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FOREWORD 

The present report summarizes ecological investigations 
on the effects of effluents from fish cannery wastes and the 
municipal treatment plant (TITP) in outer Los Angeles Harbor 
over a period of some eight years~. Field investigations, 
experimental field and laboratory investigations, and computer 
analyses have been carried out. under the following estimated 
conditions and times: ' 

1971-74 Prior to Dissolved Air Flotation (OAF) pre-treat
ment of cannery wastes; urban primary TITP wastes 

1975-77 OAF treated cannery wastes; primary TITP wastes 

Apr-Oct 77 OAF cannery wastes; secondary TITP effluent 

Oct 77-Jan 78 Canneries hook up to TITP; secondary TITP effluent 

Jan-May 78 Variable secondary TITP 
Aug 30, 78) 

(Chlorination Mar 9-

Mar 9-Aug 30 
78 

June-Aug 78 

Chlorination of TITP 

TITP upset, primary plus suspended solids 

Sept-Dec 78 Secondary TITP 

The 1976-78 field and laboratory investigations were funded 
by the City of Los Angeles Department of Public Works for their 
Envirnomental Impact Report (EIR) on the Terminal Island Treat
ment Plant outfall location. 

The preparation of a special report on this research to 
the Environmental Protection Agency, Washington, o.c. was funded 
by the Tuna Research Foundation in order to make current 
information available to the Environmental Protection Agency 
for incorporation into their Report to Congress on the effects 
of fish cannery effluents on marine waters. 

On-going research on Los Angeles and Long Beach Harbors 
(San Pedro Bay) since 1970 has been funded by a number of public 
agencies and private entities. These include: The Port of 
Los Angeles, the Port of Long Beach, the USC Sea Grant Program 
(Dept. of Commerce, NOAA}, the U.S. Army Corps of Engineers, 
Pacific Lighting Service Corporation, Southern California Gas 
Company, and many others. The studies have often been coopera
tively funded and multidisciplinary in scope. Fourteen volumes 
of the series Marine Studies of San Pedro Bay, California and 
a number of special reports by Harbors Environmental Projects 
have been published on Los Angeles-Long Beach Harbors since 
1972 {University of Southern California). 
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EXECUTIVE SUMMARY 

EVALUATION OF RESULTS RELATED TO BIOENHANCEMENT 

Following the intensive control of toxic wastes and cleanup 
efforts mandated by the Los Angeles Regional Water Quality 
Control Board in 1970, the formerly depauperate harbor exper
ienced an enormous increase in species, higher taxa, and popu
lations unprecedented in the area,in the period from 1971 to 
1974. 

The harbor was, in 1973-1974, the richest soft-bottomed 
marine area in southern California. It was dependent upon the 
nutritious organic fish processing wastes and primary Terminal 
Island Treatment Plant {TITP) wastes which were mixed by the 
currents and winds in the area. The harbor was defined as 
"bioenhanced" on the basis of: 

o species diversity 

o evenness, hierarchical diversity 

o total populations, richness 

o biomass 

o presence of essential food web species 

o species of commercial/recreational value 

o rare or endangered species 

o potential for mariculture 

In 1977-78, studies similar to the 1973-74 investigations 
were made to assess the present state of the harbor on the 
basis of the same criteria, following the conversion of cannery 
effluents and domestic wastes to secondary treatment in the 
Terminal Island Treatment Plant {TITP). Harbor richness has been 
reduced. The greatest impacts occurred after DAF pre-treatment 
of cannery wastes began. Lesser impacts occurred after second
ary treatment was put in operation. In summary: 

o The shift in nutrients is from complex organic proteins, 
amino acids, fats, carbohydrates and ammonia to pro
duction of nitrate and nitrite. These mineralized 
nutrients have only limited availability to the food 
web, by way of phytoplankton. Amines are also 
present, which are not generally utilized. 

o The bird populations were down to forty percent of 
1973-74 levels. The gull species experienced the 
greatest loss, greater than threefold. 

o The fish populations in 1978 were down from 10 to 20 
times for white croaker and perhaps 100-fold for 
anchovies. These were the two most common species 
in the harbor in 1972-74. The average number of 
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species per trawl dropped from 10 to 6. Near the 
TITP outfall the species averaged 9.5, indicating 
its importance in supplying the only remaining 
attraction for the fish. 

o The phytoplankton population means, measured by 
chlorophyll a, are grossly similar for both periods. 
However, the productivity and assimilation ratios, 
representing the rates at which the phytoplankton 
produce food for other organisms, are drastically 
reduced, presumably due to loss of nutrients, or 
to inhibition. The drop in consumer populations 
would indicate that a decrease in the net phyto
plankton crop has occurred. 

o Zooplankton are perhaps least affected, since they 
are carried into the harbor on the changing tides; 
however, endemic harbor populations exist. Species 
diversity has been slightly increased overall, but 
the total numbers of organisms have varied greatly. 
It is likely that the greatly reduced fish population 
resulted in much reduced predation on zooplankton. 
Thus a deteriorating ecosystem which resulted in a 
decreased zooplankton production could still appear 
to have an increased zooplankton stock. There are 
also limiting factors for the zooplankton population, 
such as a reduction in nutrients. Species composition 
was altered as well. 

o Benthic organisms in the enhanced area in 1973-74 
numbered greater than 25 species and 35,000 organisms 
per m2

• The mean species diversity for the outer 
harbor increased steadily from 1971 through 1976. 
It dropped to 1972-73 levels in 1978. 

The mean numbers of organisms per m2 rose from 2861 
in 1971 to 27,806 in 1973, a tenfold increase. They 
declined in 1975 (coincident with installation of dis
solved air flotation (OAF) treatment by the canneries) 
to 63% of 1973 levels, and dropped to 27.6% in 1976, 
27.7% in 1977, and 26.8% of 1973 levels in 1978. Some 
of the previously most common species that were fed 
on by bottom fish have decreased or disappeared at 
times. This could seriously affect fish larvae or 
adults at crucial periods in their life cycles. 

o Fish egg and larvae surveys led to the conclusion 
that the total numbers were up somewhat in 1978 over 
1973-74 levels in the harbor. Anchovy eggs had 
virtually disappeared instead of being a major com
ponent. Improved survey techniques biased the data in 
favor of the increase, but the large drop in predator 
fish species may have resulted in increased survival. 
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o Microheterotrophs (bacteria, fun~i, protists, etc.) 
dropped 30-fold in 1978 after conversion of TITP to 
secondary treatment and cessation of cannery effluents. 
Since filter-feeders and deposit feeders are dependent 
in part on particulate detritus to which bacteria are 
attached, this represents an enormous loss to those 
food chain organisms. Benthic organisms in the soft 
bottom harbor were therefore reduced. 

The loss of bacterial populations will also be 
reflected in the ability of the harbor to assimilate 
wastes, since they were an important link in recycling 
material. 

o Computer analyses indicated that the benthic popula
tions were much more specifically influenced by cannery 
and TITP effluent events than were zooplankton popula
tions. In some periods, natural physical variables 
were shown to be more important, while in other periods 
the phytoplankton (and its controlling factors) were 
more significant. 

o In bioassay/toxicity tests there was no evidence that 
the secondary TITP effluent was toxic at any concen
tration. Variations in effluent quality could alter 
that at any time if toxic materials, which could not 
be removed in treatment, were introduced into the 
system. 

o Biostimulation and growth experiments in the field and 
laboratory showed that both pre-DAF cannery waste and 
TITP secondary waste could sustain or stimulate growth 
in phytoplankton, some invertebrates and some fish. 
Bioenhancernent is thus clearly possible with either 
or both of these wastes. 

o TITP effluent is a beneficial nutrient source in the 
harbor, although the levels are much reduced over 
previous nutrient regimes. 

o The pre-OAF cannery waste and TITP primary wastes 
provided a much richer ecosystem. The change to 
solely TITP secondary waste impacted most severely 
the food chain or web represented as the following: 
organics/detritus+ bacteria+ benthic polychaete 
worms+ demersal fish+ birds. This is schematic 
and thus oversimplified. 

o There was little impact on the total phytoplankton 
crop but there may have been a shift in species away 
from those favored by certain fish larvae or juveniles. 
The total zooplankton stock also appeared to be little 
altered. Reduced predation may contribute to the 
apparent stability of the plankton populations. This 
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food chain or web is represented as follows: 
N0 2 /N0 3 /NH 3 +phytoplankton+ zooplankton + pelagic 
fish+ birds. Again, this is oversimplified but 
indicative of the difference in the system. It 
selects for species with one set of food needs and 
selects against others. 

Fish Populations 

The mean number of fish per trawl in the Los Angeles-Long 
Beach outer harbors experienced a four-fold drop between 1973 
and 1978; a small temporary increase occurred in 1977, but it 
was followed by a continued precipitous drop in 1978. This 
contrasts with an almost two-fold increase between 1972-73 and 
1977, in party boat catch in the area outside the harbor, a 
curve that was interrupted only by small decreases in 1975-76. 
Thus the trend in the harbor has been distinctly downward over 
the 1973-1978 period. 

There is no indication that cessation of cannery discharges 
has been beneficial to harbor fish populations; rather, it 
appears that the change has been detrimental. It is impossible 
to state at this time that cessation is the only cause of the 
large decrease because of the many unknowns. However, the 
1973-74 drop may have been a natural regression from the peak 
of a cycle which resulted when the control of toxic wastes was 
instituted in 1970-71. The drop preceded in time the 1975 
installation of DAF treatment of cannery wastes and would 
presumably have leveled off to a more stable level. The pre
cipitous drop in December 1977 coincided precisely with the 
tremendous drop in nutrients due to the cessation of cannery 
effluents and diversion of all wastes to TITP secondary treat
ment, coupled with nutrient loss due to the drought. In July 
1978, the peak return of fish to the harbor coincided with 
the peak period of TITP malfunction during which large amounts 
of BOD and suspended solids were released to the entire central 
outer harbor. The counts dropped again as soon as the mal
function was corrected. 

The two important fish species were particularly affected. 
White croaker dropped 10- to 20-fold over the 1973-78 period. 
It was the principal fish caught by low income shore anglers, 
and now sells for about $3 per pound in local markets as 
"butterfish". Anchovy dropped by a factor of perhaps 100-fold 
in the same period. The harbor had previously been the home 
of a very large population of 0-lyr age class anchovy. This 
compares with a 4-fold drop in the same period in anchovy 
stock offshore. The large drop in gull species in the harbor, 
which fed on anchovies and fish "gurry" (floating protein-fat 
coagulates), may be related to the decline in nutrients and 
hence in anchovies. 

The TITP sewage outfall now seems to be the only nutrient 
area left in the harbor that shows larger fish populations 
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than the other trawl stations. It is therefore very important 
to maintaining the now-small fish population in the harbor. 

Bird Pooulations 

The average number of all marine birds sighted per obser
vation period in 1973-74 was 5,665, while the average number 
per period in 1978 was 2,280. This is a reduction of about 
60%~ The major differences occurred primarily in fall and 
winter months. The change in species numbers was varied; most 
loons and grebes increased, as did the Brown Pelican and 
cormorants. Among ducks, the abundant Surf Scoter suffered 
about a 60% decrease. The abundant Sanderling, among shorebirds, 
declined 11-fold. 

All gull species declined; the Western Gull by a factor 
of 4, the California Gull by 23 times and Heermanns Gull by 
2.5 times. These represent the largest numbers of birds. 

The endangered Least Tern and Royal Tern increased, but 
all other terns decreased. However, Least Tern nesting had 
been disrupted during the 1973 and 1974 surveys by construction. 
Purposeful disruption occurred again in 1978 and no nesting 
occurred, but 85 nests had been present in 1977. Sightings 
are otherwise infrequent and the increase in 1978 is small. 

Changes in bird populations may be due to the very large 
decrease in anchovies and/or in solid or particulate matter 
from the wastes. Liquid protein "salts out" in sea water and 
cannery wastes formerly contained some coagulates and parti
cles which floated on the water and were fed upon by many 
birds. 

Phytoplankton Resources 

Monitoring of phytoplankton productivity, chlorophyll a 
(a photosynthetic pigment), and assimilation ratio in the 
outer Los Angeles Harbor was carried out before, during, and 
after changeover of the Terminal Island Treatment Plant to 
secondary waste treatment and the diversion of cannery wastes 
into the plant for treatment prior to discharge. 

The chlorophyll a concentrations during this period 
showed similar annual patterns, indicating that the changes 
had not disrupted the development of phytoplankton popula
tions. However, the levels of productivity and assimilation 
were substantially reduced by the conversion of the TITP 
sewage plant to secondary treatment in 1977, although these 
parameters appeared to follow the same seasonal periodicities 
as previously. 
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After the diversion of the cannery wastes into the treat
ment plant, completed in January 1978, further sharp reduc
tions were found in both productivity and assimilation ratio. 
The cyclic pattern was obscured in 1978, but this may have 
been due, in part, to a major plant upset in the summer of 1978. 

Zooplankton Resources 

Species diversity of copepods and cladocerans is gener
ally higher outside the harbor than it is inside, and appears 
to be higher in winter than in summer. Species diversity was 
reduced at the onset of TITP secondary treat.~ent in April 1977, 
but was accompanied by a bloom of Aaartia tonsa. A high-to-low 
gradient in diversity existed prior to full secondary treat
ment from station Al (outside} to A3 (middle harbor) to A7 
(outfalls}. After full secondary, station Al was still highest 
in diversity but A7 was next highest and A3, located between 
the two, was the lowest. 

The so-called zone of enhancement in the harbor, if it 
still exists for zooplankton, has apparently retreated to the 
area around the TITP outfall, on the basis of initial analyses, 
but the concentration levels are lower as well. 

In total concentrations, the ratio of Al:A7 was 1.5:1 
before full secondary treatment of cannery wastes. The ratio 
of Al:A7 became 4:1 after full TITP secondary treatment. The 

m3numbers of organisms per were very low in the fall of 1977; 
they improved somewhat in 1978. 

Benthic Resources 

While the distributions of the benthic organisms have not 
changed appreciably over the period of 1975-1978, since publi
cation of the report to the U.S. Army Corps of Engineers (AHF, 
1976), the principal trends have been a large decrease in 
population sizes, especially of the more abundant species, and 
a decline in number of species. 

There was a slight trend towards increased species diver
sity at all stations in 1975-76. However, this may have been 
an artifact of multiple sampling done then, and to crustacean 
taxonomic studies that increased identifications. These were, 
therefore, restricted in the computer analyses herein. The 
numbers of species declined steadily from March 1977 through 
October 1978. 

By October 1978, samples showed faunal changes at both 
Al {outside the harbor) and A7 (in the outfall area). Since 
benthic worms are a principal food for bottom fish, other fish, 
crustaceans and birds, a large population decrease would have 
significant effects on those species. The drop in predator 
populations did not produce increased diversity or populations. 
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Microbiological cycling of ~utrients 

Investigations of microheterotrophs in outer Los Angeles 
Harbor and in adjacent waters showed that the monthly average 
was about 2.5 times more bacterial standing stock inside the 
harbor than occurred outside the harbor, after full secondary 
waste treatment of cannery and TITP wastes began. The cells 
collected inside the harbor were also somewhat larger than 
those collected outside. There was a 30-fold drop in total 
bacteria following full secondary treatment. The exception 
occurred during TITP malfunction, which caused a 10-fold 
increase in bacteria in June-October 1978. 

Annual variations in population density of bacteria 
included two peak periods, one in late spring and one in early 
fall. These peaks either coincided with or followed phyto
plankton blooms closely. 

Investigations of the utilization of the bacteria as food 
sources for marine organisms were conducted, using radio
actively labeled bacteria and a marine ciliate, both isolated 
from harbor waters and cultured in the laboratory. Similar 
studies were also carried out using species of marine inverte
brates that are common in the harbor, including a polychaete 
and two bivalves. These studies showed that the ingested 
bacteria were utilized anabolically and as a respiratory 
substrate. In a situation where the bacterial population was 
non-limiting, the quantity ingested was dependent on the number 
of organisms feeding on them. Studies using natural populations 
of bactivorous plankton collected from a series of stations in 
the harbor showed that consumption of bacteria varied with the 
concentration of bacteria. This suggests that the reductions 
in bacterial population as a result of the changes in the waste 
discharges in the harbor have removed an important food resource 
for the fauna of the harbor. 

The bacterioplankton rather than phytoplankton were found 
to be the predominant organisms involved in orthophosphate 
uptake in Los Angeles Harbor. Studies of turnover time both in 
and outside the harbor suggest that phosphate is not a limiting 
nutrient for the bacterioplankton, a conclusion reached earlier 
for the phytoplankton. The bacteria within the harbor were 
also found to be generally more metabolically active and less 
variable than those outside the harbor in their uptake of 
phosphate. 

Common organic phosphate compounds of great biological 
significance are the adenylates. These compounds occur in 
nature only as a result of loss from living cells and can be 
absorbed and used by bacteria and phytoplankton. 

Investigations of the uptake of these compounds from harbor 
waters again indicated that the role of bacterioplankton was 
predominant over that of the phytoplankton, except prior to a 
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bloom when uptake by phytoplankton increased sharply. 

Biostimulation and Growth (Bioenhancement) 

Experiments testing selected organisms on various levels 
of TITP and cannery wastes were carried out to delineate more 
clearly the specific roles of the wastes in the ecological 
system described from data that the field monitoring developed. 

Cultures of various species of phytoplankton were exposed 
to· concentrations of effluent dilutions from the treatment 
plant, simulating the receiving waters. Exposure to all of 
the concentrations tested showed enhanced growth rates in the 
cultures, with the most marked effect being noted at levels 
above 1%. Extrapolation of these data to field conditions 
using calculations of the critical length of the diffusing waste 
field suggest that the zone of enhancement extends only to 
about 500-1500 meters from the outfall. Field data suggest 
that this is an overly conservative estimate. 

Experimental month-long exposure of mussels at stations 
located varying distances from the TITP boil reflected the 
character of wastes as processed in the plant. During a major 
plant upset, when high levels of suspended solids and BOD were 
discharged, growth rates of mussels near the discharge were 
considerably higher than growth rates at a "control" station. 
Growth occurred at all sites tested. 

Laboratory studies of anchovies fed on sludge collected 
from a cannery OAF unit were carried out. Maximum concentra
tions of sludge that would stimulate growth were not reached, 
but linear regression analysis of data on net growth indicated 
that increased sludge yielded growth that was about equal to 
that supported with a similar amount of trout chow. The 
results were statistically significant. 

CONCLUSION 

The reports on field collections or observations all show 
perturbations in the data coinciding in time with the sequence 
of events occurring at the Terminal Island Treatment Plant and 
localizing around the site of the outfalls. In general, there 
were net reductions in fish, bacteria and benthic invertebrates 
as well as reduced bird populations and possible smaller net 
reductions in phytoplankton and zooplankton following the con
version of the plant to secondary treatment. Further reductions, 
even more pronounced, ensued following the diversion of the fish 
cannery effluents into the treatment plant. These parameters 
·showed significant increases during the months when the treat
ment plant suffered an upset. During this period high levels 
of suspended solids and BOD were released. Where data are 
available these showed sharp drops in the populations sampled 
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after the problem at the treatment plant was alleviated. The 
reappearance of birds and fish during the episode indicates 
that the harbor is now only an optional feeding area of oppor
tunity for adjacent populations along the coast. 

By far the greatest impact, however, appears to have 
occurred when DAF and other pre-treatment methods were installed 
in the canneries in 1974-1975. By comparison, the drops concomi
tant with secondary treatment were of lesser importance. 

It is now apparent that the harbor has been converted from 
the richest and most diverse soft-bottom cornmuni ty on the -
souther ali ornia coast to a ess ive enviro t. 
The loss of oo resources previously contained in e e luents 
has resulted in large order net reductions of organisms that 
fed directly or indirectly on the wastes. In brief, the food 
web that previously existed has been reduced in scope and 
magnitude by so-called improvements in physical water quality. 
The bioenhancement which was previously in evidence has dropped 
greatly; indeed, total removal of wastes would probably 
eliminate enhancement altogether. 

The studies presented here are felt to document the 
ecological role in the harbor played by the effluents dis
charged there. When the effluents contain much organic matter, 
as shown by the BOD and suspended solids levels, biomass and 
productivity are high. This was the pattern prior to the 
conversion to secondary treatment and during the plant upset. 
Low levels of biological productivity and standing stock pre
vailed during periods when the treatment plant was removing 
most of the BOD and solids. What was once a highly productive 
and diverse biological resource has been made much less so. 

There is good evidence that the present ecosystem is 
enhanced by the secondary waste over and above the conditions 
that would occur if the discharge were to be removed from the 
harbor. There is no evidence that present wastes are toxic, 
generally. There is no indication at present that phyto
plankton production exceeds consumption, leading to undesirable 
eutrophication . 

.The evidence presented includes field observation and col
lections supplemented with experimental assay under controlled 
conditions of the role that both the TITP effluent and cannery 
effluent have played in the development and control of the 
harbor biota. These studies, including the statistical analyses 
of the data, strongly support our conclusion that the harbor 
biota will be enhanced if a regulated level of untreated can
nery wastes are discharged into the harbor and that the harbor 
can once again become a rich and diverse biological habitat of 
value to commercial, recreational and conservationist interests. 

We believe that a return to release of managed levels of 
cannery wastes into the harbor without secondary treatment of 

V 
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those wastes would create a better nutrient balance in con
junction with secondary TITP wastes, and would be beneficial 
to the ecology. This might restore the enhanced condition that 
prevailed prior to full TITP secondary treatment. We feel that 
there are too many concomitant drops in a wide variety of taxa 
and biological processes to attribute all of them to coinci
dence. Differences between harbor fluctuations and ocean 
fluctuations can be seen, which coincide in time with waste 
treatment events in the harbor. 

The cannery wastes were not toxic in the same sense that 
metals and chlorinated hydrocarbons are toxic; high nutrient 
wastes do require more even distribution in the environment, 
however. Cannery wastes are very different from some toxic 
wastes in that they cannot be concentrated in tissues, nor 
bioamplified by passage through several consumers, as some 
heavy metals and toxic substances are concentrated. 

Dorothy F. Soule, Ph.D. 
Mikihiko Oguri, M.S. 
Principal Investigators 
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BIOENHANCEMENT: CAN THIS CONCEPT 
BE DEFINED A~D MEASURED? 

INTRODUCTION 

In the years since the passage of the National Environ
mental Policy Act (NEPA), the National Pollutant Discharge 
Elimination System (NPDES), and the 1972 revisions to the 
Federal Water Pollution Control Act (FWPCA), the emphasis has 
shifted from chemical, physical and biological standards for 
receiving water quality to the more easily regulated standards 
for effluent discharges. Apparently the basic impetus, in addi
tion to ease and uniformity of enforcement, was that some par
ticular number, or set of numbers, could be selected as stan
dards that would guarantee good water quality, nationwide. 

The Environmental Protection Agency (EPA) delegated to the 
states the authority to enforce national water quality standards 
and to develop policies that serve to implement control. Thus 
the California Resources Agency created the State Water Re
sources Control Board and the several Regional Water Quality 
Control Boards (RWQCB). 

In May 1974 tne policy document, under which Los Angeles 
Harbor is regulated, was created. 

Bays and Estuaries Policy 

In the document Water Quality Control Policy for the En
closed Bays and Estuaries of California (May 1974), the follow
ing excerpts are germane to the concept of bioenhancement: 

The Introduction (p. 1) of the above document states 
that the purpose of the policy is ... "to prevent water 
quality degradation and to protect the beneficial uses of 
enclosed bays and estuaries." 

In Chapter 1, Item A (p. 2) states that it is the / 
policy of the State Board that discharge of municipal 
wastewaters and industrial process waters ... "shall be 
phased out" .•• (except) "when the Regional Board finds 
that the wastewater in question ... would enhance the 
quality o: receiving waters above that which wculd o~~ur 
in the absence of the discharge. 113 (author's italics) 

Footnote3 (p.11) provides for 96 hour bioassay tests 
of undiluted effluent such that the effluent would produce 
not less than 90 percent survival, 50 percent of the time, 
and not less than 70 percent survival, 10 percent of the 
time. The footnote continues by indicating that these 
requirements by themselves do ~10 t eons ti tute evi ience 
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"that the discharge satisfies the criteria of enhancing 
the quality of the receiving waters above that which 
occur in the absence of the discharge." This constitutes 
the principal diff-icu'lty of the document; namely, that no 
definition of enhancement is provided. 

Chapter I, Item B, le (p. 3) states that "Monitoring 
requirements shall be established to evaluate any effects 
on water quality, particularly changes in species diversity 
and abundance ... " 

This clearly suggests a biological evaluation of 
water quality. 

Chapter IV, Item C (p. 9) states that "The Clean Water 
Grants Program shall require that the environmental impact 
report for any existing or proposed wastewater discharge 
..• shall evaluate whether or not the discharae would e~
hance the quality of receiving waters above t~at which 
would occur in the absence of the discharge." (author's 
italics) 

Again, no definition of enhancement is given. 

Definition for the City of Arcata 

In October 1974, Bill B. Dendy (then Executive Officer of 
the State water Resources Control Board) wrote a memorandum 
to David C. Joseph, Executive Officer of the North Coast RWQCB 
with the subject titled: Definition of "enhancement" for the 
City of Arcata (California). Mr. Roger A. Storey, City Manager 
of Arcata, had requested a definition of the term "enhancement" 
along with specific criteria for demonstrating that a particu
lar effluent would meet the definition. 

Mr. Dendy's letter has been widely circulated in California 
in an attempt to define the policy, but to date little progress 
has been made in qualifying any effluent under this "definition." 
Mr. Dendy's letter is quoted as follows: 

"Before discussing these items, I should point out 
that the rationale for the establishment of the enhance
ment concept was provided to State Board members prior 
to their adoption of the poilcy. This rationale is to 
be found in pages 5-6 of Appendix A to the Bays and 
Estuaries Policy. 

"My understanding of the term enhancement as it ap
pears in the Bays and Estuaries Policy includes: {l) full
uninterrupted protection of all beneficial uses which could 
be made of the receiving water body in the absence of all 
point source waste discharges along with {2) a demonstra
tion by the applicant that t~e discharge, through the crea
tion of new beneficial uses or a fuller realization, 
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enhances water quality for those beneficial uses which 
could be made of the receiving water in the absence 
of all point source waste discharges. In short, the Bays 
and Estuaries Policy requires that a discharge not only 
provide full protection of beneficial uses which the re
ceiving water body is capable of supporting but also 
yield a positive water quality benefit. 

"In view of the Regional Board's detailed knowledge 
of particular waste discharges, it was our opinion that 
it would be the appropriate agency to develop specific 
criteria which would guarantee full protection of bene
ficial uses. In approaching this task you may wish to con
sult EPA's Water Quality Criteria, the State Board's Ocean 
Plan and the Health & Safety Code which identify waste con
stituent limits which are appropriate to the problem of 
protecting the beneficial uses of saline waters. In addi
tion, Footnote 3 of the Policy provides additional guidance 
with respect to minimum toxicity control and effluent qual
ity guarantees. 

"While I believe that your staff could develop effluent 
limits which reflect what is necessary to protect benefi
cial uses, I also believe that it is the responsibility 
of the City of Arcata to provide a convincing demonstration 
that an identifiable water quality benefit would be real
ized through the continuation of in-bay disposal. 

"I would suggest that as a means of resolving the 
Arcata issue you request the City to submit a report con
taining the following information: 

a. Identification of those beneficial uses which they 
contend would be enhanced by the continuation of 
in-bay disposal; 

b. Identification of those effluent characteristics 
(physical, chemical or biological) which would 
have a direct bearing on the beneficial uses iden
tified in 2.a. above; 

c. Information supporting the contention that receiv
ing water conditions would not be optimum for sup
porting beneficial uses in the absence of all point 
discharges, and receiving water conditions the ap
plicant contends would be enhanced by the effluent; 

d. Proposed specific effluent characteristics which 
the discharger believes would enhance receiving 
water conditions; 

e. A description of treatment facilities and cost 
thereof which would meet conditions ide:itified 
in i tern 2 . d. ; 
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f. A description of alternatives and costs thereof, 
which would not involve in-bay disposal (items 
(e) and (f) should be coordinated with Division 
of Water Quality). 

"I would then suggest that a public hearing be noticed 
indicating that the information provided by the applicant 
is on file at the Regional Board for review by interested 
parties. The purpose of the hearing would be to deter
mine whether in-bay disposal should be allowed to continue 
based on the following considerations: 

1. That there is a beneficial use which could be created 
or enhanced. 

2. That the effluent limits proposed by the applicant would 
optimize conditions for the realization of the benefi
cial uses identified in item 1. 

3. That continuation of in-bay disposal would not compro
mise any beneficial uses which could be made of the re
ceiving water in the absence of any point source waste 
discharge. 

4. That the benefits derived from a project meeting condi
tions one through three above, are commensurate with 
the incremental costs, if any, of such a project over 
and above alternatives which did not involve in-bay dis
posal. 

"I believe the requirements of the Bays and Estuaries 
Policy would be satisfied only if these four conditions 
were upheld." 

It should be noted that Dendy's statement appears to go 
beyond Footnote 3 in the Policy, which requires bioassay survi
val tests on a pePcentage basis, whereas he stipulates "uninter
rupted protection." This has in some quarters been interpreted 
to negate the percent survival tests, and to mean cantinuou.:J 
enhancement. 

Along with enforcement of percentages of time for effluents 
to meet standards, it seems desirable that, in semi-enclosed 
bays and harbors, some averaging conditions should be allowed 
over space. This would permit overall enhancement conditions to 
be evaluated, even if conditions were not as good at the point 
source, as would be the case at the point of discharge of fresh 
water into a fully marine environment. 

If the general trend of the Arcata letter is followed, it 
becomes necessary to define two different terms: beneficial uses 
and enhancement. 
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Beneficial Uses of Harbor Waters 

The application of the term "beneficial uses" has frequent
ly been based only on human orientations; e.g., the uses of har
bors for commerce, transportation and industry, or recreational 
fisheries, body contact sports or boating. 

In the Los Angeles-Long Beach Harbors, which are political 
jurisdictions that divide one body of water into two ports, the 
emphasis of the beneficial uses has changed in some ten years 
to reflect the concern for living marine resources as such, as 
well as for human activities. 

An example of this sequence can be seen in documents dating 
from 1969 to 1978, described below. 

In May 1969 the Los Angeles RWQCB listed in a review docu
ment the nine main uses of harbor waters at that time, as fol
lows: 

A. Shipping D. Recreation G. Cooling water 
B. Anchorage E. Fishing H. Air washing 
C. Waste disposal F. Dry docks I. Food handling 

The document noted that the Board had enunciated the follow
ing major beneficial uses of harbor waters to be protected: 

Outer Harbor Area 

Shipping 
Yacht anchorage 
Bait fishing 
Bathing, recreation and sport fishing 

~o mention of natural biological environment was made, except 
as it pertains to resources for man. 

In July 1972 the State WRCB adopted Resolution No. 72-45 
entitled "Water Quality Control Plan for Ocean Waters of Cali
fornia." It gave the beneficial uses of ocean waters in general 
to include ... "industrial water supply, recreation, esthetic 
enjoyment, navigation, and preservation and enhanoement of fish~ 
wildlife, and other marine resouroes or preserves." (author's 
italics). It further stated (Chapter IID) that "marine commu
nities, including vertebrate, invertebrate, and plant species, 
shall not be degraded." 

Coupled with the Bays and Estuaries Policy of May 1974, 
referred to previously, this is representative of the State po
sition on beneficial uses and protection of ocean waters in gen
eral, and harbor water in particular. 

In June 1978 the Port of Long Beach was the first in the 
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State to have a Final Master Plan accepted by the California 
Coastal Commission. In the section on goals and objectives the 
first item is as follows: 

"1. The Port will seek to protect, maintain, enhanae and 
restore the overall quality of the coastal environment, 
its natural as well as man-made resources 

••. --Preserve existing fish nursery areas and indige
nous water habitats. 

Maintain significant natural habitats which 
exist in the Port." 

Other beneficial uses of the harbor that have been sug
gested recently include mariculture. Some pilot projects have 
been proposed for use of Los Angeles-Long Beach Harbors waters, 
and test have been made using pretreated cannery wastes and 
TITP wastes. 

Enhancement and Bioenhancement 

Enhancement is the improvement of some particular parameter 
or set of parameters according to the value system of a partici
pant or observer. 

Bioenhancement refers to a more specific set of parameters, 
namely to diverse organisms and their habitats. The term bio
enhancement is sometimes applied according to the immediate per
spectives or values of humans, such as fisheries resources for 
food or recreation. However, in the context of environmental 
quality, it should be applied as though organisms also had in
trinsic values not dependent upon human value systems. 

Because enhancement is the more general term, it can be 
applied to parameters, valued by humans, that are almost mutual
ly exclusive to the intrinsic biological system. For example, 
completely clear water may be esthetically pleasing to seashore 
visitors and boaters. However, to plants and animals completely 
"clean," clear water represents an environment devoid of food. 

Enhancement of water quality is viewed by regulatory and 
enforcement agencies as achievement of a given set of numerical 
values of such parameters as dissolved oxygen, pH, temperature, 
transparency and absence of chemicals or bacteria. Such "en
hancement" may lose sight of the fact that protection of diverse 
organisms is one of the basic reasons for environmental quality 
legislation in the first place. 

The major humanistic objectives of esthetically pleasing, 
potable, swimmable fresh water may possibly be achieved only by 
having chlorinated water, reduced in nutrient content. Under 
these conditions, such as occur in some rivers and lakes, human 
value criteria are applied which make a positive choice for the 
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needs of people for safe drinking water as opposed to organisms 
or habitat. The intrinsic biological values are secondary or 
are selected against. It therefore seems apparent that enhance
ment of water quality could occur while enhancement of biologi
cal quality, or bioenhancement, is being degraded or eliminated. 
Thus it is essential to develop criteria by which true biologi
cal enhancement can be defined. 

Criteria for Evaluating Biological Enhancement 

In May 1978, a California legislator requested suggestions 
for text that might be added to the California Bays and Estuaries 
Policy to define and evaluate bioenhancement. The following 
statement was submitted by the present principal investigator 
as a suggestion for further discussion and development: 

"The criteria for evaluation of enhancement shall 
include, but not necessarily be limited to: species di
versity, and/or the presence of species with commercial 
and/or recreational value, and/or the presence of rare, 
endangered or threatened species, and/or the presence of 
living biomass, above that which would occur in the absence 
of the discharge." 

Additions to the above criteria could well include species 
richness, presence and interaction of essential food web species, 
ecological diversity, or population dynamics measurements. It 
should be recognized that no single criterion shall be consid
ered s uffi cien t to qualify as bi oenhancemen t, but a combination 
of two or mope might be utilized. There are cogent reasons for 
not accepting one criterion alone. The inherent complexity of 
biological systems leaves each parameter, or the methods for 
measuring it, open to criticism. Also the systems are subject 
to development of new criteria, or new quantification techniques. 

The utilization of at least two criteria would orovide some 
assurance that the drawbacks of any given method of evaluation 
did not bias the conclusions unduly. The consensus of the sci
entists consulted by the present investigators was that bioen
hancernent can be defined by criteria that are quantifiable, al
tnougn tl1e biological measurements are less precise than t:1ose 
of physical and chemical systems. 

DISCUSSION 

T~e two sorts of bioenhancement referred to previously -
that which benefits man and that which benefits the biota with 
intrinsic value -- deserve further discussion. By developing 
criteria for evaluation it should become possible to designate 
the biological quality of specific areas or effluents. Quanti
fying biological organisms is generally not difficult, but eval
uating species or communities quantitatively is far more diffi
cult and subject to controversy than is quantifying and 
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evaluating physical parameters. It must be remembered, however, 
that selection of regulatory levels for physical parameters is 
not an end in itself but represents an attempt to protect bio
logical systems supported by the physical conditions. 

Human Values and Intrinsic Values. Societal values for the 
marine biological environment are generally represented by com
mercially valuable species, primarily those that are prized for 
food, or by environments that are esthetically pleasing, such 
as the biologically diverse seashore. 

Man tends also to value predator species at the top con
sumer level of the food energy cycle that actually compete with 
man for food; these species include whales, dolphins and sea 
lions as well as pelicans and other birds. It is only in rela
tively recent years that a portion of society has voiced the 
principle that worms or algae have sufficient intrinsic environ
mental value to deserve protection from environmental insult or 
outright destruction. 

The commercially valuable species are readily recognized, 
but understanding the species, community and habitat on which 
the commercial species depend is difficult at best and often
times impossible. Illustrative of this are the difficulties 
in developing the federally mandated Fish Management Plans 
(PMP). In order to develop harvest quotas, the sustainable 
yields have to be calculated from knowledge of reproductive 
cycles, habitats and ranges and food requirements. Yet very 
little information could be found for some commercial species. 
The conservative approach to protection and enhancement thus 
must be that all species in a habitat may be important to some 
commercial crop and should therefore be valued. At this point 
t~e commercial interests merge with the intrinsic valuation of 
all species, but for different reasons. 

Species Diversity. Several species diversity indices have been 
developed over the years; the Shannon-Wiener is perhaps one of 
the most widely used. One problem with the species diversity 
criterion is that diversity might be low because of man-made 
abuses of an area, or it might be low due to the limitations 
of the natural habitat. For example, where estuarine flow is 
intermittent, as it is in Los Angeles where rainfall is limited 
to a few major winter storms, the salinity changes are too rapid 
and too severe to be tolerated by anything except hardy, eury
haline species. Storm flow in some regions may be so strong 
that most plankton and nekton are carried to sea. Recoloniza
tion occurs regularly, but diversity may be very low in relation 
to biomass because only opportunistic species will be present 
shortly after the storm season. Yet there is evidence that such 
changes create better estuarine conditions than would stable 
conditions which allow a few species to dominate a community 
permanently. The literature is extensive on the relative merits 
of various methods for measuring diversity. Total.numbers of 
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species alone are often as revealing as complex calculations, 
however. 

Presence of Species with Commercial or Recreational Value. It 
is easy to identify areas where commercial or recreational fish
eries exist. Not so easily identified are areas that serve as 
spawning grounds, as juvenile nurseries, or as sources of food 
chain organisms essential to the large predator species of fish 
or shellfish. Often thes~elements are unknown, poorly known, 
or ignored. 

Of particular importance is the support of the phytoplank
ton crops, which are the primary producers of energy (food) for 
so many of the marine consumer and predator organisms. Bacteria 
and protistans are also essential to food webs as food sources 
for certain invertebrates (filter feeders), and as primary a
gents of nutrient recycling. Yet the public, incorrectly, asso
ciates bacteria almost exclusively with terrestrial disease. 

Rare, Endangered or Threatened Species. Just as is the case 
with the easily identified commercial species, the rare and en
danger~d species have largely been recognized. However, the 
needs of the latter species may be even less well known than 
the food chain and habitat requirements of cor:unercial species. 
Threatened species may not be recognized as such when they are 
a few steps from the endangered or rare classification. The 
turning point may be when a population decreases until it is 
too scattered to breed en masse, even though substantial numbers 
of animals still exist. So many factors are unknown, that it 
is essential to give close attention to those factors which can 
be identified as to species and populations. 

A case in point is the Northern Anchovy, which has declined 
drastically off southern California since 1973. Is the decline 
due to a change in eastern Pacific water temperatures; is it due 
to intensive commercial fishing in a few areas, which separated 
the large breeding populations; or it it due to a reduction in 
terrestrial nutrient flows which have in turn reduced phyto
plankton and zooplankton densities in inshore waters, densities 
on which the tiny larvae depend? Or it it due to a combination 
of these or other, unidentified factors? 

A parenthetical question may be asked as to why nutrients 
of terrigenous origin that are digested aerobically and anaero
bically in deep canyons in the ocean and then brought to the 
surface by upwelling are considered "good," while the same kinds 
of nutrients delivered from outfalls are considered ''bad." At 
the present time very costly experiments are simulating upwell
ing offshore by pumping nutrients up from deep canyons to nour
ish transplanted kelp beds off the southern California coast, 
for potential methane production when harvested. Yet non-toxic 
nutrient wastes are being regarded as hazardous to the environ
ment and subjected to expensive secondary waste treat.~ent re
quiring land disposal of sludge. 
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Biomass. Biomass is a valuable, quick indicator of the presence 
and quantity of life in a given locality, but since the measure
ment gives no hint of the quality of living material, size of 
individual organisms or identifiable ecological role, the cri
terion taken alone is not a good one. In stressed environments 
it has long been recognized that large numbers or weights of 
one or a few species that are extremely tolerant, opportunistic 
or rapid reproducers, may be present. The lack of diversity is 
considered to be a fault -- unless, of course, that biomass hap
pen_s to represent clams or oyster beds! 

Richness. While the usual species diversity indices consider 
both numbers of species and numbers of individuals, richness 
emphasizes numbers of species. Habitat diversity is generally 
essential to species diversity because of the variety of micro
environments it provides. Thus, for example, a silty-bottomed 
estuary with unconsolidated sediments eliminates many inverte
brates that require solid substrate or cannot tolerate turbid, 
silty water. Such a soft bottom is, however, ideal for filter
feeding worms and the flatfisn that feed on them. Also, mea
surement of habitat diversity according to species diversity 
might suggest to some that rocky shore intertidal habitats were 
the best and that soft-bottomed bays and estuaries should there
fore be considered undesirable. 

Evenness. In some instances, species diversity may be high, but 
only one or a few species may provide a very large percentage 
of the individuals. This is considered to be less desirable 
than a more even distribution of numbers among the species or 
among the higher taxa present. 

While some of these points may seem obvious, it should be 
clear that there are several criteria that can be selected to 
evaluate for determination of biological enhancement. There 
are numerous references on methods now available for quantifica
tions (Pielou, 1975; Smith, 1978; see also section IVC in this 
report). Entire journals are devoted to ecological measurement 
and evaluation; certainly these resources offer tools for quan
tifying bioenhancement. 
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EVALUATION OF BIOENHANCEMENT 
IN OUTER LOS ANGELES HARBOR 

PREVIOUS STUDIES 

In December 1976, in a publication entitled "Bioenhance
ment Studies of the Receiving Waters of Outer Los Angeles Har
bor_ (Soule and Oguri, 1976) summary statements were made based 
on five years of field and laboratory research, and particular
ly on ti.,e harbor-wide intensive field studies of 1973-1974 for 
the U.S. Army Corps of Engineers {AHF, 1976). The following 
excerpts are from the bioenhancement study of 1976: 

"Physical conditions surveyed include circulation and 
flushing, temperature, dissolved oxygen, pH, salinity, tur
bidity, sediment character, pollutants, BOD and nutrients. 
Biological parameters include microbiology, phytoplankton 
productivity, zooplankton, benthic and water column in
vertebrates, fish and birds. 

"Laboratory studies have been carried out on bioas
says, reproduction and growth, stress, toxicity, and food 
web relationships. 

"Mathematical modelling studies use the baseline data 
to relate the parameters to one another and work toward 
projection of organic loading in relation to assimilation 
capacity of the receiving waters. 

"The following statements summarize the information 
and conclusions derived from these investigations. 

"l. The field studies indicate that the present 
state of the harbor is healthy. Rich and di
verse biotic elements are supported by the 
present environmental regime. Episodes of 
stress, which occurred in earlier years, as 
indicated by reduced levels of dissolved oxy
gen, have not been noted since the canneries 
have instituted improved waste management 
procedures. 

"2. Bioenhancement (the enhancement of the biolog
ical quality of receiving waters) is occurring 
in outer Los Angeles Harbor, due at least in 
part to the presence of natural waste efflu
ents. 

"3. Bioenhancement has been evaluated in terms of 
numbers of organisms and species diversity of 
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plankton, benthic organisms, and standing crop 
of fish, as well as in biomass and a number of 
other factors detailed in the research reports. 

"4. The fish populations are higher in the outer 
harbor than in any other local coastal soft 
bottom area in southern California. The har
bor is an essential nursery grounds for the 
0-1 year age class of anchovy and for other 
fish species. 

"S. Under present conditions, a small zone within 
approximately 200 feet of the outfalls exists 
where numbers of species are low. Adjacent 
to this zone is a zone of enrichment which ex
tends through most of the outer harbor. Be
yond that, conditions return to average coast
al populations. The regulation of waste load
ing and control of pollutants in the past six
year period has brought the harbor ecosystem 
from a depauperate biota to a moderately rich 
one in the immediate outfalls zone, with a 
very rich biota in the adjacent outer harbor 
area. 

"6. There is a net bioenhancement over and above 
those conditions which would occur in the 
absence of the existing natural waste dis
charges. 

"7. Cessation of all effluents would probably cause 
a gradual or accelerated reduction in the bio
ta and ecosystem. Suen phenomena have been 
documented in the United States and elsewhere; 
e.g., the Aswan Dam has caused a severe reduc
tion in the Mediterranean fisheries. 

11 8. Management strategies can be developed to pre
dict generally the amount of loading possible 
under various environmental conditions. Math
ematical model studies of the harbor based on 
the data being collected, suggest that the as
similation capacity of the receiving waters is 
not being exceeded by the organic load dis
charged in these waters. The model studies 
are being further developed to reflect short
term stress and change. 

"9. A more limited biota, tolerant to the efflu
ents, is found in a relatively small area near 
the discharge points. Harbor organisms more 
sensitive to the effects of the effluent are 
not usually found there and on laboratory 
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testing are unable to survive in high con
centrations of the effluent." 

It should be emphasized that the following criteria have 
been and will continue to be used in evaluating the 1977-78 
studies of the harbor: 

o Species diversity of planktonic and benthic inverte
brates, and of fish and marine-associated birds. 

o Numbers of individuals of diverse species and also 
of higher taxa {evenness; hierarchical diversity). 

o Total numbers of organisms of diverse taxa (richness). 

o Biomass, standing crop or standing stock of all spe
cies, by weight. 

o Presence and interactions of essential food web spe
cies where known. 

o Presence of species of commercial or recreational 
value. 

o Presence of rare, endangered or threatened species. 

o Potential for mariculture, either in-harbor or out
harbor. 

While the Los Angeles Regional Water Quality Control Board 
agreed that bioenhancement had been demonstrated and ordered 
continuation of cannery waste discharge permits, others, includ
ing EPA Region IX staff, felt that bioenhancement had not been 
demonstrated. Cannery effluents were diverted into the Terminal 
Island Treatment Plant (TITP) between October 1977 and January 
1978, after TITP was converted to secondary waste treatment in 
April 1977. 

Criticism of the evidence for bioenhancement was partly 
based on the empirical, or circumstantial, nature of the data. 
A few persons disagreed abput whether most of the outer harbor 
was a rich, soft-bottom community. However, others who agreed 
that it was rich, felt that there was no evidence that the can
nery and/or TITP wastes were related to or responsible, at least 
in part, for that richness. 
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NEW INVESTIGATIONS 

Field Investigations and Data Analysis. The City of Los Angeles 
had need of data for an Environmental Impact Report {EIR) on the 
relocation and construction of a new TITP outfall, as well as 
for data for the State and Regional Water Quality Control Board 
(WQCB) regarding any impact of the secondary TITP waste on the 
environment. Therefore, a new monitoring study was undertaken 
using most of the same parameters studied previously (see Ta
ble 1). Computer and other analyses of the field data give a 
means of comparing the harbor under the following estimated 
conditions and times: 

1971-74 Prior to Dissolved Air Flotation (DAF) 
pre-treatment of cannery wastes; urban 
primary TITP wastes 

DAF treated cannery wastes; primary TITP1975-77 
wastes 

Apr-Oct 77 DAF cannery wastes; secondary TITP effluent 

Oct 77-Jan 78 Canneries hook up to TITP; secondary TITP 
effluent 

Jan-May 78 Variable secondary TITP (Chlorination 
Mar 9-Aug 30, 78} 

Mar 9-Aug 30, 78 Chlorination of TITP 

June-Aug 78 TITP upset, primary plus suspended solids 

Sept-Dec 78 Secondary TITP 

These data analyses show some "coincidental" trends. How
ever, there are no "control" harbors, available for use in eco
logical studies, in the fashion of laboratory sciences. This 
requires that the studies make comparisons of biological para
meters in time, and in space, by virtue of distances from the 
effluent, and differences in substrate, circulation patterns or 
other physical parameters. 

Experimental Evidence. Another area that was considered open to 
criticism was a lack of sufficient evidence in 1976 for uptake 
and energy cycling at the biochemical and microheterotrophical 
levels. Extensive experiments have now been carried out on up
take kinetics of relevant substances crucial to the trophic 
structure. 

Bioassay studies have continued to utilize various inverte
brates and vertebrate species typical of harbor waters to check 
for toxicity or biostirnulation due to the TITP effluent. The 
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1977 EPA/Corps of Engineers regulations for ocean dumping of 
dredge material fully vindicated our practice of using rele
vant harbor invertebrate and vertebrate species (to which EPA 
Region IX objected in 1976) rather than the Standard Methods 
approach with killifish as test organisms. 

Bioassay of cannery wastes was repeated and was followed 
by feeding experiments with liquid and solid wastes to deter
mine comparative growth rates. 

Results and conclusions from the various studies led to 
a number of important observations and conclusions which are 
presented in subsequent sections of this report. 

Figures 1-4 show the locale and survey stations of the 
study area. Figure 1 is the southern California bight near 
Los Angeles and Figure 2 shows the changes in the harbor from 
1872-1972. Figure 3 is of the field survey stations for 1978. 
Most of the same stations were monitored in 1973 and 1974 
(AHF, 1976). Figure 4 is of the 1972-78 effluent monitoring 
stations, which were sampled to meet RWQCB effluent permit re
quirements for the canneries (Series 1A-4A), and stations mon
itored for Pacific Lighting (Series Al-A12). 

LITERATURE CITED See Section VI 
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Figure 1. Southern California Bight near Los Angeles. 
(contours in fathoms) 
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WS • Ways Street outfazi 

SK • StarKist 4 outfall 

Al is 0.5 miles 
A2 outside Angels Gate. 

\ 
Figure 4. Water Quality Monitoring Stations in Effluent Area 

May 1972 - May 1978. 

1000 ft 

Rarbors Environmental Projects University of South•rn California 



IC 21 

CHRONOLOGY OF WASTE EFFLUENT EVENTS IN 

OUTER LOS ANGELES HARBOR, 1977-1978 

AND COASTAL WEATHER 

The thesis that wastes in the outer Los Angeles Harbor 
have contributed substantially to a rich ecosystem following 
control of toxic substances, solid wastes and excessive oxygen 
demand effluent loads was discussed previously (Soule and Oguri, 
1976). In 1977 and 1978 a number of significant changes were 
made that may have affected the biota there. Prior to April 
1977, the Terminal Island Treatment Plant (TITP) discharged 
about 10 mgd (million gallons per day) of primary treated 
wastes into outer Los Angeles Harbor. Two other wastewater 
outfalls, Way Street and StarKist No. 4, in the vicinity of 
the TITP effluent line, served as conduits for the discharge 
of wastes from the three nearby canneries (Figure IB 4) which 
varied in flow from 2 to perhaps 30 rngd. The effluent from 
TITP averaged about 200 ppm for BOD and about 100 ppm for 
suspended solids, as shown in Figure 1, during the first part 
of 1977. 

In April 1977, TITP converted to full secondary treatment, 
using an activated sludge process. By summer the plant had 
worked out most of its operational problems and the treatment 
process had essentially stabilized. Figure 1 illustrates 
this, showing that BOD and suspended solids dropped to about 
10 ppm. 

The effluents from the canneries were phased into TITP, 
starting in October 1977 and being completed in January 1978, 
with some resultant perturbations in BOD and suspended solids 
released in the effluent. These are also evident in Figures 
1 and 2. 

Chlorination was started at TITP for the first time on 
March 9, 1978. Prior to this only short intermittent periods 
of chlorine usage occurred as the associated equipment was 
tested. Chlorination continued until the end of August 1978, 
when supplies of the chlorine were exhausted. There are no 
plans to maintain a supply at the plant. 

The effluents from the canneries presented several severe 
problems. The wastes from the canneries were high in salt and 
very high in organic content, averaging about the salinity of 
sea water, with an average BOD of about 1000 ppm; both were 
highly variable, however. The difficulties were compounded 
by the intermittent nature of the flow. The canneries do not 
normally work 24 hours a day or 7 days a week. During the 
year the quality and quantity of the effluent also would vary, 
depending on what fish were being processed and how much was 
available for processing. 
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By forcing the canneries to maintain a controlled or 
relatively constant flow of sea water, the variations in 
salinity and flow rate could be compensated for. This approach 
resulted in a combined flow of cannery, domestic and industrial 
wastes of about 15 mgd, as shown in Figure 3, except when 
storm water runoff exceeded TITP design capacity of 30 mgd in 
March 1977. 

In July 1978, a major plant upset resulted in sharp 
increases in both BOD and suspended solids to levels higher 
than occurred in 1977 prior to the conversion to secondary 
treatment. A bloom of filamentous bacteria prevented settle
ment and removal of solids. An increase in aeration instituted 
in September 1978 resulted in reduction of BOD and suspended 
solids to more acceptable levels; however, stabilization of 
the floe continues to be a problem due to fluctuations in 
salinity of influents. 

Another aspect of the effect of the changes that took place 
at TITP can be seen in the inorganic nitrogen compounds in the 
effluent. Under primary treatment, ammonia, a breakdown 
product of organic nitrogenous compounds, is produced in some 
quantity. Figure 4 compares this for 1977 and 1978. The con
centration of ammonia started falling with the institution of 
secondary treatment in April 1977 and continued dropping 
through the summer as the process stabilized. In October 1977, 
when the first of the cannery effluents entered the plant, the 
ammonia levels rose sharply. This apparently reflected the 
high organic content of the cannery waste and may have been 
responsible for some bioassay mortalities in the fall of 1977. 
The irregular increases in ammonia content tend to emphasize 
the difficulties involved in the adjustment of the treatment 
process to this change. A series of episodes of high ammonia 
persisted into the summer of 1978, when the major plant upset 
occurred. This showed high levels of ammonia that finally 
were sharply reduced by greatly increased aeration introduced 
in September 1978. 

The aeration was apparently instrumental in conversion of 
the ammonia to other inorganic nitrogen compounds. Figure 5 
shows that there is an inverse relationship between ammonia 
concentration and nitrate. Although not plotted, nitrite shows 
a curve similar to that of nitrate. 

All three forms of nitrogen serve as effective fertilizer 
salts for the growth of phytoplankton, although there is 
evidence that ammonia is preferentially used by some species. 
Ammonia is highly toxic to many animals at relatively moderate 
concentrations. Its removal from the effluent should, there
fore, result in a less toxic environment. However, the con
version of ammonia by marine bacteria, which carry out as 
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much as 50 percent of the initial uptake of nutrients in the 
harbor (discussed in Section III in this volume), may have 
been greatly reduced by the 20- to 30-fold decrease in ammonia. 
This would in turn significantly reduce bacterial biomass as 
available food for benthic filter feeders and zooplankton, 
which feed in part on bacteria and on associated particulate 
organic debris. 

Data for the preceding section were largely obtained from 
the monthly reports on waste discharge at Terminal Island 
Treatment Plant prepared by the City of Los Angeles Department 
of Public Works Bureau of Sanitation for the Regional Water 
Quality Control Board. Note that their measurements are in 
mg/1, whereas finer detection limits of µg atoms/1 are used 
in HEP research. 

Effects on the immediate zone of influence around the 
outfall of changes in waste treatment were measured by Harbors 
Environmental Projects (HEP) of the University of Southern 
California. Stations that were established as part of the 
monitoring requirements for the fish canneries through the Tuna 
Research Foundation were utilized to examine nutrient input and 
zooplankton in a much smaller area of receiving waters (Figure 
6). This area had been tested with bioassays of anchovies in 
1976 and the area closest to the cannery outfalls (WS and SK) 
identified as a so-called "zone of mortality" because of the 
anchovy mortality rates in laboratory tests. No further effluent 
bioassays were authorized to determine whether this was a 
transitory or recurring effect, because the canners were ordered 
by EPA to connect with the TITP system. However, tests of the 
semi-solid sludge as a fish food are discussed in section V. 

Nutrient and plankton samples were taken along transects 
in August 1977 when TITP had converted to secondary treatment 
but was somewhat unstable. The cannery outfalls were still in 
use. Similar samples were taken in October, when SK outfall 
was being phased out, and in December 1977 and February 1978. 
Routine Biochemical Oxygen Demand (BOD) samples were taken 
twice monthly for RWQCB through April 1978. 

Figures 7, 8 and 9 present Ammonia-Nitrogen data for 
August, October and December 1977 respectively. An increase 
in October is reflected in the scale on Figure 8 and may have 
coincided with the anchovy season. Ammonia was clearly a 
product of both canneries and TITP until December, when the 
second cannery outfall (WS) was being phased out. 

Nitrate (Figures 10-12) was associated more with domestic 
wastes than with the canneries in August, but the pattern was 
unclear in October. This may have been a very transitory 
distribution, perhaps due to tidal dispersion. In December 
it should be noted that nitrate levels had risen greatly, with 
a maximum of 15 µg at/1 rather than 4.5 in the previous two 
samplings. 
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The BOD patterns shown in Figures 13-15 give a clear 
illustration of the enormous drop in nutrients by cessation 
of the cannery effluents. In August, the three outfalls 
have about the same BOD, up to 162 mg 02/l. In October 
(Figure 14) only the Ways Street outfall (WS) showed signifi
cant amounts of BOD (180 mg 0 2 /1 maximum). By February 1978, 
however (Figure 15), the scale is much reduced and only the 
two lowest symbols are used (from 4 up to 11 mg 02/l}. 

Computer analysis indicated that this series of stations 
is represented adequately for most parameters by the single 
station A7 in the regular monitoring discussed in this volume. 
Tide, gyre and wind effects create mixing that overrides the 
transitory nature of the finer scale sampling in relation to 
the rest of the outer harbor. Therefore, the finer scale 
sampling data are not presented further. 

COASTAL WEATHER 

No analyses of events within the harbor can be considered 
without mention of meteorological conditions which effect local 
storm runoff as well as coastal currents and water temperatures. 

Unofficial rainfall records in the foothills of the Los 
Angeles Basin have been kept for 1972-1978 {J.D. Soule, pers. 
comm). These are presented in Table 1. Rainfall totals vary 
throughout the basin, with the foothills receiving more than 
the central city area. Drainage furnishes a major input to the 
south coast harbors. Since the usual rainy season is in the 
winter months, both winter season totals and calendar year 
totals are given. These data are important to discussions in 
following sections. 

According to Lasker (1978) water along the California 
coast were about l°C cooler than normal in December 1977. 
A warming trend brought warner-than-normal waters in February 
and March 1978. Precipitation brought record low salinities 
in the California current. Mean temperatures were similar 
to 1977 and 1978 in local ocean waters but the minima were 
higher in 1978 (Scripps Inst:i'cute of Oceanography, pers. comm}. 

LITERATURE CITED See Section VI 
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Figure 1. Monthly Mean TITP Effluent BOD and 
Suspended Solids, 1977 in mg/1. 

Notes: a. first secondary treatment in April 
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c. cannery BOD's averaged about 1000 mg/1 
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Table 1. Unofficial Rainfall Figures from Los Angeles Basin* 

RAINFALL 
(INCHES) 

YEAR 
Month 1972 1973 1974 1975 1976 1977 1978 

Jan UR 2.67 9.60 o.oo o.oa 3o89 7.25 

Fel: NR + o.oo 2.60 4.23 0.15 10.66 

Mar UR 2.70 4.20 3.90 1.70 2.10 8.90 

Apr UR o.oo OoOO lo60 Oo45 o.ao 3.00 

May UR o.oo o.oo o.oo 0.10 3.60 0.10 

Jun UR OoOO o.oo o.oo 0.20 o.oo 0.00 

Winter 72/73 73/74 74/75 75/76 76/77 77/78
Cycle 7.19 14.55 ·12. 36 7.40 14.84 37.61 

July o.oo o.oo o.oo o.oo o.oo o.oo 0.00 

Aug 0.32 o.oo 0.00 o.oo o.oo 2.20 0.00 

Sept o.oo o.oo o.oo o.oo 2.30 o.oo 0.58 

Oct o.oo o.oo 0.66 o.oo lolO o.oo 0.10 

Nov o.oo + o.oo o.oo 1.10 0.10 1.90 

Dec 1.5 0.75 3.60 0.36 0.60 5.40 2.40 

Annual (Inc) 
Total 1.82 6.12 18.06 8.46 11.68 17.44 34.89 

*Records from inland Los Angeles Basin by John o. Soule. 
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CHANGES IN FISH POPULATIONS 
IN OUTER LOS ANGELES-LONG BEACH HARBORS 

INTRODUCTION 

Evaluations of the fish populations in the outer harbor 
area are difficult, due to the many fluctuations in physical, 
chemical and biological parameters that interact synergistical
ly to influence the populations. 

In the oresent investigations, quarterly trawl studies 
were carried-out in 1977-78 at stations established for the 
1973-74 studies (AHF, 1976). 

A record was also made by the anchovy live bait boat of 
catch that is sold only for recreational party boat anglers. 
The cooperation of Mr. William Verna, bait fisherman, and the 
California Department of Fish and Game (CDFG) provided rele
vant data for examination. 

Also a monthly survey was made of shore anglers and creel 
catches in the recreational fishing locations, and weekday 
observations were made of fishermen and catches around the com
mercial fish terminal on the Los Angeles main channel. 

Offshore catch data from commercial fishing records was 
examined in an effort to relate harbor populations to adjacent 
populations in the southern California bight. 

A fish egg and larvae census was 
imately monthly intervals at a series 
ious distances from the TITP outfall. 
makes an interesting picture. 

also carried out at approx
of stations which are var

The aggregate information 

Fish Trawls 

The fish trawl report which follows is by Dr. John S. 
Stephens, Jr., James Irvine ·Professor of Marine Biology at 
Occidental College, which operates the research vessel Vantuna: 

CHANGES IN FISH POPULATIONS IN LOS ANGELES-LONG BEACH 
HARBORS AS ESTIMATED FROM TRAWL DATA 

"Between May 1972 and October 1973, a detailed study 
of the fish populations of outer Los Angeles-Long Beach 
Harbors was conducted by Occidental College (Stephens, 
Terry, Subber, and Allen, 1974; AHF, 1976) for the Harbors 
Environmental Projects (HEP). Subsequently, no compre- · 
hensive trawling study was conducted in the outer harbor, 
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though Marine Biological Consultants did some extensive 
trawling (N = 450) in and around Cerritos Channel (South
ern California Edison, June 1977). 

"Recently (December 1977), HEP has again sponsored a 
comprehensive trawling survey in the outer harbor, re
occupying the earlier trawl stations (Figure 1). This 
report is a summary of Occidental's Vantuna trawling da
ta for Los Angeles-Long Beach Harbors from 1972 to pres
ent. The aim of the report is to determine if a system
atic change has occurred in harbor fish populations since 
1972. A summary of our trawling data is presented by 
species and year in Table 1. Figure 2 presents a varia
tion in number of fish per trawl from 1973 to the present. 
Tables 2 and 3 show previously unreported data from July 
and October 1978. 

"As seen in Figure 2, the mean number of fish per 
trawl showed a rapid decrease (as judged from admittedly 
limited data) during 1975 and 1976, but appears to have 
held relatively constant during the last three years, 
1976-78. The data from MBC (1974-76) indicated an approx
imate average of 180 fish per trawl for the three years, 
which compares favorably with our data during that period 
(212 per trawl), although their data is summed for the 
three years and no decrease can be shown. A four-way 
analysis of variance run on their data, however, indicates 
significant annual variation though it does not indicate 
the direction. 

"It is obvious from our data that when trawling is 
not conducted at least quarterly or with comprehensive 
station coverage, it is probably unreliable (years 1974-
October 1977). Our 1977-78 data, however, which consisted 
of 55 trawls, represents a reliable sample. As mentioned 
in previous reports, the December 1977 study (Table 1) 
which averaged only 26.7 fish per trawl was the low point 
in harbor population levels. In general, December is a 
month of low fish abundance in the outer harbor. It is 
interesting that this trawl data corresponds closely to 
the time of cessation of cannery discharge into the har
bor, and it is possible that these two events are related. 
If so, however, there has been some recovery (or adapta
tion) of the fish population to changes in nutrient level 
since December 1977. 

"*Curiously, the data from Station 13 presented in 
Text Table 1 does not correlate closely with that from 
other stations. During 1972-73, Station 13 was an extreme
ly productive station, ave~aging 709 fish per trawl (N =8). 
The dominant fish at this station was Genyonemus, the 
white croaker, and this fact suggested a possible rela
tionship between cannery discharge, croaker abundance, 
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and feeding ecology. Station 13 was the trawl closest 
to the cannery outfalls and TITP effluent line. Note 
that the number of species is generally close to the 
average of 10.0 for the entire harbor in 1972-73. 

Text Table 1 
Abundance of Fish at Station #13 

Sam:ele No. of fish No. of s:eecies 

X 1971-73 709.2 9.1 
December 
December 
Ap-ril 
July* 
October 

9, 
14, 

1977 
1977 
1978 
1978 
1978 

155 
108 
125 
993* 

37 

9 
9 

10 
10 

7 

* editor's note: This coincided with large malfunction 
of secondary treatment at TITP, resulting in release 
of suspended solids and high BOD wastes. 

"Following cessation of cannery discharge into the 
harbor and conversion to secondary waste treatment at 
TITP, abundance of croakers at Station 13 dropped, but 
was still relatively high as compared to other harbor 
stations. Then in July 1978, 884 croakers were taken 
at Station 13, representing about 60% of the croakers 
taken in that survey. In October 1978, only 24 croakers 
(7%) were found at this station. 

"It is difficult, therefore, to interpret the effect 
of cessation of cannery discharge on harbor fish popula
tions. Certainly, there is no indication that cessation 
of discharge has been beneficial to fishes, but because 
of variations in background levels of populations it is 
impossible at this time to state that there has been a 
detrimental effect. Generally, the fish populations in 
Los Angeles Harbor have shown a rather marked decrease 
since our 1972-73 study, but similar results from non
harbor trawling data indicate that the decrease may be 
widespread. Table 4 presents the quarterly data on num
bers of fish and numbers of species for all trawls in the 
1977-78 survey." 

DISCUSSION 

The trend in fish populations in the harbor appears to 
have been generally down since 1971-73, with perhaps a level
ing off in 1976-78. One cannot associate this solely with 
the kinds of waste flow in the outer harbor, but some events 
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coincide in time nevertheless. The Dissolved Air Flotation 
treatment of fish cannery wastes was installed in 1974-75, 
reducing the nutrient load to the harbor extensively. The 
precipitous drop in counts in December 1977 coincided with the 
diversion of cannery waste into TITP. The start of secondary 
treatment at TITP in June 1977, when cannery wastes still emp
tied into the harbor directly, coincided with a more productive 
fish crop in 1977. The peak in July of 1978 appears to coin
cide with the breakdown of the treatment plant. 

There is no practical method for directly relating the 
fish populations of the harbor to the wastes. However, the 
food web does consist primarily of filter feeders that con
sume bacteria and particulate organic matter, and omnivorous 
fish species that will feed on filter feeders or directly on 
particulate organic matter. The food habits of harbor fish 
were discussed by Reish and Ware (1976) and the habitat pref
erences tabulated by Stephens et al. (1974). 

Dr. Stephens was unaware that the large trawl of croakers 
in July 1978 occurred at the peak period of suspended solids 
discharge from TITP. In late April, a bloom of filamentous 
bacteria began that culminated in discharge of floe and float
ing sludge to the ·outer harbor (Figure 3) during July and Au
gust. This undoubtedly attracted feeding fish and birds and 
created confusion in interpreting results during expected 
"secondary" treatment. 

A total of 37 species of fish was collected from all 
trawls in the 1971-73 period, whereas about 20 were collected 
from all trawls during each 1978 period. In 1972-74 the mean 
number of species per trawl was 10.0 in Los Angeles Harbor as 
compared with 10.3 in San Pedro Bay {outside the harbor in the 
bight). The mean number of species in 1978·was 6, although in 
the outfalls area the mean was 9.5. Table 4 shows the number 
of fish per trawl and number of species per trawl for 1978. 
It appears that TITP is still an important nutrient source. 

In species lists and numbers of fish presented for each 
trawl station for July and October 1978 (Tables 2 and 3), it 
is important to note the diversity of the catch because the 
charge has so often been made that the harbor has supported a 
large population of a few species of "trash" fish. 

The white croaker, also called t..'le "sewer trout," is now 
retailing at close to $3.00 a pound as "butterfish." It is 
clear, however, that many other fish species are well repre
sented. 

Of interest are the generally low numbers of anchovy, 
EngrauZis mordax, which was the second most numerous species 
in the 1972-73 studies. Except for those at Station 13 in 
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July 1978, when TITP malfunctioned, they were virtually ab
sent from the harbor. Anchovy larvae and juveniles have a much 
better chance of survival if the first year is spent in a warm 
environment with plentiful nutrients. They then apparently 
join the adult stocks offshore when large enough to escape 
heavy predation. Anchovy were down in the harbor by about 100 
fold, whereas they were down about four fold offshore. 

Distribution of the major groups of fishes in Los Angeles
Long Beach Harbors in 1972-1973 is shown in Figure 4. 
The comparison of the mean number of species in the harbor 
trawls in 1972-73 can be illustrated by comparison of Figure S, 
from Stephens et aZ., 1974 with Figure 6. None of the larger 
symbols that indicated means above 10 species are seen in 1978, 
and new, smaller symbols have been added. 

Similarly, the mean abundances from 1972-73 are shown in 
Figure 7 (Stephens et aZ., 1974), and compared with seasonal 
means for 1978. The extremely low means for December 1977 in 
Figure 8, indicate an amazing paucity of fish, with the only 
population around the sewer outfall area. Figure 9 indicates 
that the outfall area decreased in April, but the other outer 
harbor trawl stations had improved; the smallest two means 
from 1972-73 were the only ones represented, and far lower means 
occurred in outer Los Angeles Harbor. 

The July 1978. trawls reflect the attractant at the sewer 
outfall when the TITP malfunction occurred. All of.the rest 
of the harbor trawls appeared to have means reduced to the 
smaller categories of the 1972-73 survey, or below them. 

It is recognized that fish catches have been down for sev
eral years over most of the eastern Pacific. These have been 
explained first as due to warmer-than-usual winter water tem
peratures in 1975-77, or as due to the drought in 1975 and 1976, 
or more recently, as due to colder-than-normal coastal Pacific 
waters in 1978. Whatever the reasons, it seems more important 
than ever to enhance the harbor fish populations by judicious 
input of nutrients if it is at all possible. 

BAIT CATCHES 

The data in the previous section showed an almost linear 
decline over the seven year period in fish caught per trawl. 
Admittedly the trawl method does not catch several important 
harbor species, but this is a constant factor in the sampling. 
It is not possible to compare the trawls with bait catch data 
directly because the bait boats move according to the occur
rence of the anchovy. 
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The bait fishing boats used nets and also used lighted 
dories rigged to catch anchovy in the outer harbor. Prior to 
1972, estimates were that 50-95% of the small anchovy used by 
party boat fishermen came from the outer harbor. The harbor 
yield has continued to decline and the bait boats have ranged 
farther afield each year to supply the users. 

The biology of the northern anchovy and annual anchovy 
harvest were discussed in the Northern Anchovy Fish Manage
ment Plan (Dept. of Commerce, 1978). In 1975, the reduction 
harvest, the California Department of Fish and Game acousti
cal surveys and the California Cooperative Ocean Fisheries 
Investigations (CALCOFI) surveys offshore indicated an enor
mous anchovy crop on which reduction quotas were based. How
ever, the anchovy apparently failed to recruit in 1976-77, 
and the survey in 1978 showed a significantly lower stock for 
the biomass necessary to fish commercially for reduction (to 
oils and poultry feed). 

The histograms in Figure 12 compare bait catches reported 
voluntarily and are thus subject to inaccuracies. However, it 
should be noted that the low year of 1976 in the trawl data 
(Figure 12) contrasts with a large catch, mostly from outside 
the harbor, according to the bait skipper. The "fishing effort 
per scoop" has increased greatly as longer distances of travel 
were required. The summer months are, of course, those with 
greatest recreational demand, although fishing is a year-round 
sport in the Los Angeles area. In 1977, the catch in July, 
August and September exceeded the 1976 catch, corresponding 
generally to the slight rise in the sparse harbor trawl records. 

The 1978 bait catch was extremely low which is in accord 
with CALCOFI survey data, falling below the catch in most of 
the years examined. The total catch in 1978 rose somewhat 
during May, June, July and August, but reached near-normal 
levels only in September and declined thereafter following the 
usual fall curve. 

Inside the harbor, 1971-74 levels were never again ap
proached, with the 1975-78 means 50 percent or lower than the 
1971-74 means. The bait catch was generally high in 1976 and 
the latter part of 1977. Since fishing effort per scoop can
not be calculated, the comparison is at best, interesting. 
This evaluation was requested by the California State Water 
Quality Control Board and the City of Los Angeles. 

SHORELINE ANGLERS AND CATCH 

Because the harbor has been a popular place for shore 
anglers, it is important as a recreational resource. More 
important, however, is the fact that most of these fishermen 
represent a low socio-economic population nearby and the fish 



47 IIA 7 

have been a major source of low-cost (no-cost) protein in 
family diets. 

It should be remarked that during the 1973-74 field sur
veys, numerous anglers were always on hand near the cannery 
and TITP outfalls. Fists were shaken as the boat drew up to 
sample because it disturbed the fish. Shoreline interviews 
elicited the information that some anglers fished with un
baited gang hooks; a good day was a catch in every 2-4 casts, 
and a bad day was 6-10 casts. This is not reliable statisti
cal" information, but it is important to note in light of the 
1978 survey, which rated this spot as "poor." 

The angler survey, requested by the State WQCB and the 
City of Los Angeles, was carried out by Donna Cooksey and 
Michele Smith, who have served as California Department of 
Fish and Game aides for angler surveys in the past. The 
fishing areas visited monthly are shown in Figure 13. The 
results are discussed in the following paragraphs and the 
data are tabulated in Tables 5-16, appended to this section. 

Creel Census 

1. Cabrillo Beach Pier - Of the 21 different species sampled, 
Genyonemus Lineatus was the dominant fish caught by sport
fishermen at Cabrillo Beach Pier, comprising 51% of the 
of the total fish sampled for the 11 month period. The 
largest catch of Genyonemus Zineatus occurred in Septem
ber, as 203 of the 280 fish caught. Other dominant fish 
were Phanerodon furcatus, Peprilis simiLZimus, Barda 
~hiliensis and Seriphus potitus. Overall, fishing at 
Cabrillo Beach was pretty slow, morning or afternoon, 
averaging only 0.86 fish per rod for the periods sampled. 
The highest numbers of fish and species diversity occurred 
during August-October. 

2. San Pedro Markets - Of the 8 species identified at the San 
Pedro Markets for the sampling period, 84% were Ger.yonemus 
tineatus. The highest catch of fish was seen in March, 
wnen 160 of the 169 fish sampled were Genyonemus lineatus. 
Access for fishing at the markets was denied.in three of 
the months sampled and was dependent on the market activ
ities. Overall, fishing at this spot was usually very 
productive. 

3. Ports of Call - Embiotoca jacksoni dominated the catch at 
Ports of Call, comprising 83% of the total fish caught 
during the sampling period. Species diversity was very 
low, only 3 species total, as also was the fishing effort. 
In 6 of the 11 months sampled, there were no fishermen 
present at this area. 

http:denied.in
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4. Outfall Area - The dominant fish sampled at the outfall area 
was Genyonemus lineatus, accounting for 69% of all fish 
sampled for the 11 month period. Also well represented 
in the catches were the surfperches, Embiotocidae, and the 
silversides, Atherinidae. Diversity for the entire period 
revealed only 14 species. Overall, fish catch numbers and 
fishing effort was lower at this area than our other har

11 11bor areas. In general, fishing at this spot was poor. 

5: Fish Harbor - Of the 22 species identified at this location, 
Genyonemus Zineatus accounted for 59% of the catch. The 
surfperches were well represented by Emb-iotoca jaakaoni. 
Fishing in this area was relatively consistent, although 
riot very productive. 

6. Navy Mole - Embiotoca jacksoni dominated 40% of the catch 
on the Navy Mole for the sampling period. Genyonemus 
Zineatus was observed as 20% of the total catch. Species 
diversity was high, showing 28 species total for the 11 
month period. Members of the Serranidae were also caught 
frequently and almost always were short {less than 12"). 
For this reason, several people would not allow us to 
see their fish. 

7. Queen Mary - The most diverse area was near the Queen Mary, 
where 36 species of fish were found. The dominant species 
was Genyonemus Zineatus, comprising 72% of the total fish 
sampled. Other species well represented were Embioto~a 
jaaksoni, Synodus lucioceps, and Cymatogaster aggregata. 
Fishing at this spot was usually pretty consistent. 

8. Los Angeles River - The dominant fish at the Los Angeles 
River area was Genyonemus lineatus, accounting for 82% 
of the total fish. The highest catch of Genyonemus 
Zineatus occurred in July, when it composed 96% of the 
total fish. Of the 18 species found at the river spot, 
Cyprinus carpio was seen only once, in July. 

9. Alamitos Blvd. - A total of 26 species was found at the 
Alamitos Blvd. area. Genyonemus lineatus accounted for 
49% of the fish sampled. The surfperches were represented 
by Embiotoaa jaaksoni, Phanerodon furcatus and Cymatogaster 
aggr•ega ta. The largest catches of fish occurred during 
the fall months, August-October. 

10. Belmont Beach Pier - Seriphus politus dominated as the most 
numerous fish caught during the sampling period {57%); 
however, Genyonemus lineatus was also prominent. On a 
seasonal basis, Seriphus politus dominated the summer 
months, and Genyonemus lineatus dominated most of the rest 
of the year. The surfperches were well represented, but 
not in the large numbers seen for the Sciaenidae. 
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SUMMARY OF CREEL CENSUS 

The species diversity was comparatively high, 34 species, 
and included one freshwater species, Lepomis microlophus. Gen
erally, the highest species diversity was found at the larger 
sampling locations, such as the Navy Mole, Queen Mary, and 
Belmont Pier. Genyonemus lineatus was overall the most pre
dominant species, followed by members of the family Embiotoci
dae, Embiotoca jacksoni, Phanerodon furcatus, and Cymatogaster 
aggregata. This differs from Pinkas, Oliphant, and Haugen's 
1968 report in which Seriphus politus was the dominant species 
caught in southern California, followed by Genyonemus lineatus 
and Sarda chiliensis. 

Inherent i~ the sampling were certain sources of error 
relating to time. One sampling bias was that sampling was 
done only on the weekends when many recreational fishermen 
were out; sampling was on Sundays for the first part of the 
year and then on Saturdays toward the end of the year. The 
route was varied, starting at 8:00 AM at Belmont Pier for 
three out of eleven samples, and starting at Cabrillo Beach 
at 8:00 AM for the other eight samples. Little significant 
difference was found in the data between the two route times. 
Adverse weather influenced sampling only once (July) with a 
corresponding decrease in the number of fishermen. 

COMMERCIAL PARTY BOAT ANGLER RECORDS 

'I'he California Department of Fish and Game has kept rec
ords of anglers' destinations and fish caught off of southern 
California for a number of years (Wine and Hoban, Dec. 1976; 
Maxwell and Schultze, 1976 a, b, c; 1977 a, b, c; Black and 
Schultze, 1977; Crooke and Schultze, 1977; Crooke, 1978; Wine, 
1978; and CDFG, unpublished data, 1978). The shelf waters 
are divided into blocks (Figure 14) and the data recorded for 
each block. In southern California, party boats are large and 
may carry SO or more anglers for day trips or longer. This 
contrasts with other areas of the country where sportfishing 
usually consists of smaller boats carrying only a few people 
seeking larger game fish. 

In order to determine whether any long term annual trends 
in total fish populations could be seen in coastal waters for 
comparison with harbor water trends, data from nearby fishing 
blocks 718, 719, 720 and 740 were examined for the years 1970-
1977. The complete 1978 data are not yet available, however. 

A strong downward trend was seen in harbor fish trawl 
data from 1974-1978 (Figure 2), but the bait catch data did 
not show a similar pattern. Thus, this effort was made to 
see whether a trend could be found in nearby coastal waters 
similar to the harbor. 
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Block 719 includes the rocky coastline off Point Fermin 
and White's Point, waters outside the breakwaters from San 
Pedro to Long Beach and some sandy bottom areas. Block 718 
lies east of this, roughly from Long Beach to Huntington Beach; 
bottoms there tend to be sandy or muddy. Block 720 covers the 
rocky coast, including Point Vicente and Rocky Point, including 
some kelp beds. Block 740 lies offshore, adjacent to 719, 
roughly intermediate between Long Beach and Santa Catalina 
Island. Deeper bottoms may be sandy or muddy, with isolated 
reefs. 

RESULTS OF PARTY BOAT CATCH 

Long Term Trends. Plots of total number of fish per year 
(Figure 15) showed varied patterns for blocks 719, 720 and 
740, with a net upward trend increase in numbers from 1970 
to 1977 only in block 719. The reverse, however, was shown 
for 718, which had a steady decline in numbers for the same 
years. In total numbers, block 719 was lowest in 1970 and 
1971, second lowest through 1976, and highest in 1977. How
ever, when number of fish per hour, number of fish per angler, 
and number of fish per boat day were considered, 719 was gen
erally highest or second highest, being third only in 1970 
and 1971. Table 17 gives the mean abundances for 1970-1977. 

In terms of total fish caught between 1970 and 1977, block 
719 ranged from second lowest to second highest, with the mean 
intermediate between 718 and 720 and slightly less than that 
for 740. When number of fish per angling hour was plotted, 
the range for 719 overlapped that of the three other blocks 
and the mean was highest of the four blocks. The mean number 
of fish per angler was higher for block 719 than for 718 or 
720 and slightly lower than for 740. Number of fish per boat 
day showed the range for block 719 to be considerably greater 
ti1an for either 718 or 720; this range was overlapped at both 
ends of the scale by the range for block 740, but the mean num
ber of fish per boat day for block 719 was considerably higher 
than that for the other three adjacent blocks. 

Over all years, the species caught in the greatest numbers 
in block 719 were, in descending order: rockfish {23-87% of to
tal annual catch); sculpin (6-12%); Pacific bonito (0.1-34%); 
and ocean whitefish {0.8-9%) Analyses of catch data for the 
species in all four blocks showed the following: 

Catch by Species 

Rockfish: 

Catches in block 719 were generally intermediate - lower 
than in 740 and 720; higher than in 718 (total annual catches, 
however, were generally higher in 740 and 720, lower in 718). 
Catches of this species followed roughly the same pattern in 
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all four blocks, with peaks in 1974-1978. The only exception to 
the pattern lay in the fact that, in 1977, catches dropped in 
all blocks but 719, where there was an increase of 60,000+ over 
1976. Total annual catch, however, nearly doubled in these 
years in 719, but either dropped or remained about the same in 
the other tnree blocks. 

Sculpin; 

. Catches were generally higher in block 719 than in the 
other three blocks. The patterns were similar in 719 and 740 
and less so in comparison with 719, 718, and 720. Peaks occurred 
in 1971 and 1973 and a threefold increase was found from 1976 
to 1977-in 719, paralled, but to a much lesser extent in 740. 
In contrast, catch dropped sharply in 720 and remained about 
the same in 718. Total annual catch in these two years dou
bled in 719, dropped in 718 and 740, and increased slightly 
in 720. 

Pacific Mackerel: 

Catch in all four blocks showed an alternating pattern of 
high and low years, despite differences in total catch for all 
species. Peaks occurred in 1971, 1973, and 1975. Very sharp 
increases in 1977 were most pronounced in 719, intermediate, 
but still substantial in 720 and 740, and much less dramatic 
in 718. 

Pacific Bonito: 

Pattern of catches were similar in 719 and 740, with peaks 
in 1970, 1972 and 1976. Blocks 718 and 720 were also similar, 
although peaks and drops in 720 were by far the most abrupt. 
Lows for all four blocks occurred in 1971 and 1974. Catches in 
block 720 generally were 2-3 times that of the other blocks, 
although the same proportion was not necessarily reflected in 
total annual catch. Block 719 was intermediate, generally 
higher than 740, but lower than 718 and 720. 

Ocean Whitefish: 

Roughly similar patterns occurred in 719 and 720, with a 
sharp increase in 1977. Except for the last year, the same 
trends appeared in 740 and, on a much more moderate scale, at 
718. Peaks occurred in 1970 and 1973 in all blocks; there was 
a substantial drop from 1976-77 in 740. 

Rock Bass: 

Rock bass was the sixth most commonly caught in 719, ranked 
first in 718, third in 720, and fifth in 740. The total caught 
from 1970-77 in 719 was 39,934, compared to 238,679 in 718, 
121,278 in 720, and 60,240 in 740. In all four blocks, the number 
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caught dropped sharply from 1973 to 1974, with few or none 
reported through 1977. Except in 720, catch peaked in 1971 and 
dropped off through 1972-73, ending in the steep drop in 1974. 

Barred Sand Bass: 

Barred sand bass was the third most commonly caught species 
in 718; seventh in 719, ninth in 720, and eighth in 740. It 
comprised 13% crf total catch in 718 in 1970, dropped to 3% or 
less in 1971-73, jumped to 25% in 1974, remained high through 
1976, dropped again in 1977. In 719, catch was low through 
1975, up to 7% of total in 1976, and dropped in 1977. In 720, 
catch remained low (0.1-2% of total) throughout. In 740, catch 
was low through 1974, up in 1975 and 1976, down again in 1977. 

California Barracuda: 

California barracuda was the fifth most =ornrr~nly caught 
in 718; highest in 1970, it was much less commonly caught from 
1971-1975. It increased in 1976-77, though only to 2-5% of 
total as compared to 17% in 1970. A similar pattern occurred 
in 719 and 720. Numbers were relatively constant from 1970 
to 1973 in 740, with a drop in 1974-75 and, as in other blocks, 
an increase in 1976-77. 

Halfmoon: 

Halfmoon was the fourth most commonly caught species in 
720. It was very low in 1970, rising abruptly in 1971 and re
maining fairly stable thereafter except for a drop in 1976. 
The patterns in the other three blocks were somewhat similar 
except that low years included ~974 through 1976. Numbers 
caught were consistently much lower than in 720. 

Annual Catches of Dominant Species by Block 

Block 718 

Over all years (1970-77) - highest catches: 
1. rock bass 
2. rockfish 
3. barred sand bass 
4. Pacific bonito 
s. California barracuda 

Rock Bass: 

Steady decreases occurred in number caught from 90,131 
in 1970., to none in 1977. It comprised 52% of total catch 
(86,509} in 1971, 35-39% in 1970 and 1972-73, dropping to 7% 
in 1974, although total annual catch increased by 8,000. The 
total annual catch also declined from 1970-77, but not as 
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sharply as the number of rock bass caught in this period de
clined. 

Rockfish: 

The catch was variable, ranging from 3,058 in 1977 to 
36,678 in 1974. Percent of total catch ranged from 5% in 
1970 (11,368 caught) to 50% (36,678) in 1974. In terms of num
ber of fish caught, the highest years (25,000+) were 1971, 1972 
and 1974. Ten thousand-18,000 were caught in 1970, 197J and 
1975, and less than 10,000 were caught in· 1976-77. 

Barred Sand Bass: 

The catch was very low, ranging from 0.4-3% of the total 
(268 to 4,750) in 1971-73; it was relatively low in 1977 (6,656), 
but was equal to 23% of total for the year. Otherwise, it 
ranged from 13-62% of the total. In 1970, 31,6J2 (13%) were 
caught, dropping to 4,750 (3%) in 1971. The catch continued 
to drop in 1972-73 (378 and 268, respectively), increased 
sharply to 17,856 in 1974, continued to increase through 
1975 to 34,290, and dropped again in 1977. 

Pacific Bonito: 

The number caught decreased fairly steadily f~pm 1970 to 
1977. It dropped from 40,533 (17% of total) to 15,816 (18% of 
total) from 1970-1972, increased to 17,939 (28% of total) in 
1973, dropped to 333 (0.5%) in 1974, and remained low through 
1977. 

California Barracuda: 

California barracuda comprised 17% (40,852} of the total 
catch in 1970. In all other years catch was low, ranging from 
59 caught {0.09%) in 1975 to 1,425 (5%) in 1977. 

Block 719 

Over all years (1970-77), highest catches: · 
1. rockfish 23-87% of total for year 
2. sculpin 6-12% 
3. Pacific mackerel 0.6-18% 
4. Pacific bonito 0.1-34% 
5. ocean whitefish 0.8-9% 

Rockfish: 

There was a steady increase in numbers caught from 1970-74, 
from 12,709 to 148,396 (23 to 87% of total for year); roughly 
the same level was maintained from 1975-77, of approximately 
100,000-170,000 (60-85% Of totals for year). 
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Sculpin: 

No apparent pattern was seen for sculpin over 1970-77; 
the number caught ranged from 5,671 in 1972 to 25,899 in 1977, 
but percent of total catch did not vary considerably (4% in 
1972 to 12% in 1970). 

Pacific Mackerel: 

The catch was variable, high one year and low the next; 
the number caught ranged from 710 in 1970 (1% of total for the 
year), to 54,055 in 1977 (18% of total for the year). Low years 
included 1970; 1972 (3,186 or 2% of total); 1974 (953 or 0.6%); 
1975 (3,254 or 2%); and 1976 (4,764 or 3%). Higher years were: 
1971 (9,611 or 10%); 1973 (9,210 or 5%); and 1977 (54,055 or 
18%}. 

Pacific Bonito: 

High catches occurred in 1970-1973; there was a drop in 
number caught from 1974-77. The percents of total catch for 
1970-73 were from 10 to 34%; for 1974-77, they were from 0.1 
to 2%. The number caught from 1970-73 ranged from 16,455 to 
23,798; in 1974-77, the range was 178 to 3,004 .. 

Ocean Whitefish: 

Numbers caught increased from 1975-77 (3,409 to 25,446); 
during prior years the catch was variable, ranging from 888 
to 5,087. The percent of total catch geperally was about 
2-5%, varying from 0.8% in 1974 (1,427 caught) to 9% in 1977 
(25,446 caught). 

Block 720 

Over all years (1970-77) highest catches: 
1. rockfish 
2. Pacific bonito 
3. rock bass 
4. halfmoon 
5. Pacific mackerel 

Rockfish: 

Rockfish was the dominant catch for all years, comprising 
38% {1970) to 84% (1975) of the total for the year. The num
ber caught ranged from 67,070 (1977) to 302,354 (1975). The 
percent of total catch was lowest in 1970 and 1977; it remained 
at 52-58% from 1971-73, increased to 83-84% in 1974-75. The 
catch dropped from 302,354 to 96,326 (60%) in 1976 and 67,070 
(40%) in 1977, ·respectively. The total catch in these two years, 
however, was considerably lower than in 1974-75. 
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Pacific Bonito: 

The catch was variable, comprising 2% (1975) to 38% (1970) 
of total. The highest catch was in 1970 {66,683), followed in 
decreasing order by 1972 (60,963), 1973 (47,763) a~d 1976 
(26,499). The lowest catch was in 1971 (5,985). 

Rock Bass: 

The catch was stable from 1970-1973, ranging from 27,310 
to 33,871. A sharp drop occurred in 1974-75 falling to 2,283 
and 109, respectively. No rock bass were reported in 1976 or 
1977 catches. 

Halfmoon: 

The catch was very low (397, or 0.2% of total) in 1970, 
increasing abruptly in 1971 to 18,693 (14% of total). Other
wise it comprised 2-10% of total catch, ranging from 2,465 
(1976) to 16,815 (1972). The two lowest years, aside from 
1970, were 1974 (7,059 caught) and 1976 (2,465 caught). 

Pacific Mackerel: 

The catch was variable, ranging from 0.2% {1974) to 28% 
(1977) of the total for the year. Except for 1977, the catch 
comprised from 0.2 to 2.0% of total. The nwnber caught between 
1976-77 increased dramatically from 1,298 (0.8%) to 47,092 
(25%) even though total ·catch for those two years remained 
roughly equal (153,752 in 1976 and 167,503 in 1977). 

Block 740 

Over all years (1970-77) highest catches: 
1. rockfish 
2. Pacific bonito 
3. Pacific mackerel 
4. sculpin 
5. rock bass 

Rockfish: 

Rockfish dominated the catch for all years, comprising 
from 42% (1970) to 87% (1974) of the total. Highest catches 
occurred in 1973-75 (72-86%; 131,803 to 165,033). Lowest 
catches occurred in 1970 (43,640, or 42%) and 1977 (58,719, 
or 44%). In the remaining years rockfish comprised approxi
mately 51-62% (87,862-94,947) of the total catch. 

Pacific Bonito: 

Catches were in excess of 20,000 in 1970 and 1972 (24,756, 
or 24% and 20,530, or 14%, respectively). A sharp drop 
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occurred in 1971 to 2,792 (2% of totalJ. In other years the 
catch was variable, ranging from 527 (0.3%) in 1974 to 10,283 
and 11,137 (both 6%) in 1973 and 1976, respectively. Thebo
nito catch was low (less than 4,000) in 1971, 1974, 1975, and 
1977. 

Pacific Mackerel: 

The catch was variable, generally about 1-4% of total, 
except in 1971 (15,184, or 10%) and 1977 (30,940, or 23%). 
Sharp increases occurred from 1970 to 1971 (1,170 to 15,184) 
and 1976 to 1977 (3,441 to 30,940). The total catch for these 
years showed an increase of 30,000 from 1970 to 1971, but a 
decrease of 40,000 from 1976 to 1977. 

Sculpin: 

The catch was somewhat variable, comprising 3 to 5% of 
the total in 1972-76 and 8-9% of total in 1970-71 and 1977. 
The number caught ranged from 3,961 (1972) to 14,115 (1971). 
Catches in 1971 and 1975 were in excess of 11,000, relatively 
high in comparison to other years. 

Rock Bass: 

There was a steady decline in percent of total catch 
from 1970-77. The catch was relatively stable between 1970 
and 1972 (12,871 to 19,882) at 12-13% of total. It dropped 
to 8,829 (5%) in 1973 and declined rapidly thereafter, with 
no rock bass reported in 1975 and 1977. 

DISCUSSION 

The total fish take by party boat anglers in the four 
blocks showed a great deal of variability which cannot be 
directly ascribed to the presence or absence of fish. Block 
718 is off one of the most popular recreational boating areas, 
but the declining catch may reflect over-fishing, excessive 
sand transport in the area, or a number of other factors. The 
almost simultaneous steep rise in fish in block 720 off Palos 
Verdes began before the kelp beds were restored. (Figure 7). 

In block 719, off the harbors, the trend was steeply up
ward to 1973-74, followed by a drop in 1975, similar to that 
seen in harbor populations but not elsewhere. In 1976, catch 
rose slightly in Dlock 719 and then rose precipitously in 1977. 
Block 720 rose slightly in 1977 as well, and this rise was not 
seen in harbor populations. 

Means were calculated for the four blocks in an attempt 
to get a smoother curve. The mean curve followed fairly close
ly the curve for block 740, farther offshore from San Pedro, 
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except for the increase in the mean in 1977, due largely to 
the high peak in block 719. 

In 0nly two years did all the numbers cluster closely; 
in 1971, and in 1976. In 1971, drops occurred at 718 and 720, 
but increases occurred at 719 and 740. In 1976, the continuing 
drop at 718 and a steep drop at 720 coincided with a drop at 
740, while only 719 rose somewhat. The net trend over the 
1970-77 period was up sharply only at 719 outside the harbor; 
it was relatively steady at 720 and 740 and sharply down at 
718. 

At 719, the mean number of fish catch per hour of effort 
was also highest, as was the mean number of fish caught per 
angler and the mean number of fish per boat per day. Apparent
ly the success of party boats had not overfished block 719 
through 1977. 

CONCLUSIONS ON FISH INVESTIGATIONS 

The mean number of fish per trawl in the Los Angeles-Long 
Beach outer harbors experienced a four-fold drop between 1973 
and 1978. Although a small recovery increase occurred in 1977, 
it was followed by a continued drop in 1978. This contrasts 
with an almost two-fold increase between 1972-73 and 1977 in 
party boat catch in the area outside the harbor, which was in
terrupted by small decreases in 1975-76. 

There is no indication that cessation of cannery discharges 
has been beneficial to harbor fish populations; rather, it ap
pears tnat the change has been detrimental. However, it is im
possible to state at this time that cessation is the only cause 
of the large decrease because of the many unknowns. The 1973-
74 drop preceded in time the 1975 installation·of OAF treat
ment of cannery wastes. The precipitous drop in December 1977 
coincided with cessation of cannery effluents and diversion of 
wastes to TITP secondary treatment. The July 1978 peak return 
of fish to the harbor coincided with the peak period of TITP 
malfunction during which large amounts of BOD and suspended 
solids were released to the entire central outer harbor. 

The two important fish species were particularly affected. 
White croaker, which dropped 10- to 20-fold over the 1973-78 
period, was the principal fish caught by low income shore an
glers. Anchovy dropped by a factor of perhaps 100-fold in the 
harbor in the same period. This may be responsible in part for 
the large drop in gull species in the harbor, which fed on an
chovies and fish "gurry" (floating protein-fat coagulates). 
The offshore anchovy spawning biomass, which was the highest in 
1973-75, has experienced about a four-fold decrease since then~ 
and in 1979 is at the lowest since acoustical records have been 
kept (Table 18) • 
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The TITP sewage outfall now seems to be the only nutrient 
area left in tne harbor that shows increased fish populations, 
as compared with other trawl stations. It is therefore very 
important to maintain the now small fish population in the 
harbor. 

LITERATURE CITED: See Section VI. 
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Table l. Harbor Trawl Data, 1971-1978. 

