnis to Aleatian 1slands .

100 to 60D feet. Lom Angelem-Long Beach Herbor: T8
lonly one Fish taken Lln 46 crawvls).

Flag rockfiah

Striptail rockZish . . . . - Seboetas zaxicolo (Gilbert)
Sebastisn Viscaino Bey, Baja Californis to South
East Alaska., 192 to 1320 feet. L0t Angeles-long
Beach Harbor: T3, TS, T6, T7, T9, T1Z, Common.

Olive rocklish .Sebastesr serranoides (Ergenmann & Figenmann]
Sar Benito Island, Bata California to Redding Rock,
D] Horte County. Surface to 480 feet. Los Angelas-
Long Beach Harbor: DVWl, GWl, T3-T9, TIl, T13, TI1E,
(8. .

FAMILY HEXAGRAMMIDAE - Greenlinge
Kelp greenling - - - .Hezagrammos decagrammus (Pallas!

Ls Jolia to Aleutian Islands, Alwska. Intertidal to
15¢ Feet. Los Angales-Long Beach Harbor: DVI GM1.

Livgood - - - . - - - s JOphiadrn ¢iemgatur Girard
Point San Carlos. Baja California to Kodiak Island,
Alasks. Surface to 1400 feet. LOS Angeles-iorg Beach
Harbor: HALA.

FAMILY ZTANIOLEFIDIDAE - Cembfiches

Longspine combfish - - - - - Llariplerte lotirirsir Girard
San Crastobal Bay, Baijs Califernia to Vancouver is-
land, B.C. 130 to 372 feet. Loz Angeles-long Beach
Harbor: S4.

FAMILY COTTIDAE - Sculpins

sonyhead powlpan - - - - - - _Artedive mateapilntus Grrard
Point San Telms, Baja California to Puget Sound.
Jntertidal to 150 feetl Lo® Angelés-long Beach
Harbor: BS, S4, TH,

Roughback sculpin: -Chitonotus Fugr?pnngalsteindlchmrj
Canta Maria Bay, Bajs Californza. Intertidal to 463
feet. Lok Angeles—Long Bearh Harbor: S4, UG,
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wooly sculpin. . . . . . . .Clinpoattes analis {Girard)
Ascuncion Paint, Baja Californis to Cape Mendocing.
Intertinal to £0 fest. Low Angeles-Long Beaach Harbor:
pvl, N1, 51, UkG.

PsciFic ataghorn wculpin. . .Leptooottur armatus Girard
San Quintin Bay, Baja Californik to ChigniX, Alasks.
Intartidal to 100 fest. Low Anosles-long Beach
Hartor: BS, HLA, 51. 5), Tl1, Tli, T13, Tl4, Tommon.

Cabezon . . . . . . ScorpasnicheNys marmoratus {AyTen)
Point Abrecjos, Bajs Californisa to Sithka, Alaska.
intertidal to 156 fast. Los Angelma-Long Beasch
Herbor: Dvl, GHl, &1, §2.

TAMILY AGIWIDAY - Foachars

Pygmy poacher . . . . .O0dontepyeis trispincee Leckington
Cedros lslapd, Baja Californis to South East Alemka.
A0 to 1200 fewt. Llow Angeles-Long Baeach Hagbor: T3,
T&-TY, TIE, UsG.

Orqer Fleuronectilformas {Heterosomata}
FANILY BOTHIDAE - Laft-sys flounders

Pacitic sanddab . . . . . Cithariekthys wordiduw (Glrurd)
Cape Gan Lucas, & California to Baring Gas. 230
to LBDD feer. Los sngeles-Long Beach Rarbor: TI1)
{only one fish taken in 4 bottom trawls}, Rare, U&G.

apechisd sanddeb . .Crtharichehys stigmasus Jordan & Gilbert
Magdalana Bay, Bais Californis to Montagus Ialand,
MAlaska, 19 to 1100 fest (7). Los Angslas-Long Beach
Hatbort BB, 53, Ti=-TI4, Tlé, Common, Ui,

Lohgfin sanddab - Citharichthys rarnthostigma Gllbart
Costa Rica to Montarsy Bay. Depth 8 to 44 leet.
Lon Angelen-Long Basch Harbor: BS, U&G.

Ren scle . . . . .GClyptocephalur sockirus Lockington
S5an Diago trough to Bering Ees. Depth 60 to 2100
imet. Los Angeles=Long Beach Karbor: BS.

Rigmouth scle .Wippeglopming gtomata [Eigenmann & Eigenmann)
Gult of California ko Monterey Bay. 100 to 450 faet.
Loa Angelew-Long Beach Warbor: 54, T6, T9, TLO.

California halibut FParglichthyr californicus{pyrea)
Magdelane Bay, Beis California to Duwillayute River,
B.C. Surface to 100 feer, Lox Angeles-Long Beach
Harbor: BS, HLA. MLE, S1, 83, T3, T4, Tt, T7, TB,
Tib-T14, Glé ULh, Common.

Fantaii sole . . . JXystrsurys ticlepis Jordan i Gllbert
Gul{ of California toc Monterey Bay. 15 to 250 feet.
Los Angales-Long Beach Harbor: B5, 54, T4, Tlo, Til.
T13, Ti4. ueh.

PAMILY PLEURDNECTIDAE — Right-eye fleunders

petrale male . . . . . . . . JEopmettag Jordani {Lockington}
Los Coronodon lslands, Baja Califarnia to Gulf of
Alaska. b0 ta 1500 fset. Lo Angeles-Long Beach
Harbor. 54.

Diamond turkbet . . . . Nypuopactta gutiulatalGirard)
Magdalens Bay, Baja California to Cape MendocihG .
5 to 150 feet. LOE Angelas-long Beach Harbor: BS,
£3, 54, TO. TID, TI4, UG

English sole . . - . . - . . - .Parophyrut vetulue Girard
San Cristobal Bay. Baja Califarnia te North Wemt Alzeka.
&0 to 1000 feet. Lot Angeles-Long Beach Harbor: B5,
53, 54, T}, T4, TE, TH-TL}, T14, UG,

-0 tugbot. . .« -+ « .« .« . -Pléuronichtkys coemosue Girard
Cape Colnett, Baja California to South Easxt Alaska.
Shallow tp 210 feet. Loz Angelea-long Beach Harkbor:

B5, Rare.

Curlfin turbot . JFPleurcnichthya decurrend Jordan & Girlbert
San Quintin Bay, Bajs California to North Weat Almska.
&0 o 1140 feet, Lox Angeles-Long Beach Harbor: BS,
531, B&, T6-Tl}, T13. Tid, Common.

spotted turbot. Fleuromichthye ritteri Starks & Morris
Hagdslena Bay, Baja California to Point Conception.
4 ta 150 fest. Los Angeles-Long Beach Harhor: BS,
54,69 (only one fish taken in 4B Dottom travwlel ., UG,

Hornyhead turbot. -Plewronichthpn uerticalie Jordar & Gilbert
Madgalena Bay, Baja Californisa to Point Reys. 3L to
612 teet. Los Angeles-Long Beach Harbor: BS, 51,
£3, 54, T2-Tl4, VLG,

FAMILY CYNDGLOSSIDAE - Toanguefiszhes

California tonguefish- -Sumphurua atricaudeidordan b Gilbert)
Capr San Lucas, Beja California to Big Lagoon, Hum-
boldt County. 5 to 276 fesr. Los Angelei-Long
pesch Harbor: MBS, 53, 54, T2-Tl4, Ti&, T17, {ommon,
UG,
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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 Cabrillec 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 way have been affected
by the ©il and tar.

METHODS OF STUDY

Observations of the area began on January 9, 1977 and continued un-
til 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 the 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 floating dock (E); and Sea Scout
Beach (F), in front of the Cabrillo Beach Sea Scout Base., HNOotes were
made on any ohbvious 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 Cabrillc 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) cccurs along
the breakwater toward the Cabrilloc 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 Cabrille Beach is sheltered from the usual ocean waves
by the breakwater, the beach is subject to frequent ercsion and deposition
of sand. During windy days, waves about 1 m high can break on the beach,
eroding the sand and exposing shells and buried rocks. Gusty winds dry
the sand and blow it inte the harbor. During quiet weather, the sand accu-
mulates in drifts., Winter storms can change the profile of the beach ex-
tensively (Straughan, 1975}.

RESULTS

Cil, Tar, and Other Petroleum Residues

Prior tc the explosion of the Sansinena, inner Cabrillo Beach occa-
sionally received oil and tar from other parts of the harbor (Straughan,
1975). 0©0il 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 ciler terminal and a landing for commercial sport fishing boats. O0il
also may have been carried from the main channel on changing tides.

Following the explosion, shiny, iridescent oil slicks were sean at
the beach on every day on which observations were made. Tar (black, sticky
material) was cbserved 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 different petroleum residues varied from day
to day (Table 35). The tar of the initial spill dried and hardened on the
upper rocks, turning 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
Cabrille 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, although some o0il always could be found at the
bend. The tar on the upper rocks, except in sheltered spots, dried and
was scraped away. In December, however, the entire beach was contaminated
by extensive o©il slicks, tar blobs, and "chocolate mousse," although there
were no storms and few windy days during that part of the month, This new
contamination coincided with operations using a pile driver to build a new
dock at the site of the explosion, but there may have baen other, unidenti-
fied sources contributing to the contamination.

bredging during March, 1977 scooped sand from near the floating dock
and dumped it on the upper heach. The dredging cileared 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 south jetry in November.