1974 1975 1976 

SPECIES 1971-73 ,J-J J-p J-J J-p J-J J-D 
EngrauZis morda.x 9871 286 2 110 51 
Symphurus atricauda 5102 99 580 760 198 67 24 
Genyonemus Zineatus 4697* 20 4069 671 44 6 47 
Citharichthys stigmaeus 3723 43 547 679 114 97 10 
Seriph:us politus 2172 1 57 30 63 2 
Cymatogaster aggregata 2148 3 30 2 39 1 6 

Phan.erodon fu.rcatus 2111 43 125 61 68 36 40 
Porichthys TTrjriaster 411 6 5 5 l 

Lepidogobius Zepidus 412 7 42 31 6 1 2 

Sebastes miniatus 339 
Pleuronichthys verticalis 283 19 57 83 15 3 3 

Anchoa delicatissima 201 1 1 
Anchoa compressa 85 5 
Pleuronichthys decurrens 80 3 4 

Sebastes seITa:noides 79 
Embiotoca jacksoni 63 2 20 19 3 9 3 

Sebastes pau.cispinis 45 
Sebastes sazwola 59 
Synodu.s lucioceps 34 14 3 l 

Parophrys vetu.Zus 31 1 5 9 1 
Hyperprosopon argentewn 29 5 1 

Rhacochilus sp. 23 
PaPaZichthys californicus 22 26 28 4 9 2 

Syngna,thus sp. 18 
Odontopyris trispinosa 15 6 
Chi Zaro tayZori 12 
Sebastes daUi 1 3 171 9 

Seoostes auricuZatus 1 13 1 
Xystreurys liolepis 7 2 1 2 

PepriZus simillimus 2 2 5 
&zniolepis frenata 1 
Clevelandia ios 1 
Pleuronichthys ritteri 1 
Neoalinus u.ninotatu.s 1 1 4 1 
Paral,a.bra:x: maculatofasciatus 1 1 

ParaZabro:;; nebul·ifer 2 1 1 

Rhinobatus productus 1 
Squalus acanthias 6 1 2 
Scorpaena guttata 6 1 3 
Hypsopsetta guttulata 9 2 5 

MyZiobatis aaliJorniaa 2 1 

Atherincps affinis 1 
Leuresthes teri.uis 1 
Hippoglossina stomata 5 1 
Amphistichus argenteus 
Urolophus h.alleri 
Gyrmrura marmorota 
Torpedo californiga 3 1 

N = No. of Trawls 76 2 16 12 8 2 3 
X 126.0 369.6 201.2 102.6 124.5 65.0 

Annual x 423.2 342.0 161.B 88.8 

1971-77 X = 351.2 n = 126 

*Not.including 25,487 j1Neniles oollected surmer 1973 
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Table 1 (cont.) 

1277 22. ,2z~ 
J-J J.-N DEC APR JL.L OCT.1 aSPECIES 

Engraulis morda:c 193 6 114 14 
Symphuru.s ati>iaauda 78 165 60 462 533 369 

Genyonemu.s lineatus 57 725 209 887 1391 328 
Cithariphthys stigmaeus 7 9 19 39 234 69 
Seriphus politus 19 97 6 44 65 137 
C11rrato9aste11 aggi•egata 3 11 3 

Phanerodon furt:!atus 41 11 21 11 38 4 
Porichthys myriaster 2 4 20 l 
Lepidogobius Lepidus 4 2 2 3 16 
Sebastes miniatus 
Pleuroniahthys vertiaalis l 2 5 3 12 2 
And1i:1a dt: Z·ka t, itui·UilU. 
Anahoa compressa 1 
Pleuronichthys deaUITens 
Sebastes serranoides 
Embiotoaa jaaksoni 2 6 5 7 

Sebastes pauoispinis 
Sebastes sa::r:iaola 
Synodus lucioaeps 2 25 26 18 3 

Paroph:Pys vetulus 1 

Hyperprosopon argenteum l 28 3 

Rhaaoahilus sp. 1 3 
4 9 8 12 4Paralichthys aaliforniaus 

Syngnat;'hus sp. 3 

Od.ontopy:cis trispinosa 
l l 3 1ChiUZI"a taylori 

136 24 4 lSebastes daZ.Z.i 
2Sebastes auriauZatus 

1 8 1Xystreurys liolepis 
1 3 3Peprilus si.millimus 

Zaniotepis fi>enata 
Cleve landia ios 
. Pleuroniahth i/S ritteri

~ 

Neoalinus uninotat;,~s 
lPara'labrax maaulatofasciatus 

Paralabra.x nebul.,,:fer 2 

Rhinolxi.tus produc-tus 
Squalus aaanthias 
Saorpaena guttata 3 l 

Hypsopsetta gut-tu.la.ta 1 l 3 

Myliobatis aalifornica 
Athezoinops aJ"f'inis 
LeuPesthee tenuis 
Bippoglossina stoTTY.Zta 
Amphistichu.z argenteus 3 

Uro lophus haUeri 1 

Gyrrmu.:ra marmorata 1 
Toroedo aalifornica 

N = No. of Trawls l 6 14 15 13 13 
X 208.0 225.8 26.7 104.1 174.0 73. 8 

-1977-78 J' = 93.B n = 55 

http:gut-tu.la.ta
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Table l (cont.) 

1971-l'J./77 12/77-10/78 GRAND TOTAL 1971-78
SeE~Il;;S 

Engraulis mordax 10,513 134 10,647 
Symphurus atricauda. 7,073 1424 8,497 
Genyonemu.s Zineatus 10,336 2815 13,151* 
Citharichthys stigmaeus 5,229 361 5,590 
Seriphus politus 2,441 252 2,693 
C~togaster aggregata 2,232 14 2,246 
Phanerodon fu.rcatus 2,536 74 2,610 
Porichthys myriaster 466 25 491 
Lepidogobius Zepidus 507 21 528 

.,;.Sebastes miniatus 339 339 
PZeuronichthys vertiaaZis 468 22 490 
Anchoa deZiaatissima 203 203 
Anchoa compressa 91 91 
Pleu.ronichthys decUPrens 87 87 
Sebastes se7Tanoides 79 79 
EJmbiotoca jacksoni 121 18 139 

Sebastes paucispinis 45 45 

Sebastes saxicoZa 59 59 

Synodus Zu.cioceps 54 72 126 

Parophrys vetuZus. 47 48 

Byper-prosopon argenteum 35 32 67 

Rhacochil-us sp. 24 3 27 

PaI'atiohthys caZifornicus 95 33 128 

Syngnathus sp. 18 3 21 
21 21Odontopyxis trispinosa 

ChiZam tayZori 12 6 18 
320 30 350Seba.stes datii 

Sebastes auricu'latu.s 15 2 17 

Xystreu:rys Ziolepis 12 10 22 

PepriZus simiZZimus 9 7 16 

?,anioZepis frenata 1 1 

ct.evetandia ios 1 1 

fl,euronichthys ritteri 1 l 
7 7Neoctinus uninotatus 

PaPala.hrax ma~uiatofasciatus 2 1 3 
4 2 6ParaZabrox nebulifer 

Rhinobatus productus 1 l 

Squatus acanthias 9 9 

Scorpaena guttata 10 14 
16 5 21Hypsopsetta guttulata 

MyZiobatis aalifornica 3 3 

Atherinops affinis 1 1 
1 1Leuresthes tenuis 

Hippoglossina stonv.ta 6 6 

Amphistichus Cll"genteus a 3 

Urotophus ha.tteri 0 l 1 
0 1 l~a ma:rmorata 

orpedo eatifornica 4 4 

*(+25,487 juveniles = 38,638) 

http:stonv.ta


'rable 2. Important Species Taken in July 1978 Harbor Trawls. 

Station Number 
Species 2-3 4 5 6 7 8 9 10 11 12 13 14 16 x s.o. 

Genyonemus 16 34 69 60 3 28 114 10 16 10 774 l 162 107 215 
Synrphu.rus 70 61 53 22 63 10 39 29 53 30 4 48 57 41 21 
Cithm>iahthys 1 l l 27 50 50 11 89 2 18 28 
SePiphua 6 2 1 l 50 10 5 14 
Synodus 2 2 3 1 3 3 1 3 1.4 1.3 

Sebastes dalli 1 2 l 0.3 0.6 

Phaner-odon j 2 1 l 2 9 1 12 6 1 2.9 3.8 

Poriahthys myriaater 3 l 6 l 2 1 l 1.5 l. 7 

PaPalichthys 1 2 2 1 2 1 2 0.9 0.9 H 
H 

Pleuronichthys verotioatis 2 1 3 5 1 0.9 1.6 :i,, 

Cymatogastero l l 0.2 0.4 w 
-..J 

Rhaaoch i lus vacaa 1 1 1 0.2 0.4 

Embiotoaa 1 1 1 2 2 0.5 0.8 

Engraulis 4 1 11 92 6 8.8 25.2 

Peprilua 1 1 0.2 0.4 

Chilaroa 1 1 0.2 0.4 

Xystr>eurys 2 2 l 2 l 0.6 0.9 

Hyperprosopon l 1 0.2 0.4 

Hypsopsetta l 1 0.2 0.4 

Syngnathus 2 0.2 0.6 

Sco:rpaena 2 0.2 0.6 
-..J 
-.J 



Table 3. Harbor Trawl Data for October 1978. 

Species 3 4 5 6 7 8 9 10 11 12 13 14. 15 16 TOTAL 
...J 
(X) 

Symphurus atricauda 38 59 9 20 20 54 28 22 27 5 2 13 72 369 
Genyonemus Zineatus 4 8 2 8 0 7 l;6 61 24 165 328 

Seriphus politus 0 0 0 2 0 0 0 17 99 C 0 18 137 

Cithariohthys stigmaeus 0 0 4 1 0 6 14 24 0 0 19 0 59 

Lepidogobius Zepidus 0 0 0 5 7 2 0 0 0 0 16 

EngrauZis mordax 0 0 0 0 0 0 0 0 2 5 7 0 2 14 

Phanerodon furcatus 0 0 0 0 0 0 0 0 0 4 

Para'lichthys californicus 0 0 0 0 0 0 0 0 2 1 0 0 4 

PepriZus simiZZimus 

Synodus Zucioceps 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 0 

0 

0 

2 

0 

0 

I 

0 

I 

3 

3 
H 
H 
~ 

Paralabra:x; nebuZifer 

Pleuronichthys verticalis 

0 

0 

1 

0 

0 

0 0 

0 0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

2 

w 
0:, 

Sebastes au:ricuZatus 0 0 0 0 0 0 0 0 0 0 0 2 

Sebastes daZ"li 0 0 0 1 1 0 0 0 0 0 0 0 0 2 

Chi Zara tay Zori 0 0 0 0 0 1 0 0 0 0 0 0 0 1 

Parophrys vetulus 0 0 0 1 0 0 0 0 0 0 0 0 0 

Poriahthys myriaster 0 0 0 0 0 0 I 0 0 0 0 0 0 

Scorpaena guttata 0 0 I 0 0 0 0 0 0 0 0 0 0 

Xystre:.J'ys ZioZ.epis 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL 1,4 69 12 34 40 59 36 44 120 173 37 35 260 960 
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Table 4. Number of Fish/Trawl and Number of Species/Trawl 

Outer Los Angeles Harbor, December 1977-0ctober 1978 

Number/trawl Species/trawl 

Sta. * 12/77 4/78 7/78 10/78 12/77 4/78 7/78 10/78 

2-3 25 34 95 44 5 4 7 4 

4 15 155 107 69 3 6 9 4 

5 2 108 139 12 2 3 8 4 

6 9 216 96 34 4 7 11 7 

7 1 70 70 40 1 5 5 7 

8 6 306 42 59 3 9 6 5 

9 13 57 187 36 2 8 9 4 

10 7 28 105 44 4 10 8 5 

11 14 31 126 108 5 6 7 8 

12 4 22 87 183 2 8 13 7 

13 155 125 990 40 9 10 12 7 

14 7 16 151 33 3 6 9 5 

16 (1) 2 121 60 111 1 4 11 5 

16 (2) 116 186 161 4 5 6 

-
X = 20.0 104.0 174.0 69.6 3.4 6.5 8.6 5.6 

S.D. = 41.0 81.9 238.0 51.6 2.1 2.2 2.3 5 



0 
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Table 5. Once-a-month Survey of Numbers of Fish Caught per Angler Rod. 

Station 1 2 ) 4 5 6 7 8 9 10 
Cabrillo San Pedro Ports Outfall Fish Navy Queen Los Angeles Al8Jllitos Belmont 

Beach Harke ts Area Harbor Hole Mary River Blvd. Beach2.'..£!1l 

January 0.63 5.33 1.00 0 1.09 1.02 0.78 1.58 0.94 

February 0.39 2.00 0.20 0.13 0.83 o.44 1.60 0.11 1.14 1.40 

0.57 21.13 4.oo o.:n 0.90 2.21 0.55 1.00 O,(,f, 1.71 

April 0.35 1.50 0.55 1.48 o.41 0.69 0.85 o.44 

May 0.26 11.00 1.67 0.26 1.24 1.27 o.66 0.70 0.75 0.31 

June o.49 8.00 0 0.70 1.26 o.67 l.?,O o.44 

July 0.22 1.65 1.03 1.81 2.25 1.11 0.71 H 
H 

:i:,,0.74August 0,50 o.68 o.86 1.52 1.()11 3.11 

SeptembPr 3.611 1.85 1.65 0.35 2.05 0.69 1.71 l.'/9 

October 2.20 6.00 0 1.38 1.20 0.92 1.86 1.92 2.81 

November o.18 2.00 1.56 o.48 1.68 1.0.? 1.18 

Average o.86 7,12 1.37 0.63 t.14 0.91 1.:n 1.07 l..?4 1.35 

These numbers represent an approximation of numbers of fish caught per 
angler rod for the various areas, giving an approximate indication of fishing 
success at each area. When accessible, San Pedro Markets were the most 
productive. The outfall area was one of the worst fishing spots of the 
sampled areas. 
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Table 6. January, 1978 

Stations l 2 3 4 5 6 7 8 9 10 

Amohistichus araentus 2 1 
Anisotremus davidsoni 
Atherinops affinis 
Atherinovsis calif 1 4 
Cheilotrema saturnam 
Cµr:utoqaster aaqr>eaata 2 1 1 1 7 
C~nosaion nobiZis 
Czn:xrinus carpio 
Dama tichthvs vacca 1 1 
F:mbiotoca jacksani 1 10 4 39 36 7 JQ 1 1 

Gen'Uonemus 1 • +(,inea..-us 18 31 1 11 g 2 1k 1 Ll 8 

Girella nioricans l 1 < R 

Halfohoeres s·emicinctus l 
Hete2•ostichus rostratu.s 
H~µerprosoDon a:I'arntewn 1 3 
H~vsopsetta auttulata 1 < 
Huosurus aa.rvi 
Lepomis macrochirus 
Leptocottus C1.1'nutus 
Medialuna calitorniensis 6 
Menticirrhus undulatus 
Mustelus californfous 
Ml.Jliobatis californica 
NeocZinus blanchardi 2 

Oruiulis californ.ica 
Paralabra:r: clathPatus 1 
Paralabrax rraculatofasciatus 1 l 1 
Paralabra:;; nebulifer 1 l 5 3 1 
Paralichth~s californicus 2 
PevriZ-us sir.miZimus 
Phanerodon furcatus l 3 4 3 5 8 15 4 
Platichthi;s steZ-latas 
RhacochiZus toxotes l 
Rhinobatos productus 
Ronaador steT"Yl.sii 
Sa:r1aa. chiZiensic 
Scomber .iavonicus 1 
Scorvaena auttata 
Scornaenichthus ma.rmoratus l 1 
Sebastes atrovirens 3 
Sebastes au:Piculatus 
Sebastes daUii 
Sebastes rmtstinus 
Sebastes rastre ilfoer 1 4 l 
Sebastes serranoides 
Seriphus volitus 
S-Ohuraena arqentea 
Squalus ac::mthias 
Synodus Zucioceps l 1 12 l 
Trachu.rus surrmetricus 3 2 
Triakis semifasciata 
Tridentiqer tric;. 
Xustr>eurus Ziolepis 
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Table 7. February, 1978 

Stations l 2 3 4 5 6 7 8 9 10 

Arrmhistichus araentus 
AnisotPemus davidsoni 1 
AtheP1,nops afJinis 
Atherinopsis aalif 3 ? 2 
Cheilotrema satuPrlam 
Cu11tltoaaster aaaregata ? 1 1 
Ct1nosaion nobilis 
Ct/vrinus aazroio 
Damalichthus vacca l 2 
Emb1,otoca jackson~ 4 fi l 13 , ? 7 1Q .1 

Gen1.1onemus Zineatus l 8 111i; ?Q 193 
GiPeZia niqricans l ] , 
HaliarLOeres semiainctus 
HetePostichus rostPatus 
Huverorosovon araPntewn ? 7 
Huvsovsetta quttuZata 
Huvsurus aaPui 4 
Levomis macroahirus 
Levtocottus arm:ztus 
Medialu.na aaliforniensis 
Menticirrhus wuluZatus 
Mustelus californic:us 
M!iliobat1,s californiaa 
Neoclinus blanchaI'di 1 l 
Oxuiulis aalifornica 1 

PaPa.Zabra:x clathl'atus 1 l 
Paralabra:x m:.zculatofasciatus 2 LI. 

Pa.I'alabraz nebulifer l 1 2 
Paralichthus aaZifornic:us 
Pevrilus sirrmilimus 
Phan.erodon furaatus 4 I 1 3 1 1 
Platiahthus steZZatas 
Rhaaochilus toxotes 
Rhinobatos vroductus 
Roncador sternsii 
Sa.rd.a. chiliens~a 
Scomber> 3anoniaus ? 

Saorvaena auttata 1 

Saoroaenichthus marnt:>ratus 
Seba.stes atrovirens 
Sebastes auriculatus 1 

Sebastes da.Uii l 
Sebastes rrrustinus 
Sebastes rostrelliqer h 

Sebastes sel'Y'anoidBs 
Serivhus volitus 1 t:e 

Sohuraena arqentea 
Saualus acanthias 
Sunod:u.s Zuaiocevs LI. 3 ? 

TraahW'U.s surrrnetriaus , , 
Triakis semifasaiata 
Tridentiaer tria. 
Xustreurus liolevis 
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March, 1978Table 8. 

Stations l 2 3 4 5 6 7 8 9 10 

Arrrohistiahus arqentus 3 
Anisotremus da.vidsoni 
Atherinops af'finis 3 
Atherin.opsis aalif 2 8 3 ? 1 
Cheilotrema sat'UI'1UOTI 
Cl./m:i.toqas ter aqwec;ata 5 8 
C~nosaion nobilis 
Cirorinus aarpio 
Da:maliohthus vacaa 1 1 1 4 1 1 4 
Embiotoaa iaaksoni 4 1 16 1 18 48 25 38 4 
Genuonemus lineatus 6 160 2 15 8 5 161 
Girella niqrioans 1 
HaZiahoeres semiainatus 
Heterostiahus rost!'atus 1 2 
H11-oerroroscvon arqrntewn 1 
Huvsovsetta quttulata 37 
Hu-rJsu.rus oarui 
Leoomis maoroohiPUs 
Levtooottus a.rimtus 
MediaZuna oaliforniensis 
Mentiairrhus undulatus 
Mustelus aaliforniaus 
Muliobatis aaliforniaa 
Neoalinus blanahardi 1 
OX?~iuZis aalifornica l 
Paral-abrax alat"m>atus l l 
Paralabrax m::zoulatofasciatus l 
Paralabrax nebu.Zifer 1 3 1 1 1 
Paralichthus aaZifor>niaus 1 
Peprilus si'lmiilimus 
Phar.erodon furoatus 22 2 7 3 38 
Platiahthus stellatas 1 
Rhaaoahilus toxctes 
Rhin.obatos vroduatus 
Rcnaador sternsii 2 
Sarcia. ahiliensia 
Saomber jcmoniaus 
Saorpaena quttata 1 
Saonaenichthus marmoratus 2 2 
Sebastes atrovirens 
Sebastes auriculatus 
Sebast:es da.Uii 
Sebastes Tm1stinus 
Sebastes rast!'elliaer 1 
Sebastes serTan.oides 
Seriohus volitus 1 
Sohl,/I'aena cwqentea 
Saua.Zus aaanthia.s l 1 
Sunodus luaiocevs 3 
Ti:>achurus swr,netricus 2 
TI'ia.kis semifasaia.ta 
TI'identic;er trig. 
XustPeW'us liolevis 



84 

Table 9. April, 1978 

Stations 

Am;:;histichus a.:rqentus 
Anisotrernus da.vidsoni 
Athe:rino-ps aff1,nis 
Atllerinopsis catif 
Cheitotrema saturnam 
Cumatoaaster aaaregata 
Cunoscion nobilis 
Cirp:rinus aarp1,o 
Damalichthus vacca 
'Erribwtoca jaaksoni 
Genyonemus lineatus 
Girella niqricans 
Balichoeres semicinatus 
Heterostichus rostratus 
Huverorosopon a.:rqrn,teum 
Buvsopsetta quttuZata 
Huvsurus aa.:rui 
Levomis maarochirus 
Leptocottus a.rrrr:z-tus 
Medialuna aaliforniensis 
Menticirrhus und.ulatus 
Mustelus californicus 
Myliobatis aal1,forniaa 
Neoclinus blanchardi 
0:t:ZJiulis aalifornica 
Para Zabraz alathratus 
Paral.ahraz maculatofasciatus 
Pca>alabrax nebulifer 
Paralichthus califoPniaus 
Peprilus simmilimus 
Phanerodon furaatus 
Piat1,chthus stellatas 
Rha.cochilus toxotes 
Rhinobatos productus 
Roncador sternsii 
Barda. ah~Ziens1,a 
Saomber iar>oniaus 
Saorpaena quttata 
Saoroaenichthus mca>m0ratus 
Sebastes atrovirens 
Sebastes auriculatus 
Sebastes daUii 
Sebastes mustinus 
Sebastes rastl'e Uiger 
Se"bastes serranoides 
Seriphu.s politus 
Sr>hyraena aPaentea 
Saua.Zue acanthias 
Sunodus lucioaeps 
Traahurus swrmetricus 
'h>iakis semifasciata 
Tridentiger tria. 
Xystreia"J,/s Ziolepis 
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l 2 3 4 5 6 7 8 9 10 

1 1 

6 1 

15 
1 

2 

l 
l 

18 3 9 
3 

29 

1 
9 
l 

1 
30 

4 
l 

55 
2 

28 

1 
4 

42 

2 

1 

5 

l 
1 

1 

1 

2 
5 

l 

l 

l 

1 

4 
3 

2 

8 

6 1 6 

1 2 
1 
2 

2 

l 

3 l 1 1 
1 
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Table 10. May, 1978 

Stations l 2 3 4 5 6 7 8 9 10 

Amohistichus aPqentus 
Anisotremus davidsoni 
Atherinops affinis 2 
Atherir.opsis aalif 1 1 1 1 4 
Cheilotrema satu.rnam 
Cum:itoqaster aam'eqata 1 
Ci;nosaion nobilis 
C1-rorinus aarpio 
Damalichthus vaaoa 3 1 
E:rnbiotoca jacksoni 2 3 24 2 5 2 
Geni;onemu.s lineatus 21 40 l 7 23 1 38 37 24 39 
Girella nim:>icans 1 
Halichoeres semicinctus 
Heterostichus rostratus 
Himerrorosopon arQ!'Yltewn 1 
Huvsopsetta quttulata 
Hupsu.rus oarui l 
Lepomis macrochirus 
Levtocottus a.rm:itus 1 
Medialuna californiensis 
Menticirrhus undulatus l 3 

Mustelus californicu.s 2 l l 
Myliobatis californioa 
Neoclinus bla:nchardi 
Or~julis californica 
ParaZabrax clathratus l 3 l 
Paralabrax m::icuZatoJasciatus 
Paralabrax nebulifer 3 1 
Paraliohthi;s californicus l 
Peprilus sirrmilimus 
Pha.nerodon furcatus 3 1 5 
PZatichthi;s stellatas 
RhacoahiZus toxotes 
Rhinobatos r,roductus 
Ronoador sternsii 
&aida ch~Z~ens~a 
Scomber javonicus 4 8 4 
Scor~aena guttata 1 
Scorroaeniohth4s marmoratus l l 
Sebastes atrovirens 
Sebastes aUl'ioulatus 
Sebastes daZZii l 
Sebastes 17'/'l-fstinus 1 
Sebastes rastre ZZ iqer 2 l 
Sebastes serranoides l 
Seriphus vo Zi tus 1 1 8 
S'ohyraena aroentea 
Saualus aaanthia.s 
S1./nodus Zucioaeps 2 l l 1 3 l 
Traahu.rus symmetrious 
Triakis semi~asoiata 
Tridentioer trio. 
Xustreurl./B lio'ler;is 
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June, 1978Table 11. 

Stations 1 2 3 4 5 6 7 8 9 10 

A.mphistichus argentus 1 
Anisotremu.s da.vidsoni 
Atherinops affinis 
Atherinovsis aalif 3 1 2 4 3 40 
Cheilotrema. saturnam 
Cu'M'J.toqaster aqqrecrata 3 2 11 
Cl,/noscion nobiZis 
Cz.rvrinus aarpio 
Dama.Zichthus vacca 1 1 1 1 
Embwtoca jacksoni 2 2 3 2 Cl e:. 8 6 1 
Genuonemus Zineatu.s 29 34 8 13 20 36 24 35 41 
G~rella niqriaans 1 
Halichoeres semiainctus 
Heterostiahus rostratus 1 

Hunerorosovon a:r>qrntewn 
Huvsor;setta quttuZata 4 
Himsu.ru.s carl,/i 2 
Levomis macrochirus 
Levtocottus arm:ztus 
Medialur.a caZiforniensis 
Menticirrhus unduZatu.s 
Mustelus californicus 
Mitliobatis caZifornica 
NeocZinus blanchardi 
0Xt1.iulis ca.Ufornfoa 1 
Para Z-abra:r: c Zat hx>atus 1 
Paralabra:r: T1t1.culatofasciatus 1 
Pa.raZabra:r: nebulifer 1 2 2 
Para7-ichthus cal.ifornicus 1 2 2 
PepriZus sirrmilimus 
Phanerodon furcatus 2 1 3 2 6 3 2 6 10 
Platichthus stellatas 
Rhacoahilus toxotes 
Rhinobatos vroductus 
Roncador sternsii 
Sarda. ch~Z~ensia 2 Q 

Scomber Javonicus 8 4 l? c:; 

Scorvaena auttata 1 l 

Saoroaenichthus ma!'moratus 
Sebastes atrovirens 
Sebastes auricuZatus 
Sebastes da.ZZii 1 
Sebastes mustinus 1 
Sebastes rostrelliqer 
Sebastes serranoides 2 2 
Serivhus voZitus Cl 

&Jhuraena arqentea 
Saua.Zus acanthias 
S1,1nodus Zua~ocevs 4 3 10 
Trachurus surrrnetricus 2 1 

TI'iakis semifasaiata 
Tridentioer tria. 
Xustreurus liolepis 
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July, 1978Table 12. 

Stations 1 2 3 4 5 6 7 8 9 10 

Arrrohistiahu.s arqentus 
Anisotremu.s davidsoni 
Atherinops a;;·inis 1 
Atherinovsis aalif 1 1 1 1 4 
Cheilotrema satur>nam 1 
Cuma.toc,aster aaar>eaata 5 2 
Cynosaion nobilis 
Cyp:rinus aa.rpio 1 
Damalichthus vaaaa 1 
Embiotoca .iaaksom, 4 5 11 3 
Genuonemu.s lineatus 2 33 43 40 16 86 14 116 
G~rella niariaans 
Haliahoeres semiainatus 
Heterostiahus rostratus 2 
Hype-pprosovon arqmtewn 1 
Hypsopsetta quttulata 1 
HUDSUPU.S ca.ryi 2 
Levomis maaroahirus 
Levtocottus a.rrrrztus 
Medialuna aaliforniensis 
Menticirrhus undu Zatus 
Mu.stelus oalifomiaus 
Myliobatis aalifomiaa 
Neoalinus blanahardi 
O::t:i1iulis aalifomiaa 1 
Paralabraz clathratus 5 1 1 
Paralabra:::: ma.aulatofasaiatus 1 
Paralabra:r: nebulifer 3 1 
Paraliahthus aalifomiaus 1 1 2 1 
Peprilus sirrmilimus 1 
Phanerodon furaatus l 4 4 
Plat~ahthys stellatas 
Rhaaochilus toxotes 
Rhinobatos vroductus l 
Ronaador sternsii 
Sard.a. chiliensia 
Saomber javonicus 2 3 
Saorvaena guttata l l 3 l 
Scorr;aenichthus marmoratus l 
Sebastes atrovirens 
Sebastes auriau.latus l 
Sebastes da.llii 1 
Sebastes rrrystinus 
Sebastes ra.strelliqer 1 
Se'bastes seITanoides 
Se:rivhu.s volitus 58 
SDhyraena. a.rgentea l 
Saualus aaanthias 
Szmodus luaioaeps l 4 
Trachuru.s surmietricus 
Tl'iakis semifasaiata 
rndentiaer trig. 
Xystreurys ZioZepis 
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Table 13. August 1978 

Stations 

Am;:Jhistiahus araentus 
Anisotremus da.vidsoni 
Atherinovs affinis 
Atherinoosis calif 
Cheilotrema saturn.am 
Currutoqaster aaaPeqata 
Cunosaion nobilis 
Cuvrinus aa:rpio 
Damaliahthus vaaca 
Embiotoaa jacksoni 
Genuonerrrus lineatus 
GireZla niaricans 
Haliahoeres semiainatus 
Heterostiahus rostratus 
Hiiverprosovon a;roarnteum 
Huvsovsetta quttulata 
Huvsurus carui 
Levomis maaroa hirus 
Levtocottus arm::ztus 
Medialuna aaliforniensis 
Mentiairrhus ur.dulatus 
!.fustelus califomicus 
Muliobatis californiaa 
Neoalinus blanchardi 
Oniulis aalifornica 
Paralabrax alathratus 
Paralabrax m:iculatofasaiatus 
Paralabrax nebulifer 
Paraliahthus californ.iaus 
PevriZus simrm~ lirrr,.,.s 
Phanerodon furcatus 
Platichthus stellatas 
Rr.acoahilus toxotes 
Rhinobatos vroductus 
Ronaador sternsii 
Sa:rda ah~liens~a 
Saomber Janonicus 
Saorvaena auttata 
Scoroaeniahthus marmoratus 
Sebastes atrovirens 
Sebastes au:r>iaulatu.s 
Sebastes daUii 
Sebastes mustinus 
Sebastes rastreiliqer 
Sebastes serranoides 
SeriDhus volitus 
SDhuraena. araentea 
Saualus aaanthic.s 
Sunodus luc~ocevs 
Trachu:rus surrmetricus 
Triakis semifasciata 
TI'identiger tria. 
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l 2 3 4 5 6 7 8 9 10 

1 

4 2 l 8 l 

1 1 1 1 1 

l 
3 2 

1 3 2 l 17 3 
20 5 15 8 563 66 38 96 

2 1 3 

1 
3 

1 
1 

1 2 
1 

l 1 3 3 2 
l 1 
2 3 
2 2 5 

1 2 

l 1 1 

1 

10 6 3 774 

2 

l 
1 

Xustreurus lioZ.e-ois 1 

http:saturn.am
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Table 14. September, 1978 

Stations l 2 3 4 5 6 7 8 9 10 

Amohistiahus araentu.s 
Anisotremus davidsoni 
Atherinops affinis 1 1 
Atherinopsis calif 3 3 4 l 
Cheilotrema satu:rnam 1 1 l 
Cumatogaster aggregata 1 3 2 6 
Cunosoion nobilis l 
Cirorinus aal"r;io 
Dcunaliahthus vaaea 
Embiotooa iaaksoni 3 7 l 1 
Genyonemus lineatus 203 3B 21 l lRR 111. i",1 d2 
Girella niqricans 6 
Halichoeres-semicinctus 
Heterostiohus rostratus ? 

Huverprosovon a:rqrnteum ' h 1? 
Hupsopsetta quttulata 
Hu--;;suru.s caryi 
Lepomis maoroohirus 
Leptocottus arm:itus 
Medialuna californiensis 
Mentiairrhus un.dulatus 1 
i'.fustelus ca.lifornicus 
Muliobatis californica 
Neoclinus blanchardi 
Oxuiulis aaliforniea 
Parolabra:r: olathratus 3 3 1 1 
Paralabra:r: maculatofasciatus 1 1 
Paralabra:r: nebulifer 1 3 1 7 4 1 
Paralichthys caZiforniaus 2 l 
Feprilus sirrmilimus 10 2 3 
Phanerodon furcatus 2 l 
Pla~ichthus stellatas 
Rr.acochilus toxotes 
Rh~nobatos vrodWJtus l l 
Roncador sternsii 1 
Sa.Pa.a ahiliensia 31 3 28 33 
Scomber japonicus 1 
Scorpaena quttata l l 1 
Sooroaenichthus marmoratus l l l 
Sebastes atrovirens l 
Sebastes au:rioulatus 
Sebastes daUii l 
Sebastes m:-1stinus 
Sebastes rastr>eZliqer 3 
Sebastes seITanoides 21 1 l 4 "?f; 
Serivhus politus l 
Sohuraena arqentea 
Saua:Zu.s acanthias 
Si;nodu.s lu.ciocer;s 
TrachUl'Us sl,/mmetricus 1 
Triakis semifasoiata 
Tridentiqer tr>ia. 
Xustreu:t'"liS liolevis 
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October, 1978Table 15. 

Stations 

Amohistiohus argentus 
Anisotremus da.vidsoni 
Athennops atTinis 
Atherinopsis calif 
CheiZotI'ema satta'naTTI 
Ctmrz.toaasteI' aaazaeaata 
CJ,/noscion nobilis 
CJ.iprinus caroio 
Dam:zlichthus vacca 
Embiotoca jacksoni 
Genuonemus Zineatus 
Gi.reiia. ni?Tl'icans 
Balichoeres semicinctus 
Beterostichus rostratus 
Hiwerr:;,rosor:;on ararnte'WTI 
Hlfl)sopsetta auttuia.ta 
H_t1psu.rus carui 
Ler:;omis macrochirus 
Ler:;tocottus arrrri.tus 
Media tuna ca Zi forniensis 
Menticirrhus unduZatus 
Mustelus ool,ifornicus 
Muliobatis californica 
Neoctinus blancha.rdi 
O:,::yjulis californica 
Paraia.braz a ZathJ:tatus 
Para lahra.:r: TTrJ.CU ia.to f asciatus 
Paratabra.:r: nebutifer 
Pa.raZicht"hus californicus 
PepnZus sirrmiti:rm.ts 
Pha.nerodon fw:>catus 
Pl,atichthus steZZatas 
Rha.cochiZus tozotes 
Rhinobatos vroduatus 
Roncador sternsii 
Sa:t'da. chiliensw 
Scomber .icmonicus 
Scozroaena auttata 
Scorr:;aenichthus m,:zrmoratus 
Sel>astes atrovirens 
Selxistes auricula.tus 
Selxistes da.Uii 
Selxistes mwstinus ., 

Sebastes rastreUiger 
Seoostes serranoides 
Serir:;hus -ootitus 
Soh1.1raena araentea 
Scrual-us acanthias 
Sunodus Zucioceps 
Trachz.atus s"I.ITTl11Rtricus 
'l'riakis semifasciata 
T'.l'identiaeI' trig. 
Xustreu:rus lioZepis 

1 2 3 4 5 6 7 8 9 10 

l 1 

3 2 
2 1 6 
7 8 9 1 1 9 

1 1 1 
6 1 2 16 1 10 

21 4 4 24 1 
43 7 17 12· 23 52 29 68 

1 4 22 

1 
2 5 1 

1 

2 
1 

1 
l 3 1 

4 1 1 7 1 3 4 

79 2 
1 4 

1 7 8 
1 5 
1 2 1 

5 3 3 10 3 608 

2 
2 12 

http:sirrmiti:rm.ts
http:auttuia.ta
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Table 16. November, 1978 

Stations 1 2 3 4 5 6 7 8 9 10 

Amvhistichu.s a:raentu.s 
Anisotremus davidsoni 1 2 
Atherinops affinis 2 8 
Atherinopsis calif 1 6 

Cheilotrema saturnam 1 
C_z,rnu.togas ter aggregata 4 2 

Cunoscion nobilis 
Cyprinus caroio 
Damalichthus vacca 1 
Einbiotoca jacksoni 5 1 2 
Gen1.1onemu.s lineatus 8 14 7 25 36 28 
Girella niariaans 1 l? 4 
Haliahoeres semiainctus 
Heterostichus rostratus 1 
Huoer-vrosovon a:rcrrnteum 1 37 
Huvsovsetta auttula.ta 1 
Huvsu:r>us carwi 
Lepomis macroahirus 
Leptoaottus arm::ztus 
MediaZuna caZiforniensis 
Menticirrhus undulatus 
MusteZus californiaus 
Muliobatis califomica 1 
Neoalinus blancha.rdi 
OxujuZis aalifornica 
Pa:t'alabrax clatlwatus 1 2 1 l 

Paralabrax m::zaulatofasciatus 
Paralabrax nebulifer 2 l 2 4 

Paralichthus californiaus 
Pepritus sirrmi limus 8 
Phanerodon furaatus 4 3 l 12 
Platiahthus stellatas 
Rhacochilus toxotes 
Rhinobatos produ.c:tus 
Roncador sternsii 
Sarda chiZ~ensia 3 1 35 17 
Scomber jar;onicus 1 
Scor-oaena auttata l 
Sco:rr;,aenichthys marmoratus 
Sebastes atrovirens 
Sebastes auricu'latus \ 

Sebastes dallii 
Sebastes mustinus 
Sebastes rustrelliaer 2 
Seba.stes serTar.oides 
Seriphus volitus 35 
Sr>hu:raena a:pgentea 
Sc;uaZus aaanthias 
Synodus Zua~oce-:,s 1 
Traahurus sy11ffletl'icus 1 l 2 
Triakis semifasciata 
T!>identic,er tria. 
X1.1stPeu:t'ys liolepis 
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Table 17. Mean Abundance* of Fish by Block and Year 
(* in thousands, numbers rounded) 

Blocks 
Year 720 740 719 718 Total Mean 

1970 176 103 56 235 570 143 

1971 134 156 95 168 553 138 

1972 278 148 136 90 652 163 

1973 269 184 170 65 688 172 

1974 312 192 170 73 747 187 

1975 358 211 135 65 769 192 

1976 154 172 148 56 530 133 

1977 168 132 294 29 623 156 

Table 18. Anchovy Acoustical Trawl Survey Data, 

California Department of Fish and Gamel 

1973 2 million tons schooled 
1974 1.8 million 

1975 2.035Q million 

1976 1.1 million 
1977 1.4 million 

1978 o.s30+ million 
1979 0.314* million 

0 largest spawning biomass, poorest recruitment 
+ late (April,· May) good recruitment 
* young 79 undersized due to late schooled fish 

but 6 kg/m3 quite a bit less than last year 
1 published and unpublished data 
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MARI~E-ASSOCIATED AVIFAUNA OF 

OUTER LOS ANGELES-LONG BEACH HARBORS IN 1978 

INTRODUCTION 

The marine-associated birds of the entire harbors area 
were studied on a weekly basis in 1973-74 (AHF, 1976) but no 
expert quantitative studies had been done until the present 
efforts in 1978. The 1978 studies addressed only the outer 
harbor and were of several sorts: 

1) Expert quantitative surveys made on a quarterly 
basis by Dr. Dennis M. Power, Director of the 
Santa Barbara Museum of Natural History, with his 
colleague Paul Collins and HEP personnel. 

2) Monthly surveys of common birds made in conjunction 
with the fish creel census. 

3) Casual observations made on approximately a weekly 
basis during the course of other field work. 

4) Weekday observations at one popular main channel 
shoreline fishing site. 

Dr. Power's report on the quarterly survey is included in the 
following pages in its entirety because it is the only one of 
the four which can compare the 1973-74 data with the 1978 data. 

The monthly survey information on common birds, observed 
at harbor locations where the creel census of shore anglers 
took place, follows Dr. Power's report. The daily and casual 
observations are on file with Harbors Environmental Projects, 
University of Southern California, as are all other raw data 
for these investigations. 

In the 1973-74 investigations by Harbors Environmental 
Projects the harbor was surveyed almost weekly. The detailed 
report (AHF, 1976) presented computer analysis of data for a 
14-month period from August 1973 through September 1974 in which 
43 surveys were made. Site analysis and seasonality were in
cluded. Thus the baseline for comparison with the 1978 quar
terly observations was unusually extensive. 
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A Quarterly survey of Marine-associated Avifauna 

of the Outer Los Angeles and Long Beach Harbors 

in 1978 Compared with the 1973-74 Surveys 

A survey of water and shore birds of the Los Angeles and 
Long Beach Harbors was undertaken in 1978 at the request of 
theHarborsEnvirorunental Projects, Institute for Marine and 
Coastal Studies, Allan Hancock Foundation, University of 
Southern California, Los Angeles. The purpose of the study 
was to record the abundance and distribution of species of 
the marine-associated avifauna found in 1978 and to compare 
the results with a similar survey taken in 1973 and 1974 
(August 10, 1973 through Septe.'Tiber 29, 1974}. In addition, 
species richness at various stations throughout the harbor 
complex was measured in 1978 and the status of the endangered 
California Least Tern was assessed. 

The results of this study bear on determining whether 
or not the harbor environment has been enriched by the Terminal 
Island sewer outfall boil. Secondary treatment of sewage was 
instituted in April 1977 and of cannery wastes in October 1977. 
It was of special interest to determine whether the marine
associated avifauna decreased between the 1978 survey and the 
1973-74 survey, a time that secondary waste treatment was not 
in effect. Data for the 1973-74 survey were taken from the 
report entitled "Marine-associated Avifauna of the Los Angeles
Long Beach Harbors" (pp. 291-354) in AHF, 1976. 

Scope 

The survey embraced the outer Los Angeles Harbor, includ
ing the outer portion of the main channel, and outer Long 
Beach Harbor. Excluded were the inner harbor and U.S. Navy 
Facility area. The ornithological observation stations were 
those numbered XS0 through X80 (Figure 1) already established 
by Harbors Environmental Projects. 

All species of birds observed using the harbors in any 
way were included. The list of species in this report is com
posed totally of.coastal and marine birds. A few non-marine 
species make use of the harbor, and these are listed on data 
sheets forwarded to Harbors Environmental Projects, but are not 
included in the analysis. 

METHODS 

The methods used for data acquisition relied simply on 
direct on-site identification and counting. There were two 
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observers at all times -- the author, aided by Paul Collins, 
Associate curator of Vertebrate Zoology at the Santa Barbara 
Museum of Natural History. A University of Southern California 
(USC) vessel was operated by USC personnel under the direction 
of the investigators. At set locations in the harbors, the 
birds present were counted and listed by species. Both investi
gators generally corroborated on identification and counts. 

A description of each of the stations is included in AHF 
(1976) and will not be repeated here. The harbor was surveyed 
for one day in each season (quarter) in 1978 on the following 
dates: January 25, April 27, July 26, and October 25. These 
are all weekdays, and, with the exception of su..'TI.tner, are free 
of the influence of heavy recreational use of the harbor. Each 
survey started at 8:00 AM with observation on land of stations 
X73, X74, and X75, near the sewer outfall boil. At approxi
mately 9:00 AM the observations from the water got underway 
aboard a USC boat. Observation began with station X80 and 
continued counter-clockwise in the harbors to take in, in 
order, X79, X55, X54, X53, XS0, X51, X52, X57, X56, X58, X59, 
X60, X61, X62, and X63 (Cabrillo Beach and the breakwaters). 
Generally by noon the survey reached the vicinity of stations 
X64 through X67 (Long Beach), continuing in sequence through 
stations X68 through X80 (Terminal Island, the seaplane base, 
outfalls area, Fish Harbors and the Main Channel in Los Angeles). 
The survey usually ended at approximately 3:00 PM. 

Observations were made with binoculars and, occasionally, 
with a 20-power spotting scope, at ranges of 5 to 50 meters. 
All birds were counted, even when in large groups; estimates 
of numbers were made only for groups that could not be counted, 
such as those in flight or in a flock that was startled part
way through a count. 

Weather was typical for each season in which a survey 
was made. On January 25 weather was recorded as "cool, clear, 
with light winds." On April 27 the weather was noted to be 
"moderate temperature, clear, with moderate wind." On July 
26 the weather was "warm, calm, with a light haze." And, 
on October 25 the weather was "cool, clear, and with moderate 
wind." Abundance and distribution of species was therefore 
not affected by stormy or inclement weather. 

Potential for Error 

A number of potential error factors should be considered 
in determining the accuracy of this study. These are listed 
below. 

Species identification. Errors in identification should 
be minimal. Both investigators are experienced field observers, 
and Collins has a particularly keen eye for rapid identifica
tion of shore and water birds. On the rare occasion that a 
species was not immediately identified with surety, checks were 
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made with standard field guides that were carried during the 
survey. 

Counting. This factor also appears to be subject to 
insignificant error. Often both observers made counts and 
compared results. In cases with larger numbers of birds 
(about 100 or more) one observer usually took one set of 
birds or one complex of species, while the other observer 
counted another set. For such large groups it is doubtful 
that the error rate exceeds five percent. 

Location. The stations used in this survey were limited 
to water and land along the perimeter of the harbors and did 
not include the central areas of the outer harbors. This was 
to provide consistency between the 1978 survey and the 1973-74 
survey. Investigators on the earlier survey concluded that 
the open water of the outer harbor was used principally by 
birds in transit. Furthermore, the area of the inner harbor 
(stations X81 through X97, Figure 1) were not included in the 
scope of the present survey. These location factors mean 
that the present survey underestimates the overall total 
number of individuals in the harbors on the day of the survey. 

Time of dav. According to the schedule given above, some 
stations were visited only in the morning hours, while others 
were seen only in the afternoon. We have no information, how
ever, to suggest that particular species regularly frequented 
specific parts of the harbors only at certain times of day, or 
that their activity was restricted to certain sections accord
ing to the hour of the day. Variation in site use within the 
seven-hour period of the daily observation therefore does not 
seem to be a significant factor. One species -- the Black
crowned Night Heron -- may be more active at night. 

Comparison with the 19-73-74 study. Comparison between 
results of this study and the published results of the 1973-74 
study cannot be made directly because of the different number 
of survey periods and observation stations. As already men
tioned, the 1973-74 study took in the inner harbor, stations 
X81 through X97 (Figure 1), as well as the outer harbor. The 
1978 study was only in the outer harbor. Furthermore, 14 
observation periods were analyzed from among almost weekly 
surveys made in 1973-74, and only four were made in the present 
study. Ways to make the results comparable are discussed 
where appropriate in later sections of this report. 

RESULTS 

Species of Marine Birds and Overall A.bundance 

The numbers of water and shore birds recorded in the 
Los Angeles and Long Beach Harbors during the 1978 quarterly 
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surveys are given in Table 1. Species are listed according 
to taxonomic family (e.~., loons, grebes), and both the common 
and currently accepted scientific names are given in each case. 
The total numbers recorded at all stations are given for each 
of the four surveys. The rankings in the right-hand column 
will be explained below. 

Many species that breed outside of southern California, 
such as in the far north, spend the winter in the relatively 
mild climate here, or migrate through the area during spring 
anq fall. In a highly disturbed site, such as the harbors, 
breeding activity and the number of nesting species is reduced. 
These two factors taken together lead to a decrease in bird 
species diversity in the harbors during the late spring and 
summer months. A slight depression in the number of species 
present is indicated in the 1978 survey results. The total 
number of water and shore bird species present at each of the 
four surveys in 1978 is as follows: 32 species in January, 
30 in April, 28 in July, and 33 in October. During 1973-74, 
counts in comparable periods were: 45 in January, 30 in 
April, 21 in July, and 30 in October. 

Much more dramatic is the seasonal change in absolute 
number of individual birds present (all marine species combined). 
Even for those species that are present during the normal breed
ing season, numbers may be reduced as the bulk of the population 
is on the nesting grounds outside the region. The total number 
of individuals, for each season, along with percent of the 
grand total for the whole year, are given in Table 2. The 
greatest number of individuals recorded -- nearly 40 percent 
was in the fall, the time of year during which many species 
are migrating from the breeding grounds to wintering areas, 
or have already arrived in the winter habitat. A relatively 
large population is present in the harbors during the winter. 
Lowest numbers are during spring migration and in the summer 
months. Actually, the spring survey was in late April, at 
which time many wintering species had already departed for 
breeding grounds elsewhere. 

Most of the birds in the harbors are either roosting 
along breakwaters and piers, resting in protected waters, or 
feeding. The distribution of numbers indicates the importance 
of the harbor environment as a refuge and feeding area for 
marine birds during the fall and winter months, and for 
individuals of many species that, for one reason or another, 
are not with the bulk of the breeding population during the 
spring and summer months. 

A comparison with the 1973-74 period shows roughly a 
similar seasonal distribution of numbers of individuals (Table 
2). In these years there is an even greater proportion of the 
overall total that is found during fall and winter than in 
1978, which may be due to the fact that the 1973-74 survey took 
in the inner harbor, an area frequented by large flocks of 
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resting birds. 

In order to determine if more birds were seen in 1978 
than in 1973-74, or vice versa, we can compare the average 
numbers seen for each season. The average is obtained by 
dividing the number observed by the number of stations; there 
were 31 stations in 1978 and 48 stations in 1973-74. The 
results show (Table 2) that the average number observed in 
fall and winter was less in 1978 than in 1973-74. 

It should be noted, however, that the method of averag
ing does not take into account certain important factors. 
First, by averaging by number of stations rather than area of 
stations, we are assuming that the average area of stations 
XSO through XBO is roughly the same as for stations X81 through 
X97. Areas are not the same, however; Figure 1 indicates that 
the sizes of stations in the inner harbor tend to be larger 
than those in the outer harbor. More birds could therefore 
be found in the greater area of the inner harbor stations and 
might bias the average number calculated. The bias would be 
that the 1973-74 survey would show more individuals per 
station. Second, large flocks of very numerous species, such 
as California, Heermann's, and Western Gulls, often prefer 
the quiet waters of the inner harbor for resting during the 
nonbreeding season. This also tends to bias the results in 
favor of larger average numbers in fall and winter of the 
1973-74 survey, when the inner harbor stations were included. 

To get a rough idea of whether or not the 1973-74 fall 
and winter surveys are unduly biased by including the inner 
harbor stations, we can look at the total numbers counted in 
1978, in comparison with the 1973-74 results, for just stations 
XSO through XSO. In the earlier report (AHF, 1976, Table 8.1), 
the bird species summed over time is given for each station. 
The total number of marine birds identified to species for 
stations XSO through X80 is 79,304. The 1976 Table 8.1 
represents a total of 14 observation periods, and the average 
number of marine birds per period is therefore 5,665. The 
total number of marine birds in 1978 was 9,119, and the 
average number per observation period (four periods) is there
fore 2,280. Thus, by comparing these averages, it does seem 
that there were clearly greater numbers of birds in the outer 
harbor in 1973-74 than in 1978. 

This is a significant finding for it indicates that there 
were roughly 3,400 more birds in the outer harbor on the 
average survey day in 1973-74 than in 1978. This is about two 
and one-half times the number counted in 1978. That reduces 
down to an average of 109 more birds per station in 1973-74 
than in 1978. Worded another way, the average number of 
birds per observation period in the outer harbor in 1978 is 
about 40 percent of what was seen in 1973-74. This, then, 
lends considerable credence to the results given above, which 
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indicate greater numbers of fall and winter birds in the 1973-74 
survey over the same periods in 1978. 

The conclusion is that there were roughly two and one-half 
times more birds in the outer harbors in 1973-74 than in 1978 
and that this difference is primarily for the fall and winter 
months. There were more species observed in 1973-74 than in 
1978, but these numbers are influenced by the frequency of 
sampling. 

A Comparison of Numbers of Each Species 

The foregoing results show that there were fewer marine 
birds in the harbors during the 1978 survey than in 1973-74, 
and that this difference is greatest during the fall and winter. 
It now becomes of interest to' see which species are contribut
ing to the difference between the two survey periods. Table 3 
shows the average number of each species of marine birds seen 
per survey over stations X50 through X80. The column of 
figures for the 1978 period was obtained by summing the results 
of observations for each species (Table 1) and dividing by 
four, the number of observation periods in 1978. Thus, the 
figures are as comparable as they can be, in that they repre
sent counts for just the outer harbor and are the average 
numbers per survey. 

According to the figures in Table 3, loons and grebes 
(families Gaviidae and Podicipedidae) have not decreased in 
numbers in recent years. In fact, the Red-throated Loon and 
Western Grebe appear decidedly more abundant in 1978 than in 
1973-74. Records from the National Audubon Society (1976, 1977, 
1978) annual Christmas counts were examined from the Los Angeles, 
Palos Verdes and Malibu area for 1974-77 in order to compare 
apparent trends in the area. These are indicated in Table 3 
under Differences as A+ or A-. 

The Brown Pelican (family Pelecanidae) and three species 
of cormorants (family Phalcrocoracidae) were also more abun
dant in 1978 than in 1973-74. The case of the Brown Pelican 
may be a result of the increase in nesting success this 
species has had after the population lows of the late 1960s 
and early 1970s. It is worthy of note that many pelicans 
were in the harbor in 1973-74 when they were very scarce along 
the coast; cannery wastes and anchovy may have helped support 
them during that period of stress. 

The Great Blue Heron and Black-crowned Night Heron (family 
Ardeidae) were more abundant in 1978 than in 1973-74. No 
Snowy Egrets were seen in 1978, but one was seen in 1973-74. 

The results for the ducks and geese (family Anatidae) 
were mixed. More Cinnamon Teal were recorded in 1978 than in 
1973-74. Of greater significance is the Surf Scoter, one of 
the most abundant species in the harbors, which had decidedly 
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lower numbers in 1978. The Surf Scoter was over three times 
more abundant on an average survey in 1973-74 than in 1978. 

Among the shore-feeding species (families Charadriidae 
and Scolopacidae) there were generally fewer individuals in 
1978 than in 1973-74. Of the 17 species, only four were more 
abundant in 1978; these being the Whimbrel, Spotted Sandpiper, 
Wandering Tattler, and Dunlin. The most common shore bird of 
both surveys was the Sanderling. However, it was more than 
eleven times more abundant in 1973-74 than in 1978. The 
Black-bellied Plover, Surfbird, Ruddy and Black Turnstones, 
Willet, and Western Sandpiper were common in the harbors in 
1973-74, but their numbers were also decidedly lower in 1978. 

The gull species {family Laridae, subfamily Larinae) were 
all lower in numbers in 1978 than in 1973-74. One of the most 
dramatic cases is the Western Gull, which averaged over 1,200 
birds per survey in 1973-74, but dropped to only about 300 per 
survey in 1978. The California, Ring-billed, Mew, and 
Bonaparte's Gulls all showed decided decreases in 1978. In 
terms of proportion, the greatest change was seen in the 
California Gull; it was more than 23 times more abundant in 
1973-74 than in 1978. In terms of absolute numbers, the 
greatest change was seen in the Heermann's Gull; there was an 
average of 985 more birds of this species per survey in 1973-74 
than in 1978. Clearly the gulls showed the greatest decrease 
over the two survey periods. In contrast, only three gull 
species showed a distinct decline in the Audubon surveys 
along the coast. 

Within the terns {family Laridae, subfamily Sterninae) 
the results were mixed. The endangered Least Tern was more 
abundant in 1978, and the Royal Tern, which had no records in 
1973-74, was recorded with 66 individuals in October 1978. 
All of the other terns showed a decrease in 1978. In absolute 
numbers the most dramatic difference was seen for the common 
Forster's Tern, which was almost twice as abundant in 1973-74. 
The Least Tern will be discussed in more detail shortly. 

The conclusion that can be drawn here is that not all 
species have decreased in numbers, and among those that have, 
the decrease is by no means uniform. The greatest decreases 
are found for some of themost common species, such as: Surf 
Scoter, Black-bellied Plover, Sanderling, Western Gull, 
Herring Gull, California Gull, Ring-billed Gull, Mew Gull, 
Bonaparte's Gull, Heermann's Gull, and Forster's Tern. A very 
few of the more common species, such as the Western Grebe and 
Brown Pelican, have increased their numbers in 1978 over that 
recorded in 1973-74. 

Ranking of Species 

In order to obtain an idea of the most abundant marine 
birds in the harbors, regardless of the time of year, species 
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are ranked in order from the highest to lowest number of indi
viduals recorded at the highest sighting for that species in 
1978 (Table 4). For example, the most abundant species is 
the Heermann's Gull; 1, 564 individuals were seen in the fall. 
The second most abundant species is the Brown Pelican with 
753 individuals encountered in the fall. The third most 
abundant species was the Western Gull, with 439 individuals 
seen in the spring, and the fourth most abundant is the Surf 
Seater, with 324 individuals seen in the fall. This scheme 
is.approximate in that it does not take into account the 
numbers of individuals seen at times of the year other than 
when the highest count was obtained. For example, the Western 
Gull is seen in relatively large numbers all year around, 
whereas the Brown Pelican occurred in relatively low numbers 
in winter and was only moderately abundant in spring and 
summer (Table 1). 

A statistically reliable comparison cannot be made with 
the 1973-74 survey (AHF, 1976) because of the way the data 
are tabulated. The 1976 Table 8.1 recorded totals over time 
listed by station, and because surveys were only a month 
apart the same birds may be counted in several surveys. .This 
was not at all as likely in 1978 because surveys were three 
months apart. Also, the 1976 Table 8.2 listed bird species 
by time with stations summed and thereby combined results for 
the inner and outer harbors. The 1978 survey was only of the 
outer harbor area. Nonetheless, some generalized comparisons 
can be made. 

As in the 1978 survey, the Heermann's Gull was the most 
abundant species in 1973-74; 10,104 individuals were counted 
in September 1973. The Surf Scoter was second (4,915) in 
December 1973), the Western Gull third (4,411 in October 
1973). In the 1978 survey considerably fewer California Gulls 
were recorded; this species ranked sixteenth in abundance in 
1978. This is due to the fact that the inner harbor was not 
surveyed in 1978, and the main concentration of California 
Gulls in the 1973-74 survey was in the inner harbor, particu
larly Dominguez Slough. 

If the 1978 species rankings are plotted on a log scale 
against abundance rank, a gradually decreasing curve is 
obtained (Figure 2). Abundance categories are arbitrarily 
designated on this curve and used in the following section 
to give a standard usage to the terms "abundant," "common," 
"scarce," and "rare." 

Species Accounts by Avian Families 

Loons. Common Loons are scarce in the harbors, and were 
recorded only in spring and summer in 1978. The Arctic Loon 
is slightly more common and also was found only in spring 
and summer. In 1973-74 these two species were recorded in 
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small numbers in summer and winter ..The Red-throated Loon 
is common and was encountered in winter and spring in 1978. 
In 1973-74 it was found sporadically throughout the year, but 
predominantly in the summer months. This variation suggests 
that the Red-throated Loon may be seen any time of year, but 
that it is variable from year to year. The Arctic and 
Red-throated Loons were more abundant in 1978 than in 1973-74. 

Grebes. Western Grebes were abundant, being the sixth 
most cornmon·species encountered during the 1978 survey (Table 
2}. Members of this species occurred a-11 year around, but 
peak numbers were in winter. This trend matched what was 
seen in the 1973-74 survey; however, in actual numbers, more 
were recorded in 1978 than in the earlier survey. In the 
species account for the Western Grebe in the earlier report 
there is the following statement (AHF, 1976, p. 296), 

"In the first year of observation, it occurred in 
flocks that at times numbered over 300. In the 
second winter, uowever, the numbers were drastically 
reduced with flocks seldom numbering more than 20. 
This is of particular importance, for throughout its 
range this species is decreasing." 

The 1978 observation indicates that greater numbers of the 
Western Grebe are again using the Los Angeles-Long Beach 
Harbors. 

Eared Grebes were common in fall and winter both in the 
1978 and the 1973-74 surveys. Horned Grebes were scarce in 
the 1978 survey and were confined to fall and winter. The 
Pied-billed Grebe was said to be rare in the harbor in the 
1973-74 survey; it was not recorded in the 1978 survey, 
confirning its rarity in the harbors. 

Pelicans. The Brown Pelican was abundant and is seen 
all year around, but in decidedly lower numbers in winter. 
As a result of a fall peak in numbers it was considered the 
second most common bird during the 1978 survey. It occurred 
in great concentrations along rocky breakwaters. Roughly 
100 more of this species per survey were recorded in 1978 
than in 1973-74, perhaps reflecting the greater breeding 
success the Brown Pelican has had over that in the late 
1960s and early 1970s. DDT levels around White Point outfall 
and elsewhere were proposed as the reason for breeding failure 
or mortality (Young, McDermott and Heezen, 1976). DDT levels 
were several orders of magnitude lower in harbor sediments 
in 1974 than at Whites Point (Chen and Lu, 1974), which may 
have helped the population. 

Cormorants. The Double-crested Cormorant was common the 
year around, with peak numbers occurring in winter and spring. 
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This species was also relatively abundant in the winter of 1973. 
A marked decline in 1974 seemed to be only a temporary decrease, 
as the species ranked as the tenth most common bird during 
the 1978 survey. Brandt's and Pelagic Cormorants were scarce, 
but also may be seen all year. 

Herons. The Great Blue Heron was common and was seen in 
summer and fall, but with greatest numbers in the winter. None 
were seen in the spring survey of 1978. This pattern of 
seasonal variation in abundance was similar to that found in 
the 1973-74 survey. 

One Black-crowned Night Heron was seen from time to time 
in the 1973-74 survey. However, it was predicted that the 
species may be more common than indicated by these single 
sightings because of the species' nocturnal habits. This was 
confirmed in 1978 when 13 were counted in July. 

The Green Heron and Snowy Egret were seen sporadically 
in 1973-74, but were not recorded in 1978. 

Ducks and Geese. The Surf Scoter was abundant in the 
harbor during 1978, ranking fifth in number of individuals at 
the highest sighting. It was the most common species of duck 
in both the 1978 and 1973-74 surveys; however, absolute numbers 
are down considerably in 1978. Lesser Scaup and Cinnamon Teal 
were common during the winter of 1978, an observation that 
also agrees with the 1973-74 survey. 

Pintail were scarce; a few may be encountered in winter. 
One Common Scoter was observed in April 1978. This species 
was also rare in the 1973-74 survey, but was seen at times 
of the year other than spring. One White-winged Scoter was 
seen in July 1978. A few of this species were recorded through
out the year in 1973-74. 

Red-breasted Mergansers were seen in January and April 
in 1978, and are considered scarce. This matches the seasonal 
occurrence and relative abundance for 1973-74 as well. 

One Canvasback was seen in January 1978; this species was 
not recorded in 1973-74. Ruddy Ducks and Common Mergansers 
were rare in the 1973-74 observation period, but were not 
observed at all in 1978. Black Brant were slightly more 
abundant in 1973-74, but also were not encountered at all 
in 1978. 

Rails. Two American Coots were seen in October 1978. In 
1973-74 this species was regarded as infrequent in the harbors, 
with only rare sightings in September and December. 

Oystercatchers. Two Black Oystercatchers were recorded 
in April 1978, which corresponds to sighting of a very few in 
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spring surveys in 1973-74. 

Plovers and Allies. The Black-bellied Plover and Ruddy 
Turnstone were common and the Black Turnstone scarce in the 
harbors all year around in 1978. Relatively greater numbers 
were seen in fall and winter months for the Black-bellied 
Plover. For the Ruddy Turnstone, highest counts were in 
April; the Black Turnstone was seen in low but consistent 
numbers (5-9) throughout the year. In 1973-74 the peak abun
dance was in August and March for the Ruddy Turnstone, and in 
April for the Black Turnstone; fewer of these species were 
recorded in 1978 than in 1973-74. 

In the 1973-74 survey, Killdeer were seen regularly; 
however, in the 1978 survey only five were recorded, and 
these in October. This species is considered scarce. The 
Snowy Plover is rare; one bird was seen in April 1978. Snowy 
Plovers were also rare in the 1973-74 survey, but were observed 
in August and November, rather than spring. During other inter
tidal surveys in 1976-78, Snowy Plovers were seen frequently 
on outer Cabrillo Beach, outside the breakwater, and occasion
ally inside at XSl and X52. In 1978 the Surfbird was scarce; 
a few were seen in the spring, summer and fall surveys. In 
1973-74 migratory concentrations of higher numbers of Surfbirds 
were observed in March and April. 

The Semi-palmated Plover -- observed infrequently in the 
1973-74 survey -- was not encountered in 1978. 

Sandpipers. The Whimbrel was scarce in 1978 -- a small 
number was counted in both April and July. In 1973-74 a few 
were also recorded in winter and spring. Spotted Sandpipers 
were also scarce; however, they were recorded in all four 
surveys in 1978. In 1973-74 a few Spotted Sandpipers were 
recorded in all months except May, June and July. Wandering 
Tattlers were seen in fair numbers in April and July 1978, 
and three were observed in October; they are therefore 
considered common. In 1973-74 the Wandering Tattler was 
considered primarily a winter resident, leaving the harbor by 
late April. These three species were all somewhat more numer
ous in 1978 than in 1973-74. 

The Willet, unlike most other species, did not have a 
similar abundance pattern in the two observation periods. In 
1978, 20 to 27 were found in summer, fall and winter -- none 
were recorded in spring. In the 1973-74 survey, on the other 
hand, peak numbers occurred in March and April. In absolute 
numbers it was also more abundant in 1973-74. 

The Least Sandpiper was recorded in low numbers in 
January and October in 1978; it is considered scarce. In 
1973-74 it was also recorded in spring, with one or two migra
tory peaks in August. The Dunlin was recorded only in 



106 IIB 14 

October 1978, and is considered scarce. In 1973-74 this 
species was also recorded in the spring. 

Two Western Sandpipers were recorded in October 1978. 
However, in 1973-74, the species occurred in large numbers 
and was seen primarily in spring. lvestern Sandpipers may 
therefore brieflv migrate through the harbors and were 
simply not encountered in 1978. One Marbled Godwit was 
seen in 1973-74 and in many other months. The Sanderling 
was seen in greatest numbers in January and April 1978 and 
is considered common. Peak abundance also occurred in winter 
and spring in the 1973-74 survey; however, in general it was 
much more abundant than in 1978. 

Gulls and Terns. As a group, gulls are exceptionally 
abundant in the harbors. The Heerrnann's Gull was found 
throughout the year and ranked as the most common species. 
Heermann's Gulls are especially numerous in summer and fall, 
with 754 and 1,564 being recorded in July and October 1978, 
respectively. In winter and spring they are also abundant. 
In the 1973-14 survey, Heermann's Gull was regarded as the 
most numerous bird in the harbors, occurring in very great 
numbers in September and October. In overall numbers, however, 
it has decreased decidedly {by 46 percent) in 1978. 

The Western Gull is the most consistently abundant species 
and ranks third in greatest numbers at the highest sighting. 
Numbers ranged from 250 to 439 per day in 1978. This same 
pattern was also noted in the 1973-74 survey, during which it 
was regarded as the second most abundant species in the harbors. 
This species was found in significantly fewer numbers in 1978 
(only about 14% of 1973-74 average). 

Glaucous-winged Gulls --considered scarce in the present 
study -- were seen in January 1978, and from late October to 
early June in 1973-74, with peak numbers in December. Herring 
Gulls -- considered common in the present study -- were also 
largely restricted to the winter observation period in 1978. 
However, in 1973-74 they were seen at other seasons, and in 
greater numbers. Moderate numbers of California Gulls were 
seen in April and October in 1978: they are considered common. 
California Gulls were abundant in winter months in 1973-74, 
but were primarily in the inner harbor, an area not covered 
in the 1978 survey. Outside the inner harbor, however, they 
were much more numerous in 1973-74 than in 1978. In 1978 the 
Ring-billed Gull was abundant and seen in peak numbers in 
winter, with smaller numbers in spring and fall. In 1973-74 
it was also common and also had peak numbers in the winter 
months. It, too, was much more numerous in 1973-74. 

One iarge flock of Mew Gulls was recorded in January 1978; 
the species was sparse or absent at other times of the year. 
In 1973-74 a winter peak was also recorded for the Mew Gull. 
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Bonaparte's Gull was abundant, being commonly seen at all 
seasons except swnmer in the survey of 1978. In 1973-74 this 
species was also absent in summer, with peak numbers occurring 
in winter. Bonaparte's Gulls were more numerous in 1973-74 
than in 1978. The Black-legged Kittiwake was common in 1978, 
being recorded in moderate numbers in January and April. In 
1973-74 the winter and spring were also peak seasons for this 
species, and about 3 times as many individuals were seen as 
in 1978. 

Among the terns, Forster's Tern was abundant, occurring 
in greatest numbers· in spring and fall. Spring, late summer, 
and fall were also peak times for this species in 1973-74, 
with at least some birds being seen the year around. In these 
years Forster's Terns were more abundant than in 1978. For 
the Least Tern, 35 were seen in April and only two in July 1978. 
In 1973-74 Least Terns were also recorded in spring and summer. 
More will be said about this species in a separate section. 
Elegant Terns were common, being recorded in moderate numbers 
in July and October 1978. This matches the period it was 
present in 1973-74. One Caspian Tern was recorded in July 
1978, and a few were recorded in most seasons of the 1973-74 
survey. 

Sixty-six Royal Terns were recorded in October of 1978, 
giving this species a rating as common. However, this species 
was not seen in 1973-74. On the other hand, a few Common Terns 
were seen in the 1973-74 survey, but were not recorded in 1978. 

Kingfishers. The Belted Kingfisher is considered scarce. 
One bird was recorded in July, and four in October of 1978. In 
1973-74 it was recorded in fall, winter and spring, being absent 
most of the summer. 

Species Richness at Harbor Stations 

The various stations or observation sites throughout the 
harbors (Figure 1) have different physical attributes, such 
as sandy beach, rocky breakwaters, sheltered coves, partially 
submerged structures, and intact and decaying wooden piers, 
just to name a few of the variables. In addition, micro
climate and biotic properties of the water vary from site to 
site. Generally, those sites with the greatest physical 
heterogeneity tend to support a greater diversity of bird 
species than do very uniform sites. The numbers of species 
of water and shore birds (generally termed "species richness"} 
is roughly correlated with habitat complexity, and, because 
one of the goals of conservation is to maintain ecological 
diversity, the more physically diverse sites are usually the 
most desirable ones to maintain. Sheltered areas, protected 
from rough seas and prevailing winds, are equally desirable 
for roosting areas. In addition, the food chain may be 
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artificially enhanced by sewage outfall or effluent from 
canneries, which adds yet another component to the ecological 
complexity of a site. 

In Table 5 the species richness at each station is given 
for each of the four seasonal surveys in 1978. In addition, 
the total number of individual water and shore birds is also 
given for each station. Size and position of a station within 
the harbor may be determined by comparing Table 5 with the 
map in Figure 1. 

Seasonal differences in average species richness are 
immediately apparent. The average number of species per site 
was greatest in winter (8.38/station) and during spring 
migration (7.23/station). Lowest average species richness 
was in the summer (3.6/station) when many of the species are 
on breeding grounds to the north. The greatest average number 
of individuals was in fall migration (114.97/station), while 
the lowest were in spring migration (52.13/station) and 
summer {55.97/station). 

Two stations -- X71 and X75 -- have relatively high 
species richness and a large number of individuals at all times 
of the year. Station X71 contains a protected embayment, a 
rock pier, a portion of open water in the outer harbor, and 
partially submerged structures. This physical diversity seem
ingly provides a protected environment and relatively rich 
source of feeding zones, which is in turn reflected in a 
relatively rich marine avifauna. An average of 16 species 
was seen per survey at X71. Shorebirds forage along the rocks, 
and gulls and terns feed in the adjacent water. The protected 
water provides a resting area for ducks, grebes and loons, 
and the rock pier is a roosting site for large numbers of 
gulls, terns, cormorants and pelicans. In addition, the site 
is relatively free from human disturbance. 

Station X75 is also physically diverse, containing rock 
wall at water's edge, sand beach exposed at low tide, open 
water, and a partially submerged wooden boat on which shore
birds may feed, and gulls, pelicans and cormorants are often 
seen to roost. An average of 16 species per survey was also 
seen at X75. This station included the two cannerv waste 
outfalls in 1973-74; these were discontinued at the end of 
1977. 

Another station with relatively high species richness (an 
average of 12 species/survey) is X62. This site is the rocky 
outer breakwater, which, as a roosting site, attracts gulls, 
pelicans and cormorants. It is also used as a feeding area 
by a variety of shorebirds. In the 1973-74 survey, stations 
X71 and X62 were also identified as species-rich sites. 
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The impact of human disturbance is evident when the 
seasonal differences at stations XS0, X51 and X52 are com
pared. These sites are relatively protected from wind and 
contain piers, rocky shore and sand beach, and open water. 
During the surveys in January, April and October there was 
very little public use of these stations, and average species 
richness for all three stations was 9.33 species/station in 
January, 7.67 in April, and 8.00 in October. However, in 
July, station XSl was in heavy use by swimmers, boaters, and 
surf-skiers. At this time average species richness for the 
three sites fell to only 0.67 species/station. Specifically, 
at the July survey only two species totalling eight individuals 
were recorded at XS0 and no species were seen at all at X51 and 
X52. These findings support-the belief that high species 
richness in areas such as X71, x1s; and X62 are in part due to 
an absence of human disturbance. 

Site-to-site trends and seasonal variation in species rich
ness and numbers of individuals are evident in Table 5 and 
need not be discussed in detail here. Instead, it is worth
while to examine more closely the results of surveys at the 
sewer outfall boil, station X74. 

Marine Birds Near the Sewer Outfall (Stations X74 and X75) 

Station X74. The species of water and shore birds recorded 
at the sewer outfall boil, station X74, in 1978 are listed in 
Table 6. Most of the birds at the sewer boil were resting 
individually or in flocks on the water in the vicinity of the 
outfall boil. On January 25, 1978 one Western Grebe was seen 
actually at the effluent plume, and a small group of eight Surf 
Scoters was nearby. On April 27, 1978 no birds were actually 
at the boil, but nearby were Brown Pelican, Surf Seater, 
Double-crested Cormorant, Western Grebe, Western Gull, and 
Forster's Tern. On July 26, 1978 again no species were 
actually at the plume; however, the following species were 
resting or feeding elsewhere at the station: Brown Pelican, 
Common Loon, Least Tern, Elegant Tern, Surf Seater, Brandt's 
Cormorant, and Heermann's Gull. One Brown Pelican was observed 
sitting at the plume, but only briefly. Two Least Terns were 
in the immediate vicinity for awhile, and one dove to feed there 
on a single occasion. This was during the period when the TITP 
upset occurred and particulates were released in the effluent. 

On October 25, 1978 there was again no bird activity 
directly at the boil. A large flock of Surf Scoters was in 
the vicinity and four Eared Grebes and four Forster's Terns 
were elsewhere at the station. 

In general, in 1978 there is no greater number of species 
or individual birds at the sewer outfall boil itself than would 
be expected at a similar station elsewhere in the harbors. 
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There is certainly no evidence of enhancement of the immediate 
site in 1978 due to the effluent plume, especially since there 
is no resting area involved and habitat diversity is low. 

To determine if the sewer outfall actually enhanced bird 
species diversity at the site before secondary water treatment 
was begun, a comparison can be made between the results of the 
1978 survey, with secondary waste treatment, and the results 
of the 1973-74 survey, when no secondary waste treatment was 
in. effect. In the earlier report, bird species were summed 
over the 14 monthly surveys during 1973-74 and listed for each 
station (AHF, 1976, Table 8.1). The following species were 
recorded for station X74 during 1973-74: Least Sandpiper (2), 
Caspian Tern (1), Heermann's Gull (37), Western Gull (1), 
Bonaparte's Gull (511), Brown Pelican (15), Double-crested 
Cormorant (2), and Forster's Tern (44). 

The high incidence of Bonaparte's Gulls in 1973-74 indi
cates that this species was probably using the sewer outfall 
zone for feeding. In fact, the earlier report states (AHF, 
1976, p. 304), "From February to March this species is seldom 
seen anywhere but the sewer outfall ... " The earlier report 
also indicated that there was a large number of dates on which 
no birds were present at the boil, suggesting that this sta
tion was not at all times a preferred habitat. Furthermore, 
Heermann's Gulls, Forster's Terns and Bonaparte's Gulls occurred 
at the sewer outfall only during their population peaks in the 
harbors, which suggests that this station may be used only when 
population pressure forces feeding in less than optimum areas. 
The fact that these three species were present in 1978, but 
in low numbers and were not feeding, suggests that secondary 
waste treatment plus elimination of cannery waste has removed 
some direct source of food for at least those species mentioned. 

The earlier report (p. 351) also stated that Bonaparte's 
Gulls and Forster's Terns would suffer from the elimination 
of the outfalls. The present survey indicates that with 
secondary waste treatment at station X74, these species still 
exist in the harbors and have presumably found similar or 
suitable resources at other sites, but their numbers are 
greatly reduced in the harbors overall (Table 3). 

In conclusion, the sewer outfall at station X74 provided 
a specific feeding area for Bonaparte's Gulls, Heermann's 
Gulls, and Forster's Terns before secondary waste treatment 
was in effect. However, for these species, and others that 
may occur there from time to time, the station itself seems 
to be a secondary feeding site that is utilized probably only 
during population peaks. 

Station X74 and X75. A more meaningful comparison can 
be made by treating stations X74 and X75 as combined. Station 
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X75 is a rocky jetty, formerly with a sandy cove, where the 
cannery waste discharge pipes were located and adjacent to 
the sewer boil, station X74. Table 7 gives, for both the 
1973-74 and 1978 surveys, the total numbers of birds at both 
stations summed for all observation periods. In addition, 
the average number per observation period is given (total 
divided by 14 for 1973-74 and total divided by 4 for 1978). 
It is first of all obvious that there was an increase in 
number of species in 1978 at these two sites: 34 species in 
1978 as compared to 28 in 1973-74. There is, however, a 
decrease in total numbers of individual birds, even when the 
very large count for the Sanderling is omitted. It is inter
esting to speculate that there may be a causal relationship 
between the decrease in number of individuals and the increase 
in number of species in 1978. 

As indicated in the table, loons and grebes showed an 
increase at stations X74 and X75 in 1978. The Brown Pelican 
and three species of cormorants are also up in numbers. 
Likewise, among the ducks (teal, scaup, Canvasback and seater) 
the numbers are greater in 1978. This is particularly inter
esting for the Surf Seater, since it has been shown elsewhere 
in this report that this species has decreased overall in the 
harbors in 1978. This suggests that the area may be compara
tively richer than surrounding areas, with the reduction in 
total wastes disseminated. 

The plover and sandpiper groups show mixed results. The 
Surfbird, Ruddy Turnstone, Black Turnstone, Whimbrel, Spotted 
Sandpiper, and Wandering Tattler appear in greater numbers in 
1978. The Least Sandpiper, Dunlin, Western Sandpiper, Sander
ling, Marbled Godwit, and Long-billed Dowitcher were in 
greater numbers in 1973-74. The Sanderling is especially 
worth noting for it was considerably more common in the earlier 
survey; in fact, on one day alone (December 29, 1973) 500 were 
seen at X75. 

For the gulls there is quite a different story. For nine 
out of ten gull species, there were fewer nu~hers in 1978 than 
in 1973-74. The difference is most noticeable for the Western, 
California, Ring-billed, Bonaparte's and Heermann's Gulls. 
For the terns, fewer Forster's and Caspian Terns, but greater 
numbers of Least and Elegant Terns were seen in 1978. 

In conclusion, taken together, stations X74 and X75 remain 
important sites for marine birds in 1978. There is a variety 
of feeding and roosting substrates, and the sites are relatively 
free from human disturbance. There has been, however, a clear 
decrease in the numbers of most gull species in 1978, as com
pared to the situation in 1973-74. This may reflect the reduc
tion in particulate matter in the effluent and in fish attracted 
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to the area. 

The California Least Tern on Terminal Island 

Early in this century the Least Tern (Ste1'na aZbifrons) 
was an abundant breeding bird in California. Land develop
ment and recreational use of the coast reduced the population 
of the California race (browni) to such low numbers that its 
continued survival was in doubt. In 1970 the California 
Least Tern was declared "endangered" by federal law, and in 
1971 the State of California followed suit. 

The Least Tern arrives each spring on the west coast of 
California and Baja California, presumably from wintering 
grounds in South ana Central America. Breedi~g colonies are 
established on beaches and sand flats from Moss Landing, 
Monterey County, to southern Baja California. Preferred 
habitat for nesting is uninhabited beach adjacent to estuaries 
with a good supply of small fish. 

In recent years, the California Department of Fish and 
Game has sponsored Least Tern census and nesting surveys. 
Included in this body of work are surveys of the nesting suc
cess on Terminal Island. In 1974, ten pairs were seen in May 
at station X73 and had progressed to the courtship feeding stage. 
Landfill and grading operations on the site, however, disrupted 
the colony and no successful breeding was recorded. The same 
thing reportedly occurred in the 1973 breeding season as well. 

In 1975, 24 pairs established some 40 nests at station X73. 
The site remained relatively undisturbed during that year and 
at least 35 young were fledged from this one colony. In 1976, 
station X73 was covered in a relatively heavy growth of weeds 
and nesting there was thwarted. However, some 60 pairs estab
lished a breeding colony about one-half mile northeast on 
Reeves Field, an abandoned airstrip beyond stations X70 and X71. 
The airstrip is mostly old asphalt covered with patches of sand 
and weeds, and is used in some years for the storage of imported 
automobiles. Nesting success here was very good, and some 60 
pairs eventually fledged about SO young. In 1976 it was learned 
that there had been some successful nesting at the site by the 
California Least Tern in 1973 and 1974 as well. 

In 1975 station X73 still had a relatively heavy growth 
cover, but a colony of some 85 pairs was reestablished at 
Reeves Field. Approximately 80 young were fledged. In 1978 
station X73 was graded and attempts were made to minimize 
public access; h9wever ,. there was no nesting. Instead, nesting 
was initiated again at Reeves Field, but in this year grading 
and fencing of the site during the pair-formation stage dis
rupted the colony. Pairs apparently dispersed to colonies at 
nearby San Gabriel River, Huntington Beach and possibly other 
sites holding other breeding colonies. The success of these 
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displaced birds is not certain. It is clear that station X73, 
and especially Reeves Field behind stations X70 and X71, are 
suitable nesting sites for the California Least Tern. Miti
gating measures should be undertaken to prevent disturbance 
during the nesting season, prevent destruction of the sites, 
and to enhance the area as a breeding grounds for this 
endangered subspecies. 

There seems to be no significant change in numbers of 
California Least Terns in 1978 over what was found in 1973-74. 

SUM..'1ARY 

This study is to assess the distribution and abundance 
of marine species in the Los Angeles-Long Beach Harbors during 
four quarterly surveys in 1978. A comparison was made with 
the results of a similar study conducted in 1973 and 1974. 
The results are intended to bear on determining changes in the 
harbor environment following the implementation of secondary 
waste treatment of the Terminal Island sewer outfall. 

Overall, the greatest numbers of species and individual 
marine birds occurred in the fall and winter (the nonbreeding 
season). However, a comparison of numbers between the present 
(1978) and the 1973-74 surveys shows that there were roughly 
two and one-half times more birds in the outer harbors in 
1973-74 than in 1978. The differences were primarily in the 
fall and winter months; there seem to be no major differences 
during spring and summer. The greatest decreases were found 
for the most common species, such as Surf Scoter, Black-bellied 
Plover, Sanderling, Western Gull, Herring Gull, California Gull, 
Ring-billed Gull, Mew Gull, Bonaparte's Gull, Heermann's Gull, 
and Forster's Tern. Not all species decreased; a few of the 
more common species, such as the Western Grebe and the endangered 
Brown Pelican, showed an increase in 1978. 

Species were ranked by abundance in 1978, and species 
accounts by families are given. The composition of the avi
fauna in the harbors was not greatly different in 1978 from 
1973-74; in other words, with a few exceptions the same species 
were present in both periods. Species richness at harbor 
stations was also assessed. The highest average number of 
species per station was 8.38 in winter, and the low was 3.6 
per station in summer in 1978. The greatest average number 
of individuals was 114.97 oer station in the fall, while the 
lowest was 52.13 per stati;n in spring. Stations that have 
relatively high physical diversity and are undisturbed by 
humans have highest species richness and a large number of 
individuals throughout the year (e.g., stations X71, X75, and 
X6 2) • 

In 1973-74, the sewer outfall boil at station X74 appeared 
to be a specific feeding site, but a s~condary one, for 
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Bonaparte's Gulls, Heermann's Gulls and Forster's Terns. In 
1978 the sewer outfall boil was not a feeding site of any 
importance for any species. 

A review of census and nesting surveys of the endangered 
California Least Tern indicates that the species has in 
various years established breeding colonies in the harbors 
at station X73 and at Reeves Field, near stations X70 and 
X71. There had been good nesting success in recent years when 
the sites remain undisturbed. 

CONCLUDING REMARKS ON THE HARBOR SURVEY 

The data presented here are consistent with the concept 
that secondary waste treatment of the effluents in the Los 
Angeles-Long Beach Harbors has removed a source of enrichment 
of the harbor food chain that was present before secondary 
waste treatment was in effect. The sewer outfall boil itself 
seems never to have been a highly preferred, primary feeding 
site for any species of marine birds, probably because it is 
entirely turbulent water. The cannery effluent site was pre
ferred and still is. The condition of nonsecondary-treated 
effluent in 1973-74 and earlier years, however, may have had 
an enriching effect on the food chain, which accounted for 
higher numbers of Surf Scoters, Black-bellied Plovers, Sander
lings, Forster's Terns, several species of gulls, and possibly 
other species as well, during the fall and winter months 
(nonbreeding season). The data do not prove this hypothesis 
because the direct links in the food chain are not identified 
and natural cycles of abundance of food organisms are not 
known. Furthermore, whether a sewage-enhanced environment is 
desirable or "natural" is a subjective case which is beyond 
the scope of the present work. However, certain native marine 
species were present in considerably greater numbers in 1973-74 
than in 1978. 

MONTHLY SURVEYS OF COMMON BIRDS 

In conjunction with the creel census of shore anglers and 
catches, observations were also recorded on the common birds 
in the immediate area of 8 locations surveyed (Figure 3), by 
Donna Cooksey and Michele Smith. The following notes were 
made by them on the species groups they listed in Table 8. 

Gulls - Gulls were abundant all through the year and at all 
locations. The most common gull was Heermann's Gull, 
especially during the summer months. Western Gulls 
and California Gulls were also seen in large numbers; 
however, Ring-billed Gulls were seen only in the fall 
observations. The largest numbers of gulls were seen 
at the Navy Mole in November resting on the water. 
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Terns - Very few terns were seen during the spring and summer 
observation periods, the majority occurring in the fall 
(October-November). The most commonly identified tern 
was Forster's Tern. 

Pelicans - Pelicans appeared in the largest numbers beginning 
mid- to late summer and remained abundant through 
the fall months. Large numbers of juveniles were 
seen in October. 

Cormorants - Cormorants were abundant mostly in the spring 
and occurred mainly around the barges on the inside 
of the Navy Mole. The numbers of cormorants peaked 
in March, with the Doublecrested Cormorant outnumber
ing the Brandt's Cormorant by a large margin. 

Others - The others category usually consisted of Surf Scoters 
resting on the water for all areas. In late fall, 
however, they were joined by White-winged Scoters in 
increasing numbers at Belmont Beach Pier. Also 
included in this category but to a lesser degree 
were Western Grebes, Horned Grebes, Arctic Loons, 
and Common Loons. 

OTHER OBSERVATIONS OF BIRDS IN OUTER LOS ANGELES HARBOR 

From December 1977 to September 1978, birds were counted 
by three observers in limited areas of Los Angeles Harbor. 
At the end of the Municipal Fish Market Pier on Terminal Island 
(Figure 3, site 2) John Batey of the City of Los Angeles Bureau 
of Engineering counted grebes and pelicans. He made counts 
during the noon hour on 5 to 16 days per month through January 
1979. 

Birds were counted by Dr. Mary Wicksten during 5-minute 
watches once a month at stations X52, along the beach by the 
Sea Scout Base at Cabrillo Beach, San Pedro, and XS?, along 
the inner side of the San Pedro Breakwater across from the 
fishing pier parking lot at Cabrillo Beach (Figure 1). Birds 
were recorded as resting, flying, or feeding. 

Additional observations were made near Fish Harbor, the 
Terminal Island Treatment Plant outfall, and the main shipping 
channel by David Schomisch during other HEP field surveys. 
Birds were watched from the boat Bugula 1 to 3 times per month 
during 5-minute periods. Data were taken at these stations 
for all months except December 1977 and June 1978. The same 
activities of the birds were recorded at these stations as was 
done at Cabrillo Beach. 
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For ease of comparison, average counts per species per day 
of observation were tallied for stations that were counted more 
than once per month. Unidentified pelicans are included in the 
counts for Brown Pelicans. Unidentified terns are included in 
the counts of Forster's terns. Any unidentified grebes are 
considered to be Eared Grebes. 

No significant differences were noted between the areas 
observed except for counts of shore birds. These birds, requir
ing a sandy beach, were largely confined to station X52. Gulls 
were the must abundant birds in all areas. Brown Pelicans, an 
endangered species, could be seen at all areas. Eared Grebes, 
Western Grebes, and Surf Scoters decline in summer when they 
migrate out of the Los Angeles area. 

LITERATURE CITED: See Section VI. 
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Table l. Numbers of water and shore birds recorded in Los Angeles
Long Beach Harbors during quarterly surveys in 1978. 

Species January 

Loons (Gaviidae) 

Common Loon (Gavia immer) 

Arctic Loon (Gavia arctica) 

Red-throated Loon (Gavia stellata) 28 

Grebes (Podicipedidae) 

Horned Grebe (Podiceps auritus) 3 

Eared Grebe (Podiceps nigricollisl 55 

Western Grebe (Aechmophorus 
occidentalis) 225 

Pelicans (Pelecanidae) 

Brown Pelican (Pelecanus 
occidentalis) 20 

Cormorants (Phalacrocoracidae) 

Double-crested Cormorant 
(Phalacrocorax auritus) 72 

Brandt's Cormorant {Phalacrocorax 
penicillatus) l 

Pelagic Cormorant (Phalacrocorax 
pelagicus) 5 

Herons (Ardeidael 
Great Blue Heron (Ardea herodias) 19 

Black-crowned Night Heron 
(Nycticorax nycticorax) 

Ducks and Geese (Anatidae) 

Pintail (~ ~) 4 

Cinnamon Teal (Anas cyanoptera) 6S 

Lesser Scaup (Aythya affinis) 29 

Canvasback (Aythya valisineria) 1 

April 

5 

21 

30 

2 

109 

229 

73 

2 

5 

July 

3 

2 

27 

253 

20 

6 

5 

13 

October 

2 

20 

40 

753 

42 

l 

3 

4 

' 

Rank 

36.5 

26 

20 

43 

13 

6 

2 

10 

33 

36.S 

27 

28 

40.5 

12 

21 
so 
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Table 1 (Cont.) 

Species January 

Surf Scoter (Melanitta 
perspicillata) 308 

common Scoter (Melanitta nigra) 
White-winged Scoter (Melanitta 

deglandi) 
Red-breasted Merganser 
(Mergus serrator) 6 

Rails (Rallidae) 
American Coot (Fulica americana} 

Oystercatchers (Haematopodidae) 

Black Oystercatcher (Haemato~us
bachinani 

April July 

174 225 

l 

l 

2 

2 

Plovers, Turnstones and Surfbirds (Charadriidae) 
Killdeer (Charadrius vociferus) 
Snowy Plover (Charadrius 

alexandrinus) 
Black-bellied Plover (Pluvialis

squatarola) 44 

Surfbird (Aphriza virgata) 
Ruedy Turnstone (Arenaria interpres) 5 

Black Turnstone (Arenaria melano-
cephala) 9 

Sandpipers (Scolopacidae) 
Whilllbrel (Numenius phaeopus) 
Spotted Sandpiper (Actitis 

macularia) 3 

Wandering Tattler (Beteroscelus 
incanus) 

Willet (Catoptrorhorus semi
palmatus 20 

Laast Sandpiper (CAlidris 
J11inuti1ia) 5 

l 

9 8 

4 3 

23 5 

5 9 

6 2 

9 7 

16 24 

21 

October 

324 

2 

5 

28 

3 

17 

6 

4 

3 

27 

4 

4 

49.5 

49.5 

33 

45 

45 

36.5 

49.5 

17 

40.5 

25 

30.5 

33 

30.5 

24 

22.5 

36.S 
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Table l (Cont.) 

Species January April July October Rank 1 

Dunlin (Calidris alpina) 4 40,5 

Western Sandpiper (Calidris mauri) 2 45 

Sanderling (Calidris alba) 52 30 9 14.5 

Ma.rbled Godwit (Limosa fedoa) l l 49.5 

Gulls and Terns (Laridae) 

Glaucous-winged Gull (Larus 
g'I'a'ii'cescens) 10 29 

Western Gull (Larus occidentalis) 250 439 264 290 3 

Herring Gull (Larus argentatus) 52 1 14.5 

California Gull (Larus cali-
'lo"r'iiTcii's', 45 18 16 

Ring-billed Gull (Larus dela-
warensrsr 183 42 l 68 7 

Mew Gull (Larus ~) 292 1 5 

Bonaparte's Gull (Larus prila
cierpfiia 134 68 54 9 

Heermann's Gull (Larus heermanni) 175 44 754 1,564 l 

Black-legged Kittiwake (Rissa 
tri'il'acty la 12 27 l 22.5 

Forster's Tern (Sterna forsteri) 45 112 9 160 8 

Least Tern (Sterna albifrons) 35 2 18.5 

Elegant Tern (Thalasseus elegans) 12 35 18.5 

Royal Tern (Thalasseus maximus) 66 11 

Caspian Tern (Hydroprogne caspia) 1 49.5 

Kingfishers (Alcedinidae) 
Belted Kingfisher (Megaceryle 

_alcyon) l 4 40.5 

TOTALS 2,311 1,564 1,680 3,564 

1
Rankings based on highest single sighting in 1978, regardless of the season. 
See Table 4 for details. 
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Table 2. Total numbers of marine birds, percents, 
and average per station for each season: 

1978 compared to 1973/74 

January April July October 

A. 1978 

Numbers 

Percent 

2,311 

25% 

1,564 

17% 

1,680 

19% 

3,564 

39% 

Average number 
per station 74.5 50.5 54.2 115.0 

B. 11973/74

Numbers 

Percent 

10,276 

38% 

2,539 

9% 

2,982 

11% 

11,111 

41% 

Average number 
per station 214.1 52.9 62.1 231.5 

1Data from Table 8.2 of the 1973/74 report (AHF, 1976). 
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Table 3. Average number of individuals seen per survey 
over stations X50 through X80 

Common Naroe1 

Common Loon 

Arctic Loon 

Red-throated Loon 

Horned Grebe 

Eared Grebe 

Western Grebe 

Pied-billed Grebe 

Brown Pelican 

Double-crested Cormorant 

Brandt's Cormorant 

Pelagic Cormorant 

Great Blue Heron 

Black-crowned Night Heron 

Snowy Egret 

Black Brant 

Pintail 

Cinnamon Teal 

Mallard 

Lesser Scaup 

Canvasback 

Surf Scoter 

Common Seater 

White-winged Scoter 

Ruddy Duck 

1973/74 2 

3.2 

0.8 

1.9 

0.3 

12.3 

9.1 

0.2 

216.8 

29.0 

1.9 

0.8 

5.2 

0.1 

0.1 

0.1 

0 

6.2 

0.2 

6.5 

0 

813.6 

1.1 

2.1 

0.1 

1978 3 

2.0 

5.8 

14.5 

1.3 

19.3 

100.3 

0 

313.8 

51.8 

2.5 

3.3 

7.0 

3.3 

0 

0 

1.0 

16.3 

0 

7.3 

0.3 

257.8 

0.3 

0.3 

0 

Difference 4 

+ 

+ 

+ 

+ 

+ 

+ 

+ (A+) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- (A+) 
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Common Namel 

Common Merganser 

Red-breasted Merganser 

American Coot 

Black Oystercatcher 

Killdeer 

Snowy Plover 

Semipalmated Plover 

Black-bellied Plover 

Surfbird 

Ruddy Turnstone 

Black Turnstone 

Whimbrel 

Spotted Sandpiper 

Wandering Tattler 

Willet 

Least Sandpiper 

Dunlin 

Long-billed Dowitcher 

Western Sandpiper 

Marbled Godwit 

Sanderling 

Pomarine Jaeger 

Parasitic Jaeger 

Glaucous Gull 

1973/742 

1.5 

3.5 

0.2 

0 

3.2 

0.7 

0.1 

57.2 

12.2 

17.7 

23.7 

0.5 

4.4 

3.7 

40.1 

7.3 

0.4 

1.4 

18.6 

3.5 

262.9 

0.1 

0.4 

0.6 

1978 3 

0 

2.0 

0.5 

0.5 

1.3 

0.3 

0.0 

22.3 

2.5 

12. 5 

9.7 

2.0 

5.8 

10.8 

17.0 

2.3 

1.0 

0 

0.5 

0.5 

22.8 

0 

0 

0.0 

Table 3 (cont. ) 

Difference4 

+ 

+ 

+ 

+ 

+ 

+ 
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Table 3 (Cont.) 

Common Namel 1973/74 2 Difference 4 

Glaucous-winged Gull 10.9 2.5 

Western Gull 1,267.4 310.8 

Thayer's Gull 1.0 0 

Herring Gull 50.1 13.3 

California Gull 374.2 15.8 

Ring-billed Gull 231.2 73.5 - (A-) 

Mew Gull 104.4 73.3 

Bonaparte's Gull 211.4 64.0 - (A-) 

Heermann's Gull 1,619.4 634.3 - (A-) 

Black-legged Kittiwake 29.0 10.0 

Forster's Tern 159.5 81.5 - (A-) 

Common Tern 0.3 0 

Least Tern 4.4 9.3 + 

Elegant Tern 14.6 11.8 

Caspian Tern 10.8 0.25 

Royal Tern 0 16.5 + 

Common Murre 0.4 0 

Belted Kingfisher 1.4 1.3 

1 
see Table 1 for scientific names 

2 
Average of 14 surveys in 1973/74. 

3
Average of 4 surveys in 1978. 

4 
"-" indicates fewer birds were seen in 1978 than in 1973/74 
"+" means more birds were seen in 1978 than in 1973/74 

A= Audubon survey of adjacent areas, +or-. 
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Table 4. Rankings of water and shore birds based on1highest single day of observation in 1978. 

Rank 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14.54 

14.5 

16 

17 

18.5 

18.5 

20 

21 

Species 2 

Heermann's Gull 

Brown Pelican 

Western Gull 

Surf Scoter 

Mew Gull; 

Western Grebe 

Ring-billed Gull 

Forster's Tern 

Bonaparte's Gull 

Double-crested Cormorant 

Royal Tern 

Cinnamon Teal 

Eared Grebe 

Herring Gull 

Sanderling 

California Gull 

Black-bellied Plover 

Elegant Tern 

Least Tern 

Red-throated Loon 

Lesser Scaup 

Number of 
individuals Season of 
at highest 
sighting 

highest 
sighting3 

1,564 F 

753 F 

439 Sp 

324 F 

292 w 

225 w 

183 w 

160 F 

134 w 

73 Sp 

66 F 

65 w 

55 w 

52 w 

52 w 

45 Sp 

44 w 

35 Sp 

35 F 

30 Sp 

29 w 
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Rank 

22.5 

22.5 

24 

25 

26 

27 

28 

29 

30.5 

30.5 

433

33 

33 

36.5 

36.5 

36.5 

36.S 

40.5 

40.5 

40.5 

40.5 

43 

45 

. 2Spec1es 

Willet 

Black-legged Kittiwake 

Wandering Tattler 

Ruddy Turnstone 

Arctic Loon 

Great Blue Heron 

Black-crowned Night Heron 

Glaucous-winged Gull 

Black Turnstone 

Spotted Sandpiper 

Red-brested Merganser 

Whimbrel 

Brandt's Cormorant 

Pelagic Cormorant 

Common Loon 

Least Sandpiper 

Killdeer 

Pintail 

Surfbird 

Dunlin 

Belted Kingfisher 

Horned Grebe 

Black Oystercatcher 

Table 4 

Number of 
individuals 
at highest 
sighting 

27 

27 

24 

23 

21 

19 

13 

10 

9 

9 

6 

6 

6 

5 

5 

5 

5 

4 

4 

4 

4 

3 

2 

(Cont.) 

Season of 
highest 
sighting3 

F 

Sp 

F 

Sp 

Sp 

w 

Su 

w 

w, Su 

Sp 

w 

Sp 

Su 

w, Sp 

Sp 

w 

F 

w 

Sp 

F 

F 

w 

Sp 
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Table 4 (Cont.) 

Rank 
. 2Species 

Number of 
individuals 
at highest 
sighting 

Season of 
highest 
sighting3 

45 

45 

49.5 

49.5 

49.S 

49.5 

49.5 

49.5 

Western Sandpiper 

American Coot 

Canvasback 

Marbled Godwit 

Black Seater 

White-winged Scoter 

Snowy Plover 

Caspian Tern 

2 

2 

1 

1 

1 

1 

1 

1 

F 

F 

w 

W,Su 

Sp 

Su 

Sp 

Su 

10etails of seasonal sightings are given in Table 1. 

2scientific names are given in Table 1. 

3w = winter, Sp= spring, Su= summer, F = fall. 

4Fractions and duplicate numbers indicate ties. For example, species 
tied for 14th place instead of being both assigned the same rank, 
or one arbitarily assigned 14 and the other 15, are both assigned 14.5 
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Table 5. Numbers of species and numbers of individual 
water and shore birds at each station in 1978. 

January ~pril '!uly October
Station Species Indiv. Species Indiv. Species Indiv. Species Indiv. 

so 15 543 10 51 2 8 15 188 

51 7 29 7 64 0 0 2 s 
52 6 31 6 45 0 0 7 34 

53 s 15 4 6 1 2 

54 8 51 7 33 4 25 5 10 

55 10 238 5 12 2 59 3 62 

56 11 109 13 133 5 103 9 17 

57 7 9 3 5 0 0 9 52 

58 11 103 7 141 4 74 8 943 

59 6 l3 ': 35 7 53 9 330 

60 3 3 4 99 4 110 4 26 

61 l 1 71 2 8 3 16g 

62 15 114 13 108 10 206 11 281 

63 4 14 3 3 0 0 0 0 

64 B 59 8 30 4 46 6 77 

65 8 42 5 8 3 64 1 2 

66 0 0 

67 4 8 2 2 1 2 3 5 

68 9 36 4 40 3 4 10 257 

69 5 12 8 18 l l 7 8 

70 4 67 11 150 s 107 6 315 

l',1 23 156 10 66 12 199 19 

8 58 3 19 3 82 4 123..l* 73 7 25 2 3 0 0 1 1 

74 8 48 6 19 7 103 3 108 

75 21 225 18 125 12 84 13 3.2.Jr 
76 5 34 4 7 3 63 4 79 

77 9 95 6 27 3 10 6 26 

78 s 54 11 69 2 14 4 11 

79 6 68 7 63 l 1 5 40 

80 9 68 11 103 4 247 5 19 

Average 8.38 79.68 7.23 S2.13 3.60 55.97 5.90 114.97 per site 

• Areas influenced by effluent. 
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Table 6. Species of water and shore-birds recorded at 
the sewer outfall boil (station X74) in 1978. 

Species 

Red-throated Loon 

Common Loon 

Western Grebe 

Eared Grebe 

Brown Pelican 

Double-crested Connorant 

Brandt's Cormorant 

Surf Scoter 

Lesser Scaup 

Cinnamon Teal 

Heermann's Gull 

Western Gull 

Bonaparte's Gull 

Forster's Tern 

Elegant Tern 

Least Tern 

No. of Species 

January 

5 

0 

1 

3 

0 

0 

0 

8 

7 

14 

0 

0 

9 

1 

0 

0 

8 

April 

0 

0 

1 

0 

1 

2 

0 

6 

0 

0 

0 

8 

0 

1 

0 

0 

6 

July October 

0 0 

3 0 

0 0 

0 4 

14 0 

0 0 

3 0 

70 100 

0 0 

0 0 

10 0 

0 0 

0 0 

0 4 

1 0 

2 0 

7 3 

No. of individuals 48 19 103 108 
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Table 7. Totals and average nwnbers of species 

of marine birds at station X74 and X75 combined 

during 1973/74 and 1978. 

common Name 1 1973/74 
2 

1978 
Total Average Total Average 2 

Common Loon 3 0.75 

Red-throated Loon 6 1.50 

Eared Grebe 7 0.50 53 13.25 

Western Grebe 14 3.50 

Brown Pelican so 3.57 54 13.50 

Double-crested Cormorant 7 0.50 83 20.75 

Pelagic Cormorant B 2.00 

Brandt's Cormorant 4 1.00 

Great Blue Heron l 0.25 

Cinnamon Teal 9 0.64 14 3.50 

Lesser Scaup 5 0.36 24 6.00 

Canvasback 1 0.25 

Surf Scoter 247 17. 64 207 51. 75 

Killdeer 1 0.07 

Snowy Plover 1 0.25 

Black-bellied Plover 55 3.93 13 3.25 

Surfbird 5 1.25 

Ruddy Turnstone 6 0.43 13 3.25 

Black Turnstone 4 1.00 

Whimbrel 4 1.00 

Spotted Sandpiper 9 2.25 
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Table 7 (continued) 

Common Narne 1 1973/74 
2Total Average 

1978 2Tctal Average 

Wandering Tattler 9 2.25 

Willet 167 11.93 12 3.00 

Least Sandpiper 3 0.21 

Dunlin 4 0.29 

Western Sandpiper 14 1.00 

Sanderling 2967 211.93 41 10.25 

Marbled Godwit 1 0.07 

Long-billed oowitcher 7 0.50 

Western Gull 1699 121.36 73 18.25 

Herring Gull 9 2.25 

California Gull 159 11.36 11 2.75 

Ring-billed Gull 1783 127.36 5 1. 25 

Mew Gull 6 0.43 

Bonaparte's Gull 997 71.21 9 2.25 

Heermann's Gull 267 19.07 35 8.75 

Glaucous-winged Gull 34 2.43 1 0.25 

Glaucous Gull 2 0.14 

Thayer's Gull 4 0.29 

Black-legged Kittiwake 1 0.07 

Forster's Tern 103 7.36 18 4.50 

Least Tern 2 0.50 

Elegant Tern 1 0.25 
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Table 7 (continued) 

1Common Narne 1973/74 19782 2Total Average Total Average 

Caspian Tern 336 24.00 

Belted Kingfisher l 0.25 

Total Nos. 8941 638.64 748 187.00 

Total nos. excluding 
Sanderling 5974 426.71 707 176.75 

Total Species 28 34 

1scientific names are given in Table 1. 

2
Averages are calculated by dividing the total number of birds by 
the number of observation periods: 14 for 1973/74 and 4 for 1978. 
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Figure 2. Numbers of individuals of each species observed during 
the day of the highest sighting (Table 4) plotted against 
rank. Breaks in the trend appear at about 100 and at 15 
individuals, allowing separation into arbitrary categories 
labelled "abundant," "common," and "scarce." A separation 
between "scarce" and "rare" is arbitrary, placed at 
between two and three individuals. 



Table 8. Su11111ary of Bird Watching, January-November 1978. Los Angeles/Long Beach Harbors. 

March April ~ ~ July August Sel!tember October November 

Cabrillo Beach (1) 2 Gulls 
7 Other 

16 Gulls 
7 Other 

1 Gull 
1 Tern 
2 Other 

3 Gulls 
2 Terrw 

11 Gulls 
2 Peli. 
1 Other 

2 Gulls 
2 Otheru 

13 Gulls 
15 Peli, 

24 Gulls 
50 Term; 
18 Peli. 

l Corm. 

13 Gulls 
11, Other 

3 Terns 

San Pedro 
Market 

l2) 1 Peli. 
3 Other 

3 Gulls 
4 Other 

3 Gulls 1 Gull 1 Gull 23 Gulls 
11 Terns 

1 Corm. 

113 Gulls 
17 Peli. 

Ports O'Call (3) 4 Gulle 
12 Other 

4 Gulls 
5 Other 

1 Gull 
1 Other 

2 Corm. 1 Gull 2 Gulls 20 Gulls 5 Gulls 
13 Other 

2 Gulls 

Outfall Area (4) l Gull l Gull 
15 Corm. 

6 Gulls 10 Gulls 
2 Other 

17 Gulls 
4 Peli. 

5 Gulls 
2 Corm. 
3 Peli. 

1 Conn. 53 Gulls 
36 'l'erno 
30 Peli. 
18 Other 

16 Gulls 
16 Terns 
25 Other 
8 Peli. 
1 Conn. 

H 
H 
tJj 

Fish Harbor (5) 5 Gulls 
26 Other 

33 Gullo 
19 Other 

l Corm. 

2 Gulls 
5 Other 

4 Gulls 
3 Other 

8 Gulls 
5 Other 

1 Tern 
5 Other 

l Gull 3 Gulla 
4 Other 

l Gull 
4 Other 

~ 
...... 

Navy Mole (6) 8 Gulla 
1 Peli. 

99 Other 
225 Corm, 

1811 Gulls 
29 Corm. 

102 Other 
1 Peli, 

20 Gulls 57 Gulls 
32 Corm. 29 Corm. 
56 Other 37 Other 

17 Gulls 
13 Corm. 

6 Peli. 

37 Gulls 
23 Corm. 
46 Peli. 

l Tern 
5 Other 

125 Gulls 
53 Corm. 
44 Peli. 

3 Terns 

76 Gulls 
53 Peli, 
42 Corm. 
7 Other 
2 '.l'erns 

616 Gulls 
130 Terns 
227 Other 

2 Corm. 

Queen Mary (7) l Peli, 
2 Other 

5 Gulls 
6 Other 

10 Gulls 
1 Conn. 
5 Other 

3 Gulls 
2 Peli, 
4 Other 

2 Gulls 
2 Peli. 

4 Gulls 2 Peli, l Peli. 
5 Other 

Los AngeleB 
River 

(8) 1 Gull 
24 Other 

4 Other 2 Corm. 
2 Other 

5 Other 25 Other 7 Other 

I-' 
w 
w 
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PHYTOPLANKTON PRIMARY PRODUCTIVITY 
IN OUTER LOS ANGELES HARBOR, 1976-1978 

INTRODUCTION 

Studies of phytoplankton primary productivity, photosyn
thetic pigments and assimilation ratios have been carried out 
in _Los Angeles-Long Beach Harbors since 1972. These studies, 
usually involving monthly sampling, have been carried out at a 
series of stations that covered the entire harbor area. Data 
from these studies, and discussion of the trends shown in the 
distribution of data in time and space, are contained in re
ports by Soule and Oguri (1973, 1978}, Oguri {1974, 1976), 
Oguri, et al. (1975), Emerson (1976) and Allan Hancock Founda
tion (1976). The following review is drawn from the studies 
made while the two cannery waste effluents and TITP primary 
wastes were entering the harbor. Cannery loads varied from 2-
30 mgd (million gallons/day) and TITP was rated at 10 mgd but 
flow meters were not used routinely. 

The seasonal patterns of the productivity, pigments and 
assimilation ratio that occurred in the harbor between 1972 and 
1976 generally paralleled the pattern for the open coastal wa
ters of the area, although at a substantially higher level. A 
spring bloom, occurring sometime between March and May, would 
be followed by a brief reduction in productivity. Late summer 
and early fall were often marked by secondary blooms, usually 
of populations dominated by dinoflagellates. This, in turn, was 
followed by a drop in phytoplankton populations and activities 
to the winter minima. 

The dinoflagellate blooms mentioned above were usually 
seasonal in nature, occurring only during the warmer months. 
These varied from small localized occurrences, barely detect
able by appearance, to harbor-wide episodes in which the con
centration of organisms was intense enough to discolor the wa
ters. The latter episodes were relatively infrequent, and some
times included all of the adjacent coastal waters and Santa 
Monica Bay. No large blooms have occurred since 1974. 

Values for productivity and chlorophyll a within the harbor 
were generally higher than those prevailing in adjacent open 
coastal waters. These differences were most pronounced during 
periods of active blooming in the spring or summer and fall. 
Assimilation ratios were more similar on both sides of the break
water and followed the seasonal trends described above. 

Within the harbor the inner channels showed higher average 
values for productivity and chlorophyll a than did outer harbor 
stations. Areas with a persistent input of enrichment were al
so found to be more productive. These areas included the area 
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around the mouth of the Los Angeles River and, until recently, 
the outer harbor area affected by the discharges from the 
Terminal Island Treatment Plant and the cannery outfalls. 
The treatment plant discharged primary treated wastes until 
mid-April 1977, when the plant converted to full secondary 
treatment. The waste waters from the canneries were phased 
into the treatment plant beginning in October 1977, with the 
last one being diverted into the plant in January 1978. 

The impact of localized traumatic occurrences on the har
bor phytoplankton and their activities was studied closely in 
the aftermath of the M.V. Sansinena incident in which the tank
er exploded and burned at dockside, releasing an unknown quan
tity of Bunker Coil into the harbor. Monitoring of the area 
indicated that there was an increase in productivity in the im
mediate vicinity of the incident that persisted for about two 
weeks after the explosion. 

The conversion of the Terminal Island Treatment Plant to 
full secondary treatment, starting in April 1977, and the di
version of the cannery waste discharges into the plant for 
treatment, completed in January 1978, represent a continuing 
alteration rather than traumatic disruption of the ecosystem. 
The continuous removal of organics and other substances and the 
alteration of others during TITP treatment of the wastes chang
es the character of the discharge and, therefore, the character 
of the receiving waters. The plant initially experienced some 
problems in accepting the variable high salinities and BOD lev
els of the cannery effluents. These problems were apparently 
stabilized by the late winter of 1978. However, processing 
difficulties led to a major plant upset starting in June and 
lasting into September 1978. During this period the effluent 
contained excessive suspended solids and was highly turbid. 

The present report documents concurrent changes in phyto
plankton productivity, pigments and assimilation in the vicini
ty of th~ discharge during 1976 through 1978 and updates the ear
lier reports on these parameters in the harbor area. 

METHODS 

Samples of surface waters were collected from a series of 
stations in outer Los Angeles Harbor in non-metallic samplers, 
on a monthly basis. The stations are shown in Figure 1. 

A portion of the water sample was filtered through a Milli
pore HA filter to remove the cells. A small portion of a MgC03 
suspension was added to the water to retard breakdown of the 
pigments. After drying, the pigments were extracted from the 
cells on the filter into 90% acetone. The absorbance of the 
pigments in the acetone extract was measured in a spectrophoto
meter and concentrations of the pigments were calculated 
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according to the method and formulae of Strickland and Parsons 
(1972). 

Another portion of the water sample was used to fill two 
clear and two opaque 125 ml glass stoppered bottles. The bot
tles were then held until a standard time for starting incuba
tion. To each of these, a known quantity of radioactive carbon 
(14c) as a carbonate was added. These bottles were then incu
bated for three hours in an artificially illuminated incubator 
with flow-through sea water to hold the temperature to ambient 
conditions. The contents of the bottles were then filtered 
and the filters were dried. Upon return to the laboratory the 
amount of radiocarbon taken up by the cells was determined and 
these data were used to calculate milligrams of carbon fixed 
by the phytoplankton per hour of incubation per cubic meter of 
water sampled. 

Assimilation ratios were calculated by dividing the values 
determined for productivity by the values determined for chlo
rophyll a concentrations. 

Productivity values reflect the ability of the phytoplank
ton present to produce organic matter photosynthetically under 
ambient conditions existing in the waters sampled. This re
flects not only the presence of fertilizer salts but also of 
possible inhibiting or toxic substances. 

Chlorophyll a values are considered to be a measure of the 
size of the phytoplankton population present. Although chloro
phyll content varies for cells of different species and also 
within the same species, it is considered an acceptable measure 
of the functional standing crop, since productivity is photosyn
thetic under the conditions of measurement. 

Assimilation ratio calculated as stated above represents 
an index to the physiological state of the photosynthetic pop
ulation. The effect of limiting, inhibiting, toxic or stimu
lating substances on these organisms is indicated by this value. 

RESULTS 

The data from samples collected in 1976, 1977 and 1978 are 
presented in Tables 1, 2 and 3. Productivity values, shown as 
PROD in the tables, are as milligrams of carbon fi~ed per hour 
of incubation per cubic meter of water sampled. The chloro
phyll a values are designated CHLA in the tables and the units 
are milligrams per cubic meter of water sampled. The assimila
tion ratios are designated ASMA in the tables and have no units. 

Data were averaged for stations Al, A2, A3, A4, A7, and 
A8 and these averages for each year were plotted to show 
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chlorophyll a concentrations (Figure 2), productivity (Figure 
3), and assimilation ratios {Figure 4). 

The chlorophyll a values presented in the tables and il
lustrated in Figure 2 show a repetitive cycle for the sequence 
of occurrences with differences in magnitude and timing of 
peaks. The spring bloom in 1976 was more pronounced and oc
curred earlier than in 1977 and 1978. In 1978 it was much re
duced. In the summer, chlorophyll a values again peaked in all 
three years, and a third peak occurred in the fall or early 
winter. Inspection of the tabulated data points out that for 
all three years chlorophyll a values were higher in the harbor 
than at station Al, outside the harbor, but that the same se
quence ~ccurred in both places. This suggests that the seasonal 
influences determining population size are operational within 
the harbor as well as outside, but the harbor environment per
mits the development of increased populations. 

The productivity values for 1976 and 1977, shown in Figure 
3, reveal the same trends with peaks in spring, summer and fall. 
However, in 1977 the spring and fall peaks were substantially 
lower than those for 1976, although the swnmer peak was similar. 
The data for 1978 show considerably less productivity, although 
there is some evidence of the same trends shown for 1976 and 
1977. 

Figure 4 shows the assimilation ratios for the three years. 
As with chlorophyll a and productivity values, 1976 and 1977 
showed similar trends, differing primarily in magnitude and 
timing. The ratios for 1977 were lower than those for 1976 and, 
in September, showed a sharp reduction not evident in the ratios 
for 1976. The 1978 data seem to bear little relationship to 
those for the earlier years. These values are very low, sug
gesting that the populations are being stressed, particularly 
in the late spring and summer. 

CONCLUSIONS 

The relatively similar annual cycles of chlorophyll a con
centrations suggest that the timing of events in the harbor 
have not significantly altered the development of phytoplankton 
populations. However, the productivity and assimilation ratio 
values indicate that the populations have either been inhibited 
or were limited in their ability to photosynthesize in 1977 and, 
more severly so in 1978. 

The conversion of the Terminal Island Treatment Plant to 
full secondary treatment in the spring of 1977 was followed by 
levels of productivity and assimilation that were substantially 
lower than in 1976, although the chlorophyll a levels were 
similar. The diversion of the cannery wastes into the treatment 
plant in 1977 and early 1978 was followed by further reductions 
in productivity and assimilation ratio, particularly in the peak 
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periods. 

The plant upset at the Terminal Island Treatment Plant in 
1978 occurred during a time of year when assimilation ratio is 
usually high. However, in 1978 the lower values that occurred 
earlier in the year persisted. It is not clear whether this 
might be related to the plant upset or to the change in efflu
ents discharged in the harbor. It seems clear, however, 
that there has been a three- to four-fold drop in productivity 
at peak periods, and as much as a seven-fold drop in assimila
tion ratio. 

The driving mechanisms for phytoplankton blooms are still 
not understood after years of research (Locicero, 1975). In 
the early 1970's the thesis was that natural runoff of humic 
acid (iron) was causative; later hormones (giberellic acid) 
were investigated. There appears to be no correlation between 
rainfall in the Los Angeles Basin and phytoplankton blooms, 
but the urban dry weather drainage at the Los Angeles River 
mouth seems to cause the presence of small patchy blooms almost 
year around. Oguri, Soule, Juge and Abbott (1975) have postula
ted that the relationship is to bacterial metabolism; the 30-
fold drop in bacteria in 1978 might explain the drop in produc
tivity and assimilation ratio. The river mouth is an area of 
high bacterial counts (AHF, 1976). 

LITERATURE CITED See Section VI 
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Figure 2. Chloropriyll a concentrations 1976-1978. 
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TABLE 1. 

1976 PRODUCTIVITY, CHLOFWPHYLL A, AND ASSIMILATION RATIO A. 

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 

r-----~ ----,----- ,-----1------,------,-----~ ----1------1-----,------1 ------f 
I I I I I I I I I I I I I

Al PROD I 1.61 I 3.6314.65114.53122.25 150.90 1 2.56 I 2.57J16.85 I 2.aa, 1.72 I 0.28 1 
CHLA I 0.62 l s.3a: 4.5s l 4.24: 1.01 I o.66 I o.69 I 0.211 0.23 l o.sa: o.63 l o.6B l 
ASMA I 2 • 6 0 l O • 6 7 I 1 • 0 2 I 3 • 4 3 I2 2 • 0 3 l 7 7 • 1 2 I 3 • 7·1 :1 2 • 2 4 I 7 3 • 1 3 : 4 • 9 7 : 2 • 7 3 I O • 4 1 : 

~------+-----~-----;-----T------r------T------r----T------T-----T------~------1 

A2 PROD I 2.4417.531 5.33127.46116.39 I •••• I 8.76: 3.86ll3.39 119.55: 4.67 I 0.94 I 
CHLA l 1 • 1 5 :1 0 • 4 6 I 4 • 5 0 l 6 • 6 9 l 1 • 4 0 I 1. 5 2 I 4 • 7 4 l 2 • 2 s : * * * * I 8 • 3 1 I *** * l O • 8 2 I 
ASMA I 2.12 I 0.721 1.10 I 4.10111.71 I •••• I 1.85 I 1.721 •••• l 2.35\ •••• \ 1.15 I

~-----~-----+-----4-----+------r------+------~----+------+-----t------~------: 
A3 PROD : 4.79 I 3.9711 6.36 1127.4911 4.42 I 3.29 124.23 I 4.971 4.51 122.911 2.32 1 1.60 I 

I I I I I I I I
CHLA I 1.35 I 8.451 4.471 5.641 1.30 I 5.49 I 3.20 I 3.391 1.97 I 2.841 2.17 I 1.10 1 
ASMA II 3 • 55 II 0 • 47 II 1 • 42 II 4.8 7 II 3 .40 II 0 .6 0 II 7.60 II 1.47 1

I 2.29 II 8.07 1 
I 1.07 II 1.45 II 

L _____ __L ____ i _____J-----+------~------+------~----+------+-----+------r------1 H 
I I I I I I I I I I t I I H 

A4 PROD I 1.04 I 5.371104078-131.53122.32 I B.48 144.01 t 3.861 6.78 115.751 6.27 I 2.68 I (') 
I 1 39 I 7 17 I 10 I 7 I ,, I I O I I I 9 I I ICHLA I • I • I .27 I .24 1 ... 27 I 7.82 I 6.1 I 2.35 1 0.54 I 4. 2.71 I 1.75 I ~9 1 

ASMA l o.75 l 0.15110.20 I 4.35: 9.83 I 1.oa: 1.21 l 1.64112.56 l 3.161 2.31 1 1.53 I o 
~-----~-----+-----~-----~------r------T------r----r------r-----T------~------, 

A7 PROD l 1.s1 I 10231 2.46 I e,1ol22.20 I •••• l 12.19 l 3.331 9.99 l 7.381 1.53 l 0.2s l 
CHLA : 1.87: 4.37: 5.77 l 5.251 0 0 97 I 2 0 34 : 3.62 l 2.351 1.14 I 5.091 2.58 I 3.22 I 

ASMA I 0.84 I 0.281 0.431 1 0 66122 0 89 I **** I 3.53 I 1.421 8.76: 1.451 0.59: 0.08 : 

L-----~-----t-----~-----~------~------}----- ~----~------~-----t-----1------1 
AB PROD l 1 • 4 o I !j • o o : 4 • s 9 : 1 2 • 2 o : 1 s • 0 3 : 3 0 o 2 3 : 1 s • 3 2 :3 1 • 6 0 : 10 • 3 2 I 9 • 1 2 I 5 • 4 1 : o • 4 1 : 

I 1.73 1 8.73' 4.131 3.241 3.49 I 4.85 I 2.45 I 1.991 o.63 I 2.oa, 0.76 1 1.05 1CHLA I I I I I I I I I I I I I 
I o.81 I 0.571 1.111 3.771 4.54 1 7.88 1 6.25 118.931 16.38 4.38, 7.12 1 0.45ASMA 1 1
~-----~-----~-----i-----~------~------r-----~-----~------r-----r-----7-------: 
1, 5 27 1 6 so' 4 40 111 12• 29 07 I 34 O 33 I 10.37 I 6.611 15.50 I 25.301 1.11, 3.46 1A9 PROD •I• I• Ip I• I I I I 
: 0.91: ****l 4.861 3.621 2.54 I 4.94 I 6.16 I 2.351 2.22: 4.89: 1.44 I 1. 54 :CHLA 
I 5.79 I ****1 o.91 I 4.73: 11.44: 6.95 : 1.68: 2.011 6.98 l s.11: 4.94 I 2.25 IASMA I I I t L ...I I- -I t- -- _____ _J ______ _J 

r-;~;~ -;~~;r-;~;;. ;;~;;: -;:;; :-~~~;;-: -~~;; :-~~;;: -;~;;T~~~90r 8.59 1 1.98 ! 
All PROD 7 06 

CHLA 1 1.201 1.591 e.101 s.49l 2.40 I 4.ao I 1.92 I 2.841 1.19 l 3.131 o.s4l I1. 
l 2 • 1 1 I O • 5 3 I 1 • 2 3 I 5 • 9 1: 3 • 9 8 l 3 • 1 6 : 3 • 5 1 : 0 • 1 3: 2 • 5 0 I 4 • 5 3j 1 0 • 2 3 1 l • 8 7 1ASMA 
1 VALUE~ OF•~•• RE~RESE~T DATA-INOT AVAILABLE _________J _____ __L - -I 
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TABLE 1. (CON'T) 

1976 PRODUCTIVITY. CHLOROPHYLL A, AND ASSIMILATION RATIO A (CON 1 T) 

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 

Al2 PROO 
-------L--------------------------------------------------------------------1 I I I I I I I I I I I I 
I 4.231 J.951 7.01131.62123.98 I 7.271 l5a391 2.4315.141 140751 4.631 4.58 I 

Cl 

C2 

CHLA 
ASMA 

PROD 
CHLA 
ASMA 

PROD 

: 1.20 I 6.39: 1.ea: 10.421 *****: 2.80: 1.64 l o.41 I 0.60 I 2.63: 1.53 I 1.32 I
I 3.53: 0.621 o.s9: 3.o3: ***** : 2.60 I 9.3e: s.93: a.57: 5.61: 3.o3: 3.47 I 
I~------r----~-----+-----r------r-----~------~------r-----1------~-----,-----~I I I I I I I I . I I I I 
I 3.11 I 3.43 I 4.071 7.891 7.71I27.101 12.56 I 4.32 t 0.97 I 6.571 7.45 I 0.73 I 

/ 0.94: 2.96 l 3.62l*****l 1.20: 4.83 l 2.23 l 0.99: 0.67: 2.43 l 1.49 I 1.14: 
I 3 • 31 I 1 • 16 I 1 • 12 I * * * * * I 6 • 4 3 I 5 • 61 I 5. 6 3 I 4. 36 I 1 • 4 5 I 2 • 7 0 I 5 • 0 0 I O. 6 4 I 
I I I I I I I I I I I I Ir------r----,-----T-----r------r-----,------,------r-----r-----,-----7-----7
I 3.1s : 2.1e I 3.B6l 10.561 0.2e 121.os I 10.68 :23.80: 3.56: 16.23: 1.so l 0.30 I 

C3 

CHLA 
ASMA 

PROO 
CHLA 

I 0,68 I 2.08 I 2.961*****1 0 0 86 I 3.43 I l.691 2.12 I 0.41 I 2.891 1.75 I 0.90 I 
: 4.63: 1.34 I 1.301•••••1 9.63: 1.89: 6.32 h1.23 I 0.60: 5.62 I 4.29 I o.33 I 
~------ ~----,-----t-----t------~-----7------1----- r----+-----i-----7-----7 
I 2.25 I 3.01 I 4.781 3.521 6 0 92 I 4.61 I 4.38 124.95 I 2.95 I 8.64 I 0.20 I 0.50 I 
I I I I I I I I I I I I I
I 1.53 t 2.08 I 4.301*****1 0.75 I 2.49 I lol4 I 0.92 I 1.05 I 2.461 1.54 I 1.03 I 

H 
H 
() 

ASMA 1 1.41 11.45 I 1.111•••••: 9.23 I 1.0s l 3.04121.12 12.a1: 3.s1: 0.13: o.491

L-----~----------+------------------~-----~-------------------------------
VALUES OF***** REPRESENT DATA NOT AVAILABLE 



TABLE 2. 

1977 PRODUCTIVITY, CHLOROPHYLL A, AND ASSIMILATION RATIO A 

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
------------------------ ---------------------------------------------------

Al PROD lo27 4.38 
1

2.18 I 1.25 10.26 4.28 4.54 9.73 0.23 1.77 0.66 
I

0.53 I 

CHLA 
ASMA 

0.11 
1.65 

1.31 
3.34 

1.s21 
1.431 

o.34 
3.68 

••••• 
***** 

o.63 
~.79 

o.79 
5.75 

1.24 
7.85 

0.21 
0.85 

1.01 
O.Q8 

o.53 
1.25 

0.02 j 
0.65 I 

: 0.21* : 

A2 PROD 

O • 30 *I I I I I I 
I I I I O • 90 * I I

r----- ~-----r----{-----T------1------+-----,------r----,-------~-----T-----1 

: o.94: 2.11 :14.66 :22.36: 4.59 p4.29 130.52:s1.so I o.67 I 7.60 I 4.49 : 1.11 
CHLA I 0.91 I 1.13 I 6.821 6.391 1.ss I 1.02 I 4.211 5.25 I 2.09 I 2.84 I 2.ss I 0.52 
ASMA I 

I 
I

1.03 I 2.45 
I 
I 

I
2.151 

I
3.501 2.96 

I
114.01 

I 
I 

I
7.251 9.81 

I 
I 

I
0.321 2.68 

I 
I 1.76 

I
12.25 

I I I I I I I I I I I I 
I I I I I I I I I I 3.93* I I 
I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 1. 49* 

I 
I 

I 
I 

I I I I I I I I I I 2.64* I : 
A3 PROD 

CHLA 

~------1------~----4-----+------~------~-----~------L----~-------~-----L-----
I I I I I I I I I 
I 0.59 I 1.82J28.721***** 3.16 116.58 130.19 40.84 I 0.84 I s.22 1 8.77 4.19
I 3 • 2 a I 1 • 1 1 I 1 • 3 a : 2 • 6 s 1. o 2 : 2 • 3 2 : s • 21 2 • 2 2 I 2 • s 3 : 2 • 2 2 11 a • o o 2 • 3 3 

H 
H 
() 

ASMA I
I 
I 
I 
I
I 

0.1a I
I 
I 
I 
I
I 

1.56 I
I 
I 
I 
I
I 

3.891*"'***
I 
I 
I 
I
I 

3.10 I
I 
I 
I 
I
I 

7.15 I
I 
I 
I 
I
I 

5.73 18.40 I
I 
I 
I 
I
I 

o.331
I 
I 
I 
I
I 

2.35 I
I 

_ * I2 38 I 
2 • 09 * I

I 

0.88 1.80 

I I I I I I I I 1.14* I 

A4 PROD 
CHLA 
ASMA 

I I I I I I I I I,------i-----,-----,-----T------,------T-----~------r----,-------,-----~-----r
I 1.41 I 6.02 I 3.571 2.os: 2.49 :11.52 :31.2s:61.oa l 0.211 6.14 : 6.95 13-19 I 
I 1.22 I 2.82 I 2.571 2.771 1.31 I 2.27 I 5098113.80 I 2.00 I 3.62 1***** 11.71 I
I 1.16: 2.13 I 1.39: 0.141 1.90 I s.01 : s.23: 4.86 I 0.141 1.10 l***** : 1.01 I 
I I I I I I I I I I I I I 
I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

1]6.77* I 
I I 
I 9 • 38 * I 

I 
I 
I 

I 
I 
I 

A7 PROD 

: l : : I : : : : l 1 • 79 • : : I
'------i-----4-----+-----t------1------L_____ i ______L----~------7-----~-----t 

1.37 o.49: 4.00: 1.09: 4.6o 11s.5o 31.12 20.89 o.97 o.so I o.49 2.98 

CHLA 
ASMA 

0.99 
1.3a 

2.891 8.511 
0.11 j o.s61 

1.261 
o.a1I 

1 0 02 
4.51 

I 2.96 
I s.24 

4.23 
7.36 

4.46 
6.45 

4.54 
0.21 

3.32 
0.15 

1 3.92 
l 0.13 

2.37 
1.26 

I 
I 

I 
I 

I 
I 

I 
I 

I 
1 • 52 * I 

I
I 

I
I 

I
I 

I
I 

2 • 82* I
I 

r I I I o.54* I 
I I I I I ____________ I_____L_____L-------------------~-------------------------

*SPECIAL REPORT DATED OCTOBER 12, 1977 



TABLE 2 • ( CON I T) 
1977 PRODUCTIVITY, CHLOROPHYLL A, AND ASSIMILATION RATIO A (CON 1 Tl 

A8 PROD 
CHLA 
ASMA 

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
r-----------T-----,------r-----r-----,------,------r-----T------T-----r-----
1 1.00 l 2.90: 13.91\ 10.37 l 4.34 l 1s.09 I 40.76 l43.03 l o.a2 l 3.11 14.oo 1 0.40 l 
1 1.03 1 1.56 1 6.561 2.49 I 0.83 I 2.331 3.641 3 0 90 I 2.66 I **** 13.72 l 0.91 l
1 1 1 I I I I I I I I I I
I 0.971 1.911 2.121 4.16 15.231 6.821 11.20111.03 10.31 1 •••• 1!.08 ,o.44 1 
I I I I I I I I I I I I I 
I I I I I I I I I I 3 77*1 I I 

A9 PROD 
CHLA 
ASMA 

I I I I I I I I I I • I II I I I I I I I I I 2.29*1 1 l 
I I I I I I I I I * I I t 

I I I I I I I I I I 1 • 65 I I I 

l~-----1-----t-----L------L-----~-----1------t------r-----t------t-----i-----
1.311 3.051 6.04 10.09 4.16 I 9.561 18.38139.11 I Oo45 I 4.23 13.65 I 0.62 

I 1 I I I I I I I
I 1 • 14 I 1 • 34 I 2 • 36 5 • 7 8 0 • 8 2 I 1 • 6 7 I 3 • 5 0 I 1 • 7 6 I 2 • 31 I 4 • 4 7 I 2 • 7 6 I O • 9 8 
l 1.1sl 2.2al 2.s2 1.1s 5.01 I 5.12: 5.2si22.22 J 0.19 l o.95 l 1.32: o.63 

AlO 

A 11 

A12 

PROD 
CHLA 
ASMA 

PROD 
CHLA 
ASMA 

PROD 
CHLA 
ASMA 

I I I I I I I I I I 
: I I I I I I I 3. 77*1 t 
I l II I I I I I 4 O 60*1 I

I I I I I I I 
I I I I I I I I 0 82*1 I 

l------l-----L-----~-----,-----~------+------~-----+-----}--·---r----7-----~I 1.29l 3.42l 16.1al 7.99 l 3.39 l 12.95J 13.ao: 35.73 I 0.20 l ****, ****, •••• 1 
l o.3o: 1.341 4.26: 4.oo: 1.ss l 2.42J 4.101 3.01 1 3.06 1 **** l ••••I**** I
I 4 301 2.551 3.ao1 2.00 1 2.19, 5.351 3.31l 11.a1 I 0.01 l **** l **** l •••• l 

0

1------~-----~-----~-----~-----~------}------~-----1------r------~----1-----~l 0.06: 3.02119.411 **** l 8.59: 14.381 11.02: 39.83 I 1.00 I •••• I**** I •••• l 
: 0 • B 5: 1 • 4 9J 6 • 8 81 2 • 6 2 I ** * * I 2. 2 0 I 3 • 3 81 2 • 6 7 l 2 • 6 3 : ** ** l * * * * l * * * * l 
1 1.011 2.561 2.a2l •••• I •••• I 6.54l J.26114.92: o.38 I **** I**** l ••••: 
1------~----+----1------1-----,------r------r-----1------~-----+----~-----, 
: O • 6 7 I 1. 7 21 * * * *I 4 • 2 0 I 2 • 8 4 I 11 • 1 71 9 • 7 41 1 2 • 4 7 1 0 • 2 8 l 2 • 0 1 : 1 • 4 3 I 1 • 6 7 : 
I 0 12l 1.47: 4.7ci 2 0 13: ****I 2.221 4.82: 2.091 2.14: 2.43 J 0.761 2.62: 

0I o.93: 1.1-r. ***~ 1.911 ****l s.o3l 2.02: 5.97' 0.13 1 o.aJ 1 1.0e1 o.641 
I I I I I I I I l l I I I 
I I I I I I I I I I 1.784 l l 

H 
H 
(J 

I I I I I I I I I I 1 72*1 I I 
I I I I I I I I I I • .J
l : l : l : : : : l 1.03, I l1-----------~-----~-------------------~-------------------------J_____ l _____~ 

*SPECIAL RE~ORT DATED OCTOBER 12, 1977 
VALUES OF**** REPRESENT DATA NOT AVAILABLE 



TABLE 2. (CON'T) 

1977 PRODUCTIVITY, CHLOf~OPHYLL A, AND ASSIMILATION RATIO A (CON 1 T) 

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 
r------r-----r------------------1 ------, 
I I I I I 

-----1 --------. -- 1 -----------1
I I I 

----7 
I 

A13 PROD 
II **** I*I *** I,;I *** **** **** I*I *** II**** I*I *** **** II 10.67 I1.93 1 

I2.15 I 

CHLA II **** I****I I****I **** **** II **** II **** I****I **** II 5 26• 0 621• I 1 18 I• I 
ASMA I

I 
****I****

I 
I****
I 

**** **** I**** 
I 

I**** 
I 

I**** 
I 

**** I 
I 

2.03 3.111
I 

1.82 I
I 

I I I I I I I 3 • 96 * I I
I I I I I I I I I 
I I I I I I I 1 • 56 * I I
I I I I I I I I I
I I I I I I I 2. 54 * I I 

~-----~------~----7-----T------~------ ------~-----L-----t------t----L-----~ 
A14 PROO 

CHLA 
ASMA 

I 
I
I 
l 
II 

***"' 
**** 
**** 

**** 
**** 
**** 

I 
I 

I 
I

****I**** 
****: **** 
****I****I 

**** 
**** 
**** 

I 
I
I**** 
: •••• 
I****I 

I I 
I I
I**** I**** 
I••••:**** 
I**** I****I I 

**** 
**** 
**** 

1.47 
1.61 
o.aa 

I 
I
12.00 
: 1.16 
I 1.72I 

I 
I 

2.50 I 
2.s1: 
1.00 1 

I 
I I I I I I I H 
I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

I 
I 
I 

•I 
1 • 65 I 
2 03*1 

I 
I 
I 

H 
(') 

Il I 
I 

I 
I 

I 
I 

I 
I 

• I 
O • 81 *1 

I 
I 

~-----4------~----~-----~------~------~------~----7------r------r----~-----~ 
A15 PROD 

CHLA 
ASMA 

II
I 
II 
I 
I 

**** 
**** 
**** 

****I**** II I 
****I**** I 

I I****I**** 1 
I I 
I I 

****' I 
****I 

I****1 
I 
I 

**** 
**** 
**** 

I **** I 
I**** 
II **** 
I 
I 

II 
I 
II 
I 
I 

****I**** I****I I 
****I**** I**** 

I* •• I •***"'*** I * I 
I I 
I I 

II 
I 
II 
I 
I 

2 78 I 4.021 36.30• I I · 
2.19 I 1.191 35.86 

I I1.27 I 3.38 1 1.01 
I I 

2 • 99 *1 I 
I
I 

I
I 

I
I 

I
I 

I
I 

I 
I 

I
I 

I 
I 

I
I 

•I 
1 • B6 I 

I
I 

Al6 PROD 
CHLA 
ASMA 

I I I I I I I I I 1 61 *I I
I I I I I I I I I • I I

l------~-----i-----+-----r------,------t-----1-----4------r------r----r-----1 
I I I I I I I I I I I I 

: •••• : **** ***,jc: ••••: **** : •••• l ****: ****: ****: 1.96: 4.98: 3.59: 
I ****I * * * * ** * * I * ** *' ,;. ** * I * • * • I * • * * I * * * * I * * * * I l • 1 S I * * * *1 7 • 0 7 I I I I I I I I I I I * **I I 
I * * * * I * * * * * * * * I ** * *I ** * * I * ** * I * * ** I * * ** I >I< *** I 1 • 7 0 I * I O • 5 1 I 
I I I I I I I I I I I I 
1 
1
1 

I
I
I 

I
I
I 

I
I
I 

I
I
I 

I
I
I 

I
I
I 

I
I
I 

I
I
I 

3 0 50*i 
,ti

8. 51 I 
I
I
I 

I
I
I 

1 I I l I I I I I ,tf I I
I I I I I I I I I O • 41 I I I:______L____________ L____ J _______1 ______ L _____ J __________________~-----------~ 

*SPECIAL ~EPDRT DATED OCTOBER 12, 1977 
VALUES OF**** REPRESENT DATA NOT AVAILA~LE 



TABLE 2. (CON'T) 

1977 PRODUCTIVITY, CHLOROPHYLL A. AND ASSIMILATION RATIO A (CON 1 T) 

JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC
-------------r-----,------r------------,-----T------r-----,------r---·,------

A17 PROD **** ****I**** I**** I**** I **** I ****I ****I**** I 2 03 I 3 23 I 2 4911 I I I I I I I I • I • I • 
CHLA : **** ****I**** I**** I**** I **** I **** I ****I**** I 2.68 I 1.37 I 1.88 
ASMA I **** **** I**** I **** I**** I **** I **** I **** I**** I O 76 I 2 36 I 1 32I I I I I I I I I • I • I • 

I I I I I I I I I I 
: I I I I I I I I 1.14*1 I 

I I I I I I I I I I 
: I I I I I I I I 2. 00*1 1 
I I I I I I I I I 0 57*1 I 
I I I I I I I I I • I Ir-----,------~-----4------~-----~------~-----•------~-----4------~----~------I

BB PROD I **** I **** **** ****: **** **** l **** **** **** : 1.71 I 3.36: 3.18 l 
CHLA : **** l **** **** ****: **** •••• : **** •••••••• l 1.36: 1.31 l 1.82 l 
ASMA : ****: **** **** ****I**** **** I **** **** **** I 1.26 I 2.56 I 1.75 I 

I I I I I I I I 
I I I I I I I 

I I I 2 • 61 *I 
I I I Hl 1' I I I 1 46*1 I I H 

I I I • I I I n 
I I I I I 1.79*1 I I 
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CHANGES IN ZOOPLANKTON 
IN OUTER LOS ANGELES-LONG BEACH HARBORS 

1972 - 1978 

INTRODUCTION 

The zooplankton of Los Angeles-Long Beach Harbors is com
posed largely of calanoid copepods, cladocerans, chaetognaths, 
larvaceans, and the larvae of fishes and benthic invertebrates. 
Aeartia tonsa, a calanoid copepod, is the most abundant species. 
This copepod is a hardy animal, able to tolerate relatively 
high temperatures and low salinities (AHF, 1976; Jeffries, 1962). 

Many zooplankters are generalist feeders, consuming flag
ellates, detritus, and bacteria. The percentage taken of each 
food source differs according to the assimilation rates and size
related filtering efficiencies of the zooplankters (Saunders, 
1970; Brooks, 1970). The proportion of each species in the pop
ulation as a whole may vary seasonally or spatially according to 
the food supply. 

Enrichment by fish wastes or sewage favors two foods of zoo
plankton: phytoplankton and bacteria. Diatoms and dinoflagel
lates can increase markedly in areas of nutrient enrichment, sup
porting large populations of zooplankton (Marshall, 1947; Parsons 
et al., 1977). In more turbid waters, heterotrophs in the water 
column may convert about 70% of the daily input of metabolizable 
carbon into particulate organic carbon (Sibert and Brown, 1975). 
Rod-shaped bacteria may be abundant on particulate organic matter 
(Ferguson and Rublee, 1976; Sullivan et al., 1978). The zooplank
ton feeding on these foods may either remain in the open-water 
food chain or eventually settle out to become fcod for benthic 
invertebrates and demersal fishes. 

In order to assess the effect on zooplankton of beginning 
secondary treatment at the Terminal Island Treatment Plant, 
the plant's operations and the inclusion of secondary treatment 
of cannery effluents, it is necessary to determine the character
istics of zooplankton populations in and outside the area of in
fluence from a historical perspective. To accomplish this Har
bors Environmental Projects data from 1972-1978 were used. 

METHODS 

Plankton data from stations Al, A3 and A7 (outside harbor; 
mid-outer harbor and area of TITP influence, respectively} were 
analyzed from January 1972 to the present. Stations are shown 
on Figure 1. Those species looked at in detail were the three 
dominant copepods, Aaartia tonsa, ParaaaZanus parvus, and Cory
aaeus angZiaus and the three dominant Cladocera, Padon poZyphe
moides, Evadne nordmanni, and Peniiia avirostris. Also included 
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in this study are the total zooplankton concentration and the 
diversity index (Shannon-Wiener) of copepods and cladocerans 
through the years of sampling. These dominant species, as well 
as the total zooplankton concentration and diversity index, are 
shown in Figures 2 through 13. Figures 2 through 4 and 6 through 
8 show the concentrations (nurnber/m3) of copepods and cladocerans 
respectively, collected from January 1972 through September 1977 
using surface horizontal tows. Figures 5 and 9 show the concen
trations of the same species, using vertical tows from bottom to 
surface from October 1977 through December 1978. Total zooplank
ton·concentration and the diversity index of copepods and clado
cerans are shown from the same sampling dates and methods in Fig
ures 10 through 12 and 13, respectively. While the horizontal 
and ver~ical plankton sampling do not yield similar concentra
tions (vertical tows showed higher concentrations than horizon
tal tows), as evidenced by studies comparing the tow techniques, 
similar zooplankton trends (zooplankton maxima) should be evident 
and relative differences between the stations should be similar. 

RESULTS· 

Aaartia tonsa 

The dominant zooplankter, Aaartia tonaa, generally compri
ses over half of the total zooplankton concentration. Through 
the years of sampling, this species generally shows a low summer 
concentration, with a depressed mid-winter period. Concentra
tions are usually high in late fall-early winter and in late 
winter-early spring. This was the typical pattern from 1972 to 
to early 1974, the only deviation being when A7 showed a peak in 
the summer of 1972. The winter of 1974-75 and 1975-76 showed 
some deviation from the former pattern by the absences of an 
early spring and late fall peak, respectively. There was also 
an absence of a late fall peak in 1976, but the late winter-ear
ly spring peak of 1977 had an unprecedented high concentration 
of about 18,600 A. tonsa/m3 at stat~ons A3 and A7, with a low 
concentration (about 500 A. tonaa/m) for Al. The months of this 
exceptional concentration of A. tonaa (March-April) peaked at a
bout the time that the Terminal Island Treatment Plant (TITP) 
converted to secondary treatment in April. The bloom probably 
was underway before conversion. It followed an unusually warm, 
dry winter that hdd some two inches of rain in late March. The 
extraordinary bloom of this single species made the zooplankton 
nearly axenic as evidenced by the unprecedented low diversity 
among copepods and cladocerans for a single month at stations 
A3 and A7, nearest the outfalls. 

As diversity is advantageous for the stability of an ecosys
tem, anything which would cause the diversity to decline would 
be jisadvantageous. Thus the initiation of secondary treatment 
may have been detrimental to the zooplankton ecology at that time; 
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however, the A. tonsa concentration returned to near normal con
centrations by summer 1977, as did the diversity index. By Sep
tember, TITP started processing the effluent from one cannery 
and by January 1978 all cannery effluent had entered TITP. It is 
this winter of 1977-78 that, for the first time since 1972, nei
ther late fall nor early spring A. tonsa maxima were evident, 
which might be linked to the lack of effluent being discharged 
from the canneries. An A. tonsa peak, however, recurred in the 
fall of 1978 at station Al outside the harbor and at A3 in mid
outer harbor, but not A7, near the treatment plant outfall, a 
station which had participated in the winter-time peaks in all 
pre-secondary treatment years. 

It is interesting to consider the mean concentrations of 
A. tonsa at the above three stations during pre- and post- can
nery effluent treatment. These data, as well as other copepod 
cladoceran species data, along with total zooplankton and diver
sity indices of copepods and cladocerans, are shown in Text Ta
ble 1. It can be seen that prior to cannery effluent treatment, 
the mean A. tonsa concentration was greatest at A7 and A3, with 
only about half those concentrations at Al. Following the can
nery treatment, the mean A. tonsa concentrations indicate that 
the highest concentrations occurred at A3 and Al -- over three 
times greater than at A7. This depressed concentration at A7 
may be the result of secondary treatment processing; however, 
it must be remembered that the post-cannery treatment mean is 
based on fewer samples, and on samples which were collected by 
vertical tows, so that they are not directly comparable. 

Text Table 1. Pre- and Post-Cannery Treatment 
Zooplankton Concentrations 

Pre-Cannery Treatment (January 1972-Septernber 1977) 

A.tonsa P.parvus C. angUC!us P.poly- E.noPd- P.avi- 'lbtal Species 
phemoides manni l'OStr>is ZOoplank. Diversity 

Al 577 598 93 403 943 16 3600 1.26 
A3 1037 230 56 382 412 62 2528 1.07 
A7 1133 150 36 452 286 7.8 2454 0.99 

Post-Cannery Treatment {October 1977-Decernber 1978) 

Al 1155 788 335 41 216 946 5514 1.56 
A3 1398 578 101 41 58 394 3357 1.17 
A7 370 202 38 60 14 36 1377 1.29 

Paracalanus parvus and CoryC!aeus angli<:!us 

The next two most abundant copepod species are the calanoid, 
Paraaalanus parvus, and the cyclopoid, Corycaeus anglicus, which 
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make up 10% and about 1.6% of the Los Angeles-Long Beach Harbor 
zooplankton, respectively (AHF, 1976). The concentrations of 
these species at stations Al, A3, and A7 over time are shown in 
Figures 2 through 5. There seems to be no clear seasonal trend 
for either of these species. The only major bloom of P. parvus 
at stations A3 and A7 occurred in the winter, 1972-73. Other 
than that peak, P. parvus showed peaks at station A7 greater 
than 500/mJ only immediately after TITP converted to secondary 
treatment {April and May, 1977). Whether the lack of sewage and 
cannery effluent contributed to these peaks is unknown, since 
the·overall ratio of Al to A7 P. parvus concentrations (Text 
Table 1) remains unchanged from pre- to post-cannery treatment. 
P. parvus has been shown to be the most ubiquitous species 
(AHF, 1976) and thus may be the species least affected by pertur
bations in the environment. 

Coryaaeus angliaus is another species which showed only one 
major bloom during the seven years of sampling. This occurred 
in the spring of 1974. This species did not seen to show any 
stimulatory or inhibitory effect by the initiation of secondary 
treatment for-sewage or cannery effluent, although the effect on 
total populations cannot be predicted for the long term. 

Cladocerans 

Cladocerans form the next most dominant group behind cope
pods. Podon polyphemoides and Evadne nordmanni are the two dom
inant cladoceran species comprising 11.1 and 4.7 percent of the 
zooplankton, respectively (AHF, 1976), with Penilia avirostPis 
a distant third of minor importance. The changes in concentra
tions of the species over the seven years of sampling is shown 
in Figures 6 through 9. 

Podon poZyphemoides 

Podon polyphemoides is a species that had two major blooms 
during the seven years of sampling. Those occurred in the spring 
of 1972 and 1976. Another bloom may have been in the making in 
the spring of 1977, as evidenced by the substantial increase of 
P. poZyphemoides at A7. This bloom may have been cut short by 
the conversion of TITP to secondary treatment, since never before 
had there been such an intense increase without its lasting more 
than one month. 

Following the first cannery effluent entering into TITP in 
September 1977, all three stations showed extremely low abundance 
of P. poZyphemoides. After the last cannery was connected to the 
TITP (January 1978), there was a total absence of this species 
in the water column up to June 1978. Such an absence occurred 
one other time, in the spring of 1975, but for a much shorter 
period of time. Since P. poZyphemoides was absent from all sta
tions rather than just A7, it would tend to suggest that the ab
sence might not have been a result of cannery effluent treatment. 
It should be noted, however, that this absence was broken with 
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the return of P. poiyphemoides to the water column following the 
malfunction of TITP in June. After September, when TITP was op
erating again, this species persisted in the water column through 
December. Text Table 1 shows the drastic drop in P. poiyp_hemoi
des concentration after TITP processing of cannery effluent be
gan. It also indicates that this species was evenly distributed 
and was not more or less abundant at any one station, either be
fore or after TITP cannery effluent treatment. 

Evadne nordmanni 

Evadne nordmanni showed major blooms timed similarly to 
those of P. poiyphemoides, both in the spring of 1972 and 1976. 
Evadne nordmanni shows no consistent seasonal trend, and as in 
the former cladoceran species, it, too, showed sparse populations 
present at all stations following the secondary treatment of can
nery effluent. This low population level continued at all sta
tions until October 1978, when Al, outside the harbor, showed a 
small bloom. Text Table 1 shows that E. nordmanni also experi
enced a decline in concentration as well as a change in numbers 
collected at station A7 as compared to Al. Prior to secondary 
treatment of cannery effluent, the Al to A7 ratio was 3:1, while 
after treatment the ratio was 15:1. While the values may not be 
significant because of the fewer samples after treatment, it may 
indicate a trend toward greater sparsity of this species at the 
station (A7) most impacted by the secondary treatment of cannery 
effluent. 

Penilia avirostris 

This relatively minor member of the zooplankton is absent 
most of the time; however, when it is present, it is often very 
abundant. The only real abundance in the past six years prior 
to effluent treatment occurred in the fall of 1976. After treat
ment, however, a tremendous bloom occurred in the fall of both 
1977 and 1978. These blooms were restricted primarily to Al and 
A3, and thus may not be related to the cannery effluent treatment 
which might be manifested primarily at station A7, as compared 
with Al and A3. 

Total Zooplankton and Diversity Index 

The concentration of total zooplankton and the Shannon
Wiener Diversity Index for copepods and cladocerans collected over 
the seven years of sampling stations Al, A3 and A7 are shown in 
Figures 10 through 13. The seasonal characteristics of total 
zooplankton are primarily functions of the already discussed 
dominant species of copepods and cladocerans. Text Table 1 
shows, as would be expected from the previous discussion, that 
there was a reduced concentration of total zooplankton at A7 as 
compared to Al, after secondary treatment of cannery effluent was 
initiated. Prior to treatment, the Al:A7 ratio was 1.5:1, while 
after effluent treatment the ratio changed to 4:1. 
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Species diversities of copepods and cladocerans show consid
erable variability between stations and over time; generally they 
are higher at Al outside the harbor than inside, and at station 
Al there appears to be greater species diversity during the win
ter months than during the summer months. One period of very 
low diversity was observed at A3 and A7 in April 1977 with a 
bloom of Aaartia tonsa, during the period when secondary sewage 
treatment was initiated. 

Text Table 1 indicates a decline in diversity from outside 
the ·harbor (Al) to inside (A7) before cannery effluent treatment, 
as might be expected. After treatment, however, while Al still 
had the greatest diversity, station A7 seemed to have been im
proved as compared to A3, since A3 then had the lower diversity. 
This may indicate that cannery effluent treatment may have im
proved the environment at A7, but it would perhaps have de
creased the food available at A3, although the results are not 
conclusive. 

Distribution of Total Zooplankton 

Mean concentrations of zooplankton in 1973-74, shown in 
Figure 14 (AHF, 1976), indicate that outer Los Angeles Harbor 
was not an area of high concentrations; however, the same area 
was indicated as one of high fish concentrations in 1972-74, and 
predation may well have been the controlling factor except, per
haps, at those stations within the shallow water area closest to 
the outfalls (A4, A7, All). Fish trawls were not taken in the 
shallow water area. 

In spite of the increase in populations in 1978 at several 
perimeter stations (A2, All, B8, B9}, the mean total concentra
tions decreased at A7 (Figure 15). The 1978 data for other areas 
of the harbors have not been analyzed as yet, so it is not known 
whether changes have occurred in the B, C and D stations as well. 

CONCLUSIONS 

The milestone events during conversion of waste treatment 
from primary to secondary and inclusion of cannery wastes in 
TITP can coincidentally be seen in variations in numbers of the 
dominant zooplankton in the harbor as compared with a station 
outside the harbor. Although the variations cannot be proven to 
be due to the changes, the coincidences are notable. 

The copepods probably feed largely, and perhaps preferen
tially, on bacteria on organic detritus; therefore the more than 
thirty-fold decrease in total marine bacteria plus a four- to 
seven-fold decrease in phytoplankton assimilation would have had 
an effect. Copepods apparently are able to select enriched par
ticles from unenriched particles of the same size (Poulet and 
Marsot, 1978). 
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The fact that total concentrations are not greatly 
increased might be related to the large drop in fish predators 
discussed elsewhere, leaving about the same standing crop even 
if the gross production was much reduced. Replenishment by 
tidal exchange is also important, but is largely unquantifiable. 
Changes in the method of collection between 1974 and 1978 
preclude direct comparison of total zooplankton. 

The so-called "zone of inhibition" previously identified 
(Soule and Oguri, 1976) near station A7 was an area of very 
high nutrient levels, but the turnover of the nutrients was 
postulated as contributing to the "zone of enhancement" that 
included most of the outer harbor. The perimeter of the "zone 
of enhancement" may now have moved much closer to A7, resulting 
in improved diversity there and larger populations in the 
outermost stations of the area (A2, B8, B9). However, both A7 
and Al decreased substantially in total populations. Since 
no further monitoring is planned after December 1978 by the 
City of Los Angeles, it will not be possible to say whether 
the apparent changes represent long-term trends. 

LITERATURE CITED: See Section Vi. 
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CHANGES IN BENTHIC FAUNA IN OUTER LOS ANGELES-LONG BEACH 

HARBORS, 1972-1978 

INTRODUCTION 

Benthic organisms have been sampled extensively in the 
outfalls area of outer Los Angeles Harbor since 1971 by Harbors 
Environmental Projects, and results of studies through 1974 
were published in part in 1976 (AHF, 1976). 

In the 1973-74 period, 43 stations were sampled quarterly 
and results showed that for the entire harbor the average 
sample contained 28 benthic species and 1404 individuals per 
1/16 m2 • The range of variation was high, with species numbers 
from 1 to 60 per sample, and abundances from 2 to 5000 per 
sample. The latter number becomes 80,000 organisms when cal
culated to the square meter of surface, an extremely rich 
benthos as compared with other local soft-bottom areas (Soule 
and Oguri, 1976; Word, Myers and Mearns, 1977). Other studies 
on biomass and simulated recolonization of dredgP.d areas 
indicated that biomass averaged 20-30 gm/m2 in the outer 
harbor near the breakwater, 200 gm/m 2 at stations nearest 
shore, and 500 gm/m 2 in the central portion out from the cannery 
and sewage outfalls area (the zone of enrichment) (Soule and 
Oguri, 1976a, b). 

A quote from the Master Environmental Setting for the Port 
of Long Beach (1976) with regard to the importance of benthic 
populations and plans to dredge and fill the central enhanced 
area reads as follows: 

"The importance of benthic animals to the entire 
food web of the harbor is not well recognized. Poly
chaete worms are the largest number of harbor benthic 
organisms. They filter organic detritus and bacteria 
out of water, or consume them from sediments when 
feeding. Polychaetes, in turn, furnish a major food 
source for large harbor fish populations of a number 
of species. If both ports completed their Southwest 

10 8Basin dredging and filling, an estimated 8.5 x grams 
(850 tons) of organisms would be lost by burial; dredg
ing would destroy an additional 6.8 x 108 grams (680 tons). 

"Since large polychaetes may weigh less than 0.1 
gram, that represents 15.3 billion worms. In one fish 
stomach examined recently, 600 worms were found, so 
the direct consequences for those fish feeding on 
benthic polychaete worms can be estimated as 25 million 
'fish meals.'" 

The area of enhancement is dependent upon the existence 
of a large, slow-moving gyre in the outer harbor directly south 
of the outfalls area which apparently circles clockwise on the 
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surface and counter-clockwise beneath (Soule and Oguri, 1972; 
Robinson and Porath, 1974). The surface gyre has been verified 
and simulated by the U.S. Army Engineers Waterways Experiment 
Station model at Vicksburg, Miss. (McAnally, 1975, 1976); it 
is figured in section IVA. The harbor gyre system facilitates 
distribution and assimilation of the organic nutrients, and 
contributes to oxygen levels by mixing, which accounts in 
large measure for the health of the harbor. 

METHODS 

The locations of the benthic stations sampled in the 
harbors are given in Figure 1, along with the stations sampled 
in prior years in various studies. The box on the map outlines 
the TITP study area; station A7 is near the outfalls location. 
Harbors Environmental Projects has published and unpublished 
records for stations Al-A8 beginning in 1971 with studies for 
Pacific Lighting Corporation's proposed LNG terminal. 

Sediment samples were taken from the RV Vantuna in 1977-78 
using a stainless steel Reinecke box corer. The corer is a 
modified spade corer which takes a sample with 1/16 m2 of sur
face and up to 30 cm in depth. On board, two 100 cc subsamples 
for chemical analysis and for grain size analysis were taken 
from the middle surface of each core and frozen immediately 
for later laboratory techniques. The upper half of the core 
was then taken and washed with running sea water through a 
0.5 mm screen. Material retained on the screen was fixed 
immediately in formalin-sea water and later transferred to 
isopropyl alcohol for sorting and identification. In locations 
too shallow for the Vantuna (at A7) the RV Goeden West was used 
to operate a stainless steel Campbell grab sampler (similar 
to a Van Veen), which takes a 1/10 m2 surface sample. Care 
was taken to obtain the chemical samples from the surface of 
the box core where it would not have been touched by metal. Since 
the surface sediment is undisturbed with the Reinecke corer, 
it is the preferred gear. In addition to the results discussed 
below in this section, section IV contains extensive discrim
inant computer analysis of benthic data. 

Data gathered on the 1977-1978 benthic samples were 
compared with the data previously gathered, beginning in 1971. 
In addition, stations were compared concurrently according to 
locations (spatially) to seek indications of differences in 
the harbor environment and in seasonality. 

RESULTS AND DISCUSSION 

The baseline on benthic sampling beginning in 1971 first 
condensed to annual means at all stations sampled in each year, 
for both numbers of species/m 2 and numbers of individuals/m2 
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(Figure 2). The means for each station have been calculated 

per m (abundance) in 1971. This no doubt reflects the com

in Table 1 for all sample years (across the page) and for 
all stations in each year (vertically). 

Annual Mean Trends in Diversity and Populations 

In the benthic data plotted as annual means, there was 
very low species diversity

2 
(richness) and numbers of organisms 

paratively poor harbor environment that existed prior to 
enforcement by the RWQCB of prohibitions on oil refinery and 
other toxic wastes in September 1970 {Reish, 1959; Crippen and 
Reish, 1969). 

Reish {1971) documented the dramatic change in the inner 
Los Angeles Harbor as anoxic conditions began to· disappear. 
Fish Harbor, in outer Los Angeles Harbor (stations AS and A6) 
also was anoxic from dumping of fish wastes, process and non
process water; the wastes were diverted in 1970 to outfalls 
in the A7 area near TITP. The large increases, to 1972-74 
levels, seen in both species diversity and abundance are probably 
due to the intensive enforcement effort, which allowed exten
sive new colonization to occur. Such an increase will usually 
be followed by a slight drop before stabilization of species 
and populations occur (Soule and Oguri, 1977) in normal suc
cession. Thus, the principal trends in 1971-1973 were steep 
climbs in both numbers of species and numbers of individuals. 
The curve leveled off in 1974 for numbers of species but began 
to decline for numbers of individuals. 

The principal trend since 1974 in the Los Angeles Harbor 
area has been a decline in total abundances (numbers of indi
viduals) of benthic organisms. The trend in species diversity 
was upward through 1976, followed by a moderate decline in 
1977 and a steep decline in 1978. 

Site Specific Trends in Diversity and Populations 

In order to examine the trends in different benthic loca
tions, several stations were selected according to their 
distance from the TITP and cannery outfalls. Station Al is 
located outside the harbor, whereas A2 is in the seaward area 
of the outer harbor, and station A3 is about halfway between 
A2 and A7. Station A7 is closest to the outfalls, being 
between the cannery outfalls on the west and TITP outfall to 
the east. Station A2 is located at one of the harbor Coast 
Guard buoys which was moved from A2a (Figure 1) to A2 in 
March 1973. Hence there was some difference in the substrate 
and species found in 1972 to 1973 data. This apparently did 
not affect other biological data since water column samples 
are not as static as benthic samples are. 
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The data for the specific sites mentioned are presented 
in Figures 3-6, on a seasonal (approximately quarterly) as 
well as an annual basis. Numbers of species and numbers of 
organisms per m2 for each station are plotted and the trends 
discussed below. 

Station Al. While station Al is outside the Los Angeles 
Harbor entry (Angels Gate) and more subject to ocean conditions, 
it is still tidally influenced by the harbor. Terrigenous 
nutrients are carried by the natural flow of fine sediments 
down slopes to deeper waters at all river and bay entrances 
not blocked by sills or sand bars. The nutrients support the 
phytoplankton, algae, marine plants, microheterotrophic 
bacteria, and protistans on which benthic organisms feed. 
Thus the benthic zone of enhancement from the enriched harbor 
actually extends outside a short distance, especially for 
benthic organisms. The nutrient-poor (oligotrophic) character 
of most of the ocean waters may be encountered only past the 
Channel Islands in some cases, because of the terrestrial 
input of nutrients. It is because of terrestrial inputs that 
coastal inshore biota are the richest around the world. Even 
nutrients in upwelling areas were carried first from the coasts 
down into deep canyons before being recycled by upwelling. 
The years 1972, 1973 and 1974 were peak years for benthic 
organisms outside the harbor at Al (Figure 3) as well as inside 
the harbor. Although all stations showed a precipitous drop 
in abundance beginning in mid-1974, it was least dramatic at 
Al where benthic populations have always been smaller. 

In the spring of 1976 and 1977 the expected late winter
early spring increases in numbers occurred but were of rela
tively small magnitude at Al. The slope of the abundance 
curve has been down, except for seasonal variations, since 
February 1975. The use of DAF treatment by the canneries 
began, coincidentally, in March 1975, reducing the nutrient 
load greatly. 

Species diversity rose steeply over the long term, from 
1971 through 1976, at Al, but with great seasonal fluctuations. 
Species diversity then dropped very steeply after December 
1976 through 1978 and showed no sign of recovery other than 
seasonal fluctuation. Thus both species abundance and species 
diversity appear to have suffered a long-term decline at Al, 
in 1977 and 1978. 

Station A2. The outer harbor station A2 (Figure 4) showed 
about four times as many organisms in August 1974 as Al 
(Figure 3). Station A2 has shown about a tenfold decline in 
abundance overall between May of 1974 and the end of 1978, 
but there were larger intervening seasonal peaks than those 
at Al. An unusual summer peak in 1976 and 1977 occurred at 
stations A2 and A3 (Figures 4, 5) which did not occur at Al. 
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Station A3. The net slope of the curve for abundance at A3 is 
generally downward from a peak in 1972-73, but it was not as 
steep as that for A2. The species diversity seemed to be fair
ly stable at A2 and A3, although they show large seasonal fluc
tuations. Peaks in diversity occurred in the summer of 1976, 
1977 and 1978 at A2, A3 and A7 but not at Al. 

Station A7. At station A7 (Figure 6) during the summer, fall 
and winter of 1976, the abundances declined severely but recov
ered slightly in June 1977. Numbers dropped again in Septem
ber 1977, recovered in the winter, dropped in April 1978, re
covered in July, and dropped again in October 1978. Note the 
lower scales on the A7 graph. Station A7 was greatly influenced 
by the outfalls. When DAF units were unstable, or were using 
large quantities of alum in 1975-76, when TITP construction 
created unusual conditions, such events were reflected in the 
benthic populations. It is possible that drought conditions 
in the winter of 1975-1976 also affected the area by reducing 
flushing. Chlorination was in effect from March through August 
1978 and may have had a deleterious effect (Oliver and Carey, 
1977; Emerson, 1976). Also, about 30 inches of rain fell in the 
three months of 1978, which would affect plankton more than ben
thic organisms. The diversity peaks in the harbor were lower 
near the outfall at A7 in 1976 and 1977; however, in 1978 the 
peaks in both abundance and species diversity were comparatively 
higher than at A3. 

The 1977 and 1978 variations are compared in Figure 8 for 
stations Al, A2, A3, A7 and Al2 and in Figure 9 for A4, A8, 
A9 and All. In Figure 8, the net trend shown was down in both 
number of species and number of organisms for Al, A2 and Al2. 
All except A7 showed a sharp drop in April 1978. 

At station A2 the net trend was down less sharply in 
number of species and more sharply in abundance; the species 
numbers at A2 appeared to be the only ones on the rise in 
October 1978 of the five stations. 

At A3 the species down-trend paralleled that of Al, but 
the abundance trend was steeply upward, as was that of A7. 

At A7 the species diversity net trend was upward but had 
turned do~nward in October 1978. The number of organisms is 
sharply up by the end of October 1978, but the oscillations 
were extreme in the 1977-78 period. 

It is important to look at the beginning and end points 
for these trends. However, the events in waste treatment in 
the harbor can be tracked because benthic worms, in particular, 
reproduce year around and an area can be recolonized within 
as little as two weeks to a month. Thus, A7 and A2 appeared 
to increase in species numbers in June 1977 when TITP went on 
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secondary, while Al decreased in both species and nunlbers, 
due perhaps to fewer nutrients. All but Al increased in numbers 
in June. In September, both species and population numbers 
dropped steeply at all four stations except A7, which had a 
slight increase in numbers. One cannery hooked up to TITP in 
October and the other in December 1977. The sharp drop in 
species and numbers continued through January and April 1978 
instead of showing the usual late winter increase, except at 
A7, which showed a small increase in species and very large 
population increase. Stations Al and Al2 showed small expected 
January increases before the April lows. 

In July 1978 all the stations in Figure 8 increased sharply 
in species except A7, whose peak was blunted. All the stations 
except A7 showed moderate (Al) to sharp increases in popula
tion during the period of TITP release of high BOD and suspended 
solids. In October, after stability of sorts returned, all 
stations showed a drop in species except A2, while populations 
were up at A3 and A7 (nearest TITP), but down at all other 
stations. 

Data for the other stations in the area, including those 
in Figure 9, show a similar pattern; when canneries and/or TITP 
were enriching, it appeared that most of the outer harbor 
stations were enhanced and increased in diversity and popula
tions. Stations A4, A8, and All showed net drops in numbers 
of species, while A9 was about even in spite of the impact of 
the Sansinena spill. In numbers, A4 decreased greatly, A8 was 
increased slightly and All had a net increase. All showed 
fluctuations but the September 1977-April 1978 period showed 
the widest shifts. When TITP is on full secondary treatment, 
it appears that A7, All and, at times, A2 will increase (become 
enhanced) and the other stations decrease dramatically. When 
canneries or primary TITP were on, A7, All and sometimes A3 
retreated while the others increased. 

The number of species at A7 would probably always be 
lower because of the freshwater effluent, sometimes chlorinated, 
from TITP and storm runoff. Station A9 (Figure 1) is of interest 
because it is across the main channel and in a different hydro
graphic gyre; it was also the site of the Sansinena tanker 
explosion and Bunker C spill, which was intensively studied 
by Harbors Environmental Projects (Soule and Oguri, 1978). 
Station A9 (Figure 7), which had been sampled a few days before 
the explosion, showed a steady drop in species and numbers from 
December 1976. By September 1977 species diversity had recovered 
greatly and populations recovered to a lesser extent. However, 
winter storms, high temperatures, and reconstruction of the pier 
released much buried tar into the water and drove the numbers 
sharply down through January to an unprecedented low in April 
of 1978. These events can clearly be marked in the benthic 
plot. By July 1978 counts and species had increased so that 
the net slope for abundances for seven years was negligible 
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and the slope for species numbers was slightly up. The prom
inent peak in numbers occurred in the fall of 1973, while the 
highest peak in species occurred in the spring of 1976. 

Qualitative Evaluation of Species Composition 

At the representative stations selected for graphic com
parison, notes were made on the most abundant species, as they 
were first noted in the AHF (1976) report. Species were re
corded as abundant if they constituted a large percentage (usu
ally 35% or more) of the total animals. Common species usually 
occurred in quantities of over 2,000/rn2

• 

Station Al 

Seasonality. Throughout the 1972-1978 sampling, the popu
lations of the most numerous species, M. caZifoPniensis and 
Tharyx, show wide fluctuations, with peak size in spring months 
and lows in the autumn. Other species tend to be more stable 
but still show this seasonality at station Al. 

General Trends. A marked reduction in population size for 
all species began in October 1975 and continued to October 1978. 
Diversity appeared to increase from October 1975 through March 
1977: however, this was probably a result of multiple grab sam
pling. For this period the counts of individuals were adjusted 
to per-grab averages but there was no way to deal with the in
crease of rarer species encountered. A prime example of this 
occurred in December 1976 when 13 grab samples yielded 97 taxa. 
In section IVB on multiple discriminant computer analysis only 
the Polychaeta and Mollusca are used to aid in correction of 
this factor. 

Recently there has been some indication of faunistic change. 
Beginning January 1978 Mediomastus aaliforniensis was no longer 
numerically important. The October 1978 sampling stands out, 
as both Tharyx and M. californiensis were virtually gone. These 
two had comprised 60% of the total harbor population in 1973. 
However, although ranking and species changed, the fauna was 
otherwise typical of the outer harbor area (Table 2). 

Station A3 

Seasonalitx. Mediomastus caZiforniensis became dominant 
in the fall-winter periods of 1972-74. No other cases of true 
dominance occurred. Tharyx tended to be the most numerous an
imal in the summer months. 

General Trends. The number of individuals declined in the 
non-summer periods beginning in 1975 through the present sam
pling. The multiple grab samples taken from June 1975-March 
1977 artificially increased the total taxa figures for this time. 
There have been no essential changes in the faunistic composition 
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since the AHF, 1976 report (Table 3). 

Station A7 

No clear temporal patterns were seen in population size 
or species diversity because of variability. Generally, when 
population size was large, order-of-magnitude differences oc
curred between dominant and second-ranking species. In the 
23 sampling periods between March 1971 and October 1978 Arman
dia bioculata dominated twice and Capitella aapitata dominated 
18 times. These two species and the nematodes are characteris
tic of disturbed (variable) or polluted habitats (Reish, 1959) 
(Table 4). 

Numbers of molluscan and crustacean species began increas
ing in 1978. In July 1978 species diversity was very high for 
this station. Faunal composition of the October 1978 sampling 
showed radical differences. The polychaete Mediomastus cali
forniensis dominated, and the species found resembled outer 
harbor or channel faunas. 

Station Al2 

Seasonality. No strong seasonal patterns occurred, although 
there was a tendency for population size to increase in spring
summer periods (Table 5). 

General Trends. The faunal composition has been quite 
stable at this station, which was one of the richest in the 
outer harbor. Changes in rank among the four abundant species 
did happen, but only once, in August 1972, when a single species 
(Tharyx) was dominant. 

There has been a decrease in the numbers of individuals col
lected here since October 1975. Again, multiple grabs taken from 
October 1975 through March 1977 for other purposes cloud the 
diversity aspect, but at least permitted maintaining the long
term baseline which would otherwise have been dropped. 

Biotic Characteristics of Soft Bottom Habitats 

Soft bottomed habitats with easily disturbed sediments favor 
deposit-feeding organisms. These animals turn over the sediments 
during feeding or burrowing, impeding to some extent the settle
ment of suspension-feeding species (Levinton, 1973). However, 
suspension feeders often cannot tolerate the turbidity levels 
associated with unconsolidated bottoms. The activities of 
deposit-feeding aninals can turn over the entire bottom of an 
area in a few years (Gordon, 1966). The outer harbor is an 
excellent habitat for deposit-feeders. 

Enrichment of a benthic com.~unity can produce marked 
increases in the numbers and biomass of animals. In Scotland, 
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enrichment of a sea loch produced a maximum of up to 60,000 
animals/m 2 in 3 to 4 years (Raymont, 1950}. This is remarkably 
like the situation that occurred in Los Angeles Harbor in 
1973-74 (Figure 10) followin1 pollution abatement in 1970, 
where numbers up to 80,000/m were encountered within the next 
four years (AHF, 1976; Soule and Oguri, 1976). This contrasts 
with the populations seen (Figure 11) after reduction in 
nutrient wastes. 

Tenore (1975, 1977) and Tenore and Gopalan (1974) found 
that improvement in the nutritional quality of detritus by 
enrichment was important in the growth of polychaete worms. 
Proteinaceous wastes or the bacteria and protozoa supported 
by finely ground sewage wastes served as a better food source 
for the benthic fauna than fresh plant detritus. 

Areas directly under outfalls often have depleted faunas. 
This may be due to high organic content, toxic components, 
chlorination turbidity, the impact of fresh water injected into 
a marine environment, or to other unidentified factors. Depos
it feeders in such areas often cannot turn over the sediment 
swiftly enough to prevent decomposition in areas with high or
ganic content (Nichols, 1974); however, no excessive buildup 
has been seen in the Los Angeles Harbor outfall area. Pelecy
pods increase in abundance with up to 3% organic content, but 
decline at greater concentrations in the sediment due to decom
position and anoxic conditions (Bader, 1954). Concentrations 
in the harbor are about 1.5%. Many fishes and invertebrates 
cannot tolerate the chlorine residues in treated sewage (Emer
son, 1976~ Bellanca and Bailey, 1977), and toxic chloramines 
or organics may be formed (Oliver and Carey, 1977). Fresh wa
ter used to flush wastes and runoff can prevent settlement of 
all but the most euryhaline species. Stone and Reish (1965) 
documented the effects of seasonal rain runoff on recolonization 
in the Los Angeles River. Such fluctuations are considered 
healthy for the prevention of a few organisms from completely 
dominating an estuary or bay. 

Around the immediate vicinity of outfalls, species such as 
Capiteila eapitata are found, which are hardy, opportunistic, 
fast-growing species that thrive in the absence of competition 
(Grassle and Grassle, 1974). Although they have often been con
sidered to be indicators of polluted conditions (Reish, 1959; 
Word, Meyers, and Mearns, 1977), the species occurs in many un
stable {variable) environments where rapid growth and short, 
year-round reproductive cycles give them an advantage. 

Beside varying spatially according to the amount of enrich
ment, benthic animals in the harbors vary in size and quantity 
according to the season. Like most shallow-water areas, these 
bottoms receive varying amounts of sunlight, freshwater runoff, 
and primary production by plants during each year. The repro
ductive cycles of the invertebrates are attuned to these changes. 
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The year-class phenomenon, in which recruitment can vary enor
mously from year to year, is prevalent (Grassle and Sanders, 
1973). The combination of spatial and temporal patterns pro
duces a shifting mosaic of benthic populations. 

CONCLUSIONS 

The benthic invertebrates found in outer Los Angeles-Long 
Beach Harbors are species generally characteristic of soft bot
tom habitats. Polychaete worms, gamrnarid amphipods (small 
shrimp-like crustaceans), and small clams are common. Ghost 
shrimp (genus CaZZianassa), sea pens, gaper clams (TI'esus nut
tatli); and tube anemones (order Ceriantharia) are among the 
larger animals in the area. 

The general distribution patterns of the harbor have not 
changed greatly in 1978 from the 1973-74 period (AHF, 1976). 
There are still gradations from inner to outer harbor and from 
the outfalls area to the outside of the breakwater. 

The populations in the enhanced area (Soule and Oguri, 
1976) numbered greater than 25 species and 35,000 individuals 
per m2 in 1973-74. 

The mean number of species/m 2 rose four-fold from 1971 
(14) to a high in 1976 (57). It has now dropped to pre-1973 
levels (41), (Figure 2; Table 1). 

The mean number of individuals/m2 rose from about nine
fold between 1971 and 1973, the peak; the mean declined by 15% 
of 1974 levels in 1975, by a severe 56% of 1975 levels in 1976, 
and leveled off in 1977. There was another small drop in 1978, 
placing the 1976-78 means at less than half the 1972 level. 

Thus, both species numbers and population numbers have 
dropped over the last three years, precisely the period when 
so-called cleanup measures were instituted for cannery and sew
age wastes. This cannot be blamed on rainfall, or lack of it, 
because rainfall was low in the winter of 1972-73, yet counts 
rose dramatically in 1973. The winter of 1975-76 had low rain
fall, but populations declined. 

A nearly four-fold decrease in benthic organisms between 
1973 and 1978 represents a severe drop in the food supply of 
obligate or facultative benthic feeders such as demersal fish 
species and invertebrate predators. At station Al, declines 
in the two major species ThaPyx sp. and Mediomastus caZifoPni
ensis (Capitata ambiseta) are notable since this would indicate 
a decrease in enrichment at the perimeter of the harbor. 

LITERATURE CITED: See Section VI. 



2Table 1. Annual Mean Numbers of Benthic Species and Organisms Per M. 
(#species/~organism) 

Stations 1971 1972 1973 1974 1975* 1976* 1977* 

Al 16/553 52/ 7,347 54/ 6,645 68/10,580 62/ 6,706 79/ 2,300 49,/ 2,580 

A2 24/ 4,117 52/29,284 66/35,360 64/38,296 62/18,133 65/17,060 74/10,993 

A3 18/ 3,213 51/24 ,089 53/16,395 52/17 ,836 62/11,353 73/ 6,472 64/ 8,000 

A4 4/ 1,345 19/17,169 6/ 8,331 7/ 2,728 17/ 9,910 23/ 1,932 50/15,363 

AS 4/90 10/ 6,074 15/10,192 4/684 15/19,040 

A6 5/77 4/178 10/12,272 6/ 2,332 29/54,064 

A7 7/ 1,680 14/ 6,603 14/12, 256 17/ 7,930 10/ 2,665 8/808 6/ 3,737 

AB 39/30, 362 57/55,093 58/21,000 54/ 3,600 71/ 5,640 48/ 1,813 

A9 36/11,810 44/32,118 4 7/45 ,456 46/37 ,900 44/16,155 71/24 ,952 48/11,370 

AlO 44/19,984 48/53,520 4 7/28,616 51/36,464 

All 64/21,880 54/26,040 48/13,961 68/ 5,220 62/ 6,408 

Al2 60/28,200 66/29,280 59/30,864 62/13,161 55/ 4,790 63/ 7,843 

Al3 69/15,970 

Al4 39/ 1,590 

Al5 49/ 6,450 

Al6 58/ 4,600 

Al7 43/ 2,740 

BB 50/ 9,940 61/41,403 62/34 ,012 62/15, 728 69/16,290 

B9 50/ 9,420 66/41, 200 58/27 ,008 60/21,696 

Mean 14/ 2,861 38/16, 982 45/27,806 43/20,416 46/17,331 57/ 7,686 S3/ 7,716 

* multiple grabs increased diversity 

1978 

40/ 1,560 

46/ 4,412 

47/ 4,949 

30/ 9,128 

19/11, 185 

42/ 8,244 

36/ 9,512 

48/21,851 

32/ 5,701 

42/ 4,808 

48/ 5,068 

41/ 5,845 

39/14 ,836 

48/ 6,560 

50/ 4,715 

46/ 3,888 

48/ 4,240 

41/. 7,441 

Mean 

53/ 4,784 

57/19, 707 

53/11, 538 

20/ 8,238 

10/ 7,216 

11/13, 785 

12/ 5,858 

53/17,965 

47/23,659 
H 

48/32,087 H 
tJ:J 

55/11,316 

58/16,992 

59/10,519 

40/ 3,718 

44/10,643 

53/ 5,580 

47/ 3,728 

58/20,210 

56/20, 713 

42/12 ,987 

I-' 
co 
01 
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Table 2. Benthic Species at Station Al, 1978. 

Abundant Species 

Polychaeta: % of Total 
Indiv. 

Mediomastus aaliforniensis (formerly Capitita ambiseta) 21% 

Tharyx sp. (Tharyx ?parvus) 9% 

Prionospio (Apoprionospio) pygmaeus 4% 
34% 

Common Species 

Polychaeta: 

Prionospio steenstrupi (formerly P. nr.malmgreni) 

Chaetozone setosa 

Sigambra tentaauZata 

Mollusca: 

ParviZuaina tenuisaulpta (Parvilucina sp.) 

Tellina modesta 

Mysella pedroana 

Table 3. Benthic Species at Station A3, 1978. 

Abundant Species 

% of Total
Polychaeta: Indiv. 

Mediomastus aaliforniensis (formerly Capitita ambiseta) 32% 

Tharyx sp. (:;-'har-yx ?parvus) 15% 

Prionospio (Minuspio) cirrifer-a 4% 

Cossura aandida 3% 
54% 

Common Species 

Polychaeta: 

Lumbr>inei>is 

Nephtys aornuta franciscana 

Nereis procera 

Mollusca: 

Te Zlina modes ta 

Macoma nasuta 

Parviluaina tenuisculpta (Parviluaina sp.) 

Protothaaa sp. juveniles 
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Table 4. Benthic Species at Station A7, 1978. 

Abundant Taxa 

Polychaeta: 

CapiteZZa capitata 

Armandia bioculata 

Polydora Zigni 

Nematoda: 

Unidentified nematodes 

% of Total 
Indiv. 

55% 

5% 

2% 

13% 
80% 

Table 5. Benthic Species at Station Al2, 1978. 

Abundant Species 
% of Total 

Indiv.Polychaeta: 

Tharyx sp. (Tharyx ?parvus) 37% 

Cossura candida 17% 

Mediomastus aaZiforniensis (formerly Capitita ambiseta) 17% 

Tauberia ocuZata (formerly Paraonis gracilis oculata) 6% 
71% 

Common Species 

Polychaeta: 

Nephtys cornuta franciscana 

Chaetozone corona 

Lumbrineris 

Mollusca: 

Parvilucina tenuiscuZpta (ParviZucina sp.) 
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FISH EGG AND LARVAE SURVEYS 

INTRODUCTION 

The Los Angeles-Long Beach Harbor complex was shown to be 
rich in fish species and numbers in 1972-1974 (Stephens, 1974; 
AHF, 1976) and to be an important nursery grounds for larval 
fish (AHF, 1976). The latter study emphasizing the anchovy 
population sampled eggs and larvae from February 1973 through 
September 1974 at forty stations in San Pedro Bay. 

In an effort to update information about larval fish pop
ulation following initiation of secondary treatment in 1977 of 
cannery a_nd domestic sewage discharge into the harbor, new 
studies were initiated in 1978 for the City of Los Angeles Ter
minal Island Treatment Plant. 

During the initial study, anchovy (Engraulis mordax) eggs 
and larvae were sampled by means of horizontal tows at 4 rn 
depth. Since the initial study, the spawning stock of ancho
vies in the harbor has decreased by two orders of magnitude 
(Frey, personal communication); consequently the sampling pro
gram was altered to effect capture of larvae from all parts of 
the water column and to produce data comparable with egg and 
larvae surveys conducted by National Marine Fisheries Service 
(NOAA) (Kramer et a'l. .1 1972). 

Understanding of spawning behavior, seasonal periodicity, 
environmental factors and species interactions of commercially 
important fish taxa have been investigated by a variety of gov
ernmental and private concerns. Recently the emphasis has been 
expanded to consider under-utilized or non-utilizable fish re
sources. 

The scope of this study encompassed factors that affect 
larval population and adult population dynamics. 

Concurrent with this investigation a monthly monitoring 
program characterizing the abiotic and microbiotic parameters 
of the harbor was conducted by Harbors Environmental Projects; 
concurrently, trawls to assess adult fish populations were 
being conducted by Stephens (Section IIA). Data generated by 
those studies are presented to augment understanding of some 
of the factors affecting larval fish populations. As knowledge 
of all phases of the harbor ecosystem is increased, there is a 
concomitant increase in the capacity to assess and predict the 
effects of fluctuations or perturbations. 

It appears from the studies conducted over the last five 
years that adult populations of the numerically dominant species 
(Genyonemus lineatus and Engraulis mordax) have been declining. 
The present study has at.temped to provide information from ich
thyoplankton and ot~er data that will assist in exploring the 
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possible causes of this decrease. 

MATERIALS A.ND METHODS 

Ichthyoplankton populations were sampled in the Los An
geles-Long Beach Harbor area at ten stations (Figure 1) over 
a period from January through November 1978. The earlier 
study (AHF, 1976) sampled these ten stations as well as an 
additional thirty, in the same general area. 

In the original ichthyoplankton study, a 0.5 m plankton 
net (333µ mesh) was towed at 4 m depth from a small boat at 
low speed. In the current study, oblique tows using 333µ mesh 
bongo nets were taken from the R.V. Golden Wes~ (Figure 2), 
such that while the boat was in motion, the nets descended to
wards the bottom as cable was released and ascended to the sur
face while cable was retrieved. From April through November 
1978, a second sampling method was added, a 0.5 m plankton net 
(333µ), towed for five minutes from the R.V. Golden ~est near 
the surface (< lm). The cod ends of both nets in the current 
study were provided with screens of mesh size similar to that 
of the nets. Bongo nets were equipped with a rocket-shaped 
flow meter (General Oceanics); the 0.5 m ring net was equipped 
with a four-blade, four-dial flow meter (Rigosha). 

Table 1 summarizes the monthly sampling regime at each 
station. During the first three months (January-March) bongo 
tows were conducted at night.· To facilitate comparison of da
ta with earlier studies employing different sampling methods, 
additional 0.5 m net tows were taken during the day for the re
mainder of the study. 

Samples were fixed on shipboard with buffered formalin and 
returned to the laboratory for identification. Eggs were sort
ed and counted, and engraulid eggs were further separated and 
tabulated. Larvae were sorted and grouped by general charac
ters, and then identified to the lowest possible taxonomic lev
el (family, genus or species), except for unidentifiable, "un
known" specimens. Literature references concerning early life 
histories of marine fishes, as well as an established reference 
collection, provided a source of comparison for identification. 
A reference collection consisting of larval specimens from the 
current study was established and identifications were veri
fied by personnel of the National Marine Fisheries Service, La 
Jolla, California. Counts were tabulated and a conversion fac
tor based on flow met1r data was used to quantify number of 
larvae or eggs in f/rn of water sampled. 

Concurrent with this study, the Harbors Environmental 
Project was sampling forty stations monthly in Los Angeles
Long Beach Harbors. Data gathered on dates and at stations 
correspondingly close to trawl dates and ichthyoplankton sta
tions (Al, A2, A4, A7, B9, Bl0, B11, C3) were assimilated into 
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composite monthly averages to provide necessary background 
for interpretation of ichthyoplankton data. 

Surface water was collected by bucket at each station, 
and samples were taken for nutrient analysis (nitrate, nitrite, 
ammonia and phosphate levels) in the laboratory. Samples were 
filtered on board for spectrophotometric chlorophyll a anal
ysis in the laboratory. Nutrient and chlorophyll analyses 
were performed according to Strickland and Parsons (1972); 
Section I, this volume. Temperature and salinity data were 
taken with a Mark V Martek Corp. remote probe unit. 

RESULTS 

Abiotic Data and Phytoplankton 

Surface temperatures in the harbor (Figure 3) fell from 
a year-end high in 1977 (17.3°) to a winter low of 15.4° in 
January 1978, rose through the spring, and fell off in early 
summer in July. Temperature resumed an upward trend toward a 
maximum in October (20.40) and then fell rapidly through No
vember and into December. Salinity values fluctuated for the 
first four months of the year, leveled off in March through 
October and then began to increase toward a seasonal high la
ter in the year. 

Figure 4 shows values for two of the primary nitrogen 
sources available to photosynthetic algae and bacteria. Ni
trite (N02) levels remained fairly constant (.11-.27 µg-at 
N/1) throughout the year except for a protracted peak between 
July and September. Nitrate (N03) levels increased through 
the early part of the year and then fell abruptly to a low 
summer plateau, increasing in the fall. Figure 5 shows the 
mean values of ammonia nitrogen (as NH4) and phosphate (P04) 
phosphorus. Ammonia values follow those of the nitrate 
sources, while phosphorus levels remain fairly stable. 

The seasonal fluctuation in harbor chlorophyll a levels, 
a measure of plankton biomass, is shown in Figure 6. Values 
are low during the early part of the year (1-2 mg Chl a/m3) 
increased to a high in September and sh0wed another maximum in 
November (5 mg Chl a/m3). 

Ichthyoplankton 

Displayed in Figure 7 are the seasonal variations in egg 
and larval stocks in the harbor area for 1978 and for the orig
inal study in 1974, expressed as mean number/100rn 3 of water 
filtered. The largest incidence of eggs and larvae for both 
studies occurred in the early part of the year (January-March). 
1974 data are taken from Figure 7.6 of the orginal study, which 
represented numbers of all eggs and larvae other than from 
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anchovies. (Information elsewhere in the text showed engraulid 
data to be significant only in the first three months, where 
they provided a modest increase, e.g. total larvae including 
anchovies peaked at 103/100rn3 in FebruaryJ While the patterns 
of seasonal variations are similar for both 1978 and 1974, con
centrations are greater by orders of magnitude in 1978 than in 
1974. Differences in collection depth would have influenced 
this increase to some extent, as discussed in a later section. 

While abundance of larvae is at a maximum in the early 
pa.rt of the year, Figure 8 illustrates that the number of spe
cies of fish spawning has two peaks; one in the early part of 
the year and then one in fall. 

Over the course of the year the abundance and composition 
of the ichthyoplankton population varied greatly. In the ini
tial part of the year larger numbers of sciaenid larvae 
(white croaker, Genyonemus Zineatus) dominated larval counts; 
the majority of the correspondingly high numbers of eggs were 
also probably from sciaenids. Table 2 represents a taxonomic 
breakdown of eggs and larvae encountered in this study, iden
tified to the lowest possible taxonomic level or, occasionally, 
a most likely choice when absolute identification could not be 
made (e.g. Par>aliahthys/Xystreurys). 

Table 3 lists larvae identified in Table 2 in descending 
order of abundance, both as total numbers of larvae captured 
and as number/100m3/yr. Also listed for each larval form are 
the numbers of samples (62 total) at which each occurred as 
well as the number of months (out of a possible 9) in which 
each was seen. The sciaenid species Genyonemus Zineatus and 
engraulid larvae constitute the two most abunuant larvae en
countered, while gobiid and engraulid larvae showed the highest 
numbers of occurrences. 

Species Distributions 

Figures 9 and 10 show the distributional pattern of eggs 
and larvae throughout the harbor. Station 4, nearest the can
nery outfall area and TITP discharge areas showed high numbers 
of eggs and larvae. Station 2, near the entrance of the har
bor also showed high numbers of eggs. 