During 1977, rain was scant. Run-off of fresh water at the beach
was confined to 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 ncar both of the
lifeguard towers.

puring the period of study, the temperature of the water ranged from
56-70°F (12-20°C), with a temperature of 15°C being most common. The
water usually contained floating particles and silt which reduced visibil-
ity to about one meter at hest.

Plants and Animals

pifferent associations of plants and animals occur at inner Cabrillo
Beach according to the tidal height and the substrate. The biota of the
main breakwater is typical of a protected outer coast {Ricketts, Calvin,
and Hedgpeth, 1969). The barnacles Balanus glandula, Chthamalus fissus,
and Tetraclita squamosa rubsecens are common, as are acmaeid limpets
(Collisella digitalis and others), striped shore crabs (Pachygrapeus cras-
3ipes), and aggregated sea anemones (Anthopleura elegantissima). On the
copble, plants and animals of quieter waters occur, such as branched bryo-
zoans {Bugula neritina), brown slipper shells (Crepidula onyx), and rock
crabs (Cancer anthonyi). The hermit crab Pagurus hirsutiusculus, which
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 Patterscn, 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 or tco deeply buried to be collected, also were present.

In the lower intertidal zone of the sandy areas, gaper clams {(Iresus
nuttalli) and hermit crabs (Isocheles pilosus) can be found. The snails
Olivella biplicata and Nassarius fossatus plow through the sand. Small
crustaceans {cumaceans and gammarid amphipods) can be commen in pools.

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 (Necagardhiella baileyi and Gigartina spp.}., tube
mollusks (Serpulorbis squamigerus) and bryozoans (Bugula neritina, Watersi-
pora arcuata, and (ryptosula pallasiana} can be found.

On the floating dock, a fauna typical of protected piles (Ricketts
et al., 19693) can be found. Great masses of bay mussels (Mytilus edulis),
tunicates ((iona tntestinalis), bryozoans {(Bugula neriting), and fine red
algae (Polysiphonia sp.) live on the lower surfaces of the docks.

Birds rest and feed along inner Cabrille Beach. On the harbor waters,
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Forster's terns, brown pelicans, and eared grebes hunt for fish. Sander-
lings, willets, black-bellied plovers, and marbled godwits forage along

the sand. Hundreds of gulls often rest 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,

Changes in the Plants and Animals

Cbservers on a beat 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. 0One or two grebes were reported to have died from oiling following
the explosion and fire.

In Januvary 1977 most of the 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 (Pachygrapsus erassipes and Cancer anthonyi) lay in the lower inter-
tidal zone. On the sand, dead and dying hermit crabs (lsccheles pilosus)
were found either glued inside their shells by tar or fouled on their respira-
tory appendages by the sticky material. The isopod Ligia occidentalis, which
could be found in swarms of hundreds con rocks prior to the spill, was nowhere
to be seen on the inner beach.

By March, many of the dead shells had been scraped off the rocks by wind
and surf. A vigorous settlement of tiny barnacles, small snails (Littorina
spp.) and acmaeid limpets (Collisella digitalis 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 Ulva sp. and Enteromorpha sp. which rapidly
colonize disturbed areas (Reish, 1964 and 1977).

The bicota observed at the beach by July was similar to that observed
prior to the spill except for the absence of Iigia ocecidentalis in its for-
mer habitats. By this time, the green alga Ulva sp. had created a thick
green covering over the rocks. Large Sea hares (Adplysia californica) and
striped shore crabs fed on this and other algae,

Toward the end of August, L. oceidertalis was seen in all the rocky
areas of the beach, although only at the bend and near the cobble was 1t con-
spicucus. During thc same time, the species occurred in swarms on cuter
Cabrillo Beach, on the seaward side of the main bhreakwater, which was not af-
fected by the spill. The green alga /lvg, common throughout the rocky zones,
began to turn yellow and die off.

By late October, the Ulva 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 large, healthy-
locking barnacles and limpets except in cracks or in crevices, where thick
tar remained. Bugula neritina and Watersipora arcuata became very wide-
spread on protected rocks.
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Throughout this time, rocks periodically covered by sand bore organ-
isms that appeared adapted for short lives on rocks exposed frqm sand. The
hydroid Tubularia crocea and the brown alga Taonia lennebackeriae were
found on exposed rocks in sandy regions of the low tidal zone. Thelr appear-
ance coincided with erosion that exposed rocks in the sandy areas.

In December, Bugula neriting became less common. Silt covered rocks
in the lower intertidal zone. Dead and dying hermit crabs (Igsocheles
pilosus) 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. occidentalis, 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 CONCLUSTONS

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 dried 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 (1975) and Straughan
and Patterson {1975). 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 /lva sp. up te a meter high might
have affected the fauna as much as or more than the deposition of oil.
Harpacticoid copepods and pelychaetes were abundant even under the "chocolate
mousse” on the beach.

The death of the hermit crabs (I. pilosus) 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 cecated by black tarxr
(Straughan, 1976). The combination of the physical effects and the toxic
effects of various fractions in the o0il and tar killed hundreds of these
sessile animals and probably was responsible for the die-off of Ligia
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orotdentalis on the inner beach while they survived on the outer beach.

The die-off of Ligia occidentalis might have contributed to the accu-
mulation of rotting algae in drifts on the beach in spring and early summer
of 1977. Ulva and Enteromorpha can grow rapidly in harbors, break off, die
and decompose. In the absence of herbivores, the decomposing algae can
cause odors and sometimes depletion of the dissolved oxygen in areas of 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 Ligta
may consume .0384 grams of brown algae (Sargasswum 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 disturbances 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 situa-
tions that could prevent the organisms from spawning. New disturbances by
dredging, churning by ships' propellers, 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 pllings by natur-
al processes and letting the normal siltation of the harbor cover the tar and
0il on the bottom seem to be the best means to allow the area to return to
"normal" conditions.

No sericus 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.

NCOTES ON EFFECTS OF THE QIL SPILL ON CRABS AT CABRILLO BEACH

A qualitative survey was made on January 15, 1977 during a low tide,
along the inside beach at cabrille Beach, near the Cabrillo Museum in Ean
Pedro. Abnormal behavior and casualties caused by the oil spill were noted
in four species of ancmuran and brachyuran crustaceans. Most cbvious was
damage to the sand-dwelling hermit crab, Isocheles ptlosus. 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
dislocdged from the sand by light surf, they are carried up the beach, but
are able to return to their habitat by running oY 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 cbserved 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
producta, Cancer anthonyi, and C. antermmarius were found cast ashore. How-
ever, at least five dead Pachygrapsus crassipes were seen, as well as live
subadult Cancer antenmarius and (. anthonyi 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 Puachygrapsus crassipes were found under ccbble

in the low intertidal zone, where they usually are not encountered. Ceon-
sidering that the nearest rocks in the higher intertidal zones, where c¢ne

usually finds Pachygrapsus, were thickly coated with tar, the crabs may
have moved to escape the tar,

edge of vroad

hare rock

aplanh anne

tar

harnarien

upper tntartidael zone

Hiva and Entervemorpha

middle intertidal zone

Text Flgure 2. Sketch of Breakwater near
Cobble, aApril 17, 1977.




191

OBSERVATICNS ON THE BIOTA OF THE CABRILLO FISHING PIER: 1977

INTRODUCTION

The Cabrillo Fishing Pier is located 0.5 mile from the Marine Museum
at Cabrillc Beach, San Pedrc, Califernia. It lies almest directly south
of the site of the explosion of the Sansinena. The pier is available to
the public for hock and line fishing and using traps to catch crabs.

METHODS QOF STUDY

Cbservations 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. Coler slides of conspic-
uous organisms were taken for reference with a Nikonos II camera, close-up
lens, and Nikoneos flash attachment.

RESULTS

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. The only petroleum residues seen on the pilings was a thick
coating of sticky black tar at the high tide lewvel. Under the tar were emp-~
ty shells of barnacles (Balanus glandula) and bay mussels (Mytilus edulis),
although most of the tarred zone was free of either live animals or dead
shells. No evidence 0of 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 Hedgpeth, 1969). In the first five
feet under the water, barnacles (Balanus glandula}, striped shore crabs
(Pachygrapsus crassipes), and ochre starfish (Pisaster ochraceus) are com-
mon. At about five feet, red algae, a brown alga (Desmarestia sp.), and
aggregated sea anemones {dnthopleura elegantissima) occur. At 10 to 20 feet,
a diverse association can be found of strawberry anemones (Corynactis califor-
niea), hydroids (Obelia sp. and others), rock scallops (Himnites multirugo-
sug), spider crabs (Pugettia richii and Scyra acutifrons), nudibranchs
(Polycera atra and others), tunicates (Styela montereyensis and others), and
small fish (Gibbonsia sp., small Scorpaena guitate and others). At depths
of 20 feet or more, gorgonians (Muricea califormica and Lophogorgia chilen-
sig), decorator crabs (Loxorhynchus crispatus), and sea cucumbers {(Parasti-
chopus parvimensis) live. The sandy bottom below the pilings is inhabited
by tube anemones (Paochycerianthus sp.), swimming crabs (Portunus zantusii),
terebellid worms, gaper clams {Tresus nuttalli), green paper bubble shells
(Harrinoeq vivescens), and flatfishes (family Pleurcnectidae). & complete
list 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 previocus 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 Califernia Navanax) may be seen by the
mundreds 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.