Figures 11, 12, 13 and 14 represent stations which showed 
the highest numbers of larvae captured for the four top-ranking 
larvae encountered. The majority of Engraulidae larvae were 
still found outside the breakwater (Figure 11), as was true 
in the earlier surveys (AHF, 1976). Water movement into the 
harbor through the gates probably carried large numbers of lar
vae into the station near the entrance. Abundance decreased 
as the larvae are carried further and further into the harbor. 
The lowest abundances were found in the outfall area and in 
the Long Beach Back Channel as in the earlier studies. 
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Figure 12 illustrates the pattern of larval abundance of 
the Sciaenidae, principally Genyonemus. As in the original 
study, sciaenids showed large concentrations in the Back Chan
nel (St. 17) and around the outfall area. Environmental 
Quality Analysts/Marine Biological Consultants (1978) reported 
that Genycnemus adults comprised 49% of other trawl collections 
from Long Beach harbor, where the majority of stations were in 
the Back Channel. 

The Gobiidae data show (Figure 13) that most of the 
larvae stay near the areas of rocky habitats preferred by the 
adults. As in the last study, the most productive stations 
were those in the channels and near the breakwater. Figure 
14 for the Blenniidae also shows that station 17 was an area of 
high larval abundance, as well as station 5. The blenny lar
vae were found near the environments of the more stationary 
adults, as were the gobies. But unlike .the gobies, blennies 
did not show significant numbers of larvae around station 16. 
Both families have eggs that attach to the habitats, so they 
would not contribute to the eggs found in the survey. 

Table 4 compares the larvae from plankton tows and the 
adult fish taken by the trawls for both 1974 and 1978. Each 
is ranked by abundance of total numbers captured. Of the most 
abundant larvae captured for 1978, only the midwater myctophid, 
StenobPaahius, is unexpected, though it has been shown to come 
inshore to spawn. Two of the ten most abundant adult species, 
Phanerodon and Hyperprosopon, are live bearers (embiotocids) 
with larvae well developed at birth; these would show a high in
cidence of net avoidance. No representatives of gobies or 
blennies were found in Stephens' adult fish trawls among the 
ten most abundant species, while both figured predominantly in 
larval tows; however, Environmental Quality Analysts/Marine 
Biological Consultants (1978) data showed that Lepidogobius 
ranked third in abundance prior to thermal input, decreasing 
in abundance to a rank of tenth afterward. 

Clinids and the pomacentrid Chromis showed high numbers 
of larvae in 1974, and fewer in 1978. Some of the explanation 
lies in the restricted area of the 1978 tows. The tows for 
the present study were confined to the harbor proper and im
mediately outside. Clinids and pomacentrids in 1974 showed 
larval abundances outside the harbor generally, concentrating 
in an area outside the scope of this study. The only larvae 
which were dominant in 1974 inside the harbor and which were 
not dominant in 1978 were representatives of the Cottidae. 
Members of this family, commonly called sculpins, do occur in 
the harbor. Several genera, Clinoaottus, Leptoaottus and 
Saorpaeniahthys, occur at numerous locations around rocky hab
itats such as the breakwaters and rocky shores of Terminal Is
land. A reason for their decline in larval abundance cannot 
be conjectured because of lack of sufficient information about 
the population dynamics and habits of the adults. 
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Seasonality 

The highest rate of spawning activity, which occurred in 
January, February and March, coincided with seasonally high 
levels in chlorophyll a concentrations. During this period 
two families, the Sciaenidae (Genyonemus) and Engraulidae 
(probably EngrauZis), accounted for 93% of the larvae captured 
(62% and 31%, respectively). Since the pattern of egg spawn
ing should correspond with the larvae in the area, it can be 
assumed that the preponderance of eggs were also sciaenid. 

Abundance figures in 1978 are 20 times those in the pre
vious study for the first three months (Figure 7) although 
this is biased by the collecting methods and is not quantifi
able with accuracy. A decrease in larval numbers followed 
during the spring and summer, with an increase from September 
through November, corresponds with the maximum numbers of 
about 20 species of fish larvae collected in February and Sep
tember (Figure 8). The larvae and eggs develop faster in the 
swnmer with the increased temperature and therefore settle 
faster. Coupled with reduced numbers of adults spawning, the 
abundance of eggs and larvae would be expected to be lower in 
summer. 

Larval fish reached the lowest levels in August. In the 
present study, August was the first month in which surface 
samples were analyzed quantitatively. The decrease shown was 
probably due to differences between bongo and surface tows. 
Abundance returned to June levels in September and November 
where surface tows also were taken. Comparison of data for 
simultaneous surface tows and bongo tows showed that the for
mer method underestimated abundance by a factor of 10 as com
pared to bongo net totals. 

The species using the harbor area as a spawning ground 
showed a periodicity paralleling phytoplankton peak biomass 
as noted-previously in Figures 7 and 8. A spring bloom and 
fall bloom put large concentrations of cells in the water which 
can possibly be utilized by larvae. Some of the species showed 
spawning throughout thG year (Hypsoblennius and engraulids). 
Others showed spawning restricted to the winter/spring period 
of January through April (e.g., Genyonemus and Stenobr~chius), 
or the fall period of August through November (Peprilus, Sym
phurus, and Oxyjulis). 

DISCUSSION 

The Los Angeles-Long Beach harbor system is a complex 
ecosystem, adjusting to influences of natural processes and 
accommodating discharge of urban waste and sewage effluents 
from commercial and industrial concerns. The effects of a 
quiet water harbor environment and input of effluents have 
combined to produce a near-eutrophic system with high 
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production estimates at all levels. 

Attempts have been made by the City of Los Angeles and 
the Regional Water Quality Control Board to improve water 
quality throughout the harbor system over the past five years, 
in compliance with federal legislation. Part of the "clean
up" activities focused on the fish cannery facilities and the 
discharge of processing wastes into the harbor. In 1975 the 
canneries began to put discharge through dissolved air flota
tiqn {OAF) systems to reduce the suspended solids released to 
the harbor. In the spring of 1977, the Terminal Island Treat
ment Plant initiated secondary treatment of harbor industrial 
and sewage wastes. In October 1977, one of the two effluents 
from the canneries was connected to the TITP facility and by 
January 1978 the second was connected, subjecting the process 
water to secondary treatment as well. 

In order to assess changes in water conditions it is nec
essary to compare data from years prior to implementation of 
treatment with data from subsequent years. Harbors Environ
mental Projects have collected data since 1971, and published 
in particular on conditions in the harbor for 1973-74, (AHF, 
1974). Included in that volume were data concerning both 
abiotic and biotic factors, both of which have been considered 
in the scope of the present study. Other physical and biolog
ical data were published in the journal Marine Studies of San 
Pedro Bay~ California {Soule and Oguri, eds.). 

Abiotic Factors 

Temperature and salinity values (Figure 3) over the course 
of the year reflect seasonal patterns seen up and down the Cal
ifornia coast; i.e. water characteristics for the harbor are 
mediated by water mass factors affecting the entire coast, 
primarily, variability 1n the intrusion of the Davidson Current 
(Oguri, 1974). 

In the harbor in the initial part of the year, temperature 
values approached a mid-winter minimum (15.4 C) and rose 
through the spring and summer to a fall maximum in October 
(20.4 C). The 5 degree C change for the entire year reflects 
the warm water trend the Southern California Bight has been 
experiencing for the last several years; the minimum was about 
4 degrees higher than would normally be expected. 

Salinity values in the harbor fluctuated between 37 ppt 
and 24 ppt during the early part of 1978. This wide oscilla
tion resulted from sampling surface waters during or immedi
ately after rains that coincided with sampling dates. As the 
rainy season tapered off, the surface salinity values stabil
ized at approximately 30 ppt and began to increase toward a 
winter maximum in December. The values found in 1978 were well 
within the range of values found during 1973 and 1974. 
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Nutrient values for nitrate nitrogen (N03), nitrite nitro
gen (N02), ammonia nitrogen (NH4) and phosphate phosphorus 
(P04) are illustrated in Figures 4 and 5. Patterns of maxima 
and minima for coastal areas have been well documented 
(Raymont, 1963). The patterns for the harbor were similar, 
with peaks in values in spring and winter and minima in the 
summer and fall months. 

Nitrate values rise steadily to a spring maximum in March 
and drop rapidly to minimal values in May. The spring maximum 
in the harbor coincided with nutrient turnover and increase in 
N03 values found in coastal waters in the early months of the 
year (Thomas, 1974); flood control runoff entering the harbor 
during the winter rainy months may also contribute to this peak 
(AHF, 1976). Nitrite values for the harbor showed a character
istically narrow range, as well as low levels for the entire 
year, consistent with low levels in the bight region. (with the 
exception of an anomalous peak in August coincident with the 
TITP malfunction). Ammonia and phosphorus also show typical 
patterns with the exception of unexpected peaks in midsummer. 
These peaks also corresponded in time with the breakdown of 
the TITP plant; the effects of this temporary cessation in sec
ondary treatment will be discussed in a later section. 

Text Table l compares nutrient ranges for 1974 and 1978. 
Generally, the nitrogen sources appear to have lower concentra
tions in 1978 and phosphate levels are slightly higher, but the 
differences are not large. Considering that in this system 
medians of ranges are likely to be higher than means using all 
pertinent data, it appears that both years 1974 and 1978 are 
similar in nutrient characteristics. 

Text Table 1. Nutrient Levels (ug-at/1) in Los Angeles
Long Beach Harbors in 1974 and 1978. 

Nutrient Range 
1974* 

Mean Range 
1978 

Mean1 Mean2*** 

N03 
t-02 
1':JH4 

P04 

1~52-13.86 
0.12-0.81 
0.41-11.9 
0.46-1. 75 

7.35 
.31 

4.40 
1.10 

0.9-14.2 
0.11-0.27 
1.2-7.8 
0.7-2.4 

(69.0)** 
(3.2) 

(60.6) 
(6. 7) 

5.10 
0.17 
3.70 
1.55 

5.37 
0.22 
4.25 
1.53 

* data from AHF (1976) 
** anomalous values from breakdoun of TITP plant (in paren

theses) are excluded from range of characteristic nutri
ent levels for 1978 

*** mean2 calculated with anomalous values included 
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Phytoplankton Factors 

Nutrient concentrations, temperature and salinity affect 
adult fish populations primarily indirectly. These factors 
as well as others (e.g., light levels and silicate concentra
tions) directly mediate phytoplankton biomass and species 
succession (Raymont, 1963; Ryther and Dunstan, 1971; Droop, 
1973; Rhee, 1974; Tilman, 1977). Phytoplankton biomass, which 
can be estimated by chlorophyll a concentrations, is closely 
related to peaks in nutrient values, such that large drops in 
nutrient levels reflect utilization of nutrients by phytoplank
ton. Normal high nutrient levels and low chlorophyll a values 
early in the year, during colder water periods, reflect season
al nutrient regeneration and turnover, while phytoplankton 
numbers may be low due to low levels of available light. As 
day cycles lengthen, utilization increases, causing decreases 
in nutrient concentrations. In summer the values remain low 
due to utilization. In 1978, only in May did nitrate and 
phosphate approach levels reported to be limiting in culture 
(< 2 µg-at P/1 and <1.5 µg-at N/1) (Parsons and Takahashi, 
1974). While some slowing of growth has occurred, it does not 
appear that nutrient levels were a major factor in limiting 
phytoplankton growth except for short periods during the year; 
this parameter of primary production does not appear to have 
changed significantly from 1974-1978. 

Some evidence of the effects of a breakdown in the TITP 
plant in late June to August 1978, appears in nutrient and 
chlorophyll data. Ammonia and phosphate showed anomalously 
high levels in July, and nitrites also showed a possibly rela
ted peak in August, reflecting concentrations directly at the 
outfall station (A7) or nearby; these levels dropped immediate
ly to previous levels (Figures 5 and 6). Chlorophyll a biomass, 
however, at stations near the outfall (A7 and A4), decreased 
in July, suggesting a toxic effect on the phytoplankton, pre
sumably from the wastes and control substances used. Data for 
the harbor as a whole suggest that chlorophyll biomass has re
mained relatively stable in 1977 and 1978. 

Chlorophyll a values typically show a spring bloom in re
sponse to the above factors, but data for 1978 did not show 
this. One possible explanation is that phytoplankton blooms 
can sometimes be extremely short in duration, as zooplankton 
grazing can reduce phytoplankton stocks by orders of magnitude 
in a few days (Fleming, 1939). It is therefore possible to 
miss a peak entirely when sampling only once a month. Nitrogen 
concentrations decreased rapidly during the spring as if utili
zation were in fact occurring. Therefore, it is possible that 
the usual spring bloom occurred as in 1976 and 1977, but was 
underestimated due to the sampling program. 

Uptake rates were rather low in 1978, therefore assimila
tion ratios are low as well. This may indicate a low C:N ratio 
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in the harbor in 1978, perhaps as a result of a change in 
carbonate equilibrium. 

In comparing chlorophyll values for 1976-78 from Harbors 
Environmental Projects data (this volume, section IIC), total 
chlorophyll a biomass values were quite similar for 1977 and 
1978 (35 =1 mg Chl a/m3/yr). 1976 values were higher 
(40 mg Chl a/m3/yr), but not markedly. The seasonal pattern 
is essentially the same for all three years. Further, the 
seasonal pattern inside the harbor parallels that seen at 
station Al outside the harbor proper, indicating, as stated in 
section IIIC of this volume, that causative conditions are not 
unique to the harbor, and implicating considerable seasonal 
influence from the basic character of waters resident along the 
coast. The effects of natural yearly oscillations cannot be 
assessed from this short-term period; nevertheless, all indi
cators except carbon uptake indicate that chlorophyll biomass 
in the harbor has not changed significantly over the three 
year period. This suggests that secondary treatment of can
nery effluents has had little overall effect, and it is sur
prising that the institution of secondary treatment of harbor 
wastes begun in the spring of 1977 has not had a greater effect. 
Aside from considerations of phytoplankton species composition 
and annual fluctuations in water mass characteristics, the to
tal phytoplankton food supply for larval fishes in the harbor 
has not apparently become a limiting factor. 

Fish Populations 

Adult populations of fish in the harbor have shown a de
creasing trend since 1974. Two important species, Genyonemus 
Zineatus (white croaker) and EngrauZis mordax (Northern ancho
vy), have shown the most dramatic drops and thus heavily influ
ence fish trawl data (Stephens, 1974; Section IIA, this volume). 
For the numerically dominant fish in the harbor, Genyonemus, 
a major factor in its decline is the removal of particulate 
cannery wastes. In 1974, trawls in and about the cannery out
fall area captured> 700 fish/trawl, with a preponderance of 
Genyonemus. During the summer of 1973 Stephens captured more 
than 25,000 juveniles in the outfall area. After introduction 
of DAF treatment to coagulate wastes, fish populations around 
the outfall dropped to around 160 fish/trawl in 1975 and 88 
fish/trawl in 1976. In 1978 around the outfall area, the num
ber of fish per trawl was 125, increasing in July to 993 fish/ 
trawl, exceeding 1974 values. This increase probably resulted 
from the breakdown in the TITP plant, releasing sewage into 
the area and causing a rise in BOD and suspended solids of 10 
and 30 times, respectively. This evidence, with trawl data be
fore and after DAF installation, as well as the report by Reish 
and Ware (1976) on the feeding habits of Gen~onemus, show that, 
at least in part, the decrease in adult fish populations can 
be attributed to a reduction in available food resources. The 
OAF treatment removed available organic nutrients that were 
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previously discharged into the harbor by the cannery (Section 
IIE, this volume) and probably had a far greater impact than 
secondary waste treatment. Genyonemus is an omnivore (Reish 
and Ware, 1976) and consumes large numbers of benthic poly
chaete worms. A drop in organic nutrients and increased preda
tion pressure on polychaete populations, affecting both abun
dance and species composition, would greatly reduce the nutri
ent source available to bottom-feeding fish. 

The Northern anchovy population (Engraulis mordax) has 
been declining in the Southern California Bight area for the 
past five years. Acoustical surveys show a 1973 peak of 1.8 
-2.0 x 10 6 T, less than 5 x 105 Tin 1978 and 3 x 105 Tin 
1979 {Frey, personal communication), showing a six-fold de
crease in five years. In the harbor, though, based upon the 
data of Stephens et al. (1974) and Harbors Environmental Proj
ects (this volume, Section IIA), anchovy biomass has been re
duced a thousand-fold. Possibly the installation of DAF treat
ment by the fish canneries has also influenced the decline of 
Engraulis in the harbor. The harbor has not had a dinoflag
ellate bloom in recent years (Morey-Gaines, personal communica
tions) which constitutes a large part of the larval anchovy's 
diet (Lasker, 1975). The reasons for this are not clear but 
may relate to temperature, or to bacterial populations de
creases (Oguri, Soule, Juge and Abbott, Red Tide Conference, 
1975). Bacterial populations dropped 30-fold following TITP 
conversion to secondary treatment (Section III, this volume), 
but there are no comparable data for previous years. 

While adult populations of Genyonemus and Engraulis have 
been greatly reduced, other species have more nearly maintained 
their population levels since 1975. This suggests both that 
waste treatment can have species-specific effects and that in
dependent factors can operate in a complex system that may con
fuse interpretation of cause-effect relationships. 

Larval Abundance 

Based on large numbers of juveniles encountered by Stephens 
(1974) in the summer of 1973 it is reasonable to assume that 
large numbers of eggs and larvae were spawned in the preceding 
couple of years. However, the previous icnthyoplankton survey 
did not show the expected high numbers of larvae or eggs during 
the early months of 1973 and 1974 when Genyonemus spawns 
(AHF, 1976). In contrast, in January and February, 1978, this 
study found numbers of eggs and larvae that peaked at values 
in the hundreds per cubic meter, which are extraordinarily 
high (Figure 7) and indicate a highly productive area. In com
parison, values for a recreational harbor in ~anta Monica Bay 
(King Harbor) showed larval densities of 44/m at the richest 
station (McGowen, 1978). 

A possible factor contributing to this abundance is that 
several genera of the sciaenids (BairdielZa, Umbrina and 
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Seriphus) exhibit cannibalistic or predatory behavior on eggs 
and larvae (Maxwell, 1975); the flatfish Cithariahthys has 
been known to have fish eggs in its guts (Reish and Ware, 1976). 
A considerable decrease in the adult fish population between 
1973 and 1978 could affect predation levels and thus would in
crease the number of larvae and eggs in the water column. 

Another factor that must be considered is the sampling 
method. The original survey consisted in horizontal tows at 
approximately 4 m below the surface. In the harbor, a chloro
phyll maximum layer was found around 3 m (Section IIIC, this 
volume). Lasker's (1975) work with anchovy larvae demonstra
ted larval and egg stratification in and above the chlorophyll 
maximum. He found that larvae without pigment in their eyes 
(therefore nonfunctional) were found in high abundance above 
the chlorophyll maximum layer, while sighted larvae were found 
predominantly in the chlorophyll maximum layer, and abundance 
above the layer exceeded that below by a factor of ten. Eggs 
were stratified also, with a high abundance in and above the 
layer. Furthermore, anchovy larvae with pigmented eyes show 
significant net avoidance (P. Smith, 1972). Other larvae could 
stratify in a similar manner. Over 60% of sciaenid larvae 
from the oblique bongo tows, sampling the whole of the water 
column, were without eye pigmentation, indicating successful 
sampling of upper layers. While no evidence concerning pigmen
tation is available from the earlier study, it is likely that 
sampling at 4 m would result in a significant decrease in the 
number of eggs and larvae captured relative to the actual pop
ulation. Although the magnitude of this decrease cannot be 
accurately estimated it is probably not sufficiently great to 
account for the discrepancy in abundances between 1974 and 1978. 
Possibly a ten-fold higher abundance in 1978 is a more reason
able estimate. 

The number of species·of fish larvae collected each month 
in 1978 ranged from 5-18 with a baseline around eight and two 
peak periods in spring and fall (x = 11.6). Data for adult 
fish species in the same area show a range of 0-15 and mean 
around 7 for 1974-1978 (Environmental Qua"iity Analysts/Marine 
Biological Consultants, 1978), and in another study (Stephens, 
1974), a range of 1-11 and a mean of 6. This higher number of 
species in the ichthyoplankton collected in 1978 alone may re
flect a higher diversity than in earlier years, although pos
sibly the difference in sampling methods could allow a differ
ent representation of species in the catches. 

It is tempting to speculate that these high abundances of 
1978 eggs and larvae will result in increases in future adult 
populations, but further investigation is needed in order to 
predict the fate of the high number of eggs and larvae (Hempel, 
1965). Without additional sampling employing collection of 
settled larvae, there are no direct means of determining suc
cess of recruitment. It has been demonstrated (Lasker, 1975; 
O'Connell and Raymond, 1970) that first-feeding anchovy larvae 
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require high concentrations of food particles of a certain 
size. Cell size and abundance cannot be extrapolated direct
ly from chlorophyll concentrations alone. Cell size distribu
tion depends on the presence of suitable species and on their 
succession in the phytoplankton. Limited information concern
ing species composition and size distributions within the 
phytoplankton is available (Section IIIC, this volume). Gen
erally, red tide blooms were lacking in 1978, and without high 
concentrations of dinoflagellates recruitment of anchovy larvae 
ca~not be expected to have a high rate of success. The data 
are insufficient to predict future adult population abundances. 

CONCLUSIONS 

Secondary treatment has not significantly altered nutrient 
conditions, which seem to follow seasonal trends that occur 
throughout the Southern California Bight. This change also 
has not significantly altered phytoplankton biomass, which 
follows the·patterns of abiotic factors (nutrients, tempera
ture, salinity and light levels) that are influenced by off
shore events. Nevertheless, adult populations of fish in the 
harbor have been declining since dissolved air flotation (OAF) 
treatment was initiated in 1975. Previous studies show that 
the dominant adult fish species Genyonemus utilized the outfall 
area for foraging on suspended cannery wastes, and also fed on 
numerous benthic worms in the enhanced area of the outer har
bor. The number of adult fish captured per trawl increased by 
an order of magnitude for a brief period in 1978 coincident 
with a TITP malfunction, when particulate sewage and industrial 
wastes were discharged into the harbor at the outfall. The 
fish numbers then declined after full recovery of the treat
ment plant. High nutrient values occurred during the breakdown, 
but chlorophyll biomass was slightly reduced. Chlorination 
was also going on at that time. 

The present study found higher counts of eggs and larvae 
than were found in an earlier study; this is probably due to 
reduced predation by adult fish and to more efficient sampling 
methods. Larval species demonstrated discrete distributions 
within the harbor according to habitat and food resource. Suc
cess of recruitment of larvae cannot be predicted on the basis 
of egg and larvae census alone, as was demonstrated by the 
huge numbers of anchovy larvae offshore in 1975 which failed 
to recruit for unknown reasons. The result has been a 4-fold 
drop in spawning biomass off California by 1979. Therefore, 
the contribution of these larvae to future adult populations 
remains in the realm of speculation. 

LITERATURE CITED See Section VI 
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Figure 1. Ichthyoplankton trawl stations, 1978. Station 21 

is approximately 2 miles off the breakwater. 

Figure 2. Diagram of sampling method using paired bongo nets. 
Dashed line represents complete path towed through 
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Figure 3. Mean monthly temperature and salinity values 
recorded in 1978. Monthly averages represent data 
collected at selected harbor stations on sampling dates 
most closely correlated to ichthyoplankton trawl dates,. 
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Figure 4. Mean monthly N03 and N02 nitrogen levels in 
µg-at/1 for 1978. Monthly averages represent data 
collected at selected harbor stations on sampling dates 
most closely correlated to ichthyoplankton trawl dates. 
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Figure 5. Mean monthly ammonia nitrogen levels (o) and 
P04 phosphate levels (e) in µg-at/1 for 1978. Monthly 
averages represent data collected at selected harbor 
stations on sampling dates most closely correlated to 
ichthyoplankton trawl dates. 
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mg/m3 for 1978. Monthly averages represent data 
collected at selected harbor stations on sampling 
dates most closely correlated to ichthyoplankton 
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Table 1. Monthly sampling regime in Los Angeles-Long Beach 
Harbors in 1978 according to stations and to sarn
ling and quantification methods. 

J F M A M J J I A s 0 NSt 

, 
I 
B/

2 B* B* B B;so BJso BJso BJS* B;S*S* 

3 Blso Biso Biso B
Is* Bi B

Is*S* 

B B* B* B B B 
4 B* B* B /so /so /so IS* IS* IS* 

B B* B* B B B 
5 /so /so /so Is* Is* Is* 

B B B 
6 B* B B B;so BJso Bi 

so IS* IS* IS* 

B B* B* B B B 
7 B* B B lso lso lso Is* Is* Is* 

B B* B B B B 
15 B* B* B lso lso lso Is* Is* Is* 

B B* B* B B B
B* B*16 B / 8 0 lso 1so Is* IS* Is* 

17 B* B* B* 

21 B* B* B 

day night 

B = bongo nets 
S = surface tows 
o = identified but not quantified 
*; identified and quantified 
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Table 2. Taxonomic classification of larvae and eggs collected 
in Los Angeles-Long Beach Harbors in 1978. 

Atherinidae 
unidentified 

Blenniidae 
HypsobZennius 

Bothidae 
Paralichthys/Xystreurys 
Cithariahthys 

Carangidae 
Seriola/Trachurus 

Clinidae 
unidentified 

Cottidae 
ciinoaottus type 
Scorpaenichthys marmoratus 
unidentified 

Cynoglossidae 
Symphurus atriaauda 

Engraulididae 
Engraulis mordax* 

Gobiesocidae 
Gobiesox rhessodon? 

Gobiidae 
unidentified 

Labridae 
Oxyjulis californica 

Merlucciidae 
Merluccius productus 

Myctophidae 
Stenobraahius leuaopsarus 
Triphoturus mexiaanus 

Ophidiidae 
? Chilara taylori 
? Otophidium sarippsi 

Pleuronectidae 
Hypsopsetta guttulata 
Pleuronichthys ritteri 
Pleuronichthys verticalis 

Pomacentridae 
Chromis punatipinnis 
Hypsypops rubiaundus 

Sciaenidae 
Cheilotrema saturnum 
Genyonemus Zineatus 
Seriphus politus 

Scorpaenidae 
Sebastes I 
Sebastes II 

Serranidae 
Pai1alacr>ax 

Sphyraenidae 
Sphyraena argentea 

Strornateidae 
Peprilus simiZlimus 

Synodontidae 
Synodus lucio~eps 

Unidentified 

Yolk sac larvae 

* possibly other Engraulids included 
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Table 3. Abundance of eggs and larvae from Los Angeles
Long Beach Harbors in 1978. 

# of montasTaxon # Captured #/100m3/yr f occurre 

Genyonemus Zineatus 5001 108,413 15 4 
Engraulididae 2567 41,034 40 9 
Gobiidae 665 9,243 39 6 
Hypsob Zenn.i us 502 2,930 38 9 
Seriphu~ poZitus 92 203 10 3 
Symphurus atriaauda 73 178 5 1 
Sebastes I 54 888 11 3 
Stenobraahius leuaopsa:r>us 34 596 6 2 
Paralabrax 33 76 4 2 
ParaZiahthys/Xystreurys 27 402 9 4 
PZeuroniahthys ritteri 23 357 8 4 
OxyjuZis aa Ziforniaa 23 56 1 1 
Cithariahthys 19 176 9 5 
Sphyraena argentea 18 44 3 2 

Pleuronichthys vertiaaZis 18 309 10 4 
Gobiesox rhessodon? 15 174 9 3 
Clinidae 11 124 10 6 
Unidentified 11 98 6 2 
Yolk sac 7 14 5 2 
Atherinidae 7 4 1 
Cottidae 6 99 5 2 
Chromis punotipinnis 6 13 4 1 
CheiZotrema saturnum 6 13 3 1 
PepriZus simi Zti mus 5 7 3 2 
Hypsypops raubiaundus 5 45 4 2 
Hypsopsetta guttuZata 5 12 4 1 
Merlucaius productus 4 59 2 1 
?ChiZara tay Zori 3 20 2 1 
Clinoaottus type 3 35 3 2 

?Otophidium scrippsi 2 4 2 1 
Saorpaeniahthys marmoratus 1 10 1 1 
SerioZa/Traahurus 1 2 1 1 
Triphoturus mexiaanus 1 10 1 l 
Sebastes II 1 16 1 1 
Synodus Zuaioceps l 1 1 
Engraulid eggs 316 13 7 

Other eggs 22,913 56 8 



Table 4. Ranked order of ten most abundant species of fish and larvae. 

LARVAE 

Genyonemus lineatus 

Engraulididae 

Gobiidae 

liypsoblennius 

Ser>iphus politus 

SymphUPus atrieauda 

Sebastes I 

Stenob-r>achi us 

Pcwa labr1ax 

Paraliehthys/ 
Xys tr•eur>ys 

1978 
ADULTS 

Genyonemus lineatus 

Symphurus atriaauda 

Ci tharichthys 
atigmaeus 

SePiphus politus 

Engraulis mordax 

Phane'l'odon furaatus 

Synodus luaioaeps 

Par>alichthys 
aalifoFniaus 

llypeY'prosopon 
argentewn 

Sebastes daUii 

LARVAE 

Engraulididae 

Hypsoblennius 

Sciaenidae 

Sebastes 

Gobiidae 

Clinidae 

Clwomis 

Cottidae 

Paralabrax 

Pleuroniahthys 
veratiaalis 

1974 
ADULTS 

Genyonemus lineatus 

Engraulis morda.x 

Symphur>us atriaauda 

Ci thar>iahthys 
stigmaeus H 

H 
1-<j 

Seriphus politus N 
CX) 

Cyma togas tel' aggrega ta 

Phanerodon. f ur>c:a t-us 

Poriahthys myriaster 

Lepidogobius lepidus 

Sebastes miniatus 
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MONTHLY STANDING STOCK MEASUREMENTS OF BACTERIOPLANKTON 

AND PHYTOPLANKTON IN LOS ANGELES HARBOR AND 

SOUTHERN CALIFORNIA COASTAL WATERS 

INTRODUCTION 

Current interests concern the relationship between the 
organic material in sewage and cannery waste effluent discharges 
into the outer Los Angeles Harbor and the bioenhancement of 
those waters. Microbes play a key role in the cycling of this 
material into the food webs which characterize this bioenhance
ment. A principal role of marine bacteria is the respiration 
of organic compounds and the consequent regeneration of 
inorganic nutrients. This activity makes the substrates of 
primary production available to photosynthetic organisms in 
the harbor. Marine microbes also initiate an important food 
web by their·assimilation of dissolved organic matter (hetero
trophic production). Their cells are then made directly avail
able as food to higher trophic levels. Therefore, to under
stand these ecologically important members of the marine environ
ment better, a program to determine the monthly standing stock 
measurements of bacterioplankton and phytoplankton in outer 
Los Angeles Harbor was undertaken in September 1977. The outer 
harbor then received fish cannery wastes and secondary effluent 
from the Terminal Island Treatment Plant (TITP). The cannery 
effluents were diverted to TITP in October-December 1977, 
reducing organic nutrient input to the harbor substantially. 
The effects of this reduction on the bacterioplankton popula
tions was examined during the course of our study. 

METHODS 

The Acridine Orange Direct Count (AODC) method was used to 
enumerate bacterioplankton. All water samples were prefiltered 
through 203 µm mesh zooplankton net after collection in sterile 
one-liter Niskin water samplers. An appropriate volume of 
sample (one which yielded approximately 30 bacteria per field 
when counting) was mixed with 0.5 ml borate buffered formalin 
(100% formalin saturated with boric acid), 0.5 ml acridine 
orange solution (SO mg per L stock), and 0.2µ filtered sea 
water (FSW) yielding a final 5 ml sample which was 5% formalin 
and 5 mg per L acridine orange. After 3 minutes this mixture 
was filtered through the appropriate porosity Nuclepore membrane 
filter or directly onto a wet (with FSW) 0.2µ 25 mm diameter 
black Sartorius membrane filter (-10 cm Hg vacuum). The filter 
was then rinsed with 5 ml FSW. A drop of immersion oil, the 
filter, another drop of oil, and coverslip were placed on a 
glass slide.· This was stored in the dark at s0 c. Ten fields 
per filter were counted using epifluorescent illumination and 
l000x magnification. A mean and standard deviation for the 
number of bacteria per filter was calculated and this number 
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converted to bacteria per ml± one standard deviation. 

Autofluorescent particles were enumerated from August 
through December 1978 using an identical slide preparation 
technique, but without acridine orange staining of the water 
sample. 

Phytoplankton biomass estimates were courtesy of J. SooHoo 
(Chlorophyll a measurement), T. Sharpe (ATP measurement), and 
R. Ruse (floristics). 

RESULTS AND DISCUSSION 

The concentration of live bacteria (cells·L- 1 
) was deter

mined by the acridine orange direct count (AODC) method (Daley 
and Hobbie, 1975), and a biomass estimate (µgC·L- 1 

) (Ferguson 
and Rublee, 1976} of the standing stock was made monthly for 
1978 for water samples taken 1m below the surface at four sta
tions (A2, A7, Al2, B9) in the outer Los Angeles Harbor (Figure 
1) and one station (AO) in the coastal waters outside the harbor 
breakwater (Figure 2). The range over the year for stations in 
the harbor is 1.6 X 108 cells L- 1 (1.3 µgC·L- 1 

) to 55 X 10 8 

cells·L- 1 (42.8 µgC·L- 1 
), while the annual range in standing 

stock outside the breakwater is only 1.6 x 10 8 cells·L- 1 

(1.3 µgC·L- 1 
) to 18 X 108 cells·L- 1 {14.0 ugC·L- 1 

). The 
monthly bacterial standing stock in harbor waters averages 
2.5 times that found in coastal waters. All stations show two 
seasonal blooms of bacteria one in late spring and another 
in early fall. 

Phytoplankton biomass was estimated monthly by three inde
pendent methods: 1) chlorophyll a measurement (J. SooHoo, 
personal communication; Figure 3); 2) ATP content of particles 
(T. Sharpe, personal communication; Figure 4); and 3) direct 
count of phytoplankton and rnicrozooplankton (R. Ruse, personal 
communication; Figure 5). Collectively (Figure 6), these data 
show elevated phytoplankton biomass levels for various stations 
from April through September, with maxima occurring at different 
stations in June (A7), July (A2, Al2, B9), August (AO}, and 
September (A2, Al2, B9). The average annual range is.100 to 
1700 µgC L~ for harbor stations and 100 to 1000 ugC L- 1 for 
station AO. The phytoplankton bloom in late spring coincides 
with the bacterial bloom at that time. The late summer phyto
plankton bloom is followed by an early fall bacterial bloom. 
The bacterial blooms are correlated with times of increased 
levels of dissolved and particulate organic materials resulting 
from: 1) the high phytoplankton standing stock, 1) excretion 
by phytoplankton, and 3) grazing and excretion by zooplankton. 

The natural microbial population was size-fractionated 
each month by passage of water samples through various porosity 
Nuclepore membrane filters (Figure 7-15). The harbor water 
populations are composed of a smaller percentage of small cells 
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averaging 112% ± 27 (1 S.D.) <5µ, 90% ± 21 (1 S.D.) <lµ, and 
69% ± 15 (1 S.D.) <0.6µ, when compared with the coastal waters 
averaging 103% ± 13 (1 S.D.) <5µ, 94% ± 39 (1 S.D.) <lµ, 77%! 

40 (1 S.D.) <0.6µ. Conversely, the cells in the harbor environ
ment are generally larger than those found in coastal waters. 

The biomass of particles between 0.2 and l.0µ in size has 
also been estimated for many of these water samples by measuring 
the ATP content of this size fraction. ATP biomass estimates 
(Figure 16) averaged 20 times the AODC bacterial biomass estimates 
(Figure 17). Among other explanations for this difference are: 
l} non-bacterial ATP in this size fraction (in detritus or small 
pliable eucaryotes capable of passing a lµm porosity filter), and 
2) errors involved in converting to µgC with either technique. 

A vertical profile in August, 1978 at station A2 in the 
harbor (Figure 18} indicated the presence of a subsurface 
(3m depth) maximum in bacterial standing stock (18.9 X 10 8 cells· 
L- 1 or 14.8 µgc·L- 1 

). The water at this depth contained 13% more 
bacteria than found lm below the surface and 51% more bacteria 
than found lm off the bottom (10m depth). 

km 2If one considers a 10 area containing the four harbor 
stations (Figure 1) and assumes an average water column depth of 
10m and an average bacterial concentration at all depths equal 
to 80% of those values found at lm depth, the total bacterial 
biomass for this part of the harbor can be estimated. This 
estimate ranges over the year from 110 to 2610 kgC for the 
volume of water defined. 

Orange autofluorescent particles were observed in water 
samples throughout the year, and quantified in August, October, 
November and December, 1978 ( Figure 19). Little is known about 
these cells that are thought to be cyanobacteria (J. Sieburth, 
personal communication). Al µm porosity filter allowed 82% of 
these cells to pass, while none were able to pass a 0.6 um 
porosity filter (Figure 20). Their standing stock ranged from 
0.2 X 10 1 cells·L- 1 (0.09 µgC·L- 1 ) to 6.3 x 10 7 cells·L- 1 

) 

(2.87 µgC·L- 1 
) for the four months they were counted. They 

were of equal concentration in harbor and coastal waters. 
However, due to the increased bacterial standing stock in the 
harbor when compared with coastal waters, the biomass of these 
autofluorescent particles represented 7.0% and 24.8%, respec
tively, of the bacterial biomass in these two water masses. 

Effects of Cannery Effluent Disposal on Bacterioplankton 
Standing Stocks 

In September 1977 the bacterial concentration in outer 
Los Angeles Harbor waters was 1 to 2 orders of magnitude greater 
(237-1648 x 10 8 cells·L- 1 

) than the September, 1978 levels 
(35-43 X 10 8 cells·L- 1 

) (Figure 7) when the discharge of cannery 
effluents had been discontinued for at least nine months. 
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Before the discharge was diverted to the Terminal Island Treat
ment Plant for secondary treatment (TITP), bacterial concentra
tion at the various harbor stations was directly related to 
proximity to the site of disposal near station A7 (Figure 1). 
Station A7 contained 1648 X 10 8 cells·L- 1 while the other three 
harbor stations (A2, Al2, B9) contained 237-308 x 10 8 cells·L- 1 

• 

Discontinuation of cannery discharge resulted not only in a 
reduction in total bacterial numbers at all stations, but also 
in an equalization in the number of bacteria among the four 
harbor stations. A 27-fold difference in bacterial concentra
tion inside (A7) versus outside (AO) the breakwater in Septem
ber, 1977 was reduced to a 3-fold difference in September, 1978. 
It is hypothesized that differences observed between 1977 and 
1978 were due to the discontinuation of cannery effluent 
disposal near station A7. The TITP effluent had already been 
converted to secondary treatment prior to this study. 

Cannery effluent is rich in dissolved organic nutrients, 
and could support the large population of microheterotrophs 
found near station A7 in 1977. When discharge was discontinued, 
nutrients were no longer available to support a large bacterial 
population. Therefore, when all effluents were converted to 
secondary treatment in 1978, 1) the total number of bacteria 
at all stations decreased significantly, 2) the bacterial 
concentration at A7 was reduced to levels comparable with the 
other harbor stations, and 3) the large bacterial concentra
tion difference between the harbor stations and station AO was 
reduced significantly. Even though data are available for one 
season only, the magnitude of the change in standing stock of 
bacterioplankton observed is not believed to be due solely to 
natural year-to-year fluctuations. 

A 10-fold increase in marine bacteria which occurred at 
all harbor stations from June through October, 1978, originally 
ascribed to a seasonal pattern related to phytoplankton biomass, 
warrants reconsideration in light of information recently made 
available concerning TITP effluent composition and flow-rate. 
A TITP malfunction from June through August, 1978 resulted in a 
10-fold increase in the levels of suspended solids and BOD 
values in the effluent. This effluent, then, was potentially 
of sufficient quality and quantity to generate the observed 
microbial bloom. Thus such changes in the microbial population 
apparently are excellent indicators of changes occurring in 
effluent composition. 

Note, however, that a parallel change in bacterial numbers 
was observed at station AO, which is outside the harbor and 
might be considered as "upstream" of the receiving waters leav
inq the harbor. Therefore, a seasonal bloom of bacteria and 
the TITP malfunction may have occurred simultaneously, jointly 
affecting microbial biomass in the harbor, or tidal flushing 
may distribute the nutrients outside the harbor when levels 
are high enough in the effluent. A second year of monitoring 
microbial populations in the harbor may allow one to distin
guish between these alternatives. 
LITERATURE CITED See Section VI 
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THE INGESTION AND UTILIZATION OF LABELED MARINE BACTERIA 

BY HIGHER TROPHIC ORGANISMS FROM 

LOS ANGELES HARBOR AND CALIFORNIA COASTAL WATERS 

INTRODUCTION 

· A considerable research effort has been devoted to determine 
the role of microautotrophs {diatoms, dinoflagellates, monads, 
etc.} as a nutritional resource for higher trophic levels (zoo
plankton, suspension and deposit feeders) in aquatic ecosystems. 
It is now well known that these organisms play a significant 
role and are considered to be the primary food base for many 
ecosystems. However, Fenchel and J¢rgensen (1977) recently 
estimated that 40% to almost 100% of the carbon fixed in primary 
production is utilized by the secondary producers or micro
heterotrophs (bacteria, yeasts, fungi and Protozoa), 
depending on the ecosystem in question. Indeed, it does seem 
reasonable that organisms which rapidly cycle dissolved carbon 
and produce particulate biomass, such as bacteria, will not go 
unexploited as a food resource for higher trophic organisms. 
The role of the detrital food web may be more significant in 
ecosystems which are either organically enriched or deficient 
in a necessary component for photosynthesis, i.e., light, nitrogen 
or phosphate. Pomeroy (1974) has recently poTnted out that in 
the open ocean microheterotrophs play a highly significant role, 
both in the nutrition of higher trophic organisms and in their 
long known role in nutrient regeneration. 

It is now becoming well established that bacteria serve as 
a nutritional resource for many aquatic organisms, including 
planktonic and benthic feeders. The early workers Doflein and 
Reichenow (1928} stated that some Protozoa, and ciliates in 
particular, feed upon bacteria; it seemed likely to them that 
free and attached bacteria were consumed and metabolized in 
planktonic ecosystems. More recently several investigators 
(Zobell and Felthan, 1937; Fenchel, 1969, 1972, 1975; Barsdate 
et al., 1974; and J¢rgensen, 1966} have obtained good evidence 
thatbacteria do play a substantial role in the nutrition of 
deposit and filter feeders. Wavre and Brinkhurst (1971) have 
demonstrated experimentally that bacteria are digested from the 
bolus as it passes through the gut of tubificid oligochaetes. 
Duncan et al. (1974), by means of a simple radioassay, showed 
that bacteria are ingested and assimilated by the aquatic nema
tode Ple~tus palustris. Sorokin (1973, 1978) has reported that 
filter feeders in coral communities, such as sponges, ascidians, 
sabellid polychaetes, and oysters, are capable of filtering 
bacterioplankton from the water. He also found that some species 
of coral, gastropods, and holothurians were capable of ingesting 
and assimilating bacterial biomass. 
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The following report is the result of investigations conducted 
to develop a standard technique which can be used to obtain 
detailed quantitative information on the flux of bacterial carbon 
through bactivorous organisms. The method was developed and 
tested using a marine bacterium as food source and a bactivorous 
ciliate, Euplotes sp.,as a predator which utilizes bacteria as 
a source of carbon and energy. Both organisms were isolated from 
the Los Angeles Harbor. This technique was then used to 
determine whether bacteria are ingested and metabolized by: 
Euplotes sp. (Protozoa), Neanthes arenaaeodentata (Polychaeta), 
Maaoma nasuta (Bivalvia), Mytilus edulis (Bivalvia), and natural 
assemblages of microzooplankton (5-203 µm) from five Los Angeles 
Harbor stations. 

MATERIALS AND METHODS 

Culture Preparation 

The clone of rod-shaped bacteria used for labeling was grown 
and isolated on Lib-X agar medium. The 14c-labeled bacteria were 
prepared by growth in an organic-free seawater medium composed of 
Rila Utility Marine Mix and 50 mg of sodium nitrate in one liter 
of distilled water, p~ 7.8, to which was added fifty microcuries

4of uniformly labeled C-glucose (NEC 042A-lmCi, 37.l mg in 10 ml) 
per 100 ml of sterile medium. The culture medium was inoculated 
by transferring cells from agar medium (Lib-X) using a bacterio
logical needle. The culture was grown on a shaker table at 10°c 
for a minimum of five days; two days were required to reach sta
tionary phase, after which the cells were maintained for at least 
three days in starvation phase to reduce their metabolism of endo
genous 1~c storage pools. Before the experiments the labeled cells 
were collected on a 0.2 J.lil1 pore size membrane filter (Nuclepore) 
by gentle vacuum pressure (<7 mmHg), rinsed, and resuspended in 
chilled seawater medium by vortexing, 

Unlabeled bacteria were prepared by growing the same bacterial 
isolate in a Lib-X medium containing per liter: Rila sea salts 
(40 g), glucose (1.0 g), trypticase soy broth (2.3 g), and yeast 
extract (1.2 g), pH= 7.8. The culture was grown at 1a0 c for 24 h, 
centrifuged at 10,000 rpm for 10 min, rinsed and centrifuged twice. 
The pellet was resuspended in unsupplemented artificial seawater 
and incubated as before for at least 20 h. The cells were centri
fuged and washed again before use. The labeled and unlabeled cells 
were added to the experimental medium to a density which reflects 
the range of natural standing stocks of bacterioplankton in Los 
Angeles Harbor. The labeled cells usually comprised less than 10% 
of the total bacterial population. 

Euvlotes sp. laboratory studies 

Eupl-otes sp. was isolated from a Los Angeles Harbor water 
sample by means of an enrichment culture technique. The ciliate 
stock cultures were maintained in a seawater medium with the 
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addition of brown rice and the natural microflora at 18°c in 
constant light. 

Before the initiation of experiments the culture and medium 
were passed through a 100 JlID mesh to remove large detrital parti
cles. The ciliates were then concentrated four times by a 
gentle reverse filtration process. This process removes water 
from inside a column after it passes through a 10 µm mesh which 
covers the end of the column and is positioned at the bottom of 
the culture vessel. The water passes through the filter into 
the column to reach equilibrium with the outside of the column 
and is removed by a peristaltic pump. 

To demonstrate the relationship of grazer concentration to 
the rate of removal of bacteria from the medium, four dilutions 
of the cili~re suspension were prepared (20.5, 51, 102, 205 
ciliates·ml ) using the ciliate medium previously removed. Since 
the natural microplankton was already present, only the labeled 
bacteria were added. Ingestion, respiration and excretion assays 
(methodology described below) were conducted at 0, 40, and 90 
min after initiation of the experiment. 

In an experiment to illustrate the relationship between 
bacterial concentration and grazing rates, the ciliate concen
tration was held constant and the bacterial concentration was 
varied (1.28, 1.86, 4.02, 7.85 X 106 bacteria·ml-1 ). Unlabeled 
bacteria inoculated with the 1.0 µm filtrate from a EupZotes sp. 
culture were prepared in the rice-seawater medium and stirred 
vigorously for 96 hat 10°c. These bacteria were passed through 
a 25 µm mesh and 0.5, 10-l, 0.5 X 10-1 , 10-2, and 0.5 X 10-2 dilu
tions were made with 0.2µm filtered medium. The labeled bacteria 
were added to each of the dilutions in a constant amount and the 
experiment was initiated when inoculated with·a constant volume 
of ciliate suspension. The culture was sampled at 0, 40, and 90 
min. Ciliate concentration was determined microscopically from 
four 1 ml replicates, samples were fixed with Lugol's iodide and 
were counted under a dissecting microscope. Since the labeled 
bacteria were added in the same amounts, the bacterial concentrate 
of each dilution had to be determined directly by means of a 
Petroff-Hauser cell counter and phase contrast microscope. 

Benthic invertebrates studies 

Experimental specimens of uniform size were selected and 
starved in beakers of filtered seawater for a minimum of 48 h 
before the experiment. The medium for Neanthes arenaaeodentata 
was decanted twice daily to remove fecal pellets. The valves of 
the MytiZus eduZis specimens were brushed, scraped and dried before 
the experiment to remove any epizoa that might interfere with the 
results. The individual experiments with invertebrates were 
modified from the basic plan to accornodate the particular 
biological requirements of the test organisms. These conditions 
are described below. 
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20 October 78 - Neanthes arenaaeodentata 

The fine sand sediment used for this experiment was oxidized 
with 30% hydrogen peroxide and rinsed thoroughly to remove most 
organic material. This procedure was carried out with the idea 
of reducing bacterial growth and metabolism but was later found 
to have no appreciable effect, so it was discontinued in sub
sequent experiments. Rila Utility Marine Mix with a suspension 
of labeled and unlabeled bacteria was used as the assay medium. 
Each specimen was placed in a 100 ml serum bottle after 5 ml of 
sediment and 20 ml of medium were added; incubation was in 
darkness at 11°c. Replicate samples lacking test specimens were 
prepared for bacterial background controls. Excretion, respira
tion and ingestion assays were made at 0, 24 and 26 h. 

20 October 78 - Macoma nasuta 

The methods and materials were the same as described above, 
except the specimens were placed in 125 ml erlenrneyer flasks and 
40 ml of medium and 10 ml of sand were used. 

27 October 78 - Neanthes arenaaeodentata - Pulse chase experiment 

The pulse chase experiment was designed to observe the meta
bolic fate of ingested, labeled bacteria during long incubation 
times. The worms were given a pulse of labeled bacteria for 48 h, 
rinsed and transferred to medium with unlabeled bacteria (chase) 
and allowed to feed for 48 h. It was postulated that the absence 
of observable worm respiration may be due to slow gut passage 
time and high bacterial background respiration, so the experiment 
was designed to reduce bacterial background respiration and allow 
sufficient gut passage time to observe the eventual respiration 
of ingested bacterial carbon. 

In this experiment no sediment was used. Unlabeled bacteria 
were added to 800 ml of artificial seawater and the labeled cells 
were added to 500 ml of this medium. Duplicate sets of serum 
bottles were prepared, one set for initial pulse uptake, and the 
other set for the subsequent experiment containing 20 ml of labeled 
medium and one specimen. Ingestion, excretion, and respiration 
assays were taken at O and 48 h. Worms were removed from the 
duplicate set of bottles and rinsed in filtered sea water and 
then placed in new bottles with 20 ml of unlabeled bacterial 
medium. All parameters were then assayed after another 48 h of 
incubation in darkness at 170c. 

28 November 78 and 8 December 78 - Mytilus edulis 

After 72 h of starvation the specimens were placed in 125 ml 
erlenmeyer flasks with the labeled bacterial medium which was 
prepared from filtered sea water. The first experiment employed 
80 ml of medium and all parameters were assayed at O, 15 and 41 h 
after incubation at 1s0 c darkness. The second experiment 
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~mployed 60 ml of medium and all parameters were assayed at O, 
2, 5, and 24 h. Valve length of MytiZus was determined by 
measuring the left valve after dissection. 

Studies on natural bactivorous plankton populations - 2 August 78 

An experiment was designed to observe the possible relation
ship between bactivorous rates of natural microzooplankton 
(S-203 µm) and natural bacterioplankton standing stocks. Samples 
were collected on 2 August 1978 from stations AO, A2, A7, Al2 and 
B9 (Figure 6). The samples were passed through 203 µm mesh and 
then 25% of the liquid sample volume was removed by reverse fil
tration (discussed above) and passed through a 0.2 J.llll membrane 
filter (Nuclepore). The labeled bacteria were added to this fil
trate and the preparation was returned to the original sample. 
It was thus possible to avoid tne problem of substantially chang
ing the in situ bacterial concentration while adding the labeled 
cells. The kinetics of ingestion, respiration and excretion were 
determined by assaying at O and 90 min for stations AO, A7, Al2, 
and B9 and at 0, 15, 30, 45, 60, 120, 180, 240, and 360 min at 
station A2. 

Each station haa a characteristic bacterial standing stock 
which was determined monthly by means of epifluorescent counting 
by D. Krernpin; those values are used in this study. 

Measured parameter definitions and procedures are detailed 
in the following paragraphs. 

Respiration. Respiration of bacterial carbon was determined 
by the amount of 14co2 collected after correction for bacterial 
background and T~ blank. It is assayed by the methods described 
by Hobbie and Crawford (1969). Small organisms are placed in 
100 ml serum bottles sealed with rubber stoppers and the larger 
organisms in 125 ml erlenmeyer flasks sealed with rubber 
stoppers and parafilrn. Each data point represents the rate of 
a single specimen or sample. This sample cannot be used to 
determine any other parameter, because of the acidification step 
required by the method. The calculations of respiration rates 
employed are as follows: 
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Rb = (R - R¢)bx 

R g = (Rgx - R¢ - ¾)/X 

14co= respired by bacterial controls - DPM1\ 2 

¾x= bacterial control 14co collected at time point X - DPM
2 

14
R¢ = co2 collected at time point~ - DPM 

Rg = bactivore's respiration rate of 14co2 - DPM/hour 

R = total collected at time point X - DPM gx 
14co2 

X = time point - hours 

Excretion 

Excretion is considered to be the flux of dissolved organic 
carbon-14 into the medium due to biological activity. Bactivore 
excretion is determined by subtraction of bacterial excretion 
of 14c. It is determined by removing 5 ml of medium from 
designated vessels, passing it through a 0.2 Jlill Nuclepore filter 
and collecting the filtrate. The filtrate is then acidified to 
pH 2.0 by addi1ton of HCl and agitated for 20 min to evolve 
the dissolved CO. A 1 ml aliquot of the filtrate is placed 
in 10 ml of Aquasof scintillation fluor and the radioactivity 
is measured. The equations employed are the following: 

Eb= Ebx - Eo 

Eg = V(Egx - Eo - Eb)/X 

Eb= ooc14 excreted by bacterial controls - DPM/ml 

Ebx= bacterial control oocl 4 collected at time point X - DPM/rnl 

14 
E¢ = ooc collected at time point ~ - DPM/ml 

14E = bactivore's excretion rate of ooc - DPM/hourg 
14total ooc collected at time point X - DPM/mlEgx= 

V = experimental medium volume - ml 

X = time point - hours 
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Specific Activity 

Specific activity is defined in this study as the total 
number of bacteria represented by one disintegration per minute 
(DPM) of carbon-14. 

Bacterial numbers in the medium are determined by fixing 
an aliquot with Lugol's iodide and counting cell numbers in a 
Petroff-Hauser cell counter on a Zeiss phase contrast microscope. 
The 14C associated with the labeled bacteria is determined by 
collecting a 5 ml aliquot on a 0.2 Jlin filter at Oh, rinsing 
twice with chilled sea water, drying and counting on a Beckman 
LS-100 Scintillation Counter. Specific activity is calculated 
as follows: 

SPAC = C/A/va 

A = activity of 0.2 µm filter retentate - DPM 

C = bacterial concentration - cells/ml 

SPAC = specific activity - bacteria/DPM 

va = volume of medium filtered for A - ml 

Ingestion Rate 

Ingestion rate is the total number of bacteria or amount 
of 14C taken in by the bactivore divided by the time period of 
incubation after being corrected for metabolic fluxes and T~ 
blank. It represents the rate at which the bactivore removes 
bacteria from the medium. 

The activity of the microzooplankton (including Euplotes sp. 
studies) was determined by radioassay of the 5.0 µm filter 
retentate. At each time point 10 ml aliquots of the assay 
medium were passed through 5.0 µm Nuclepore filters and rinsed 
twice with 10 ml of chilled sea water, dried, and counted in 
Toluene, PPO, POPOP scintillation fluor. The Oh filters rep
resent the bacterial background activity which is corrected for 
metabolic fluxes and subtracted from the other time points. 

The radioactivity associated with metazoans was determined 
as follows: The specimens were removed from the medium and 
placed in filtered seawater for a 10 min rinse to remove 
extraneous labeled bacteria from metazoan surfaces. Soft-bodied 
specimens were placed in scintillation vials with 1 ml of 
Protosol (New England Nuclear) and homogenized. 

The bivalves were opened and all tissue was removed with 
a scalpel and placed in a scintillation vial with l ml of 
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Protosol and homogenized. Samples were allowed to digest over
night and then were heated to ss0 c for 30 min for final digestion. 
To reduce color quenching 0.1 ml of 30% hydrogen peroxide was 
added and the samples were heated for 30 min at ss0 c. The 
following day Aquasol scintillation fluor was added and the 
samples were counted. Bacterial ingestion rate is calculated 
as follows: 

L = (Eb+ Rb/Vr}/A/Va 

Ia= Fx - F~ (1 - L) + Eg + Rg 

Ib = Ia (SPAC)/X 

F¢ = activity of bactivore at time point i DPM 

Fx = activity of bactivore at time point X - DPM 

Ib = ingestion rate - bacteria/h 

Id= total activity ingested, including metabolic cor
rections - DPM 

L = proportion of bacterial metabolic losses from blank 
at time point X - O.XXX 

Vr = volume of respiration assay - ml 

RESULTS 

EupZotes sp. laboratory studies 

In the experiment to demonstrate ~he relationship between 
grazer density an% rates of bactivory, the bacterial concentra

0tion was 1.3 X 10 cells m1-1 and 48% of these cells were 
carbon-14 labeled. The ingestion and metabolic rates were almost 
linear for the 90 min incubation period with a slight break 
after 40 min. The data presented in Figure 1 and Table 1 are 
based on the 40 min data points, because they are thought to be 
more representative of the actual rates. 

Figure 1 illustrates the linear relationship between grazer 
population density and grazing rate. It can be seen that the 
number of bacteria removed from the medium is directly propor
tional to the number of grazers (Euplotes sp.) present in the 
medium. The linear regression correlation to the data points 
is 0.996 and is viewed as being significant. This observation 
gives an indication of the reliability of the methodology in 
determining bacterial grazing rates. In this experiment 
bacterial concentration was probably not limiting during the 
incubation period. 
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Table 1 illustrates that, in samples with a higher grazer 
density, fewer bacteria per individual grazer are consumed. 
This is probably due to fewer available bacteria in samples 
which have stronger competition for resources and indicates 
the importance of the relative grazer/bacteria concentration. 
The data also reveal an inverse relationship between grazer 
density and bacterial population turnover time. In other words, 
the more grazers present the more rapidly bacteria will be 
removed from the medium. Respiration and excretion data do 
not reveal any significant trends related to grazer density. 
Overall, approximately 12-16% of the ingested bacterial biomass 
is used in predator energy metabolism, as indicated by the 
respiration of bacterial carbon. 

In a related experiment the grazer population density was 
held constant and bacterial concentration was varied. Figure 2 
illustrates the relationship between specific ingestion rates 
and bacterial population density. The relationship seems to be 
a hyperbolic function and analagous to that described by 
Michaelis-Menten saturation enzyme kinetics. The last pair of 
points seems to approach the saturating concentration, although 
two sets of higher points are necessary to confirm this idea. 

In the bacterial concentration range examined, the popula
tion turnover time data displayed no significant trend related 
to bacterial concentration according to data presented in 
Table 1. As presented in Figure 2, excretion and respiration 
rates displayed a similar pattern of saturation kinetics, while 
ingestion rates and excretion rates seem to be reduced at or 
near saturation for ingestion. It is interesting to note that 
in the most concentrated sample a ciliate is six times more likely 
to encounter a bacterium than in the least concentrated sample 
and the specific ingestion rate demonstrated experimentally was 
5.5 times greater. 

Benthic invertebrates studies 

20 October 78 

In experiments to demonstrate the uptake and utilization 
of bacterial biomass, Neanthes arenaaeodentata displayed no 
adverse reactions to the chemically oxidized sand such as had been 
observed earlier in thermally combusted sediments. The worms 
formed burrow tubes and assembled mucus nets above the sediment. 

Bacterial numbers were determined to be 4.6 X 10 6 cells/ml 
which may be slightly low for the natural sediment-water inter
face. The respiration assay failed to yield respiration above 
bacterial background (see Table 2.). The excretion data reveal 
that 87.8 to 99.6% of the ingested labeled bacterial biomass 
was excreted. During the experiment these worms ingested 1.9 
X 10 7 bacteria/day or approximately 20.6% of the available 
bacteria. (text continued on p.12) 



TEXT TABLE 1 
N 
mSUMMARY OF BACTERIAL INGESTION AND UTILIZATION BY Euplo-tes ·sp. 
0 

Tt F8spiration Rate Excretion Rate 
lb/Ind Turnover of of 

Inctbation Ingestion Rate Tine Bacterial Biomass Bacterial Biomass 
Tine (Bact/Indv/Min) C/Ib % Ingested/Hour % Ingested/Hour 

Sanple (min) Mean Range (h) Mean ~an 

Grazer ~nsity 

20.5 ciliates·rnl-l 40 43.3 41.9-44. 7 24.4 

51 40 36.6 23.4-49.8 11.6 4.1 11.6 H 
H 
H102 40 35.8 32.9-38.7 5.9 3.J 11.6 to 

I-' 
0205 40 32.0 31. 7-32.3 3.3 3.6 9.1 

Bacterial Density 

1.28xl06 oells·rnl-l 70 20.0 130.0 3.9 17.7 

1.86 40 33.5 28-39 114.0 7.3 42.0 

4.02 40 84.0 75-93 75.2 5.2 46.5 

7.85 40 110.0 105-115 112.2 14.8 40.9 



TEXT TABLE 2 

SUMMARY OF BACTERIAL INGESTION AND UTILIZATION BY METAZOAfJS 

Ingestion- Respiration Rate Excretion Rate 
Efficiency of of 

Ingestion Rate ( 100 x Ingested/ Bacterial Biomass Bacterial Biomass 
No. of Size (Bact/Indv/Day) Available) % Ingested/Day % Ingested/Day 

Species Date Specirrens Ran9:e Mean Ranse % Mean Range Mean Range 

Neanthes 10-20-78 12 100-120rrg 1.9xl07 1. 7-2.lxlO7 20.6 N.D. * N.D. 93.7 87.8-99.6 
ar>enrweodenta ta 

(l)Neanthes 10-27-78 12 100-120nq 2.2xlo9 1. 5-2. Bx109 97 N.D. N.D. 22.4 16.3-28.6 
ai?enaceodentata H 

H 
H 
tl:1 

Maaoma 10-20-78 12 15-20nro 5.4xlo6 4.3-7.8xl06 5.9 N.D. N.D. 58.0 39.6-77.8 ..... .....
nasuta 

MytiZus 11-28-78 10 18-23rrm 2.0xl08 1.1-3.2.xlO8 52.1 8.0 7.0-9.0 1.0 0.8-1.2 
eduZis 

M!Jtitus 8 • 
edu'lis 12-8-78 16 17-24rrrn l.4xl0 O.S-2.Sxl08 16.5 5.0 2.8-8.6 N.D.** N.D. 

*N.D. = Not Denonstrab3d. Data failed to yield significant results above bacterial background. 

(l)Data for this experirrent was not rorrected for excretory or respiratory fluxes. 

**N.D. ;:: Not Iaronstrated. Sanples lost dua to defective scintillation flmr. 
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In a similar experiment which used Maaoma nasuta as the 
test organism, the mud clams did not burrow into the sediment, 
but remained lying on the surface; experimental conditions 
apparently were not optimal. The specimens did, however, appear 
to be pumping with their siphons. Respiration of bacterial 
biomass was not demonstrated above background (Table 2) and the 
specimens were found to excrete 39.6 to 77.8% of the ingested 

6bacterial biomass. Also note that they ingested only 5.4 X 10 
bacteria/day or approximately 6% of the available bacteria. 

27·october 78 

In the pulse chase experiment which utilized higher bacter
ial numbers and an absence of sediment, Neanthes arenaceodentata 
was observed to form mucus tubes and mucus nets above them. 
Bacterial concentration was determined to be 7.75 X 10 7 cells/ml. 
These specimens appeared to be very efficient at removing 
bacteria from the water under the experimental conditions. They 
ingested 1.5 to 2.8 X 109 bacteria/day (Table 2) which repre
sents inges~ion of approximately 97% of the available bacteria. 
These data were not excretion-corrected because of technical 
problems. Respiration of 14co2 above bacterial background was 
not demonstrated for Neanthes aPenaceodentata. 

Table 3 illustrates that the activity of the animal homo
genate is substantially reduced after 48 hand excretion accounts 
for approximately 13% of this reduction. Fifty-one percent of 
the loss from the animal homogenate was not accounted for and 
no significant respiration of 14co2 was exhibited. 

Text Table 3 

27 Oct 78 Neanthes arenaceodentata Bacterial Uptake Pulse-Chase 

Experiment 

Activity of Animal Activity of Flux Activity Unaccounted 
Homogenate into ooc14 Unaccounted % Loss 

Time DPM DPM DPM 

0 126154 

48 h 45048 16800 64306 51 

28 November 78 

The data for an experiment designed to test whether the 
mussel, Mytilus edulis, ingests and utilizes bacterial biomass 
is presented in Figure 3 and Table 2. 
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The bacterial concentration was 4.8 x 106 cells/ml at the 
outset of the experiment. This is within the range of the 
standing stocks of bacterioplankton observed in the Los Angeles 
Harbor. The data demonstrate that small MytiZus eduZis 
individuals effectively filter free bacterioplankton from the 
water at a rate of 1.1 - 3.2 X 108 cells/day (Table 2) which 
represents an ingestion efficiency of approximately 52%. The 
data also clearly illustrate that the ingested bacterial bio
mass is metabolized (Table 2). During the experimental period, 
approximately 8.0% of the ingested biomass was respired and 
approximately 1.0% was excreted. Figure 3 shows the kinetics 
of ingestion over the experimental period. It is readily appar
ent that uptake is faster in the first 15 hand slows down in 
approaching hour 40. The ingestion estimates appearing in 
Table 2 are based on the average of all data and should be con
sidered conservative; the actual ingestion rate may be higher. 
The method employed yields an underestimate of feeding rates, 
due to bacterial division and hence a dilution of the label. 

8 December 78 

The preceding experiment was repeated to test the effects 
of bacterially-enriched conditions on uptake and utilization 
rates. The bacterial concentration in this experiment was 
higher (1.41 X 107 cells/ml) than in the previous experiment and 
represented conditions in an organically enriched environment. 
Table 2 presents data that show that the test organisms 
(Mytilus eduZis} ingested bacteria at a rate comparable to that 
of the previous experiment (0.5 - 2.5 X 108 cells/day) and 
removed approximately 16% of the available bacteria from the 
suspension. Again, these figures are based on the average rate 
from all data points. Ingestion kinetics ( Figure 3) appear 
to be linear for the first 5 hand to decelerate for the next 
19 h. Five percent of the ingested bacterial biomass was 
respired by the test organisms ·(see Table 2). Excretion data 
are not available, because the samples were lost due to defective 
scintillation fluor. 

Natural bactivorous plankton studies 

These studies are designed to determine the seasonal varia
tion in the rates at which bacterial populations are being 
turned over by bactivorous plankton grazing in·Los Angeles 
Harbor. The data presented in Figures 4 and 5 express grazing 
rates in terms of bacteria ingested per unit volume and time, 
because the species composition of the bactivores is not known. 

Figure 4 compares the bactivore's grazing rate with the 
bacterial standing stock at the five stations sampled. A direct 
and significant (r = 0.945) correlation can be seen between the 
two parameters. It should be noted that these rates may reflect 
the grazing rates of individual bactivores and/or the population 
density of bactivores. Table 4 presents ingestion and utiliza
tion data for this study. The turnover times for the 
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bacterioplankton populations by bactivorous grazing ranges from 
11.6 to 18.8 h. The rates of all five stations are comparable 
and are not significantly different. The respiration and 
excretion data show no trend related to bacterial standing 
stock in the terms expressed in Table 4. This may be a 
function of variability in bactivore population size, composi
tion and activity. Bactivores with low grazing efficiency or 
with strong competition pressures will have to expend more 
metabolic energy than more efficient bactivores or those that 
are in less competitive situations. 

Text Table 4 

Summari of Bacterial In9:estion and Utilization 

by Natural Bactivorous Plankton Populations 

Stn. Bacterial Ingestion Rate Turnover Respiration Rate Excretion Rate of 
Lensity Ib Tine of of 

C (bacteria x C/Ib Bacterial Biornass Bacterial Biomass 
(bac~ia x 106.L-Lnm-l) (h) (%ingested/ h) (%ingested/ h)

10 ·L-1) Mean Ran2e Mean Mean 

AO 0.64 0.9 0.8-1.0 11.6 18.0 39.0 

A2 1.79 1.6 1.4-1. 7 18.8 40.0 44.2 

A7 2.89 3.2 2.8-3.7 14.9 35.0 33.7 

Al2 1.17 1.4 1. 3-1. 6 13.7 10.5 14.5 

B9 2.17 2.4 2.3-2.5 15.1 40.8 6.4 

Figure 5 represents kinetics of bacterial ingestion by the 
bactivorous plankton from station A2 during a 6 h incubation 
period and the data points represent total ingested activity of 
bacteria corrected for respiratory and excretory fluxes. 
Although the correlation of the regression line (r = 0.87) is 
not considered highly significant, it appears that ingestion 
occurs at a fairly linear rate during the incubation period. 

DISCUSSION 

Euplotes sp.,laboratory studies 

The experiments performed on laboratory cultures of 
Euplotes sp., may illustrate some very ·basic and obvious ecologi
cal principles; i.e., there is a direct relationship between 
the rate of removal of a food source from the environment and 
the density of grazers, or that each grazer gets less of a 
resource as competition for that resource increases. However, 
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these ideas have been well borne out in other works and were not 
the objective of this study. What this aspect of the study has 
provided is a reliable method for quantification of the ingestion 
and metabolic utilization of bacterial carbon by bactivorous 
plankton, as is postulated to occur in Los Angeles Harbor or 
other marine environments. 

The study has illustrated that a monoculture of a bactivorous 
plankter will remove bacteria from its medium at a rate directly 
proportional to the concentration of bactivores. In effect, 
the turnover time (Ttl of a bacterial population appears to be 
inversely related to bactivore population density. This in
vestigation has also demonstrated that as competition for food 
resources increases, caused by increasing bactivore population 
density, each individual predator is able to capture less of 
that resource. The data did not reveal any significant trends 
in terms of metabolic energy expended related to competitive 
pressure. This may be due to some inherent variability of the 
methodology, or to the fact that this phenomenon may require greater 
resolution or sensitivity than was designed into these experiments. 

A relatively small portion (12-16%) of the ingested bac
terial carbon was used for maintenance metabolism (respiration 
and excretion). This may be attributed to the detritus and 
organically enriched medium employed, which may also have been 
utilized as a food resource and metabolized by the bactivores. 
In addition, the carbon-14 incorporated into the bacteria is 
probably mostly high molecular weight molecules, i.e., protein, 
and is more likely to be used in anabolic rather than catabolic 
processes by the predators. This would support Fenchel and 
J~rgensen's (1977) proposal that bacteria are an efficient and 
energetically advantageous food source due to their low C:N ratio. 

Ingestion kinetics which show resource saturation are also 
suggested by this study. It follows that bactivores have a 
maximal rate of grazing (Michaelis-Menten Vmax) and only attain 
this rate when the food resource is present at some character
istic concentration. At subsaturating bacterial concentrations, 
the ingestion rate will vary with food availability. The 
application of the Michaelis-Menten model to the data presented 
here illustrated this phenomenon; i.e., initially the ingestion 
rate increased rapidly with small changes in bacterial concen
tration, and as resource saturation was approached the ingestion 
rate declined. This suggested attainment of a constant rate 
with no acceleration. The excretion and respiration data show 
similar kinetics, and the rate of excretion appears actually to 
decrease. It seems logical to assume that the metabolic 
expenditure to capture food is inversely proportional to food 
availability. The data presented in this study suggest that 
respiration and excretion follow a similar pattern of satura
tion kinetics, and that rates may even be reduced at or near the 
saturation point due to optimization of capture success. 
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The results of these experiments have answered a few 
necessary questions. First, they demonstrate that the method 
employed can be used to demonstrate bacterial ingestion and 
utilization by microzooplankton. They establish that bacteria 
do play a nutritional role for Euplotes sp. The magnitude 
or significance of this role has not been established and will 
require further study. The techniques have also been useful 
in demonstrating predator-prey or grazer-plankton relationships 
in a closed system. This study also demonstrates the potential 
of this assay for use with other organisms and in other circum
stances. 

The results of these studies indicated that a correlation 
between bacterioplankton standing stock and rates of production, 
and the feeding activity and standing stock of bactivorous or
ganisms could be demonstrated in nature. 

Benthic invertebrate studies 

The results of the experiments with Neanthes aPenaeeodentata 
demonstrate that these organisms do ingest bacteria collected 
from both the sediment and the overlying waters. It appears 
possible that not only do they ingest the sediment and digest 
organic bacteria and matter, but they also may reingest these
creted mucus net after bacteria have been collected and colo
nized on it. In the experiment which contained no sediment, it 
appeared to be the only efficient means of gathering bacteria 
in the absence of sediment. It is also possible that Neanthes 
may ingest their fecal pellets after they have been colonized 
by bacteria, as has been proposed by Frankenberg and Smith (1967). 
However, this parameter was not considered in this study. 

The absence of demonstrable respiration of 14co is sur
prising and hasn't been encountered in previous work~ It may 
be that the respiration rate of the worms is quite low and that 
the labeled bacteria have enhanced respiration in the presence 
of the worms, so that the total 14co 2 collected is comparable 
to the bacterial controls. Also, bacterial carbon, being large
ly protein, may go into biosynthesis rather than energy metabo
lism of the metazoans. Excretion values are significant and 
do indicate that the bacteria are being metabolized. 

The pulse chase experiment showed that 64% of the ingested14C was lost after 48 h. Excretion accounted for 13% of this 
~ss and the rest was not accounted for. It may be that this1 C was contained in the fecal pellets. It cannot be determined 

whether all the activity remaining in the animal homogenate is 
actually assimilated bacterial biomass without knowing the gut 
passage time. 

The data from Macoma nasuta suggest a relatively low 
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uptake rate per animal. The rather low ingestion rate could 
be a reflection of two possibilities. The clam may not have 
been feeding very actively, due to suboptimal sediment conditions 
and/or their filtering apparatus may be inefficient at filtering 
particles as small as free bacteria. The excretion data did, 
however, demonstrate some uptake of bacterial biomass. 

The experiments with young MytiZus edulis yielded the most 
convincing results, supporting the hypothesis that bacterioplank
ton play a nutritional role for some filter feeding benthic in~ 
vertebrates. Individuals 17-24 mm in 11ngth were capable of 
ingesting 0.5 - 3.2 x 108 bacteria·day- . The experiments also 
yielded comparable metabolic activity results. This species 
seems to be quite efficient at filtering free bacteria from sus
pension. The different uptake efficiency figures among different 
organisms (Table 2) are probably a function of the difference 
in bacterial numbers in the two experiments. The difference in 
the ingestion kinetics may be a result of possible oxygen lim
itation in the second experiment due to higher bacterial numbers. 

The method suffers from the disadvantage that all parameters 
(uptake, ingestion, respiration, etc.) cannot be determined from 
the same individual. In order to get a broader data base, ex
periments should be performed using a greater number of uniformly 
sized specimens as well as using different size classes of met
azoans. Greater replication may yield more conclusive results. 
The data presented herein lead to the conclusion that bacterio
plankton can play a nutritional role for local benthic inverte
brates in situ. 

Natural bactivorous plankton studies 

This study is the first in what will be a periodic sampling 
program to correlate standing stocks and activity of bactivorous 
plankton microheterotrophs in Los Angeles Harbor. This work is 
designed to complement that which is being conducted on the de
trital food web and the carbon cycle in Los Angeles Harbor. 
The overall goal is to elucidate the dynamics of secondary pro
duction in Los Angeles Harbor. 

The data presented here illustrate a direct correlation 
between bacterial grazing rates and bacterial standing stocks. 
This indicates that standing stock and/or specific grazing rates 
of natural populations of bactivorous plankton vary directly 
with bacterial standing stock and production. It is postulated 
that in an organically enriched marine system bacterial produc
tion is enhanced, which in turn enhances bactivorous plankton 
production, and so on. In this bacterial enhancement scheme, 
wnich is the detrital food web, bacterial production is in equilib
rium with bactivorous ingestion. Itis thought that in situations 
which are not nutrient- or oxygen-limited, this enhancement 
scheme will be balanced. In defense of this statement, one can 
look at the turnover time (Tt) of the bacterial population by 
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bactivorous grazing at each station compared to bacterial stand
ing stock. The turnover time at station AO was 78% that of A7, 
while the bacterial standing stock of station AO was 22% that of 
A7. However, this may not be the case in organically enriched 
waters, in which high rates of bacterial production, and hence of 
high oxygen uptake, will inhibit the activity of other organisms. 

No significant trend for metabolic activity or utilization 
compared to bacterioplankton standing stock could be demonstrated 
due to the heterogeneity of the bactivorous plankton populations. 
It.can be said that a substantial portion of the ingested bac
terial biomass was used in energy metabolism (25-84%). Again, 
this wide range can be attributed to heterogeneous bactivore 
populations with varying feeding efficiencies and competitive 
abilities. One expects fairly high metabolic rates for these 
bactivores due to high energy requirements for their motility 
and feeding mechanisms. 

The kinetics of ingestion seem to be fairly linear foi the 
first six hours of incubation1 thus instantaneous ingestion 
rates can be calculated for time periods less than 6 h. Based 
on previous work, an incubation period less than six hours 
is desirable, because beyond this time the labeled cells will 
start to be diluted due to cell division of the predominantly 
unlabeled bacteria, thereby reducing the specific activity of 
the label. The result is that. the grazer will encounter the 
same number of bacteria and fewer of them will be labeled. Also, 
considerable recycling of excreted 14c might occur. This will 
manifest itself in the data as a decrease in the ingestion rate, 
as demonstrated by the radioassay, but in reality the ingestion 
rate may be constant through time. On the basis of this inform~
tion, short-term (less than 6 hours) incubations are preferred for 
kinetics studies. 

In summary, this study suggests that bacterial ingestion 
by bactivorous plankton may be at steady state with bacterial 
production. A significant amount of ingested bacterial biomass 
is used in energy metabolism. The natural plankton population 
can be assayed for bactivorous activity under natural concen
trations and conditions. In order to make more definitive 
statements about the role of bacteria in the energy budget of 
bactivores, more information about the identity, biomass, and 
growth rates of the bactivores is necessary. More attention 
must be paid to the species composition and carbon content of 
the dominant bactivorous plankton. 

SUMMARY 

The results presented in this study demonstrate that bac
teria do serve as a food source for higher trophic organisms 
found in Los Angeles Harbor, including Protozoa and some inverte
brates. These findings support the proposed importance of the 
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detrital food web in marine ecosystems currently found in the 
literature. It has been suggested that in many ecosystems the 
microheterotrophs (bacteria, etc.) play a substantial role in 
the nutritional support of higher trophic organisms. 

This study suggests that a shift in dominant species to
wards species that can utilize bactivory for nutrition will be 
seen in waters which are organically enriched. There is also 
evidence which suggests that bactivory is in steady state with 
bacterial production; i.e. bactivore standing stock and feeding 
activity will be balanced with bacterial production which, in 
effect, is dependent on organic input. For example, areas of 
Los Angeles Harbor which receive organic wastes have a compara
tively high rate of bacterioplankton production and one would 
expect high rates of feeding and production among the bactivor
ous plankters and benthic invertebrates in these waters. From 
the evidence presented here and in the literature, one would 
expect the microheterotrophs to play a more substantial role 
as a food base in these organically enriched systems than in 
phytoplankton-based systems. In conclusion, ecosystems which 
are bacterially enriched and yet perhaps poor in phytoplankton 
production may be as productive overall as other phytoplankton
based ecosystems. 

The study also provides evidence that the assay methods de
veloped may be employed to investigate bactivory in microscopic 
plankton as well as in deposit and filter feeding benthic in
vertebrates. It is believed that this method, with the appro
priate modifications, will be useful in elucidating the pathways 
and dynamics of carbon in the detrital food web. The major 
points of this study are presented below. 

1. Experiments with laboratory isolates of Euplotes sp. 
and a marine bacterium were instrumental in developing and dem
onstrating the accuracy of the techniques. A direct relationship 
between Euplotes sp. concentration and rate of removal of bac
teria from suspension was observed. These data provide evidence 
that the results obtained by this method accurately reflect bac
tivorous activity. 

2. A hyperbolic relationship between grazing rates and 
bacterial concentration was suggested. These findings show that 
a critical grazer space:bacteria ratio in the experimental design 
is necessary to yield maximum potential rates of ingestion, res
piration, and excretion. 

3. Results from studies with the benthic invertebrates, 
Neanthes arenaaeodentata, Maaoma nasuta, and Mytilus edulis 
indicate that these organisms do ingest bacteria by an assort
ment of means and utilize bacterial biomass to varying degrees. 
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The ingestion rates reported are probably underestimated, because 
fecal material was not assayed and because of the reduction in 
specific activity due to bacterial cell division during long in
cubation periods (> 6 h). It was found that bacterial ingestion 
rates varied with experimental conditions. 

4. Studies with natural populations of bactivorous plank
ton {5-203 µm) indicate that the rate of removal of bacteria from 
suspension by bactivory is directly related to in situ bacterial 
concentrations. The results suggest that the grazer's standing 
stock, ingestion rates, grazing efficiencies, or a combination 
of these will be in equilibrium with bacterial production in nat
ural planktonic communities. 

LITERATURE CITED See Section VI 
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Figure 6. Stations for microbiological sampling in southern 
California coastal and harbor waters. Not depicted are mid
San Pedro Channel and Santa Catalina Island, Big Fisherman's 
Cove station. 
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SEASONAL TRENDS IN TOTAL CHLOROPHYLL a DISTRIBUTION AMONG 
SIZE CLASSES OF PARTICLES IN LOS ANGELES HARBOR, 

OCTOBER 1977-DECEMBER 1978 

INTRODUCTION 

This study was initiated as one part of a more comprehen
sive investigation of the microbial activity at four stations 
in Los Angeles Harbor and one station outside the harbor's 
breakwater (Figure 1). Since chlorophyll a remains an often
used index to the primary productivity and standing stock of a 
body of water, any such comprehensive investigation would not 
be complete without consideration of chlorophyll a. In this 
study, it will be used in conjunction with bacterial standing 
stock, measurements of heterotrophic uptake, ATP, and other 
parameters. 

While seasonal patterns in total chlorophyll a at differ
ent sites within the harbor and just outside the harbor since 
1973 have been described (Oguri, 1974; 1976), this study adds 
a new dimension to knowledge about chlorophyll a in the harbor. 
The amount of chlorophyll a in particles of six size classes 
has been determined monthly at five stations. Knowledge of the 
distribution of chlorophyll a among these size classes should 
be valuable in correlating the results of the other parts of 
this study to the particular groups of phytoplankton. 

In an attempt to characterize the nature of these organ
isms further, floristic analysis was made. For each station 
at each month, the species composition and cell numbers were 
determined. All of the data available should give a better pic
ture of the phytoplankton activity of Los Angeles Harbor and 
southern California coastal waters than has been possible pre
viously. 

MATERIALS AND METHODS 

Samples were collected from the five stations at 1 m depth 
in sterile Niskin samplers. Samples were kept in coolers in 
darkness until their return to the laboratory. All samples were 
filtered within seven hours of their collection. 

In all, five different poresize filters (Nuclepore) were 
used. Aliquots of the sample were filtered under <5 mm Hg vac
uum through the following filters: 0.2 µm; 0.6 µm; 1.0 µm; 5.0 
µm; 10 µm. In addition, a 37 µm screening material (Nitex) was 
used in December 1978. Filters were placed in 10 ml of 90% 
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acetone and samples were permitted to extract for 24 hours in 
darkness and under refrigeration. Before analysis, samples 
were allowed to reach room temperature in the dark. Chloro
phyll a was determined by the fluorornetric method of Yentsch 
and Menzel (1963) and Holm-Hansen, et al. (1965) using a Turner 
model 111 fluorometer. The convention of describing a size 
fraction, x, is as follows: size fraction xis greater than 
0.2 µm but less than 0.6 J-1I11· In symbols this is displayed: 
size fraction 0.2 µrn < x < 0.6 µm. 

The amount of pigment contained in the following size 
classes was determined by difference from total chlorophyll a: 
0.2 < x < 0.6; 0.6 < x < l.0; 1.0 < x < 5.0; and x > 5.0 µm. 
Total chlorophyll a was defined as the amount of chlorophyll a 
retained by a 0.2 µm poresize filter. In October 1978, an ex
periment was carried out to determine if, in fact, the amount of 
chlorophyll a retained by a 0.2 µm poresize filter truly repre
sents total chlorophyll a. An Amicon high-presssure, flow 
through filter holder was used. A seawater sample from A2 which 
had already been filtered through a 0.2 µm poresize filter was 
forced through a filter of 10,000 molecular weight retention. 
Pressure was supplied by nitrogen gas, and the sample was 
stirred by a magnetic stir bar. A 38-fold concentration of the 
original sample was attained. Chlorophyll a was extracted by 
phase separation and quantified by the fluorornetric method. 

In August 1978 water samples were collected from 1, 3, 6, 
9 and 12 mat station A2. These samples were analyzed for to
tal chlorophyll a and the distribution of chlorophyll a among 
size classes of particles was determined as described above. 
In November 1978, this procedure was repeated for a station at 
the black buoy west of the reef kelp bed at the Isthmus at San
ta Catalina Island. At this station, samples were taken from 
depths of 1, 10, 20, 30 and 40 m. 

Floristic data were collected by Greg Morey-Gaines and 
Roseann Ruse. Samples were collected, preserved and stained 
with Lugol's iodine solution. Observation and counts were made 
wi_th a settling chamber and inverted microscope. 

RESULTS 

The chlorophyll a data collected are summarized on a month
ly basis. The data are incorporated in the figures. Unless in
dicated otherwise, all values represent the average of two rep
licates. The inherent reproducibility of the fluorometric tech
nique is about 8% (Kiefer, personal communication), and the av
erage value for all samples in this study is 5%. In the calcu
lation of the data for"% of total passing" and"% of total" 
chlorophyll a in a given size class, error estimates are pre
sented as"±=·" These values are not statistical limits, or 
standard deviations. They represent the propagation of the 
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inherent 8% error in the analytical technique through the 
calculations of the values for each column. 

Text Table 1 summarizes the results of an experiment con
ducted on October 4, 1978 on an A2 sample. The experiment was 
designed to determine if, in fact, the chlorophyll a retained 
by a O. 2 µm poresize filter real]'' represents total chlorophyll 
a of a sample. As stated in this table, that pigment which 
passes a 0.2 µm poresize filter, but is retained by a 10,000 
molecular weight filter represents only 0.07% of all pigment 
contained in particles of greater than 10,000 molecular weight. 

Text Table 1 

Results of experiment to determine if the amount of 
chlorophyll a retained by a 0.2 µm poresize filter really 

represents "total" chlorophyll a of a sample. 

1) "Total" chlorophyll a retained by 

0.2 µm poresize filter: 

a 
6.46 µg·1-l 

2) Chlorophyll a passing a 0.2 µrn filter, 

but trapped on 10,000 molecular weight 

Amicon filter: 

Sample 1 
0.0049 

Sample 2 
0.0037 

µg·l-1 

µg·1-l 

3) % of total (6.46 + 0.0043 µg. l -1) pass-
ing a 0.2 µm poresize fi 1 ter, but retained 0.07% 
by a 10,000 molecular weight filter: 

Seasonal patterns 

Seasonal patterns in total chlorophyll~ concentration at 
each station are shown in Figure 2. Station AO has a relatively 
low chlorophyll a concentration over most of the year, with val
ues of <4 µg·1-l chlorophyll 2. The only feature of note is the 
July peak of 15.60 µg·1-l. This burst of chlorophyll a was 
short-lived with the values for August through November 1978 
near baseline levels. 

Station A2 also shows mid-summer concentrations of chloro
phyll a that are much higher than the rest of the year. The 
July 1978 peak was 15.84 µg·1-l. Evidence for a spring burst 
in chlorophyll a exists. The March 1978 value of 6.39 µg-1-l 
is well above baseline levels of about 5 µg·1-l. The spring 
peak is impossible to define temporally since February and March 
data for 1978 are missing, but high levels are maintained from 
July through September 1978. 

Both the April spring peak and the July 1978 summer peak 
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are evident in station A?. In April, the concentration of chlo
rophyll a reached 9.84 µg·1-l and in July the value was 22.32 
µg·1-l. Note that baseline levels are about 3-5 µg-1-l of chlo
rophyll a. At station A7 the July peak was short-lived, as at 
station AO. 

Stations Al2 and B9 are extremely similar -- not only in 
their temporal patterns, but also in the amplitudes of the peak 
chlorophyll a concentrations. The sampling of these stations 
began in April of 1978. A hint of a spring peak like that seen 
in·stations A7 and A2 exists. April values drop to about 3 
pg·1-l in May and rise slightly in June before rising sharply 
in July. The July peak present at AO, A2 and A7 is also pres
ent at_Al2 and B9. At Al2 the July chlorophyll a concentration 
is 21.78 µg·1-l and at B9 it is 19.08 µg·1-l. Both stations 
show a precipitous drop in chlorophyll a at the time of the Au
gust 1978 sampling. The August value for station Al2 was 4.65 
µg·1-l chlorophyll a. That for station B9 was 3.80 µg·1-l. The 
September 1978 values nearly equaled those of July -- 21.58 
µg·1-l for Al2 and 18.03 µg·1-I for station B9. Following Sep
tember, values at both stations again dropped to lower levels 
and show a slight increase from October through December 1978. 

Vertical profiles 

A vertical profile of chlorophyll a is shown in Figure 3 
for station A2 on August 16, 1978. A subsurface chlorophyll a 
maximum is indicated at the 3 rn depth. The concentration of 
chlorophyll a at 3 mis 12.30 µg·l- 1 . Chlorophyll a concentra
tion decreases with increasing depth to a value of 0.466 µg·l-1 
at 12 meters. 

A similar profile for Isthmus Cove at Catalina Island is 
presented in Figure 4. A subsurface chlorophyll a maximum is 
indicated at 10 m -- a value of 0.68 µg·1-l. Concentration of 
chlorophyll a decreases with increasing depth to a value of 0.11 
µg·1-l at 40 m. 

Size fractionation 

After calculation of the amount of chlorophyll a present 
in the various particle size classes, the data were represented 
as bar graphs in Figures 5-17. Throughout the first three 
months of sampling, October 1977, November 1977 and January of 
1978, the >5 µm size class contained more than 50% of the total 
chlorophyll a (Figures 5-7). In April 1978, at stations AO, A2, 
A7 and B9, the >5 µm size class only accounted for 22-36% of to
tal chlorophyll a. The size class of particles between 1 µm 
and 5 µm assumed more importance at AO, A2 and A7 with 43%, 56% 
and 68% of total chlorophyll a in the >5 µm size class (Figure 8). 
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DISCUSSION 

The results shown in Text Table 1 demonstrate that the 
practice of designating the chlorophyll a retained by a 0.2 
µm filter as "total" chlorophyll a is probably valid. In Oc
tober of 1978, only 0.07% of chlorophyll a contained in parti
cles of greater than 10,000 molecular weight was contained in 
particles less than 0.2 µm. While it is true that this was 
done only for one date and one station {A2), it is unlikely 
that the results would change by more than one order of magni
tude. Even so, this would mean that <1% of chlorophyll a is 
in the >10,000 molecular weight particles which pass a 0.2 µm 
porosity filter. 

The seasonal pattern in total chlorophyll a at all stations 
show strong peaks in chlorophyll a during the summer. At AO, 
A7, Al2, and B9, this peak reaches high values in July, and 
drops off drastically in August. At station A2, there is a 
slight drop off in August, but high values persist until Octo
ber. Stations Al2 and B9 are nearly identical and both show 
another peak in chlorophyll a concentration in September of 
1978, with this second peak reaching essentially the same val
ues as the July peak. 

An attempt was made to correlate the amount of chlorophyll 
a over time to the number of phytoplankton cells present as de
termined by direct count methods (Greg Morey-Gaines, personal 
communications). However, the floristic data are incomplete, 
and any analysis made at this time is to be regarded with cau
tion. Cell numbers of phytoplankton in March 1978, April 1978, 
and May and June 1978 at station A2 were 314/ml, 4,851/ml, 
4089/rnl and 3,135/ml, respectively. Because these data for 
chlorophyll a are missing for March of 1978 at A2, the trends 
cannot be considered parallel. In addition, values of chloro
phyll a dropped from 12.36 µg·1~1 to 6.39 µg·1-l between April 
and May while cell numbers remained nearly constant. The de
crease in cell numbers from 4,089 per ml in May to 3,135 per ml 
in June was accompanied by a decrease in chlorophyll a from 
6.39 µg·l-1 in May to 4.61 µg·1-l in June 1978. 

Another disparity is seen at station Al2. In April 1978, 
cell numbers were 2,117 per ml, but 2,521/ml in June 1978. The 
chlorophyll a values differ greatly: 13.92 µg·i- 1 for April 
and 3.73 µg·l-1 in June. 

From these limited data, it would appear that cell numbers 
and chlorophyll a probably are not directly correlated. Changes 
in species composition could alter the chlorophyll a/cell ratio 
and obscure such a relationship. 

There are indications in the floristic data of drastic 
changes in flora within a month. In March, April and ~ay of 
1978, three species of the diatom Chaetoaeros comprised over 
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80% of the total cell count at all stations. In June of 1978, 
flagellates of 5 µm or larger made up at least 44% of the num
ber of phytoplankton cells. At station AO, this value was 67%. 
It is tempting to speculate that the spring peak in chlorophyll 
a reported for stations A2, A7 and probably AO was due to the 
dominance and presence of these diatoms. It is impossible at 
this point to determine if the flagellate-dominated flora was 
the reason for the July peak of chlorophyll a found at every 
station since floristic data for July aren't available. The 
very sharp increase in chlorophyll a is suggestive of very rap
id-increases in cell numbers of a dominant form. Small flag
ellates, with their rapid rates of cell division are likely 
candidates, but this cannot be confirmed. 

It should be possible to use size fractionation data to 
help determine what type of autotrophs are dominant. However, 
most of the data for this first year do not permit such an anal
ysis. We have already seen that most chlorophyll a is in the 
>5 µm size class. However, it is necessary to further subdivide 
this class in order to make any decisions about dominant forms 
from this type of data. A step in this direction has been made 
in adding 10 µm and 37 µm filters to our routine sampling for 
chlorophyll a. 

From May. through October 1978, the >5 µm size class resumed 
importance. During May, no less than 50% of total chlorophyll a 
was found in this class (Figure 9). During June, even a greater 
percent of total chlorophyll a occurred in this size class --
63%, 70%, 71% and 76% for stations Al2, A7, A2 and AO, respec
tively (Figure 10). July was much the same. From 67-96% of to
tal chlorophyll a occurred in particles greater than 5 µm (Fig
ure 11). Stations inside the harbor had 59-74% of total chlo
rophyll a in particles >5 µmin August. However, at station AO 
- outside the harbor - the total pigment was nearly equally di
vided among three size classes: >5 µm; 1 < x <5 µm; and 0.2 < x 
<0.6 µrn (Figure 12). September and October of 1978 demonstrate 
this same trend - greater than 47% of total chlorophyll a oc
curred in particles >5 µm (Figures 13 and 14). 

In November, a 10 µm poresize filter was added to the array 
of filters used in size fractionation. The further resolution 
of the >5 µm size class for November is shown in figure 15. Now 
we see that the l < x <5 µm size class contains the greatest 
percentage of the total pigment, in most cases. From 40-51% of 
total chlorophyll a was in this size class for stations AO, A2, 
A7, Al2. At all stations, the percent in the 5 < x <10 µm ar.d 
>10 µm size classes was about equal. 

In December 1978, even greater resolution was obtained by 
adding a 37 µm filtering material to the filtering regime (Fig
ure 16). The size class of particles between 10 and 37 µm was 
most dominant at AO and A2. At other stations, the pigment was 
more evenly distributed among the size classes. For this month, 
the x > 37 p.m size class was not a major contributor to 



283 IIIC 7 

chlorophyll a. 

While the August vertical profile at A2 and the November 
vertical profile at Isthmus Cove are not represented with bar 
graphs, the distribution of chlorophyll a among the size 
classes can be compared. At A2, the pattern for each depth 
is much the same as that for each station in August. At 3,· 6, 
9, and 12 m, >40% of total chlorophyll a was contained in par
ticles >5 ).llll. At 1 m depth, only 27% was in this size class. 
The November profile is very different. Chlorophyll a seemed 
more evenly distributed among the size classes. At 1 m, 58% of 
chlorophyll a occurred in particles >10 µm. However, at depths 
below 1 m, this value declined. In the range from 10-30 rn depth, 
the distribution was quite even. At 40 m depth, there appeared 
to be no pigment in particles <l µm. 

Figure 17 shows seasonal changes at a single station, B9. 

Floris tics 

Floristic data demonstrate several notable features. The 
spring months of April and May are marked by high numbers of 
the diatom ChaetocePos sociaZis and several other ChaetocePos 
species. ChaetooePos and the dinoflagellate Gonyaulax polyedPa 
were dominant at all five stations in April and at Al2 in May 
{only A2 data are available for May). In June we found numer
ical dominance by unidentified flagellates of <5 µm. However, 
G. polyedra continued to be very important to total cell carbon 
present at harbor stations. Gymnodinium splendens, another 
dinoflagellate, was present at A7. 

The July samples were dominated numerically, and in terms 
of carbon, by a diatom Nitzschia sePiata. At AO only did flag
ellates of <5 µm outnumber N. seJ>iata. In August we see a vari
ety of species present in the harbor with no real dominance by 
any one. At AO, however, the diatom Leptocylindrus danicua was 
the most important organism, accounting for >96% of cell number, 
volume, and carbon. Inside the harbor, L. danious was present 
at A7, Al2 and B9. After their nearly total absence in July, 
the dinoflagellates G. poZyedra and G. splendens did appear at 
A2, A7 and Al2 in August. However, September was definitely 
dominated by dinoflagellates. At all stations, G. polyedra and 
G. splendens were the most important phytoplankters present. 