Barnucles, ochre starfish,
Striped ahore crab

Red algae
Acid memweed
%ﬁﬂ@éy Aggreyated aea anemones
10_ MRS sormorny aommes
#?ﬂfﬁ'ﬁ Sea aquirs :!

Raek scallsp
; Spider erak |
Mudibraneh |
Seorpionfiah

Surf perch

Decorater omab

Rugty aea fan

Seq cumonber

Pink geq whip

Flat fish, swimpring cral
Tube anememe, gaper clom

Text Figure 3. Vertical Distribution of Biota on Piling.
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Takble 35. Petroleum Residues at Inner Cabrilleo Beach
Launch | SeaSceout
1877 Cobble Bend Beach Jetty Area Beach
Jan 15 Xt Xt Xt Xt
Mar 6
13
Apr 14 Xt.0 Xc,0 Xt
17 Xt,o Xc,0
May 1 Xt X0 Xt Xt Xt
6
13 Xt Xo
15 Xt Xo Xt,0
22 Xt Xt,0 Xo Xt o
26 Xo
29 Xt Xt,o Xt
Jun 4 Xt,o Xc,0 Xo
5 Xo Xo Xo
19 Xt Xt,o Xo Xt
25 Xt,o Xt,0 Xt,0 Xo
Jul 17 Xt Xc,o Xo Xt
23 Xt Xc,0 Xo Xt Xo
29 Xt Xe,t,0
Aug 2 Xt Xo Xt,o Xt
18 Xc,0 Xt,o Xo Xt,o
23 Xt Xo
Sep 10 Xt Xo
25 Xt,o Xc,o Xt Xt
Oct 9 At Xo Xt,o Xt Xt,o
13 Xc,0
15 Xo
25 Xo Xo Xt,o
pNov 11 Xt Xt,0 X0 Xo
20 Xt Xt,0 ¥Xc,0 Xt Xt,0
e B Xc,t,0 Xe,t,0 Xc,t,0 Xt,o Xt,0 Xo
¢ = chocolate mousse t = tar
x = residue present c = oil

[ —— R e e ket a e e
R S S S

Co TN D e b
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Table 36

Species of Plants and Animals at Inner Cabrillo Beach

Tidal range Substrate

PLANTS

Chlorophycophyta: green algae

Bryopsis sp.

Chaetomorpha Sp.
Enteromorpha sp.
Ulva 8sp.

W om

HMrT I

Phaeophycophyta: brown algae

lesmarestiag sp.
Egregia mensieait
Sargagsum 8p.

Taonia lennebackeriae

ol B
Pl v e B

Rhodophycophyta: red algae

Gigartina leptorhynchos
Gigartina gpinoaa
Iridaea sp.
Neoargardhiella baileyt

Porshqra 3p.
Rhodoglosaum affine

Microalgae {unidentified)

e

cicdalalolin
W Im oo

i
t

=

A

ANIMALS
Porifera: sponges

Haliclona echasis L R
Hymaniactidon sinapium L R

Coelenterata
Class Hydrozoa: hydreoids
Hydroidea, unidentified

Qbelia sp.
Tubularig eroceg

oo
=i

Key:

L: low tide u: nid-tide #. high tide

hard substrates s: sana R: rocks or other
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Table 36 (Continued)
Class Anthozoa: sea anemones

Anthopleura elegantissima
Pachycerianthus sp.

Platyhelminthes: flatworms
Unidentified species
Annelida: segmented worms

Cirratulidae

Capitellidae

Diopatra ornata

Eupomatus gracilis
Halosydna tuberculifer
Lumbrineris sp.

Nepthys ferruginea

Nereis latescens
Peetinaria caltforniensis
Phragmatopoma californica
Platynereis bicanaliculata
Spiochaetopterus costarum

Mollusca: shelled animals
Class Gastropoda

Aeanthing spirata: unicorn snail

Amphissa sp.: dove shell

Apiyetia californica: sea hare

Collisella digitalieg: finger limpet
Colitsella limatula: file limpet
Collisella scabra: rough limpet

Crepidula cnyx: brown slipper shell
Crepidula perforans?: flat slipper shell
Crepipatella lingulata: half slipper shell
Dialula sandiegensis: nudibranch

Hamincea virescens: green paper bubble shell
Hermissenda crassicernts: opalescent nudibranch
Littorina planaxis: flat periwinkle
Littorina scutulata: checkered periwinkle
Mitrella carinata: keeled dove shell
Nasgarius fossatus: basket whelk

Ocenebra poulsont: dwarf triton

Otivella biplicata: olive shell

Poelyecera atra: nudibranch

Serpulorbis gquamigerus: tube snail

Tegula funebralis: black turban snail
Tegula gallirna: checkered turban snail
Triopha grandis: nudibranch

=

, el b ol el ol e e
=

muaeiie ol il vl ol il e e s gl o el el o v = sl el ol
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Table 36 {(Continued)

Class Amphineura: chitons

Cyanoplax hartwegit
Mopaliaq mugeoaa

Class Pelecypoda

Amiantie callcsa: white clam

Chama pellucida: jewel box shell
Clinoeardium nuttalli:. Nuttall's cockle
Htatella arctica: nestling clam
Hinnites multirugosus: rock scallop
Macoma secta: white sand macoma
Mytilus edulis: bay mussel
Protothava staminea: rock cockle
Tellina tdae: Ida's tellin

Tivela stultorum: Pismo clam

Tresus nuttglll. gaper clam

Zirfaca ptilabryi: rough piddock

Arthropoda: joint-legged animals
Class Crustacea

Balanus glandula: acorn barnacle
Balanus pacificus: barnacle

Balanus tintinnabulum. striped barnacle
Betaeus longidactylus: visored shrimp
Cancer antennarius: yrock crab

Cancer anthonyi: yellow rock crab
Cancer gractlis: graceful rock crab
Caprella californicd: skeleton shrimp
Caprella laeviuscula: skeleton shrimp
Caprelia mendar: skeleton shrimp

Chthamalue fissus: buckshot barnacle
Cumacea

Exoophaeroma inornatas, isopod

Citrolana harfordi: isopod

Gammaridea: beach hoppers

Harpacticoida

Hemigrapsua oregonengis, bay shore crab
Heptacarpus pictus: broken back shrimp
laocheles pilosus: hermit crab

Ligia occidentalis, isopod

Loxorhynchus grandis, sheep crab
Pachychelea rudig. porcelain crab

Pachygrapsus crassipes. striped shore crab

Pagurusg granosimanug; hermit crab
Pagurus hirsutiusculus; hermit crab

Fagurus gsamuelia; hermit crab
Petrolisthes cabrilloi, porcelain crab

L—-M
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Table 36 (Continued)

Class Crustacea

Portunus xantugii: swimming crab
Pugettia produeta: kelp crab
Tetraclita squamosa: red barnacle

Class Insecta

Diptera: flies
Hymencptera: ants

Class Pycnogonida: sea spiders

Ammothea hilgendorfi

Phylum Entoprocta: nodding moss animals
Barentsia sp.
Phylum Bryozoa: moss animals

Bowerbankia gracilis
Bugula californtica
Bugula neritina
Celleporaria brunnea
Cryptosula pallasiana
Watersipora arcuata

Echinodermata: spiny-skinned animals
Class Asteroidea: starfish

Pisaster ochraceus: ochre starfish

Class Echinoidea: sea urchins

Strongylocentrotus franciscanus: long-spined red
sea urchin
Strongylocentrotus purpuratus: purple sea urchin

Class Holothuroidea: sea cucumbers

Parastichopus parvimensis

Chordata
Class Ascidacea: tunicates
Botrylloideg sp.

Ciona intestinalis
Styela plicata
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Table 36 {(Continued)

Class Pisces: fishes

Atherinidae: top smelt ]
Clinoecottus analis: wooly sculpin
Cottidae: sculpins

Embiotocidae: surfperches
Leureathes tenuig: grunion

Class Aves: birds

Actitis macularia: spotted sandpiper
Aechmophorus oceidentalis: western grebe
Arenariag inerpree: ruddy turnstone
Catoptrophorue semipalmgtug: willet
Corvue brachyrhynchosg: common Crow
Crocethia alba: sanderling

Gavia immer: common loon

dirundo ruastica: barn swallow
Bydroprogne caspia: Caspian tern

Larue delawgrensis: ring-billed gqull
Larue heermannt: Heermann's gull

Larus philadelphia:Bonaparte's gull
Limosa fedoa: marbled godwit

Megaceryle aleyon: belted kingfisher
Numeniug americgnus: long~billed curlew
Pelecanus occidentalis: brown pelican
Podiceps caspicus: eared grebe

Squatarola squatarola: black-bellied plover
Stercorarius paragiticus: parasitic jaeger

Sterng albifrons: least tern
Sterna forsteri: Forster's tern

Class Mammalia: mammals

Felis domestieca: cat

Rattus sp.: rat

el e o
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. DPART 15. DECEMBER 1978

H. DIVER SURVEYS OF THE SANSINENA OIL SPILL IMPACTS
ON BENTHIC INVERTEBRATES
INTRODUCTION

Pollowing the explosion of the Sansinena on December 17, 1976, the
presence of Bunker C oil on the surface of the bottom substrate was first
observed and photographed on January 4, 1977 by the Harbors Environmental
Prejects (USC) team of divers. Three original transects were sampled
(Fig. 1) and oil was found in small globules, patches (10-25 cm in
diameter) 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. FPhoteographs 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 (100 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
aleng the line.

The number of crganisms visible within a 3.5 x 3.5 m radius of
each weight along the line was recorded. A photograph was taken at
each 30.5 m interval by holding the camera 1.8 m above the bottom.

All photographs were made with a Nikonos ITI camera equipped 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 transect location.

RESULTS

Preliminary Survey

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.
Much of the ©il appeared to be broken up into small clumps or glebules 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 ¢il werefound on benthic organisms and large areas
covered with 0il pools appeared to be devoid of invertebrates. Three
species were found to be quite numerous in the area outside the pools:
Pachycerianthus johnsoni, a burrowing anemone; Stylatula elongata, the
sea pen; Cancer anthonyi, a large crab; and Fanope gewnerocsa, the geoduck
clam.

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

Monthly Surveys

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 1.

Transect I proceeded toward the southwest from the mid-ship
position. The depth remained at 8-10 m (26-33 ft ) for the first 7
stations and then sloped abruptly down to 15-18 m (50-60 ft ) at
stations B 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 I1I
crossed a relatively shallow and somewhat rocky portion of the harbor
near the ship's bow and ranged from 8-18 m, (26-60 ft ) in depth.

Benthic 0il

The oil which appeared to be scattered in the relatively shallow
areas southwest of the ship was observed at stations 5-7 of transect 1
in the February-March study but soon disappeared (Table 2). 0il remain-

ed in the deeper ship channel in considerable amounts through the entire
study period.

thg ship. This pool persisted throughout the study and was in fact
still present on December 2, 1977 (see Part 1, this volume) .

. Transect IIY, in the bow area eonly passed through small traces of
0il and thesge also disappeared from view with time,

Marine Life
SLendlE Lile

The species and numbers of benthig jin
each transect are summarized in Table 3. Burrowing anemones

(Pachycerianthus Johnsoni), sea bens (Stylatulag ang Virgularia) and the
geoduck {Panope generosal are all sessile, long-lived suspension feeders

vertebrates observed along
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and their total population density seemed not be affected by the oil
spill. Both Hermissenda crassicornis (nudibranch) and Cancer anthonyi
are mobile and probably move about seascnally. They were not common
enough to indicate any trend but also appeared unaffected by the
pPresence of oil.

DISCUSSION

The impact of 0il on benthic invertebrates was probably consider-
able. The cil that formed pools near the ship’s stern for many months
probably killed all the marire 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 May of 1977 when poor visibility
made underwater observations almost impossible and very low numbers of
animals were hence chserved. 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 Oorganisms are mainly long-lived
suspension feeders, it is reasonable to assume that they were present
but not cocunted in the spring surveys of April and May.

The general benthic community in the shallower water (Transects I
and III} is probably richer due to the lack of dredging ang large ship
traffic in those areas. Only small amounts of o0il 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 IT and stations 8 and 9 of
transect I were more seriously affected by the o0il spill. However
this area had been conttinually 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 IT were beneath a sizeable

was killed. No studies of biological recover
end of the cleanup operations and resumption of docking.

T W ST, AR TR AT R e

e Mg b
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Table 38. Union Transect* Depths, 26 January 1977

TRANSECT I ~ Midship from SW to Tanker.

Station Depth {(feet)

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

D~ O N s W N e

TRANSECT I1 - S.E. to Stern.

Station Depth (feet)
1l 50~60
2
3
4 ALL
5
6 STATIONS
2
8
9

TRANSECT III - 5.W. to Bow,

Station Depth {feet)

25-30
25-30
2530
50-60
50-60

LY L N VI

* Transects began 800 ft from the Sansinena and terminated at the

ship site, with stations at 160 ft intervals, except for the S.w
bow transect, )
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Table 39. Distribution of 0il on the Benthos.

Transect I

28 Feb~ 26 25 29 25 26 29
4 Mar. April May June July August Sept.
Station 1 0 * * 9] 0 0 0
2 0 - - 0 0 0 0
3 0 - - 0 G ¢ 0
4 0 - - 0 0 Y] 0
5 L - - ¢ g 0 0
& L - - 0 L 0 0
7 L - - 0 L L L
8 L - = 8] M L L
9 L - - M M L M
*No records made

Transect II

28 Feb- 26 25 29 25 26 29
4 Mar, April May June July | August Sept.
Station |1 O V] - 0 0 0 O
2 ¢ 0 - 0 Y O Y
3 0 9] - 0 0 0 0
4 O & - 0 0 0 0
5 0 o - 0 0 0 Y
& 0 o] - 9] Q 0 0
7 M 0 - 0 L 0 M
8 H H - H M H H
9 H H - H H H H
Transect IIT
28 Feb- 26 25 29 25 26 29
4 Mar, April | May | June July | August | Sept.
Station 1 Y - 0 Q L QO 0
2 0 - O 8] L 0 Q
3 ¢] - 0 0 0 0 Y,
4 0 - 0 0 0 ] o
5 L - 0 0 O 0 8]
6 L - 6] 0 0 & o
7 L - L L G 0 9]
8 0 - 0 0 0 0 c
9 0 - 0 G 0 G L
L = light (small globulesg}
M = medium {(large globules)
H = heavy (pocl)
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Table 41. Animals and 0il Found Along the Sansinena Transects
Diver Survey, 26 January 1977.

Stations Transect I
SPECIES 112 {3 (4]5|6 |7 |81]¢%
Coelenterata
Cerianthid (large) 6 33514 (1 2
Cerianthid (small) 4 11 |1 1
Stylatula sp. (sea pen) 2015 |2 |13
Virgularia sp. {(sea pen) 3 15
Mollusca
Hermissenda sp. {nudibranch) 1 1
Panope sp. (clam) IHEREIERE
arthropoda
Crustacea
Cancer sp, 1*11 i3
Stations " Transect II
SPECIES 112 13J4¢t516]7181i9
Coelenterata g E:
Cerianthid (large) 113 11411 5d(1s5( 5
Cerianthid (small) 1 ey z
(! =
Mollusca nn': o
r+ —
Hermigsenda sp. (nudibranch) 3 2 1,8 £
Panope sp. (clam) 155 O !
- S
Arthropoda ' e
Crustacea g
Cancer sp. 2 1 1
: Transect TII
SPECIES Sfations oty TS
Coelenterata
Cerianthid (large) 6 18121712
Cerlanthid (smail) 1
Stytatula sp. [sea pen) 1
Virgularia sp. {sea pen) 311 3
Mollusca
Bermissenda sp. {nudibranch) 3
Panope sp. (clam) 13 10} 28
Miscellaneous (orange Cerianthid) H 1

*Organism was found dead.
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Table 42. Animals and 0il found along the Sansinena Transects

I - III.
February-March, 1977
Station ePth{in Transect I (3/4/77)
ftJng 22| 22| 241 25) 251 451 50| 50
ANIMALS 1121314 ([5]6e {7 (8149
Coelenterata
Cerianthid (large) 212 2161918 |1
Cerianthid (small) 212 2 {418 1811
Stylatula sp. (sea pen) 1112 2 1
Vergularia sp. (sea pen) 2110 6 3
Mollusca
Hermissenda sp. (nudibranch) 3 216
Panope sp. (clam) 10{ 10§ 12) 12]131|5 |6
Qil Presence SOME
Station Depth {inf Transect II (2/28/77)
‘Huhkﬁhﬂ‘ft-L_JISS 55] 52} 53] 55| 55| 55] 55] 55
ANIMALS 1 [(2{3]4{s5 |6} 7(81]39
Miscellaneous
Kelp Fish 1
(OVERCAST AND RAIN MADE CONDITIONS VERY DARK, AND OBSERVA-
TIONS IMPQOSSIBLE; NO OTHER ANIMAL SIGHTINGS MADE.)
0il Presence Some | Largef S.
| Pocls

5 = Some

StatioR Depthféif)’ i Transect III (3/4/77)
15715115 ]15] 20| 30| 30| 35{ 35
ANIMAILS 1 12 |13 (4]s5T76({7 18[9
Coelenterata
| Cerianthid (large) 3 |10 10| 5
Cerianthid {small) 212
S%ylatulq Sp. (sea pen) T [5F10[1(5
| Virgularia sp. (sea pen) 3 101 3
Gorgonians + i+
Molliusca
ngm%ssenda sp. {nudibranch) 5 |5 3|6 3
dinnites sp, (rock scallop) + P+
Pancope sp. (clam) 2513 6 12 3 (15
Arthropoda
Cancer sp. (crab) 12
0il Presence Some

+ = presence

Rt i
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Table 43. Animals and Cil found along the Sansinena Transects
I-¥I1I, 26 April, 1977

Station Transect I
ANIMALS 112 i3]a]5 7617 s
T | ! .
Coelenterata ! | R %
Cerianthid (large) | L : ~ 31
Virgularia sp. {(sea pen) . P!
Depth (in feet) 25 125 . 2530 [33 [35 %0 52 |52
Visibility {in feet) 3 3 3f 6| 8| 8 8, 8| 8
Station Transect II
_ ANIMALS 1 2 3 4 5 6 71 8
Coelenterata
Cerianthid (large 1
Depth {(in feet) 52 feet
Visibility (in feet) 3
0il Pool
Station Transect III
ANIMALS 1]2]13]4a15]6]718
f T
Coelenterate [ |
Cerianthid {large) ] 1, [
Stylatula sp. | 1! 3 |
Mollusca : f o
Panope sp. (clam) i | 2
Depth (in feet) 12 113 :13 {20 (26 [30 :35 138 38
Visibility {in feet) 1j1l1(3(6]|8]8] 8 s
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Table 44. Animals and 0il found aleng the Sansinena Transects I-ITI.
25 May, 1977.