November appears to be a transition time for the flora. 
Some G. polyedra is still important at AO and A2. However, the 
small flagellates have reappeared in greater numbers - in fact, 
they are the most abundant phytoplankter at all stations. Lepto
cylindrus danicus is important at all harbor stations, but not 
at AO. AO has the dinoflagellate CePatium fuPca as an important 
contribution to volume and carbon. 

The December 1978 flora resemble no other month's flora. 
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Chae to ae:r•os species and Cera ti um species are most important. A2 
and A7 have large numbers of the diatom Rhizosolenia. 

Another apparent switchover occurs in January 1979. These 
samples were dominated both numerically, and to a great extent, 
in carbon by small, unidentified flagellates. 

An attempt was made to correlate the chlorophyll a over 
time with cell number. The coefficient of determination, r2, 
was only 0.40. Attempts to correlate chlorophyll a concentra
tion with cell volume and cell carbon as estimated from cell 
volume, resulted in about the same degree of correlation. While 
poor correlation with cell numbers is not a surprise, the reason 
for poor correlation with cell carbon is not clear. Perhaps 
the inherent assumption that cell carbon:chlorophyll a ratios 
are constant is not a good one. 

The seasonal trends demonstrated in 1978 in chlorophyll a 
do agree well with those reported by Oguri (1974; 1976) for Los 
Angeles Harbor. The spring and summer peaks seem characteris
tic, both in timing and in relative amplitude. 

At most months, the small scale resolution of our filtering 
array does not permit much correlation between species present 
and the size classes of chlorophyll a. Most organisms presently 
identified are very much larger than 5 µm, as reported in the 
results section, >50% of total chlorophyll a is usually found in 
the particles >5 µm. However, in November of 1978, the further 
resolution provided by the addition of a 10 µm poresize filter 
does enable some interpretation. In November, flagellates of 
<5 µm were important numerically, and in terms of cell carbon. 
This is reflected in figure 15, which shows that for most sta
tions, the size class of particles between 1 and 5 µm contained 
a greater percentage of chlorophyll a than any other size class. 
In December 1978, flagellates virtually disappeared. Figure 16 
demonstrates the relative unimportance of the 1 < ~ <5 µrn size 
classes during December. The presence of larger diatoms (Chae
tccePos) and dinoflagellates (CePatium) is reflected in the 
greater importance of the >10 µm size classes. With continued 
use of these larger filters, our ability to correlate the flora 
with the distribution of chlorophyll a among size classes of 
particles should improve. 

Station AO consistently had lower values of chlorophyll~ 
concentration than the stations within the harbor. This is not 
surprising, and in fact, is to be expected. Likewise, the val
ues for chlorophyll a at 1 rn at Isthmus Cove, 0.43 µg·l-1, in 
November 1978 are much lower than 1 mat AO in November 1978 
(0.98 µg·l-1). Thus, a distance-offshore dilution effect is 
seen. All stations within the harbor maintained about the same 
levels of chlorophyll a. Stations Al2 and B9 are extremely 
similar in their seasonal pattern and amplitudes - probably be
cause of their physical proximity. A7 demonstrated the highest 
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levels of chlorophyll a. The fact that the same seasonal pat
terns are found at station AO as at the harbor stations demon
strates that the causative conditions are not unique to the har
bor. Conditions in the harbor may enhance the magnitude of the 
effect. 
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SUMMARY 

The seasonal trends in chlorophyll a concentration for 
phytoplankton of Los Angeles Harbor and adjacent coastal water 
in 1978 are reported. These data show persistence, in 1978, 
of patterns reported for harbor waters since 1972 (Oguri, 1974; 
1976). The spring peak occurs in April for stations within 
the harbor. At the one station outside Los Angeles Harbor, the 
April -peak is much less pronounced. The major peak occurred in 
July when chlorophyll a concentrations reached values of >16 
µg·1-l for all stations. This July peak was associated with a 
bloom of the diatom Nitzsahia seriata. Chlorophyll a concen
trations at stations within Los Angeles Harbor were always 
greater than those at station AO, outside the harbor. Two sta
tions, Al2 and B9, are extremely similar - not only in the 
trends of chlorophyll a, but also in the magnitude of chloro
phyll a concentrations. This is probably a reflection of their 
physical proximity (Figure 1). 

Fractionation of chlorophyll a into the following size 
classes: 0.2 < x <0.6 µm; 0.6 < x <l µm; 1 < x <5 µm; and >5 µm 
for October 1977-October 1978, demonstrated that >50% of the 
chlorophyll a was contained in particles >5 µm. In November 
1978 further fractionation demonstrated that greater than half 
of this amount was, in fact, contained in particles >10 µm. 
With the addition of a 37 µm poresize filter in December of 
1978, even further subdivision was made. Between 15% and 30% 
of total chlorophyll a was found in the size class >37 µrn for 
this month. 

LITERATURE CITED: See Section VI 
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Figure 3. Vertical profile of total chlorophyll a con
centration at station A2 on August 16, 1978. 
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Figure 4. Vertical profile of chlorophyll a concentration 
in Isthmus Cove on November 17, 1978. 
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THE UPTAKE, SIZE FRACTIONATION, AND TURNOVER TIME 

OF ORTHOPHOSPHATE BY BACTERIOPLANKTON AND PHYTOPLANKTON 

IN THE LOS ANGELES HARBOR AND COASTAL WATERS 

INTRODUCTION 

Orthophosphate is one of several inorganic nutrients 
studied in characterizing the microbial activity in the outer 
Los Angeles Harbor. This nutrient is universally required by

2organisms and may be assimilated directly as Po 4 - only by 
bacterioplankton and phytoplankton. Oceanic concentrations of 
phosphate are often at the lower limits of detection (0.03 to 
Sµmole•liter- 1 ) while turnover times, especially during phyto
plankton blooms, are very short, usually minutes (Campbell, 1977). 

The purposes of this investigation are fourfold: 

1. To compare rates of uptake of orthophosphate, in situ 
phosphate concentrations, and turnover times CTt) for 
phosphate between a station (A2) located inside the 
eutrophic Los Angeles Harbor and one {AO) outside the 
harbor breakwater, and among several depths at 
station A2. 

2. To determine which size fractions of rnicroplankton 
are responsible for the assimilation of orthophosphate. 

3. To describe seasonal changes in turnover times for 
phosphate, especially in correlation with standing 
stocks of bacterioplankton and phytoplankton, and 
with the in situ phosphate concentration. 

4. To evaluate the role of bacterioplankton in nutrient 
cycling in the food web of the outer harbor. 

METHODS 

In July, August and September 1978, samples of sea water 
were collected with sterile Niskin samplers from 1 m below the 
surface at four stations inside the harbor (A2, A7, Al2, B9) 
and one station (AO) outside the harbor breakwater (see Figure 
11) and filtered through a 203 µm Nitex net to remove larger 
plankton. Aliquots of 50 or 100 ml of each sample were fil
tered through a 0.2 µm pore-sized filter (Nuclepore) and 
stored frozen before dissolved reactive phosphate determination 
by the spectrophotometric method of Strickland and Parsons (1972}. 

All filtrations employed discrete pore-sized membrane 
f.::..lters (Nuclepore) which are hereafter designated as x µm 
filters where x = 0.2, 0.6, 1.0 or 5.0 µm. For the studies 

Preceding page blank 
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on uptake kinetics a 300 ml sample was incubated with stirring 
at 18 c and 3000 lux with a~proximately 1.3 µci of either 
carrier-free H3 32 P04 or H3 3 PQ4. The addition of carrier-free 
label does not significantly alter the ambient phosphate con
centration. At various intervals for up to 6 hours, 10 ml 
subsamples were filtered in duplicate through 1.0 µm and 0.2 
µm filters at -10 cm Hg pressure, rinsed twice with 5 ml 
prefiltered 0.2 µm OC sea water (SW) and dried. The dried 
filters were placed in 10 ml of a toluene-based scintillation 
co~ktail for counting in an LS-100 Beckman counting system. 
A 1 ml aliquot of the unfiltered sample was counted directly 
in Aquasol to yield total disintegrations per minute (dpm) 
of the radioisotope per volume of sample. Counts per minute 
(cpm) were converted to dpm by means of a quench curve. 

Uptake values were corrected for nonbiological adsorption 
of the label by subtracting either an acid-killed or zero-hour 
(t0 ) blank for each time point. Acid-killed controls were 
prepared by addition of 0.2 ml of 7% PCA to 100 ml of sample 
immediately before addition of the label; the final pH was 2. 
T0 controls were prepared by filtration of duplicate 10 ml 
subsamples immediately after addition of label to a live 
sample. 

For the size fractionation studies, 200 ml seawater 
samples were incubated for 24 h under the conditions described 
above. At the end of this period, duplicate 10 ml subsamples 
were filtered onto 5.0, 1.0, 0.6 and 0.2 µm filters, which 
were rinsed, dried and counted as above. These filtrations 
were nonsequential. Either acid-killed or t 0 controls were 
prepared for each sample. 

Specific activity of the radio label was calculated from 
the dissolved reactive phosphate concentration and the total 
dpm m1- 1 of unfiltered sample. The particulate uptake was 
calculated by conversion of dpm m1- 1 to nmole PO 4 -

2 •liter- 1 , 

using the specific activity in nmole PQ4- 2 •dpm- 1 • Uptake was 
plotted against incubation time to obtain a line, the slope 
of which was determined by linear regression analysis and 
expresses the particulate uptake rate, in nmole pQ4- 2 •liter- 1 

·h- 1 • Turnover times (Tt), defined by the equation Tt=s/v,
2wheres= natural phosphate concentration in µmole Po 4 - • 

liter- 1 and v = particulate uptake rate, were calculated both 
from the kinetic experiments and from the single point incuba
tions where uptake was size-fractionated. The percent uptake 
passing each filter size was computed, based on 200% reten
tion by the 0.2 µm filter. 

Specific uptake rates, reported as nmole PO 4 -
2 •rngC- 1 ·h- 1 

are based on the assumption that uptake by the size fraction 
>0.2 um, <1.0 µmis due to bacteria, while uptake by the size 
class >1.0 µmis primarily due to phytoplankton. This assump
tion is based on our own observations and on the data of Faust 
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and Correll (1976) and Harrison et al. (1977), which showed 
that at least 80% of phosphate uptake by cells >1.0 um is 
algal, while at least 90% of the uptake passing a 1 µm filter 
and retained by an 0.2 µrn filter is bacterial. Determination 
of bacterial and phytoplankton standing stocks was by the 
acridine orange direct counting technique (AODC) according to 
Daley and Hobbie (1978) and chlorophyll a biomass estimates by 
the fluorornetric technique of Strickland and Parsons (1972). 
These values were converted to mgC as explained elsewhere in 
this report. 

RESULTS 

The kinetics of phosphate uptake were studied for three 
size classes of microorganisms at stations A2 and AO (Figures 
1 and 2). Total uptake and uptake by the >1.0 µm size class 
were measured directly; uptake by the bacterioplankton was 
determined by subtraction. In all cases uptake was linear over 
6 hours, with a correlation coefficient >0.93 at a significance 
level of 0.05 when analyzed by least squares linear regression. 

At station A2, where the reactive fhosphate concentration 
was measured at 0.59 µmole P0 4 -

2 •liter- , turnover time of 
phosphate was 41.2h and uptake rate (v) was 14.4 nrnole P0 4 -

2 • 

liter- 1 -h- 1 for the total population. For the >1.0 µm size 
fraction, Tt was 74.1 hours, and v was 8.0 nrnole P04- 2 •liter- 1 

• 

h- 1 
, while Tt and v by the bacterioplankton were 95.6h and 

6.8 nmole PQ4- 2 •liter- 1 •h- 1 respectively. 

At station AO, where the phosphate concentration was 
0.78 iunole Po4- 2 •liter- 1, v for the total population was 
slower, 11.18 nmole P04- 2 •1iter- 1 ·h- 1 and Tt was 1.5 times 
longer, at 69.6 hours. The bacterioplankton population took 
phosphate up at a rate similar to that at A2, with a 
v = 7.1 nmole PQ4- 2 •liter- 1 ·h- 1 and Tt of 109.8h. Bacteria
plankton uptake at AO was 50% of the total, while at A2 it 
was 30% of the total. The bacterioplankton standing stock 
at A2 was 5-fold that at AO for this sampling date. 

Figures 3 and 4 present the data for the vertical profile 
study of phosphate uptake at station A2. Only total uptake was 
measured. Although the in situ phosphate concentration dif
fered by less than 0.35 11mole P0 4 -

2 •liter- 1 in the upper 
10 meters, Tt increased greatly with depth below 3 meters. 
The sample collected at 3m showed the highest uptake rate, at 
8.74 nmole Po~- 1 ·liter- 1 ·h- 1 with a Tt of 139 h (5.8 days). 
The sample collected from 9 meters showed no significant 
uptake after 3 h. Figure 4 indicates that uptake rate closely 
parallels the natural phosphate concentration with depth. 

Figure 5 presents the data for an experiment, in which 
the total uptake at station AO was compared to that at station 
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A2, over a 5 h incubation period. Only total uptake was 
measured, which was linear for both stations with a correla
tion >0.95 at the 0.05 significance level. At station A2, 
the uptake rate for this experiment in September was more 
than triple that of the first two experiments done in July 
and August, with a September value of 49.1 nmole pQ4- 2 •liter- 1 

.h- 1 • The Tt was 25.5 hand the phosphate concentration was 
similar to that measured in August: 1.25 µmole PQ4- 2 •liter- 1 

and a 1.12 µmole po4- 2 •liter- 1, respectively. At AO the 
uptake kinetics for September approximate those in July, the 
Tt being 75.1 hand the uptake velocity= 10.4 nmole PQ4- 2 • 
liter- 1 ·h- 1 • The phosphate concentration was the same in both 
months, 0.78 µmole P0 4 -

2 •liter- 1 
• 

Table 1 summarizes all of the kinetic data. In Figures 
6-10 and Tables 2-4, the results of the 24 h fractionation 
studies are given. 

At all stations but A7, the uptake rate at least doubled 
in September as compared with July. At A7 the uptake rate 
actually decreased in September. This sample may have become 
anoxic during the long incubation, as it smelled strongly of 
H2 S when the 24 h filtrations were performed. Aside from 
this anomalous rate decrease at station A7, several patterns 
emerged from the data: l) In both months, AO had the lowest 
rates of uptake by all size fractions; at this station the 
microorganisms <5 um in smallest diameter were responsible 
for at least 80% of the total uptake, while those <0.6 µm 
achieved at least 55% of the total uptake; 2) at stations Al2 
and B9 similar rates of uptake were obtained for a given 
sampling period. At these stations about 70% of the total 
uptake passed a 5 µrn filter, 55% passed a 1 µm filter, and 
50% passed a 0.6 µm filter; 3) although the uptake rate at 
A2 is more than doubled from July to August, the uptake dis
tribution was about the same for both months, with about 80% 
passing a 5 µm filter, 70% passing a 1 µm filter, and 55% 
passing a 0.6 µm filter; 4) a dramatic increase in the percent 
uptake retained by the 0.6 µrn and larger pore-sized filters 
was seen in the September samples of stations A2 and A7. At 
station A2, 56% of the total uptake passed a 5 µm filter and 
25% passed a 0.6 µm filter in September, whereas these values 
were 76% and 54%, respectively, in July. At A7, 15% of the 
total uptake passed a 5 µm filter and 7% passed a 0.6 µm 
filter in September, as compared with 80% and 38%, respectively, 
in July. 

Table 5 (D. Krempin, personal communication) shows the 
bacterioplankton standing stocks at these five stations for 
the two months sampled. At every station the population 
increased at least twofold in September. A dinoflagellate 
bloom of Cymnodinium splendens also occurred in the Los Angeles 
Harbor in September. Phytoplankton standing stocks, estimated 
from Ug chlorophyll a liter- 1 are found in Table 6 (J. SooHoo, 
personal communication). In Table 7, orthophosphate uptake 
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per µg bacterioplankton and phytoplankton carbon has been 
calculated. Phosphate uptake by bacterioplankton per unit 
biomass proceeds at a rate 17 to 1000 times greater than that 
by phytoplankton. However, because the phytoplankton stand
ing stock is 60 to 400 times bacterioplankton biomass, the 
rates at which these two size classes take up phosphate are 
of approximately the same magnitude on a volume basis. 

In Figures 6 through 10 and Tables 2 through 4, the 
results of the 24 h fractionation studies are presented. At 
all stations but A7 uptake more than doubled in September 
compared with July. In July, bacterioplankton are responsible 
for at least 50% of total uptake at all stations, while in 
September, uptake by the >1.0 µm size fraction was over 60% 
of the total at stations A2 and A7. Turnover times of phos
phate by the total population ranged from 47 hat station B9 
in September to 159 hat station AO in July. 

DISCUSSION 

Although phosphate is a limiting nutrient in many oceanic 
environments, this is probably not the case in the eutrophic 
waters of the Los Angeles Harbor. The range of concentrations 
for the five stations discussed in this report was 0.5 to 3.0 
µmole P04 -

2 •liter- 1 over the three months in which phosphate 
was measured. This is similar to concentrations found in the 
coastal region .around San Diego: 0.64 to 2.34 µmole po4 - 2 .liter- 1 

(Solorzano and Strickland, 1968) and in the Rhode River sub
estuary of Chesapeake Bay: 4.0 µmole P04 -

2 •liter- 1 (Frieble 
et al., 1978). It is high compared to that measured off 
La Jolla, California: 0.2 to 0.7 µmole PQ4- 2 •liter- 1 and in 
the oligotrophic waters of the East-Central Pacific; 0.05-0.70 
µmole PQ4- 2 •liter- 1 (Solorzano and Strickland, 1968). 

Two important points emerge from the kinetic data (Table 2): 

1. At station A2, a doubling in the bacterial popula
tion (Table 5) from July to September, 1978 corre
sponded with a threefold increase in uptake rate. 
Phosphate concentration also doubled over this 
interval, whereas phytoplankton biomass decreased 
slightly (Tables 5, 6). From July to August the 
bacterial population at station A2 dropped 30% and 
uptake rate was correspondingly halved; in situ 
phosphate concentration almost doubled. Phyto
plankton biomass also dropped about 30% in August. 
These changes were correlated with TITP in August, 
following chlorination during a breakdown of the 
treatment system from May through July. These 
observations are in agreement with the finding of 
Faust and Correll (1976), that the phosphate assimi
lation ability of bacteria. and algae in the Chesa
peake Bay had high correlations only with biomass, 

http:0.05-0.70
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and were not influenced by the in situ phosphate 
concentration. 

The data for station AO are more difficult to 
interpret. Neither phosphate concentration nor uptake 
rate changed significantly between July and September 
despite a tripling of the bacterial population. 
Phytoplankton decreased more than sevenfold, but the 
data presented in Figure 1 indicates that uptake by 
this size class is less than 50% of the total. While 
the specific uptake rate (nmole•l0 9 cell- 1 ·h- 1 

) at 
A2 varies only about twofold, from 6.4 in July to 
12.0 in September, at AO it ranges fourfold, from 7.0 
in September to 28.7 in July. In January (unpublished 
data) this rate drops to 2.2 at AO. This indicates 
that the bacterioplankton at A2 are metabolically more 
active and less variable than those outside the 
breakwater. 

2. The results of the vertical profile (Figure 4) show 
a subsurface maximum for bacterial and phytoplankton 
density as well as for the in situ phosphate concen
tration and the uptake rateby the microplankton at 
a 3 meter depth, followed by a uniform decrease in all 
these parameters to Om depth. This differs from the 
depth profiles of Harrison et al. (1977) off British 
Columbia, which showed maxima for both phosphate 
assimilation and in situ concentrations below 10 m 
depth. --

A phytoplankton bloom occurred throughout the harbor in 
July (Table 6) but the standing stock dropped in August. In 
September, phytoplankton peaks equal in magnitude to the July 
bloom occurred at stations Al2 and B9, while bacterial popula
tions increased two- and 1.3-fold, respectively. Relative 
uptake into different size classes did not change significantly 
(Figures 8 and 9). Smaller phytoplankton blooms were measured 
at stations A2 and AO in September, when bacterial populations 
increased 1.8- and 4-fold, respectively, over the July stand
ing stocks. Table 7 shows that the uptake of phosphate per 
µg phytoplankton carbon increased at every station from July 
to September, but the increase was greatest at station AO 
(18-fold) and A2 (6-fold). The uptake of phosphate per µg 
bacterial carbon remained about the same for all stations 
except A7, where it decreased 28-fold between July and Septem
ber. The uptake data for station A7 may be an artifact of 
that sample having become anoxic, as discussed earlier. The 
trends at the other stations, however, suggest a hypothesis: 
early in a phytoplankton bloom (such as at stations AO and A2 
in September) the phytoplankton population may "gear up" for 
rapid growth and divisions by storing up nutrients, such as 
phosphate, beyond their immediate needs. The physiological 
status characterizing thes,e organisms at that time would 
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enable them to compete better with bacterioplankton for dis
solved phosphate. Later in the bloom (as in the July peak), 
the phytoplankton probably play a less important role in 
phosphate uptake, relative to the heterotrophic population. 
The bacterioplankton are increasing in response to the greater 
availability of dissolved organic carbon in the water column, 
presumably resulting from phytoplankton excretion lysis and 
grazing effects. Since the uptake rate per unit of bacterio
plankton biomass exceeds that per unit of phytoplankton 
biomass by 17- to 1000-fold, the greater density of bacterio
plankton enables these heterotrophs to outcompete the phyto
plankters for nutrients. 

This hypothesis is not consistent with the observation 
of Faust and Correll (1976) that higher phosphate assimila
tion by algae is due to higher numbers of algae rather than 
higher phosphate-assimilation ability per cell, but is 
supported by laboratory culture experiments of Rhee (1973) 
and Lean and Nalewajko (1976), which demonstrated the ability 
of algae to store excess phosphorus before undergoing 
several cell divisions. 

Turnover times reported here (Tables 1, 2, 3 and 4) are 
high. Campbell (1977) states that turnover times are meas
ured in minutes at the sea surface during summer months. 
However, the shortest turnover time recorded in the present 
study was 25 hat station A2 in July. This is undoubtedly 
the result of a high phosphate input into these coastal 
waters and/or rapid recycling of the resident P0 4 -

2 in the 
water column, since the phosphate concentration remained high 
even during the phytoplankton blooms. The overall predomin
ance of bacterioplankton in phosphate uptake (Table 7) 
supports the findinqs of Fuhs et al. (1972) and Rhee (1972) 
that phytoplankters-are out-competed by bacteria when the 
phosphate concentration is greater than 0.1 µmole P04- 2 •liter- 1 • 

However, the long turnover times recorded here suggest that 
po 4 -

2 is not a limiting nutrient to phytoplankton in the Los 
Angeles Harbor. This conclusj_on is supported by evidence 
presented elsewhere in this report, where laboratory cultures 
of phytoplankters were grown in harbor sea water supplemented 
with various concentrations of TITP effluent. 

CONCLUSIONS 

The following points summarize the experimental results 
concerning the uptake of orthophosphate by the bacterio
plankton and phytoplankton in the Los Angeles Harbor and 
Coastal waters. 

1. In situ concentrations of PQ4- 2 at four stations (A2, A7, 
Al2~) inside the harbor and one (AO) outside the 
harbor breakwater are found within the range 0.5 to 3.0 
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µmole•liter- 1 over the period from July 1978 to February 
1979. These values are consistent with measurements 
reported in the literature for highly eutrophic waters. 

2. Uptake of orthophosphate (as H3 
32 PO4 and H3 33 P04) is 

linear over seven hours by the >0.2 µm microplankton in 
seawater samples from a 1 meter depth at stations A2 
and AO. At AO, uptake rate per volume water is remark
ably constant, ranging from 10.4 to 11.2 nmole P04 - 2 •liter- 1 

.h- 1 between July and January. At A2, the uptake rate 
varies 7-fold, from 49.l to 6.7 nmole PO 4 -

2 •liter- 1 ·h- 1 

in September and January respectively. By contrast, the 
specific uptake rate (nmole P0 4 - 2 •10 9 cell- 1 ·h- 1 ) varies 
13-fold at AO, from 2.2 in January to 28.7 in July, 
whereas at A2 the specific uptake rate varies only 2.5-
fold. This indicates that the bacterioplankton at A2 are 
metabolically more active and less variable than those 
outside the breakwater. 

3. A vertical profile at station A2 in August revealed sub
surface maxima both for P04- 2 concentration and phosphate 
uptake rate by the microplankton at 3 meters, the depth 
at which the greatest bacterioplankton and phytoplankton 
population densities also occurred. 

4. The shortest turnover time measured was 25 hours at A2 in 
September 1978. The mean turnover time at AO was 64 hours. 
These data suggest that P04- 2 is not a limiting nutrient 
in these highly eutrophic waters, a conclusion also 
reached with laboratory cultures grown in harbor sea water 
supplemented with various concentrations of TITP effluent, 
as reported elsewhere in this volume. 

5. Fractionation of the uptake data into four size classes 
(>5.0, >l.0, >o.6, >o.2 µm) showed that, while generally 
60 to 80% of the label passed a 1.0 ~m filter and can be 
considered with bacterioplankton, up to 60% of the label 
was retained by a 1.0 ~m filter in September, and 50% in 
July. This increase in uptake by the larger size class 
is strongly correlated with the occurrence of phyto
plankton blooms in these months. overall, the uptake rate 
per unit bacterioplankton carbon was 17 to 1000 times the 
rate per phytoplankton carbon. The difference in uptake 
rates was much greater in July, when phytoplankton 
biomass was 60 to 400 times bacterioplankton biomass, 
than in September, when the biomass difference was 8- to 
55-fold. These data indicate that bacterioplankton are 
the predominant organisms involved in uptake of dis-
solved orthophosphate in the Los Angeles Harbor. 

LITERATURE CITED: See Section VI. 
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Table l. A summary of kinetic data for orthophosphate uptake at stations A2 and A0 , Slllllier 1978 

Sample depth Size fraction s V 
-2 -1 -1Sample date meters Station involved µmole P042•1iter-1 nmole P04 •liter •h Tt hours 

7-5-78 1 m >0.2~1m 11.18 69.6 
>0.21.1m,<l .Oµtn 0.78 7.10 109.8 

>l.01,1m 4.13 190.8 

7-5-78 l m >0.211111 14.37 41.2 

AO 

A2 
>0.21.1m,<l.Ollll 0.592 6.17 95.6 

>1.0llm 7.99 74 .1 

8-16-78 I m >0.21.1111 l. 12 7. 91 141.6A2 
II H3 m 1.22 8.74 139.6 

H 
II H6 m 0.97 4.26 227.7 

0 
9 m II 0.88 0.35 2521.5 

I.O
10 m II 0.96 2.87 334.5 

9-6-78 1 m >o.21.1m 0.78 10.39 75.1Ao 

l m >0.21.1111 l.25 49.12 25.5A2 
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A summar" of the 24 hour'l'nble 2. ' 

Stations: t.0 
Size Frdction dpm • SD 

(11111) ret,1 Inee: - · 

5 2515 ± 89.0 

I 7179 ± 34.5 

0.6 4015 ± 164 

0 ? 13197 :t 422 

nmoles rE tai ned 
·L-l·h-1 

5 0.929 ± 0.062 

l 1.285 ± 0.013 

0.6 1.572 ± 0.065 
O.? 4.876 ± 0.156 

%passing 

5 80.9 

1 73.6 

0.6 67.7 

0.2 0 

Tt hours 

5 837 
6051 
494 

0.2 ]!>9 

0.6 

-2 -1µmole P04 ·liter 0.78 
---·----· 

• 

size fractionation data 

A A
2 7 

dpm ± S 0 dpm
r2tained • • retained 

for orthophosphate uptake, 7--5-78. 
Label assayed 11333po4 

A12 89 
dpm± S 0 dpm ± S 0 

• • retained • • retained 1 S.D. 

10321 t 835 8431 1 26.2 11292 ± 268 
11592 ± 439 17060 ± 72.7 19528 ± 178 
19843 ± 665 24397 ± 264 22114 ± 181 
42986 ± 1138 39672 ± 1221 41322 ± 1965 

rvnoles retained nmoles retained nmoles retained 
·L-l,h-1 ·L-l·h-1 -1 -1•L •h 

2.25 ± 0.18 11.4 ± 0.03 2.68 ± 0.14 
2.53 ± 0.09 23.2 t 0.09 4.51 i 0.04 

4.35 ± 0.14 33.2 ± 0.38 5.11 ± 0.04 
9.44 ± 0.25 54 .1 ± 1.66 9.55 ± 0.45 

'.I:. passing % passing % pas:;ing 

76. I 78.7 71.8 
73. l 57.0 52.7 
53.8 38.5 46.5 

0 0 0 

Tt hours Tt hours Tt hou1·s 

262 259 178 

233 128 106 
135 89 94 

62 55 50 

0.59 2.98 0.48 

16380 1 326 
22059 ± 993 
25123 t 41'14 
47210 ± 3050 

nmoles retained 
l-1 -1• ·h 

2.45 ± 0.02 
3.40 ± 0.09 

3.88 ± 0.07 
7.68 ± 0.08 H 

H 

H 
'.I: passing 0 

.....
68.0 0 

55.6 
49.4 

0 

Tt hours 

162 
117 
103 

52 

0.40 



'!'able J. /\ summary of t.he 24 hour 
at station A2, 8-16-78. 

Uepth 1 m 

Size Fraction dpm 
± S.D.{µr.i) retained 

5 3652 ± 123 

1 9686 ± 293 

0.6 12245 ± 436 

0.2 31073 ± 443 

nmoles retained 
-1 -1•L •h 

5 2.8 i 0.09 

l 7.42 .1: 0.22 

0.6 9.38 ± 0.330 

0.2 23.82 ± 0.34 

%passing 

5 88.2 

l 68.8 

0.6 60.5 

0.2 0 

Tt hours 

5 400 

l 150 

0.6 119 

0.2 47 

-2 -1 
lJlllO 1 e PO4 • I iter l. 12 

-

size fractionation data of orthophosphat.e uptake 
Lauel assayed ll:332ro 4 

J m 6 m 9 m -
dpm ± S D dpm + S D dpm + S 0 

retained • • retained - • • retained - • • 

4383 ± 84.7 4024 ± 213 3320 ± 288 
12640 ± 24.1 8323 ± 57.7 5923 ± 10 
16161 ± 157 11093 ± 354 6683 ± 127 
39995 ± 493 22161 :t 4285 11871 :t 3321 

nrnoles retained nmoles retained nmoles retained 
-1 -1 -1 -1·L-1 ·h-1 •L •h •L •h 

3.36 ± 0.06 2.63 :t 0.13 2.02 t 0.17 
9.69 ± 0.01 5.44 ± 0.03 l.60 ± 0.00 

12.39 ± 0.06 7.25 ± 0.23 4.09 ± 0.10 
30.660.t 0.37 14.49 <.: 2.80 7.22 ± 2.02 

%passing %passing % passing 

89.2 81.8 72.0 
68.4 62.4 50.1 
59.5 50.0 43.3 

0 0 0 

Tt hours Tt hours Tt hours 

363 368 435 
125 178 244 
98 133 215 
39 64 121 

1.22 0.97 0.88 I 

fo.r; 5 depths 

10 m 

dpm
retained 

+ S 0 
- • • 

5462 ± 431 

12212 1 46.1 

17628 ± 107 

35287 ± 438 

nmoles retained 
·L-l·h-1 

3.66 ± 0.29 

8.19 .t 0.03 

11.82 + 0.07 

23.67 • 0.29 

%passing 

84.50 

65.5 

50.0 

0 

H 
H 
H 
C, 

Tt hours 

261 

117 

81 

40 

0.96 



Table 4. A summary of the 24 hour siz.-:- fractionation data for 

Stations: 

Size fraction 
(!Jm) 

dpm
retained 

± S D 
· • 

dpm
retained ± 

S D 
• • 

dpm
retained 

+ 
-

S 0 
· 

5 3576 ± 677 13342 ± 600 9841 ± 679 

l 6749 ± 584 19033 ± 81.4 9681 ± 222 

0.6 13847 ± 218 23038 ± 450 10722 ± 162 

0.2 31655 ± 292 30880 ± 344 11606 t 753 

nmoles nitained nmoles retained r111oles retained 
-1 ..1•L •h -1 -1·L •h ·L-l·h-1 

5 1.59 ± 0.30 8.26 ± 0.37 8.24 ± 0.56 
l 2.99 ± 0.26 11.67 ± 0.05 8. 10 ± 0. 18 

O.C 6.15 ± 0.09 14.19 ± 0.28 8.98 .t 0.13 

0.2 14.08 ± 0.13 19.06 ± 0.21 9.72 ± 0.63 
-

,: passing %. passing ,: passing 

5 88.7 56.6 15.2 

1 78.7 38.7 16.5 

0.6 56.3 25.5 7.6 

0.2 

\ hour~. Tt hours Tt hours 

5 490 140 173 
1 260 107 176 

0.6 126 88 159 

0.2 55 65 147 
-------- -2 
\Jmole P04 ·liter-1 0.78 l. 25 1.43 
-----· 

orthophosphate upti!kf>, 
Label assayed tt332po4 

9-6-78. 

• 
dpm

retained 
+ S D 
- · • 

dpm
retained 

... 
- S.D. 

9425 ± 126 
11918 1 1211 
15233 ± 2007 

24361 ± 1455 

9309 ± 133 
14152 ± 401 
17935 ± 1088 

35395 ± 1977 

nmoles retained 
-1 -1•L •h 

nmoles retained 
-1 -1•L ·h 

7.81 ± 0.10 
9.88 ± 2.17 

12.63 ± l.66 
20.20 1 1.20 

,: passing 

61.3 

51.0 
37.4 

4.61 ± 0.12 
7.01 ± 0.13 
8.89 ± 0.54 

17.55 1 0.98 

,: passing 

73.7 

60.0 
49.3 

H 
H 
H 
0 

Tt hours Tt hours 

lfl5 
146 
114 

71 

182 
119 
94 
47 

1.45 0.84 



'l'.:ible 5. St.:inding stocks t1nd biomass estim<ttes of bacteriopl<1nkton at 5 stations in 
the Los Angeles ll<1rbor ured, July - September 1978. Estimates are based on 
direct counts usin<J epifluorescent microscopy. 

Sample derh Total bacterioplankton Bacterial biomass 
Sample date Station (meters -1(·l05)·ml-1 1ig C·liter 

7-5-78 l m 3.9 ± 0.6 3.1 ± 0.5"o 
1 m 22.5 ± 2.7 17.6±2.l"2 
1 m 29.l ± 2.3 22.8 ± 1.8 A7 
1 m 16.9 ± 0.9 13.2 i 0.71112 
l m 27.6 .t 2.1 21.6 ± 1.6e9 

8-16-78 1 11 11.4 ± 3.6 12.8 ± 2.8A2 
3 m 18.9 ± 3.6 14.8 ± 2.8 

H 
H6 m 15.7 .t 2.4 12.3 ± 1.9 
H 

9 m 10.5 ± 3.1 8.2 ± 2.4 0 

10 m 9.2 ± 3.2 7.2 ± 2.5 I-' 
-------------- w 

9-6-78 l m 14.8 ± l. 9 11.6 ± 1.5Ao 
l m 40.8 ± 4.0 31.9±3.1"2 
1 m 43.3 ± 5.6 33.9 ± 4.4 

l m 36.2 ± 6.2 28.3 ± 4.9 
A7 
11 12 

l m 35.4 ± 4.4 27.7 ± 3.489 

w .... 
-..J 
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Table 6. Standing stock estimates of phytoplankton biomass at 
5 stations in the Los Angeles Harbor, July - September 
1978. Estimates are based on chlorophyll a measurements 
accordinq to the method of Strickland and Parsons, 1972. 

Sample date Station Iµg chlorophyll a•liter-l mg phytoplankton C·liter-1 
-

7--5-78 15.5 1. 2AO . 
15. 9 1.2A2 
42.2 1.3A7 

1.65A12 
Bg 22.0 1.5 

8-2-78 0~ 1 0. lAO 
10. 5 0.7A2 
8.0 0.7A7 

0.4Al2 
Bg 4.8 0.3 

9-6-78 1.0 0. 15Ao 
10.8 0.9A2 
4. l 0.3A7 

1.6Al2 
Bg 22.0 1.35 
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Table 7. Relative uptake of orthophosphate by bacterioplankton 
and phytoplankton based on biomass estimates of the 
standing stocks, summer 1978. 

U t k rat of \j''p-'-ake rate ofp a e e \.. 

bacterioplankton phytoplankton 
Sample date Station -2 -1 -1 -2 -1 -1nmole PO •µg C •h nmole P04 •µg C ·h4 

7-5-78 1. 16 0.001Ao 
0.392 0.002A2 
l.35 0.018A7 
0.379 0.003A12 

Bg 0.199 0.002 

9-6-78 0.957 0.02Ao 
0.232 0.013A2 
0.047 0.027A7 
0.364 0.006Al2 

Bg 0.383 0.005 
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Figure 1. Kinetics of orthophosphate uptake by three par
ticulate size classes at station A2, 7-5-78. The samp~e 
was collected at 1 m below the s~rface where the [Po4-] 
= 0.59 µmole·liter-1. H3 33po 4 was used as the tracer. 
Symbols and bars represent the mean and ranges of duplicate 
determinations. Total uptake (>0.2 µm particle size): e; 
uptake by the >l.O J.Uil size class:•; bacteriopl.ankton up
take (<1.0 um, >0.2 µm particle size):~. 
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Figure 2. Kinetics of orthophosphate uptake by 3 particu
late size classes at station AO, 7-5-78. The sample was 
collected at 1 m below the surface; [Po4-2] = O. 78 µmole· 
liter-1. H333po4 was used as the tracer. Symbols and 
bars represent the mean and ranges of duplicate determi
nations. Total uptake (>0.2 µm particle size):•; uptake 
by the >l.O µm size class: a; bacterioplankton uptake 
(<1.0 µm, >0.2 µm particle size): ~. 
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Figure 3. Kinetics of orthophosphate uptake by the total 
microbial populations at 5 depths at station A2, 8-16-78. 
H3

32Po 4 was used as the tracer. Symbols and phosphate 
concentrations at each depth: 1 m - 1.12 µmole Po 4- 2 -liter-l 
•; 3 m - 1.22 µmole P04-2·liter-l, o; 6 m - 0.97 µmole Po 4-2 
·liter-1, •; 9 m - 0.88 µmole Po 4- 2 -u_ter-l, D; 10 m - 0.96 
µmole PO4- 2 ·liter-l, •· 
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Figure 4. Depth profile of bacterial numbers <•), phosphate 
concentratio~~ (e) and uptake rates {a) at station A2, 
8-16-78. H P04 was the tracer. Rates are slopes of the3kinetics of orthophosphate uptake by the total microbial 
populations at 5 depths. Bacterial numbers are from di
rect counts by epifluorescent microscopy. 
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Figure 5. Kinetics of orthophosphate uptake as retained on 
an 0.2 µrn pore size filter at station A2 and AO, 9-6-78. 
Samples were collected from 1 m below the surface. H3 32Po 4 
was used as the tracer. Phosphate concentrations were 0.78 
µmole Po4-2-liter-l at AO (e) and 1.25 µmole Po4-2.1iter-l 
at A2 (•). 
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COMMUNITY METABOLISM OF TOTAL ADENYLATES BY THE 
MICROHETEROTROPHS OF THE LOS ANGELES HARBOR AND 

SOUTHERN CALIFORNIA COASTAL WATERS 

INTRODUCTION 

The radiotracer method for studying uptake kinetics by 
natural populations of aquatic microheterotrophs (Wright and 
Hobbie, 1966; Hobbie and Crawford, 1969) has yielded consider
able information on the turnover times and relative uptake 
rates of various dissolved organic substrates. When combined 
with a direct measurement of the natural substrate concentra
tion, tnis kinetic approach can establish more precise values 
of uptake velocity. If the standing stock of microhetero
trophs is also measured, the specific activity of a given pop
ulation for uptake of a particular compound can be calculated. 
Wright (1978) has suggested three specific activity indices: 
Vmax• as 10-12µg·h-l-cell-l; turnover rate (Tr), as 10-6-h-l• 
ce11- 1 liters; and direct uptake rate, Vn, 2s 10-12µg·h-1. 
ce11-l. Data reported as a specific activity allow one to make 
direct comparisons among aquatic heterotrophic systems, whether 
they vary in space or time. The purpose of this study was to 
compare seasonal variations in uptake activity by the bacteria
plankton of the Los Angeles Barbor with the activity in the 
contiguous coastal waters. 

The adenylate system is well suited as a study of microbial 
activity, since the adenylates occur as universal components of 
all living cells, both in stable macromolecules like DNA and 
RNA and as major chemical species involved in cellular energy 
metabolism. Furthermore, adenylates can be measured in nanorno
lar concentrations in the ocean, by means of the sensitive lu
ciferin-luciferase assay (Holm-Hansen and Booth, 1966); Hodson, 
et al., 1976). Previously, dissolved ATP has been shown to oc
cur in the ocean at concentrations ranging from 0.1 to 0.6µg·li
ter-1, where it is rapidly utilized by marine bacteria (Azam and 
Hodson, 1977). 

3H-AMP is employed as a tracer of TA metabolism by rnicro
heterotrophs in the present study. Its specific activity was 
calculated on the basis of the total dissolved adenylate concen
tration {TA= ATP+ ADP+ AMP), since it is probable that all 
adenylates share the same transport system (Martin and Demain, 
1977). However, this assumption will soon be tested under con
trolled conditions with bacterial isolates from the harbor. 

This report attempts to correlate direct counts of bacterio
plankton standing stocks and measurements of natural adenylate 
concentrations with the kinetics of TA uptake during three sea
sons of the year (summer, fall and winter, 1978; the annual 
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cycle will be completed by spring sampling in March, 1979) at 
a sampling station (A2) inside the Los Angeles Harbor and one 
(AO) outside the breakwater in coastal waters. Previous stud
ies for the uotake of other dissolved organic substrates (e.g., 
1 4c-glycine, 14c-amino acid mixture, 14c-glucose) have shown 
a 5- to 20-fold difference in uptake, on a relative basis, be
tween these stations; however, this is the first time that up
take of a single compound has been followed continuously over 
an annual cycle in conjunction with measurements of its in situ 
concentration. 

METHODS 

Seawater samples were collected by Niskin sterile-bag 
devices from 1 meter below the surface and maintained within 
2°c of the in situ temperature until return to the laboratory, 
where they were filtered through a 203µm Nitex net to remove 
larger plankton. All other filtrations employed discrete pore
size membrane filters (Nuclepore, 47mm diameter) which are 
hereafter designated simply as x µm filters, where xis 0.2, 
0.6, 1 or Sµm and indicates the diameter of the pores. The 
samples were stored at 1a0 c and assayed within 2-hours of re
turn to the laboratory. 

Extraction and measurement of ATP and TA were according 
to the procedure of Holm-Hansen and Booth (1966) as modified 
by Azam and Hodson (1977) and Karl and Holm-Hansen (1978). The 
dissolved TA concentration is defined as that passing an 0.2µm 
filter. The particulate TA of size fractions 0.2µm to l.Oµm 
and 0.2µm to 203µm were estimated by measuring the lµm and 203µm 
filterable TA, respectively, then subtracting the average TA of 
the dissolved fraction. 

Determination of bacterial and phytoplankton standing 
stocks were by the acridine orange direct counting technique 
(AODC} according to Daley and Hobbie (1978) and chlorophyll a 
biomass estimates by the fluorometric technique of Strickland 
and Parsons (1972). 

Two different types of uptake experiments were performed. 
For simple kinetics, uptake of label over time was studied. For 
Michaelis-Menten (M-M) kinetics, varying concentrations of cold 
AMP were added to different assay flasks and the velocity of up
take at each substrate concentration was determined from a sin
gle point incubation. Zero hour (to) and acid-killed controls 
did not yield significantly different values and were generally 
less than 10% of the uptake of label after 2.5 hours incubation 
for any substrate concentration. For convenience, blankst 0 
were prepared for the simple kinetic experiments, while acid
killed controls were employed in the M-M kinetics experiments. 
Subtraction of these blanks eliminates nonbiological phenomena 
such as adsorption and background radiation from inclusion in 
the uptake data. 
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the uptake data. 

For the measurement of simple uptake kinetics, SO µci3H-AMP 
(15 Ci·mmole-1) were added to 500ml seawater sample and incuba
ted with stirring at 1aoc. Duplicate 10ml samples were removed 
at half-hour or hourly intervals for up to 7 hours and passed 
through an 0.2µm filter. The filter was rinsed twice with 5ml 
of 0".2µm prefiltered sea water (SW), dried for one hour under 
an IR lamp, and placed in 10ml of a toluene-based fluor for 
counting in an LS-100 liquid scintillation system. 

In the first experiment (June 7, 1978) incorporation of la
bel into macromolecules was measured by following the filtration 
of duplicate 10ml samples with two 5ml rinses of OC 0.SN PCA 
prior to the SW rinses. In the second experiment (August 2, 
1978) duplicate 10ml samples were passed through l.0µrn filters 
so that kinetics of uptake by the >1.0 µm size class, and by 
subtraction, by the >0.2µrn, <l.0µm size class of microhetero
trophs, could be followed in addition to total uptake. 

For the M-M kinetic experiments! 10ml aliquots of sample 
were dispensed in duplicate into sterile serum bottles (100ml 
capacity) to which a 1ml volume of substrate containing 1 µCi 
3H-AMP and varying concentrations of cold AMP was added, for a 
final concentration of 6 to 100 nmole TA·liter-1. In the·last 
experiment (December 6, 1978) the addition of 3H-AMP was re
duced to 0.1 µCi to yield a low concentration of 0.6 nmole TA· 
liter-1. After a 2.5 hour incubation (2 hours at A2 and 5 hours 
at AO on December 6, 1978), the samples were taken through the 
filtration procedure described above. Acid-killed controls, to 
which the addition of 0.02ml of a 7% PCA solution immediately 
preceded the addition of label, were filtered after the same in
cubation period. In the first two experiments, controls were 
prepared only for the lowest and highest substrate concentra
tions; thereafter they were prepared for all concentrations. 

For the size-fractionation studies, 100ml of water sample 
were incubated with 10 µCi of 3H-AMP at 1aoc for endpoint deter
mination of the uptake rate by four size classes of microhetero
trophs. Acid-killed controls were prepared for each sample. 
After 24 hours (4h at AO and 2h at all other stations on Decem
ber 6, 1978) duplicate samples were removed for filtration 
through 5.0, 1.0, 0.6 and 0.2 µm filters, and treated as de
scribed above. 

Data Calculations 

Conversion of counts per minute (cpm) to disintegrations 
per minute (dpm) was by means of a quench curve relating exter
nal standard ratio to counting efficiency. Specific act~vity of 
the label was calculated, based on the sum of the added H-AMP 
and the natural TA concentration in the seawater sample. One 
ml aliquots of sample plus label were counted directly in Aqua
sol to determine total dpm (3H-AMP) ·m1-l of sample. 
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For the simple kinetic studies, uptake values, as nmole 
TA·liter-1, were plotted against incubation time. The poten
tial uptake rate (Vp), at the elevated (TA+ 3H-AMP) adenylate 
concentration, is the slope of the line determined by linear 
regression analysis, and is given as nmole TA·liter-l·h-1. 
The specific potential uptake rate (Vps> is determined as the 
uptake rate per 109 bacterial cells (by AODC). The turnover 
time (Tt) for this elevated TA concentration is determined as 
the quotient of the rate (V) divided into the sum of the nat
ural TA+ 3H-AMP concentrations. 

For analysis of the M-M kinetic data, the uptake rate at 
each concentration of substrate was plotted against substrate 
concentration to determine whether saturation kinetics occurred. 
A Woolf transformation of this data, to an S/v vs S plot, yields 
a straight line with the equation 

S - S KtIv - /vmax + /Vrnax 

where 

Kt= a concentration constant similar to the Michaelis 
constant Km= the negative abscissa intercept 

= a velocity constant observed when a limiting step 
is saturated with substrate= the inverse of 
the slope 

S = substrate concentration 

S;V = the turnover time for substrate at each concentration 

The turnover time (Tt) at the natural TA concentration, is 
the time required for the microheterotrophs to remove all . 
adenylates from solution (assuming no further input) and is de
termined as the ordinate intercept of the Woolf plot. Turn
over rate (Trn) is the inverse of Tt and is reported here on a 
per cell basis, as suggested by Wright (1978), as 10-6-h-l. 
ce11-l-1iter-l. The uptake rate at the natural concentration 
of substrate, Vn, was calculated by substituting the natural 
TA concentration for Sin the equation above, and solving for V. 
Specific uptake rate at the natural concentration (Vns) was cal
culated as nmole TA·10 9 cells-l·h-1 (cell number from AODC). 
Vmax was also calculated on a per cell basis. 

For analysis of the endpoint size fractionation data, up
take rates were calculated for each size class as nmole TA·li~ 
ter-l·h-1 . The percent uptake passing a given filter porosity 
was determined, assuming a 100% retention by the 0.2µm filter. 

RESULTS 

The uptake of dissolved 3H-AMP was studied in June, August 
and December, 1978 at station AO and October as well at station 
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A2 in the Los Angeles Harbor. The dissolved natural TA con
centration ranged from 1.19 to 1.74 nmole TA·liter- 1 at sta
tion AO and from 1.53 to 4.96 nrnole TA·liter-1 at A2 for these 
months, while the particulate TA concentration (>0.2µrn, <203 µm) 
ranged from 1.89 to 5.75 nrnole TA·liter-1 and from 3.47 to 19.8 
nrnole TA•liter-1, respectively, at AO and A2 (Table 1). 

The kinetics of 3H-AMP uptake was linear over 7 hours at 
both stations, as shown in Figures 1-3. At station A2, poten
tial uptake velocities per liter of water were high in June and 
August compared with uptake in December, at 1.08, 0.87 and 0.2 
nrnole TA·liter-1, respectively. However, on a per ~ell basis 
these values become 0.57, 0.49 and 0.43 nmole TA·l0 9 ce11-l-h-l, 
with a variance less than 25% among them. The bacterial stand
ing stocks are shown in Table 2. Specific potential uptake 
rates at AO are less than half those at A2 on the same sampling 
date. This difference is greatest in August, when the potential 
uptake rate at A2 is 10 times as high as at AO (Table 3, 12th 
column). 

Turnover times likewise show wider disparities among sam
pling dates at a given station than do turnover rates, which 
are reported on a per cell basis. The longest turnover time 
occurred at AO in August, at 258 h, while the shortest was at A2 
in June at 10 h. These differences become much smaller when ex
pressed as turnover rates of 6.l·lo-6-h-l·cell-l-liters and 
54.3·10-6-n-l·cell-l-liters, respectively. The dissolved TA 
concentration at AO was, on the average, 60% lower than at A2 
and varied less than 20% from its average value of 1.45 nmole 
TA·liter-1. The December adenylate concentration at A2 was 
only 40% of the mean value of 3.69 nmole TA·liter-1 over these 
three months. 

The rate of incorporation of 3H-AMP is not significantly 
different from that of uptake; at neither station do these rates 
differ by more than 0.003 nrnole TA·liter-l-h-1. After five 
hours of incubation, over 96% of the assimilated label is appar
ently incorporated into macromolecules; soluble pools must be 
quite small. Azarn and Hodson (1977) reported a 98% assimilation 
of 14c-ATP uptake in the Saanich Inlet, British Columbia, indi
cating that little is respired. Assuming that respiration is 
also neqligible in this system, it is concluded that over 90% of 
the adenylates transported across the cell membrane result in 
macromolecular incorporation. 

In August (Figure 2) we examined the uptake kinetics of 
H-AMP into two size fractions. A surprisingly high (33-49%) 

percentage of total uptake was associated with the size class 
>l.Oµm, presumably containing phytoplankton, rnicrozooplankton 
and bacteria attached to particles. This contrasts with the 
predominance (80-90%) of uptake by the size class >0.2µm, 
<l.Oµm ~ bacterial, for 14c-jlucose, a 14c-amino acid mixture 
from algal hydrolysate, and H-thymidine, as found in an ear
lier study (Sullivan, et al., 1978) and for dissolved glucose, 

3 
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serine, acetate and AMP in sea water (Azam and Hodson, 1977). 

The results of the single point size fractionation studies 
(Figures 4 and 5) show that the microheterotrophs in the size 
fraction <l.0µm generally accounted for more than 75% of the 
3H-AMP uptake. However, in June and August, months immediately 
preceding phytoplankton blooms, this fraction contained 40 to 
50% of the 3tt-AMP taken up. By contrast, this fraction only 
contains between 10 and 30% of the particulate adenylates 
(Table 1). 

Figures 4-7 show the results of the multiconcentration 
experiments for 3H-AMP uptake at stations A2 and AO. Addition 
of cold AMP plus 3H-AMP to the samples resulted in concentra
tions ranging from 0.4 and 1.6 times that of the natural adenyl
ate concentration to concentrations two orders of magnitude 
greater. The shape of the S vs V plot varied from month to 
month at station A2 (Figures 4 and Sa and b). In June and Octo
ber an initial saturation seems to be followed by a possible 
second increase in uptake at higher substrate concentrations. 
This was not the case in August, when at very high concentra
tions the 3H-AMP uptake rate decreased with increasings, or 
in December, where the plot is more linear than hyperbolic. 

Woolf transformations of these data into s vs s;v plots 
are shown in Figures 6 and 7. All plots were linear, with 
correlation coefficients >0.88 at the a= 0.01 level. In the 
Woolf transformation of the August experiment (Figure 6b) the 
line was calculated for all concentrations but the two highest; 
as inclusion of the latter points would have resulted in a neg
ative turnover time. These points (circled in Figure 6b) cor
respond to the rate decrease in Figure 5a and are considered 
to have arisen from experimental error. 

It is constructive to note the behavior of the S vs S;v 
plots as they near the ordinate axis. At station A2 in June, 
August and October (Figure 6) the S;y values aE the lowest con
centrations (single point turnover times) are greater than the 
value of the ordinate intercept (multiconcentration turnover 
time). This conforms to the theoretically ideal situation, and 
is what can be expected in eutrophic waters (Gocke, 1977), such 
as occur in the Los Angeles Harbor. However, in the December 
experiments at both stations AO and A2, the S/v values curve 
towards the abscissa axis at lower concentrations. Apparently, 
this phenomenon is often associated with more oligotrophic 
waters, where uptake by a heterogeneous population results in 
computation of longer turnover times by the multiconcentration 
method (Williams, 1973). December is the winter season in the 
harbor and both the bacterioplankton population and in situ 
adenylate concentrations are <25% of their October values at 
station A2. This is consistent with multivariate benthic and 
plankton analyses, where outside station Al and outer harbor 
stations cluster together in December, but are separate the rest 
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of the year. Station AO is just outside the harbor breakwater 
and even in summer months is characterized by lower microbial 
standing stocks and nutrient levels than occur inside the har
bor (Tables 2 and 3). 

The uptake constants Kt and Vrnax are summarized for each 
experiment in Table 3. Vmax values ranged from 0.3 nmole TA· 
109 cells-1.h-l at station A2 in October to almost 2.0 nmole 
TA·lo9 cells-1-h-l at station A2 in June and December. Kt val
ues ranged from a high of 105 nrnole TA·liter-1 at station A2 in 
December to a low of 11.9 nmole TA·liter-1 at A2 in October. 

~urnover times determined both by sinple and M-M kinetics 
are also compared in Table 3. The former method yielded values 
30 to 65% lower than did the latter, except in August. Part 
of the explanation for this finding is the difference in uptake 
rate over seven hours as opposed to the first two hours of incu
bation; both have correlation coefficients of >0.90, but the 
initial uptake rate is only about half the rate over seven hours. 
When turnover time is calculated on this lower rate of uptake, 
the result is much closer to that calculated from M-M kinetics, 
where the incubation period was 2-5 hours. 

The rate of uptake of dissolved 3H-AMP at the natural TA 
concentration (Vn) as calculated from M-M kinetics, is shown in 
the last two columns of Table 3. Unlike the potential uptake 
rate (V0 ), which showed little seasonal variation on a per cell 
basis, lhe specific V 0 rates vary tenfold, from 0.29 to 0.025 
nmole TA·l0 9 ce11-l-h-l in August and December, respectively. 

Bacterioplankton and phytoplankton standing stock (biomass) 
values are shown in Table 2. Note that the bacterial biomass 
at station A2 is, on the average, almost three times that at 
station AO. Phytoplankton standing stocks remain fairly con
stant except in July, when a bloom occurred at all stations, and 
in September, when a second bloom occurred in patches in the 
harbor. The bacterioplankton increase, apparently in response 
to these blooms, peaked in July and October. Total particulate 
adenylate concentrations (Table 1) at stations AO and A2 peaked 
around June-July and in September. Approximately 80% of the to
tal particulate adenylate is found in the size fraction >l.Oµm 
throughout the period sampled. 

DISCUSSION 

i-1icroheterotrophic activity in the Los Angeles Harbor and 
coastal waters is high, with Vmax values ranging from 0.35 to 
3.7 nnole TA·liter-1-n-l (0.13 to 1.3 µgC·liter-l-n-1). The 
magnitude of these Vmax values is typical of highly eutrophic 
waters, comparable to those found for glucose and leucine, 1.86 
and 0.34 µgC·liter-l·h- 1 , respectively, in the Kiel Fjord 
(Gocke, 1977) and higher than those measured in La~e Erken for 
glucose, where Vmax values range from 0.009 to 0.072 µqC·liter-1 
·h- 1 (Wright and Hobbie, 1966). The dissolved adenylate 
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concentration is also high compared to other oceanic measure
ments, e.g. dissolved ATP ranged from 0.22 to 2.90 nmole·liter-1 
(118 to 1557 ng ATP·liter-1) at stations AO and A2 between April 
and December, 1978. This is comparable to the average dissolved 
ATP concentration of 466 ng·liter-1 in the eutrophic waters of 
Saanich Inlet, British Columbia and of 218 ng•liter-1 off the 
SIC pier at San Diego (Azam and Hodson, 1977). 

Since a minimum of 90% of adenylate uptake apparently re
su~ts in incorporation into acid insoluble material (presum
ably macromolecules), the uptake kinetics for this substrate 
reflect on both the activity and growth potential of a popula
tion. A comparison of the potential (Vp) and actual (Vn) uptake 
rates at A2 {Table 3) reveals that, on a per liter basis, both 
show substantial decreases in adenylate uptake from summer to 
winter. Vp ranges five-fold, from 1.08 to 0.2 nmole TA·liter-1 
·h-1 while Vn ranges forty-fold, from 0.51 to 0.013 nmole TA• 
liter-1-h-l. However, when the Vps and Vns are considered, a 
different result emerges. Whereas Vps differs little between 
June and December, at 0.57 and 0.43 nmole TA·l09 ce11-l-h-l, 
respectivelyi Vns still varies tenfold, from 0.29 to 0.025 nmole 
TA•l09 ce11- -h-L. 

These data indicate that, while potential uptake activity 
changes primarily as a function of the microheterotrophic popu
lation size, uptake rate at the in situ substrate concentration 
varies in a more complex way annually. The tenfold difference 
still seen between summer and winter Vns rates may be due in 
part to subtle differences in the dissolved TA concentrations on 
which these rates are based. Whereas the natural adenylate con
centration at A2 decreased 3-fold, from 4.96 to 1.53 nmole TA· 
liter-l in August and December, respectively, the elevated con
centrations for which VP values are measured vary less than 1.5-
fold over this period. 

When similar comparisons are made between the Vp rates at 
AO and A2, it can be seen that the Vps at AO is 2- to 10-fold 
lower than at A2 on a given sampling date; the widest disparity 
in Vps values occurs in August. Unfortunately, M-M-type kinetic 
experiments were unsuccessful at AO in June and August; there
fore only in December can Vn comparisons be made between the 
stations. The Vns at AO was 0.014 nmole TA·l09 ce11-l-h-l, a 
little over one-half that at A2 {0.025 nmole TA•liter-109 ce11-l 
·h-1}. This indicates that the bacteria outside the breakwater 
are both potentially and actually less active in the uptake of 
3H-AMP than are those inside the harbor, even when the bacterio
plankton densities are very similar at the two stations, as they 
are in December (Table 2). This observation could be due to a 
number of causes, such as different species compositions, differ
ent transport capabilities, inducible transport systems, or a 
higher percentage of dormant cells outside the breakwater. 

The Vmax would be expected to vary seasonally in agreement 
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with the V0 rates. Specific Vmax values vary about 2-fold at 
A2, which corresponds to the low specific Vp variation at this 
station. The December Vmax value at A2 is about four times 
that at AO in this month; the difference in their Vp values is 
3-fold. 

The turnover rate per cell is another measure of activity, 
one that is strongly dependent upon the rate of substrate in
put, of which we have no measure in this study. Although a 
linear rate of uptake was assumed from a steadily diminishing 
pool of the dissolved 3tt-AMP in this study, a rapid cycling of 
nutrients might actually have been missed in the closed environ
ment of our flask. However, the brevity of the incubation peri
ods compared with the uptake rates measured indicates this is 
unlikely. 

In the natural environment even less is known about the 
rates of processes, such as grazing, excretion and cell lysis, 
which lead to an input of TA into the dissolved fraction from 
particulate matter. If a steady state is assumed for the par
ticulate and dissolved adenylate concentrations at A2 from av
erage values measured in this study, a first approximation can 
be made of the rates between pools in the adenylate system, as 
diagrammed below: 

PARTICULATE DISSOLVED 
ADENYLATE ADENYLATE 

nmole TA·liter-l nroole TA·liter-1 

tr...___K_lBEJ] = 0.19~ 

size >D.2um, ~ -<l.Oµm Kl = 0.24 
size <0.2µm 

0 • 0 5 ____....,--~ = ...-
size >1.0µm, 

<203µm., 

Rates K1, K-1B, K-lP are in units nmole TA·liter-l·h-1. 
Kl = rate of input of adenylates into the dissolved pool 

from the particulate fractions 
K-lB = uptake rate of dissolved adenylates by the bacterio

plankton (<l.Oum size fraction) 
K-lP = uptake rate of dissolved adenylates by the >l.Oµrn 

size fraction 

Assuming that a steady state exists for particulate and 
dissolved adenylate concentrations, then K1 = K_l = K-lB + K-1P· 
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is assigned the average v value from measurements in thisK_ 1 0
study of 0.24 nmole TA·liter-~-h-1. Since the size fractiona
tion data indicated that 50 to 90% of heterotrophic uptake of 
3H-AMP is associated with organisms passing a l.Oµm filter, a 
value of 80% the K-1, or 0.19 nrnole TA·liter-1-h-l is assigned 
as K-lB' leaving 0.05 nmole TA•liter-1-h-l as K-lP· Thus, . 
Ki= K-1; K-lB + K-lP =0.24 nrnole TA·liter-1-n-I. When this 
rate is divided into the particulate adenylate concentration, 
a turnover time of 43 hours is estimated for particulate adenyl
a½es in the Los Angeles Harbor. The flux of particulate adenyl
ates into the dissolved adenylate pool is the sum of many pro
cesses, major ones being excretion, decomposition and grazing, 
with cell lysis and leakage being less important. 

Although information is too limited to subdivide the K1
flux, it is clear that the bacterioplankton predominate in the 
uptake of dissolved adenylates. From the kinetic experiment in 
which adenylate uptake was fractionated, VP values for the 
>0.2µm, <l.Oµrn size class and >l.Oµm size class were 0.46 and 
0.42 nmole TA·liter-1-h-l, respectively ..If we assume that all 
the uptake by the larger size class is algal, an all the uptake 
by the smaller size class is bacterial, then specific VE values 
for this experiment are 0.0006 and 0.032 nmole TA·µgC·h 1, re
spectively. Thus, the bacterioplankton uptake exceeds the phy
toplankton uptake rate by 55 times, on a per biomass basis, al
though the two are of equal magnitude on a per liter basis. 
This comparatively high uptake by the larger size class may al
ternatively be interpreted as being primarily due to bacteria 
attached to particles. Particulate organic matter may have been 
relatively high at the time of this sampling (August) following 
the July bloom of Nitzschia sePiata throughout the harbor. 

Although no estimate can be made of the relative rates of 
input into the dissolved TA pool from the two particulate size 
classes, it can be noted that the standing stock of the larger 
size class is 6 times that of the <l.Oµm size class. This in
dicates the formation of particulate adenylates by other means 
than through uptake of dissolved adenylates. Of course, the 
major processes of grazing, photosynthesis, and biosynthesis 
have been omitted from the overly simplified budget. 

A· comparison of the natural dissolved TA concentrations 
(which range from 1.53 to 4.96 nmole TA·liter-1) with the Kt 
values derived from M-M kinetics (which range from 11.9 to 105 
nmole TA·liter-1, Table 3) indicates that the microheterotrophs 
in these waters are always substrate-limited for TA; their up
take rate at the natural concentration being 1 to 30% of the po
tential Vmax rate at saturating levels of TA. T~ese extremes 
occur in December and August, respectively, months in which the 
disparities between the natural TA concentrations and the Kt 
values are greatest and least, respectively. The Kt value at 
station AO in December is only 40% that at A2, which indicates 
that the bacteria outside the harbor may have a higher affinity 
for their substrate in partial compensation for their lower 
activity. 
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SUMMARY 

The following summarizes the results of a study on the 
in situ concentrations and uptake rates for dissolved total 
adenylates (TA= ATP+ ADP+ AMP) by the microheterotrophs of 
the Los Angeles Harbor and coastal waters. 

1. The natural TA concentration at station A2 inside the 
harbor ranged from 1.5 to 5.4 nmole TA·liter-1, whereas 
the Kt value ranged from 11.9 (August) to 105.4 (Decern

-ber) nmole TA•liter- 1 . At station AO outside the break
water, dissolved TA concentration ranged annually from 
1.2 to 2.2 nmole TA·liter-1; the K value for December 
was 41.8 nrnole TA·liter-1. These ~ata indicate that the 
transport system of microheterotrophs for adenylate up
take is always undersaturated in these waters. 

2. Vmax and VP values are similar in measuring the poten
tial rates of uptake a population shows for substrate 
concentrations above the in situ level. At station A2 
these rates vary seasonally by 4- and 5-fold, respec
tively, when expressed as nmole TA·liter·h-1. When ex
pressed on a per cell basis, however, the annual varia
tion is 2-fold or less. These data indicate that uptake 
potential is directly correlated with the number of bac
teria present. 

3. VP, the potential uptake rate, is 2 to 10 times greater 
than the uptake rate at the natural substrate concentra
tion, Vn, which is derived from M-M kinetics. Specific 

varies 10-fold between August and December at A2,V0 
which indicates that the actual uptake activity of the 
microheterotrophs at the natural substrate concentration 
varies on a seasonal basis. It seems more likely that 
this variation would be due to subtle differences in 
in sit;,, TA concentration than to temperature effects, 
since all experiments were carried out at 1soc, and 
since Vp values would be equally expected to vary with 
differences in temperature. 

4. The specific Vp at AO is 2- to 10-fold lower than at A2 
on a given sampling date and the specific Vn for Decem
ber at AO is only half that at A2. This indicates that 
the bacteria outside the harbor breakwater are less ac
tive in the uptake of adenylates than are those inside 
the harbor, which could be explained by differences in 
species composition, transport capabilities for the 
adenylates, or metabolic status of the populations. 

~. A simple budget was made for the TA flux between the 
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dissolved and particulate pools in the harbor. Assuming 
a steady state concentration of 10.2 nmole TA•liter-1 
particulate adenylates and 3.5 nmole TA•liter-1 dis
solved adenylates, the rate of input of particulate TA 
into the dissolved fraction is equal to the rate of up
take of dissolved adenylates into the particulate frac
tion, 0.24 nmole TA·liter-1 ·h-l. Such complex processes 
as grazing, leakage, excretion, and cell lysis are 
lumped together here as potential sources of the dis
solved TA. 

6. Size fractionation studies indicate that approximately 
20% of the particulate adenylate concentration is found 
in the >0.2, <l.OµI!l size class, which generally account
ed for 75% of the 3tt-AMP uptake. This shows that bac
terioplankton are predominant in the uptake of dissolved 
TA; however, in June and August, months which immediate
ly preceded phytoplankton blooms, only 40 to 60% of the 
uptake passed a l.Oµm filter, which suggests that phyto
plankton may also be active in uptake at this time. 

LITERATURE CITED: See Section VI. 
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Table l. Dissolved and particulate TA concentrations in the Los Angeles
Harbor and coastal waters 

Sampling Station 
date Size fraction AO A2 A7 j Al2 89I I I 

Total adenylates (nmole•liter-l ) 

6-7-78 <0.2'J.,1 1.74 3.97±1.21 4.29±0.16 4 .14±0. 41 3.09±0.16 
0.2'J.I-1.0µ* 0.33±0.7 1.23±0.34 - 0.49±0.4 2.04±0.30 
0.2µ-203µ 5.75±0.6 19.8±3.3 25.6±5.3 3 .48±0.11 14.8±4.0 
l .0µ-203µ 5.4 18.6 3.0 12.8 

8-2-78 <0.2µ 1.41 4.96±0.48 6.24±1.05 2.27±0. 12 2.35±0.13 
0.2µ-l.Oµ 0.75±0.03 1.89±0.51 7.89 2 .81±1.03 -
0.2µ-203µ 2.45±1.48 6. 10±0. 10 24.2±1.0 8.21±1.19 3.78±0.30 
1.0µ-203µ 1. 7 4.2 16.3 5.9 

12-6-78 <0.2l,.! 1.19±0. 10 1.53±0.45 2.35±0.52 1 . 70±1 • 23 1. 76±0.17 
0.2µ-l.Oµ 0.17±0.17 1.08 0.94±0.50 0.64±0.34 3.71±0.35 
0.2µ-203µ 1 .89±0.44 3.47±1.47 3.00±0.20 8.12±2.68 4.09±0.06 
l.0µ-203µ l. 7 2.39 2.1 7.5 0.4 

* The particulate adenylate of size fractions 0.2µ to 1.0µ and 
0.2µ to 203µ were estimated by measuring 1.0µ and 203µ filter
able adenylate, respectively, then subtracting the average 
adenylate of the 0.2µ {soluble) fraction. 

http:4.09�0.06
http:8.12�2.68
http:3.00�0.20
http:3.47�1.47
http:3.71�0.35
http:0.64�0.34
http:0.94�0.50
http:0.17�0.17
http:2.35�0.52
http:1.53�0.45
http:3.78�0.30
http:8.21�1.19
http:2.45�1.48
http:1.89�0.51
http:0.75�0.03
http:2.35�0.13
http:6.24�1.05
http:4.96�0.48
http:2.04�0.30
http:1.23�0.34
http:3.09�0.16
http:4.29�0.16
http:3.97�1.21
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Table 2. Bacterioplankton and phytoplankton standing stocks at stations A2 and AO, 1978 
w 
.i:,.Stations 
0 

AO A2 

I Bl - v2 p3 _, l a2 I p3 
g B -1 -1 -1ISampling date! 109 cells•liter 1 µgC•liter-l µgC ·liter 10 cell~• liter i1gC ·liter . pgC ·liter 

I 
June 7 0.75 ± 0.08 6.0 87.8 1 .88 ± 0.14 I 15 309 
August 2 0.64 ± 0.7 5.0 70.4 l . 79 ± 1 • 5 

l 
14 i 727I 

4 . I 

October 19 I - 3.634 I 294 I 340 
I 
I 

i 
I 

0.47 ± 0.14 3.8 172.5 
_oec~mb~--0~ ± o. 13 _...___s___s 3_7_7_____.__________._______.____-&.-__ l 

I 

t 

Method of calculation of data: 
H 
H 
H 

1Bacterioplankton number of AODC !one SD 
£:11 

2Bacterioplankton biomass (see part IIIA of this report). 
3Phytoplankton biomass (see part IIIA, this report}. 
4Average of October 4 and November 6 values. 



Table 3. Summary of the uptake velocities, turnover rates and times, and kinetic constants KT and V 
at stations A2 and AO, 1978, both from simple and M-M kinetics. max 

Sn vmax Vmax KT T a T b T c T d V e vps V n f Vnspt t r
Sampling Sta ti on nmol 10!6.:.~-l nmol·TA nmol·TA nmo1 TA· 109nmol nmol 10-9h-1 nmol

date TA·109 nmol cell 1 -1 -1 1 cell_\_ TA·L- 1-h-l cell-lh-l L .h cell- 1-h-1 
1978 TA· L-l TA·l-l ceu-1 TA·L- h -1,-l h 

-h-1 

I 
I 

6-7 AO 1. 74 - - - - - 42.5 31.4 0.20 0.26 - -
6-7 A2 3.97 3.7 1.97 65.4 17.7 30.0 9.8 - - - - -
8-2 AO 1.41 - I - - - - ; 258.4 6.1 0.03 0.05 - -
8-2 A2 11. 96 1. 75 0.98 11. 9 6.8 82.1 13.2 61.4 0.87 0.49 0.51 0.29 

10-19 A2 5.70g 1.06 0.29 27.8 26.1 10.5 - - - - 0.18 0.05I
12-6 AO 1.19 0.35 0.50 41.8 120.8 11.8 82.0 17.4 0.10 0.13 0.009 10.014 H 

H 
H12-6 A2 1.53 0.93 1.98 105.4 112.8 18.9 39.8 53.4 0.20 0.43 0.013 0.025 M ·----

Method of calculation: 
a. ordinate intercept on Woolf plot 
b. turnover rate; inverse of Tt in a 
c. slope of simple kinetic curve divided into TA concentration 

d. turnover rate; inverse of Tt in a 
e. potential uptake rate; derived from simple kinetics 
f. uptake rate at material TA concentration; derived from M-M kinetics 
g. mean of dissolved TA measured 10-4-78 and 11-6-78 

- no data 

All other determinations are as described in methods. 
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FIGURE 1, UPTAKE C•> AND INCORPORATION(~) OF 3H-AMP AT 
STATION A2, JUNE 7, 1978. 
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FIGURE 2. UPTAKE OF 3H-AMP AT STATION A2, AUGUST 2, 1978 
INTO 3 SIZE CLASSESs TOTAL(e, >0.2 µM), >1.0 µM 
<•} AND >0.2 µM, <LO µM (.O.}. 
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FIGURE 3a. UPTAKE (eJ AND INCORPORATION (6) OF 3 H-AMP AT 
STATION AO, JUNE 7, 1978. 

3b. UPTAKE OF 3H-AMP AT STATION A2, AUGUST 2, 1978 
INTO 3 SIZE CLASSES1 TOTAL Ce, >0.2 µM), 
>l.O µM C+J AND >0.2 µM, <LO 1-!M (.t.J. 

3c. UPTAKE OF 3H-AMP AT STATION AO, DECEMBER 6, 1978. 
3d. UPTAKE OF 3H-AMP AT STATION A2, DECEMBER 6, 1978. 
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4a. M-M KINETICS FOR UPTAKE OF JH-AMP AT STATION A2, 
JUNE 7 , 1 9 7 8 • 

4b. M-M KINETICS FOR UPTAKE OF 3 H-AMP AT STATION A2, 
OCTOBER 19, 1978. 
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FIGURE sa. M-M KINETICS FOR UPTAKE OF 3H-AMP AT STATION A2, 
AUGUST 2, 1978. 

sb. -M-M KINETICS FOR UPTAKE OF 3 H-AMP AT STATION A2, 
DECEMBER 6 .. 1978. 

sc. M-M KINETICS FOR UPTAKE OF 3 H-AMP AT STATION AO, 
DECEMBER 6, 1978. 
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FIGURE 6a. WOOLF TRANSFORMATION (WTD) OF M-M KINETICS FOR 
UPTAKE OF 3 H-AMP AT STATION A2, JUNE 7. 1978. 

6b. WOOLF TRANSFORMATION <WTD) OF M-M KINETICS FOR 
UPTAKE OF 3 H-AMP AT STATION A2, AUGUST 2, 1978. 

6c. WOOLF TRANSFORMATION (WTD) OF M-M KINETICS FOR 
UPTAKE OF 3H-AMP AT STATION A2, OCTOBER 19, 1978. 
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INTERACTIONS OF PHYSICAL AND BIOLOGICAL PARAMETERS 

INTRODUCTION 

The need for integration and evaluation of large amounts 
of data has increasingly required investigators to resort to 
statistical analytical techniques. Biological systems are 
generally more variable and less predictable than physical or 
chemical systems; furthermore, the physico-chemical factors in 
the environment strongly affect biological systems, controlling 
such things as reproductive periods, food chain sequences and 
distribution patterns. Attempts to identify and quantify the 
interactions are still dependent upon the input of biological 
expertise from a variety of fields. However, analytical computer 
methods provide the means for integrating large amounts of data 
for multiple parru~eters and for identifying which parameters have 
exerted the most influence on the ecoysstem at a particular time. 

METHODS 

Smith (1976) developed methods for ecological analysis and 
the use of weighted discriminant techniques, some of which were 
used in the first ecological study of the entire Los Angeles
Long Beach Harbors in 1973-1974 (AHF, 1976). 

In the following pages hierarchical classification was used 
to study patterns of the biological data. Groups of biologically 
similar sampling sites (stations) were defined and the groups 
developed from the biological composition of the sites were then 
compared with the patterns of measured environmental parameters. 
From this, hypotheses concerning the relationships between the 
biota and the environment were suggested. 

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 sampling 
sites. 

The relationships between the species and the station 
groups defined by classification (dendrograms) were examined 
in two-way coincidence tables (TWT) (Kikkawa, 1968; Clifford 
and Stephenson, 1975). The numbers in the body of the table 
were transformed and standardized, and converted to symbols of 
species maxima as follows: 

* > .75 to 1 

+ > .5 to .75 

> .25 to .50 

> 0 to .25 

blank 0 
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To test for complex biotic-environmental relationships, 
the groups were examined by weighted discriminant analysis 
(Smith, 1973). Because of the technical nature of these 
analyses, Smith 1 s (1978) paper is appended herein as section 
VIB. 

Because taxonomic studies deal with only the most common 
identifiable species under some circumstances, and identifica
tion of rare and little known species under others, the data 
analyzed in the following sections were restricted so that 
comparisons between seasons and years could be made in a 
uniform manner. Thus the zooplankton analyses were restricted 
to copepod and cladoceran species (by far the most numerous 
in species and populations) and the benthic analyses were 
restricted to species of polychaete worms and molluscs. 

Circulation in the outer Los Angeles Harbor is dominated 
by a large gyre, which appears to rotate much of the time in 
a clockwise fashion on the surface, and probably in a counter
clockwise manner at depth (Robinson and Porath, 1974). The 
patterns tend to persist through tidal cycles, although they 
have been observed to break up during shifts from the prevail
ing southwest winds to high so-called Santa Ana Winds from the 
east. The gyres have been reproduced in the U.S. Army Engin
eers physical model of Los Angeles-Long Beach Harbors, in 
Vicksburg, Mississippi. Figures 1 and 2 illustrate representa
tive conditions on incoming and outgoing tides, respectively 
(from McAnally, 1975). 

Circulation patterns and flushing rates govern the distri
bution and assimilation of wastes and nutrients in the harbor. 
They also affect the sorting and deposition of variously sized 
sediment particles, which in turn affect the habitats of benthic 
organisms. Circulation serves to distribute the planktonic 
larvae (meroplankton or temporary plankton) of indigenous 
organisms, and tidal exchange brings bot~ larvae and adult 
zooplankton into the harbor. The distribution patterns developed 
in the station groupings for the following sections at times 
show evidence for the influence of the main gyre and for a 
transitory counterclockwise qyre in the western part of the 
outer harbor. 

• 
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WEIGHTED DISCRIMINANT AN.i\LYSIS OF ZOOPLANKTON 

Zooplankton data, discussed in section IID, were examined 
on a quarterly basis by discriminant analysis techniques for 
the two-year period beginning in December 1976. At that time, 
OAF-treated cannery wastes and primary-treated TITP sewage were 
entering the harbor. The results of each period are discussed 
in the following pages and illustrated for each seasonal quarter. 

RESULTS 

December, 1976. 

Stations for this period are well separated into an outer 
harbor-outside harbor group, a shallower, nearshore group, and 
the outfall area (A7) (Figures 3 and 4). The separations into 
groups are made on the basis of species distributions and 
numbers shown in the Two Way Table (TWT, Figure 5). 

The weighted means of the physical and biological (phyto
plankton) parameters used are presented in Table 1. Table 2 
shows the coefficients of separate determination, in which 
higher values provide indication of the important variables in 
sep~rating the groups. Generally coefficients of 10 or above 
are considered important; the percent of information in each 
axis is indicated on Table 2, and only coefficients on axes 
with content of 1% or above are considered herein. 

According to the coefficients, temperature, pH and chloro
phyll a were the important factors of the parameters measured. 
This does not discount the real possibility that, in some 
instances, parameters not measured exert significant influence 
and the station groupings will not be as clearcut as they were 
in December 1976. Group 3 sites had the highest weighted mean 
dissolved oxygen (DO), pH, primary productivity and assimilation 
ratio, and the lowest chlorophyll a and salinity. The outfall 
(Group 2) had the highest temperature and salinity, lowest DO 
and pH, and lowest productivity and assimilation ratio. Group 
1 sites were intermediate in almost all parameters and were also 
intermediate in space. The important vectors and the station 
groups are located on the axes in Figure 6. The data on 
nutrients such as ammonia and nitrate were not included because 
these are represented in the phytoplankton crop. The harbor 
has not been considered nutrient limited in the past. 

March 1977. 

The explosion and Bunker C soill from the tanker Sansinena 
occurred two weeks after the December field sampling. Analysis 
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of the immediate area {A9, Al0) influenced by that event showed 
that oil and grease levels in the water column were important 
to the benthic and zooplankton populations in the western harbor 
where 22 sampling stations were established in December 1976 
following the blast (Soule and Oguri, 1978). Oil and grease 
measurements were not a part of the TITP study, but the March 
pattern suggests a connection, probably tidally induced, for 
Group 2 stations (Figures 7 and 8). The TWT {Figure 9) shows 
a considerable reduction in species or populations at Group 2 
stations over the December TWT (Figure 3). On the other hand, 
station A7 showed an increase, allying it with All as Group 3. 

Table 3 shows the weighted variable means for each group, 
and Table 4 gives the coefficients of separate determination. 
Salinity, light transmittance, pH, productivity and chlorophyll 
a are the important variables, with DO parallel to pH but to a 
lesser extent. The vectors are plotted in Figure 10 for the 
station groups. 

Group 2 stations had the lowest mean temperature, produc
tivity and chlorophyll a, and the highest salinity, DO, pH, 
transparency and assimilation ratio. The high pH and DO do not 
suggest inhibition, and in fact the phytoplankton may have been 
stimulated. The zooplankton groups differ markedly from the 
benthic groupings for the same period (section IVB). 

June 1977. 

Secondary waste treatment of TITP effluent began in April 
1977 and may or may not have affected harbor station groupings, 
but the populations appear to have been impacted. Certainly 
the patterns show considerable overlap for Groups 1 and 2 
(Figures 11, 12). The TWT {Figure 13) shows that there were 
less than half as many species present in June 1977 as were 
present in December 1976 and only Group 3 (Al outside the harbor) 
has good populations. There may be normal drOP.S in species in 
the summer, per~aps due to predation. 

In this period phytoplankton factors dominated the variables, 
with only temperature and pH having minor roles, according to 
the coefficients of separate determination. Group 3 was 
separated by having the highest salinity, PH and transparency, 
and the lowest productivity and chlorophyll a. Group 4 (station 
A4), which rarely stands alone, was isolated in both zooplankton 
and benthic analyses. For zooplankton it had the highest temper
ature, productivity and chlorophyll a, and the lowest pH, trans
parency and assimilation ratio. A bloom may have been just 
getting underway (see section (IIC). Groups 1 and 2 were 
intermediate in most measures, except for temperature, where 
group 1 was lowest, and assimilation ratio, where group 2 was 
highest. Figure 14 shows the important vectors and the station 
groups. 
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September 1977. 

By September the zooplankton seemed to have mostly recovered 
from the disturbance that had caused the low numbers of species 
and organisms, except for the outfalls area, which had lost 
most of its fauna. This suggests continuing impact locally 
from effluent changes. ~his contrasts with the benthic fauna, 
discussed in the next section, wherein the station groupings 
continued to indicate more extensive abnormal separation. 

The plankton station groups (Figures 15, 16) were more or 
less arrayed concentrically from the outfall. However. the TWT 
(Figure 17) shows that group 1 stations were low in number~. 
This in~luded station Al0, which may have been affected by 
residual oil, deposited after the Sansinena incident,and tends 
to leach in warm weather. Groups 3 and 4 (the outermost 
harbor and the sea buoy) were much richer. 

The weighted means of variables measured are shown in 
Table 7 and the coefficients in Table 8. Interestingly, all 
variables were significant on one or more axes. These are 
plotted in Figure 18. The outfall (Group 2) was highest in 
weighted means for temperature, productivity and chlorophyll a, 
and lowest in salinity, DO, pH and assimilation ratio. Group 1, 
adjacent to the outfall station group, was second highest in 
temperature, salinity, productivity and chlorophyll a, and 
next lowest in DO, pH and assimilation ratio. Low assimilation 
ratios in groups 1 and 2 suggest stress in the areas. The 
sea buoy (group 4) was highest in DO, pH and assimilation ratio 
and lowest in productivity and chlorophyll a. Group 3 stations 
were colder than the sea station. The fluctuations in stabiliz
ing secondary TITP effluent prior to diversion of cannery 
wastes undoubtedly influenced the zooplankton to some extent 
and the sessile benthic populations perhaps to a greater extent. 
One cannery effluent was diverted to TITP in October 1977 and 
the second by January 1978. Were it not for the high coeffici
ents for dissolved oxygen and assimilation ratios, the pattern 
on the map might be considered as normal zonation. 

December 1977. 

The zooplankton patterns in December began to show an 
increase in numbers of species and individuals, except for a 
few anomalies {Figures 19, 20). Species numbers were not as 
high as in December 1976, however. It is apparently a normal 
winter pattern for the sea station to join outermost harbor 
stations, as is true in group 1. Group 2, overlapping, is 
distinct in having fewer species but with higher numbers 
(TWT, Figure 21), whereas Group 3, station BB, appears to be 
abnormally low in species. It was lowest in temperature and 
in chlorophyll a, but highest in assimilation ratio and pH. 
On the other hand, the outfalls area has merged with adjacent 
8tations (group 4) with increased species. Conditions in 
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December might have represented an ideal situation, with 
lower levels of cannery waste in combination with TITP second
ary waste for the immediate effluent zone but the station B8 
area seems to have suffered a retreat. 

The weighted means (Table 9) showed a mixed pattern for 
the groups, with group 1 having the highest means for salinity, 
productivity and chlorophyll a and lowest for DO. However, 
the coefficients {Table 10) showed that only temperature and 
pH were significant physical variables, and the phytoplankton 
variables were of areater iroportance. Group 4 site~ had the 
highest weighted mean tampera-ture an~ lowest pH and assimilation 
ratios. Thus a mixed pattern is achieved, based on physical 
and biological variables. The vectors are plotted in Figure 11. 

April 1978. 

The April patterns for zooplankton showed some apparent 
impact in the nearshore area, with the innermost station group
ings mixed (Figures 23, 24). The TWT (Figure 25) shows a 
reduction in species distribution and in numbers as compared 
with December 1977, and the reverse might have been expected 
when populations usually increase. 

Weighted means and coefficients are given in Tables 11 and 
12. All of the variables were important and separations were 
made on four axes. Of the single station isolates, group 5 
(station B9} had the highest weighted mean temperature, DO and 
pH and the lowest transparency, productivity and chlorophyll a 
as well as the second lowest assimilation ratio. It had large 
populations of common zooplankton species, which ~ay have 
grazed the phytoplankton. Group 3 had the lowest mean temper
atures and highest transparency and productivity. Group 4 
overlapped, but had the lowest DO and pH and second lowest 
temperature. Note that the waters were cooler closer to shore. 
Group 1 had the highest assimilation ratio and lowest salinity, 
and Group 2 had the lowest assimilation ratio and highest 
salinity. The high dissolved oxygen and high coefficients for 
phytoplankton suggest that a small, patchy bloom may have been 
in progress. The vectors and station groups are shown in 
Figure 26. The benthic patterns were also highly mixed in April. 
It seems probable that the unusually heavy rains in January, 
February and March (about 27 inches) were responsible and may 
have led to the massive upset in the treatment plant in the 
summer. The unstable patterns in Figure 23 may have been due 
to variability in release of nutrients and in the control 
measures instituted by TITP. 

July 1978. 

By midsummer the stations were again divided into 5 groups 
{Figures 27, 28), but the separations were somewhat different. 
The TWT (Figure 29} shows that species diversity was better than 
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in the summer of 1977, although the summer appears to have 
fewer species in the harbor when it is warmer than are there 
in the winter. As was the case in April, station B9 stood alone, 
this time as group 3; also the sea buoy station was separated, 
as it often is in summer, and the outfall was separated, as 
it is when nutrient levels are higher. 

Group 2 (the sea buoy) had the lowest temperature and DO 
(Table 13) but was intermediate on all other parameters. Group 
3 had the highest weighted mean temperature and transparency, 
and the lowest salinity, pH, productivity, chlorophyll a and 
assimilation ratio. It would appear that water might have 
pooled at B9 during the summer, where tidal water coming in 
from the east meets the gyre. Group 5, the outfall, had the 
highest DO, pH, productivity, chlorophyll a and assimilation 
ratio, a very unusual circumstance. Groups 1 and 4 over
lapped spatially and had intermediate values in the various 
parameters. All parameters except light transmittance were 
important according to the coefficients ( Table 14). Vectors 
are plotted in Figure 30. 

September 1978. 

The station pattern in September 1978 is very confused 
(Figures 31, 32) and is probably indicative of the fact that 
the high nutrient levels had again been terminated and 
secondary treatment at TITP was brought back on line. The 
"yo-yo" effects of waste treatment over the two-year period 
have made populations transitory at best. In September, the 
species list (TWT, Figure 33) was better than it was the 
previous year, but only the stations on the periphery (groups 
1, 2 and 5) appeared to have good populations. The split 
between groups 3 and 4, with the outfall included in group 4, 
is different from previous patterns. 

Group 5 (B9 again was separated) was very different in 
having much higher weighted mean productivity and chlorophyll 
than had been seen for some time (Table 15) . It also had the 
highest salinity, DO, pH and light transmittance but the 
lowest assimilation ratio and temperature. Group 1 was second 
lowest in temperature, salinity, and all three phytoplankton 
measures. Group 2 (Al) had the lowest chlorophyll a, salinity, 
DO, pH and transparency, an interesting reversal of patterns. 
There had been about 0.5 in of rain the day before the samp
ling so that salinities were low at the surface. 

Groups 3 and 4 would probably have merged, except that 
group 3 had the lowest productivity and highest assimilation 
rates; and in all other measures the two groups were at inter
mediate levels. The coefficients (Table 16) indicated that all 
parameters measured except temperature and salinity were impor
tant. This is also an unusual occurrence, but the lack of varia
tion in the two parameters throughout the stations would explain 
that. 
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The vectors are plotted in Figure 34 for the station 
groups. In this case group 5 is so different that the others 
are arrayed on the opposite side, but good separation is 
still accorded the groups. 

LITERATURE CITED See Section VIA. 

METHODS SECTION, DISCRIMINANT ANALYSIS See Section VIB. 
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FIGURE 3. ZOOPLANKTON STATION GROUPS, DECEMBER 1976. 

GROUP l - A3, A4, A8, A9, All GROUP 3 - Al, A2, Al2 
GROUP 2 - A7 
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FIGURE 4. 

T~RMINAL ISLAND TREATMENr PLANT PLANKTON** DECEMBER, 1976 
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FIGURE 5. 

TERMINAL ISLAND TREATMENC PLANT PLANKl'CN ** DECEMBEB, 1976 
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FIGURE 6. PLANKTON STATION GROUPS AND AXES, WITH VECTORS 
DECEMBER 1976 
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TABLE 1. 

WEIGHTED GROUP MEANS 

TERMINAL ISLAND TREAT~ENT PLAN1 PLANKlON ** OECEMee~. 1976 

GROUPS l 2 3 

l • TEMPERATURE 17.3326 17.4439 17.3885 

2. SALINITY 32.9399 32.9506 32.9366 

3. OXYGEN 6.5003 6.3217 €.9872 

4. PH 6.1379 8.1014 e.111e 

s. PRODUCTIVITY l • 7 753 1.5801 1.8108 

6. CHlOROPHYLL A 1.37lo 1.691q 1.2268 

1. ASSIMILATION RATIO 1.3715 1.1716 1.4476 

** ONE-WAY .ANOVA FOR EACH VARI.ABLE • DF = 2, 24 

V.ARlM)LE F 

1 • TEMPERATURE c.06 

2. SAL l N 1l Y C .O l 

:3. OXYGEN 0.22 ... PH 0.24 

5. PRODUCT lV1TY 0.02 

f: • CHLOROPHYLL A C. 3 l 

7. ASSIMILATION F<ATIO C.06 
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TABLE 2. 

** LATENT NOOTS ANO SJGNlFICANCE TEST FOR E~CH ~XIS*• 

AXIS ROOT ,.; cu~ ~ CH I SQl,AREO OF 

1 e.eoJE-02 83.8 s~.e 1.78 8 

2 1. 70~E:-02 16.2 10 o.c 0.36 (> 

COEFFICIENTS GF SEP1'f~ATE OETERMII\AT ION (X 100/St,;M(AP.S "AL UE ) ) ** 
TEl-<MlNAL ISLAND TR~ATMt:NT PLANT J:LAII.KTCN ** CECEMEEfit t976 

AXES l 2 

l • TEMPERATURE 6.5 57.2 

2. SALINITY 3.5 C.9 

:! • OXYGE"N J.9 s.o 
4. PH 19 • 1 3.9 

s. PROOl..JCTIVITY 1 .<:, b.4 

C: • CHLOROPHYLL A 60.9 23.7 

1. ASSHIILAT ION RATlO 4.2 3.0 
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FIGURE 7. PLANKTON STATION GROUPS, MARCH 1977 

GROUP l - A2, A3, A4, A8, Al2 GROUP 3 - A7, All 
GROUP 2 - Al, A9, AlO 
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F.IGURE 8. 

TEliMIHAL ISLAND TREATHENr PLANT PLANKTON•• MlBCH, 1977 
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FIGURE 9. 

1'ER4'1INAL ISLAND TitEATMZN! PLAN£ PLANKTCN ** 11,,RCH, 1977 
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FIGURE 10. PLANKTON STATION GROUPINGS AND AXES, WITH VECTORS 
MARCH 1977 
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TABLE 3. 

WEIGH.TED GROUP ME.ANS 

TERMINAL ISLAND TREATMENT PLANl FLANkTON •• MARCH, 1977 

GROUPS l 2 3 

1. TfMPERAlURE 14.4329 14.371e 14.4980 

2. SALIN I TY 31.5.397 J1.5E07 Jt.~4c2 

3. OXYGEN c;.4756 9.5403 9.2327 

4. PH E.2092 e.21c;s e.2026 

¾TRANSMITTANCE 47.7434 51.<;859 47.7678 ~-
6. PRODUCTIVITY 12.euJ.:3 11.7875 13.01gg 

7. CHLOROPHYLL A 5.3071 4.6048 5.5775 

e. ASSIMILATION RJITIO 2.3053 2.3162 2 .30 9 3 

** ONE-'h' AY ANOVA FOR EACH VAAIAeLE • OF = 2, 27 

VARIABLE f 

I • Tfl~PERA Tt..,RE c.C6 

2. SALINITY 0.02 

3. OXYGEN c.02 

4. PH 0 • 0 1 

5 • %TRANSMITTA1',CE c.04 

(: . PROCUC.:TIVITY 0.02 

1. CHLOROPl-<YLL A c.og 

8. ASSIMILATION RATIO c.co 
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TABLE 4. 

** LATENT ROOTS ANO SIGNIFICANCE TEST FOR EACH AXIS** 

AXIS ROCH ¾ CUM ¾ CH I SQUARED CF 

l 2e25E-,E-02 63.4 e3.4 c.s2 9 

2 l.303E-02 36.6 1 0 O. C 0.3C 7 

CCEFFICJENTS OF SEPARATE DETEAMINATION (X ICO/SUM(ABS VALUE)J •t 

TERMINAL I SL ANO TR£: I\ Tr-lENT PLANT PLANKTON •• PAAR CH• 1g77 

AXES 1 2 

J • TEMPERATURE 8.3 9.0 

2. SALINITY 0.9 20.3 

3. OXYGEN o.i 9.4 

4. P~i l4e4 1.1 

5. %TRANSMITTANCE 10.5 17.9 

6. PRODUCTIVITY 3 l .8 2'i.8 

7. CHLOROPHYLL A 26.4 o.s 
a. ASSIMILATION RATIO l .0 5.4 
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FIGURE 11. PLANKTON STATION GRuUP, JUNE 1977 

GROUP 1 - A7, AB, A9, AlO, Al2 GROUP 3 - Al 
GROUP 2 - A2, A3, All GROUP 4 - A4 
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FIGURE 12. 

TER!INAL ISLAND T8EAT~ENT PLANT PLANKTON•• JONE, 1977 
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FIGURE 13. 

T~R~INAL ISLAND TiEATMENr PLANT PLANKTON** JUNE, 1977 
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FIGURE 14. PLANKTON STATION 
JUNE 1977 

GROUPS AND AXES, WITH VECTORS 



TABLE 5. 

wflGHTED GROUP MEANS 

Tc.RM t r-.AL ISLAND THEATMENT PLANT PLANKTON ·* JUNEw 1977 

GROUPS 2 3 

I • TEMPERATURE 19.1895 19.2420 1c;. 2.481 19.3084 

2. SALINITY .JJ.6385 J.J.o.359 3.3.6506 3.3.6451 

3. OXYGEN 7.6486 7.6606 7.5555 7.5963 

4. Pt-I ,.9623 7.9652 8.0031 7.94.JA 

s. ):TRANSMITTANCE bl.9045 62.0058 ~7.6584 54.7498 H 
~ 

6. PRODUCTIVITY 12.8767 13.2863 11.10<;4 13 • .J312 ;i:,, 

1. CHLORGPHYLL A 2.0327 2. 04<10 1.7713 2.1573 N 
\JI 

e. ASSIMlLAl lON RATIO 6.8422 7.0198 6.81 30 6.6267 

** ONE-WAY ANOVA FOR EACH VARIABLE *Dr~ 3. :Jc 

VARIABLE f 

l • TEMPERATURE 

2. SALINITY 0.01 

3. OXYGEN 0.02 

4 • PH o.oa 
5. ¾TRANSMITTANCE 0.24 

6e PRODUC11VITY 0 • 30 w 
7. CHLOROPHYLL A 0 • 1 8 

...J 
Vl 

a. ASSIMILATlQII. RATIO 0 .O I 
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TABLE 6. 

** LATENT ROOTS ~NO SIGNIFICAN(c TEST FOR EACH ~XlS ** 

AXIS ROOT "' 
1 1.eooe-01 76.3 

2 5.068E-02 21.s 

.3 5e389E-OJ 2.J 

COEFFICIENTS OF 51:.PAR ATE 

Tf:f<r,I I NAL ISLANC TREATMENT 

AXES 

l • TEMPE RAT URE 

2. SAL IN IT Y 

::! • OXYGEN 

4. PH 

s. "lRANSMITT.\NCE 

6. PRODUCllVITY 

1. CHLOROPt-tYLL A 

e. ASS1MlLAT10N RAT [0 

CUN! ¾ CHI SCUARED DF 

76.J 5.46 10 

97.7 1.63 B 

10 o. 0 0.18 6 

CE TE 1-1 "' I NI\ T I Ct.. (X lCC/!:UM(ABS \JAL UE ) ) •• 
PLANT PL ANk TO~ ** JUNEe 1977 

l 2 3 

1 • 7 13.9 11.2 

0 • 7 1 • 4 o.3 
1 .o 3.7 o.o 
2.5 3.1 12.0 

15.6 5.e 1.c 
36.6 23.2 2.c 
40.l 29.5 3g.2 

1 .a 1a.a 22.4 
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FIGURE 15. PLANKTON STATION GROUPS, SEPTEMBER 1977 

GROUP 1 - A3, A4, AlO, All GROUP 3 - A2, AB, A9, Al2 
GROUP 2 - A7 GROUP 4 - Al 
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FIGURE 16. 

TERMINAL ISLAND TREATMENr PLANT PLANKTON •• SEPrEMBER, 1977 
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FIGURE 17. 

Ti.8.MINAL ISi.AND Trtr.ATt1ENI t.LANr 

STATION GROUP 
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Reproduced from 
best available copy. 
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FIGURE 18. PLANKTON STATION GROUPS 
SEPTEMBER 1977 

AND AXES, WITH VECTORS 



TABLE 7. 

~EIGHTEO GROUP MEANS 

TERM[NAL ISLAND TREATMENT PLANT PLANKTON ... SEPTEM8fR• lQ77 

GROUPS l 2 J 4 

l. TEMFERATURE 17.9381 18.0017 I 7 .8119 17.8349 

2. SALINITY 3~.4201 32.J635 .32.'•378 32.4163 

3. OXYGEN 7.4469 7.0707 7.5585 e.OJ40 

4. PH 8. 0922 a.0142 e • I l 39 8.1318 
H 
~s. PROOUCTl 11(TY O.5713 0.6595 0.5485 0.4J84 )ii 

f. C.HLOROPH'l'LL A 2.5482 3.0815 2.3267 l.69l2 w ..... 
7. ASSIMILATION RATIO 0.2483 0.2163 0.2734 o.4345 

•• ONE-WAY ANOVA FOR EACH VARIABLE • DF = 3. 3t: 

VARIAeLE F 

le TEMPERATURE 0.29 

2• SALINITY 0 • 12 

J • OXYGEN 0.71 

4 • PH 0.62 

5. PAOOUCllVITV 0.18 

t:. CHLOROPHYLL A 
w 

7. ASSIMILATION RATIO a.so C0 ..... 
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TABLE 8. 

•• LATENT ROOTS ANO SIGNIFICANCE TEST FOR EACH AXIS•* 

AXIS ROOT CUf'\ ,; CHI SOUAPEC OF 

1 J.591E-Ol 7~.3 10.2e 9 

2 l.OOJE-01 95.0 3.20 7 

.J 2.~0JE-02 1 oo. 0 o.eo 5 

COEFFICIENTS DF SEPARATE DETF.R Ml NAT I ON ex 100/SU-M(ABS VALUE)) ** 
1 ERM INAL I SL ANO TREATMENT PLANT PLANKTON •• SEPTEMBER• 1977 

AXES 1 2 3 

1 • TE~PEAATUAE 2.s 7.9 24.S 

2. SALINITY 6.3 18.4 8 • 1 

3. OXYGEN 37.2 14.C 39.2 

4. PH 13.4 o.o 15 .o 
5. FRO0UCTI \/ ITY .-.a 10.7 1 • 8 

6. CHLOROPHYLL A 27.l 3 • l 10.9 

1. ASSIMILATION RATIO e.6 45.9 o•• 
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FIGURE 19. PLANKTON STATION GROUPS, DECEMBER 1977 

GROUP l - Al, A2t A3, A12, Al3, Al6, Al7 
GROUP 2 - AS, A14 
GROUP 3 - B8 
GROUP 4 A4, A7, A15 
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FIGURE 20. 

XEBMINAL ISLAND TREATMENT PLANT PLANKTON** DECE~BER, 1977 
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FIGURE 21. 

I~RillNaL ISLAND TilEATM~NT ~L~NT 

STATION GROUP 
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Reproduced from 
best available copy. 
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FIGURE 22. PLANKTON STATION GROUPS AND AXES WITH VECTORS 

DECEMBER 1977 



TABLE 9. 

WEIGHTED GROUP MEANS 

TERMINAL ISLAND TREATMENT 

GROUPS 

1. TEMPERATURE 

2. SALINITY 

3. OXYGEN 

4. PH 

5. P~ODUCTIVITY 

6. CHLOROPHYLL A 

7. ASSlMILATION RATIO 

•* CNE-wAY ANOVA FOR EACH 

V,'R I ABLE 

l • TEMPERATURE 

2. SALINITY 

:!. OXYGEN 

4• PH 

5. PRODUCTIVITY 

6e CHLOROPHYLL A 

7a ASSIMILATION RATIO 

PLANl PLANKTON 

1 

17.9188 

34.2~26 

7.4464 

6el674 

l.2923 

1.z.235 

•• 2235 

VARl~BLE •CF= 

F 

0.02 

0.01 

0.01 

o.os 
0.02 

0.02 

o.oe 

•• DECEMBER, 

2 

l7.92'46 

J4.2464 

7.4929 

8.1738 

1.2060 

1.1333 

1·2351 

52 

1977 

.J 

17.8965 

34.2J82 

7.5351 

e.1a10 

I .2461 

lell76 

l.3383 

17.9250 

3/f.2074 

7.5711 

e.1524 

1.21J1 

1.205e 

1.1454 

H 

~ 
w 
~ 
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TABLE 10. 

** LATENT ROOTS AND SIGNIFICANCE TEST FC~ EACH AXIS** 

AXIS ROOT ~ CUM~ CHI SQUARED OF 

l 2.S70E-02 69.2 69.2 1 • 40 9 

2 ~.751E-03 2 l • l go. 3 0.4J 7 

3 4a032E-03 9.7 100.0 0.20 5 

COEFF[CJENTS OF ~EPAAATE DE TE RM I NAT I UN ( X 100/SUM(ABS VALUE)) ** 
TERMINAL ISLAND TREtTMENT PLANT PLANKTON •• CECEMBERe 1 c;77 

AXES 1 2 3 

l. TEMPERATURE 5.3 3.2 21.2 

2. SALINITY 2 .4 7.5 6.1 

3. OXYGEN 1 .6 6.3 4.0 

4. PH 1 7 • 1 .J. 2 2.9 

s. PRODUCTIVITY 12 .6 26 • 1 25.4 

(:. CHLOROPHYLL A 25 • l 20 • .J 23.9 

7. ASSIMJLAT ION ~AT[O .35 .a 25.4 10.s 



389 IVA 39 

WILMINGTON 
LONG BEACH 

01• 
\ 

\. 
810• \

•
\. 
\----

Harbors Environmental Projects University of Southern California 

FIGURE 23. PLANKTON STATION GROUPS, APRIL 1978 

GROUP 1 - Al, A2, A12, Al4, Al5, A17, BB 
GROUP 2 - AlO GROUP 4 - A3, A7, AS, A9 
GROUP 3 - A4, All, Al6 GROUP 5 - 89 
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FIGURE 24. 

TEBKiHAL ISLAND TREAT~EHT PLANT PLANKTON•• APRIL, 1978 
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FIGURE 25. 

TEBMZNAL ISLAND Ta~ATMENT PLANT PLANKTON** APRIL. 1978 
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FIGURE 26. PLANKTON STATION GROUPS AND AXES WITH VECTORS 
APRIL 1978 



TABLE 11. 

WEIGHT[O GROUP MEANS 

TEHM I NAL 1 SL AND TREATMENT PLANT PLANKTON •• APRIL• 1978 

GROUPS l 2 3 4 5 

l • TEMPERATURE 17.3622 17.3739 17.2§)25 17 • .3472 17.3Q20 

2. SALINITY 34.3463 34.5700 3/f.5251 J4.545o .J4.5262 

3. OXYGEN 10.7981 10.7045 10.7856 10.6503 ll.2950 

4. PH 7.8898 1.ee2e 7.8623 7 • U6 l I 7.9024 

s. XTRANSMlTTANC.E 47.9610 '+8.6545 51.1607 49.335<;) lt.J. 121,3 

6. Pf<ODUCT IV I TY 4.0545 J.7400 4.0674 3.8385 3.5790 H 

~ 
1. CHLOROPHYLL A 1. 7964 1.8225 1.6993 l.7257 I• 6 744 

~ 

e. ASS(MILATION RATIO 2.5422 2.3215 2.5378 2.4596 2 • .3914 w 

** ONE-WAY ANOVA FOR EACH VARIABLE~ DF = 4. 75 

VARIABLE F 

1. TEMPERATURE C.05 

2• SALINITY o.o3 

3. OXYGEN 0.06 

4 • PH o.oJ 
5. ¾TRANSMITTANCE 

(;. PRODUCTIVITY 0.03 

7. CHLOROPHYLL A 0.03 w 
1.0 

a. ASSIMILATION RATIO 0.04 w 
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TABLE 12. 

** LATENT ROOTS AND SIGNIFICANCE TEST FOR EACH AXIS ** 
AXIS ROOT ~ 

1 3e236c-02 56.7 

2 l.382E-02 24.2 

3 a.J38E-03 14.6 

4 2.5t6E-03 4.4 

COEFFIC(ENTS OF SEP ARA re 
TER,... INAL ISLAND TREATMENT 

AXES 

l • TEMPERATURE 

2. SALINITY 

3. OXYGEN 

4. PH 

s. ~TRANSMITTANCE 

6. FRODUCTIVITY 

1. CHLOF.OPH YLL A 

a. ASSIMILATION RAT 10 

CHI SQUARED OF 

56.7 2 • .J 1 1 l 

8 1 .o C.99 9 

95.6 Ce60 7 

10 o.o 0.1a s 

CUM " 

OETERMINAT ION ( X lCC/SUM(AflS VALUE}) ** 
PLANT· PLAt\KTON •• .APRIL • l978 

1 2 3 4 

l l .2 6.8 7.6 0.4 

1.2 4.6 5e.7 2.a 
18 .6 7.1 4.0 c.9 
1.0 0.6 1.6 51.J 

34.6 o.J 3.8 1 • 5 

7 • 1 19.9 0.1 20.2 

2.1 ~5.3 ,\. 4 6.6 

16 .3 25.5 19.2 16.J 
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FIGURE 27. PLANKTON STATION GROUPS, JULY 1978 

GROUP 1 - A2, A4, A9, A12, A13, A14, Al7, BB 
GROUP 2 - Al GROUP 4 A3, AS, AlO, A15, A16 
GROUP 3 89 GROUP 5 - A7 
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FIGURE 28. 

TEBHINAL ISLAND TREATMENT PLANT PLANKTON** JOLY, 1978 
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FIGURE 29. 

IERMINAl. ISLAND I.i:1EA1i1ENr PLAN'£ PLANKTCN ** JULY, 1978 
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Reproduced from 
best available copy. 
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FIGURE 30. PLANKTON STATION GROUPS AND AXES WITH VECTORS 
JULY 1978 



TABLE 13. 

WEIGHTED GROUP MEANS 

TERMINAL ISLAND TREATMENT PLANT PLANKTON ** JULY• t<;78 

GROUPS 1 2 3 4 5 

1 • TEMP£RATURE 16 • .3575 16.2665 16.4917 l6.3JOO 16.2695 

z. SALINITY 30.772<;1 .:30.7660 J0.7453 .J0.7557 .JO.7508 

J. OXYGEN tj.4t2J 8.J522 8.4349 8e5l4.3 e.ss26 
4. Pti ~.3675 B.4052 8.3626 8.4445 8.491.3 

H 

5. ,:TAANSMITTANCE 69. eoue 6Q.Ol29 70.2844 09.2063 67.0388 <! 
:i:,:, 

6. PRODUCTIVITY J.4408 J.9742 .J.907.J 4.2457 4.9648 .i:,. 

ID ., . CHLOROPHYLL A 4.4884 4.4040 4.3076 4.6488 5.0495 

~- ASSlr-tlLATION RATIO o. 854 5 Q.8713 o.as21 Oe864t3 0.9013 

•• ONE-WAY ANOVA FOR EACH VARIASLE +Of~ 4. 75 

VARIABLE F 

1. TEMPERATURE 0.01 

2. SAL IN I l Y o.c1 
3. OXYGEN c.o4 
4 • Pt1 C.04 

5. XTRANSMJTTANCE C. l l 
w 

6. PHODUCTIVITY 0.21 ID 
ID 

7. CHLORUPtfYLL A Celt> 

a. ASSl~ILATION RATIO 0.02 



400 IVA 50 

TABLE 14. 

** LATENT RCCTS ANO SIGNfFlCANCE lEST FOR EACH AXIS** 

AXIS ROOT ¾ 

1 4.18c:E-02 72.7 

2 1.261E-02 21. 9 

3 1.e1g1:::-03 J.2 

4 l .324C-03 2.3 

CC[FFlCIENTS OF SEPARATE 

TER!>11NAL l SLANLl T/:<EATMENT 

AXES 

1. TEMPERATURE 

2. SALINITY 

3. C'X'tGE't-; 

4. PH 

s. ~TRA~SMITTANCE 

6. PRODUCTlVlTY 

1. CHLCl-<GPHYLL A 

e. ASSii\1ILAT10N RAT 10 

CUM ¾ Chl SCUARED OF 

72.7 2.g7 1 1 

94.5 c.q1 <; 

9 7 • 7 C. 1 3 7 

10 o. 0 c.10 5 

OETERMINAT raN ( X 100/5UM(A8S \/ALUE)) ... 
f'LA!'-;l PLANK TON JULY, 1978** 

1 2 3 4 

10.7 57.7 1.6 J.6 

0 • 1 16.6 16.6 1.4 

3.2 17.9 l • 4 J6.8 

10.0 c.s 5.5 2 l • 5 

7 .2 0.7 s.o 1.3 

62.5 2.0 {h2 .14 • 4 

0 .b 4.6 5c; • 0 C.4 

s.a 0.1 4.6 c.a 
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FIGURE 32. 

TERMINAL ISLAND TREATMENT PLANT PLANKTON** SEPTEMBER, 1978 
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FIGURE 33. 

TERK1NAL ISLAND TREATMENT P~ANT 
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TABLE 15. 

wElGHTED GROUP MEANS 

TtRMlNAL ISLAND TRt:Al.MENT PLANl PLANKlON •• SEPT€ MBE;R • 1978 

GROUPS 1 2 3 4 5 

1 • PRODVCTIVITV (3.5821 1.3. 72BO 15 • .39.31 14.8704 23.3289 

2. CHLOHUPHYLL A 3.7622 3.7423 :J • 895:3 .3.9099 7.5790 

3. ASSIMILATION NAT 10 3.6650 .3.7624 4.0033 3.8597 3.2790 

4. TEMPERATURE 1s. 4 It 25 1B.4874 18.4778 tS.4761 18.3199 H 

s. SAL[NlTY 30.5836 30.5803 30.5929 30.5671 30.6425 ~ 
f: • 0 XYGEN 6.3784 6 .J41J5 6.3704 6.3597 6.b832 

U1 
U1 

7. PH a.s3s1 8.5203 8.5419 e.s:146 8.6163 

a. ~TRANSMITTANCE 64.9639 62.9756 64.5029 64.1015 68.7297 

** ONE-WAY ANOVA FOR EACH \IAR[ABLL • OF : 4. ea 
VARIABLE F 

le Pl-<ODUCTlVlTV 0.58 

2. C~LOROPHYLL A 1.35 

.3. ASSIMILATION RATIO 0.17 

4. TEMPERATUfU:. 0.03. 

5. SALINITY 0.03 
~ 

o.og 0 
V1 

1. PH o.oa 
e. XTRANSMITTANCE 0.04 
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TABLE 16. 

•• LATENT ROOTS ANO SIGNIFICANCE TEST FOR EACH AXIS •• 
A.XIS ROOT X CUM .,,. CHI SOU.A~ED OF 

l 3. 665E-O 1 92.9 92.9 24.20 11 

2 2al33E-02 5.4 98.3 t.64 9 

3 6.llOE-03 1.s 9Q.9 o.47 7 

4 4.506E-04 0 • l 1 C o.o 0.03 5 

COEFFICIENTS OF SEPARATE OETERNINAT ION ( X 100/SUM(ASS V /\LUE) ) 

TERMINAL 1 SL AND TREATMENT PLAN1 PLANK TON SEPTEMBEH. 1978** 
AXES l 2 3 4 

l • PRODUCTIVITY 26.7 26 • 1 27.9 l O • <) 

2. ChLOROPHYLL A 60 • l o.o 19.1 19.6 

:! • ASSIMILATION RATIO 5 • 1 61.4 3.1 3~.7 

4. TEMPEF<ATURE 2 .9 4.6 7 • 1 J.o 
SALINITY 0 .4 1 • 5 4.0 s.o ~-

t;: • OXYGEN 0 .3 4 • .J 6.0 l 1. 6 

1. PH 4.0 1.7 11 .6 o.a 
a. ~TRANSMITTANCI:: o.s o.~ 2 l • .3 9.~ 
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WEIGHTED DISCRIMDJA~T ANALYSIS OF BENTHIC DATA 

Computer programs developed for ecological analysis in 
Los Angeles Harbor were first used on the 1973-74 benthic data 
(AHF, 1976). In that report, 34 benthic stations were sampled 
quarterly in the two harbors. Discriminant analysis showed 
a pattern (1976, Figure 6.3) based on annual data of inner 
bl~nd-end slips, main channel, outer harbor and polluted zone 
faunal separations. Henry (1976) and Soule and Oguri (1978) 
showed that seasonality existed in benthic faunal composition, 
which had previously been underestimated or disregarded. There
fore, the quarterly benthic data from December 1976 have been 
analyzed in the present report. 

RESULTS 

December 1976. 

Twelve A stations were sampled in December 1976 in outer 
Los Angeles Harbor. The station g=oupings (Figures 1 and 2) 
could very well be viewed as being separated by depth and dis
tance from the shorelines, in fairly typical winter season 
patterns. 

The Two-Way Table (TWT, Figure 3) provides information 
that the number of species was very low at A4 and A7, whereas 
Al had a number of species not seen at other stations. The 
weighted group means are presented in Table 1, and the coeffi
cients of separate determination are given in Table 2. The 
coefficients show that the physical variables did affect 
separation, primarily by salinity, and less so by dissolved 
oxygen, temperature and depth, but the biological variables 
for productivity and assimilation ratio were also of prime 
importance. 

Group 1 stations had the highest weighted means for pro
ductivity and assimilation ratio and the highest salinity and 
dissolved oxygen. Group 2 stations had the next highest. 
Group 4, the outfalls, had the lowest weighted mean temper
ature, lowest salinity, DO and assimilation ratio, and is 
the shallowest as well. Group 3 (the sea buoy) had the 
highest temperature and lowest productivity. The coefficients 
showed that Axis 1 contained 66.9% of the information, but 
Axes 2 and 3 were also effective in separation. Figure 4 
shows the separation of the groups according to vectors for 
the particular parameters which could be diagrammed on the 
axes. Usually only those with coefficients of ten or above 
are indicated on the figure of the vectors. 
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March 1977. 

Groupings for this period appeared to be somewhat similar 
to the December 1976 separations, ranging from shoreline to 
outside the harbor. However, Groups 1 and 3 overlap?ed, due 
to the inclusion of station A4 with outer harbor Group 3 
(Figures 5 and 6). The isolation of Group 2 (station Al) is 
not unexpected, since it had the lowest weighted mean temper
ature as well as the greatest depth. It also had the lowest 
chlorophyll a values (Table 3). 

Examination of the coefficients of separate determination 
show that pH values were most important on Axis 1 (Table 4) 
and helped to isolate the sewer outfall (group 4, station A7). 
Group 1 was the highest and group 4 the lowest in salinity, 
dissolved oxygen, pH, primary productivity and assimilation 
ratio. The outfall (group 4) was highest in tem?erature and 
chlorophyll a values, the latter also having a high coefficient 
on Axis 1. Diversity was very poor at the outfall area, and large 
gaps in benthic species can be seen in Grouo 3 fauna in the TWT 
(Figure 7). Groups 2 and 3 varied in the intermediate rankings 
of the various parameters. Group 3 was very close to group 
in temperature, DO and productivity, which may account for 
the overlap. The separation is so pronounced for the outfall 
area that it masks the other trends. If the intent of the 
analysis were not to characterize the effects of the outfalls, 
but rather to describe the characteristics of the other sta
tions, the analysis would have been repeated without the A7 
data in order to create maximal separation of the other 
stations (Figure 8). Although Axis 1 contains 99% of the 
separation values, temperature and productivity dominate 
Axes 2 and 3 (Table 4). However, the vectors of parameters 
measured cannot be plotted on those axes alone. 

The dissolved oxygen and phytoplankton measurements sug
gest that a bloom was in progress. This is confirmed by 
comparison with December data (Table 1) and with section IIC 
on primary productivity. The weighted means of the phyto
plankton variables (Table 3) show pronounced separations, 
particularly between Groups land 4, which are in fact nearest 
physically. 

The rainfall for the winter of 1976-77 was considerably 
below normal and may have affected the harbor life cycles in 
unknown ways. 

June 1977 

The beginning of secondary waste treatment in April 1977 
may or may not have affected the benthic populations in the 
outer harbor. However, in section IIE, Figures 6 and 7 showed 
that the number of species dropped sharply by June, except at 



IVB 3 409 

A2 and A7 which were already low, while the numbers of organ
isms increased except at Al and A9. 

Figures 9 and 10 show the isolation into separate groups 
of several stations, except for those clustered in the central 
gyre of the outer harbor (Group 1). That group seems to be 
the richest (TWT, Figure 11). The outfall area had a few more 
species than before, and Al no longer stood alone, as it 
frequently does in the winter. 

The weighted group means (Table 5) showed that the outfalls 
area (Group 5) was highest in temperature, productivity and 
chlorophyll a and lowest in salinity, dissolved oxygen, pH and 
assimilation ratio. The pH, salinity and oxygen levels were 
not low enough to be considered limiting, and their relatively 
low coefficients of separate determination (Table 6) show that 
these were not important factors. Depth and temperature were 
much more important, since they are represented by high coeffi
cients. Chlorophyll a values were by far the most important 
of the biological values measured. 

Group 1 stations were highest in salinity, pH and assimi
lation ratio and lowest in productivity. The values for the 
ther groups were mixed in ranking. Group 2 {station A9) was 
lowest in productivity, which may reflect the lingering effects 
of the Sansinena tanker explosion and Bunker C spill that 
occurred six months earlier at that location. 

September 1977. 

The stations for September 1977 were divided into five 
groups with some overlap and spatial separation (Figures 13 
and 14). However, the most extreme contrast was between 
Group 5, the outfalls area, and Group 1, the outermost harbor 
stations. Groups 2, 3 and 4 were so similar to Group 1, in 
contrast to the outfalls, that separation was difficult. The 
weighted means (Table 7) and coefficients of separate deter
mination (Table 8) show that the phytoplankton measurements 
were very low, and only assimilation ratio was an important 
coefficient in separation on Axis 2. The outfall was poor in 
species also (TWT, Figure 15). Weighted means of Group 5 
showed that the outfalls area had the highest pH and salinity 
and least depth; it also had the highest productivity and 
chlorophyll a and the lowest assimilation ratio. Vectors are 
shown in Figure 16. The variability in salinity from month 
to month at the outfall at times has been due to rainfall 
runoff (there were 2+ inches in mid-August 1977), or to the 
amount of cannery wastes processed. Cannery wastes may be 
highly saline because of the freezing brines from boat holds; 
this was formerly diluted during processing. The salinity 
coefficient was one of the most important coefficients on 
Axis 1, along with depth and then pH. The salinities were not 
low enough to have great impact, but the rain in August could 
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have favored opportunistic species such as Capitella aapitata. 
Salinities were about 1.8 ppt lower than in July 1977. 

It is surprising to see such low phytoplankton measure
ments over the entire outer harbor, when fall peaks would 
normally have been building, perhaps giving an indication of 
the inhibitory impact of alterations in the character of the 
TITP and cannery wastes. The benthic species and numbers 
appear to be reudced as well. 

January 1978. Harbor grouping appeared to be fairly typical 
of winter, with concentric outer harbor bands and with the sea 
buoy (group 3) isolated. By January 1978 both cannery effluent 
lines had been diverted to TITP. Some biostirnulation may have 
been occurring in the A9 area of the Sansinena (Figures 17 and 
18) at Group 1 stations; the TWT (Figure 19) also suggests this. 
However, the weighted means (Table 9) show Group 1 as highest 
in temperature, salinity, DO and pH. Phytoplankton measures 
were all low. The coefficients (Table 10) showed that phyto
plankton measures were not as important as the physical 
measures, except for assimilation ratio. Group 5, the outfall 
area, was isolated by having the lowest weighted mean salinity, 
temperature and DO (Table 9) even though salinities were quite 
low at all stations. 

A heavy rainfall of 1.5± in. was in progress during actual 
benthic sampling, lowering all salinity values in the harbor. 
Heavy rainfall runoff appears to lower DO in the harbors, as 
was documented in Marina del Rey for storm flows (Soule and 
Oguri, 1976). The pH weighted mean was lowest at the sea 
station Al (Group 3), but productivity and chlorophyll were 
higher there. In Table 10 the coefficients of separate deter
mination especially emphasize the physical parameters of pH 
(73.9% on Axis 2), oxygen (56.5% on Axis 1), temperature, 
and salinity. 

The impacts of rainfall have not been well documented, 
but would not be expected to affect benthic organisms except, 
for example, at the outfalls area (group 5) where storm 
runoff goes through TITP. Stone and Reish (1965) documented 
the effects of rainfall on benthic organisms at the mouth of 
the Los Angeles River, and Soule and Oguri {unpublished data) 
noted the removal of benthic organisms and recolonization 
in Dominguez Channel (Shell Corp. Pipeline Crossing EIR). 
Opportunistic species recolonize in a matter of a few weeks 
in the area where existing sediments were carried away and 
new ones deposited (Soule and Oguri, 1976). Such an area 
may support only a few species that are euryhaline and have 
year-round reproductive cycles, such as Capitella This is 
even more the case where the character of the effluent is 
varying widely, as it was with all the alterations in waste 
disposal treatment in 1977-78 (see section IIE). Prior years 
had not shown such extreme domination in 1973-74 (AHF, 1976). 
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April 1978. 

The trends in the harbor in April 1978 were difficult to 
interpret, with only Group 3, nearest the outfall, clearly 
separated (Figures 21 and 22). The other two groups overlapped 
extensively. Group 3 (stations A4 and A7) had the highest 
weighted mean temperatures and the lowest dissolved oxygen and 
light transmittance. However, oxygen readings were high, 
almost as they are at the beginning of a bloom, but more prob
ably due to mixing from storms and high tides. While group 3 
had the highest phytoplankton measurements, all chlorophyll a 
and productivity readings were quite low for the season. There 
is usually a spring peak, but in April 1978 the weighted mean 
values (Table 11) were more like the winter lows of December 
1976 and January 1978 (Tables 1 and 9) than they resembled 
the spring 1977 values. The unusual rainfall of about 27 
inches (unofficial) between January and April probably was 
responsible. Normal rainfall is about 14 in. a year. 

Chlorination was carried on at TITP from the end of March 
through August 1978, and this might have been partly responsible 
for the very low assimilation ratio, which indicates stress. 
However, the imemdiate outfalls area seemed to have slightly 
better levels of chlorophyll a than the rest of the harbor, 
suggesting that the drop was not caused by TITP but by natural 
weather conditions. It appears that the entire coastal area 
was involved, as shown by party boat fish catches (IIA), which 
were down outside the harbor even though there were actually 
only four days of measurable rain in April in contrast to 
about 10 days in January, and 11 each in February and March. 
The benthos, phytoplankton, zooplankton and fish inside the 
harbor were all lower than would be expected, and no spring 
reproductive surge could be seen. Sea temperatures had 
remained quite warm through the spring until early sum~er, 
with a late cooling period. Thus the change in temperature 
necessary as a reproductive cue in many organisms (Vernberg 
et al. 1977) was out of phase. The combination of factors, 
or some parameters not measured, were responsible for the 
widespread cumulative decrease in organisms. Salinities 
were higher in April in the harbor than in January, in spite 
of the rains, suggesting an influx of coastal water, and pH 
was lower than usual. All of the coefficients (Table 12) of 
variables measured were moderately important except for 
chlorophyll a, but no single coefficient was very high except 
for pH; it is usually 8 or above in the harbor except in stressed 
areas. Group 2 strongly suggests the gyre water, with an 
influx of water with the highest salinity, oxygen and trans
parency into the harbor. Group 1 is probably the residual 
water of lower salinity that became the center of the gyre 
or pooled. 
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July 1978. 

In contrast to the obvious impact of natural conditions 
in April, July patterns clearly showed the effects of the 
breakdown at TITP, but not necessarily negative ones. The 
harbor showed one large station group overlapping another 
and several single station isolates (Figures 25, 26). There 
was a reduction in species (Figure 11) at station 4 (Group 4) 
over June 1977, but an increase at A7 (Group 5) in July 1978 
(TWT, Figure 27). Over all, species numbers were up over the 
previous July. 

While benthic organisms would not seem to be as affected 
as plankton by the variabilities in the water column, it 
appears that the opposite is the case. The TITP breakdown in 
July increased the nutrients and bacteria in the water column. 
Salinities and temperature were lower than they were in April 
and were significant (Tables 13, 14), but dissolved oxygen was 
the most important variable according to the coefficients. 
Dissolved oxygen was below 5 ppm in Group 3 in an area where 
floating solids had collected, and Group 1, a large area, was 
next lowest. The outfall itself (Group 5, A7) had the highest 
DO, but this was only slightly higher than the others, and all 
were below mean 6 ppm. Station 4 was highest in weighted mean 
phytoplankton measures and Group 1 was the lowest, but these 
were all very low for summer. The increase in species and 
numbers at A7 (Group 5) is unexpected, since sudden changes 
in effluent character might have been inhibitory. High DO and 
pH may have been due to control efforts. The group 4 isolate 
is peculiar in that the three phytoplankton measurements, all 
with significant coefficients, were not normally proportional. 
Group 2, composed of two isolated stations, appeared to be 
linked only because they were intermediate in almost all 
parameters. However, both had the highest salinity and second 
highest DO, suggesting ocean influence. Group 3 stations 
appeared to be more heavily impacted in terms of species 
(TWT, Figure 27), than Group 1, even though Group 1 had the 
lowest phytoplankton measures. 

Octobe= 1978. 

Prior to the final benthic sampling for TITP, the plant 
upset had apparently been brought under control, in part by 
added aeration, and dissolved oxygen had risen somewhat. In 
the October station groups (Figures 29, 30) station Al was 
separated outside the harbor, and there were almost concentric 
arcs out from TITP. Most interesting is Group 5 (Al4), which 
lies at about the center of the large harbor gyre. Vorticity 
apparently led to deposition, for the TWT (Figure 31) shows 
this forrnerly rich benthic area to have been severely depleted, 
perhaps by the rapid changes in nutrients and probably in 
controlling substances such as chlorination. However, Al4 
was higher in chlorophyll a (Tables 15, 16) than the other 
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stations, even though all are low for the fall; Al4 was also 
the highest in mean temperature. The physical variables, 
however, did not have significant coefficients, whereas the 
phytoplankton measures did. 

Group 3, the outfall area, had the lowest weighted means 
for DO, pH, productivity and assimilation ratio. Yet the two 
stations had a significant increase in colonization, as shown 
on the TWT. This perhaps emphasizes that variability, whether 
natural or man-made, has a stimulatory effect on estuarine 
species when toxicity is not a problem. There are no indica
tions that normal TITP effluent is toxic (Section V). 

For the first time since June 1977 the three phytoplankton 
parameters assumed the major importance, even though the levels 
were relatively low as compared with pre-secondary treatment 
years. Groups 1 and 2 were intermediate in most parameters. 
However, separations were clear in that Group 2 had higher 
phytoplankton measurements than group 1. 

LITERATURE CITED: See Section VIA. 

METHODS SECTION, DISCRIMINANT ANALYSIS: See Section VIB. 
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FIGURE 2. 

TEBMINAL ISLAND TREATMENT PLANT BENT~ICS ** DECEMBER, 1976 
' 

DIS TA NC E GROUPS 

200 160 120 80 40 0
••••••••••••• 4 ••••••••• 4••••••••• 4••••••••• 4••••••••• ~ 

..-.... 761202/A02.. . -....... ... -... 761202/A12 1 

• ....--... 761202/A09 

. . 761202/AOl. ....········-· • 
• • • ...... -· .. 76 1202/A08 2············ . . -.......-.... 76 120 2/ A11 

• 
• 

••.....•.....•....•. 761202/A.01 3 . . 75 1202/A.04------·-···------···· 4··-····-·· 761202/A.07·····-··-·····-·--··· 

http:761202/A.07
http:761202/A.01


IVB 10 
416 tta:UliAl. 1..iL4ND 'tBZ:lft!t!Hl PLAIT e~Jtttl.i.~ •• O&CE"au. 1176 

F r::.vRF. "l. 

I L,JI, 
. > .n TC 

> .,o TO '.75• 
> .as TC •• o -. > .co TC .as 

8LAfilk .oo 

J ) c.: )11~ t ~,{. a.t
1 ji[q 
2 ij ~11 

~ ! 
~ .w 

~ ~1. 

.. . 
:~: r=.· I ..• y·. ' ' 
:: ~·.... . ... -

I 
~ 

.,... 
= = 
~ 

..,:."' . •t+. .. .•...
• 

-.. .. 
.. .'·t.... 
:.r .... . 

.:3 --:::J : j... 
~•~ .. I"'
••f\. ....·-·•.. 
: 
~ 

- ~ . I 
• .. .1 

I 
, 

:; 
:; 

'I •=,
I • 
I 01 

~ =~ 

i
~ 

~ 

:: 
.,

···t· :-. 
f:l -~ 

:= ::~
}!ii~~
-·t-,t~

>I"- •.. -. ..
• •flt-•. 

......:::t:: r-·.·-· ··-::±-:. 
:::t.:
··~-•T-•. I 



4 

4 

IVB 11 417 

AXIS 2 

© 

AXIS l 

AXIS 3 

0 

:{( 
~---~ Depth ____ Prod. 

----AR 

AXIS 1 

FIGURE 4. STATION GROUPS AND AXES WITH VECTORS, DECEMBER 1976. 



TABLE 1 • "'" f-' 
co 

WE 1Gt1TED GROUP MEANS 

TERMINAL ISLAND TAE.ATMENT PLANT fJENTHICS .... DECEMBER. 1976 

GROUPS l 2 3 

"· 

1. DEPTH a. 2665 1. e604 7.8601 6.8531 

2. TEMPERATURE:: 17.2286 17.2003 17.2~10 17.1613 

.3. SALINITY 32.9708 32.9635 J2.9f:5~ 32.8047 

OXYGEN 7.1065 6•<i721 7.C289 6.5838 

s. PH s.12oe 8.1207 e.1116 a.1.324 

e. PRODUCTIVITY 2.0659 I .<;471 t.6605 1.7224 
H 

o1 
1. CHLOROPHYLL A 1.1770 t.1901 1.1.3e3 1.4886 f-' 

Iv e. ASSl~ILATlCN RATIO 1ab573 t.St:75 la.3688 l.3207 

•• ONE-WAY ANUVA FOR EACH VAR I ABLE • OF = ~. 32 

VAR l ABLE F 

l • DEPTH 0.10 

2. TEMPERATURE 0.01 

SALINITY 0.14~-
OXYGEN o.oe"· 

5. PH 0.01 

6. PROOUCTIVITV o.os 
7. CHLOROPHYLL A 0.16 

e. ASSJMlLATION RATIO 0.01 
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TABLE 2. 

TERMINAL ISLAND TRE\iMENT PLANT BENTHICS, DECEMBER 1976. 

** LATENT ROOTS AIID SIGNIFICANCE TEST FOR EACH AXIS ** 

AX(S ROOT " CUM " CHI SOUAAED DF 

1 6.714E-02 66.9 66.9 1.ea 10 

2 3.ooc;e-02 30.0 <; 6. 9 C.86 8 

J J.158E-03 3.1 100.0 o.og 6 

COEFF{CIENTS OF 

TERMINAL I SLAN'I 

5EPARATE DETERMINATION ( X 100/SUM{AES 

TREATl.1ENT PLAl'.T BENTHICS DECEMBER,** 

VALUE)) 

1c;75 
** 

AXES 1 2 3 

l • DEPTH 

2. TE"4PERI T JRE 

3. SALINr-·, 

4. OXYGEN 

s. PH 

6. PAoou:· IVITY 

7. CHLO~ J 'HYt.:.L A 

a. ASSH ILATlCN RATIO 

.3. 1 

10 .o 
46.4 

13.4 

4. 1 

1.7 

5 • l 

16 .o 

0.1 

3.4 

2.1 

2.0 

2.1 

.38 • 1 

8.3 

43.9 

4Q.9 

24.5 

0.6 

12.J 

0.4 

12.0 

2.4 

6.8 
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FIGURE 5, BENTHIC STATION GROUPS, MARCH 1977. 

GROUP 1 - A3, AS, All GROUP 3 - A2, Al2, A4, A9 
GROUP 2 - Al GROUP 4 - A7 
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FIGURE 6. 

TERMINAL ISLAND TBEATHENT PLANT BENTHICS ** MARCH• 1977 
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·AXIS 2 

pH 
Sal. 

0 

AXIS 1 

FIGURE 8. STATION GROUPS WITH AXES AND VECTORS, MARCH 1977. 
(DASHED LINE INDICATES VECTOR IS NOT CLEAR-CUT) 
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TABLE 3. 
,I:. 

N 

wEIGHTED GRGUP MEANS 
~ 

TERMINAL (SLANO TREATMENT PLANT BENTHICS MARCH. 1977 

GROUPS l ?. .3 4 

DEPTH <J.9226 tl.52.34 10.1454 4.7286I • 

2. H:MPERATURE l3.J557 lJ.2030 13.3569 13.7475 

.3. SALINITY .31.e100 .)1.8091 31.8076 .:H.7142 

4. OXYGEN 8.0252 7.7618 7.9892 6.4411 

s. PH 6.1535 B.1439 8.1440 7.9077 

6. PRODUCTIVITY 13.6801 11 .9738 12.8499 6.3191 
H 
<1. CHLOROPHYLL A 5.1573 4.6069 4.9025 B.2406 tx:I 

a. ASSlt-tlLATION RATlO 2 • .3976 2.2463 2 • .3498 C.8078 I-' 
co 

•• ONE-WAY ANOVA FOR EACH VARIABLE OF = 3. 32* 
VARIABLE f 

l • DEPTH 0.47 

2. TEMPERATURE 0.44 

3. SJ\LlNlTY 1.29 

4. OXYGEN 1.04 

s. PH 2.21 

6. PRODUCTIVITY 0.16 

1. CHLOROPHYLL A 0.55 

e. ASSlM[LATION RATIO o.ag 

http:tl.52.34
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TABLE 4. TERMINAL ISLAND TREATMENT PLANT ~ENTHICS, MARCH 1977 

** LATENT ROOTS ANO SIGNIFICANCE TEST FOR EAC~ AX[S ** 

AXIS ROOT " 
1 5e211E+00 99.0 

2 4.002E-02 a.a 
.3 l.131E-02 0.2 

COEFFlCIENTS OF SE.PARA TE 

TERMINAL ISLAND TREATMENT 

AXES 

l • DEPTH 

2. TEMPERATURE 

3. SALINITY 

OXYGEN ~-
s. PH 

6. P"OOUCTI VITY 

7. CHLOROPHYLL A 

a. ASSIMILATION RATlC 

CUM X CHI SQUARED OF 

99.0 52.96 10 

9<,J. 8 1.14 a 

100.0 0.3.3 6 

DETER MI NAT lat~ ( )( 1 00/ SUM ( ASS \IALUE)) ** 
PLANT BENTHICS MARCtit 1977** 

1 2 .3 

1 .s 16.2 10.5 

2 .a 36.8 J 1 .6 

12 .9 0.1 4.2 

2 .2 3.4 5.3 

..35 .9 o.s 0.5 

IO .5 19 • 1 31 • 7 

29.J 10.5 18.4 

5 .o 13.5 11.a 
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FIGURE 9. BENTHIC STATION GROUPS, JUNE 1977. 

GROUP 1 - A2, A3, All, A12 GROUP 4 - Al, A8 
GROUP 2 - A9 GROUP 5 - A7 
GROUP 3 - A4 
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FIGURE 10. 

TERMINAL ISLAND TREATMENT PLANT BENTHICS *• JONE, 1977 

DISTANCE GROUF 
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AXIS 2 

Tenp. 
Chl A 

Sal. 
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AXIS 1 

FIGURE 12. STATION GROUPS AND AXES WITH VECTORS, JUNE 1977. 



TABLE 5. 
~ 

WEIGHTED GROUP MEANS w 
0 

TE~~J NAL ( SLANO TREATMENT PLANT E!ENTHICS •• JUNE, 1977 

GROUPS 1 2 3 4 ~ 

I • DEPTH 9.2711 9.0635 8.8453 9.4506 7.37A3 

2. Tf:.MPl:R.\TURE 16.7837 16 • .3349 17.2284 &7.2248 18.1485 

3. SALINITY 33.8795 33.8777 3.3.8613 33.8710 33.8358 

4. OXYGEN 7.0976 7.QQ89 7.1388 7ell33 7.0629 

s. Pt-I 7.9656 7.9584 7.9,,57 7.9615 7.8984 

6. PRODUCTIVITY 12.7388 12.3125 12.4927 12.4914' 13.2675 
H 

7. CHLOROPH'l'LL A 1. 873~ 1.8833 l.960~ 1.8853 2.3285 ~ 
a. A.SS(MILATION RATIO 7.4J74 7.0730 6.8968 7.l.394 5.9545 N 

~ 

•• ONE-WAY ANO\IA FCR EACH VJ\RI..OOLE • OF = 4, 40 

VAAIAt:!LE F 

1 • DEPTH o.oo 
2. TEr.<PEhATURE 0 • 12 

3. SALIN ITV 0.15 

4. OXYGEN 0.01 

s. PH c.1a 
o • PRODUCT IV [TY 0.02 

., . CHLOROPHYLL A. 0.1s 

a. ASSIMILATICN RATJO 0.01 
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TABLE 6. TERMINAL ISLAND TREATMENT PLANT BENTHICS, JUNE 1977. 

** LATENT ROOTS ~ND SlGNIFICANCE TESl FCR EACH AXIS** 

4XIS ROOT " 
l 3 • 025E-0 l B0.7 

2 3.821E-02 10.2 

3 2.836E-02 1.0 

4 5.902E-O.J 1.6 

COEFFICIENTS OF SEPARATE 

TERMINAL ISLAND TREATMENT 

AXES 

DEPTHI • 

2. TEMPERATURE 

3. SALINITY 

•• OXYGEN 

s. PH 

6. PRODUCT! VI TY 

7. CHLOROPHYLL A 

a. ASSIMILATION RATIO 

CUM X CHI SQUARED OF 

aa. 1 g.g1 l l 

90.9 le41 9 

9 e.4 1.05 7 

100.0 0.22 5 

DETERMINATION ( X ICC/SUM(ABS VALUE)) ** 
PLANT 8ENTHICS JUNE, l<J77** 

l 2. 3 4 

2 l .6 20.5 41 .9 2.4 

1 I • 1 50.3 2.0 0.4 

9 .o 8.2 1 I'.) • l l. s 

I .3 . I 1 • 0 e.J s.s 
1.a 2.2 6 •• 0.2 

0.3 0.1 s.4 35.3 

43.7 6.4 25.7 28.6 

5 • .J 1.J 0.6 26.2 
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FIGURE 13. BENTHIC STATION GROUPS, SEPTEMBER 1977. 

GROUP 1 - A2, A9, A13 GROUP 4 - Al, Al4 
GROUP 2 - A3, A12, A15, Al6, Al7 GROUP 5 - A7 
GROUP 3 - A4, A8 
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FIGURE 14, 

TERMINAL ISLAND TREATMENT PLANT BENTHICS ** SEPTEMBER, 1977 

DISTANCE GROUPS 
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770914/AOJ• ·-··-············-·-·-····-···-· 77 0914/A 17• • ....-.·--... -

• 
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FIGURE 16. STATION GROUPS AND AXES WITH VECTORS, 
SEPTEMBER 1977 
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TABLE 7. w 

(j\ 

WEIGHTED GROUP MEANS 

TERMINAL ISLAND TREATMENT PLANT BENTHICS •• SEPTEMBER• 1977 

l 2 .3 4 5 

1. DEPTH 9.3491 9.3005 9.2707 9.4091 8.3640 

2. TEMPERATURE 16. 8031 16.8212 16.8287 16.8094 16.7109 

::!. SALINITY 32.0921 32.095:Z J2.0968 32.0953 32.2248 

4. OXYGEN 7.6094 7.6l99 7.6104 7.6696 6.8798 ~- PH a.022a 8.02.34 8.0237 a.0250 e.0335 

6. PRODUCTIVITY 

1. CHLOAOPHYLL A 

o.5666 

2.2919 

o.s621 

2.3463 

o.5617 

2.3528 

o.s6tO 

2.3515 

0.7267 

2.5913 

H 

<
(Xj 

w 
I:!. ASSIMILATION RATIO o. 3195 0.2956 0.2988 o.2ae9 0.2991 0 

•• ONE-W'AV ,lNOVA FOJ~ EACH VAA I ABLE • OF ; 4. 60 

VARIABLE F 

1 • DEPTH 0.04 

2. TEMPERATURE c.02 

::! • SALINITY 1.03 

4. OXYGEN 0.16 

~- PH o.oJ 
6. PIWDUCT IVITV 0 • 14 

7. CHL OAOPHVLL A 0.03 

a. ASSIMILATION RATIO 0.02 
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TABLE 8. TERMINAL ISLAND TREATMENT PLANT BENTHICS, SEPTEMBER 1977 

•• LATENT ROOTS ANO SIGN[FICANCE TEST FCR EACH AXIS ** 
4XIS ROOT X CUM % CJ-ii SQUARED OF 

1 l.lC4E't-OO 98.B 9 a. e 42.76 1 1 

2 1.0llE-02 0.9 9g. 7 0.=8 q 

3 2.g<;.]f:-03 o.3 99.9 0. 17 7 

4 6.221E-04 c.1 l O o. 0 0.04 5 

COEFFICIENTS OF SEPARATE DETER Ml NAT ION {X 100/SlJM{ABS VALUE}) ** 
Tc.RM I NAL I SLANU TAE.ATrvtENT PLANT BENTHICS SEPTEMBER, 1977** 

AXES 1 2 3 4 

l • DEPTH 31.7 l.3 13.6 4 e • 4 

2. TEMPERATURE 6 .2 1 l • 6 43.2 1 l. 7 

3. SALINITY 31 • 7 1.2 0.9 c.6 
4. OXYGEN 6.7 17.0 2.6 2.a 
5. PH 15.8 21.0 14.6 24.4 

6. PRODUCT IV I ry 3 .3 s.7 12.2 0.3 

7. CHLOROPHYLL A 4.5 8 • 3 10.7 6.5 

e. ASSIMILATION ~ATIO 0 .o 34.0 2.2 1.4 
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FIGURE 17. BENTHIC STATION GROUPS, JANUARY 1978, 

GROUP 1 - A8, A9, AlO GROUP 3 - Al 
GROUP 2 - A2,A3, Al2, Al3, Al4 GROUP 4 - A4, All, AlS 

Al6, Al7, 88, 89 GROUP 5 - A7 
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FIGURE 18. 

TERMINAL ISLAND TREATMENT BENTUICS •• JANUABY, 1978 

GROUPSDISTANCE 
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FIGURE 20. STATION GROUPS AND AXES WITH VECTORS, JANUARY 1978. 



TABLE 9. 

~EJGHTE0 GA0UP MEANS 

TERMINAL ISLAND TREATMENT BENTHICS ** JANUARY. 1978 

GROUPS l 2 

1 • OC:PTH 10.6365 10.3837 

2. TEMPERATURE 16.0046 H,.0003 

3. SALIN J TY heavy rainB 1tt 27.5755 27.5688 

4. OXYGEN 7.Jq56 7.2762 

s. PH 8.1027 8.0090 

6. PRODUCTIVITY 2.1401 2.2260 

7. CHLOROPHYLL A 1.2220 1.2368 

a. ASSIMILATION RATIO 1. 7256 l.7761 

•• ONE-WAY ANOVA FOR EACH VARIABLE * OF = 4. 80 

VARI ABLE F 

l. DEPTH 0.39 

2. TEMPERATURE 0.11 

3. SALINITY 0.74 

4. OX'VGEN l. 37 

5. PH 0.09 

e. PRODUCTIVITY o.oJ 
,.7. CHLOROPHYLL 0.01 

l'J. ASSIMILATION RATIO 0.03 

10.3797 

15.9950 

27.5725 

7.2611 

7.9601 

2.2gJo 

1.2438 

1.8155 

10.1784 

16.0005 

27.5552 

7.1817 

8.0667 

2.2682 

l • 2296 

1.a212 

5 

7.8126 

15.8866 

27.3806 

5.9463 

8.0068 

2.1718 

1.2114 H 

t.7752 
c:::: 
to 

w 
O'\ 
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TABLE 10. TERMINAL ISLAND TREATMENT PLANT BENTHICS, JANUARY 1978 

LATENT ROOTS AND SIGNIFICANCE TEST FOR EACH AXIS** ** 
AXIS ROOT " CUM ~ CHI SQUARED OF 

1 2.873E-C1 92.8 92.8 19.57 l l 

2 1.366E-02 4.4 97. 3 1.05 9 

3 7.B67E-03 ?. • s 9c;.a 0.61 7 

4- 6 .1 72E;;-04 0.2 10 o. 0 o.os 5 

COEFFICIEr-JTS Of-' SEPARATE OE"TERMINATlOt.t (X 100/~UM(Af:3S VALVE)) **-

TERMINAL ISLAND TREATMENT BENTHICS 6f JANUARY, 1978 

AXES IN COLUMNS 2 3 4 

t. DEPTH 4 .e o.e e.9 1 l • 1 

2. TE"MPERATURE 26.6 1.3 19 • 6 0.3 

3. SALINITY 10 .s 0.3 26.0 0.6 

4. OXYGEN ~6.5 0.3 6.2 c.o 
5 • PH o.g 73.g 0 • J 

t:. PRCOUCTIVITY 0 .2 0.3 18.5 37.2 

7 • CHLOROPHYLL A o.s 1.2 o.o 29.S 

~. ASSIMILATION RATIO 0 • 1 13.9 20.s 20.1 
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FIGURE 21. BENTHIC STATION GROUPS, APRIL 1978 

GROUP 1 - A3, AlO, Al4, AlS, Al6, Al7, B9 
GROUP 2 - A l , A2 , A 8 , A 9 , A l 1 , A l 2 , A l 3 , B 8 
GROUP 3 - A4, A7 
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FIGURE 22, 

'IEhi'.1INAL ISLAND T1ii;;ATC1EN1' PLANT lJENTUICS ** APRIL, 1978 
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FIGURE 24. STATION GROUPS AND AXES WI TH VECTORS, APRIL 1978 



TABLE 11 • 

WEIGHTED GROUP MEANS ~ 
~ 

TERMINAL ISLAND TREATMENT PLANT BENTHICS ** APRIL• 1978 co 

1 2. 3 

l • DEPTH 10.6248 10.9074 10.0003 

2. TEMPERATURE 16.1917 16.1696 16.2871 

3. SALINITY 35.1184 35. 1922 35.1727 

4. OXYGEN 9.2477 9.3961 9 • l 449 

5. Pti 7.7294 7.7211 7.7239 

6. %TRANSM1 TTANCE 64.7771 65 • 1413 63.3858 

,. PRODUCTIVITY 3a3230 3.3004 3 .5117 
H 

a. CHLOR0Pt1YLL A t.5860 1.5836 1.6050 <: 
0, 

9. ASSIMILATION RATIO 2 .0889 2.0893 2.2207 ~ 

"' 

•• ONE-WAY ANOVA FOR EACH VARIABLE • OF = 2. 48 

VARIABLE F 

1. DEPTH 0.04 

2. TEMPERATURE 0.02 

3. SALINITY 0.01 

4. OXYGEN C .03 

5. PH 0.01 

b. %TRANSMITTANCE 0.02 

7. PRODUCTIVITY 0.01 

8. CHLOWOPHYLL A o.oo 
9. ASSIMILATION RATIO 0.01 



TABLE 12. TERMINAL ISLAND TREATMENT PLANT 8ENTHICS, APRIL 1978 

•• LATENT ROOTS ANO SIGNIFICANCE TEST FOR EACH AXIS•• 

AXIS ROUT 

l 9.223E-03 

2 3.257E-03 

73.9 

CUM" 

100.0 

CHI SQUARED 

0.14 

Df 

10 

8 

COE~FlClENTS OF 

TERMl NA'L 1 SLANO 

SEPARATE DETERMINATION (X 100/SUM(ABS VALUE)) 

TREATMENT PLANT BENTHl CS •• APRIL• 1978 

•• (AXES IN COLUMNS) 

I 2 

I. OEPTH 

2 • TEMPERATURE 

3. SALINll"Y 

4. OXYGEN 

5. PH 

6. ~TRANSMITTANCE 

7. PRODUCTIVITY 

Be CHLOROPHYLL A 

9. ASSIMILATION RATIO 

19.7 

20.7 

0.9 

1.7 

15.0 

12.3 

18.9 

25.5 

25.6 

36.4 

o.a 
3.2 

o.o 
4.3 

H 

< 
01 
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FIGURE 25. BENTHIC STATION GROUPS, JULY 1978. 

GROUP l - A2, A 3, A9, A1 0, A11, GROUP 4 - A4 
A12, A15, A16, Al7 GROUP 5 - A7 

GROUP 2 - Al, A8 
GROUP 3 - Al3, A14 
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FIGURE 26. 

TERMINAL ISLAND TREATMENT PLANT BENTHICS ** JOLY, 1978 
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FIGURE 28. STATION GROUPS AND AXES WITH VECTORS, 
JULY 1978. 



TABLE 1 3. 

,c,. 
Ul 
~WEIGHTED GROUP MEANS 

TERMINAL I SL ANO TREATMENT PLANT BENTHICS ... JULYe 1978 

GROUPS 1 2 3 4 5 

1. DEPTH 10.2844 10.029() 10.6857 9.2004 8 .31 76 

2. TEMPERATURE 12.9937 13eOBQO 12.a4b8 13.2904 13.6241 

J. SA.LINITY 31.4894 31.4950 Jt.4920 Jl.4753 .31.4324 

4. OXYGEN 5.0035 5. 1351 4.9645 s.12sJ s.6984 ~. PH 8.0487 B.0536 8.0416 a.0103 a.1102 

t,. PRODUCTIVITY ~.1364 4.1962 4 • 1()43 4.7861 4.2700 
H 

1. CHLOROPHYLL A 4.6817 4.6391 4.6888 5.2902 5.2324 ~ 
Ill 

a. ASSIMILATION RATIO o. 9009 0.8810 0.8358 0.9046 0.8031 
00 """ 

•• ONE-WAY ANOVA FOR EACH VARIAeLE • OF = 4, 80 

VAR I ABLE F 

l. DFPTH 0.21 

2. TEMPERATURE 0.22 

"2 SALlNITY 0.1a-· 
4. OXYGEN 0.21 

"' PH 0.36-· 
c. PRODUCTIVITY c.01 

1. CHLOROPHYLL A 0 .1 s 

e. ASSIMILATION RATIO o.os 
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TABLE 14. TERMINAL ISLAND TREATMENT PLANT BENTHICS, JULY 1978 

** LATENT noors AND SIGNIFICANCE TEST FO~ EACl-l AXIS ** 
AXIS ROOT CUM % CHl SQUARED DF" 

1 <; • 329E- 02 75.3 75.3 6.91 .. l 

2 l.860E-02 15.0 90.4 1.43 9 

3 9.237E-03 7.5 91.0 0.11 7 

4 2.t9<;E-0.3 2.2 1 oa. o c.21 5 

Ct1EFF1CIENTS OF SEPARATE' OE TER t,,IJ t-.AT I ON ( X tOO/SL;M(Aes VALUE) ) ** 
TERMINAL I SL AND TREATMENT PLANT BENTHICS •• JULY• 1978 

AXES IN COLUMNS 1 2 3 4 

1. DEPTH 24.1 1.1 4.5 4.7 

2. TEMPERATURE 15 .o 19.7 8.1 1.0 

3. SALINITY 20.s .5 • 5 0.4 24.6 

4. OXYGEN 23.1 23.8 3.2 49.o 

5. PH 1 2 • 5 o.a 4.3 2.. 0 

6. FROOUCTIVITY 2.e 4.8 40.4 1.0 

1. CHLOROPHYLL A C.9 25.6 0.3 17.0 

a. ASSI~ILATION RATIO 1 • 1 18.0 38.8 o.e 
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FIGURE 29. BENTHIC STATION GROUPS, OCTOBER 1978. 

GROUP 1 - A3, AS, All, A12, GROUP 3 - A4, A7 
Al5, Al6, 88 GROUP 4 - Al 

GROUP 2 - A2, A9, AlO, Al3, Al7, B9 GROUP 5 - Al4 
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FIGURE 30 

TEBffINAL ISLAND TR~ATMENr PLANT BENTHICS ** OCTOBER, 1978 

DISTANCE GROUP 
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FIGURE 32. STATION GROUPS AND AXES WITH VECTORS. 
OCTOBER 1978. 



TABLE 15. 

~ 

"-EIGHTEO GROUP MEANS °'0 

TERMINAL I SL AND TREATMENT PLANl BE.HTHICS •• OCTOBERt 1978 

GROUPS l 2 3 5 

1. DEPTH 11.5537 11.701,0 10.9726 l3.46Q6 11.2970 

2. TEMPERATURE 17.2055 lb.9490 17.4b4l 16.9706 18.0490 

3. SALINITY 31.2979 31.304-9 31.2935 31.3383 31.2724 

4. OXYGEN 6.7870 6.7799 6.8307 6.7787 6.7227 

5. PH 8.1209 e.1101 0.1377 a.1O31 8.1175 

6. PHOOUCllVlTY 8.6967 8.8114 8.8250 7.9410 7.6540 

1. CHLOROPHYLL A J.452.J 3.4673 3.4.304 .J.2273 4.2247 H 
<! u,e. ASSJ,.,.ILATlON RAT IO .?.6393 2.6685 2.6740 2.5382 2.0406 
Ul 
~ 

•• CNE--,;AY ANOVA FOR EACH VAR I ABLE • OF ::: 4, 78 

VARIA~LE F 

1. DEPTH c.20 

2. T'::MPERATURE o.os 
3. SALINITY 0.11 

4. OXYGEN o.oo 
5. PH 0.04 

6. PRODUCTIVITY 0.06 

7. CHLOP.OPHYLL A 0.47 

a. ASSIMILATION RATIO 0.11 
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TABLE 16. 

** LATENT RCOTS ANC SIGNIFICANCE TEST FOR EACH AX[S ** 

AXIS ROOT ,; CUM X CHI SQUARED OF 

1 l • 37JE-01 70.5 7 o.s 9.72 1 l 

2 4.915E-02 25.2 95.8 3.62 9 

3 7e617E-0.3 3.9 gg.7 0.57 7 

4 6e219E-C4 0.3 t Oo. 0 o.os 5 

COEFFICIENTS OF SEPARATE DETER MI NAT ION ( X 100/SUM{ABS VALUE)) ** 
TERMINAL I SL ANO TREATMENT PLANT BENTHICS OClOBER, l978** 

AXES IN COLUMNS l 2 3 4 

1. DEPTH 

2. TEMPERATURE 

~. SALINITY 

4. OXYGEN 

!: • PH 

6. PROCUCTIV1TV 

1. CHLOROPHYLL 

a. ASSIMILATION 

0 .4 44.J 2.0 6.Q 

1 • I 4.7 a.5 J.3 

0 .9 4.4 3.6 31.9 

o.o 0.2 8.2 1.0 

0.2 2.0 3 I .6 22.a 

I e .9 17.4 35.2 1.3 .a 
A 4 1 .4 !7.5 t.5 3.5 

RATIO .36 .g 9.4 9c4 l0e9 
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PHYTOPLANKTON GROWTH AND STIMULATION IN THE 
TERMINAL ISLA..~D TREAT~NT PLANT SECONDARY WASTE PLUME 

INTRODUCTION 

The Terminal Island Treatment Plant (TITP} releases 10-18 
million gallons of secondary treated sewage effluent into the 
Los Angeles Harbor daily. This series of algal bioassays was 
designed to assess the impact of TITP effluent on phytoplankton 
growth. The culture data presented here gives a clear indica
tion of the growth response of the harbor phytoplankton com
munity to effluent levels actually found in the harbor. 

METHODS 

Diatoms and dinoflagellates dominate the harbor phytoplank
ton community. Therefore, a mixed culture of harbor diatoms 
(Skeletonema, Nitzschia and naviculoid species} and a monoculture 
of the harbor dinoflagellate ScrippsieZZa trochoidea were used 
in the initial experiments of the bioassay series. The growth 
response of the mixed diatom culture to any given test solution 
was highly variable. Possibly, this was due to competitive in
teractions between diatom species in the spatially restricted 
environment of the laboratory culture. However, some differen
tial growth response was observed. SarippsieZla troahoidea, an 
extremely slow-growing species, did show a growth response in 
one 7-day bioassay in February. It did not, however, show a 
differential growth response to any of the experiments during 
an 8-day June bioassay period. Therefore, use of this species 
was discontinued. 

DunaUe.Zla tePtiolecta was selected for use in each monthly 
bioassay. This rnicroflagellate is present in the harbor and it 
has been widely used in the past as a bioassay organism. It 
grows rapidly and was found to be a sensitive indicator of growth 
conditions. 

Experimental Design 

Dilution for growth tests were chosen to encompass the range 
of effluent concentrations found in the harbor in each sampling 
period. The percentages of effluent concentrations chosen con
form to a logarithmic progression, with replicates prepared for 
each test. Six concentrations of TITP effluent (10%, 5.6%, 3.2%, 
1.0%, 0.56%, and 0.1%) were tested in each period along with wa
ter from the harbor taken from over the TITP outfall and from 
three other stations in the Los Angeles Harbor, A7, AJ, and A2, 
which are approximately 550m, 1525m, and 1875m, respectively, 
from where the effluent surfaces from the plant in a turbulent 
circle of water known as the "boil." Three additional samples 

Preceding page blank 
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served as controls. In addition, a dilution water sample was 
tested to determine minimal growth in the absence of effluent 
stimulation or inhibition, and a sample containing an enriched 
algal medium was used to assay maximal growth under optimum 
nutrient conditions in order to check on the health of the orig
inal inoculum culture. An Instant Ocean artificial sea water 
was also tested to determine minimal growth in the absence of all 
extraneous nutrients. However, growth in Instant Ocean was high
ly variable from one bioassay to another, suggesting variable 
nu~rient content. 

Preparation of Test Solutions 

Ea~h effluent concentration was prepared using TITP efflu
ent obtained from inside the plant on the first day of each bio
assay test series. The effluent was corrected for low salinity 
with Instant Ocean sea salts. 

In the February bioassay, the effluent was diluted using 
ultraviolet-sterilized and filtered sea water from t~e Harbors 
Environmental Laboratory at Wilmington. Al subsequent bioassays 
utilized aged dilution water collected in a single batch from 
rnidchannel in the San Pedro Bight. Each assay solution was 
filtered through a GF/C glass filter. A 100 ml volume of this 
filtered solution was then transferred into each of three 250 ml 
Nalgene Ehrlenmeyer flasks. 

Bioassay Procedures 

The phytoplankton inoculum was grown in axenic culture me
dium for one week prior to the bioassay. After cell densities 
were determined, 10 ml of the healthy algal culture was inocu
lated into each 100 ml of test solution prepared as described 
above. 

The culture flasks were maintained in a seawater table under 
constant light (approximately 40 microeinsteins/meter2/sec.) and 
temperature (18.5C±5) for the 5-day bioassay period. Each flask 
was shaken, and its position in the table rotated daily. At 2-
day intervals subsamples were removed from each flask and pre
served in Lugol's solution. Cell densities were subsequently 
determined with a Coulter Counter. 

This bioassay procedure was performed five times at bimonth
ly intervals in February, April, June, August, and October 1978. 

RESULTS 

Final Cell Yields 

Representative growth curves for selected dilutions for 
April are given in Figure 1. Final cell concentrations for all 
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tests of Duwiliella teritioZ.eata. in the February bioassay are 
given in Figure 2. The laboratory seawater supply was used for 
dilution in the bioassay series. It was then recognized that 
this water alone provided nutrient enrichment. However, signif
icantly higher cell yields were found in effluent concentrations 
of 1.0% or greater. The 3.2%, 5.6% and 10% dilutions were not 
significantly different from each other. A high yield was also 
produced in filtered water from station A7, located nearest to 
the TITP outfall boil {see Figure 3). The yield at this station 
was comparable to that found with the 1.0% TITP effluent. The 
growth response in the outfall boil tests was highly variable. 
Possibly, this was due to high numbers of bacteria that compete 
with the diatoms and dinoflagellates in this nutrient-rich medi
um. Scrippsiella trochoidea (Figure 4) and the mixed diatom 
culture (Figure 5) also showed increased yield at concentrations 
of 1.0% TITP effluent or greater. Cell yields of S. troahoide~ 
were also increased in water from the four harbor stations 
(A2, A3, A7, and the boil itself). The highest cell numbers oc
curred in water from A7, the closest of the three stations to 
the outfall boil. For the mixed-diatom cultures, the yield in 
the outfall boil sample was increased, but was not significantly 
different from 1.0% dilutions of TITP waste in some instances and 
up to 10% in other tests. 

The final cell yields of four subsequent bimonthly bioassays 
with DunalieZZa te~tioZecta are given in Figures 6 through 9. 
The composition of the TITP effluent is complex, with variations 
in nutrients and possibly unidentified inhibitors or stimulators 
present in varying amounts. However, the growth response ob
served in this series of bioassays followed a consistent pattern. 

Relative to the dilution water control, cell yields were 
significantly increased by the addition of low concentrations of 
TITP effluent (0.56-3.2%). In the April, June, and August 1978 
bioassays, final cell yields increased with increasing TITP con
centration up to and including 10%. However, in the October bio
assay final cell yield in the 10% dilution was not significantly 
different from the 5.6% dilution. The final cell yields in the 
outfall boil water were usually comparable to those from the 10% 
TITP solution, while average yields in the harbor station water 
samples usually decreased with distance from the boil. In the 
June bioassay, however, cell yield in the boil water sample was 
below that of the experimental dilution water control, and aver
age cell yields in the other harbor station treatments increased 
with distance from the boil. These data suggest two possibili
ties: 1) The presence of an unidentified inhibitor in the harbor 
water diluting the effluent (if this is true, this inhibitor must 
have been in higher concentrations near the boil than near the 
outer harbor stations A3 and A2); or 2) The formation of an in
hibitor resulting from an interaction between components of the 
effluent and substances in the waters of the harbor. It is not 
possible to distinguish definitely between these two alternatives 
on the basis of the information available. However, the TITP 
plant malfunctioned during the period in question, allowing raw 
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wastes to escape. Chlorination was also heavy in that period. 

Specific Growth Rates 

Final cell yields are useful as a means of comparison among 
the tests. In this series of bioassays, high initial cell con
centrations were used to insure detection of any stimulatory 
or inhibitory effect. Therefore, the final cell densities were 
much higher than those that would normally be found in the har
bor. Initial cell concentrations also varied somewhat from 
one bimonthly bioassay to another. 

In order to make comparisons between bioassays and the 
growth of the natural phytoplankton populations, specific 
growth rates were calculated. Specific growth rate (r) is de
fined as tne rate of population increase per day. 

r =loge Nt 
No 

t 

where Nt = cell density at day t 

No= cell density at day 0 

t = total time interval in days 

Average specific growth rates for all preparations in five 
bioassays are given in Table 1. 

The February bioassay differed from the four subsequent 
bioassays in that the initial phytoplankton concentration was 
much lower and the bioassay ran for seven days rather than eight. 
Each of these factors would contribute to higher r values. Max
imum short-term r values were observed during the June bioassay 
in 10% TITP (r = .67) and in water from the boil (r = .68). 

The bioassays were conducted under constant, fluorescent 
illumination of 40 microeinsteins/rn2/sec (0.0132 langleys/min.). 
This is equivalent to approximately 2 percent of full midday 
sunlight. Natural phytoplankton communities encounter comparable 
light intensities within the upper five meters depth in the har
bor (Kremer, personal communication). Smayda (1973), however, 
found that the diatom Skeletonema aostatum reached light satura
tiontion of 0.15 langleys/min., a light intensity approximately 
10 times greater. Specific growth rates also vary with tempera
ture. Under optimum light conditions in culture D. tertiolecta 
reached a maximum specific growth rate of 1.23 at 1s0 c (Eppley, 
1972). This value is approximately double the maximum short
term growth rates in our experiments. Therefore, it is prob-
able that light limited the maximum specific growth rates obtained 
here, and that r values would have been greater if light levels 
were increased. 
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Natural phytoplankton from oligotrophic waters off southern 
California showed r values of 0.17-0.28 at 20°c in simulated 
in situ conditions. The maximum r expected for optimum conditions 
was 1.5. In the nutrient-rich waters of the Peru Current, r 
averaged 0.46 at 17-20°c, about half of the r expected under 
optimum light conditions (Eppley, 1972). Even in those relative
ly clear waters, light limitation appears to decrease r. Thus, 
the light levels used in the bioassay appear to reflect actual 
conditions in the harbor environment. 

Nutrients 

Marine phytoplankton require a variety of nutrients for 
growth a_nd reproduction. · Phytoplankton growth is believed to 
be limited by whichever factor is present in minimal quantity. 
Nitrogen, phosphorus and silicon are potentially limiting to phy
toplankton growth because they are not always present in excess. 
Nitrogen and phosphorus are utilized in the synthesis of organic 
materials at a ratio of lSN:lP. If the phytoplankton in the har
bor assimilate nitrogen and phosphate in approximately this ratio, 
phosphate is very unlikely to become limiting (see harbor nutri
ent levels in Table 2). Nitrogen has been shown to be the most 
important nutrient that limits phytoplankton growth in marine 
systems (Riley and Chester, 1971). According to Sverdrup, et aZ. 
(1942), inorganic nitrogen is present in natural sea waters as 
nitrate (.1-43 µg-at/1 N03), nitrite (.01-3.S µg-at/1 N02) and 
ammonia (.35-3.S µg-at/1 NH3). Nitrate is usually the most abun
dant and stable source of nitrogen in oligotrophic (nutrient
poor) waters. Ammonia is the energetically more efficient N form 
and is preferentially absorbed when available (Harvey, 1955). 
This form (NH3) may become the more important N source at times 
(see Thomas, 1966). Secondary waste treatment usually elevates 
nitrate and nitrite production, but may decrease ammonia (Dunstan 
and Menzel, 1971). 

Uptake of nitrate is believed to be suppressed when NH3-N 
exceeds 1.0 µg-at/1 (Eppley et aZ., 1969). Until September 1978 
NH 3-N levels in the TITP effluent exceeded 150 µg-at/1. There
fore NH3 probably provided the N utilized in phytoplankton 
growth. The total inorganic nitrogen content of the TITP efflu
ent during bioassay months is given in Table 2. These data indi
cate that nitrogen levels in the 10% TITP bioassay treatment 
ranged from 120 to 200 µg-at N/1. Nitrogen enrichment alone 
could account for the increased growth rates in the TITP treat
ment. Since September 1978 the total inorganic N levels have not 
greatly changed. However, secondary treatment is now converting 
most NH3-N to the N03 form. Where nitrogen and phosphorus are 
present in excess, other factors may become limiting, such as: 
iron, manganese, copper, molybdenum, boron, vanadium, zinc, and, 
for diatoms, silicon; all are required in small quantities and 
may potentially become limiting. 

http:0.17-0.28
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CONCLUSIONS 

Impact on the Harbor Phytoplankton Community 

The introduction of TITP effluent into the harbor can be 
viewed as local perturbation of the phytoplankton community. 
In order to predict the spatial and temporal extent of the per
turbation, we have applied the concept of critical length 
(Kierstead and Slobodkin, 1953; Steele and Mullin, 1977). The 
critical length of a unique patch of water is defined as the min
imal size necessary for that patch to maintain itself despite the 
dispersive process of mixing. The critical length is given by: 

LC=V ~ 

where K is the coefficient of horizontal eddy diffusion and 
r is the specific growth rate characteristic of phy

toplankton in the patch. 

This model incorporates factors reflecting the unique chemical, 
biological (r) and physical (K) characteristics of the patch. 

The specific growth rates characteristic of phytoplankton 
in the TITP plume have been empirically determined by bioassay. 
When current speeds are known, diffusion coefficients for a 
point source are given the following equation from Foxworthy 
and Kneeling (1969): 

K = us2 
2x 

where u = average current speed 
s2 = the mean variance of the waste concentration 

distribution in a given coordinate direction 
as a function of distance (x) along a plume 
discharged from a point source. 

Tidal circulation within the harbor is weak. The currents 
in the area of the TITP plume are primarily wind-generated, av
eraging .1-.2 knots or approximately 5-10 cm/sec (Robinson and 
Porath, 1974; McAnally, 1975). Using Foxworthy and Kneeling 
values for s2 and substituting these current speeds into the a
bove equation, we have generated diffusion coefficients ranging 
in magnitude from 2 x 10 2 to 2 x 10 3 . These values can then be 
used in the critical length model. 

Increased specific growth rates were detected at effluent 
concentration of 1.0% or greater. Using 1% TITP to define the 
limits of a patch, estimates of critical length have been com
puted below. 
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Critical Length LC = K 
r 

(meters) 

r(day-1) r(hr-1) where K = 2 X 10 2 K = 2 X 10 3 

1% mean r .28 .01 444 1405 

1% max. r .55 .02 314 993 

According to this model, when the l percent dilution patch ex
ceeds the critical length, the effects of the effluent plume will 
persist over significant scales of time (several days) and dis
tance (several kilometers). If harbor nutrient levels are used 
as an index of dilution, the 1 percent dilution level falls be
tween station A7 and A3, 550 meters and 1525 meters from the 
TITP boil, respectively (see Table 2 and Figure 10). This infer
ence is strengthened by the bioassay findings that phytoplankton 
growth in water from station A7 was comparable to that of the 
1 percent treatment (see Figures 8 and 9). Thus, the dimensions 
of the 1 percent plume do at times exceed the critical lengths 
generated by the model, and the effluent patch can be expected 
to persist for several days, enough time to produce a local in
crease in the phytoplankton crop. Through continued dispersive 
losses, this locally persistent patch would contribute to ele
vated phytoplankton densities in the harbor. 

Bioassay tests using various cultures of phytoplankton were 
conducted at bimonthly intervals during 1978 to determine the 
effect of the waste waters on growth rates. Concentrations 
of 0.1 to 10% waste water from Terminal Island Treatment Plant 
were tested and surface waters from four stations extending from 
the boil to the breakwater were sampled for comparison. 

The general pattern found was one of increasing growth rate 
with increasing concentrations of waste water. The 1 percent 
concentration appeared to be the level above which the growth 
rate increased most sharply. Goldman and Stanley (1974) found 
that DunaZiella lerticlecta did not increase in biomass in cul
ture at concentrations of more than 20 percent sewage. 

Station A7, about 525 meters from the boil, showed growth 
rates comparable to those found in the 1 percent solution. Us
ing measured nutrient concentration as an index of dilution, the 
2 percent level would lie between station A7 and station A3, 
about 1525 meters from the boil. This suggests that in 1978 the 
zone of enhanced phytoplankton productivity extends only to about 
500 to 1500 meters from the boil. 

LITERATURE CITED See Section VI 
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_, 
Table 1. 8-Day Mean Specific Growth Rates (aay -) 

Treatment February April June August October 

10\ .49 .32 .32 .39 .28 

5.6\ .49 .29 .JO .36 .29 

3.2\ .49 .27 .28 .32 .27 

1.0, .45 .21 .24 .25 .23 

0.56\ .44 .19 .25 .18 .24 

0.1, .44 .18 .24 .oa .23 

Stn Boil .42 .33 .19 .40 .29 

Stn A7 .46 .20 .22 .29 .25 

Stn A3 .43 .20 .23 .13 .19 

Stn A2 .43 .17 .24 .11 .19 

Dilution 
Water .44 .18 .24 .09 .22 

Instant 
Ocean .41 .19 .24 .07 .17 

Enriched 
Medium (F/2) .42 .32 .31 .40 .26 
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Table 2. Nutrient Levels at Harbor Stations 

NO~ 
~ 

Stations Feb Apri.l July Aug Oct 

TITP 
Effluent 40 33 33 9 17 

A7 .366 .166 .148 .440 .071 

A4 .238 .102 .188 .114 .102 

All .263 .091 ND .061 .127 

A3 .271 .159 .210 .103 .065 

A2 .174 .079 .120 0053 .077 

Al2 .143 .136 .082 .088 .056 

N0
3 

TITP 921 643 500 93 1329 
Effluent 921 643 500 93 1329 

A7 3.697 3.222 15.172 5.156 B.924 

A4 1.980 .709 0 .244 3068 

All 2.591 • 74 7 ND .385 1.858 

A3 1.579 1.165 .191 .920 1.047 

A2 2.379 1.023 .128 .478 1.466 

Al2 1.329 0 5.039 4.781 .372 

NH
3 

TITP 
Effluent 

1
100

2
(564) 

995 
(1343) 

1291 
(1093) 

2500 
(1100) 

0 
(0) 

A7 35.388 10.253 8.005 119.279 1.654 

A4 5.314 2.669 2509 1.976 .331 

All 2.597 .971 ND 3.176 1.654 

A3 8.032 4.186 1.912 4.941 .331 

A2 5.979 1.941 1.553 3.176 1.433 

Al2 1.329 .789 1.195 ·1.623 3.198 

P0
4 

TITP 
Effluent 

A7 9.523 3.456 .456 12. 391 3.024 

A4 1.249 1.216 • 728 .971 1.105 

All 1.594 .689 ND 1.689 1.295 

A3 2.274 1. 742 .631 1.362 • 773 

A2 1. 792 1.304 .641 1.188 .706 

Al2 •761 .600 .697 .539 .453 

l }-k:)nthly mean 
2 week of bioassay 
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TERMINAL ISLAND TREATMENT PLANT SECONDARY WASTE BIOASSAYS 

INTRODUCTION 

The purpose of a bioassay test series is to determine the 
effects of a particular substance on a group of selected 
organisms. Short-term (96-hour) tests can reveal only acute 
toxicity, whereas longer term tests (21 days or longer) are 
needed to identify sublethal, or chronic effects. Substances 
which may be contained within wastewater effluents discharged 
into the marine environment are of particular concern. In 
theory,_ if an effluent possesses a significant toxicity a con
centration of this effluent can be found which causes a sig
nificantly higher mortality to occur in the marine organisms 
than does sea water not containing this effluent. 

In the present study, the Terminal Island Treatment Plant 
(TITP) effluent was investigated. The effluent consists of 
10-18 million gallons of secondary-treated sewage waste water 
released daily into outer Los Angeles Harbor. The original 
experimental design employed the use of four species of 
marine organisms which are common to the local nearshore waters 
of southern California. These were used in five sets of bio
assays over different seasonal time periods. In addition, one 
other local marine organism was included in four of the bioassays 
and an additional set of supplemental bioassays was performed. 

EXPERIMENTAL DESIGN 

To assess the toxicity of TITP waste water, 96-hour bio
assays were performed with twelve different test solutions. 
These solutions included six concentrations of sewage effluent, 
four field samples of receiving water and two types of controls. 
The concentrations of effluent used were 100, 75, 56, 32, 18 
and 10 percent. The receiving water stations were located at 
progressively greater distances from the TITP outfall. These 
can be seen on the map, Figure 1, and were: 1) the TITP outfall; 
2) at station A7, 550 m from the outfall; 3) at the Fish Harbor 
entrance buoy designated A3, 1525m distant from the outfall; 
and 4) the channel marker buoy A2, 1975m from the TITP outfall. 
One control was a solution of "Instant Ocean", and the other 
was filtered and ultraviolet-sterilized harbor water (desig
nated henceforth as "house" water) from the USC Marine Facility 
at Berth 186, Los Angeles Harbor. 

The four species originally selected as test organisms were 
Neanthes arenaceodentata (Polychaete worm), Acartia tonsa 
{plan.~tonic copepod), Fundulus parvipinnis (California killifish) 
and embryos of E'ngrau l is morda.::c (anchovy) . The additional 
species employed in four of the five regular bioassays was 
Emerita. anaioga (the sand crab). 
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The setup dates of the five regular 96-hour bioassays 
were February 13, April 17, June 23, August 21 and September 25, 
1978. The supplemental bioassays were performed on January 29, 
1979. 

MATERIALS AND METHODS 

Test Organisms 

Test organisms were collected in various ways from several 
different sources. The Pur.dulus were taken by fish trap from 
a series of seawater canals in Venice, California. These fish 
were acclimatized in flow-through holding tanks of "house" 
sea water until the time of the bioassay setup. Emeri~a were 
sieved from the sand in the surf zone at Seal Beach. These 
were held in flow-through aquaria with bottoms covered approxi
mately two inches by clean sand. The polychaetes UVeanthes) 
were readily available from laboratory cultures. On the morning 
of bioassay test starts, Acartia and Engraulis embryos were 
collected from plankton tows in Cerritos Channel and outside 
the Los Angeles breakwater respectively. Once in the laboratory, 
containers with these organisms were placed in water baths for 
acclimatization with "house" sea water. 

Experimental Setup 

A regular bioassay setup included two l0gal. aquariums for 
each of the twelve test solutions. This procedure was followed 
in order to separate the Neanthes from the FunduZus, which will 
predate upon them. These 24 aquaria were distributed amongst 
five waterbaths which maintained the temperature of all bioassay 
test solutions and controls at 17° C. 

On the morning of the bioassay, secondary-treated effluent 
was obtained from the sampling site at the Terminal Island 
Treatment Plant. A 110 gal polyethylene tank was used to 
transport the waste to the bioassay laboratory. Before trans
ferring the waste water to the bioassay aquaria, the salinity 
was adjusted with "Instant Ocean" to match the salinity of 
"house" sea water. 

In order to dilute the secondary waste to proper test con
centrations, the salinity-adjusted waste water was poured into 
appropriate test aquaria to a level predetermined for each 
test concentration. Various quantities of "house" sea water 
were then added to finish the filling procedure. In the case 
of aquaria containing 100% test solutions, no addition of "house" 
sea water was required. Similarly, no dilutions were necessary 
in the aquaria containing control solutions or receiving water 
samples; these were simply filled with the appropriate sea 
water. 
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When all test containers had been properly filled, the 
test organisms were distributed among them. Polychaetes were 
removed from the laboratory culture aquaria and placed in 
porcelain pans of "house" sea water. Since Neanthes can be 
cannibalistic, it was necessary to keep the test individuals 
separated within test aquaria. This was accomplished by 
using isolation tubes composed of 1 inch by 2 inch cylindrical 
snap-cup vials (polyethylene) whose lids and bottoms had been 
replaced with Nitex screen to provide a freely exchanging test 
chamber. One polychaete was loaded into each tube which was 
then placed into a bioassay aquarium. Each of the aquaria 
from one of the duplicate sets of twelve solutions received 
20 housed individuals. 

The Pundulus were placed into the other set of aquaria. 
These were netted from their holding tank and ten individuals 
were loaded into each of the appropriate twelve bioassay aquaria. 
The fish were inspected prior to loading, and any with patho
logical symptoms were discarded. 

The Acartia and Engraulis were placed in separate plastic 
beakers suspended in the set of bioassay aquaria containing 
Neanthes. These beakers had screen windows in the sides to 
allow free circulation of water throughout the beaker while 
still retaining test animals. This method was intended to sim
ulate better normal field conditions than does placing the 
organisms in crystalizing dishes in a separate water bath, as 
is usually done. The beakers allow the organisms to be in 
contact with the test solution in the 10 gal. aquaria, which 
are monitored daily for temperature, salinity, dissolved oxygen 
and pH. Monitoring those parameters in crystalizing dishes was 
impossible with available equipment. 

A dissecting microscope was necessary for counting the 
proper numbers of Acartia and Engraulis embryos. Eyedroppers 
were used to remove samples of AcaPtia from their holding con
tainer. The contents of the dropper were emptied onto a 
depression slide and the copepods inspected and separated 
under the dissecting scope. Healthy individuals (intact and 
actively swimming) were removed with the eyedropper and trans
ferred to the test containers. Twenty individuals were placed 
into each of the containers in the twelve test solutions. 

Anchovy embryos were separated in a similar manner. One
day-old embryos which appeared healthy were selected and 
transferred to the appropriate screened beakers. Thirty 
individuals of Engrau l-is were used per test container. 

When Emeri&a were used, they were screened from the sand 
on the bottom of the holding aquaria and counted out into the 
set of bioassay aquaria containing the Neanthes, AcaPtia and 
Engraulis. Twenty of these sand crabs were put into each test 
solution. 
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The screened beaker method of containing Acartia and 
Engraulis within the large bioassay aquaria often resulted in 
high mortalities. For this reason supplemental bioassays were 
performed. Samples of the twelve test solutions were placed 
in crystalizing dishes supported on racks in a water bath, 
into which test organisms were added. This method resulted 
in much lower mortalities among test organisms, but is less 
scientifically pleasing,as monitoring of test conditions in 
crystalizing dishes is impossible. 

During the tests all aquaria were aerated to maintain the 
dissolved oxygen level. This was necessary for the larger 
test organisms;Neanthes, Fundulus and Emerita. The lighting 
cycle was 14 hrs. light/10 hrs. dark. None of the test organ
isms were fed during the bioassay. The temperature, salinity, 
dissolved oxygen and pH in each tank were monitored and 
recorded daily. 

After 96 hours, a final reading of the above parameters 
was made and the test concluded. The surviving Fundulus 3 

Emerita and Neanthes were counted by direct inspection while 
the organisms were still in the test aquaria. A dissecting 
microscope was used to count Aaartia and EngrauZis embryos 
and only live organisms were tabulated. Normally, these test 
results for all solutions and test species were tabulated 
within four hours. 

All aquaria, plastic containers and glassware used in 
these bioassays were pre-washed with tissue-grade detergent 
and 10 percent hydrochloric acid. This procedure was followed 
to prevent contamination from previous bioassays. 

RESULTS 

The bioassay test results are presented in the six tables, 
1 through 6. In these, the percent survival of test species 
is presented for all twelve test solutions and six 96-hour 
test periods. Occasionally, mortalities were known to be due 
to escaped animals and when possible these are noted. 

Also included are the means of the daily recordings of 
measured experimental conditions; temperature, salinity, 
dissolved oxygen and pH. These are presented below the percent 
survival data with their standard deviations. The standard 
deviations are very small in all cases and it is judged by the 
experimenters that these parameters had negligible effects on 
the survival of test organisms. 
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DISCUSSION AND CONCLUSIONS 

Two of the species employed in this series of bioassays, 
Fundulus (the California killifish) and lleanthes (a polychaete 
worm) showed no apparent difference in percent survival during 
any bioassay over the total range of test solutions. Survivor
ship was always near 100% for both of these species in all 
secondary waste dilutions, all receiving water samples and in 
both types of controls. A third species, Emerita, showed this 
same trend in three of the four bioassays in which it was used. 
The results indicate that the TITP effluent has no inherent 
toxicity for these organisms, even in the extreme case of the 
100% concentration of secondary waste. 

The Acartia results also support this conclusion and do 
not seem to show any differential survival in the various test 
solutions for different test dates. However, extremely low 
survivorship of these organisms in all solutions makes it 
difficult to draw conclusions from the data. 

Engraulis data from the supplemental bioassays performed 
on January 29, 1979 mirror the Fundulus and Neanthes results. 
Here there were no significant mortalities in any test solu
tion or for any of the four replicates per solution. However, 
the anchovy embryos did not maintain this trend on other 
bioassay test dates. The high survival during the January test 
may have been due only to the use of different techniques. The 
EngPauiis were placed in crystalizing dishes in a water bath 
rather than in screened beakers suspended in test aquaria. 

The remaining combinations display a different trend. This 
is towards a perceptibly higher mortality in high concentrations 
of effluent than in the control groups. This occurred with 
EmePita on April 17 and with EngPauZis on February 13, April 17 
and June 23, 1978. In these Engraulis bioassays, the screened 
beaker method, as described in Materials and Methods, was 
employed. As was mentioned there, this method was used to 
allow monitoring of experimental conditions within the EngrauZis 
test containers. This method resulted in high overall mortal
ities in all solutions. This high mortality implies that these 
organisms were stressed to a greater extent than they would ever 
be in nature and would be more susceptible to toxic effects 
than in a natural situation. 

Thus, conclusions of toxicity of the TITP effluent would 
be exag·gerated. A similar situation may have occurred with 
Emeri tc. in the April 17 test, as this species shows no signifi
cant mortality in any solution in any other test. 

These inconsistent results between different test periods 
may also reflect variations in the character of the TITP waste
water effluent over time. In this case, receiving waters may 
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be toxic to more delicate organisms, such as EngPaulis embryos, 
during certain periods when the effluent discharged contains 
some particular toxic substance. This could occur while the 
same effluent waters remain innocuous to more hearty species 
such as Neanthes and FunduZus. 

Wild harbor Aaa~tia populations have not proven successful 
in bioassay tests for approximately the last two years. Condi
t~ons in the preferred inner harbor habitat may have changed 
to stress the populations so that they are less able to tolerate 
the capture and testing than previously. Numbers have been 
greatly reduced at times recently. 

In general, one could conclude that if toxic effects 
should occur from the discharge of TITP effluent, they would 
be related to wastes introduced that were not there during the 
present tests. 
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TABLE l , TEST 1 - FEBRUARY 13, 1978 

CONCENTRATION 
CE EEEL.UE~I E!~f3s;l;;t::I I S!.IB~IJ!AL. 

FUN DUL US NEANTHES ENGRAULIS ACARTIA 

C'DNTROL 100 100 90 0 

10% 100 90* 67 0 

18% 100 100 97 0 

32% 100 100 100 0 

56% 100 100 50 0 

75% 100 100 53 0 

100 100 100 13 0 

RECEIVING WATER 
T 

BOIL 100 95* 0 0 

A7 100 100 60 0 

A3 100 100 80 0 

A2 100 90* 87 0 

*THESE APPARENT MORTALITIES ARE DUE TD ANIMALS MISSING FROM THE 
TEST CONTAINERS. THEY MAY HAVE BEEN EATEN, OR NOT SEEN UPON 
COUNTING. 

EXPERIMENTAL CONDITIONS 

-+ oc 
SALINITY 33. 1 + 0.26 PPT. 
TEMPERATURE 15.6 0.37 

-
DISSOLVED OXYGEN - 8. 1 • 0.2 mg/1 
PH 8.0 -+ 0.2 
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TABLE 2. TEST 2 - APRIL 17, 1978 

CONCENTRATION 
llE i;;EEL.l.!i;;tH PbB!;;J;;l:H S!JRVl~81. 

FUNDULUS NEANTHES ENGRAULIS ACARTIA EMERITA 

INSTANT OCEAN 
CONTROL 100 90 50 0 100 

LAB WATER CONTROL 100 100 23 3 100 

10% 100 100 53 7 100 

18% 100 100 33 0 95 

32% 100 100 50 0 95 

56% 100 100 3 3 90 

75% 100 100 10 0 75 

100% 100 95* 3 0 0 

RECEIVING WATER 

BOIL 100 100 0 3 95* 

A7 100 100 0 0 100 

A3 100 100 0 0 100 

A2 100 100 10 3 90* 

* THESE APPARENT MORTALITIES ARE DUE TO ANIMALS 1-11 SS I NG FROM THE 
TEST CONTAINERS. THEY MAY HAVE BEEtl EA TEN, DR NOT SEEN UPON 
COUNT I tlG. 

EXPERIMENTAL CONDITIONS 

TEMPERATURE - 17.1 + 0.3 °C 

SALINITY - 33.6 + 0.5 PPT 

DISSOLVED OXYGEN 7.3 + 0.6 mg/1 

PH 7.8 + 0.01 
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TABLE 3. TEST 3 - JUNE 23, 1978 

CONCENTRATION 
PERCENT SURVIVALOE i;;EEL.!Jl;;NI 

FUNDULUS NEANTHES ENGRAULIS ACARTIA EMERITA 

INSTANT OCEAN 
CONTROL 100 75 40 0 100 

LAB WATER CONTROL 100 100 25 10 100 

10% 100 95* 15 25 100 

18% 100 100 25 20 100 

32% 90 100 20 15 100 

56% 80 95* 10 0 100 

75% 100 95 0 0 100 

100% 90 95 0 0 100 

RECEIVING WATER 

BOIL 100 95* 15 50 100 

A7 100 100 0 20 100 

A3 90 100 5 65 100 

A2 100 100 0 10 100 

*THESE APPARENT MORTALITIES ARE DUE TO ANIMALS MISSING FROM THE 
TEST COtHAINERS. THEY MAY HAVE BEEN EATEN, OR tJOT SEEN UPON 
COUNTING. 

EXPERIMENTAL CONDITIONS 

TEMPERATURE - 19.5 + 1.2 °c 

SALINITY - 32.8 + 0.7 PPT 

DISSOLVED OXYGEN 7.7 + 0.5 mg/1 

PH 7.5 + 0.2 
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TABLE 4. TEST 4 - AUGUST 21, 1978 

CONCENTRATION 
PE i;;EEL.!.!EtH PERCENT SURVIVAL 

FUNDULUS NEANTHES ENGRAULIS ACARTIA EMERITA 

INSTANT OCEAN 
OCEAN. 100 

LAB WATER CONTROL 100 

· l 0% 100 

18% 100 

32% 100 

56% 100 

75% 100 

100% 90 

RECEIVING WATER 

BOIL 100 

A7 90 

A3 100 

A2 90 

*THESE APPARENT MORTALITIES ARE 
TEST COtJTAINERS. THEY MAY HAVE 
COUNTING. 

EXPERIMENTAL cmm1TipNs 

TEMPERATURE - 17.9 + 

SALINITY - 32.0 + 

DISSOLVED OXYGEN 9.6 + 

PH 8.2 + 

100 43 

100 0 

95 17 

100 7 

100 10 

100 0 

100 0 

100 0 

100 10 

100 27 

95 10 

100 0 

DUE TO ANIMALS 
BEEN EATEN, OR 

0.3 °c 
0.6 PPT 

0.7 mg/1 

0.1 

20 100 

10 100 

27 95 

0 100 

0 100 

0 95 

7 95 

0 100 

13 100 

0 100 

0 100 

7 100 

MISSING FROM THE 
tlOT SEEN UPON 
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T,ABLE 5. TEST 5 - SEPTEMBER 

CONCENTRATION 
Of; EFFLUENT 

INSTMlT OCEAN CONTROL 

LAB WATER cmHROL 

l0X 

18X 

32% 

56X 

75% 

100% 

RECEIVING WATER 
STATIONS 

BOIL 

A7 

A3 

A2 

EXPERIMENTAL CQNDIIIQN~ 

TERMPERAl'URE - 20.e 

SALINITY - 31.0 

DISSOLVED OXYGEN 9.3 

PH 8.1 

VB 12 

25, 1978 

PERCENT SURVIVAL 

FUNOULUS NEANTHES 

100 90 

100 95 

100 90 

100 100 

100 90 

100 100 

100 100 

100 100 

100 85 

100 90 

100 100 

100 100 

+ 1.0 •c 

+ 0,4 P?T. 

+ 0.4 mg/1 

+ O.l 

EMERITA 

100 

100 

95 

95 

100 

95 

100 

95 

100 

100 

85 

100 



TABLE 6. SUPPLEMENTAL TEST - JANUARY 29, 1979 

CONCENTRATION 
OE i;;EEL.Ut;;tH Pi;B~l;t:H ~!.!B;i£I;i£6L. 