Station Transect I
ANIMALS 1l 2 3 4 5 2} 7 8
Coelenterata
Cerianthid (laxge) 1 1 12 2
Cerianthid (small) ! 2
Depth (in feat) 22 |23 |25 25 |25 |25 |32 |32
visibility {in inches) 3 & 6 3] 6 |36 60O |60

Transect II

A stern transect was not possible due to the presence of an
oi]l recovery coperation in the transect area. The June survey
will indicate the success of recovery.

Station Transect III

ANTMALS 1 2 3 4 5 6 7 8 9
Coelenterata

Cerianthid (large) 1 3 1 3 {10

Stylatula sp. (sea pen) 2
Mollusca

Hermissenda sp. 2

Pariope sp. {(clam) 10 20 4 5
Depth {in feet) 12 112 |15 |15 [18 ;20 30 {35 (35
Visibility (in feet) 17131y 3338|818
0il *

* Indicates presence of oil.
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animals and 011 found along the Sansinena Transects

Table 45. T 711, June 29, 1977.
Transect I
AN IMALS T I T e e T T3 s
Coelenterata
Cerianthid {(large) 3 2 2 s | 311

Stylatula SP- {sea pen){ 2 7

Mollusca
Panope SPE- {clam)

Arthropoda
Cancer SP -

Depth (in feet)
01l pres .

15§ 12| 104} 13] 15} 15

Transect I1

ANIMALS 1 2 3 4 5 6 7 8 9
Coelenterata

Cerianthid {(large) 1 1 1 1 1

Stylatula sp. (sea pen) 1 1
Mollusca

Panope sp._ {clam) 5 4 2 11
Depth 501 50| 50| 50f{ 50| 50[50]5C1 50
o1l regent*
liiscellaneous {dead fish) X

Transect III

ANIMALS 7 13 74 5 16 [7 18 19
Coelenterata

Cerianthid (large) 4 10 5 15 14 2 {2 {10
Stylatula sp. (sea pen)[ 3 | 4 3 4

Mcllusca

Hermissenda sp. (nudibranch 1 1

Fanope Sp. (c?anﬂ 50 | 151 16| 10| 20 | 10 | 10 1015
Depth 15| 151 15| 15| 15} 30 | 35 ] 35 40
Qil bres.
Other (reef present) X

* Transect line did not go into area under parge where oil pool

had previgusly been located.
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H = heavy amount of oil

Table 46. Animals found along the Sansinena Transect lines.
July 25, 1977.
Transect I
SPECIES 1 2 3 4 5 G 7 8 9
Coelenterata
Cerianthid (large) 1! 3|57 {51213 1] 0
Cerianthid (small) 0 2 1 0 |35 0 0 01l 0
Stylatula sp. (seapen)| 0] 2 [1 |1 00 O] O} O
Mallusca
Panope sp. (clam) S .5 (10 15 10 | 0 | O 0|0
Rermigsenda sp.
{nudibranch) Q 0 1 G . O 0 ¥ Q 0
[
Echinodermata |
Pisaster brevispinus ¢ol1{o0o}lo0 0 0] 0 0| 0
0il ojojolojolL || M]|m
Depth 25 ]25% |25 |25 (25 }45 |45 | 45 |50
Transect II
SPECIES 1 2 3 4 5 & 7 8 g9
Coelenterata
Cerianthid (large) Q1010 ;12% 210 04{0
Mollusca
Parnope sp. (clam) 0| 0 9 0 4 2 2 0]l 0
0il 0 O 0 0] 0 0 L M H
Dapth 50 |50 [ 50 t50 {50 | 50 |50 | 50 (50
L = light amount of oil M = medium amount of oil
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Transect ITX

SPECIES 1l 2 3 4 5 6 7 a8 9
Coelenterata
Cerianthid {large} 1 5 3 010 2 1| 4 6
Cerianthid {small} o 2 1 1 0 0 1 2 0
Stylatula sp. (sea pen) i1tojolofo]loy1]r|2
Virgularia sp. (seapen)) 1 | o[ 3 |o]Jol1]o]o]o
Mollusca
Panope sp. (clam) 3(3]s}jo}5]|ofio)s |0
Hermissenda sp.
{nudibranch) 0] 0 0 o] 1 Q 0 o 0
il L L G 0 0 0 0 0 0
Depth 25 125 |20 |20 |35 {35 |35 135 [35

L

= light amount of oil M

H he

medium amount of eoil

avy amount of oil
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Table 47. Animals found along the Sansinena transect lines.
August 26, 1977.

Transect I

SPECIES 1121 3]4[5][e] 7]8[9

COELENTERATA
Cerianthid, large 2111213

Cerianthid, small 1

Stylatula Sp. (sea pen) 1{2] 111

s

Vérgularia Sp. (sea pen)

MOLLUSCA
Parnope sp. (clam) 451! 5 7165

Nudibranch, white 1

ARTHROPODA
Canoer sp. 2

0oil L NL | L

Depth { in feet ) 25|25 125 |27 129 ({45 [45 |50 [50

Transect 11

SPECIES 112131 4/5]6]718[9

COELENTERATA
Cerianthid, large 4 211

Cerianthid! small 1] 4

MOLLUSCA

Panoge sg. (clam) 2|1 51 3 1
—

ARTHROPODA

Canoenr Sg’ 1

011 qlm

IDepth (in feet) n53 50 [50 |50 |50 {50 {50 |50 {50

Transect III

SPECIES Ll 2] 3] 4[5]6] 78T 9
COEL@NTERATA

Cer%anthid, large 1|13/2(313]7|8]5]|2
Cerianthid, small 2171 31 2 2 14
Stylatula Sp.” (sea pen) 1 1 1 1
Virgularia sp. (sea pen) 1
MOLLUSCA

Pancpe sp. (clam)
Depth (in feet) 20 |20 |20 {20 [20 {25 {35 (30 [30

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

—— Station Transect 1
SPECIES T 1]12/3[415[6[7]879
]
COELENTERATA i
Cerianthid, large [ 2] 3, 3. 15 3,
Cerianthid, small | (2 2 17
Stylatula sp. (sea pen) 13 . 3 115 :
Virgularia sp. (sea pen) ‘ 1 3 '
MOLLUSCA o
. Hermissenda crassicornis 2 312:1
Panope generosa 129 ] 5 51101 5
ARTHROPODA | ! |
Cancer sp. L ! 1
OIL LIL|M
: T
Depth ( in feet) 25 {25 |25 128 30 |35 [50 |50 50 |
Station Transect II
SPECIES 1723747576789
COELENTERATA : , |
Cerianthid, large 3°3| 2] 221 2|
Cerlanthid, small i 1V 11 L
MOLLUSCA T
Hermissenda crassicornis .23 5 :
Panope generosa 313010] {20130[10 10
OIL | M|H{H
. ' !
Depth (in feet) 52 152 152 |52 |52 |52 |52 [52 {52
e Station Transect III _
SPECIES 1]2131475[6[77878"
COELENTERATA : ! P
Cerianthid, large ;6 | 44510 6 8:10 3.
Cerianthid, small 11 2[10:5:5 =
Virgularia sp. (sea pen) j 1 17
MOLLUSCA ; N
Hermigssenda crassicornig 7 {10 {15 j10 20 - 10
Panope gewnerosa 2313 L3 '
OIL o ; L
Depth 20 0 |20 20 |20 27 40 46 40 |
I. = light amount of oil M = medium amount of oil

H = heavy amount of oil
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MARINE STUDIES OF SAN PEDRO BAY, CALIFORNIA. PART 15. DECEMBER 1978

IV. OTHER EFFECTS QF TANKER TNCIDENTS

A. PRELIMINARY REPORT ON THE PHYSICAI. AND SENSORY EFFECTS
OF THE EXPLOSION OF THE OIL TANKER SANSINENA
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 cover 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
been perceived.