NEANTHES ENGRAULIS-1 ENGRAULIS-2 ENGRAULIS-3 ENGRAULIS-3 ACARTIA 

INSTANT OCEAN 
CONTROL 93 83 13 

LAB WATER CONTROL 93 100 100 100 95 6 

10% 93 90 95 100 85 50 

18% 93 97 90 95 95 60 

32% 93 93 100 90 95 30 

56% 97 97 100 100 95 60 

75% 93 9'3 100 90 100 33 <: 
tI1 

100% 90 100 100 95 100 67 I-' 
w 

RECEIVING WATER 

BOIL 93 90 90 85 85 77 

A7 97 97 100 90 95 60 

A3 100 100 100 100 95 80 

A2 100 90 85 90 85 87 

t;;2SEt;;B l t!ll;;l:H8L. ~Ul::lll I I I Qt:!~ 
~ 

TEMPERATURE - 12.3 + 0. 1 DC \0 
Vl 

SALINITY - 30.7 + 0.9 PPT 
DISSOLVED OXYGEN 8.5 +- 0.6 mg/1 
PH 8.2 + 0. 1 
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CANNERY WASTE AS A FOOD FOR ANCHOVIES 

INTRODUCTION 

In September of 1978 a report was prepared on the results 
of experimental feeding of anchovies on wet sludge obtained 
from the StarKist dissolved air flotation (DAF) treatment of 
fish cannery waste (Ralston, private report, 1978}. In that 
experiment, one group of fish received supplemental feeding 
with sludge while the control group did not. The only food 
common to both sets of fish was the ambient plankton, contained 
in the water from Berth 186 in inner Los Angeles Harbor, that 
was being pumped continuously into their tanks. Under that 
regiMe, statistically significant differences were found in 
mortality rates. The fish that received supplemental feeding 
showed greater survival. However, growth curves showed that 
both groups lost weight, indicating that the amount of sludge 
selected for feeding was not sufficient to maintain the popu
lation. Feeding levels were on the conservative side because 
excess food in the tanks would cause bacterial problems for 
the anchovies. Although the weight loss was less in the fish 
receiving the sludge as a supplement, the results were not 
statistically significant. Mortality is always high in 
captive ~nchovies, and it is important to note that mortalities 
were significantly fewer in the sludge-fed group. 

The present exp€riment was modified to present a higher 
level of overall feeding and was designed for better statis
tical analysis. 

METHODS 

Eight tanks containing 60 anchovies each was fed a main
tenance diet of 15 grams of trout chow per day. Six of the 
tanks in replicate pairs were given 5, 10 and 15 grams per 
day of dried, ground sludge as a supplemental ration, respec
tively. The remaining pair of tanks received no supplement 
and served as the controls. All tanks were served with 
continuously pumped harbor water, as was the case in the 
earlier experiments. 

Prior to the start of the present experiment, each fish 
was weighed and the average weight of the fish in each tank 
was calculated. At the end of 15 days the individual fish were 
again weighed and the average weight was determined for the 
surviving fish in each tank. The average fish weight per tank 
was used rat~er than average weight per fish to correct for 
the normal mortality of captive anchovies during the course of 
the experiment. 
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RESULTS 

~ortality, although high, averaged 41% and was not sig
nificantly different from tank to tank. The average weights 
in each tank at the start of the experiment, the average 
weights at the end, and the differences are shown in Table 1. 

A linear regression analysis was per:ormed on these net 
growths. The results are shown in Table 2 and plotted in 
Figure 1. The increase in net growth fits a rising straight 
line (Fs for a straight line of slope not equal to zero yields 
P<.05). Deviations from the straight line model are insignifi
cant (F 5 yields P>.8). 

The fish receiving the maximum amount of sludge got twice 
the weight of food (15 gms sludge+ 15 gms trout chow) as the 
control fish (15 gms trout chow only); yet their growth was 
triple that of the control (about .27 gms increase compared 
with about .08 gms increase in the controls}. In this experiment, 
as in the previous one, the saturation point or maximum amount 
of sludge that can be utilized for growth was not reached. 

DISCUSSION AND CONCLUSION 

It is valid to conclude that the anchovies can utilize the 
sludge for growth. However, another set of experiments would 
be needed to examine the upper limits of the growth curves. 
The two sets of experiments have indicated that the wet or dry 
sludge is supportive of growth for anchovies. However, the 
California Department of Fish and Game and the Environmental 
Protection Agency have not permitted disposal of the sludge 
from the Terminal Island canneries at sea. Instead, this 
nutrient source is being dumped in a landfill. When the sludge 
is wet, it creates odors as microbial biodegradation occurs. 
Drying the sludge is energy demanding and adds to waste disposal 
costs, which now include sewerage of the liquid wastes. 

Questions raised previously on metals content of sludge 
are being addressed by the canning industry. The Environmental 
Protection Agency reiterates that containment of sludge on 
land, with attendant odor and leaching probabilities, is better 
for the environment than dispersion into open waters of the 
ocean. This appears to constitute a wasteful solution for a 
nutrient source, which has potential for a mariculture nutrient 
or for feeding natural marine populations. Feeding sludge to 
pigs is also being tested elsewhere. 

LITERATURE CITED See Section VI 
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Table 1. Average weights and net change in weight of fish 

fed on different supplemental rations of sludge 

gms 
sludge 

o.o 
o.o 
5.0 

5.0 

10.0 

10.0 

15.0 

15.0 

replicate 

1 

2 

1 

2 

1 

2 

1 

2 

average 
start 

2.04 

2.53 

2.16 

2.10 

2.29 

2.02 

2.08 

2.27 

fish weight 
end 

2.21 

2.51 

2.25 

2.25 

2.47 

2.21 

2.39 

2.50 

weight 
increase 

0.18 

-0.02 

0.09 

0.15 

0.18 

0.18 

0.32 

0.23 

Table 2. LINEAR REGRESSION ANALYSIS 

ANCHOVY FEEDING STUDY 

X represents grams cludg• in fe•d per day.
Y represenls growth of overage fish (grams). 

For 8 poinls supplied, the mean of X Is 7.5000, 
and the mean of Y is 01627. 

The variance of X is 35 7143 and of Y is 0.0097. 

The regrescion •quot Ion 

96.0¾ confidence I imlts 

is, 

for 

Y= 0.0129 X ~ 0.0660. 

lhe slop• ore 0.0066 & 0.0203. 

ANALYSIS 

SOURCE 

group11.
'.! rneor 
dev. 

error 

lolaf 

OF VARIANCE, 

ss 

0.0431 
0.0416 
0.0015 

0.0245 

0.0676 

df 

3 
I 
2 

4 

7 

MS 

0.0144 
0.0416 
0.0007 

0.0061 

Fs 

2.3467 
67.0813 

0. 1192 

p 

0.214 
0.017 
0.891 
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GROWTH AND STIMULATION OF INVERTEBRATES 

I~ THE WASTE PLUME 

BIOSTI~'1U'LATION OF MYTI[;US EDULIS 

INTRODUCTION 

Biological laboratory studies cannot simultaneously 
reproduce the synergism of physical and chemical factors which 
occur in natural ecological systems. For this reason, it is 
desirable to augment laboratory studies with actual in situ 
biological experiments. In this study, in situ growth experi
ments help to assess the impact or biostirnulatory effect of 
Terminal Island Treatment Plant (TITP) wastes on the marine 
environment. 

The bay mussel, Mytilus edulis, is a common fast-growing, 
filter-feeding mollusc, which occurs in all semi-protected 
waters of southern California, as well as in many other areas 
of the world. Any hard substrate which is not subject to 
periodic artificial disturbances and which lies within the 
tidal levels of approximately +l to -3 meters from mean 
lower low water, is usually encrusted with mussel growth. 
The metabolic potential of these dense mussel beds is signifi
cant to the ecological balance in coastal marine waters. For 
these reasons, Mytilus edulis was chosen as an indicator 
species for determining the growth potential of organisms 
affected by the TITP wastewater outfall. 

EXPERIMENTAL DESIGN 

TITP effluent has a substantially lower salinity than 
normal harbor waters. This results in a lower density and a 
tendency of the effluent to form a surface lens, which becomes 
less distinct and more mixed with increased distance away 
from the outfall. Complex harbor circulation patterns also 
affect the horizontal distribution and mixing of TITP waste 
waters. In order to take into account this three-dimensional 
effluent distribution, a vertically -- as well as horizontally 
stratified sampling scheme must be employed. 

In this experiment, three depths were designated for sus
pending samples of mussels. These were one meter, two meters 
and three meters deep. These depths were represented at four 
stations at various distances from the TITP outfall during 
each of four one-month experime~tal periods. Station locations 
were: 1) at the TITP outfall, 2) at the buoy designated A7, 
550 m distant from the outfall, 3) at the Fish Harbor entrance 
buoy designated A3,1525 m from the outfall, and 4) at the 
channel marker buoy A2, 1875 m distant from the outfall (see 
Figure 1). The experimental periods were: 1) May 18-June 18, 
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1978, 2) August 9-September 9, 1978, 3) October 24-November 
24, 1978, and 4) December 5, 1978-January 5, 1979. 

Each sample initially consisted of 40 mussels. This 
sample size was selected so as to allow for some natural mor
tality and still be large enough after one month for optimal 
statistical analysis. Any mortalities observed were deter
mined to be mainly due to predation and unrelated to effluent 
concentrations. Each mussel in the samples was measured to 
an- accuracy of .005 cm at the beginning and end of the test 
period, in order accurately to determine individual mussel 
growth. 

MATERIALS AND METHODS 

In nature, MytiZus eduZis occurs in dense clumps in asso
ciation with many other fouling organisms. In this complex 
association, Mytilus edulis compete with the other fouling 
organisms,as well as with each other, for filterable food 
particles in the surrounding water. These complex interactions 
in intact mussel clumps make it impossible to determine 
accurately growth potentials for individual mussels main
tained in receiving waters. 

To alleviate this problem, mussels were cleaned of all 
fouling organisms and suspended separately from each other. 
This was accomplished using specially designed and constructed 
mussel racks. The racks also permitted keeping track of 
individual mussels, so that monthly growth was determinable 
for each individual. The determinations greatly augmented 
statistical analysis of the data. 

Mussel Racks 

Figure 2 is a diagram representing one of the four mussel 
racks. Each rack consisted of three¼ inch thick stainless 
steel hoops arranged in a vertical array at one meter, two 
meter, and three meter depths. Each hoop was connected to 
the next one by three 3/16 in diameter stainless steel cables. 
Stainless steel thimbles and "nice-press" fittings were used 
to attach cable ends to prevent chafing. Racks were held 
away from buoys by rigid stainless steel struts guyed to 
buoy chains by stainless cables. Stainless snap-shackles were 
used to attach the support struts to a bridle extending from 
the bottom hoop of the rack. These facilitated quick attach
ment and removal of mussel racks. Racks were supported 
vertically in the water column between the rigid support strut 
and a submerged high impact plastic float attached to the top 
hoop. This arrangement was designed to always keep the mussels 
at their respective test depths and to circumvent vandalism. 
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A folded-over 6 inch strip of¼ inch stretched mesh, 
knotless nylon netting was sewn around the circumference of 
each hoop. Each folded strip contained 40 individual heat
sealed, numbered pockets to hold each of the 40 individual 
test mussels per hoop. Once a mussel was placed into a 
pocket, it remained there throughout the month-long experi
mental period. At the end of the period, each could be 
removed, remeasured, and the final length compared to its 
initial length to determine individual mussel growth. Since 
this arrangement maintained mussels separately from one 
another and away from other fouling organisms, competition 
with other filter-feeders was minimized. All of the 40 mussels 
at a particular depth and location should have had an equal 
opportunity to feed during any given experimental period. 

Loading of Mussels 

All mussels used in this experiment were collected from 
the same group of pilings marking the east side of the main 
channel entrance to inner Los Angeles Harbor. These pilings 
lie approximately 100 meters offshore in about 60 feet of 
water. This site receives more surge from passing ships than 
most harbor areas, resulting in mussel growth with minimal 
fouling by other organisms. These relatively "clean" mussels 
were ideal for this experiment as they required little initial 
cleaning prior to measurement and loading into mussel pockets. 
Mussels were always collected at low tide a few days prior to 
the start of an experimental period and held in running sea 
water in the laboratory until used. 

Mussels were loaded into their respective pockets on the 
mussel racks one day before field deployment. The procedure 
incolved the random selection of an individual mussel from a 
holding tank; the careful removal of fouling organisms off 
the mussel; measurement of the maximum length of the shell's 
long axis to the nearest 1/20 mm (with an outside vernier 
calliper); the recording of this measurement; and finally, the 
section of the mussel into its respective nylon net pocket on 
the rack. When a mussel rack was fully loaded, it was stored 
in a 500 gallon holding tank with flowing sea water until 
deployment in the field the following day. After one month 
in the field, racks were returned to the lab, the mussels 
individually removed from their pockets and remeasured as 
before. Mussels were discarded after use and new ones obtained 
for each of the four one-month experimental periods. The 
purpose of this was to prevent any residual effects of one 
test from influencing the outcome of other tests. 
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RESULTS 

Over 3,500 mussel measurements were taken from three 
depths, four locations and four one-month experimental time 
periods. This mass of data was computerized and analyzed 
statistically to determine whether any significant differ
ences occurred between any of the experimental parameters. 

Sui:nmary of Analysis 

Figures 3 and 4 and Tables 1 and 2 are the results of 
two regression analyses performed to determine whether absolute 
length-increase or per cent length increase should be used 
for the analysis. A subset of 96 individuals was drawn from 
the data for this analysis (two randomly selected from each 
of 48 samples). Within this subset, absolute length increase 
remained constant over the entire range of the starting sizes 
(that is, the slope of the regression line was not significantly 
different from zero), so may be assumed not to be a function 
of size. This was not true for per cent length increase, which 
fell off with size increase. As a result, absolute length 
increase was used for all remaining analyses. 

This experiment fits a model I, factoral design ANOVA 
(three factors with replicates). The analysis was performed 
after the manner of Hartley (1962). This method requires a 
balanced model. Since there was missing data due to mortality, 
the smallest sample was used as the replicate size (17 individ
uals), and individuals were randomly eliminated from the other 
samples to bring them down to the balanced sample size. 

In the Hartley method, the replicates are considered as 
a fourth factor. Following computation, all terms containing 
the ''replicate factor" (factor A) are pooled to form the error 
term. The results of the Hartley method are shown in Table 3, 
and the pooled ANOVA in Table 4. 

Only the variations due to season and location and their 
interaction were significantly greater than the overall growth 
variation. This conclusion is supported by Figures 5, 6 and 7, 
in which the means, ranges and two standard error boxes for 
each factor (all individuals pooled) are plotted. The standard 
errors overlapped among depths, whereas they did not among 
locations and seasons. 

Figure 8 presents the interactions of season and location. 
The growth with season is plotted for each test location. It 
appears that the increased August to November, 1978 growth 
seen at A7 and A3 was enhanced by the TITP outfall. Racks at 
station A2, however, appeared to have reacted differently, for 
unknown reasons. The nutrient supply may have been lower at 
A2. 
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DISCUSSION AND CONCLUSIONS 

Among the factors investigated that might be related to 
growth rate of Mutilus eduZis in the harbor it was found that 
depth and size at the start of the experiment were not signifi
cant. Season and proximity to the outfall were statistically 
significant. 

As shown in Figure 8, the seasonal growth rates for mussels 
held for one month at the TITP boil and at stations A7 and A3 
followed similar trends. Low rates of growth were found in 
May-June, 1978 and December 1978-January 1979. Higher values 
were found for the two experimental periods between those dates. 
The station at the boil consistently showed the highest growth 
rates of the three and station A7 the lowest. 

Station A2, the farthest from the outfall area, showed 
highest growth rates of all stations in the spring (May-June 
1978) and winter (December 1978-January 1979). During the summer 
and fall periods, when the other stations showed enhanced growth 
rates, this station showed reduced growth rates, the lowest 
among the four stations. 

The trends in the seasonal growth rates clearly fall into 
two categories. Stations at the TITP boil, A3 and A7, are those 
that are influenced by the wastes discharged from TITP into that 
area. Station A2 is the farthest from the discharge area and 
the closest to the open sea. Growth rates exhibited by mussels 
suspended there probably reflect more the influence of the 
ocean waters rather than the effluent from the treatment plant. 

It is interesting to speculate on the relationship which 
the growth rate curves may have to the suspended solids and 
other material in the TITP effluent rather than to seasonal 
factors. Mussels are filter feeders, whose growth may depend 
on the concentration of food particles in the surrounding waters. 
It is known that particulate matter was copiously discharged 
during the summer of 1978, when the treatment plant was upset. 
The growth rates of the mussels rose at this time, when the 
growth rate at A2, reflecting oceanic influence, dropped. The 
higher fall growth rates may be a reflection of the same 
influences governing the higher values at A2. The similarity 
does not hold for the winter values. 

At the TITP boil, higher oxygenation from the plant and 
from the turbulence may account for the much higher growth 
level in the summer than at station A7, the next closest loca
tion. Nutrient levels would not be greatly different between 
the two sites. At station A3, circulation is also probably 
better than at A7 because of its less sheltered location. The 
drop in growth at A2 is unexplained, except that A3 is generally 
higher in nutrients such as N0 2 , N0 3 and NH 3 • It is possible 
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that some upwelling occurred during the winter period outside 
the harbor, that would have brought mutrients into the main 
channel on tidal exchange. 

BIOSTIMULATION OF INVERTEBRATES 

INTRODUCTION 

The water column of marine areas with polluted or uncon
solidated bottom sediments may be richer in fauna than is indi
cated by bottom (benthic) sampling, and zooplankton tows 
capture only small samples in time and space. There are many 
organisms that are temporarily represented in the plankton as 
eggs and larvae, which settle out when suitable substrates are 
available, but otherwise perish. The settling rack technique 
offers an artificial substrate, suspended from buoys and docks 
at 3m depth. Results of the 1973 and 1974 studies were discussed 
in AHF (1976). 

In the usual harbor monitoring, racks are exposed for one 
month periods. Fauna so collected differ greatly in space and 
in time in the harbor. Therefore, in the present study, racks 
were all exposed for one month at a single location, and then 
transferred to separate sites for evaluation of further growth 
during the second month. 

METHODS 

Quantified samples of one month old settling communities 
were transplanted to four locations on a transect from the TITP 
boil to the A2 channel marker buoy in the outer Los Angeles 
Harbor. Analysis of these samples allows a good comparison of 
the in situ growth and recruitment characteristics of settling 
organisms throughout the TITP effluent plume. 

The substrate for recruitment and growth of settling com
munity samples was provided by settling racks developed by 
Dr. John Soule at USC (Soule and Soule, 1971). These racks 
consist of paired, open, wooden microscope slide boxes suspended 
vertically from a single wooden cross support by 5/16 inch 
nylon line. Twenty-five glass microscope slides are inserted 
into slide slots in each of these boxes, which are then covered 
with plastic screen, providing protected internal settling 
surfaces in addition to the external surfaces which are exposed 
to normal wave and current conditions. 

The paired settling racks were first soaked in filtered 
and ultraviolet-sterilized sea water for two weeks in the 
laboratory. This procedure prepared the settling surfaces by 
leaching out any toxic or inhibitory chemicals from the wood 
and glue used in construction of slide boxes. In addition, 
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this allowed an accurate determination of the wet weight of 
settling racks prior to the accumulation of any settling biomass. 
The racks were weighed on a grocery scale to the nearest¼ ounce 
the day of initial deployment in the field. 

On June 14, 1978 four pre-soaked and weighed settling racks 
were deployed at the A2 channel marker buoy at a depth of two 
meters. This station was selected as the control site from 
which the one-month-old settling community samples would be 
acquired. It is approximately 1875 meters away from the TITP 
boil towards the Angels Gate entrance to the Los Angeles Harbor. 
Selection of this station as a control site is justified by 
past hydrographic evidence (Robinson and Porath, 1974), suggest
ing a minimal effect at this location from the TITP effluent plume. 

One month later, on July 14, 1978, the four settling racks 
were recovered from the A2 channel marker buoy, wet-weighed 
immediately on a grocery scale to the nearest¼ ounce and 
photographed close up on both sides with a 35mm Canon AE-1 
camera. The slides produced from these photographs were used 
to determine general species composition of the settling com
munities prior to deployment at test sites. Care was taken in 
handling of the settling racks so as to keep the fauna alive 
by minimizing air exposure of settling organisms and other 
related physiological stress. 

Four test locations were selected for the deployment of 
the one-month-old settling community samples obtained on the 
settling racks. These were: The control station at the A2 
channel marker buoy stations, A3, A7, and directly at the TITP 
effluent boil. The distances from these first three stations 
to the TITP boil are approximately 1875 meters, 1525 meters and 
550 meters respectively. All racks were resuspended at the 
previous depth of 2 meters. 

On August 14, 1978, one month after deployment at test loca
tions, all settling racks were recovered. Weights and photo
graphs were obtained in the same manner as on July 14, 1978, and 
all four settling racks were preserved in 10% formalin solution 
for subsequent laboratory analysis of species composition and 
numbers. 

RESULTS 

Biomass of Settling Organisms 

Data obtained from live weight measurements of intact 
settling racks are presented in Table 1, in which the initial 
weights of settling racks before field deployment, as well as 
the weights after one and two months in the field, are given. 
The net biomass weight of organisms has been deter~ined from 
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the gross weights. This was accomplished by subtracting the 
initial wet weight of laboratory-seasoned settling racks from 
the weights after one and two months respectively. These 
biomass values are also presented in Table 1. 

With these data, the percent increase in biomass of these 
sample settling communities can be determined. This is cal
culated by subtracting the first month biomass for a given 
location from the biomass found at the end of the second month, 
and then dividing this difference by the first month biomass 
again. 

% increase 2nd month biomass - 1st month biomass = in biomass 1st month biomass 

The values for the percent increase in biomass are also 
given in Table 5 for each of the four settling rack locations. 
These values have been represented graphically in Figure 9 to 
show how the percent biomass increase of these settling 
organisms relates to distance away from the TITP wastewater 
outfall. 

Species Composition 

The number of species (or taxa) on the racks was increased 
by the two-month exposure and double racks, so that direct 
comparisons with one-month single racks would be misleading. 
In general, there were 13 more taxa at A3 in the experi-
ment than from a comparable period one-month single rack 
exposure,and 24 more taxa at A2 than on a single one-month 
rack in August. The principal differences in space were that 
station A7 had the highest number of taxa but fewer phyla (or 
equivalent level). The differences are slight, however, 
between A7 racks and A2 in numbers, but A2 had more phyla. 

Text Table 1. Comparison of Species/Taxa on 
Settling Racks 

Number Boil A7 A2 A3 

species/taxa 40 47 46 41 

phyla 10 9 11 10 

CONCLUSIONS 

In the set of experirnents,the percent biomass increase was 
greater at station A7, as compared with the TITP boil. Station 
A2 racks had the highest percent increase, while station A3 
racks were the lowest. The increase at the lowest, however, 
was still nearly 100%. Since A2 racks remained at the same 
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site for the entire period, they would possibly have had an 
advantage in not being transferred to a different regime. 

Contrary to the concept that increase in biomass is traded 
for reduced numbers of species or taxa, A2 and A7 had the 
highest and second highest percent increase in biomass 
respectively, whereas they were almost identical in having 
the highest number of taxa. Station A2 had the most phyla 
of the four, but the differences are probably not significant. 

It is clear that the TITP effluent plume is not inhibiting 
the growth of water column invertebrates, but is providing 
nutrients to a food chain which enhances growth. 

FLOW-THROUGH BIOENHANCEMENT STUDIES OF THE TERMINAL ISLAND 
TREATMENT PLANT SECONDARY WASTE EFFLUENT 

INTRODUCTION 

The Terminal Island Treatment Plant {TITP) effluent is an 
important nutrient source, as is shown in the studies on 
Mytilus edulis, settling rack invertebrates, and Phytoplankton 
in receiving waters. The present study was designed to carry 
these investigations further and to assess the bioenhancement 
potential of the TITP effluent in a totally simulated labora
tory ecosystem. 

Two main questions are investigated here. The first is: 
Can growth occur in selected species from this simulated eco
system during long-term enrichment of the TITP waste water? 
The second question is: Can the ecosystem purify these 
simulated receiving waters biologically to make them more 
esthetically pleasing in compliance with water quality criteria? 

MATERIALS AND METHODS 

a. Simulated Ecosystem Growth 

In the first part of this experiment, the question of 
whether TITP effluent can support growth in a simulated eco
system is investigated. For this, a highly nutrient-rich com
ponent of the TITP waste was used. This was pre-OAF-treated 
fish cannery waste water and represented a large volume 
component of(and a large percentage of the BOD contained in) 
the TITP waste influent. 

Approximately 1,000 gallons of this pre-OAF cannery waste 
was trickle-fed into the experimental setup during the l½ month 
test period from November 7, 1977 to December 22, 1977. The flow 
rate was maintained at approximately 100 ml/min. 
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The experimental setup consisted of four eight-foot-long 
fiberglass troughs arranged in pairs, so that the outflow of 
the first in a pair would flow into the second. One of these 
separate two-trough systems was designated as the test set to 
which the DAF cannery waste was fed and the other was a control 
which received only laboratory sea water. 

Into each of these sets of troughs was loaded 100 weighed 
and measured clams Mer~enaria meraenaria. Each week these 
clams were rearranged within their respective troughs to 
provide uniform feeding conditions for all clams. 

Ten specimens of Fundulus parvipinnis, the California killi
fish, were also used per set of troughs. These were also weighed 
and measured prior to loading. In addition, a third Fundulus 
group was set up in the laboratory, which was fed their usual 
diet of trout chow. 

Other organisms were included in these troughs, such as 
the algae Enteromorpha and the tectibranch mollusc Aplesia 
ealiforniaa, but only the Mercenaria and Pundulus were quantified. 

b. Biological Purification of TITP Effluent 

In the second part of the study, a simulated mussel bed and 
phytoplankton ecosystem was tested to determine its ability to 
purify waste waters biologically. The TITP secondary waste 
effluent was used in this study. This effluent was first diluted 
to 32% with Harbor Laboratory sea water, inoculated with a sample 
of harbor phytoplankton and allowed to incubate in the sun until 
the plankton reached a thick "bloom" stage. The initial setup 
date was March 16, 1979 and the phytoplankton culture was 
trickle-fed to the test troughs on March 28, 1979. This allowed 
12 days for the phytoplankton to utilize the nutrients within 
the TITP waste water solution. 

Four sets of two 8-foot-long troughs each were used in this 
experiment and set up in a similar manner as in Part a. Into 
these, a layer of clumps of the mussel Myt·,:lus edulis was then 
added, which contained the barnacle Balanus sp., the green alga 
Enteromorpha sp., the nudibranch Hermisenda sp., the anemone 
Anthropleura sp., as well as many unidentified polychaetes, 
flatworms, tunicates, hydroids and marine organisms commonly 
found in mussel associations. In addition, 50 clams (Mer~enaria 
mercenaria) were added to each lower trough. 

Flow rates were calculated for each of the four sets of 
troughs to give sew~ge effluent concentrations of a (control), 
1.35, 5.6 and 10 percents. A total of 9.9 L/min of flow was 
maintained in each set of troughs. To maintain the above 
effluent concentrations, while using the stock TITP fffluent 
solution of 32 percent effluent/68 percent laboratory sea water, 
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varying proportions of TITP effluent to laboratory sea water 
were used to make up the total 9.9 L/min flow. The control 
set had no sewage solution and 9.9 L/min laboratory sea water, 
concentration #1 had 0.4 L/min sewage solution and 9.5 L/min 
laboratory sea water, concentration #2 had 1.7 L/min sewage solu
tion and 8.2 L/rnin lab sea water, and concentration #3 had 
3 L/min of sewage solution and 6.9 L/min of lab sea water. These 
flow rates were monitored throughout the experiment with pre
cision flow meters and adjusted when necessary with individual 
"ba.11" type PVC valves. 

The total valume of the sewage solution in the phytoplankton 
culture. aquaria was 2036 L. With the above-mentioned sewage flow 
rates, this allowed 6 hours of continuous flow. 

To determine biological purification, 3 replicates of stand
ard nutrient samples were taken for NH3, N02, N03, and PO~ for 
each sample. Samples of the effluent solution were taken on the 
day of initial setup (March 16, 1979), and just before and after 
the trickle feeding experiment. In addition, nutrient samples 
were taken from the outflow of each of the four sets of test 
troughs. These were taken just prior to the start of trickle 
feeding; after two hours of feeding; after four hours of feeding; 
when the feeding was stopped; and two hours after finishing the 
trickle-feeding process. All nutrient samples were processed 
and analyzed in the same manner as in section I of this volume. 

RESULTS 

In Part a of the flowthrough studies, Meraenaria and 
Fundul~s growth in pre-DAF cannery waste was investigated. The 
Mereenaria data are represented by shell length and total weight 
differences which resulted from six weeks of being fed pre-DAF 
waste water. These data have been analyzed and are ?resented 
in t:!1e graphs, FigureslOand 11. Data recorded from the Fundulus 
was also analyzed and are presented in the graph, Figure 12. 

Results of Part bare evaluated on the basis of ammonia 
levels remaining in the effluent. The data are presented in 
Figure 6. 

DISCUSSION AND CONCLUSIONS 

a. Simulated Ecosystem Growth 

In this test pre-DAF cannery waste was trickle-fed to a 
simulated ecosystem for a period of six weeks. The growth of 
the organisms within this ecosystem was evaluated by measuring 
and weighing two indicator species, Fundulus parvipinnis and 
Meraenaria meraenaria, before and after this flow-through test. 
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The results of the Mer~enaria measurements (Figures 10, 11) 
indicate the extremely slow growth of this organism. No sig
nificant growth occurred in weight or shell length during the 
six week experiment. Mortalities were negligible in both 
control and test clams, however, indicating that neither 
treatment was detrimental to these organisms. 

There were three test groups in the Fundulus experiment; 
unfed controls, the treatment group fed pre-OAF waste, and 
a second control fed the normal laboratory diet of trout chow. 
As can be seen from Figure 12, the unfed control shows a definite 
decrease in size over the experimental period. The pre-DAF 
treatment group, however, did not significantly shrink and the 
graph {Figure 12) indicates a slight increase in mean fish size. 
From this one can conclude that trickle feeding of pre-DAF 
waste is more beneficial to these organisms than not being fed 
at all. 

The control group fed trout chow seems also to show a 
positive growth trend. Even though the growth in this group 
is not significantly different from the treatment group, the 
upward shift of the mean size of fish is greater than the 
corresponding shift for the pre-OAF-fed fish. This is not sur
prising, as these fish would be expected to show rapid growth 
on this high protein balanced diet which they were accustomed 
to eating. 

In conclusion, the results of Part a suggest that the 
cannery waste now subjected to TITP secondary waste treatment 
could have a positive biostimulatory effect on some marine 
species. At present, this nutrient is eliminated from the 
receiving waters. 

b. Biological Purification of TITP Effluent 

The design of this experiment was intended to assess the 
ability of a simulated ecosystem to purify TITP effluent 
biologically. The effluent was initially diluted to a concen
tration of 32% with sea water, inoculated with wild phytoplankton 
from the Los Angeles Harbor, and incubated for twelve days to 
produce the stock solution. This solution was then trickle-fed 
at various concentrations to a simulated mussel-bed ecosystem. 
Nutrient samples were taken throughout the experiment to 
determine the biological purification ability of this system. 
Only the ammonia values are discussed in the report. 

As can be seen from the average ammonia values presented 
in Table 6, the initial 32 percent TITP effluent was very high 
in am.~onia. A value of 84.482 µg at/1 was found. After the 
twelve-day incubation period, however, the major portion of the 
ammonia was removed from the effluent solution. This was 
probably due to a combination of uptake and evaporation. The 
stock value prior to the start of trickle feeding (S0 in Table) 
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was only 4. 622 µgat/L. This implies a high efficiency of ammonia 
removal by the phytoplankton in the stock TITP effluent solution. 
The low ammonia value in the effluent solution was reduced even 
more by the end of the test, to 1.881 µgat/L (Sc in Table 6). 
The ammonia removal efficiencies are within the range suggested 
by Goldman and Ryther (1975) for mass cultures of marine algae. 
This result implies that the algae by themselves are highly 
efficient in purifying TITP waste of ammonia. 

· Since the stock solution ammonia levels are so much lower 
than for normal harbor sea water (l.8-4.6 mg/L for the former, 
as opposed to 10.8-11.2 µg at/1 in harbor water controls), the 
only effect that was observed in the final outflows from the 
troughs was an "ammonia reduction" in the higher concentration 
of stock TITP solution. The resolution of ammonia analysis was 
too low to detect significant ammonia removal by the simulated 
mussel ecosystem. 

In summary, the pre-DAF cannery wastes furnished a nutrient 
source that could be distinguished as beneficial in Pundulus 
tests. Mercenaria tests were not judged suitable for short-term 
tests, due to very slow growth rates. 

In flow-through, simulated ecosystem tests, wild phyto
plankton cultures reduced ammonia levels greatly. Ammonia 
levels were further reduced in the flow-through so that the 
final values were below ambient seawater levels. The polyculture 
treatment on a small scale suggests optional treatment modes as 
well as natural biological processes in the harbor. 

LI':'ERATURE CITED See Section VIA 
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FIGURE 3. ABSOLUTE GROUP OF MYTILUS EDULIS 
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TABLE 1. LINEAR REGRESSION ANALYSIS 

30 DAY GROWTH OF MYTILUS, ABSOLUTE GROWTH 

X represents tnlll0I length (cm).
Y reprecenlc growlh (cm). 

For 96 polnlc supplied, lhe mean of X le 3.8076, 
and lhe mQan of Y Is 0.4557. 

Tho variance of X le 0.6326 and of Y le 0.0562. 

The regression Qquallon Is: Y= -0.0539 X T 0.6610. 

96.0~ confidence I imllc for lhQ elope are -0. 1140 & 0.0061. 

ANALYSIS OF VARIANCE, 

pSOURCE ss df MS Fs 

groupc 5.3402 95 0.0562 
I i near 0. 17-47 1 0.17-47 3. 179-4 0.078 
dev. 5.1655 94 0.0550 

er-ror 0.0000 0 0.0000 

lolal 5.3402 95 



FIGURE 4. PERCENT OF BODY LENGTH GROWTH 
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TABLE 2. LINEAR REGRESSION ANALYSIS 

30 DAY GROWTH OF MYTILUS, PERCENT OF BODY LENGTH 

X represenls 
Y repreeenle 

lnlllal lenglh (cm). 
~ growth (cm). 

For 96 polnlc cuppl iad. the 
ond lhQ 

ThQ varlancQ of X Is 0.6326 

mean of X le 3.8076. 
mQan of Y Is 12.6748. 

and of Y Is 52.7906. 

Tha regreeclon Qquatlon 

95.0~ confidence I imlts 

le: 

for 

Y= -4.3020 X 

the slope are 

~ 29.0551. 

-5.9524 & -2.6516. 

ANALYSIS OF VARIANCE, 

SOURCE ss df MS Fs p 

groupc 
I inQar-
dev. 

5015. 1113 
1112. 1590 
3902.9524 

95 
1 

94 

52.7906 
1112. 1590 

41. 5208 
26.7856 0.000 

error 0.0000 0 0.0000 

lolol 5016. 1113 95 
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TABLE 3. 

IN SITU MYTILUS BIOENHANCEMENT 

Faclors 1 

AC17) • repl icolQs 
8(3) • depth 
C(-4) • location 
DC-4) • season 

c:ourc:e of 
var-lallon 

A 
B 
AB 
C 
AC 
BC 
ABC 
D 
AD 
BD 
ABO 
CD 
ACD 
BCD 
ABCD 

sums of 
sqo.1or-es 

0.9788 
0. 1929 
2.3700 
t .6322 
2.9020 
0.7609 
5.95-47 
I .9132 
2.7129 
0.5021 
7.6778 
I .5-481 
9.5763 
1. 7-497 

18.5400 

HARTLEY ANOVA 

degreQS of 
freedom 

16 
2 

32 
3 

48 
6 

96 
3 

48 
6 

96 
9 

144 
18 

288 

mean 
squares 

0.0612 
0.0964 
0.07-41 
0.5-441 
0.0605 
0.1251 
0.0620 
0.6377 
0.0565 
0.0837 
0.0800 
0.1720 
0.0665 
0.0972 

·0.06-44 



FIGURE So MYTILUS EDULIS GROWTH WITH 

LOCATION AS A GROWTH FACTOR 
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FIGURE 6. MYTILUS EDULIS GROWTH WITH 

SEASON AS A GRO~TH FACTOR 
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FIGURE 7. MYTILUS EDULIS GROWTH WITH 
DEPTH AS A GROWTH FACTOR 
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TABLE 4. 

IN SITU MYTILUS BIOENHANCEMENT 

ANQYA TABLE - 3 FACTORS WITH REPLICATES. 

SOURCE OF 
VARIATION 

SUMS OF 
SQUARES 

DF MEAN 
SQUARES 

FS p 

SEASON 1.9132 3 0.6377 9.6577 <<.001 ** 

LOCATION 1.6322 3 o.5441 8.2402 <<.001 ** 

DEPTH 0.1929 2 0.0964 1.4599 >.20 

LOCATION 
& SEASON 1.5481 9 0.1720 2.6048 <.006 * 

DEPTH & 
SEASON o.so21 6 0.0837 1.2676 >.25 

DEPTH & 

LOCATION o.7509 6 0. 125 1 1.8946 >.05 

ALL 3 1.7497 18 0.0972 1.4721 >oOS 

WITHIN GROUPS 
(ERROR) 50.7125 768 0.6603 

CONCLUSIONs SEASON AND LOCATION AND THEIR INTERACTION 
ARE THE ONLY SIGNIFICANT (P<.05) FACTORS. 
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TABLE --2..• '.,;;E'l'TLING BACK BIOI!!NHANCEMC:NT : ;TUDY DATA 

,,e,,tt l.lnf.; ',/IC i . tgn Loca ion "ne i ght B',omass .oca tion ~,. e l ght Blomass ct7a I ncrease 
nack I.I Initial 1Gt Month 1st Month 1st Vionth 2nd Month 2nd Month 2nd Month of Bi orna.s:; 

1 17 1/4 oz A2 2~ oz 10 J/4 oz TITP boil 42 oz 24 J/4 oz lJOJ~ 

2 18 J/4 oz A2 JO oz 11 1/4 oz A? 46 oz 27 1/4 oz 1l}2% 

< 
CJ 

J !.'( l'Z A2 27 1/2 oz 9 1/2 oz AJ J6 1/2 oz 18 1/2 oz 95X 
N 
-.J 

4 rn 1 ,I_-:, ,.,... 
,J:.• A2 27 oz 8 1/2 oz A2 42 oz 2J 1/2 oz 177% 

Vl 
N 
-.J 
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TABLE 6 AVERAGE AMMONIA VALUES FOR THE FLOW-THROUGH 
BIOENHANCEMENT STUDY (VALUES IN ~g AT NH3/L) 

CONC. OF 
~o EffL.VENI INITIAL 

~L.8es1;;;1:2 

2 HRS 

Ilt!tl;; 

5 HRS 6 HRS FINAL 

CONTROL 
(0%) 10.8825 10.533 11.178 10.748 11 .205 

1.35% 10.318 10.399 9.996 11. 125 

5.68% 10.452 10. 184 10.318 9.861 9.512 

10% 10.238 7.980 8.249 9.861 12.360 

STOCK SEWAGE SOLUTION AMMONIA VALUES 

INITIAL TITP 84.482 

so 4.622 

sx 1.aa1 

AMBIENT HAROR WATER 10.8-11.2 

ALL VALUES GIVEN ARE THE AVERAGE OF THREE REPLICATE SAMPLES. 
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INTRODUCTION 

There are two basic approaches in discriminant analysis. Both 
involve a priori definition of two or more groups of observations. The 
most common use of discriminant analysis involves assigning unknown 
observations to one 0£ the defined groups (Lachenhruch, 1975; 
Gnanadesikan,1977). The second approach involves the description and 
testing of between-group differences (Hope, 1969; Cooley and Lohnes, 
1971; Green, 1976; Pimentel and Frey, 1978). The latter approach is 
discussed here. 

Quite often in ecological-survey work, one of the goals is to 
study the relationships between the biological and environmental 
patterns. As will be shown, discriminant analysis is well suited for 
this purpose. 

The general idea of discriminant analysis is illustrated with 
an example . .Fig 1A shows a dendrogram defining two groups of sampling 
sites. It is assumed that this cluster analysis is based on the biotic 
data collected at the sites . This would be one way to summarize the 
biological patterns in the study area. 

Let's say two environmental variables (salinity and depth) are 
also measured at each site. Fig 1B shows what might result if the 
sites were plotted according their level of salinity and depth. Note 
the following. 

1) All sites in dendrogram group 1 (sites A-E) are found in 
shallow depths. 

' 
2) All sites in group 2 (sites f-L) are found in deeper depths. 

3) The salinity values found at the sites in the groups are 
broadly overlapping. 

With this type of result, displayed in this man~er, it is 
evident that the biological pattern may somehow be ralated to 
variations in depth, and probably not related to the level of salinity 
found at the sites. 

Fig 1C illustrates a more complex hypothetical result. Again, 
the sites are plotted according to the depth and salinity values. 
However, the values of both variables are broadly overlapping, i.e., 
sites in both groups are found more or less at all measured values of 
depth and salinity. In spite of this, the group members are ~ompletely 
separated in this plot, indicating that these two variables may 
somehow be related to the group separation. 
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Figure 1. Hypothetical survey data used to explain the idea of 
discriminant analysis. 
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If all points in the plot (fig 1C) were perpendicularly 
projected onto "line A", the point projections for the two groups 
would be completely separated. In effect, a new variable which 
separates the groups has been defined. The values of this variable are 
the values of the projections onto the diagonal line. Projections onto 
the line will be correlated with the values of both salinity and 
depth. This new variable could be thought of as a "salinity-depth 
considered simultaneously"-type parameter. The conclusion to be drawn 
from· fig 1C would be that the group separation (biotic pattern) could 
be related to both salinity and depth, but to account for the result, 
both variables must be considered simultaneously. 

In fig 1B, note that if a "new variable" which would best 
separate the groups were to be defined in the same manner as in fig 
1C, the position of the line representing the variable would lie 
parallel or nearly parallel to the depth dimension. Thus, the new 
variable would essentially be a depth variable, with little, if any, 
component of salinity. 
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THE METHOD OF DISCRIMIHAHT ANALYSIS IH GENERAL TERMS 

Discriminant analysis attempts to find these "new variables" 
which will best separate the predefined groups. In general terms, the 
process can be summarized as follows. 

1) A priori groups are defined according to a biological 
criterion. 

2) A hypotetical, multidimensional "spaceff is set up. The 
dimensions of this space represent the measured environmental 
variables. The position of a site (sample, observation, etc.) will 
depend on the level of each variable measured at the site. 

3) A new variable, which best separates the groups, is defined. 
This variable is represented in the space by a line called a 
discriminant axis (e.g., "line A" in fig 1C). The value of this new 
variable at a site is the perpendicular projection of the site point 
onto the discriminant axis (see fig 2). The value of the projection is 
called a discriminant score. 

4) The position of the discriminant axis in this space will 
depend on which combination of variables best separates the groups. 
The discriminant axis will not extend far into dimensions which 
represent variables showing little relationship to group separation 
(e.g., salinity in fig 1B). The discriminant axis will be situated 
mostly in dimensions representing variables which are related to group 
separation (e.g., depth in fig 18, or both depth and salinity in fig 
1C). 

5) When more than two groups have been defined, more than one 
discriminant axis may be required to separate the groups. Fig 3 
illustrates this concept. Note that the first discriminant axis 
separates group Y £rom groups X and Z, while the second axis separates 
group Z from groups X and Y. To avoid redundancy of information on the 
different axes, the site scores on the different axes are made to be 
uncorrelated. The axes are not necessarily at right angles to each 
other (Green, 1976). The axes are usually ordered according to the 
amount of group separation accounted for, i.e., the first axis will 
show the most group separation, the second axis, the second most, and 
so on. 
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Figure 2. An illustration of the idea of scores as perpendicular 
proj~ctions of points onto the discriminant axis. 
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Figure 3. Discriminant analysis with three groups CX,Y,Z). Notice 
that two discriminant axes are required to separate the 
three groups. 
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DISCRIMINANT COEFFICIENTS 

Discriminant coefficients are used to indicate which original 
variables are related to each axis. Each axis has a separate set of 
coefficients, with one coefficient £or each original variable. The 
magnitude of the absolute value of a coefficient is relative to the 
irnpor_tance of the corresponding variable on the axis in question. For 
example, if the data in fig 1B were analyzed, the coefficients would 
appear as 

axis 

salinity 0.7 
depth 99.3 

The coefficients from the data in fig 1C would appear as 

axis 

salinity 36.2 
depth 63.8 

These results agree with the observations made above, mainly 
that depth was mostly related to group separation in fig 1B, and both 
variables were related to group separation in fig 1C. 

The coefficients are adjusted to account for the differing 
scales of the original variable. There are three methods by which this 
is accomplished. One is to standardize the coefficeints for a variable 
by the total standard deviation for that variable (Cooley, and Lohnes, 
1971). The second is to standardize the coefficients by the 
within-group standard deviation of the the corresponding variables 
(Green, 1976). The third technique involves the the computation of the 
coefficients of separate determination (Hope, 1969). These 
coefficients are already adjusted for scale, and no standardi2ation is 
required. The coefficients given in the above examples are 
coefficients of separate determination. 
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MULTIVARIATE VS. UNIVARIATE METHODOLOGY 

The example used in fig le illustrates the importance of using 
a multivariate technique in such cases. A multivariate technique 
considers all the variables simultaneously instead of one at a time as 
in univariate analysis. 

To illustrate the increased power of the multivariate method, 
univariate F tests (one-way ANOVA) were run to try to det~ct group 
differences in each of the two variables (data from fig 1C). Neither F 
value was significant at the 5% level. In contrast, the 
discriminant-analysis test for group differences (see note 9, fig 4) 
was highly significant (P << .001). The latter result, of course, is 
the desired one, since there are group differences in relation to the 
variables. 

DISCRIMINANT ANALYSIS CALCULATIONS 

No attempt is made here to completely explain the discriminant 
analysis calculations. The reader should consult the multivariate 
texts mentioned above (especially, Green, 1976) for more details. Fig 
4 summarizes the calculations. Matrix notation is used. There are v 
variables and n observations (sites, etc.). Sample calculations are 
shown in Appendix A. 
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Figu:re 4. Flow chart of the discriminant analysis calculations. See 
accompanying notes fo:r additional details. 
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NOTES FOR FIGURE 4. 

*********~ note 1 ********** 

The data are centered by the overall variable mean. 
If Z is the centered data matrix, then 

2 = X - X 
kj kj j 

with 

n 
SUM( x ) 
i=1 ij 

K = 
j n 

The T matrix is calculated £rom Z as follows. 

T = Z' Z 

The element in the kth row and the jth column of T would be 

n 
t = SUM ( 2 2 ) 

kj i=1 ik ij 

or, in terms of x. 

n 
t = SUM ( ( K - X ) ( K - X ) 

kj i=1 ik k ij j 

Matrix T is symmetrical. 
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NOTES FOR FIGURE 4. 

************* note 2 ************** 

The data for each predefined group are worked on separately. 
Define Y as a Cm x vl data matrix containing the observations in 

h 
group h. The data are centered by the variable means for the group h. 
If C is the centered matrix for group h, then 

h 

C = y - y 
kjh kjh jh 

The calculation of thew matrix for group his as follows. 

W = C' C 
h h h 

The element in the kth row and the jth column of W is 
h 

m 
h 

w = SUM ( C C ) 

kjh i-= 1 ikh ijh 

or in terms of Y, 

m 
h 

w = SUM ( Cy - y )(y - y 
kjh i= 1 ikh ih ijh jh 

( note Z continued on next page ) 
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NOTES FOR FIGURE 4. 

C note 2, continued ) 

To obtain the final W matrix, the W matrices for each group 
h 

are summed, i.e., 

w = w + w + ..•.•. w 
1 2 g 

where g = the number of groups. This pooled matrix summarizes the 
within-group variation and covariation. 

Matrix Wis symmetrical. 

The simplest way to obtain matrix Bis as follows: 

B = T - W 

The element in the kth row and the jth column of Bis equivalent to 

g 
b = SUM C n C K K )(K - X ) 

kj h=1 h kh k jh j 

where g is the number of groups, n is the number of observations in 
h 

group h, x is the mean of variable kin group h, K is the mean of 
kh jh 

variable j in group h, and K is the over-all mean of variable k, and 
k 

and K is the overall mean of variable j. This matrix summarizes the 
j 

variation and covariation of the group means. 
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NOTcS FOR FIGURE 4. 

************** note 4 *************** 

The eigenvalues and eigenvectors 0£ the asymmetric 
- 1 

matrix W Bare found. The solutions £or these equations will have 
the following property. 

A' B A 
k k 

L = --------
k A' w A 

k k MAX 

where L is the eigenvalue £or axis k, and A is the eigenvector £or 
k k 

axis k. In words, this means that the eigenvalue of axis k is equal 
to the maximized ratio of 1) the between-group sum of squares of the 
discriminant scores, and 2) the within-group sum 0£ squares of the 
discriminant scores for axis k. This maximization will emphasize 
variables which contribute a relatively large amount of between-group 
variability relative to the within-group variability. 

This maximization is constrained in that 

A' A = 1 
k k 

i.e., each eigenvector must be of unit length. This avoids a solution 
which makes A' BA (or A' WA ) indefinitely large (or small) by 

k k k k 
making the entries of A arbitrarily large (or small). A derivation 

k 
of these equations is found in Green (1976; 247-254). 
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NOT~S FOR FIGURE 4. 

The scores on axis k (S ) are calculated as follows. 
k 

S = X A 
k k 

S will be the kth column in matrix S, which contains the scores £or 
k 

all paxes. The scores for each axis can be standardized to unit 
variance by dividing the eigenvector elements by the overall standard 
deviation of the corresponding variable, i.e., 

1/Z 
p = a / q 
ik ik k 

where a is the eigenvector element for variable ion axis k, and 
ik 

1 
q = A' C T ) A (Cooley and Lohnes, 1971; 31,2147). 

k n-1 k 

P would be used in subsequent calculations instead of A . 
k k 
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NOTES FOR FIGURE 4. 

************** note 6 *************** 

The coefficients of separate determination for axis k are 
calculat~d as follows: 

D = Z T Z U (Hope, 1969), 
k k k 

where Z is a diagonal matrix with the elements of A in the principa 
k k 

diagonal, and zeros elsewhere. The matrix U is a (v x 1) column 
vector of ones. D is the kth column of matrix D CD contains the 

k 
coefficients for all paxes, with axes in the columns). 

Theoretically, all the coefficients should be positive. This, 
however, is not always the case. Experience has shown that the 
magnitude of the absolute value corresponds to the importance of the 
variable. The coefficients can be expressed as percents of the 
total of the coefficients for the axis Conly the absolute values used 

*************** note 7 ***************** 

These coefficients are calculated as follows: 

e = a Ct /(n-1) 
jk jk jj 

where e is the standardized coefficient for variable j on axis k, 
jk 

a is the eigenvector element for variable j on axis k, t is the 
jk jj 

jth diagonal element in matrix T Cthe centered, overall sum of square! 
of variable j), and n is the total number of observations. The secon1 
term in the product standardizes a to make all coefficients 

jk 
comparable (the variables will usually be measured on different 
scales). The coefficients can be expressed as the percent of the tota: 
of the absolute values of the coefficients for an axis. 
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NOTES FOR FIGURE 4. 

*************** note 8 **************** 

These coefficients are calculated as follows: 

£ = a Cw /(n-g) 
jk jk jj 

where f is the standardized coefficient for variable j on axis k, 
jk 

a is the eigenvector element for variable j on axis k, w is the 
jk jj 

jth diagonal element in matrix W Cthe centered, within-group sum 
of squares of variable j), n is the total number of observations, 
and g the number of groups. The second term in the product 
standardizes a to make all coefficients comparable (the variables 

jk 
will usually be measured on different scales). The coefficients 
can be expressed as the percent of the total of the absolute values 
of the coefficients for an axis. 

*************** note 9 

The significance of group separation on axis k can be tested 
by calculating 

chi square= C n-1-1/2(v+g) ) ln(l+L ) 
k 

with 

D.F. = v + g - 2 k (Hope, 1969; 118). 

here n = i observations, v = i variables, g =#groups, L = eigenvalue 
k 

for axis k, and ln = a natural log operation. The assumptions of 
the test are summarized in Green (1971). In addition, the groups 
must be non-overlapping (Green, 1976; 278). In the author's exper~ 
ience, the assumptions are rarely met with ecological-survey data, but 
under certain conditions the test may be fairly robust (see pp 33-34). 
Observation of score plots for the sampling sites will usually be 
sufficient to determine whether the groups are well separated or not. 
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THE SELECTIOK or GROUPS PRIOR TO THE DISCRIMINANT ANALYSIS 

Groups can be chosen in any way relevant to the analyst. On 
such method has been mentioned in the introduction. i.e .• 
classification (cluster) analysis prior to the discriminant analysi 
(Smith, 1976; Green, 1977; Bernstein et al, 1978). Smith (1976 
142-145) discusses some aspects of group selection with hierarchica 
classification. It is concluded that it may not always be too critica 
at which specific level the groups are delimited. 

An alternate technique for forming groups of observations is t 
use the species data matrix directly (Green, 1971,1974; James, 1971 
Dueser and Shugart, 1978). This technique is illustrated in fig 5 
Here each group corresponds to a single species. The variables whic: 
tend to correspond with species separation (in space, time. etc.) wil. 
be emphasized in the discriminant analysis results. Note that a singl1 
observation (site) may be in more than one group. This violates one o 
the assumptions of the chi-square test for group separation (see notj 
9 for fig 4). 
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Figu:r:e 5. The formation of g:r:oups directly f:r:om the biotic data 
mat:r:ix. 

A. data matrix 

sites 

1 2 3 4 5 

A 3 0 0 2 

species B 2 0 0 2 

C 0 0 3 2 0 

B. sites in groups representing each species, i.e., the site 
in which each species occurs. 

sites in group 

A 1, 2, 5 

B 1 , 4, 5 

C 3, 4 



566 

WEIGHTED DISCRIMINANT ANALYSIS 

It will often be the case that group members will vary in how 
representative they are of their own group. Weighted discriminant 
analysis allows for weighting the calculations for a group to give 
more.emphasis to the "better" members of the group in question (Smith, 
1976). As will be shown, this technique can also be us~d to input 
(into the calculations) information concerning between-group 
biological similarities. This can significantly increase the power and 
accuracy of the analysis. It will also be shown that this technique 
can even be used without any a priori group definition. 

Weighted discriminant analysis calculations. 

The only changes in the calculations involve the sums of 
squares and cross-product matrices. Both weighted and unweighted 
calculations are included for contrast. Sample calculations are shown 
in Appendix B. 

W matrix. In fig~ (note 2) it was shown that for regular 
discriminant analysis, the element in the kth row and the jth column 
of W (the contribution of group h to the pooled w matrix) was 

h 

m 
h 

w = SUM ( ( y y ) ( y -y ) ) 

kjh i=1 ikh kh ijh jh 

The weighted calculations are 

m 
h 

w = SUM ( ( y y' ) ( y -y' ) u ) 

kjh i=1 ikh kh ijh jh ih 
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where 

m 
h 

SUM C y u 
i=l ikh ih 

( a weighted mean).y' = --------------
kh m 

h 
SUM Cu ) 
i=l ih 

and u is a weight which is proportional to how well observation 
ih 

fits in group h. This formula allows the observations more 
representative of the group in question to receive greater weight 
in the calculations £or the group. This is done in two ways. 
1) Since a weighted mean is used, the observations with higher weight 
(i.e., more representative of the group) will have more influence on 
the mean value, and 2) the cross product itself is weighted, thus 
the observations more representative of the group will add more to the 
sum 0£ the cross products £or the group. 

T matrix. In fig 4 (note 1) the element in the kth row and jth 
column of Twas shown to be 

n 
t = SUM ( (x - X )(x - X ) ) 
kj i=l ik k ij j 

The weighted calculations are as follows. The overall weighted mean 

(to be used instead of x ) 
k 

is 

X ' 

k 
= 

m 
g h 

SUM SUM ( X u ) 

h=1 i=1 ikh ih 
------------------

m 
g h 

SUM SUM ( u 
h;1 i=1 ih 

i 
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whez:e X is the ith observation of variable k in group h, and u is 
ikh ih 

the weight of the ith observation in g:roup h. 

The element in the kth row and jth column o:f T is 

m 
g h 

t = SUM SUM ( ( X - x' ) ( X - X' u 
kj h=1 i=1 ikh k ijh j ih 

This is similar to the calculations foz: the W matrix, except the 
weighted ovez:all mean is used instead of the weighted group means. 

B matrix. The B matrix is (as with regular discz:iminant analysis) 

B = T - W 

With the usual discriminant analysis calculations, b is equivalent 
kj 

to 

g 
b = SUM ( n X - X ) ( X - X ) ) 

kj h=1 h kh k jh j 

In the weighted calculations, b is equivalent to 
kj 

g 
b = SUM ( p ( y' - XI ) ( y' - x' ) 

kj h=1 h kh k jh j 
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where 

m 
h 

p = SUM u ) 
h i=1 ih 

Here K' is the overall weighted mean for variable k (see above), 
k 

and y' is the weighted mean for variable kin group h (see above). 
kh 

These formulae are similar to the non-weighted method, except that 
weighted means are used instead of regular means, and the sum of 
weights for the group is used instead of the number of observations 
for the group. 

Weighted discriminant analysis with groups directly from the 
species-site data matrix. 

Fig 6A depicts a hypothetical situation with two species CA and 
B), and 10 potential sampling sites along an environmental gradient 
(variable E) presumed to be important in the separation (in an 
ecological sense) of the two species. 

If sites 3-8 were sampled, the data mi~ht appear as in fig 6B. 
Normally, the species data would be used to select groups and variable 
E would be used in the discriminant analysis. Note, however, that as 
far as group membership is concerned, both groups (one group 
corresponding to each species) would be identical. since both species 
occur at all sites. With regular discriminant analysis, these two 
species could not be differentiated (with respect to variable El, 
since there would be no between-group variation (the means of variable 
E for both groups would be the same, see fig 6C ). 

On the other hand, if weighted calculations are used, the group 
means can be differentiated as desired. This is illustrated in fig 6D, 
where the species abundances are used as weights. These are 
appropriate weights, since the more a species occurs at a site, the 
more representative of the group (species) is that site. Normally, 
some standardized measure (such as species-maximum standardized data) 
of species importance should be used instead of raw abundance counts. 
This will prevent the more abundant species from dominating the 
analysis. 
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Figure 6. Illustration of the advantages of weighted discriminant 
analysis when groups are chosen directly from the data. 

A. two hypothetical species distributed along an environmental 
gradient. 

* * 
20 species A----->. * * 

Cdots) 
*<--- species B* 

(asterisks) 
1 0 * * 

I 
l * * 
l * * 
-1-----1-----1-----1-----1-----1-----1-----1-----1-----1 

, 0 sites 2 3 4 5 6 7 8 9 

E -----> 

B. data values 
sites 

3 4 5 6 7 8 

species A 12 20 22 17 1 1 
<-- used as 

species B 6 14 20 22 17 12 weights 

variable E 2 4 6 8 1 0 1 2 

C. group means for variable E 

E = E = 42/6 = 7 Cno group differentiation) 
A B 

D. weighted group means for variable E 

12(2)+20(4)+22(6)+17(8}+11(10)+4(12) 
E' = 530/86 = 6. 16= ------------------------------------

A 12+20+22+17+11+4 

6(2)+14(4)+20(6)+22(8)+17(10)+12(12) 
E' = ------------------------------------ = 678/91 = 7.45 

B 6+14+20+22+17+12 
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Even if the groups (species) are not completely overlapping, 
the weighted method may often have advantages. With the weighted 
calculations, data from all sites with different species importance 
values are effectively used in trying to differentiate the groups, 
whereas with the unweighted calculations, only the sites of 
non-overlap can be used to differentiate the groups. Since more 
information is used, the weighted method should often be more robust 
and accurate. 

Weighted discriminant analysis with groups defined from cluster 
analysis. 

Fig 7 shows a hypothetical dendrogram from a hierarchical 
cluster analysis based on biotic data. From the dendrogram, it can be 
seen that there are four important pieces of biological information 
concerning the the groups. These are : 

1) group membership, i.e., sites 8 9 10 are in group 1, etc.; 

2) strength of group membership, e.g., site? is the weakest 
(most unlike the other members) member of group 3; 

3) "cohesiveness" of a group in general, e.g., the members of 
group are all more similar to each other than is the case with the 
other groups; and 

4) inter-group reltionships. Note that groups 2 and 3 are more 
closely related to each other than either one is to group 1. 

With regular discriminant analysis, only the first (group 
membership) is input. The other information can be very important. One 
would want the analysis to emphasize environmental variables which 
most closely follow all four patterns, not just the first. For 
example, the three groups in fig 7 might be quite different in levels 
of both salinity and depth, but groups 2 and 3 are closer in depth to 
each other than to group 1, and groups 1 and 2 are closer in salinity 
to each other than to group 3. A good analysis would indicate that 
depth was mor~ important than salinity (for group separation) since 
the depth pattern more closely fits the biological pattern (see (4) 
above). All four pieces of biological information can be input with 
weighted discriminant analysis. A technique for doing this is shown 
below. 
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Figure 7. Hypothetical dendrogram used to illustrate the advantages 
of weighted discriminant analysis. 

sites---> 8 9 , 0 2 3 4 5 6 7 

groups---> 2 3 
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The average group-similarity matrix (GRSIM). 

The first step is to create a matrix which describes the 
relationships between every group and every site. This will be called 
the GRSIM matrix. 

· All the information required is in the distance (or similarity) 
matrix on which the cluster analysis is often based. Fig 8A shows the 
distance matrix from which the dendrogram in fig 7 was made. The 
elements above the main diagonal are distances and those below are 
similarities (the distances subtracted from a constant). An element of 
the GRSIM matrix is simply the average similarity between the site 
(corresponding to a columns of the matrix) and the group 
(corresponding to a row) in question. Fig 8C shows some sample 
calculations, and fig 8B shows the complete GRSIM matrix from the 
similarities in fig SA and group membership as in fig 7. 
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Figure 8. The calculation of the average group-similarity 
matrix CGRSIM). Data fits the hypothetical dendr~gram 
shown in fig 7. 

A. distance (upper-right tziangular) and similarity Clower-left 
triangular) matrices 

sites 

2 3 4 5 6 7 8 9 1 0 

4.0 4.0 10. 8 14.7 14. 0 20.2 22.0 23.6 24.5 

2 2 1 . 0 5.6 1 0 . 1 14. 2 9.7 18. 5 18. 2 19. 5 20.5 

3 2 1 . 0 19. 4 7.2 1 1 . 0 10 . 0 17. 0 2 1 . 1 23.0 23.3 

4 14. 2 14.9 17. 8 4.0 5.9 10. 0 17. 3 19. 8 19 . 1 

sites 5 10. 3 10.8 14.0 21. 0 4.0 7.6 19. 0 2 1 . 1 20.0 

6 1 1 . 0 15.3 15. 0 1 9 . 1 21.0 1 1 . 4 22.5 24.9 24.0 

7 4.8 6.5 8.0 15. 0 17.4 13. 6 15.0 17. 3 15. 1 

8 3. 0 6.8 3.9 7.7 6.0 2.5 10. 0 2.5 2.6 

9 1 . 4 5.5 2.0 5.2 3.9 0 . 1 7.7 22.5 3.0 

10 0.5 4.5 1. 7 5.9 5.0 1.0 9. 9 22.4 22.0 

C fig 8 continued on next page ) 
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C fig 8, continued ) 

B. the average group-similarity matrix (GRSIM) 

2 3 4 

sites 

5 6 7 8 9 1 0 

group 

group 

g:roup 

1 

2 

3 

1. 6 

21. 0 

1 0 . 1 

5.6 

20.2 

11. 9 

2.8 

20.2 

13. 7 

6.3 

15. 6 

18. 4 

5.0 

11. 8 

19.8 

1. 2 

10. 4 

17. 9 

9.2 

6.4 

15. 3 

22.5 

4.6 

6.6 

22. 3 

3.0 

4.2 

22.2 

2. 2 

5.5 

group 2 group 3 group 1 

C. sample calculations for elements 
( s = similarity between sites 

ij 

of GRSIM matrix 
i and j ) 

site 2 - group 1 

( s + s + s ) 
2,8 2,9 2, 1 0 

/ 3 = (6.8+5.5+4.5)/3 = 16.8/3 = 5.6 

site 3 - group 

( s + s ) / 
3,1 3,2 

2 

2 = (21+19.4)/2 = 20.2 
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Application of weights. 

The elements of the GRSIM matrix are now used as weights in a 
weighted discriminant analysis. At this point, each site is considered 
to be a potential member of each group, i.e., each site has a weight 
indicating how well it fits into each group. In the calculations for 
group- 1, the weights used for each site would be the corresponding 
elements in the first row of the GRSIM matrix. For group 2, the 
weights would be in the second row of the GRSIM matrix, and so on. 

It can now be shown that all four pieces of biological 
information about the groups are available to the analysis in the 
GRSIM matrix of weights. 

1) Group membership. Note that for each group Crow of the GRSIM 
matrix), the highest average-similarity values (i.e., weights) are for 
the actual group members. For example, row 1 represents group 1, which 
consists of sites 8, 9 and 10. Sites 8, 9, and 10 have the highest 
weights of all the sites. This would be expected since they are the 
group members. Thus, group membership is conveyed since the actual 
group members should have the highest weights in the calcul~tions £or 
the group in question. 

2) Strength of group membership. Site 7 is the "weakest" of the 
actual members of group 3. The average-similarity values Crow 3, fig 
8B) in the GRSIM matrix for the members of group 3 (sites 4-7) are 
18.4, 19.8, 17.9, and 15.3. Note that the lowest value is 15.3, which 
corresponds to site 7. Thus, of the actual members of group 3, site 7 
will receive the lowest weight, which is consistent with its 
biological relationship to the rest of the group members. 

3) "Cohesiveness" of a group in general. Group 1 has the 
highest internal biological similarity of the three groups (connected 
lowest on the dendrogram). The average similarities of the members of 
group with their own group are 22.5, 22.3, and 22.2. Th~ average 
similarities of the members of group 2 with their own group are 21.0, 
20.2, and 20.2; the average similarities of group 3 with its own 
members are 18.4, 19.8, 17.9 and 15.3. Of the three groups, the 
members of group 1 have the highest average similarity values with 
their own group. This results in group 1 receiving more oversll weight 
per site than the other groups. This makes sense since group 1 is 
closer to a real homogenous group than are the other groups. This can 
be important since the analysis will try to minimize the within-group 
variation in the discriminant space (along with the maximization of 
the between-group variation). The lower weights for the "looser" 
groups will prevent the analysis from emphasizing variables which will 
minimize the distance (in the discriminant space) between sites which 
are not ~eally that biologically simila~. ·This same arguement applies 
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to C2) above. 

4) Inter-group relationships. Groups 2 and 3 are biologically 
more similar to each other than they are to group 1 (fig 7). This 
information is also available in the GRSIM matrix. In the :row for 
group 2 Crow 2, GRSIM matrix), the sites that are in group 3 (sites 
4-7) show higher average similarity values (15.6, 11.8, 10.4, and 6.4) 
than do the sites in group 1 (4.6, 3.0, and 2.2). Also, in row 3, the 
values £or group 2 C 1 O. 1, 11. 9, 13. 7) are higher than those for group 
1 group 1 (6.6, 4.2, 5.5). This indicates that in the calculations for 
group 2, the sites in group 3 will get more weight than the sites in 
group 1, and also that the group 3 calculations will contain 
relatively higher weights for group 2. Thus, it can be seen that the 
more similar groups will have higher average similarities £or each 
other's members. 

It should be noted that this GRSIM approach is only one of many 
possibile techniques to obtain weights for the sites. All that is 
required is a GRSIM-type matrix which expresses the rel~tionships 
between the defined ~roups and each site. for example, probabilities 
0£ group membership could be used instead of average similarities. 
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Weighted discriminant analysis with no groups defined. 

One way to avoid defining groups at all is to consider each 
site a group by itself. When this is done, the GRSIM matrix will 
simply be the inter-site similarity matrix. Weighted discriminant 
calculations are then carried out with the GRSIM matrix as weights in 
the manner described above. 

This is a good way to directly analyze the distance (or 
similarity) matrix (i.e., the biological patterns) without any prior 
clustering procedure. This has the advantage of saving the clustering 
computation time and avoiding any errors (of group membership) that 
the clustering technique may introduce. (However, the weighted 
discriminant calculations themselves will be longer, since more groups 
will be involved). Such a technique also eliminates the burden of 
deciding where and how to define group membership from the clustering 
results. 

The fact that no group membership need be defined suggests that 
weighted discriminant analysis could in some cases be a replacement 
for a canonical correlation analysis, which is used to study the 
relationships between two sets of variables. Gauch and Wentworth 
(1976) demonstrate how the strict assumptions of linearity make 
canonical correlations unsuitable for some types of ecological data. 
Weighted discriminant analysis only requires that the variables used 
in the calculation of the sum of squares and cross-products matrices 
CW, B, T) linearly separate the groups (observations in this case). 
This assumption can easily be met with most kinds of 
biotic-environmental tlata sets. When some variables separate the 
observations in a monotonic but non-linear fashion, a transformation 
of the corresponding variable(s) will usually make the relationships 
more linear. 
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DISCRIMINANT ANALYSIS WITH SPECIES AS VARIABLES. 

When groups of biologically similar sampling sites have been 
defined (usually by cluster anaysis), discriminant analysis with the 
species importance values as variables has been used (or tested for 
use) to: 

1) determine which species were mainly involved in causing the 
group separations (Cassie, 1972; Gringal and Ohmann, 1975); 

2 ) observe the relatinships between the groups in the 
discriminant score plots (Norris and Barkham, 1970; Cassie, 1972; 
Gringal and Ohmann, 1975; Holland and Polgar, 1976; Holland et al, 
1977); 

3) use the results as an indirect ordination technique in the 
same manner that principal components, reciprocal averaging, polar 
ordination, multidimensional scaling, etc. are used with biological 
data (~essell and Whittaker, 1976); and 

~) test the significance of the group separation. 

Here also, the regular discriminant analysis only considers 
group membership, while the weighted version can use additional intra
and inter-group biological information in the calculations. This 
additional information input should give better results in most cases 
when (1), (2), or (3) above, is the goal of the anaysis. 

As far as testing the significance of group separation is 
concerned, weighted discriminant analysis is presently of little help 
since the groups are, in effect, overlapping (this violates an 
assumption of the tests). Even without overlap, it is doubtful that 
the significance tests would be completely valid due to the usual 
nature of species abundance data. For example, one of the assumptions 
of the method (when statistical tests are applied) is that the 
within-group dispersion matrices CW matrix divided by D.F.) are 
statistically equal (Green, 1971). If the survey in question covers 
more than a singla homogeneous habitat, then one would expect some 
species to occur in some groups but not in others. In the groups where 
such a species occurs, the dispersions would be some value other than 
zero; but in groups where the species is absent, the dispersions would 
be zero. This alone would lead to quite different within-group 
dispersion mat:ices for the various groups. In the experience of the 
author, whether species or environmental data are used in the 
discriminant analysis, this assumption is almost always violated, but 
the extent 0£ the violation is greater with species data. 

On the other hand, discriminant analysis can be fairly robust 
even when the within-group dispersion matrices are not statistically 
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equal (Cooley and Lohnes, 1971; Pimentel and Frey, 1978). The method 
becomes more robust as the group sample sizes become larger and more 
equal (Ito and Schull, 1964). It is not known how the robustness is 
affected by truncated variables (e.g., some species-count data). 

I£ the groups are defined using the species data (as would be 
the case in a cluster analysis), and then these groups are used in a 
disciiminant analysis with species as variables, the usual probability 
tests are invalid even if all the other assumptions are met. This is 
because the statistical tests assume that the groups were defined by a 
planned, _a priori procedure (Sokal and Rholf, 1969; 226-227). When the 
data are used to suggest the groups, this assumption_is obviously 
violated. 
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APPENDIX A 

DISCRIMINANT ANALYSIS (UNWEIGHTED) - SAMPLE CALCULATIONS 

A. Data mat:ri>< 

variable 

1 2 
. . . . 

1 8 gz:oup 1 

2 3 5 
site --------

3 5 7 g:roup 2 

4 7 6 
. . . . . . . 

B. Calculation of the pooled W mat~ix 

1. gz:oup means 

vaz:iable 

1 2 

gz:oup 1 2 6.5 

gz:oup 2 6 6. 5 
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APPENDIX A (CONTINUED) 

2. group data centered (subtract mean value) by group m~ans 

va:riable 

1 2 
. . . . . . . . . . 

1 -1 1 . 5 C 
1 

2 1 - 1 . 5 
site -----------

3 -1 . 5 C 
2 

4 -.5 
. . . . . . . . . . . 

3. W matrix £0:r group 1 

-1 -1 1 . 5 2 -3 
W = C'C = K = 

1 1 1 1.5 -1.5 -1. 5 -3 4.5 

3. W matrix for group 2 

. . . . . . . . . . . . 
-1 -1 . s . 2 -1 

w = C'C = X = 
2 2 2 • 5 -.5 1 -.5 -1 .5 

5. pool 

. . . . . . . 
2 -3 2 - 1 4 -4 

w = w + w = + = 
1 2 -3 4.5 -1 . 5 -4 S 
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APPENDIX A (CONTINUED) 

C. Calculation 0£ the T matrix 

1. over-all means 

X = 4 
1 

X = 6.5 
2 

2. data centered by over-all means 

variable 

2 
.............. 

-3 1. 5 

2 -1 -1.5 
site matrix Z 

3 1 . 5 

4 3 -.5 

3. T matrix 

-3 LS 

-3 -1 3 -1 -1 5 20 -4 
T = Z'Z = K = 

1.5 -1.5 .5 -.5 1 • 5 -4 5 

3 -.5 
. . . . . . . . 
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D. Calculation of the B matrix 

1. difference method 

20 4 16 0 
B = T - W = = 

-4 5 -4 5 0 0 • 

2. direct method 

2 
e . g • b = SUM ( n ( K - K )(x - K ) ) 

1 2 h=1 h 1h 1 2h 2 

= 2(2-4)(6.5-6.5) + 2(6-4)(6.5-6.5) = 0 

-1 
E. Eigenvalues and eigenvecto:rs of W B 

1. eigenvalue L = 20 
1 

axis 

.......... 
. 78087 va:z::iable 1 

2. eigenvecto:r A = 
1 .62469 . va:z::iable 2 

. . . . . . . . . . 

note: Only one axis was defined since there a:z::e only 2 groups. 
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APPENDIX A (CONTINUED) 

F. Calculation of scores 

axis 1 

........... 
8 5.77840 1 

.......... 
3 S .78087 S.46608 2 

S· = X A = K = site 
1 1 5 7 .62469 8.27722 3 

.......... 
7 6 9.21428 4 

........... 

G. Coefficients of separate determination 

1. put eigenvector in diagonal matrix of zeros of£ diagonal 

.78087 0 
z = 

1 0 .62469 



588 

APPENDIX A (CONTINUED) 

2. calculate coefficients 

D 
1 

= z TZ u 
1 1 

= 

. . . . . . . . . . . . . . 
.78087 0 

0 .62469 
. . . . . . . . . . . . . 

K 

. . . . . . . . 
20 -4 

-4 5 
. . . . . . 

K 

. . . . . . . . . . . 
.78087 0 

0 .62469 
. . . . . . . . . . 

K 

1 

1 

= 
10.243953 

0 

variable 

va:riable 2 

H. Standardized coefficients Cby total SD) 

1. coefficient for variable 1 on axis 1 

e 
11 

= a (t /(n-1)) 
11 11 

l/2 

= 
1/2 

.78087(20/3) = 2.01620 

2. coefficient fo:r variable 2 on axis 1 

e 
2 1 

1/2 
= a Ct /(n-1)) 

2 1 22 

= .62469(5/3) 
1/2 

= .80647 
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APPENDIX A (CONTINUED) 

I. Standardized coefficients (by within SD) 

2. coefficient for variable l on axis 

f = a Cw /(n-g)) 
11 11 11 

= .78087(4/2) = 1.10432 

2. coefficient for va~iable 2 on axis 

1/2 
f = a Cw /(n-g)) 

21 21 22 

= .62469(5/2) = .98772 
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APPENDIX B 

WEIGHTED DIS~RIMINANT ANALYSIS - SAMPLE CALCULATIONS 

A. Data matix - start with the same data as in the unweighted 
calculations 

variable 

2 

site 2 
3 
4 

3 
5 
7 

8 
5 
7 
6 

B. Matrix of weights (could be from relative species abundances or 
a GRSIM-type matrix, etc.) 

site 

group 

group 2 

. , 

. 8 

2 

. 2 

. 9 

3 

.8 

. , 

4 

. 7 

. 3 
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APPENDIX 8 (CONTINUED) 

C. Expanded data matrix 

Note that there are four sites in each group (no site has a 
weight of zero). Therefore the data matrix would appear 
as such: 

variable 

2 
.........., t 8 

2 3 5 group 1 
3 s 7 
4 7 6 

site -------
1 1 8 
2 3 5 group 2 
3 5 7 
4 7 6 

......... 
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APPENDIX B (CONTINUED) 

D. Calculation of the pooled W mat:i::ix 

1. weighted group means 

variable 

2 

group S.33333 6.44444 

group 2 2.90476 6.38095 

4 
SUM C y u ) 
i;1 i11 i1 

e.g. y' = --------------
1 1 

4 
SUM Cu ) 
i= l i 1 

1(. 1) + 3( .2) + SC .8) + 7(.7) 

= ----------------------------- = 5.33333 
., + .2 + .8 + .7 
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2. center group data by weighted group means 

variable 

2 

1 -4.3333 1.5556 
2 -2.3333 -1.4444 g.roup 1 
3 -.3333 .5556 
4 1.6667 -.4444 

site 
1 -1.9048 1.6191 
z .0952 -1. 3810 group 2 
3 2.0952 . 6 1 9 1 
4 4.0952 -.3810 

3. W matrix for group 1 CW) 
1 

variable 

5.00000 -.66668 
variable 

2 -.66668 1.04444 

4 
e.g. w = SUM ( ( y y' ) ( y - y' ) u 

121 i=l i11 11 i21 21 i1 

= (-4.3333)(1.5556)(. 1) + (-2.3333)(-1.4444)(.2) 
+ (-.3333)(.5556)(.8) + (1.6667)(-.4444)(.7) 

= -.67409 + .67404 - . 14815 - .51848 

:: . -66668 
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4. W matrix for group 2 CW ) 
2 

variable 

2 

8.38096 -2.92381 
variable 

2 -2.92381 3.89524 

4 
e.g. w = SUM ( ( 'I 'I' ) ( y - y' ) u 

122 i=1 i12 12 i22 22 i2 

= (-1.9048)(1.6191)(.8) + (.0952)(-1.381)(.9) 
+ (2.0952)( .6191)(. 1) + (4.0952)(-.381)(.3) 

= -2.46710 - . 11832 + . 12969 - .46808 

= -2.92381 

5. pool 

variable 

2 

13.38096 -3.59049 
w = w + w = variable 

1 2 -3.59049 4.93968 2 



------------------
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APPENDIX B (CONTINUED) 

E. Calculation 0£ the T matrix 

1. over-all weighted means 

a. for variable 1 

2 4 
SUM SUM ( X u ) 

h=l i=l ilh ih 
X' = 

2 4 
SUM SUM u 
h=1 i=l ih 

1(. 1)+3(.2)+5( .8)+7( .7)+1(.8)+3( .9)+5(. 1)+7( .3) 

= -----------------------------------------------
. 1 +. 2+. 8+. 7+. 8+. 9+. 1 +. 3 

= 15.7/3.9 = 4.02564 

b. similarly, for variable 2 

8(. 1)+5( .2)+7(.8)+6( .7)+8( .8)+5(.9)+7(. 1)+6( .3) 

X' = -----------------------------------------------
2 3.9 

= 6.41026 
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2. center data by over-all weighted means 

variable 

2 

1 -3.02564 1.58974 
2 -1. 02564 -1.41026 group 1 
3 .97436 .58974 
4 2.97436 -.41026 

site 
1 -3.02564 1.58974 
2 -1.02564 -1.41026 group 2 
3 .97436 .58974 
4 2.97436 -.41026 

3. T matrix 

variable 

2 

19.09744 -3.44102 
variable 

2 -3.44102 4.94359 

2 4 
e.g. t = SUM SUM ( ( X - x' )( X - x' u 

12 h=1 i=1 i1h i2h 2 ih 

= (-3.02564)(1.58974)(. 1) + (-1.02564)(-1.41026)(.2) 
+ (.97436)(.58974)(.8) + (2.97436)(-.41026)(.7) 
+ (-3.02564)(1.58974)( .8) + (-1 .02564)(-1.41026)(.9) 
+ (.97436)(.58974)(.1) + (2.97436)(-.41026)(.3) 

= -3.44102 
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r. Calculation 0£ the B matrix 

1. di£fe:rence method 

va?:iable 

2 

5.71648 . 14947 
B = T - W = va:riable 

.14947 .00391 2 

2. di:rect method 

2 
e.g. b = SUM ( p .Y' - X' ) C y' - x' ) ) 

12 h= 1 h 1h 2h 2 

= (1.3)(5.33333-4.02563)(6.44444-6.41026) 
+ (2.1)(2.90476-4.02564)(6.38095-6.41026) 

= . 14944 (differs in the fifth decimal 
from the difference method -
due to rounding error) 

G. Once the W, Band T matrices are calculated, the analysis proceeds 
as with unweighted disc:riminant analysis. When calculating the 
sco:res, use the original unexpanded data mat:rix, since only 
one score pe:r site is requi:red. 
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Stutr ·ot c~11;~r,mlo 
' 

A'l e ~-n o r- a 111 d u m 

To Mr. L. Fra~k Goodson 
Project Coordinator 
f-lesources J\gency 
1416 Ninth Street 
13th Fl O()r . 

Sa~ramento. CA 95814 

t'rom Sl"ATE WATER RESOURCES CONTROt. £0.!'t.RD 
i>IVISION OF WATCR QUAUTY 

S~iect: REVIE\~ OF DRAFT EtWIROtJMEIHAL IMPACT R~PORTS {UR's) STATE ~U-:MUtlt::ousE 
t:0. 79051509,~., fOR CITY OF LOS f1NGELES, TERMIN1V. !Sl/\tlD TREf'P·i[t;T PLflJlf. 
PROJECT NO. 1202 

1his office ha5 r2vie\•!ed the tw<.: .draft E_!F:'s fer this r,rC1ject o,~d ap~1erdc:d 
repc,i-t, dated May, 1979. The Division of i~ater Qu"l i ty hereby rres~rit:; 
pre1it'::i nary corrunents en th·? draft documents. 

,, 
State Clearinghouse No. 79051509A includes a Craft Envircnrsntat l~~act 
Report (EIH) on the propos 1!d ne~· effluent c!iSpQs:.l s~-5~_e·n f~ir Te:-:ninal 
Island 1reatrr.ent Plant, a wastewater trNtment pl~nt c,f the City of 
Los [\nge l es. Th<: rf!ccmmendcd altcrn~ti va- as a renr~nr::nt ef fLl;:r: t di sp,):;a 1 
sy5te;n i~; an outfall to Lo$ ;\ngelcs Hi:.rt'lor in s.~r: Pedro Bay. Its 
acceptanc~ as a perr,1anPnt syztem relies upon acceptance by !:r;e Reg:cna·1 
Water Quality ControJ Go,3rd of the cr,ncEpt that the ~fflt..e(;t cr\i1a!'lces 
the Harbor waters. Tt1e ulter·native pre;;ented is ar! ov2M1 uut..fdll, 
constructed essentially as an extension of the harbor r.utfnll. s:,ic.e· 
tile present outfall site r.1ay soon be burieci under a l&n(¾fil), the City 
hos a 1 so pre-sented a second UR unde:t the same Cl~ari r.']hcu.ise n,..:rr.'..,~~--. 
It descril)~s the Harbor outfall as, if necessary, a t~n~por;:,ry so":,_;t~~n, 
tl1a t can be extended to the ocean if the cld im of erilwncem~;;t. is 
rejected. This procedure was rieces~1ry to:prevent possfo1e cl-?1ily~ of 
a Clean ~ater Grant to ccnstru~t the harbor porti~n of the 0utfall, on 
the presumption. that the existing outfall might bf: bur·id before fii:al 
determination of. the issue of cnhanccn:ent. The for1rt!t of th~ twn 
EIR's is similar. 

The third dor.ument undDr revie~'J as C1eaririJhousf• N:.•.. 7%:i'i09:\ 1':. Purt lG 
cf the Marine St•Jdies of San Pedro Bay. It is fr,cur;;,]r11tsd by ri::fr~re11•:~ 
under both the above EIR's, und was issued alorg \:ith th·:1111. Ct.~ ,:ria:jT!~nts 
on this third document will be submitt~J in a scpJ~J~e lett~r. 

Comment: lhe 0:1ys ar,t~ Esb~i·ics Policy thilt fcrhiri:, di~ch:,1··q"! of dflt.':nt 
to San Pedro Bay (,mles~ enharH.:emr::nt is de;r:')r,',trcit~:d) i~ o pol icy 
of the Stat~ \btr•r R~5;:)urce~ Cor.trol l.k.:1rd, i1:r~ f:f'J'I, ;;!· i:; 
correctly stated ~n Page II-4. 

Reproduced from 
best available copy.

~r .'J 

http:0.!'t.RD
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Alternatives 

II.B.3.f ,{l)_ - Federal l~ater Pollution Control P.ct - 1972 A~·.-,er1L1m2n:s 

Corrrnent: This section is out of date. It slv:rnld describe th,-: C1can W:1ter 
Act of 1977. P.L. 95-217. 

111.C.3. - Environmentql Setting, Project Site, Effluent Characteristics 

• Comment: The EIR points out that numerou'l operational difflculth::s occurred 
at Terminal Island Treatment Plant during 1978 a!'°d that 11 

••• in
dustrial discharges were app~rently the major cause of the large 
number of violations in the second half c:f the yeat/' because 
" ••. ceftain industrial dischargers wcr~ violating the conditions 
of their discharge permits ••. ".· 

Moruover. it is pointed out in Section IV.A.2. (Page"i'J-1) that 
ind'!.1strial waste\•;.:1ter fonnerly discharged tn the los l\r.;clr~s 
Cou'hty Sanitary Districts' system now enters Terminal Island 
Treatment Plunt. The EIR p{)ints out in Section IV.A.5.e. (see 
below) that photosynth;;tic activity in the iilrbor wi1) lo·,,yc.•r 
in 1978, although there wcJS no drop in phytopL1r1!;ton. Did the 
Terminal 1s1Jnd Trcat;nent Pl,:nt influent during 1'}78 c,:,:itain 
newly added tov1c constituents (such as 1nirex or other chlcrinJted 
organics used as fire ret~rdants) that nig:-1t have irr1til,ited 
photosynthesi5? 

III.D.5.d. - Hater Column Fauna 

Comm:~nt: It is unclear \·1hen the settling rack studie$ describ,:d v1r:.re ~erforme(i, 
We understand that such studies were funded for 1978. Please clarify
what is described. 

JII.D.5.e. - Environmsn~a1 Setting, Ecological Sy:;te1iis, Marine Uiol!Jgy, 
l3enthic r-1u11<) 

Comment: The section describes changes in ::;·pecic:s nur,~hers and tiiO!,FlSS 
in generul ternis, and aS$1::rts a rapid reco·.,~ry in thc:se 
param~ters d1iring the 1978 plant up:oct. 1tJ::s the r.:ipld 
increase due to recruitment of th<.Vie oprcrt.u:iisti.: specirs 
(s~ch a~ capitellid polychaetes) that are con~only 
assr:rted to be ind~cators of a stressed erivircnn!ent? CJn 
an_y qualitative judgments be 111adc ~ho1jt sp1tfo'! difference:-; 
in b~nthic fduna? 

III.0.5.f. - Fish Fauna 

CoITVTient: Paragraph 1, Page 1Il-l'i'!t statc-s that "Both of these snccies 
(anchovy and white croaker} fed Ori lh~ pa~·ticu1ctt€:!': ... and on ... 
bcnth·lc rmrms ••• It. Uh~t evi d~ncP. '.jhm,s U1~ t anchnvi e5 eat 
benthic worms? 



Mr. L. Frank Goodson -J-

111.0.5.f. - Fish Fauna 

Comment: (cont~) 

This section seems to be based entirely en the r~s~lts of the 
Harbors En·1honmental Projects {HEP) surveys. How do the 
results cf othe_r st1.1dies, s:.,ch as those pt?rfo?"m::d for Southern 
California Edison Corr.pan.vs cumpare •,dt.h tht HF.P 5ur-.eys? 

III.0.5.o. - Algal Flora 

Corrment: If the kelp bed planted en the lliddle Or-eakwater "did not develop 
for reasons that are not clear ••• 11 

, should thi:.; not be cited 
as r1ossible evidence of toxkity of Terminal Island Treatment 
Plant ~fflucrt, considering the evidence that the effluent may 
suppress photosynthesi~? 

III.0.5.j. - Marine Mammals 
" 

Con;:r1ent: Does the statement that sea lions, seJls t1.nd d0lphiris '' ... are 
not dependent upon thl} Habor for their liv~iihood" mean that 
loss of fi $h fauna has no irrpact on mad ne r.1amlia ls? . 

IV.A.5.e. - Long-Term Operational Impacts 

Coninent: Ch1orination i~ stuted to ltavr-: occurred Mi!rch 9 - AuGU$t 30, 1978. 
This conflicts \'Jitli th~ statement on Fiuure IV-4 ''Chlorination 
February - August. 11 This is an important point in evaluating 
impacts. Please give dates of chlorination. 

The statement is made (Page IV-II) that "the resenrch shows that 
there 1s a beneticial irnpa~t a~so~iatcd with the discharg~ of 
biodegradable wastes ·int'J the harbor." The st:1te:i;ent should 
also call attention to the evidence that points out the possibility 
that T~rminal Island Treat~nt rlant cfflu~nt seriouslj1 ·inhibits 
photosynthesis in the harbor. The acc01Jnt of. that critical 
point is limited to the statement.later in the same ~ection 
(Page IV-13) that 11 

••• producUv·l ty and assimilation ratios •.. are 
drastically reduced, presumebly due to loss of nutrients, or 
to inhibition." ln our view, the evidence presented in 
Reference IV-6 ( the eco·1cgic5l study (!Qr:•.• for t;.hi s pt·oject) 
makes nutrient 1 iraitat1on irnp~;bab le. The EIR rn;;st achi it the 
evidence for adverse ~wter qu:11 i ty ir.'j')i1Cts il long w·i th tht~ 
emphasis on bio-enl'lancement. 

The statement {PJge IV-14) that 11 
••• loss of ::rncted,~l p~pulations 

will also be reflected in the a!)il ity of the t·,c1rbor to assimilate: 
\·1astes •.. 11 seerr:s to ignore the n1p1d rat~ of rrrwoduction of 
bacteria. Is there any actual evjd2nce tu s~pprt the stateme~t? 

Reproduced from 
best available copy. 

http:Corr.pan.vs
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best availc,ble copy. 
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I'/.A.5.e. - Long--Tcrm Operational 1:ipacts 

CoiTli1ent: (cont.) 

On Page IV-15, the EIR states "Efostimu1ation and gro'r;th 
e~r,erimants in the field nnct laboratory slv.;~1ed that beth 
pre-D11F cannery t·laste and Teriainal lsiand Tr;:;at;i;i:·nt Plant 
secondM·y waste could sustain or stimulate grc,wth in 
phytoplankton, so:nc invertebra:.es. and so:i;e fish." \i!<: 
have difficulty finding experiments th.1t dc1::o:istrate, for 
inst~nce, effect rJf Terminal Island Tn-~.:;tme:nt Plant 
secondary Nastes on·groHth cf fish. Ph:asP p()1nt out the 
appropriate experiments in reference J~-6. 

Cunc1 us ion ( Pages. IV-21-22) 

Comment: The E!R st:.itc:; (Pagt? IV-21.) t!nt 11 
••• rcl~a5e cf mt:na~t-:!d h:·,e1s, 

canr,ery Hastes into the ht"r~):::Jr withoi.;t sec0nd.:iry tn!atm·::r.t of" 
those viastes would cn~ate a bet-tc,r nutrient b~1;;,:i".::- in cc~.jt!11St~-. 
with secondary Ten:1ina1 Is1and Trt·atm::>nt Plant .,.,nstes ... ·'. Is 
it the City's r,o5ition that c.arinery v:-:i!;l!!S :;hc)(Jld be removed 
from the trentment plant? Wt,at is mer,,,t by "u better i1utr\ent 
balance?" 

IV. B. - Mitigation t-ieasure.s Proposed t~ Minimize Envi romr.enta 1 Impact 

IV.B.4. - Protection of Endangered Species 

Conrnent: The EIR lists two po:;sible mitigation.meawres to protect r.e:;ting 
sites of Least Terns •. A mitig.=itinn mca!;ure m~st be chosen and 
put into effect as a condition of grant fu~dfng for.the projecf. 

Terminal Isl.and Treatment Plant, Unit II C, ·Harbor Outfall Draft Ern 

Su;~.!)'._ - E'nvi roomenta l Set ting Puge I-3 

Cmmient: The st3terr,~nt that "the Ter::'foal Is1arn.l Trc-:,:,tment Phnt cffhwnt 
is ·the only remaining nutrient s0L1rce to the harbor ... '' is 
incorrect. As is pointec out else,-:herc 1n ttie E!R. large 
arr.aunts of ocei}.n water enter t!1e harbor daily. l!•ese watcrc; 
bear nutrients. Like all sh~l1ow m~rtn~ bays, San Pedro Bay 
maintains an intricate rwtriP.nt tr.flux in its ecf~:;"'.itcir,, 
including at 1east some recycling of nutderits froin se~ii:•21:ts. 

llI.C.3. - Environmental Setting, Project Site, Efflw~nt Charactt::ristlcs 

Comment: Since the effect!: •;f chloriMticm rnay br~ critic:al to ~he E:rwiron
mental impacts of the effh!ent, this' H:ctirr. shr-,uld cx.pln~n 
whether or not chlniinatiop oft.ht' dfh.,·.!!lt is r",,,;. 
The discussion in JV.C.l. (l\:,r~ 1•1 F • 

out the to:d cit v ,-- r q. · 

... 

http:rwtriP.nt
http:invertebra:.es
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III.D. - Environmentcil S2tting, Ecologic~l Systems 

Cornnent: Secti"ons lll.D.e., 111.D.5.f., and 111.0.5.g. are similar to 
the same sections in the Effluent Discosal Svst~m Oraft EIR, 
and our commer:ts on those sections apply to i:oth EIR's. The 
problems relate to the claim of enhan~c~cnt, which is Jssertcd 
not to be an issue in the Harbor Outfall EIR. 

As a funding agency the SHRCC reserves the right to nn k2 further comcnts on 
this project prior to granting EIR approvals pursuant to tl1c Clc.wn Water 
Grant Regulations. 

Should you have any questions regardi1~g this review, p1ei":se contact 
Howard Wright at (916) 322-7734. • 

(? <) <;/4t) /
~~· Jr.-';/:: ¼.-C' /?J.·Yi

/?,/ Nei 1 Dunham: 
/- Division Chief 

Manager - Clean Water Grant Program 

cc: Mr. Russ Beckwith, EPA, Region IX 

Mr. Lewis Shinazi, CRWQCB, Los /\nge1es Region {t1) 





,r.r;;-;i Ccil,for11ia TUI! RESOURCES AGEi ,. - 1 . '"').'•· . .. J-
fleanorandum 

Mr. L. Frank Goodson 
Project Coordinator 
Resources Agency ln Reply Refer 
1416 Ninth Street to: 526:llOW 
13th Floor 
Sacra:nento, CA 9.5814 

STATE WATER RESOURCCS CONTROL BOARD 
DIVISION OF WATER QUALITY · 

REVIEW OF DRAFT ENVIRONMENTAL IMPACT REPORT (ElR), STATF. CLEARINHOUSE 
NO. 79051509A,- 'FOR MARINE STUDlES OF SAN PEDRO BAY, }>ART 16, ECOLOGICAL 
CHANGES IN OUTER LOS ANGELES-LONG BEACH HARBORS FOLLOWING INITITATION OF 
SECONDARY WAST£ TREATMENT lJiD Cr:SSATION OF FISH CANNERY WASTE EFFWENl'. . . . ... . . .,. . 

The subj~ct docu~ent reports on part of a study, largely funded under a 
Step 1 Clean Water Grant to the City o! Los Angeles. The claim that. the 
Terminal Island Treatmenc ?lant (TITPJ effluent enhances Los Angeles Harbor 
rests primarily upon the suoject document. The document incluaes a section 
upon the edit-Yr's views of the subject of enh.,ncemcnt. We do not choose to 
comment upon -t\,at section of the subject document .. We have also not re
peated comments that would essentially duplicate comments upon the. two EIR' s 
that incorporated this document by reference (see our letter of 6/13/79). 

Comment, Executive Summury · 

The statement is made on Page vii ~hat productivity and ~ssimilation ratios 
11 

••• are drastically reduced, presumably due to loss of nutrients, or to in
hibition." Numerous statements throughout the volu:nc, such as on Page ·111D7, 
state that phytoplanktoi productivity is probably not nutrient-limited. If 
that is true, the conclusion should be that there is evidence of inhl.bition. 
Since ~he report is so· massive, this critical issue deset~es a separate sec
tion, with craphical presentation of data on nutrients, rather than asking 
the reader to draw conclusions from scattercd_statemcnts or relying on the 
Executive Summary. 