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 guestion-
naire forms any visible evidence of damage. They then interviewed the
occupants, agking about structural damage, broken glass, interruption of
utilities and o0il aeroscl fallout. They also asked each interviewee his
recollection as to what he had thought had happened at the time of the
explogion. Over 2,600 buildings were surveyed in this manner.

The second part of the survey took the form of a mail-back question-
naire sent through the campus mail service teo 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 cecllected was transferred to punch cards for computer
analysis. The analyses being carried out include computer generated 2- and
3~dimensicnal maps showing patterns of damage, perception of the incident,
and the influence of distance and land form on these patterns.

The first data item to be tabulated and analyzed was the respeonse given
in the house-to-house survey to the question, "Did your heme or building
sustain any damage in the explosion?". Response to this question are tallied
in Table 1. 1In this table the column headed "no response" includes build-
ings where no cne 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 use@ in the production of this map is
useful in showing trends or patterns (Figure 2},

The third map, alsc 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 severity nor the dollar value
of the damage. WNonetheless, in spite of giving all reported damage egual
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 MacArthur, 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 noxth, 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.
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Table 1. Damage Survey of the Sansinena Explosion.
= Frkicha

Numbey of Number of

Census Tract/ Buildings Buildings
BElock Group Damaged Not Damaged No Response
29621 2 0 0
29622 2 3 0
2962}, 5 13 2
29625 22 [ l
29661 17 28 INY
29662 9 3 0
29663 L 21 1
2966 3 7 S
29671 7 k1 1
29672 6 32 &
29681 2 8 17
29682 10 53 30
29683 0 4 3
29691 0 3 7
29692 2 10 S
29693 16 21 25
29651, L 6 42
29695 3 10 17
29M1 0 3 0
29712 30 27 33
29713 10 9 2
2971k L6 36 53
29715 L6 25 18
29721 52 sh 62
29722 7 16 )
29723 16 28 50
2972k bl 8 52
29725 12 Lo 66
29731 2 4 3
29732 5 25 23
29751 17 26 17
29752 12 46 L
29753 12 3 2
29761 T2 19 24
29762 7 5 0
29763 32 3 Y
29764 55 b} 92

29765 15 17 33
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MARINE STUDIES OF SAN PEDRC BAY, CALIFORNIA. PART 15. DECEMBER 1978

IV.B. A REVIEW QF THE EFFECTS OF SPILLED BUNKER C FUEL
ON MARINE ENVIROWMENTS
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 il 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 oh sediments (Guard, Hunter and DiSalve, 1975; Thomas, 1973).

Guard, et al. (1975} found that abcut 100 mg of each liter of oil (10%)
is estimated to leach into sea water. The major components of seawater
extracts of Bunker C fuel oil are acetophencne, naphthalene, phencl,
o= and p-cresol. Methylnaphthalene and xylenols are present in minor
amounts. Winters and Parker (1977) reported that over 80% of the naph-
thalenes are lost during the first 12 hours after exposure. Most of the
alkyl benzenes, naphthalenes, biphenyls, and hydrocarbons will evaporate
before reaching less well mixed water. The remalning 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 cil in areas with
rocky habitats: in February, 1970, at Chedabucto Bay, Nova Scotia
(Thomas, 1373) and in January, 1971, in San Francisco Bay, California
(Chan, 1977). 1In both areas the oil washed ashore and coated intertidal
rocks. The oil deposited on the rocks killed barnacles {Balanus sSpp.)
by suffocation. Major die-offs of the striped shore crab Pachygrapsus
Cragsiyes were reported in San Francisco Bay. In Chedabucto Bay, the
brown alga Fucus gerratus was broken off the rocks and cast ashore
after being coated with oil. Fucus spiralis was eliminated entirely in
areas where oiling was severe. Populations of the snail Littoring
obtusata, 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 oil is toxic to fertilization of eggs of
the sea urchin, Strongylocentrotus purpuratus. Cleavage stages of the
fertilized eggs are even more sensitive to the 0il {Allen, 1971).
Periwinkle snails (Littorina Iittoreq) increase their rates of crawl-
ing and respiration in the presence of Bunker C oil (Havgrave, 1973}.

Recovery of oiled rocky intertidal areas appears to be rapid
except in sheltered areas. Within three years after the spill in San
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Francisco Bay, Chan {1977) found that recruitment had doubled the mean
population of invertebrates found in study areas immediately after the
spill. WNeo lingering effects of the 0il were observed except a contin-
ued low population of shore crals. Exposure to crude oils has been
found to inhibit chemoreception, feeding responses, and mating
activities in these crabs (Kittredge, Pakahashi, and Sarinana, 1975).

In Chedabucto Bay, the coil on the rocks declined rapidly during
the winter of 1970-71, probably due te 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 Littorina saxatilis, Littorina littorea, and
Littorina obtusata became abundant. The brown alga Ascophyllum nodoswm
appeared not to have been affected by the o0il, perhaps due to a thick
coating of mucilage which repelled the oil. Fuycus spiralis, however,
did not settle again in oiled areas ( Thomas, 1973}.

EFFECTS IN SAND, MUD, AND SALT MARSHES

Bunker C fuel oil was spilled on beaches, in lagoons, and in salt
marshes in Chedabucte Bay in 1970 (Thomas, 1973). Some Bunker C oil
wag spilled in Chesapeake Bay in February, 1976, although most of that
spill consisted of number six fuel cil (Westree, 1977; Hershner and
Moore, 1977). 0©il from the spill in San Francisco Bay drifted north
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 (1973}
noted that lagoons acted as "oil traps." Salt marsh grass (Sparting
alterniflora) was eliminated in oiled areas. The edible soft-shell
clam Mya arenaria 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 (1975} and Vandermeulen and Keizer (1977} 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
Zostera marina 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 Myt¢iZus edulis) (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. ©il smothered benthic organisms, including
oysters; coated marsh grass (Spartinag sp.), and tainted edible oysters,
clams and crabs. Ribbed mussels (Modiolus demissus) died as tempera-
tures rose in contaminated areas in April and May (Roland, Moore, and
Bellanca, 1977; Hershner and Moocre, 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 Littorina irrorata 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 Nepithys sp. and the mole crab Emerita analoga
by 1974. Howaver, neither population regained its numbers prior to
the oil spill (Chan, 1977).

EFFECTS ON SUBTIDAL AREAS

Thomas {1973) reported that oil in subtidal sediments in lagoons
in Chedabucto Bay was released on disturbance. Four species of shallow—
water demersal fish were found dead on 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 i
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 cormorants,
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 (1975} found that damage to oiled hirds 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
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capacity. Fuel cils, 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 FOR SPILLS OF BUNKER C FUEL OIL

Three methods were used with some success in the Chesapeake Eay
spill: sceoping up pools of heavy o0il or sand and oil with front-end
loaders, cutting and removal of oiled marsh grass, and spraying rocks,
piers, and groins 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
Bellanca, 1977).

Westree (1977) 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
dezlers 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
black smoke (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 0il 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 difficult
to gather (White, 1971).

Oiled birds in San Prancisco Bay were collected by volunteers,
cleaned with a bath of mineral cil, dried in a mixture of flour and
corn meal, and kept in a warm bplace for observation. The birds were
fed a mixture of water, fish, antibiotics, and vitamin By1. Despite
these precauticns, the rate of survival of the treated birds was
extremely low {White, 1971; Anonymous, 1971).
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v, C. OIL, FISHERIES, AND THE HEALTH OF THE ECOSYSTEM

INTRODUCTION

Input of Petroleum Hydrocarbons to Marine Waters

Each year 6 million metric tons of petrcleum hydrocarbons enter
the ocean (Nat. Acad. Sci., 1975). Of this amount 1% is attributable
toc offshore production, 44% is introduced from municipal and industrial
wastes and river and urban runeff, 35% from transpoxt and offloading
operations, and 20% from natural seeps and atmospheric fallout ({Table 1).
Measured against this total, an acute tanker spill represents a relative-
ly small percentage of annual input. The Argo Merchant spill, while
spectacular, represented 1% of the total annual input of oil in the
marine environment.

Damage Assessment Problems

During the next decade the demand for oil products will result in
continued spillage and damage to coastal fisheries and their environ-
ments. The full impact of this oil on the marine ecosysten 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
invelved, recovery of marine populations to former 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 shelwves.

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 sericus 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.

0il Effects on Marine Fish and Shellfish

0il 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 0il, residence time, rate of evaporation, dissolution, and degrada-
tion.

The effects of cil on marine organisms based largely on laboratary
toxicity studies have recently been summarized by Sindermann (1978):

1. Direct Lethal Toxicity. Soluble aromatic hydrocarbons can be
lethal to adults in low concentrations (1-100 ppm), and to the
more sensitive larval stages at even lower concentrations (0.1 to
1 ppm).

2. Sublethal Disruption of Physiological 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 I-10 ppb. Some lethal effects
are; inhibition of mating responses, reduced fecundity, chromosomal
abnormalities in eggs, abnormal larval development, decreased feed-
ing actiwvities, and interference with neurosecretory responses.

3, Effects of Direct Coating and Ingestion of Qil., Mortality

can result from the occlusion of gills or digestiwve tract, entangle-
ment of appendages, or smothering and asphyxiation of sedentary forms.
Sublethal effects induce irritation of mucous membrances, impertant
in respiration.

4, Tainting 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 Potentially Carcinogenic Polyvcyclic Aromatic
Compounds in Food Chains. Some of the components of crude oil hawve
been determined (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. Changes in Habitats and Ecosystems. 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 Impacts

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 environments describe a wide
range of lethal and sublethal effects on fish, benthos, algae, and the
disruption of ecosystem stability (Clark and Finley, 1377). 1In 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.
(1975) reported a less, over 3 years of 50 million clams, representing
85% of a stock in the immediate vicinity of a No. 2 fuel oil spill in
Searsport, Maine.

Buzzards Bay Spill

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, 1970, revealed massive mortalities of benthic invertebrates.
The species compesition of the surviving benthos shifted from a typical
mixed community to a single species dominance of a pollution indicator--
the polychaete worm, Capitella capitata. 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 Bay Spill

A spill of 500,000 gallons of Bunker C fuel oil in 1969 caused
severe damage in Chedabucto Bay, Nova Scotia. Approximately 100
xilometers of shoreline were adversely affected. Losses of shellfish,
intertidal crustaceans, and attached algae were reported just after the
spill. Subsequent monitoring 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 (Mya arenaria) populations will require an esti-
mated 10 years to reach half of their formerx population densities
(Vvandermeulen, 1977).
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Amoco Cadiz Spill

Damage information is incomplete at this time on the impact of the
Amoco Cadiz spill. However, direct reports from NOAA members 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 shore of Brittany in late March 1978 when
the vessel ruptured. Wave action was responsible for massive infusion
of oil into the sediments. Immediate harvesting saved some of the
valuable shellfish beds {(oysters, mussels). It is unlikely that the
area will be free of o0il in time for seeding next crop. Massive
mortalities of fish, shellfish, algae, subtidal crustaceans, and birds
were observed. 0il has moved into several of the large estuaries causing
widespread dJdamage to shellfishing areas (J. Robinson, NORA/ERL, Boulder;
Personal Communication).

Offshore Impacts

Most studies on the effects of oil on fish and shellfish have been
concerned with the onshore or nearshore impacts on littoral organisms
(Sanders, 1977). Sublethal effects of crude oil have been described
for saithe, Pollachius virens {pollock), in the irmediate vicinity of a
grounded tanker off the Norwegian coast (Grahl-Njielsen et al., 1976).
In experiments where salmon and saithe were exposed to moderate lewvels
of oil (=50 ugms EKOFISK crude oil/liter seawater) both species showed
residues of 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 egqg and larval stages of fish and
molluscs are planktonic. They are carried by the tides and currents,
lack the ability to avoid oil spill areas, and are subject to large-
scale mortality from oil, particularly in the surface and near-surface
\:waters. Laboratory studies have shown that crude oil can damage develop-
ing fish eggs and cauge high mortalities in cod, herring, and capelin
embryos (Kihnold, 1969, 1974, Johannessen, 1976). Also, plaice larvae
and other species from the Black Sea suffered high mortalities from
exposure to crude oil in laboratory experiments at exposures as low as
©.1 ppm (Mironov, 1968, 1969). Aromatic hydrocarbons (e.g. benzene,
toluene) are highly toxic to fish larvae. High mortalities and serious
sublethal deformities were observed among Pacific herring and northern
anchovy dosed with concentrations as low as 5 ppm (Struhsaker et al.,
1974). oObservations from collections made at sea have shown that
zooplankters, particularly copepods, can ingest particles of oil and
pass them through the gut without any observable negative effects
{Conover, 1971; parker, 1970). some species of adult fish have been
observed to avoig areas contaminated with oil. Bivalve shellfish
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{quahogs, scallops, mussels) are sedentary and have only limited capa-~
bility to purge themselwves externally and internally of large amounts of
petroleum hydrocarbons. They suffer significant mortalities in areas
where sediments become contaminated with oil (Blumer, et al., 1970;
Thomas, 1973, Jeffries and Johnson, 1975). while oil damage has been
demonstrated on the continental shelf, based on short-term studies, little
is known of the longer-term effects of chronie eéxposures. Proper assess-
ments of the impact of oil on the continental shelf ecosystem will

require the combired effort of extensive sea sampling and experimental
suppert studies.

The Argo Merchant Spill

Prior to the Argo Merchant spill in December 1976, no large-scale
effort 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 attributing 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 ocil-induced mortalities
or sublethal effects need to be viewed against the background of
natural fluctuations and the complexities of multispecies interactions at
di fferent trophic levels and over a range of spatial angd 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 Argo spill was based on multidisciplinary
studies of both changes in population levels and the physiological
conditions of the principal species.

The results were sufficient to indicate that the impact of Argo oil
on the populations of Nantucket Shoals was minimal based on the short-
term assessment studies carried out during the 12 months following the
spill. Supperting evidence for this conclusion was found in both the
population stuides and the physiclogical effects studies done at the
tissue and organism levels for molluscs, fish, birds, zooplankton, a.r.ld
benthic crustaceans. In the histopathological, biochemical and physio-—
logical studies the recovery from initial observations of sublethal
impact to “"normal” conditions was reported for each of the grougs of
organisms examined, except for marine birds. The bird mortalities ca.lused
by oil, however, were few and the impact on bird stocks was not consider-
ed significant.

Studies conducted after the spill showed significant J:.m;':act of Argo
0il on the viability of cod and pollock eggs. High mortalities, and
malformed embryos attributed to oil-caused cytogenetic damage were .
collected from the spill zome. Mortalities ranged from 20% to 80%.0 e
embryos collected from the spill zone (Longwell, 1978}. The genetic ]
damage observed in developing cod and pollock embryos Wwas locallzed],- an
it is unlikely to have had a significant effect on subsequent year-c asi
recruitment of these stocks. Laboratory exposures of cod eggs to water
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soluble fractions similar to the Argo No. & ¢il caused sublethal damage
(reduced heart-beat rates) at doses of 100 ppb and high mortalities at
exposures of 250 ppb (KWlhnhold, 1978). Altheough levels exceeding

250 ppb of o0il were detected following the spill, the area of concentra-
tion was limited to the immediate vicinity of the Argo wreck and is
likely tc have affected a relatively small fraction of the Nantucket
Shoals cod stocks.

Trophic pathways of Argo 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"
pPrey 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 Argo oil
traces were found in fish, shellfish, or zooplankton samples. Commercial
catches and bettom trawl surveys of the spill zone and adjacent areas
showed no evidence of reduction in the pepulation densities of the
more important fish and shellfish stocks.

The limited short-term impact was attributed to the mitigating
ecological circumstances during the spill: (1) biological productivity
was at an annual low, (2) no large~scale deposition of oil was cbserved
in the sediments, and (3) 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 Brawo 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 million gallons of EKOFISK crude oil
spread over an area of about 4,000 km“ in the central HNorth 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 sampleg of fish and zooplankton that were frozen for
Petroleum hydrocarbon analysis. In addition, collections were also made
to cobtain samples of hydrocarbon degrading bacteria. Phytoplankton
standing stock and productivity measurements were made to estimate the
possible effects of oil on primary productivity, Ichthyoplankton were
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collected at each of the sampling locations. Fish distributions ware
tracked with echosounders, and sampled with pelagic and bottom trawlg,

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 wag
at a low level. Spawning activity was also minimal. 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 alsc 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 Instji-
tute of Marine Research concluded that it was," . . . mlikely that
Serious effects on the production of fish resources have occurred.”

Cther trophic levels may have been more seriously affected. Evidence was
found of an area of reduced primary productivity extending 10 nautical
miles eastward of the Bravo platform where "some" dead fish eggs and
copepeds 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. The result of these
studies is not yet available.

Mitigating Biological and Environmental Conditions

To date no comprehensive study has been completed on the effects of
oil on the productivity of marine populations of a continental shelf
area. The recent Argo 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
Argo Merchant oil was suspected as the cause of cod and pollock embryo
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 event
was during a period of low biological productivity. The 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 Aare _
sensitive to petroleum hydrocarbons. Mortalities have been reporxted at lev
els of 100 ppb and concentrations of wp to 250 ppb were found in the
vicinity of the Argo wreck.

During the warmer months of the year eddy systems are well developed
on the continental shelwves. The large volume of 0il carried by the
supertankers, if released into an eddy system in spring or summer, could
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cause significant damage to fish eggs and larvae. These sensitiwve early
developmental 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 pericd. Contamination of
the microzooplankton utilized as food by first-feeding larvae could also
Prove disastrous to an incoming year-class of fish.

Ecosystem Impacts

In stressed ecosystems it has been observed that the Primary pre-
duction level remains relatively constant. Significant shifts 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 shift results in the acceler-
ated growth of fast-growing, smaller, and generally less desirable species
(Steele and Frost, 1977).

Experimental 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-

celled diatom and large copepod fauna to a dominance of microflagellates,
and small microzooplankton, including small copepods (lLee & Takahashi, 1976).

Recent studies in large-scale microcosms at the University of Rhode
Island have alsoc 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 theiz
physiological responses (3. vVargo, URI, Personal Communication).

The experiments demonstrate the significant adverse impact of oil-
induced stress on controlled ecosystems. It isg difficult to extrapolate
these firdings 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.§.

The North Sea Ecosystem

Tt 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,
€-d., sand lance, sprat, and Norway pout {Hempel, 1978; Ursin, 1977).
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Other significant changes in the North Sea have been reported fqoy
the plankton populations (kRobinson, 1970; Colebrook, 1972). During the
past two decades a shift has been observed in species composition of the
phytoplankton and zcoplankton. The spring phytoplankton bloom has beep
delayed with the initiation later in spring now than in the 1950Q's,

Also, rather than the large diatom cells dominating the spring bloom,
smaller dinoflagellate cells predominate now. This shift from larger tq
smaller cells may have affected the species composition of the zoocplankton
favoring the development of the smaller copepod species. The causes for
the long-term shifts in species composition are not known. Whether the
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 Bight Ecosystems

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-
Gulf of Maine-Middle Atlantic Bight areas since 1958 {Clark and Brown,
1977}. Much of the decrease is the result of heavy fishing pressure and
to a lessexy degree environmental changes. The effects of large-scale
durping of o0il and other industrial and urban wastes may alsc have
contributed to the decline. Unfortunately, the systematic physiological
baseline data required to separate the varicus components of mortality--
fishing, natural, and pollution induced--arenot yet available.

Some evidence, however, is now available suggesting a marked
increase in the abundance of larvae of the sand lance (Amwdytes
americanus) 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
specics like the sand lance is not clear. Additicnal studies are
underway to wverify earlier findings, showing an increase of sand lance.
In 1966 they censtituted 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 becn the
subject of an intensive study by the NMFS and NOAA/MESA program for
several years. In 1276 a dramatic reduction of oxygen off the New
Jersey coast resulted in mass mortalities of bivalve molluscs. The
causes Ffor the anoxic condition appear to be in part the result of
mique 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 explanaticn.

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

Prognosis for the 1980°'s

The scientific literature on the effects of petroleunm hydrocarbons
is based largely on laboratory toxicoleqgical and bicassay 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, 1977}. 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 some pProgress has been made, it has not been of sufficient scope to
provide definitive answers to key gquestions:

(1) How best can the effects of petroleum hydrocarbons on fish
stocks and their environments {ecosystems) be assessed quantitatively?

(2) Are the alterations observed in the nearshore areas from the
contamination of petroleum hydrocarbons reversible?

{3} cCan we continue to input massive ampunts cf petroleum hydro-
carbons into the ecosystem with little risk of ecological disaster?

These questions are not readily answered. The problems are important and
they should be addresseq 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 hydrocarbon
pollution adequately. Our scientifie studies have been generally short-
term and not designed to answer the three questions. They have not been
formulated, as yet in an urgent sense, stated as objectives, and pro-
grammed for solution. For questions 1 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 ang
physiological condition or "health" of the key marine populations gp the
continental shelf. With respect to question 2, perusal of the literatyye
provides some insight to the solution. If the 0il does not penetrate the
sediment of a spill area, recovery can be measured in weeks or monthg.
When the petroleum enters the sediments the recovery process can take
years, or in the worst cases, no full recovery can be expected. Sedimentg
in Raritan Bay and the New York Bight contain thousands of parts peyr
million of iong-chain petrcleum hydrocarbons. In areas of chronic gis-
charge, bivalve mollusc populations show high hydrocarbon lewvels
initially. These are then reduced as the organisms develop resistance.
Although the community may return to pre-spill species composition ang
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 toc the third guestion is an enigma. The approach to the
problem has been piecemeal. Responsibility for assessing ecosystem
damage has been divided among severxal agencies (g._g., EPA, BLM, NOAA,
DOT), thengiven minimal support. Legislative authority for getting on
with the job may rest with NOAR in the Marine Protection Research and
Sanctuaries Act of 1972 and the Fisheries Conservation and Management
Act of 1976. More recent legislation now pending (Ocean Pellution
Research and Monitoring Act S5-1617) 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 impact 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 shelf gas and oil reserves {e.qg., pipeline ruptures, transport
accidents, storage tank leakage, offloading seepage). A summary of oil
spill events in the waters adjacent to the U, S. is given in Table 2.

The present background lewvels of petroleum hydrocarbons may be sufficiently
persistent to damage the more sensitive species of phytoplankton and fish
eggs and larvae inhabiting the surface waters of the continental shelf.

The surface plankton community known collectively as "neuston" is
most susceptible to petroleum contaminants. Significant amounts of tar
balls persist in surface waters off the east coast of the United States.
Larval bluefish, flounder, tuna, marlin and other important resource
species have been collected in neustorn nets contaminated with tar
{Sherman et. al., 1974). The lewel of oil and tar contamination in
neuston samples taken between Virginia and Cape Cod is low but persist”
ent (0.05 mg/m" to 1.04 mg/m in 1972-73). At least 30% of the samples 4
collected from the area were contaminated. The percentage of samples &7
weight of the tar mass collected increased in the Gulf Stream and off
the Bahamas (Table 3). More recently, qualitative estimates were made
of particulate oil and tar in 332 samples collected from the GeOoYges
Bank Nantucket Shoals area. Of this number, 36% were contaminated
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with oil (Sherman and Busch, 1978). Tar clumps have been found in
surface water throughout the Atlantic. Morris and Butler (1973) estimate
the standing stock at 86,000 metric tons, with concentrations in the
Sargasso Sea 3.6 times greater than the average weight of daytime zoo-
plankton (9.5 gm/m2 versus 2.6 gm/mz}. Tar clumps constituted abayt

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.

Long-Term Assessments

The grounding and breaking of the Argo Merchant and subsequent
groundings of other oil tankers on the continental shelf are dramatically
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 majer
environmental incidents on the fishery 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
Tesources. 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

In order to effectively assess pollution damage an approach is needed
that: (1) encompasses the coordination of the short-term assessment
studies of varicus groups and agencies conducted in response to a
pollution "event," {(2) provides for regionally oriented long=term
monitoring of ocean environments and populations, and (3) provides suit-
ablg information for interim or near-term policy guidance and decision
making. Because the pellution ™event” can occur at any site over the
?ontinental shelf, an integrated approach is being developed that cocuples
l?-depth physiolegical baseline studies {e.g., genetics, histopathology.
biochemistry) at specific sites with long-term monitoring of changes in

the abundance of the populations of fish and other key species in the
ecosystem,
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Table 1. Petroleum Hydrocarbons in the Ocean. Adapted from NAS, 1975.

Mitlion Percent
Metric Tons of
Input per Annum Total
Transportation 2.133 35
Tankers, dry docking, terminal
operation, bilges, accidents
Coastal refineries, municipal and 0.8 13
industrial waste
Offshore oil productions 0.08 0
River and urban runoff 1.9 3
Atmospheric fallout 0.6 10
Natural seeps 0.6 10

TOTAL 6.113 100




254

UCLELIW _.mm_oow.o— uotpytu g2-gi ¥ UoLtiw |tg el uoLiiw ¢°¢ 06 uoL(tu §°2 —Mmm.or 9161
UoL{ [t ¢yl UYL 0L | uotiLtw Q°g 14 UCLillw g ¥ 9l uctiiw g°¢ ¥6 uol[tw 27z E90*0Hd Gi61
UOL{ LW 6°9LJ996°EL| uOl[Liw g°Z 2 uotyftw |°f 0t oL Ltw 2] 691 Uollitw 672 KSL°Elf vi6l
(“Leb) auwnjop Maquny | (*leb) aunjop paquny | (*|eb) awniop paquay ] (“Leb) sun[op paquny ] (- 1eb) swniop haquny

Lejot “1eb 000 000* L< "1eb mommmmmmﬁ 126 000°00L-01 "1eb 00001 <epup

JURISLSSY 3O 821340 ‘ue(d Judwdoidsasq 3oalfodd wodd
Quoz sSnonbL3uo) ayj puoksq s|1ds buipniou] stajey 3[gebLARN S°n ULS)|LdS (L0 4O JJUspLloul

‘861 Yodel ‘YYON *Iudwdo(SA3(Q PUR YIUPISIY A0 A0IRAISIULLPY
*auoz snonbijuo)y syl pauajesdayl yosLym

‘¢ @lqel




255

Table 3. Percent Occurrence, and Average Concentrations (m /m2)
of Tar by Areas in Summer 1972 (July-August 1972) ang
Winter 1973 (January-March 1973) during MARMAP Survey
Operations. From NBS Spec. Publ. 409, December 1974

Survey Region No. of Percent Concentration
Neuston w/Tar mg/m
Tows
S Va-Cape Cod 29 31 0.18
(coastal)
W VA-Cape Cod 29 38 1.04
(coastal)
S Va-Cape Cod 52 83 0.77
{offshore)
W Ya-Cape Cod 51 59 0.05
{offshore)
S N.C.-Florida 32 78 0.23
(Gulf Stream)
W N.C.-Florida 48 80 1.22
(Gulf Stream)}
S N. Antilles &
Bahamas 39 87 3.9
W N. Bntilles &
Bahamas 47 96 4.8

(S-Summer & MW-Winter)
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