The report states on Page ix that "The loss.of l?acteria; populations will. 
also be reflected in the ability of the har~or to assimilate wastes, since 
they were an ·important link in recycling m.Jtcrial." Docs this statement 
imply that the present bacteria cannot reproduce quickly if more wastes art! 
added? · 

Corra;ie>nt, Section IB, Evalu.itic~n of Biocnhanccmcnt in 01Jtcr Los Angeles Harbor 
r ' 

The criteria to be ~sed for cnchanccmcnt do not include mention of levels of· 
primary productivity. Please state the reason for that exclusion. 

Comment, Sc-ction_lIA, Ch.:tngcs in Fish Populntions in Outer Los Angeles-Long 
Beach Ila rhors. Fish Trawls 

This se~tion seems to he bnscd entirely on the results of the H~rbors Envi- · 
ronm(·nt:il Projects (IIEI') survl~}'R. 11,w do the results l)f other studles, such 
1s thosC' pC'rformcd {or Southern Cal iforn ta Edison Compan)', compn..re ~-ith .the 
iEP ~llf"V('\'S? Reproduced from 

best available co 
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Comment, Section IIA, Fish Populations, Conclusions on Fish Investigations 

We agree strongly with the statements in this section tha~ point out that 
since tlie original drop in fish populations in the outfall areas predated 
upgraded treatm~nt, the dropoff therefore cannot be solely the result of 
changes in eff lucnt. This point should be reflcc;ted in the summary. 

~omment1 Section IIC, Phytoplankton Primary Productivity in Outer Los Angeles, 
Ha~bor, 1976-1978 

This section presents evidence that photosynthesis has either been inhibited 
or limited by some change moro or less coincident with the changes at TITP. 
l'hc normal seasonal increases in phytoplankton nwr.hcrs were not, apparently, 
accompanied by increased photosynthesis: The tables and figures are based 
on only six of fifteen stations, with no analysis of variance, Was the mean 
assimilation ratio low in 1978 foi all· st~tions sampled? Would an analysis 
of variance show the 1978 drop in S$~i~ilation ratio to be sta~istically sig
n~ficant for \ndividual stations and/or for all stations sampled? 

. 
Com..--nen~. Section llll, Changes in Zooplankton in Out·cr Los Angeles-Long Baach 
Harbors, Conclusions 

The section says on Page IID7 that, " ••• total concentrationi:. arc not greatly 
increased ••• ". Did concentrations of zooplnnkton increase or decrease? Were 
any collections made thnt might answer this queslion, in view of the staten,ent 
(Page 11D2) that changes in ruethods·cxclude year-to-year comparisons of total 
zooplankton? 

Commcr.t. Section IIE, Changes in Benthic Fauna in Outer Los Angeles-Long Beach 
llarbors, 1972-1 

thatt 

Tilis section concisely presents ,extensive da.-ta on cha.nges in benthic popula
tions. The only statement about qualitnt-Ive differences is the statement on 
Page 11E9 that, ·~ •.• species such as Capit~l l~ c.1pi~,ta . .'. are har~y. oppor
tunistic, fast-growing species that thrive in the absence of compe.tition", an~ 

11 
••• the s~ccics occurs in many unstable (v~riaLle~ environments where 

rapi<l growth and short, year-round ret?roc.luct'ivc cycles give them ::m adv.:mtar,e. 11 

In view of the recent decline of such species, can the bcnthic environment be 
infcrre<l to ba more stable now? 

Is the sampling riear equally ·efficient in collectini srn3]l polychactes and deep 
burr.owing cl.:irJs and crustaceans that are less hardy and slower-growing? 

Voes the data on Station Al (outside the harbor) indicate that the influence 
of the h.1rbor dischargl.!s on the ,1djaccnt ocean has <lccreas<•J? 

Cor.;mcnt, Section l1F. Fi:;h f.gg and Larvae Surveys 

This sect iC1t1 presents data on temperature, s·a1 inity. and nutt'i ~nts. Similar,· 
more detailed figures would be very useful in a place easier for the reader 

... 
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to find. Scales that show the nutrients in milligrams per liter as well as 
microgram atoms per liter, would b.c useful to decision-makers -..ho must use 
these results. 

The statement (Page ,IIF13) that "secondary treatment has not significantly 
altered nutrient conditions" seems to conflict with statements elsewh-ere in 
the volume. Please explain. 

wi;at ''previous studies show that the dominant adult fish Genvonemus utilized 
the cannery area for f~raging on suspended cannery wastes ••• "? 

"The present study found M gher counts of eggs and larvae than were·~ound in 
on earlier study; this is probably due to reduced predation by adult fish 
and to more efficient sampling methods.!' Why were methods so changed as to 
prevent measuring changes in year-to-year abundance? 

The section refers to grea~ly reduced numbers of anchovy eggs and larvae, but 
omits direct presentation of the data. What quantitative statements can be . 
made about t~ decrease in abundance of anchovy_cggs and larvae? 

CootTient, Section !VB, Weighted Discriminant Analysis of Benthic Data 

This section contains valuable analyses of phyt<'plankton and other water 
column measurements. A change in the title of the section would alert the 
reader to seek such analyses here. 

~omrnent, Section VA, Phytoplankton Growth and Stimulation in the TITP.Secondary 
Waste Plume 

The sertion on methods points out that results .....-ere highly variable with all 
phytL)plankton species used except Dunaliclla ~ert iolcc-t~~ EPA work on Q.:_ ter
tiolecta (Proceeding5 of Seminar on Methodology for }~nitoring the Environment, 
Seattle, Washington October 197:3) points out. ~hnt thin alga is well suited for 
studies on nitrogen of phosphorus limitation. However, since it is tolerant of 
toxicity and requires no outside source of vitamins, it is not suitable for 
general assussrritmt of unknown algal growth factors. DlJ results with other • 
species point to apparent limitation by toxicity or viL~mins? Could TlTP ef-
f lucnt supply vitan_iins or metals that stimulate phytoplankton? 

Did preparation and treatment of samples of TITP efflu~nt allow chlorine to 
escape before the r,rowth tesJ.'? 

Since the: le-lb.oratory seawater supply and nrtif ici;il scaw::1tcr apparently both 
provided nutricn·t enrichment, .,.-hy was open ocean \,:ntL'~r not used for dilution? 

The last paragraph on Page VA7 seems to state that the effluent is diluted to 
a li. level 525 meters from the outfall, nnd a 2i. level farther nway. Is this 
an error? 

Reproduced from 
best available copy.c··:-; 
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Comment, Section VBl, TITP Secondary \..",1ste Bio<1ss«vs. Discussicm and Condusions 

The results seem to show toxicity that varies from one date to the next, but . 
that is discounted in the discussion. Considering the fact that the effluent 
varied greatly, and,was chlorinated on some dates and not others, is it not 
reasonable to· conclude that toxicity varied? 

Examination of Tables 1, .2, 3 and 4 seem to show evidence that TITP effluent is 
toxic to anchovy embryos. Are these data statistically significant?

•. 

Comment, Section VC. Cannery Waste as a Food for Anch~vies 

If the waste given the anchovies was sludge from the DAF units, is the study 
.relevant to the situation prevailing during DAF treatment of wastes and dis
charge to the harbor? 

. \:ere rigid glass rectangular tanks used, or were tanks chosen to allow circular 
swimming patterns with minimal chance of contacting a hard surface?·: 

., 
As a funding.agency the SWRCn reserves the right to make further comments on 
this report prior to granting an EIR approval pursuant to the Clean Water Grant 
llcgulntions. 

Should you have any questions regarding this review, please contsct Howard O. 
~right at (916) 322-7734. · 

&<~~:fJJ~ 
L ,. lfoi1' Dunham
'JY Division Chief 

Manager - Clean Water Grant Program 

cc: Hr. Russ Beckwith Mr. Lewis Schinazi 
EPA, Regioa IX• CRWQCB, Los Angeles .Region (4) 
San Francisco Los Angc_les 

bee: l.,l~ike F~lkcnstcin 
Ct-rnld Uowcs, Pl.inning & Rcao.irch 
Hike Coony 
Willi~m ~tt~~tcr, Leg3l Division 

r--,,
1 """ ,. r ,_, t • , 1 t · •~.., 

• . . ',_lC



EDMUND , , et:OV.'N JR .• Go.~rr 
·---··-···. ··..... ·-·---·· ··- -·····-·----·. ==================·-· -====:c ,.___ ,c_ 

)ARTMENi c;: FlSH AND GAME 
:mt R.ESl1-:.1i~C£S RECIO;-; 
1 Golden Shore 
1g B~ach, California 90802 
.3) 590-5117 or 5118 RESPONSES BY HARBORS ENVIRDMENTAL PROJECTS, 

UNIVERSITY OF SOUTHERN CALIFORNIA, AS CONSULTANT 
FOR THE CITY OF LOS ANGELES, TO THE LETTER BELOW 

22 May 1979 (RESPONSES INTERSPERSED lN ITALICS)-JULY 5, 1979 

Mr. Jeffery D. Denit, Chief 
Food Industry Branch (\\'H-552) 
United States Environ~ental 

Protection Agency 
Washington, D. c. 20460 

Dear Mr. Denit: 

Review of report titled Ecological Changes in Outer 
Los Angeles-Long Beach Harbors Since the Initiation 
of Secondary Waste Treatment and Cessation of Fish 
Cannery Waste Effluent at Terminal Island, California 

~itted to E?A by Dr. Dorothy Sou1e of the 
Harbors Environr.ental Proiects (r.EP) 

This is ir. response tc your request for review cf the subject docu~ent. 
We believe the philosophical, legal and biological issues pertinent to 
this report merit significa~t consideration; however, in keeping with 
th~ ir.formal nature of the April 5 workshop, indicated in the cover 

'letter you sent with the HEP report, we also offer these remarks as in
formal or preliminary. Any Departmental posi~ion, if requested, would 
be present~d in a letter from our Director in Sacramento. With this 
understanding, we offer the attached coCI.i.cnts. 

We believe the critj_qi;e we offer addresses the more it:J?Ortant issues 
contained in the HEP document, but we do not consider it exhaustive. 
We think there are other· issues that merit discussion and reflected our 
views on those lesser issues at our April 5 meeting. Since our meeting, 
HEP.has published a final draft of the document. Because our coll'.:Ilents 
~ere delayed, we have elected to revise the.I:l somewhat to reflect changes 
and additions to that document. 

In closing, let me say that the HEP report, even with the imperfections 
we perceive, r0presents a continuing worth~hile effort. In view of the 
ad:ninistrativ~ a~d funding difficulties that have apparently accompanied 
the accomplishment of this report, we think REP's persistence is cer
tainly coI.llllenda~le. And, although we do not always concur with conclu
sions presented by HEP, we look forward to a continuing d~alogue with 
Dr. Soule and her colleagues. 

Reproduced from 
best available copy. /.'/C" I -~ 
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We appreciate the opportunity to provide co1mn.2nt. 

Sincerely, 
-~\ . \\ 
'~~~,\(

Robert G. Kaneen 
Regional Manager 

Attachment 

cc: Dr. D. Soule, HEP/ 
SWRCB - Div. Water Quality - Howard Wright 
~~fFS, Terminal Island (Jim Slawson) 
USTh'S (Jack Fancher) 
R\~QCB 114 (Dr. Lewis Schinazi) 
EPA-SFO (Terry Brubaker) 



California Department of Fish and Game Preliminary Review of Report 
by the Harbors Environmental Project, Allan Hancock Foundation 
(Dr. D. Soule, editor) regarding the Effects of Waste Discharges 

on Los Angeles-Long Beach Harbors 

Comment: The editors, D.F. Soule and M. Oguri, feel that so many items are 
addressed which require correction or reply that the responses are inserted 
in italics in a copy of the DFG review. June 15, 1979 

Section IA - BIOENHA."-;CEME);T: CA.~ THIS CO~CEPT BE DEFH;ED Al;D NEASURED? 

The philosophical, and legal aspects of this question, used as the title 

for the introductory section of the Harbors Enviroo:mental Project (HEP) report art 

critically ilDportant to the California Department of Fish and Game (DF&G) 

because they may influence decisions made by Environmental Protection Agency 

(EPAl Cali..:ornia Regional 'Water Quality Control Boards (CRWQCBs).,. 
and the CAlifornia State Water Resources Control Board (S~"RCB) re-

garding waste discharges which, in turn, may profoundly affect the acco~?

lisimer.t of D?&G's legislated mandate. Department of Fish and Game has 

the unique responsibility to manage the state's fish and wildlife popula

tions !n accition to its charge to protect, maintain and enhance living 

resources, e charge it shares with other agencies. 

lhe prir.cipal question raised regards enhancenent and pertains to the 

~ater Quality Control Policy for the Enclosed Bays and Estuaries of 

Califo:nia (The Bays and Estuaries Policy) adopted by the SW'RCB. The 

re?ort :encs to focus upon the lack of definition of the word "enhanc:e~ent". 

Although ~e believe this focus is important, there are several other points 

that have been omitted from the discussion of the Bays and Estuaries Policy 

and of enhancement. In addition, we believe the interests and functio:1s 

of the several agencies concerned v.i.th the Policy and the enhancement 

issues comprise an important perspective that Dust be clearly under-

.·'~ ,_C



vhile these issues are debated. Therefore we offer tbe following 

review: 

1. Misunderstandings by HEP personnel have occurred in the past at 

public hearings and are apparent in the present document in dis

cussion of the Bays and Estuaries Policy and its relation to lav 

and regulatory agencies. For this reason, we believe it is im

portant for HEP staff and all others ~ho may read these comments 

to recall the poth by which the Bays ~nd Estuaries Policy wa~ 

adopted and "-hY EPA should be concerned with that Policy in its 

thinking about discharges of seafood processing wastes to the 

marine environment as the Agency carries out its duties required 

by Section 74 of the Clean Water Act of 1977. 

Contrary to statements contained in the introductory para-

graphs of the Bioenhancement section of the HEP's report, the 

State Water Resources Control Boards and the Regional Water Quality 

Control Boards were created in their earliest form ~hen the 

Legislature passed the Dickey Act in 1949. 

Comment: The clear intent of the introductory statements made in Section IA 
of our report is to outline the developments that led to the need to establish 
a definition of "enhancement" as it appears in the document cited in our 
report. It is impossible to establish the existence of such a condition as 
enhancement unless there are criteria to establish what is to be demonstrated. 
It was not our intent to document all of the legal milestones involved in 
environmental law; clearly, the 1969-70 period was when the poi.•er of compliance 
was delegated. 

a. In 1969, the Porter-Cologne Water Quality Control Act 

redefined the role of the SWRCB and broadened its powers. 

In 1972,.the Porter-Cologne Act was amended to enable 

California to be designated by :EPA to administer PL-92-500 
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in California. 

b. Section 301C.3 of PL-92-500 sets forth the mechanism by 

which state-enacted standards, when approved by EPA, 

become the applicable federal standard for state waters. 

The Bays and Estuaries Policy, adopted by the State 

Board and approved by EPA, is an example of this mech

anism. For this reason, and because the Policy specifi

cally applies to the Los Angeles-Long Beach Harbor complex 

not only the SWRCB but EPA must weigh the enhancemer.t 

issue when considering discharges to harbor waters. 

Comment: The first paragraph of our report (without going into legal section 
numbers) is directed at getting to the section of Bays and Estuaries Policy 
under which the Regional and State Water Quality Control Boards were discussing 
the cannery and Terminal Island sewage effluents. We did not intend to docu-

' ment the history of all environmental efforts at enforcement in the harbors 
(e.g., since 1916, when complaints about sulfide fumes were recorded),but to 
indicate the rationale on which the 1978 studies were based. 

c. In 1974 the State Board adopted the Bays and Estuaries 

Policy. It is important to note the Policy is not a 

"plan" as defined by the Porter-Cologne Act. According 

to Section 13050(j) a "Water quality control plan" must 

designate 1) beneficial uses to be prot~ct~J, 2) w~tcr 

quality objectives and 3) a program of impl~rnentation. 

This apparently is not the case for a "policy". Many 

of the additions advqcated by the REP document 

would convert the Bays and Estuaries Policy into a 

"Plan" as defined above. In view of subsequent diffi

culties with issues such as the definitiQn of enhance-

ment, such a conversion may have merit • 

..... 
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Comment: There is no place in our document, Marine Studies of San Pedro Bay, 
California, Part 16, where we intimated anythi,ng about a "pla.n" instead of 
a "policyn. Nor have we been confused over the difference. Rather, we 
described some of the "evolution" (p. IA5) exhibited in the stated goals of 
various plans for the har'bor, solely in order to make the point that no 
resource-oriented environmental goals were even expressed for organisms or 
habitats until very recently; only "people" goals were spelled out. 

2. The stated purpose for the Bays and Estuaries Policy, presented in 

~he first introductory statement of the Policy is " ••• to provide 

water quality principles and guidelines to prevent ~ater ~uality 

degradation and to protect the beneficial uses of enclosed bays 

and estuaries" (emphasis added). We believe this statement 

clearly indicates that when it adopted the policy the SWRCB did 

not intend to create a plan but acted only to tleclare its policy 

intentions and left the prescribing of mechanisms for achieving the 

policy for Regional Boards to accomplish. 

Com:nent: Authority was delegated by EPA to the State of California Water 
Quality Control Board and the Regional Boards to make determinations and issue 
permits for effluents. Presumably this meant a better measure of local control 
and on-site information. The Regional WQCB, as a matter of record, found in 
1976 that enhancement was occurring; but this finding was twice rejected by 
EPA Region IX, as we recall. The RWQCB was ordered to withdraw their drafted 
permits for the cannery effluents, and the Terminal Island Treatment Plant 
was permitted a year of secondary effluent emission to monitor and attempt 
to determine whether enhancement existed under the new conditions. There was 
no "Plan" involved, but clearly a "Policy" was involved, which is stated; 
however, it has not been possible as yet to define the word "enhancement" 
biologically, to EPA's satisfaction. A draft of the chapter on bioenhancement 
was circulated to a number of scientists and the RWQCB for comment several 
months 'before the April draft was assembled. 

It is clear that the law, as it exists at any given zooment, is subject to 
enforcement. However, laws are usually general, and regulations are created 
~o implement the laws with specifics. Regulations can and should be changed 
in the light of new information; so can the law, although it is admittedly 
a much slower process. 

But, there must 'be provision for feedback in the Regulatory hierarchy. Costle, 
Jorling and Davis of the EPA have all made speeches a'bout the desire of the 
Agency for input from the public (I assume the scientific community is at 
least included in that category). Jorling has recently asked the rhetorical 
question as to whether the Agency is capable of flexibility, and of mid-course 

c.·-~ 
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correction in the light of new evidence,-- or is the Agency too monolithic 
to adjust? If there is no connection between the administrators and the 
local regulatory groups, then no changes in regulatory posture occur in 
spite of speeches made. 

• 3. The State Board declared its intention to be that " ••• the dis-

2/
charge of wastewaters and industrial process ~aters •••- to en-

closed bays and estuaries •••• shall be phased out at the earliest 

practicable date." (Chapter l Section A). We believe two points 

need to be made about this statement. 

a. The issue of enhancement applies to the exception rather 

than the rule. This indicates to us that the demonstra-

tion of enhancement must be unequivocal. 

Comment: The comment concerning the definition of enhancement again applies 
here. How can enhancement be declared to be unequivocal if nobody will issue 
a definition and criteria for measuring the conditions? 

Any good biologist would surely qualify his/her remarks, as there are no abso
lutes (unequivocals} or guarantees in biologg. It is patently impossible to 
come up with any biological statement that can not be argued to some extent 
by peers. 

There are no other regular organized studies of the same harbor area in ques
tion, covering the same lengthy time period. Reference to other areas of the 
harbor (Edison) or other sites in California, or random diver observation can 
not be applied to the site of the precise area (case study) to which the 
question of bioenhancement was directed. 

b. Footnote 2 refers to the discretion that RWQCBs have 

regarding implementation of the Policy. We believe this 

again indicates the State Board's intention to provide 

g~neral guidance only and leave specific determinations 

regarding enhancement for the Regional Boards to decide. 

Comment: If the footnote, as referenced, delegated the decision-making to the 
RWQCB, why have they been forced to withdraw the drafted permits because EPA 
Region IX objected to them? 

C __] 
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4. We believe the SWRC13 clearly indicated why dischaq;es should be 

eliminated from bays and estuaries ar.d why the demonstration of 

enhancement should be clearly beyond question before exceptions 

are granted. For example, Appendix A to the Bays and Estuaries 

Policy is an analysis of comments received by the State Board 

prior to its ado~tion of the Policy. On page 5 of Appendix A, 

in the Discussion section, is the following statement: 

"The enclosed bays and estuaries of California have 

values to the people of the State far in excess of what might 

be expected on the basis of their size alone. Asid~ from the 

San Francisco Bay Delt~ system, they are fairly small isolated 

features which presently receive modest quantity of cunicipal 

and industrial wastes (See Exhibits C and D). In view of the 

value of this resource, the low uastet..ater flows \.hich are pre-

sently discharged, and their proximity to open coastal waters, 

the staff believes that it is both desirable and feasible to es

tablish a policy in which the criteria for discha~ge is water 

quality enhancement rather than mainte~ance. 

"Experience has shovn that within a wide range of treatment 

alternatives, ocean discharge is generally preferable to estu

arine or bay disposal. We have a particularly good example of 

this in California (i.e., San Diego Bay)." 

Comment: The last sentence of the second - paragraph uses the words" ..• water 
quality enhancement rather than maintenan:::e." The root of the problem has 
continued to be that a dictionary definition, such as suggested in the last 
paragraph of your review (p. 5) does not deal with biological resources; it 
deals with "people goals". 

Consider another Webster dictionary definition of enhancement: "to advance; 
to augment; to increase; to heighten; to make more ~ostly or attractive; ••• 
to render more heinous; to aggravate •••" Not particularly relevant to the 

C . .._ 
,,,,.. . - ---
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problems at hand, but open to a wide variety of applications. Criteria are 
essential. 

With the above review in mind, we wish to return to the HEP's discussion 

of the enhancement issue. Consider1ng a similar case, regarding the en

hancement issue and municipal discharges from the City of Arcata to Humboldt 

Bay. the HEP document states that a letter on the subject, written by 

Mr. Bill B. Dendy, Executive Officer of the S~'RCB, goes beyond footnote 3 

of the Bays and E~tu~rics F0licy b~caus~ h~ stipulated unint~rrupt~d pro-

tection. We disagree. Footnote 3 provides for percent-survival tests as 

a measure of enhancement, as the HEP document notes; ho~ever, the footnote makes 

three additional and, in our opinion, itn?ortant statements: 

1) Maintenance of survival alone shall not constitute a demonstra

tion of enhancement. 

2) "Full and uninterrupted protection for the beneficial uses of the 

receiving water must be maintained." 

3) Regional Boards may require physical, chemical, bioassay and 

bacteriological testing prior to authorizing discharge to en-

closed bays or estuaries. 

We btlieve these statements place the full responsibility upon 

Regional Boards for deciding enhancement issues and we think there is 

wisdom in allowing Regional Boards to make primary decisions governing the 
. 

~aters ~"ithin their purvie~, wfth a higher level of review vested in the 

SWRCB to resolve conflicts that may arise. 

Comment: Note that the Boards are supposed to make decisions. 

( - _::-; 
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In view of the "full and uninterupted protection" provision stated 

in Footnote 3 and reaffirmed in Mr. Dendy's letter, we cannot concur with 

the statement on page 5 of the HEP document which says " •••• it seems 

desirable that, in semi-enclosed bays and harbors, some averaging con

ditions should be allowed over space." 

Comment: This is HEP's stated opinion. 

We believe enhancement can and should be defined. As a point of 

departure, we believe a dictionary definition is appropriate: (i.e. to 

increase or make greater as in value, beauty or reputation; augment. To 

improve or make better). However, we believe the determination of en

hancement should be on a case-by-case basis •.We suggest that one_way to 

accomplish this task would be for the Regional Board_ to appoint a committee 

consisting of representatives from regulatory agencies, academic institu

tions, and industry (i.e., the discharger). The committee would have at 

least the following tasks: 

1) Heet before the enhancement demonstration is undertaken to deter-

mine the criteria to be satisfied and to evaluate study plans 

proposed by the affected discharger. 

2) Monitor the progress of studies and suggest appropriate modifi

cations. 

3} Evaluate the studies upon their completion and make findings and. 
recot::Inendations to the Regional Board. 

Comment: With regard to establishing a committee to design the investigations 
prior to the study: The fact is that HEP put public information above pro
prietary contracts and was able to obtain a baseline that~ single agency 
funded, over a long period (1970-1979). 

The scope of work for 20-30 contracts and the federal Sea Grant Program were 
designed with the needs of the various funding agencies or entities in mind 
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and to meet federal, state or local requirements. The procedures used are 
acceptable worldwide. The early USC Sea Grant Program (1971-75) was reviewed 
by national panels and selected specialists, and was subjected to annual site 
visits of 20-30 people as well. 

The 1976-78 studies were planned with the active participation of the Regional 
and State WOCB; the field work was carried out with Regional and State WQCB 
people on board the research vessels, as well as representatives from the 
Ports of LOs Angeles and LOng Beach and the City of LOs Angeles Public Works 
environmental staff. 

Review copies of our report were sent to academic institutions across the 
country. The Washington office of the National Marine Fisheries Service has 
circulated many copies of the summary and Mr. Leitzell, the Director of NMFS, 
has made the study of effluent enforcement a priority item for an advisory 
subcommittee as well as for his Habitat Protection division. The Science 
Advisory Board of EPA has also initiated examination of effluent guidelines 
as a priority. 

The DFG resources and environmental staffs were supplied with copies of the 
full volume as soon as it was delivered by the printer. A partial draft was 
courier-serviced to Mr. Dysinger on February 7, in an attempt to provide him 
with research results which EPA had said they were unable to fund as part of 
their Report to Congress on seafood processing effluents. It was probably 
gullible of us to expect that any EPA personnel might view the document as 
a resources study and not something which they considered "illegal" before 
the document was even written. EPA apparently regards any flexibility on 
effluent regulation as leading to the "domino effect" on EPA control, without 
regard to whether mid-course correction is needed to save the environment 
rather than to save the bureaucracy. 

We agree with the suggestion in the HEP document that several criteria 

should be applied to a determination of enhancement, but we suggest that 

the concept of protection of beneficial uses (as defined by law and basin 

plans) be included in those critera. Generally, we support the idea of an 

enhancern~r.t ~e~onstration for gaining exe~ptions from the Bays and Estu

aries Policy provided: 

1. A beneficial use is created o~ enhanced. 

2. ~aste discharge requirements can be set to assure full and unin

terupted protection of existing beneficial uses. 

!3. Continued discharge to bays or estuaries would not cause con

flicts in the uses that could be made of the receiving waters in 
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the absence of the discharge. 

4. Benefits accrued from allowing a discharge to bays or estuaries 

do not compromise fish and wildlife resources or preserves. 

Comment: The HEP harbor research clearly showed a decline in benthic organisms, 
fish and birds that cannot be explained away bg DFG statements that the animals 
are just m:,re normally random in distribution. Even cursory examination of 
the 1977 data reported in the Southern California Edison study (EQA-HBC 1978) 
shows incredible oscillations in the fish populations near the intennittently 
flowing warm water discharge. Figures are attached to demonstrate this. 

A report of 3385 dead California gulls in outer harbor waters due to an oil 
spill would rightly be viewed with alarm and horror by DFG as an environmental 
insult. But the HEP report that there were 3385 fewer birds per observation 
day, as documented by an eminent ornithologist, was considered by DFG to be 
equivocal or of no significance. DFG cannot decry the loss of California Gull 
nesting sites at Mono Lake (Los Angeles Times) even at a cost of depriving 
'thousands of people of drinking water, after having said that a 23-fold decrease 
of California Gulls in the harbor is just a loss of garbage-eaters (LOng Beach 
Independent) and that gulls eat Least Tern eggs~ We have found no reference 
to support the contention that gulls do damage the Tern population by eating 
Least Tern eggs in the harbor. It was documented in the HEP report and the 
newspapers that humans (with trucks or bulldozers) disturbed Least Tern nesting 
on Terminal Island in previous years and that Least Terns did achieve nesting 
success when undisturbed by people. 

Summary and Conclusions 

The remarks offered below are intended not only to recapitulate points 

we believe to be important but to respond to questions contained in the 

"General Review Criteria" section of the L.A. "Harbor Enhancement Study 

Review Criteria enclosed as EPA guidance for ~eviewing the HEP docu-

ment. 

1. Gl~Ol~r.:1lly. \./C believe thert.' is " pl.Jc<' f,,r both m:,n:q;ed .:1rtificial 

environments and natural and pr is tine er.vironments • ~'..'.ll'l..'.lbt!c.l 

environments, in our view, j_tr.ply hatchery operations for the 

case at hand where nutrient inputs, water quality," and wastewater 

quality are carefully and completely controlled. Hatcheries and 

f _] 



other aquaculture operations have a valid place in the husbandry 

of liviDg marine resources, both as food sources for man and for 

the enhancement of a species for its own sake. We do not, ho~ever, 

concur with the concept implied in this document and advocated 

else...-here by HEP staff for an "open aquaculture" systet:1 especially 

in bays and estuaries because th~? offe~ the potential for un-

desirable eutrophic conditions and because they do not provide 

for strict controls of such factors as ~ater quality or nutrier.t 

inputs of proper type in proper amounts, nor do they assure that 

desirable (i.e. for market or sport) fish species will be harvested. 

C-n the other hanJ, n~tural nursery grounds and refuges that 

estuaries or bays provide should be preser1ed. ~e·believe the 

Bays and Estuaries Policy in its present form will help attain 

this objective. \, 

Comment: Hatchery environments have been the particular expertise of DFG for 
many years, because the original mandate in part was to provide freshwater 
anglers with fish to catch. Hatcheries for marine species are in their 
infancy by comparison, and closed-system, single-species aquaculture has 
encountered many difficulties with mass infections and mortalities, and poor 
flavor or texture in some final products. The so-called open aquaculture 
system is a permitted function under EPA regulations (318) for semi-enclosed 
basins, but so far it seems to have been used only to enable power plants to 
enlarge their bundaries for thermal compliance and perhaps to raise gourmet 
lobsters. 

Comment: With regard to the lack of ability to manage effluent nutrient loads, 
HEP has worked on computer models for several years to move toward managing 
a semi-enclosed body of water. we were, in fact, successful in working with 
the canners between 1975-1977, to maintain water quality. StarKist Foods limited 
their reduction plant processing on the basis of monitoring, sometimes daily 
and sometimes twice a week, for BOD loading and BOD and DO in the effluent 
plume. Temperature and seasonal meteorologic and oceanographic conditions must 
also be taken into consideration, based at this point on expertise, not on 
modeling. There were no rrore episodes of zero DO in the harbor after we began 
to work together. There also have not been any m:,re harbor-wide red tide 
episodes since 1973-74, although no one knows what the triggering mechanisms 
are for dinoflagellate blooms. Phytoplankton still remains higher than normal 
in Long Beach almost all year long, particularly in the area of the receiving 
waters for the Los Angeles River, around Pier J, and in 1978 in the Long Beach 
Middle Harbor and Back Channel. 

r.. ·.J 
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Comment: While people consider clear water to be esthetically pleasing, NMFS 
scientists and others have shown that larval fish need turbid waters to cut 
down on predation and to provide sufficiently dense phytoplankton for contin
uous feeding. Therefore, a compromise in favor of the larval and juvenile 
fish in the har'bor would seem to be appropriate, since clear waters for swim
ming and water-skiing a:roc>ng the tankers and freighters are not considered 
appropriate uses of m:,st of the harbor. There are, of course, and for years 
have been, swimming areas at Cabrillo and Long Beach in the harbors. 

Comment: The har'bor has been eutrophic only in the sense that it is not nutrient
limited for organisms. It has not been eutrophic in recent years in the sense 
of supporting algal scums such as happens in freshwater lakes and streams. 
Beginning in 1969-1970, when legislation put the power of enforcement into 
pollution control (even if the DFG reviewer believes that it was possible earlier), 
the harbor improved dramatically. This was documented (Reish, 1971). Raw 
sewage under every boat and dock, fish cannery scrap and industrial wastes from 
refineries certainly provided excess nutrients, but depleted the oxygen severely. 
Once oxygen returned to anoxic areas of the harbor, blooms followed, but so did 
a wide variety of organisms. 

Comment: If HEP advocated dumping toxic chemicals into the harbor, or making 
irreversible alterations to the marine waters, it would rightly be viewed with 
alarm. That is not the case. All we have suggested and recommended are large
scale experiments, in the outer harbor instead of in the laboratory, of con
trolling effluent quality and quantity. Surely it is not such a drastic, 
9angerous, threatening proposal to try something a little different to see 
whether we can build up inshore fish populations once again. If computer tech
niques, monitoring and good management of effluent levels don't produce the 
desired results, or if degradation results, the permits can easily be revoked. 
An adequate test period would perhaps resolve the entire question. 

In many places around the world inshore fish populations have declined; where 
salmon carcasses no longer decay in Oregon rivers and cannery effluents have 
been shut off, larval salmon apparentlydon't survive in adequate numbers; it's 
in the literature. We repeat, What is so perilous about trying an open 
aquaculture experiment? 

2. Enhancement may well be a valid reason for granting exception 

to a policy prohibiting waste discharge to enclosed bays and 

estuaries, but the criteria fqr evaluating enhancement as 

defined in the HEP document are inadequate for several reasons, 

including but not limited to the following: 

a. The criteria do not include protection of beneficial uses 

defined by law and in current Basin Plans. Instead, the 

en,, 
, I -
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beneficial uses defined by the Los Angeles RWQCB in 1969 

are listed (on page 5) and criticized because they were 

''based only on human orientations ••• " and " ••• no mention 

of natural or biological environment was made." 

In contrast. we note that beneficial uses sp~cificd 

in the Rt-fi~CG ':.: •:urrl'nl ( 1978) 13.'.lsin Pl:ln f,,r ttie - "' , Los ,\n:;,•Ie.:.·-

Long Be.:1ch Harbor complex inclu~\!: 

Industrial ~ater supply 

Navigation,' coI!lClercial, and naval shipping 

Water contact r~creation· (e.g. swiI:l?lling) 
rr- ( y--_.> 

Non-cont~ water recreation (e.g. boating and fishing) 

Commercial fishing 

Preservation of rare or endangered species 

Preservation of marine ecosystems ind.uding propagation 
and sustenance of fish, shellfish, marine mammals, 
waterfowl and v-egetation such as kelp. 

Because the beneficial uses do include consideration fo: 

biological values, we believe they are a valid criterion for 

determining enhance~ent. 

Comment: There was absolutely no suggestion in the HEP document that the other 
uses of the harbor were not valid. Page IAS of our report presents a dis
cussion of beneficial uses ana suggests the possible expansion of these. It 
has been the HEP observation that agencles do not seem to recognize that one 
of these beneficial uses is the use of the harbor as a delivery system for 
the 10 million people in Megalopolis. The Coastal Commission, DFG, and F&W 
have, on the contrary, generally applied intertidal open coastal habitat 
criteria to harbor pilings, to the dismay of port authorities • 

•
b. Although the criteria do distinguish bet~een benefits to nan 

and perceive benefits to the biota for their 01.n sake, they 

do not make distinctions be~ween evaluations based upon 

biological parameters (e.g. species diversi~y) and ~hose 

, , ... .. ,__f. 



-14-

based upon political, legal or other p~rameters based upon 

human value judgement (e.g. species ~ith sport or commercial 

value; designation and definition of rare and endange=ed 

species). We believe it is i~portant to distinguish between 

enhancement that assures full and uninterrupted protection of 

nursery grounds, for instance, and enhancement that makes 

desirable sport or comm~rcial fish species more convenient. 

Comment: The scope of work of the TITP EIR or any other biological investiga
tion did not at ang time call for HEP to do research on political, legal or 
human value criteria. We discussed them as the introductory frame of reference 
to establish why the field and laboratory research were needed and what uses 
would be made of the document. 

c. The criteria for enhancement favor an "averaging" concept 

rather than the full and unioterupted protection clearly 

~roclaimed in the Bays and Estuaries Policy. 

3. We believe that marine ecosystem management programs incorporating 

inputs of wastewater as a major component of the plan should be 

con~ioed to closed, carefully controlled systems such as hatcheries 

or, 'at the most liberal extreme, in marshes created or augmented 

by carefully controlled wastewater flows. 

Comment: flaste water in a marsh may in some cases do more damage than good because 
the mineralized nutrients in secondary waste water force the system toward 
eutrophication. 

4. We believe the work presentetl has omitted meaningful comparisons 

with other similar enclos~d bays suci, ~s San Di~go Gay. Wnst~ 

discharges for example have been largely eliminated from San Di~go 

Bay. Preliminary data gathered by DF&G personnel monitoring fish-

.. 
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eries populations in that Bay indicate that 
.(#'

the spiny lobster {Panul4;1ts interruptus), a species historically 

recorded throughout the Bay is slowly returning after a period of 

absence presumably linked with waste discharges to the Bay. 

Comment: HEP does not feel that San Diego Bay has had an adequate, long term 
baseline study suitable for comparison with the HEP baseline and research 
carried out for the City of Los Angeles TITP EIR study. The reviewer ignores 
the mandate of the TITP study. San Diego Bay is a very different hydrological 
entity, with severe flushing problems due to piecemeal dredge and fill and 
multiple runoff sources. Fish cannery wastes were never examined as a part of 
the San Diego Bay system. We suggest that a study similar to ours be carried 
out by DFG to ascertain whether or not the San Diego Bay is similar to Los 
Angeles-Long Beach Harbors. 

The spiny lobster may be returning because of removal of San Diego Bay sewage, 
and/or because the role of surf grass as the habitat for the smallest larvae 
has been identified, and/or because of oceanographic conditions, flushing by 
rainstorms, the temperature and duration of the winter countercurrent, and/or 
because DFG has enforced size limits on SCUBA divers' take. It has little 
bearing on the lobsters found on the Federal Breakwater in Los Angeles-
Long Beach, or on t:he conduct and results of the legitimately scoped research 
by HEP on the TITP study. Divers found a 15 lb. lobster on the Federal Break
water in 1977; no conclusions can be drawn from that, either. We have avoided 
announcing their presence, to avoid depredation. 

Did DFG in fact measure water quality and BOD, TOC, TVS, etc. before and after, 
and carry out a sampling program suitable for making the assumption that the 
lobsters in San Diego Bay were linked to wastes? Was their scope of work 
designed by a committee and supervised by an on-site advisory group? 

As referred to in the critique, there is no indication that the ''population 
dynamics" criteria, which were not otherwise identified, used to criticize 
our report are available or were t:hought of in considering the San Diego 
lobster population. 

. . 1/
5. ~e believe that cautions offered by Calaprice (1979) - are valid. 

He states that while biostimulation has occurred, only a s~all 

fraction of the energy of organic matter discharged to the marine 
• 

envircncent in sewage sludge has been used through the harvest 

of marine species. 

New Comment: Only a small portion of an!;l enf!?rgy level is transferred to other levels. 

Calaprice, J. R. 1979. Draft SwmnaryReport. Evaluation of Marinell 
Impacts of Sludge Discharge to the Ocean under Baseline Conditions. 
Report to the Los Angeles/Orange County Metropolitan Area Project for~ 
Reg_ional Wastewater Solids HanageL'l~nt Program (l.A/0'.:AA Project)· Pg· 41 
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BIOLOGICA!.. RESOURCES 

Summarv of Comments 
. 

The remarks ~hat follow are offered in response to the EPA 

"Technical Revie,., Criteria" of the L.A. Harbor Enhancement Study Re

view Criteria enclosed as guidance for reviewing the HEP's document. 

As we understand it, the approach to the study plans for this 

section was to collect data in the Los Angeles-Long Beach 

Harbors during normal cannery operations with discharge to harbor waters 

and subsequently compare them with data collected after discharge from the 

canneries was diverted to the Terminal Island Treatment Plant. ~e 

believe this is a reasonable approach, and if properly done, could 

provide meaningful results. 

However, we believe several erroneous assumptions and applications 

of imperfect logic to data admitted to be inconclusive, have led to 

error.c0us co~clu~ions. For in~t~nc~. DF&G fish block c~tch st3tistjcs 

are used in the document to t~uge po?ulatior.~- Ho~ever, these d3tn 

only reflect catch and effort and not actual populations. For another 

example, although many variables pertaining to population dynamics are 

mentioned we do not believe the effects they may have are accurately-
portrayed in several cases. Also, we believe the sampling techniques and 

level of effort employed to collect data on population dynamics are 

barely adequate for the task at hand. 

In several cases, the report ad~its that the data do nut lend 

the~selves to statistical analysis. We believe the lack of statis

tical 'analysesjl concert ~ith the lack of a portrayal of future har

bor development upon marine biota t,hat might be found there whether 

cannery discharges to the harbor continue are serious shortcomings 

~' -···, .., 
.:.,.., " ~-
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of this section. These deficiencies also reflect an incor.:plete state-

ment of qualifying factors pertinent to any conclusions drawn fro~ the 

data. In short, the cause and effect relationships portrayed are based 

largely on circumstantial evidence and coincidence with little re-

!liance c~ hard data having statistical significance. 

Coll'fflent: "Erroneous assumptions, imperfect logic, inconclusive" data •••• and 
Hr. Kaneen looks forwara to continuing dialogue with HEP? 

What would DFG suggest in lieu of a non-existent, prior, long-term, ongoing 
inshore fisheries trawl inventory program and an identical offshore program? 
At the suggestion of SWQCB and DFG, we used the only data available to us to 
attempt assessment of fluctuations in coastal populations over a large area. 
DFG data are tabulated in a variety of ways, and the assistance in obtaining 
data of several DFG people (Messrs Collins and Oliphant, Ms Wine) and Mr. Verna, 
the bait dealer, was very much appreciated. Ms Cooksey and Ms Smith, former 
DFG aides, carried out the dock surveys fer HEP. 

The reviewer decries the lack of statistical treatment but substitutes "belief" 
(four statements on p. 10) and opinion on his part. 

Comment: Sections IV and VIB of the HEP report do detail statistical treat
ment of those data which could be so treated. The treatment presented is per
haps different from what your reviewers are familiar with but are acceptable 
means of data analysis. Stephens' fish data were treated with standard statis
tical methods, as indicated. 

What has the lack of certain statistical analyses to do with future harbor 
development? We dealt with the latter in the Report to the Army Corps of 
Engineers (AHF, 1975; 1976) in the Master Environmental Setting (Port of Long 
Beach, 1976), in the SOHIO EIR (SES-AHF-SI, 1976) and in the TITP Preliminary 
Draft EIR, among others (all cited). Obviously the reviewer did not look at 
any of the references. It should be noted that the Phase I TITP EIR deals only 
with relocating the outfall pipe if the Los Angeles Main Channel dredging takes 
place. The research report was not supposed to deal with any of these factors. 
It was supposed to be a resource document and will be used as such. The DEIR 
dealt properly with completion of the TITP project. 

Taken by themselves, without qualifiers or assureptions, we believe 

~be data can just as readily·be interpreted as showing that since 

cannery effluents were diverted from the harbor, populations have dis

persed from an attractant focus to more normally t·andom distributions. 

,-, ,_ 
, J,_ ~f 
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Comment: " norma.lly random distributions:. The data cannot be interpreted 
to show that populations are dispersed in a random pattern. Fish and other 
mobile organisms are not randomly distributed like thrown dice; they are dis
tributed according to physical, chemical and biological preferences and/or 
requirements. Since food is at least as important as habitat and protection 
from predation, sorre fish will '110Ve long distances in search of food. Others 
do not m:>ve any great distance and simply will not survive and reproduce if the 
food source in their area disappears. By dealing with mean populations in the 
Edison report the trends downward have been masked. Because this is such an 
important point, we attach new graphs comparing the Edison data with the HEP 

data, which show very similar downward trends. 

Section IIA - FISH POPULATIONS IN LOS ANGELES-LONG BEACH il.a.R.EORS 

This section of the report portrays trawl data, creel census data and 

catch statistics in an attempt to portray changes in fish populations. Our 

analysis is as follows: 

1. Page ID contains a statement that white croaker (Genyone=1us 

lineatus) are scld as "butter£ ish" at ·about $3 per pound. This 

is probably an erroneou!:l statement. W11i te croakers are often 
,, I 

sold in mark~ls a~ either kingfish or tom cod~. Th~ market 

demand for this fish is limited to the Los Angeles area. 

Current market price for this fish is about 70c per pound. 

Butterfish on the other hand is the common name for 

Anoploporna fimbria which is also known as sablefish ~/ or black 

cod 1:.1. Although butterfish may sell for $3 per pound, it is 

illegal to sell white croaker as butterfish. 

Comment: It is not an erroneous statement. The quotation marks are purposeful; 
so was the sale of croaker on the dock and the subsequent marketing of it under 

. 
2/ Gates, D.E. and H.W. Frey. 1974. Designated Common Names of Certain Marine 

Organisms of California. In Fish Bulletin 161. Calif. Dept. Fish and 
Game. 90 pp. 

Y California Adroinistrative Code, Title 14, Section 103(2). 
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the guise of "butterfish" It may be illegal, but it was being done. Contrary 
to the statement, the comm:,n name "butterfish" is applied to several species 
of the genus Peprilus on both the Atlantic and Pacific. The sable fish 
(Anoplopoma fimbria), also known as black cod, is not caught by dock anglers 
but occurs only in deeper waters; the National Marine Fisheries Service has 
several fisheries development documents which allude to these commercial 

• It
species. 

2. On page IIA-4 the statement is cade that trends in fish popula

tions in the harbor cannot be related to "t.aste discharges. We 

believe this to be an understate:?lent because the "populations" 

cited are small parts of the larger whole which can move freely 

into and out of the harbor complex. 

Comment: We are glad that the reviewer feels that the statement attributed to 
us is an understatement. We feel that the reviewer makes a misstatement of 
what was said in the text. A few years ago DFG thought the harbor Engraulis 
was an endemic species and also that the harbor croakers never left home. 
The statement on p. II A 4 is misquoted by DFG; it says "There is no practical 
method for directly relating the fish populations to the wastes. However, ••• " 

Nevertheless ~e believe that 

the trawl data reported are incomplete because they do not con

tain data concerning such factors· as salinity, water temperature 

anJ other physical/chemical parameters. Our experience has shown 

us that these fa~tors can influence trawl sampling. 

However, even if we assuce the parameters were recorded and 

factored into the reported data, discussions of these data do not 

(except in one or two cases) make comparisons between population 

dynamics of a species within the harbor and the population dynamics 

of the same species outside the harbor. 

·combs, Earl R., Inc. 1978. A study to determine the export and domestic markets 
for currently underutilized fish and shellfish. Prepared for U.S. Department of 
Co1m1erce under Contract No. HO-AOl-78-00-4037. 376 p. 

Anon. Fisheries Development Task Report. 1979. By NMFS, NOAA, Dept. of 
Cormr,erce. 106 p. 
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Comment: Honthly records at 43 stations at l meter intervals through depth 
were taken of temper~ture, salinity, DO, pH and turbidity, AS INDICATED IN THE 
DOCUMENT. Records are used in interpreting all the biological data, as, for 
example, in the multivariate analyses. It is not feasible to publish all raw 
data, given the limits imposed by printing and mailing costs, and the limits 
on EIR size imposed by CEQA. For the record, the heavy rainfall of December 
1977 occurred after the two fish trawl dates. 

No "population dynamics" studies were included, although fish measurements are 
on file. Data were not presented because of the lack of comparable "offshore" 
studies. 

3. ln the revised document changes in anchovy density in the harbor 

("about 100 fold" decrease) are compared to changes in anchovy density 

"offshore" ("four fold" decrease). Other than these references in 

the text, no data are offered nor.is a definition of "offshore" 

presented. If "offshore" carries its usual meaning (i.e •• deep, 

open ocean waters as opposed to near-coast shallow waters or 

"inshore"), these comparisons are not sur:>rising and not 

nec~ssarily ref]cctive of chan~es in the harbor. Tt1i~ is bec~use 

data collected by the Department indicates that a reproductive 

failure in 1976 caused a·low population throughout the southern 

California Bight. Reproductive failure could easily account for 

a "100 fold" decrease in juvenile populations found in the harbor. 

Comment: Offshore refers to the fact that the DFG released the acoustical survey 
data to the newspapers (Los Angeles Times, Mar. 79) on the anchovy stock off
shore; it reflects the fact that inshore (in the harbor) there are now insuffi
cient anchovy for a bait supply; it reflects the disappearance of Engraulis from 
trawls where they used to occur in swarms; it reflects the fact that the egg 
and larvae trawls "inside and outside" couldn't find eggs in season. The DFG 
acoustical survey station data should be available to the DFG reviewer if he 
is unaware of the locations sampled. 

Comment: The statement by .the DFG reviewer that "no data are offered" is not 
true. Page 92, Table 18, of the HEP report is based on the records of The 
California Department of Fish and Game, and this is indicated in the heading 
for that table. 



21 

Comment: Note that the "reproductive failure" of 1976 was followed by a 
m:>dest recovery in 1977. The harbor used to be defended and protected from 
development by DFG on the grounds that it was an essential nursery ground for 
anchovies. One of the main reasons for the Corps of Engineers 1974-75 studies 
(AHF, 1975; 1976) was the controversy over the threat .to the nursery. Now 
DFG would have it that there appears to be no connection between food and/or 
habitat and "reproductive failure". On the contrary, there was the largest 
egg and larvae census in recent history in 1975; the one-year class failed 
to recruit, which is quite a different matter. The larvae didn't survive, 
for unknown causes. But the enormous drop in the harbor coincident with loss 
of particulate waste food and loss of phytoplankton, cannot but have affected 
the harbor as a potential contributor to the "offshore" stock. 

4. Commercial partyboat angler records are used to portray fish 

populations in the vicinity of Los Angeles-Long Beach Harbors. 

Again, DF&G catch statistics are intended to reflect only catch 

and effort. It is a fundatile?tal error to make population esti

mates from these data because variables such as selectivity of 

gear, number of fishermen, number of boats in the fleet, and 

weather influence both catch and effort. Another source of 

e~ror results because the catch data are reported by the fisher-

men, or in some cases, by clerical personnel at markets and land

ings where fish are unloaded. ·Fishermen are sometimes indifferent 

and clerical personnel often uninformed obout ~here fish were caught. 

5. The bait catch and creel census data are portrayed as 

showing interesting, coincidental phenomena but, according to 

the document, cannot be used to make statistical analysis nor, in 

our opinion,can they be used to reach any sound conclusions of 

-the type offered. • 

Comment: The creel census was done by two pP~r!e who have been hired by the 
DFG for conducting a creel census. The committee on the scope of work wanted 
it done, imperfect as the creel census may be statistically, and coincidentally, 
the results fitted in with other data. As indicated, these are considered to 
be supporting data only. Attractive young ladies may have more luck than 
uniformed wardens in getting people to talk about their catch, especially when 
they are knowledgeable about fish species. 
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For example, a creel census requires careful documentation 

of catch versus effort and complete enumeration of fish with 

weight or length, or both~ This normally is accomplished by 

placing a person at a point of restricted entry, such as at the 

foot of a pier, counting anglers' time of entry and exit 7 nu::nber 

of anglers, number of fishing rods, and recording measurements of 

fish caught. Because people are occasionally reluctant to show 

their catch, uniformed personnel using prominent visual aids are 

used to overcome reluctance and to better assur~ completcnt:!ss 

of the data. 

The creel census reported was conducted independently of 

DF&G participation and census takers did not stay in one spot, 

but moved throughout the harbor complex. Enumeration of hours 

fished, number of fish caught and evaluation of the fishing ex

perience were thus only as objective as fishermen were reliable. 

Section II'B - MARINE ASSOCIATED AVIFAU~A OF OL"TER LOS A.',GELES-LmiG BEACH 
P...Af~BORS I~I 19 7 8 

We cannot agree with the conclusion that the bird survey results are 

consistent with the concept that cessation of cannery effluent remo~ed a 

significar.t source of enrichment in the harbor food chain (Section ID). 

Two sets of cata were compared, but as the report ?oints out, the two cannot 

be coopared directly. We believe that without data from years between the 

1973-74 survey a~d 19i8 survey that trends cannot be accurately portrayed 

for bird populations. Our staff ex?ert believes avian populations in the 

harbor area are healthy and stable. He also believes that because gulls 

are no longer strongly attracted to Terminal Island outfalls, they are less 

likely to prey on eggs of the California least tern (Sterna albifrons) 

which nests nearby. 

r~ . .,)- , -
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Comment: DFG opionion: DFG doesn't agree with Dr. Power and his staff on the 
bird data. Power has a Ph.D. in ornithology, is Director of the Santa Barbara 
Museum of Natural History, and does surveys for the National Park Service and 
other agencies. His conclusions are likely to be more valid than rrost. The 
DFG "believes" and "believes" but gathers no harbor survey data; Power said 
the data were not directly comparable but DFG distorts his words. In 1973-74 
the surveys were done weekly and included the inner harbor. Only the outer 
harbor data were compared, and data were averaged for count, a normal procedure. 

Section IIC> IID, IIE - PHYTOPLA.~KTON PRIMARY PRODrCTIVITY 1N O~TER LOS 
ANGELES HARBOR 1976-78: CP~.)lGES I~ ZOOPL;..~KTO~ 
IN OUTER LOS ANGELES-LO~G BEACH HAR.BORS; BESI!UC 
RESOURCES 

Conclusions about fish, phytoplankton, zooplankton and benthic in

fauna are controverted by a report prepared for the Southern California 

Edison Cocpany (SCE) concerning the effects of their Long Beach Generating 

Station, covering the period 1974 to 1978 41 . The SCE report contains the 

f ollo\dng conclusions, among oth\.!rS: 

"The phytoplankton cor:ununl ty in th-.? harbor \,as char.:ictcrist ic 

of nearshore environments common in southern California. Diatoms 

were dominant throughout the year, ~ith dinoflagellates con

tributing appreciably to the population only in June 1974. 

Analysis of all parameters and comparisons of trends .•• indicated 

that long-term variability in phytoplankton populations in Long 

Beach Harbor are due to natural yearly and seasonal fluctuations." 

"The zooplankton comnuni ty _in Long Beach Harbor was typical 

of southern California coastal waters. Primary co~ponents of the 

~o:::cunity .••were copepods and cirripedia nauplii. In 1976, a 

cladoceran also becarr.e a dorr:inant r:ienber of the com.-nunity. Data 

suggest that major controlling factors of the zooplankton popula

tion••• included breeding strategies, food availability, predation, 

and longevity of individual species within the plankton •••• " 

~/ Environmental Quality Analysts and Uarine Biological Consultants, Inc. 
1978. Marine Monitoring Studies Long Beach Generating Station, final 
report 1974-1978. 

r ,-, ... 
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"The infaunal com:nunity was characterized by Inner to Outer 

Harbor gradients in physical and biological parameters which act 

t.o divide the species complexes. Although species turnover rates 

were high harborwide, dominant species demonstrated relatively 

consistent patterns of distribution. The influence of natural 

variation was reflected in the vide fluctuation in po?ulation 

density for most of the dominant species. Overall, the diversity 

and abundance of organisms in the faunal assemblages were typical 

cf those in comparable restricted harbor areas of the California 

coast ••• " 

"Nekton studies showed that Long Beach Harbor suEnorts a 

large, healthy, stable, and diverse population of fishes that are 

common in nearshore southern California waters. With minor 

rearrangements in numerical abundance rankings, the sa~e species 

~aintain a dominant position throughout the study period. The 

species were: white c:ro.:iker, TIL'rthern anchovy. queenf ish, 

California tonguefish, white surfperch~ and shiner surfperch". 

(emphasis added). 

Commert: Criticism of Section IIC, IID and IIE of the HEP report relies almost 
exclusively on quotes from the 1978 EOA-MBC report prepared for the Southern 
California Edison Company. That report addresses results of environ,~ental 
monitoring carried out to assess changes in the environment as a result of a 
thermal discharge in a very limited area of the harbors, inner Long Beach Harbor. 

1. The DFG reviewer failed to note that different time periods were covered by 
the two reports. EOA-MBC completed their field work in early 1978. The Edison 
report was not even available when we sent the first draft of our volume to EPA 
in Washington in February, 1979. Our HEP work continued through 1978, the 
year in which great change was noted. rnaeed, the coincidence of events we 
have observed, relating waste discharge to biological fluctuations during thnt 
year, occurred after the end of the EQA-MBC study. 

2. Different areas of the harbor were sampled in the two studies. The EQA-MBC 
study for Edison was almost exclusively limited to the Middle and Inner Harbor 
areas of the Port of Long Beach, where the principal feature being considered 
was the effect of a thermal discharge on the marine environment. These areas 
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are different in habitat and flushing and tend 
\ 
to be somewhat isolated by the 

pattern of the currents from the outer Harbor areas studied by HEP. This 
observation is supported by the work of EOA-MBC and by independent studies by 
the U.S. Army Engineer Waterways Experiment Station, Vicksburg, Miss. (HcAnally, 
1975 referended in HEP). 

Outer Los Angeles Harbor is where the major and m::,st immediate effects of the 
waste discharges from the TITP and the canneries occurred. We do have a report 
in press concerning the entire harbor in 1978, updating the 1973-74 studies 
for the Corps of Engineers by HEP. (EXCERPT OF RELEVANT DATA APPENDED). 

3. A limited amount of sampling by EOA-HBC was carried out near some of our 
stations. Where the sampling coincided in time and location there is sub
stantial agreement between their data and HEP data. If the two Edison trawl 
stations that are located in the outer harbor are compared with the HEP trawl 
data from that area, the data are very similar where they overlap in time. The 
remainder of the trawl stations (nekton) of the Edison survey are in the inner 
and middle Long Beach Channel; only the two can be even considered as evaluating 
the outer harbor. 

HEP phytoplankton and zooplankton results are not controverted by Edison data. 
They stopped their survey in March, 1978. All the Edison plankton stations 
are in the inner and middle Long Beach Channels and not a single sampling sta
tion is relevant to the TITP study. 

Section IIF - FISH EGG AND LARVAE CENSUS 

Section IIIA through E - MICROBIOLOGICAL CYCLING OF NUTRIC\T 

Section IVA&B - INTERACTION OF PHYSICAL A~D BIOLOGICAL PA.WfETER 

Section VA - PHYTOPLANKTON GRO~TH A..~D STI~~TION IN THE TEfil!INAL ISLA.~D 
TREATMENT PLANT SECONDARY t.."ASTE PLv~!E 

Section \i""D - GRO'W'I'H A..~D STI~!ULATION OF !~VERTEBRATES IN THE UASTE PLUHE 

We have no criticism to offer concerning these five sections of 

the H.EP's re?c=t except to note that they reaffirm what has been generally 

known fo= some time, namely that populations fluctuate with food supplies or 

ocher variables. This might be an important consideration if nutrients 

were liniti~g environmental factors in the_ harbor system, but this is 

ap?arently r.ot the case. 

~ithin this context, however, we believe it is useful and important 

to make a distinction between enhancement and the concept of stiraulation 

used in the HEP report. Enhancement, from our view. means augmentation or 
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improvement and is fully compatible with the idea of uninterrupted protec

tion of beneficial uses. On the other hand we find that to stimulate means 

"to rouse to activity or heightened action as by spurring or goading ..••" 2./. 

The &ynony:n offered at this reference is to provoke. We think this defini

tion is clearly at odds with the idea of uninterrupted protection of 

beneficial uses.because although "stimulate" often has positive connotations, 

it is an ambiguous term. It can also carry a negative meaning in the sense 

that excessive stimulation in a given case could cause a reversal of any 

benefits that may have accrued earlier. 

The distinction tJe h3ve portrayed bet•...·c-en cnh.:n~~t\t>nt en oue hanJ 

and stimulation on the other is for us a fund3n~ntal reas0n ~hy de~0n

strations of enhancement must be beyond doubt. In our opinion, it is 

logically false to equate biostimulation with bioenhancement as the 

HEP report seems to do. We must point out that in the sections listed 

above, we see ample demonstration of the stimulatory nature of efflu

ents from canneries and the waste treatment plant at Terminal Island. 

E.o,.;eve-:, the demonstration of enhancement is not clear. 

Section V'B - TE!>..!-IINAL ISL~"-;o TRE....\THF.:~T PL.lu.\'"T SECO:'.DA..~Y w'ASTE BIOASSAYS 

The results of this study suggest that test organisms of hardy species 

(Fundulus; ~eanthes), that occur naturally in waters unsuitable :or oany 

other aquatic species, will survive an j,ncreased concentration of dissolved 

organic ma.:ter if sufficient oxygen is supplied. 

2,./ Norris, W. (ed.) 1973. The American Heritage Dictionary of the English 
Language. American Heritage Pub. Co. and Haughton Mif f.lin Co. Boston; 
New York; Atlanta; Ceneva. Ill.; Dallas; Palos Alto 

,., ..
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The results also suggest that more sensitive species (Engr~ulis) may 

be greatly affected by cannery or treatment plant discharge. We believe 

this study would have benefitted if tests involving anchovies (Engraulis 

mordax) were repeated, (with different effluent concentrations, if appro

priate) and Lc
50 

values calculated. 

This is of particular interest because a strong claim is mace else

where in the document that waste effluents from the canneries and Terminal 

Island Treatment Plant have enhancing effects upon larval anchovies such 

as were used in this test series. 

Comment: HEP couldn't continue to use Engraulis; they disappeared, as has been 
documented earlier. HEP followed the EPA/Corps of Engineers manual of bioassay 
procedure where appropriate,and used representative harbor animals. The DFG 
reviewer has not understood the statistical analyses apparently or he would 
not have made these statements. With regard to concentrations, the cannery 
wastes formerly underwent a natural 50% dilution within 100 yards. The dilu
tions of the enhancement zone were naturally lower. That does not negate the 
concept of enhancemer.t. It does demonstrate the present inappropriateness 
of the regulations. 

Sect ion VC - CA..'iNERY WASTE AS A FOOD FO!{ ANCl!O\I TES 

The test regime described in this section of the document is different 

enough from that of the previous section that methods should have been 

more fully described. for instance, the methods used to collect test fish 

and the length of time fish were held before testing are important to 

know before meaningful review of the dat; can be made. Nevertheless, we 

offer two comments concerning the results as presented. 

First, if the inference is correct that cannery waste causes growth 

as great as or greater than "trout chow'', (presumably a cormnercial product) 

then it seems to us that a potentially ma~ketable fish food source is 

f , -
. ,_t 
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being tbro~-n away, and perhaps should be reclaimed rather than discharged 

to harbor waters or to the sanitary sewer system. 

Comment: It is a great surprise to HEP that the DFG as guardians of the natural 
environment should recommend a commercial use of the resource over the good 
health of the free-living marine populations. The fact that the wet sludge 
would have to be dried (an Air Quality problem and an Energy problem), and 
sterilized for general sale may make it an inappropriate commercial fish food. 
Thct is a question of economics, and does not affect the question of whether 
fish thrive on the semi-solid sludge. 

On the other hand, although no data are offered. the document claims 

that mor~alities were "significantly fewer in the sludge fed group" (page 

497), but or:. page 498, the docUir.ent says "mortality, although high, 

averagec 41% and was not significant from tank to tank." These opposing 

statements are difficult to interpret without data. 

Comment: "Mortality differences", as stated, were not significant between 
replicate tanks. The phrase "from tank to tank" was taken out of context. 
As discussed in the review it indicates that the reviewer did not relate the 
words to those preceding the~ and following them in the same sentences. We 
suggest that the reviewer consider these statements in the context of their 
presentat:..,,n. 

However, even dis-

counting some cortality resulting from experimented conditions~ the report 

as w.:itten indicates that cannery sludge discharged directly to harbor 

1,,atE::rs may aG·,:ersely affect a significant part of fish populations in the 

harbor even though it "enhances" the rest. If true the net benefit to 

the pop~lation is _apparently nil and demonstrates, in our opinion, why full 

and uninterrupted protection of beneficial uses in estuaries and embay-
,. 

ments is preferable to an ave=aging concept. 

Comment: The report as written does not indicate that cannery sludge discharged 
directly to harbor waters ~Y adversely affect a "significant" part of fish pop
ulations, as claimed by the reviewer. No such statement was made or implied, nor 
can such a statement be supported by the data. How did DFG establish a signifi
cance test for that statement? 
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In summary, we have always welcomed criticism and encouraged cooperative parti
cipation in the hopes of making a contribution'to the environmental health of 
our marine neighborhood. The attempts of DFG to discredit some 38 experienced 
professional marine researchers and an equal number of technical people does 
little to distinguish the contribution of DFG to enhancing marine resources. 
HEP has obtained input and funds from a wide variety of sources and scopes to 
build the only long term harbor-wide baseline in existence. Genuine scientific 
discussion is needed, along with continuing efforts to develop new concepts 
and regulatory strategies. The traditional approaches around the country have 
not been uniformly optimal, to say the least. 

There are several issues involved in the critique submitted by DFG. First, HEP 
has always welcomed participation of agencies and colleagues in planning and 
implementing studies. Advice can only be accepted so long as it fits within 
the purposes and scope of work of funded investigations. Personnel from 
agencies and other institutions have often participated cooperatively in 
ongoing field and laboratory studies. Second, HEP welcomes constructive 
criticism and discussion of results. Since no study can address every pos
sible aspect of every condition or circumstance encountered in the environ
ment, discussion of causative factors and interpretation of results is 
essential. Third, attempts by DFG to discredit some 38 professional marine 
researchers and an equal number of technical staff from several respected 
institutions is counter-productive and _does little to distinguish the DFG 
contribution to enhancing marine resources. Fourth, the efforts of HEP 
colleagues to buildaharborwide data base by linking their own contracts and 
grants to common scopes where possible have provided a baseline that would not 
otherwise have existed, even though there are, unfortunately, some gaps in it. 

Finally, there are urgent needs for new concepts and regulatory strategies 
to im;rove those areas of environmental control. which have not been optimized 
under traditional approaches. HEP believes that the interactions in the 
marine environment of domestic wastes and non-toxic, nutrient-source wastes 
such as fish cannery effluent, have not been managed satisfactorily under 
present regulatory processes. HEP has sought to ameliorate the conflicts 
of uses and goals in the urban harbors while enhancing the marine life therein. 

r'~ 
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ATE OF CALIFORNIA-RESOURCES AGENCY 

1EPARTMENT OF FISH AND GAME 
ARINE RESOURCES REGION 
50 Golden Shore 
,ong Beach, CA 90802 
:213) 590-5117 

24 May 1979 

Mr. Jeffery D. Denit, Chief 
Food Industry Branch (WH-552) 

EDMUND G. 8ROWN JR., Gov•rnor 

United States Environmental Protection Agency 
Washington, D. C. 20460 

Dear Mr. Denit: 

Corrections to Review of Report Submitted to EPA 
by Dr. Dorothy Soule of the Harbors Environmental Project 

In the review accompanying the letter we sent you dated 22 May 1979, 
a footnote was inadvertently omitted from page 11. The footnote 
should have read as follows: 

2/ Gates, D. E. and H. W. Frey. 1974. Designated Common Names 
of Certain Marine Organisms of California • .!!:!. Fish Bulletin 
161. Calif. Dept. Fish and Game. 90 pp. 

In addition, the following errors need correction (corrections under
lined): 

page 1, second paragraph, next-to-last sentence: ••• the 
enhancement issues comprise an important perspective that 
must be understood while these issues are debated. 

page 8, 6th line: Non contact water recreation ••• 

page 8, 16th line: and perceived benefits to the biota 

page 10, second paragraph, second sentence: We believe the 
lack of statistical analyses in concert with the lack of a 
portrayal of the impacts future harbor development will have 
upon marine biota ••• 

page 15, first line: maintaine.£_ a dominant position ••• 

page 15, sixth line: MICROBIOLOGICAL CYCLING OF NUTRIENT~ 

page 15, seventh line: INTERACTION OF PHYSICAL AND BIOLOGICAL 
PARAMETERS 



Mr. Jeffery D. Denit, Chief -2- 24 May 1979 

We hope our errors have not caused you inconvenience as you read our 
analysis, and that these corrections resolve any questions you may have 
had. If you have additional questions about our review, please call 
us at (213) 590-5136. 

Sincerely, 

~K::1adr 
Regional Manager 

cc: Dr. D. Soule, HEP 
SWRCB - Div. Water Quality - Howard Wright 
NMFS, Terminal Island (Jim Slawson) 
USFWS (Jack Fancher) 
RWQCB #4 (Dr. Lewis Schinazi) 
EPA-SFO (Terry Brubaker) 



UNIVERSITY OF SOUTHERN CALIFORNIA 
In;1titute (or Mm·i11e cn10 CoaJtal St11uiei1 

UNIVERSITY PARK ' LOS ANGCLES, CALIFORNIA 90007 

Hc1rbors Enviro11111ental Project.1 
Allan Hancock foundation, Rm i39 

July 3, 1979 

Mr. Robert G. Kaneen 
Regional Manager 
Department of Fish and Game 
Marine Resources Region 
350 Golden Shore 
Long Beach, CA 90802 

Dear Mr. Kaneen: 

Thank you for your courtesy in sending us a copy of your letter 
to Mr. Denit and of the review by your staff of our report 
entitled: 

Ecological Changes in Outer Los Angeles-Long 
Beach Harbors Following Initiation of Secondary 
Waste Trcotment and Cessation of Fish Cannery 
Waste Effluent. 

We have read with considerable interest the critique of our 
work and because of the many issues raised, we have inserted 
our comments in a copy of your critique (see attachment). 

In the closing paragraph of your letter to Mr. Denit you 
indicate that you "look forward to a continuing dialogue with 
Dr. Soule and her colleagues." We regret that this was not 
done prior to distribution of the review. 

We have never claimed that our research program was beyond 
improvement. This is why we welcomed observers for all of 
our research activities and solicited comment from knowledge
able professionals such as Dr. Howard Wright of the State 
Kaler Resources Board, Dr. Lewis Schinazi of the Los Angeles 
Regional Water Quality Control Board and Dr. Christopher 
Stevens, then the environmental scientist for the City of 
Los Angeles Department of. Engineering. We also welcome 

f, -_,) 



Mr. Robert G. Kaneen 
July 3, 1979 
Page 2 

unbiased professional review of our reports; we have sought 
reviews in the past and will continue to do so. Some of the 
changes in methodology over the eight year period were intro
duced at the suggestion of others. One must recognize that our 
research was not a single project under one long-term contract. 
Therefore, in putting together results of HEP contracts, grants, 
and graduate student research, -some changes in scope do occur. 
It still is better than the much favored literature survey of 
data from non-comparable sites, periods and methods. 

Unfortunately, we find that the DFG critique contains misrepre
sentations and distortions of statements in our report. For 
exanple, on page 11 of the critique, item 2 references a 
statement in our report but alters the meaning and intent of 
the statement. The critique displays some surprising over
sights - e.g., page 10, paragraph 2 of the review decries 
the lack of statistical analysis. This suggests that the 
reviewer did not see or did not understand Section IV of our 
report which presents such analyses, or Section VI with 50 
pages of advanced methodology for prograMs originated by 
HEP and now in use by Edison and many consultants. 

The DFG reviewer relies on his opinion unsupported by any 
substantive documentation to refute our findings which are 
based on data from our studies and from other independent 
studies (e.g., on page 10 of the review the word "believe» is 
used four-times without any indication of the basis of belief). 

In closing, we again would like to express our appreciation 
of the courtesy extended by you in sending us a copy of this 
critique of our work. 

Sincerely, 
-/ t ., 1· /,/'7

) tt, .L~- {' t. <i,./~J~:rAL 
Dorothy F. Soule, Ph.D. Mikihiko Oguri, H.S. 
Director Associate Director 

Harbors Environmental Projects 

Attc\chment 

.. 



Ecological Changes in outer Los Angeles-long Beach Harbors since the Initiatior 
. of Secondary 'wJaste Treatment and Cessation of Fish Cannery Waste Effluent at 

Terminal Island, Ca1 ifornia. Harbor Environmental Projects, University of 
Southern California. February. 1979. 

Reviewer and review date: Richard C. Swartz, 28 March 1979 )~.i-'~..·~·-·-...., 1 ( c-=,.,:_;_-~ 

GENERAL CCl-1MENTS 

Bioenhancernent is a useful concept for coastal zone munagement. A good 

example is the creation of artificial reefs constructed from non-toxic 

materials. When placed in habitats with little physical heterogeneity, e.g. 

sandy areas of the continental shelf, such reefs attract fishes and other 

marine organisr.1s. Such effects are desirable from human and ecological 

perspectives. 

The introduction of nutrients through wastewater point sources into the 

marine ecosystem has the potential for both detrimental and ben~ficial effects 

Adverse impacts dre very likely if the effluent contains chS1;ical pol 1utants 

or other factors that exert toxic effects on marine organisms. Therefore the 

threshold bioassay criterion of the California Bays and Estuaries Policy is 

essential in the application of the bioenhancement concept. Earlier Haroor 

Envirol'ITlental Projects (HEP) reports have indicated that the L. A. seafood 

cannery effluents are acutely toxic to ecologically important species such as 

the copepod, ,1r.:u1·ti.., U;1u~2 and embryos of the anchovy, En_;r..__i,-<l-;'.£: mlir·_;:,,.:;, at 

concentrations \-.'el 1 below the go·.:: level included in the Bays and Estuaries 

Policy criterion. The present draft HEP report does not include the section 

entitled "Bioassay of Invertebrates and Fish". This section must be sutrnitted 

and reviewed before any further regulatory decisions can be made about 

bi oenha ncemen t in L. A. Harbor. 

If wastewater effluents are not toxic, biological conditions have to be 

assessed to determine whether enhancement is evident. The qualitative 

r -~ 
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biological criteria for enhancement given in the HEP report may be useful for 

guidance, but I doubt that any list of biological parameters could be 

universa11y applicable, especially in a quantitative fashipn. Biological 

impact assessments must be based on site specific considerations. 

I disagree with the HEP suggestion that biological conditions should be 

integrated in space to detennine if there is an "overall" enhancement 

{PlAS). A claim of enhancanent should be denied if there are adverse impacts 

at any point beyond the immediate vicinity of a point source. 

I agree with the statement {PIAlO) that no single criterion should be 

considered sufficient to qua 1ify as bioenhancement. However, an adverse 

impact evident fron any one criterion should be sufficient to deny a claim 

of bioenhancement. 

Criteria should not be based on diversity indices, especially those 

derived from infomation theory (PIA12). These indices are not unequivocal 

indicators of co11tnunity "healtf1". They may be useful in assessing ecological 

conditions, but only when their patterns are interpreted in tenns of other 

aspects of c~~~unity and population dynamics. 

I agree with the report's conclusion that biomass. by itself, is not a 

very good biological criterion (PIA14). If a diverse, indigenous biota is 

replaced by a more abundant assenblage of a few opportunistic species, the 

increased standing crop should not be considered bioenhancement. This is not 

co;1sistent with the report's earlier listing of a criterion based on "the 

presence of living bior.iass, above that which would occur in the absence of 

the discharge". (PIAlO). 

I do not believe that the HEP criteria adequately addresses population 

characteristics such as diseuse incidence, size frequency distribution, 

reproductive potential et~. Certainly the condition or quality of populations 

must be examined in addition to their relative abundance. 

C .1 



SPECIFIC COfwttENTS 

METHODS: 

Survey and experimental methods ar~ inadequately described in severa1 

sections of the report, especially part II E which deals with the benthos. 

1able l in section I B indicates that the benthic fauna was sampled quarterly 

with a "Cambell grab or Reinec:ke box cover. 0. 5 rrrn screr:n". No add i tiona 1 

details are given in section II E. The report does not indicate the size of 

the grabs. SCCWRP has shown that different grabs give different results. 

The report does not indicate which samples were taken with the Cambell and 

which with the Heinecke. The number of replicates at each station is not 

given. A statistical analysis of the benthic data is not presented. The 

data is restricted to graphs of tenporal patterns in areal species richness 

and density of the benthic rnacrofauna. Only the dominant taxa at a few of the 

stations are identified in the report. It is very difficult tc make any 

conclusions about ecological changes on the basis of such a limited and 

qualitative benthic analysis. 

1he methods of section V C "Cannery WJste as a Food for Anchovies" do not 

meet one of the most basic requirements of bioassays: low control mortality. 

The EPA Ocean Disposal Bioassay Procedures state that "A test is not acceptab11 

if 1:10re than 10 percent of the control animals die". In the anchovy growth 

experiment, 41¼ of the control specimens died. 

EXECUTIVE SUMMARY: 

The executive su'.Tlf'iary identifies certain ecological changes that may 

hJve occurred in L.A. Harbor between 1973 and 1978. In several instances the 

summary and report fail to present convincing evidence that these changes 

are due specifically to the conversion of cannery effluents to secondary 

treatment. Som~ beneficial effects of thdt conversion are ignored. 

C - . 



The conclusion that bird populations are down 40~', is based on a cor.1parison 

of thO major surveys made in 1973-4 and 1978. Data for the intervenin!J four 

years, which might show that the decline is temporally related to the treatment 

conversion, are not available. Furthermore, the report states that the results 

of the 1973-4 and 1978 surveys are not directly comparable (PIIB7). 

Conclusions about declines in fish and benthic populations are based on 

more complete temporal surveys since 1972, but many of the trends began long 

before the conversion to secondary treatJnent and may have been caused by a 

variety of human and natural factors. Dr. John Stephens 1 report on fishes 

concludes, "Certainly, there is no indication that cessation of discharge 

has been beneficial to fishes, but because of variations in background levels 

of populations it is impossible at this time to state that there hds been a 

detrimental effect" (PIIA3). He also notes that decreases in fish abundance 

may be occurring throughout the southern California bight. 

There is evidence of beneficial effects after conversion for benthic and 

zooplonkton conmiunities near the outfalls. At station A7 benthic species 

diversity and abundance increased in 1978 after conversion, to levels equal 

to or greater than data collected from 1971 to 1977. The pollution tolerant 

po1ychaete ca;i-iicl!,1 e:i; 1 £t,nta was replaced as the dominant species by 

/1, ,h·.o:r!.rnz,.:-..--i c:a.Z·ij'ur·nien::,:t~. Molluscans and crustaceans increased in abundance. 

According to Reish's classification the benthos changed from that typical of 

a polluted zone to that of a semi-healthy zone. 

( 



SECTION II F Fish Egg and Larvae Surveys 

Ichthyoplankton species diversity, density of fish eggs, and density of 
fish 1 arvae were consistently greater in 1978 (after conversion ·to secondary 
treatment of cannery wastes} than in 1974. The differences in density were 
subs tan ti al; sometimes greater than two orders of magnitude. The HEP report 
suggests that these differences are "probably due to reduced predation by adult 
fish and to more efficient sampling methods". This report does not adequately 
consider the more obvious possibility that the conversion to secondary treatment 
may have eliminated a significant stress on the ichthyoplankton. That possibility
is supported by an earlier HEP report (1976, Part 12 - Marine Studies of San Pedro)
in which Brewer reported bioassay results on the toxicity of the original cannery 
and sewage effluents and concluded that "the cannery outfalls exert an overriding
influence of the toxicity of the effluent field to E. moY'dax (anchovy) embryos
and larvae". 

SECTION IV B Weighted Discriminant Analysis of Benthic Data 

The restriction of the benthic data set to polychaetes and molluscs may 
create an initial bias in this analysis. Arnphipods and echinoderms are much more 
sensitive to wastewater effluents and their exclusion may obfuscate spatial 
patterns around the outfalls. 

This section suffers from a lack of a synthesis or discussion of the data. 
The text lists about 20 factors that may have affected the benthos. It is very
difficult to identify causal relationships in the midst of so many correlations. 

The spatial patterns of the species groups show that the benthos at the 
stations nearest the outfalls are distinctly different from the renainder of the 
collections. A comparison of Figures 1 and 29 shows that this pattern did not 
change greatly during the survey. However in 1978 the diversity and density of 
the benthos at the stations nearest the outfalls increased substantially. 

SECTION VB Terminal Island Treatment Plant Secondary Waste Bioassays 

The data in this section do not support the conclusion of the Executive 
Summary that "In bioassay/toxicity tests there was no evidence that the secondary 
TITP effluent was toxic at any concentration 11 All of the Dnerita test specimens• 

died in the 100% effluent concentration treatment in test 2. In tests 1, 2, 3, 
and 4 the control survival of anchovy embryos was always greater than in the 56%, 
75~~, and 10m; effluent concentrations and in the treaunent consisting of receiving 
water from the outfall boil. The HEP report suggests that this is a methodological 
artifact. In a supplemental bioassay using a different exposure method, there 
was high anchovy survival in all test concentrations. However, the supplemental 
test was conducted at a mean temperature substantially below other test 
tenperatures. In fact there is a good relationship between mean survival in all 
treatments and mean test tanperature: 



Test Mean Mean 
Number Temperature Survival 

Suppl. 12.3 94.2 

1 15. 6 63.4 

2 17. l 19. 6 

4 17.9 10. 3 

3 19. 5 12. 9 

5 20.8 ? No data given 

Brewer (Fish. Bull. 74:433) has shown anchovy embryos develop nonnally at 
temperatures between 11.5 and 27.0°C. The temperature-survival correlation in 
the HEP results therefore suggests the possibility of a synergestic relationship 
between temperature and toxicity. This is supported by earlier HEP results that 
the LC50' s for the cannery effluents released from the old Starkist and ~Jay Street 
outfalls were 17-18%. 

SECTION VD Growth and Stimulation of Invertebrates in the t~aste Plume 

Mussel Growth 

This section reports a statistically significant, but small difference 
in growth rate of mussels placed at increasing distances from the TITP 
outfall. Although mussels at the outfall had the fastest growth, mussels 
at station A7, 550 m from the outfall, had the slowest growth rate. Thus, 
if the effluent enhances growth, that effect is not widely distributed in 
the harbor. Other factors such as temperature may also have affected 
growth rates inside the harbor. 

Biostimulation of Invertebrates 

The data on biomass and diversity of settling organisms do not show 
any spatial patterns that can be attributed to the outfall. The data do 
not support the conclusion that the effluent plume "is providing nutrients 
to a food chain ~,hich enhances growth". 

Flow-Through Studies 

These results are also inconclusive. There were no significant 
differences in the growth of Mercena:r'ia exposed to seawater with and 
without wastes. There were no significant differences in the growth of 
Pundulus that were starved, fed trout chow, or fed cannery wastes. These 
results certainly do not support the conclusion that the pre-OAF waste 
"could have a positive biostimulatory effect on some marine species". 

C .,.,._, 



Robert Schaeffer (WHSS2) 
Director of Effluent Guidelines Division 
Environmental Protection Agency 
401 M Street Southwest 
W3shington, DC 20460 Ptt11,. 
Re= Conmicnts on ECOLOGICAL CHA.~GES rn OUTER LOS BEACHAJ·-;GELz0~;;~ 

HARBORS FOLLOIHNG 11\ITIATION OF SECONDARY l'.'ASTE TRF.h;/i-,/tJMD 
CESSATIO~ OF FISH CAN~ERY WASTE EFFLUEN~TMarine Studieslof 
San Pedro Bay, California Part 16 April ~~7 

. J 

rJ.-Dear Mr. Schaeffer: 

lt is recognized that the Environmental Protection Ag~ (EPA) is required 

by Sec. 74 of the Clean Water Act of 1977 to conduct an investigation of the 

ecological effects of seafood processing waste discharges to the marine 

environment. It is also known that a portion of EPA's effort in this 

investigation relates to Los Angeles Harbor, where several large tuna can-

neries have traditionally discharged their wastewaters. The seafood industry 

has advanced the concept of 'biological enhancement' of receiving waters by 

seafood wastes. On the basis of the subject document prepared by Dr. 0. Soule, 

Harbors Environmental Projects (HEP), USC, they contend that their previous 

was_te disc_harges expanded the scope and magnitude of the marine food web and 

converted the soft bottom community to a·more productive environment. The 

L.A. City Department of Public Works is also contending that sewage discharges 

from the TITP have enhanced the harbor marine ecosystem. 

Because the Fish and Wildlife Service is concerned for the important biological 

resources of Los Angeles Harbor, we are aiding the EPA in this effort to evalu
r 

ate "bioenhancement", as much as manpower and·iunding allow. However, due to 
.,.,----

the latter constraints, our review nnist be more cursory than .the significant 

issues dealt wi.th in the. subject docUJDent w.arrant, 

C ~J 



~e offer the following informal comments on the subject document. 

The premise under discussion throughout the doc~~ent is that the discharge 

of or6anic fish processing k'astes and primary seKage into the harbor waters 

had "bioenchanced" the harbor ecosystem. This premise is tested by compar

ing data gathered ~hile such discharges were occurring ~ith data gathered 

after initiation of secondary waste treatment and cessation of direct fish 

cannery discharges. Though much of the sampling procedure and station 

locations originated with different projects ~~onso:s, the continued use 

of them to deal with the "bioenhancement" questio~{;;'J"t seem inappropri

ate. However. it is possible that a more tailored experimental design would 

have yielded more definitive results. Further, the actual questions asked by 

the investigators seem to have evolved well after much of the actual conduct 

of the investigation. The sampling that was resumed in 1977 was somewhat 

reduced in scope from previous sampling efforts and often employed dissimilar 

techniques which rendered direct comparison impracticable. Therefore, none 

of the 'before and after' sampling is statistically tested for significant 

differences. 

In the introduction, "Bioenhancement: Can This Concept Be Defined and Measured?",_ 

many criteria are discussed which indeed should be used for determining bioen-
... ·-. 

hancement (i.e. species diversity, evenness, richness, biomass, essential food 

web species, species of commercial/recreational value, rare and endangered 

species). Missing from that discussion is the investigator's expectation of 

how "bioenhancernent" would be manifested in each of those criteria. Neither 

the author's no.r any regulatory agencies definition of "bioenhancernent" is 

presented. 

2 



Abse:1t from virtually all summary statements are reports of the adverse 

impacts associated with the cannery discharges and primary se\.·age discharges. 

For exar.iple, Section l1 F, Fish Egg and Larvae Surveys p. 211, fails to 

mention that during the ~reatment plant failure of July and August of 1978. 

the density of fish larvae in the harbol' plummeted. The high concentrations 

of ammonia and/or chlorine probably proved fatal t.o larval fish. The overall 

increased density of larval fish~ by the 1978 studies could, in part, 

be due to the reduction of toxic material concentrations in the harbor since 

the 1974 study. whenThe "zone of inhibiti on" -4~.~···r,~nd the outfalls, 

they were discharging cannery wastes and primary~;/: receives scant atten-

tion. The vicinity of the outfalls suffered repeated episodes of high BOD 

loads and reduced dissolved oxygen levels (see attachments). 

Portions of the study lack a control site (e.g. bird survey, trawl survey). The 

selection of an appropriate control area would seem difficult, however, con

sidering the magnitude of the study area {outer Los Angeles and Long Beach 

Harbors) and the different questions being asked when the study first began. 

The eastern end of the harbors, east of Pier J and south of Belmont Shores 

might have sufficed as a control area, with some qualifying factors. 

In order to compensate for ~he inadequacy of control area comparisons, the 

authors could have incorporated the findings of other pertinent major studies. 

It is likely that discussion of the results of other research programs in 

nearby areas would have aided in a fuller accounting of biological trends of 

the area and the responsible environmental factors. For example, the Southern 

3 



California Coastal Water Research Project has a primary objective of under-
. 

staT'lding the ecology of the open coastal ,,:aters of southern California, 

especially the effects of the discharge of municipal waste~aters on sealife. 

That project is as old as Harbors Environmental Projects; much of the informa

tion generated during SCCl\'RP's ongoing research could have been used for 

comparison to HEP's information. Similarly, Southern California Edison had 

funded a thorough marine biological study, jointly conducted by Environmental 

Quality Anal)'Sts and Marine Biological Cons~tants, Inc., in Long Beach Harbor 

spanning the years 1974 to 1978. Samplin~~A"J-"'etbodologies are dif

ferent, thus precluding direct comparison, but tiJ g;J:ral trends are of some 

import. The extensive trawl and gill net sampling, mostly within Inner Long 

Beach Harbor, indicates increasing fish population densities since 1976. 

Because of the circumstances and conduct of the study which preclude statis

tical tests. some of the conclusions of the study are based upon subjective 

interpretation of the data 1 recognition of coincidental actions that may or 

may not actually be related, and circumstance rather than scientific proof. 

Often, the summary inferences are not the only ont:'s supported by the data. 

Much is made of Trawl 13 during the July 1978 sample period. This trawl station 

is nearest the TITP outfall; this sample occurred during the treatment plant 

failure which resulted in the discharge of high levels of BOD and suspended 

solids into the harbor after a period of some months without such discharges. 

The unusual feature of this trawl catch is the nearly 800 individual white 
Ge"'Jone..-.~ \,·v-C.dt"-':P 

croakekhile "Otfiet trawls taken nearby during the same sample had more 

normal catches. This is advanced as support for bioenhancement. 

4 
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A fuller discussion of this episode should have included the following: A 

single trawl sample has considerable inherent variability. Day versus night 

trahls at the same site can result in an order of rr.agnitude of difference 

in catch. h'ater clarity can be a factor in avoidance of the trawl net by 

fishes. It is entirely possible that the turbid waters along the trawl path, 

cor:-:'bined with a surface condition (lower salinity and dissolved oxygen 

generated by the discharges which caused the fish to concentrate nearer the 

bottom), created a circumstance that ao~ the abundant trawl catch. The 

environmental conditions prevailing at tifJ"4tr.this trawl are unknown, 

h~atever the conditions, there were more fish caught near the outfall than 

farther from it. At best, the conclusion should be that the white croaker 

were attracted to the area by something, probably some component of the 

material discharged during the treatment plant failure. Though an organism 

may be attracted to something does not necessarily indicate that the organism 

will benefit from the attraction. Also the croaker had to already be in 

evidence in order for them to appear at the outfall in July to be "enhanced". 

That is, the harbor ecosystem was supporting them in the months prior to the 

treatment plant blow out. The seasonal trend of fish abundance inside the 

harbor, with or without cannery or treatment plant discharges. has been peak . . . . 

abundances in the summer with the lowest abundances in the winter. This hap

pens to coincide with the pertinent discharge events. Therefore, it is actually 

unknown just what role was played by terminating the direct cannery discharges 

in the winter since fish abundances decline to a seasonal low. Similarly, 

the treatment plant failure occurred during the seasonal peak in fish abun

dances. A synopsis of each chapter and the support it provides to the bio

enhancement issue follows. 
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Chapter I A, B, &C - Introduction 

An ad~q~ate discussion of the issues is produced along with quantifiable 

paramet~rs for measuring bioenhancernent. As mentioned earlier, there is no 

statement by the author or any other party of what must be proven to est

ablish biocnhancement. 

Chapter II A, Fish 

Abundances of two species white croaker and northern anchov~account for 

the large declines noted. No significant changes in species diversity is 

established. (It portionshould be noted that tt,1-p::.;eys sample only a 

of the total fish community. sharks 1Larger and mo~t.:yishes, eg. 

bonito 1 barracuda, corbina, are able to avoid the net. Trawls also miss 

fish which usually associate with structures of the surface, eg. blennies, 

topsmeltYana jacksmelt, some surfperches.) Because the harbors are an open 

system and an integral component of the larger offshore ecosystem, the 

relationship of demersal fish populations to the cannery and treatment 

plant discharge is not assessable with this type of study. However, th.ere 

is an indication that the white croaker population may have been stiMulated 

by harbor discharges.. (~enthic feeding habit and apparent tolerence of low 

dissolved oxygen levels accounts for much of its success in the more stressful 

harbor environment of several years ago.) 

Chapter II, B - Birds 

The notable changes are fall and winter declines of several gull species 

and surf scoters. Natural variability in the movements and occurence of 

migratory birds can account for these changes. Some gull species, with a 

scavenging habit, may have abandonned the cannery outfall as a feeding site 

once the gurry was turned off. However, there is no support for the bio-

J 



enhancement contention in this chapter. Actually the two Federally listed 
. 

encangered species found in the harbor, the California least tern and the 

bro¼~ pelican, may encounter less corr.petition, and the tern less egg pre

dation,with fewer gulls around. Not all species decreased. Some have 

increased considerable, eg. western grebe, brown pelican, double-crested, 

cormorant. The decline of shore feeding species, eg. sanderling, turn

stones, willet, sandpipers, ctc:uld be due to elimination or disruption of 

virtually all feeding habitat. Unmodified shoreline and undisturbed sandy 
ro,e-

beach has become exceedingly~ in the harbor.· 

Chapter II,C - Phytoplankton 

No appreciable changes noted. No sup:e,A,)or bioenhancernent. 

Chapter II,D - Zooplankton l"Lf.1-r 
Changes noted are within the bounds of natural variability. No support for 

bioenhancement. 

Chapter II, E - Benthos 

Bottom dwelling organisms are quite useful in tracking water quality changes 

due to their short generation times and relatively sedentary life style. 

While regional oceanographic conditions influence the harbor benthos, the 

benthos is probably more significantly influenced by local conditions. 

The results produced in this chapter seem to demonstrate the classic response 

of a biological community to an organic pollutant. A few tolerant species 

(i.e. Capitella capitata, a polychaet'e worm) are able to grow abundantly in 

high concentrations of the pollutant. As the pollutant is diluted other 

species can live. At some distance from the source biomass reaches a peak 

7 
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and diversity levels off. Jf part of biocnhan,cemcnt is construed as 

maximizing biomass and diversity then there is probably such a zone around 

the outfalls. As clearly indicated in the study though, there is a zone 

of inhibition associated with the outfall which must be weighed against 

the zone of enhancement. 

Chapter II, F - Fish Egg and Larvae 

Overall increase in fish larvae is attributable to many causes, eg. different 

sampling metrods or reduced mortality in the harbor, but an adverse influence 

of the cannery and treatment plant discharge is also possible. No support 

for bioenhancement in this chapter. 

The remaining chapters offer little dir~~port ~f the contention that 

the cannery discharges and primary treate:i'la'~~ischarges have actually 

bioenhanced the harbor ecosystem. Actually, the ;}:assays chapter V, 'B and 

V, D include some results which seem to weaken the contention. The very 

high mortality of anchovey larvae in diluted secondary treated sewage and 

high mortality of mussels suspended in the harbor waters indicate intolerence 

of the discharges, or problems of experimental design or conduct, or 

otherwise. 

In sum.~ary, the report is not able to support the contention that the 

harbor's biological environment was enhanced by the fish processing wastes 

or the sewage discharges. An increase in the scope of the food web was 
~«..r-\ dr 

not demonstrated while anf'increase in the magnitude o~\the food web was 

suggested but not proven. There were some coincidental changes in 



populations which might presage the ecological results should the cannery 

discharges be reinitiated. However, those changes (increases in white 

croaler and polychaete worm abundance) arguably may not necessarily benefit 

the entire marine ecosystem. Also, there is some indication that larval fishes 

may be detrimentally influenced by the dischrges. It would seem that further 

specifically designed, scientific investigation is warranted. 

Due to the presence of two federally listed endangered species in vicinity of 

the outfalls in Los Angeles Harbor, the EPA may choose to consult the FWS, 
... 

under the provisions of Sec 7 of the Endangered Species Act, should a Federal 

action be contemplated. 

It is also worthy of mention that the cannery outfall 

and present Terminal Island Treatment be filled starting 

in 1980. The Corps of Engineers and the Port of Los Angeles, as part of the 

harbor deepening project,~.intend to dispose of the dredged material by 

creating 190 acres of new land out of the present relatively shallow 

(less than 20 feet deep) area adjacent to Terminal Island. The Port also 

proposes handreds of acres of fill in its Master Plan. The irony is that 

should enhancement ever be convincingly proven, it could be for a harbor 

environment that had already been destroyed by filling. 

The delay in making these cursory comments is regreted. It is hoped that they 

prove useful in EPA's review. 

('. -,,,. 
., ,, l 
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TABLE 1. 1976 - 1977 SURFACE NATER QUALITY AT STATIONS 19C AND 19D* 

MONTH 
Trans. 
(feet) 

19C 19D 

D.O. 
(rrg/1) 

19C 19D 

BC05 
(rrg/1) 

19C 19D 

T~. 
( C) 

19C 190 
O:lor 

19C 19D 
Color 

19C 190 

Oil & 
Grease 

19C 190 

FloatiJ¥J .
Solids 

19C 19D 

JUN 1977 5 5 7.4 6.6: 7.3 1.4 18.5 18.2 F F YOO ex; s F F F 

MAY 1977 4 7 3.5 5.6 5.9 0.5 17.5 16.2 F p M3 M:; F F Sl F 

APR 1977 2.5 4 0.2 7.0 · 66.2 7.4 19.0 18.0 FC F M3 ux; F F C s 
MAR 1977 3.5 3.5 4.0 5.1 ; 12.6 4.7 14.0 13.4 F F M3 r-,:; ·s F s s 
FEB 1977 5.5 12 5.4 6.8 '. '9.1 0.9 16.5 15.9 F F . r-ro 00 F F C C 

JAN 1977' 7.5 5 4.7 2.6 · 7.7 11. 7 17.2 17.0 F s G r-o:; F F C C 

DEC 1976 2 2 0.0 0.1 . 43.2 8.7 16.8 17 .4 F F I.CG I.CG $ Sl C s 

N 
0 

NOV 

OOT 

1976 

1976 

4 

4 

7.5 

11 

1.5 

3.4 

0.5 

6.1 

3.2 

33 

2.3 

2.9 

18.9 

21.8 

18.5 

20.8 

FCS 

FC 

FC 

FC 

u:; 

LG 

LG 

G 

F 

F 

F 

p 

Sl 

S1 
Sl 

F 

SEP 1976 9 3.5 6.3 3.0 5.9 20 19.l 19.6 FCS FC 00 ux; F F F Sl 

AUG 1976 3 5 3.2 5.7 32 7.7 20.7 19.2 FCS F +00 CG F F F F 

JUL 1976 2 6 5.3 7.3 21.3 20.4 FCS p .G G F F F F 

:'j 

- . 
( '__, 

AVERAGE 4.3 5.9 3.7 

S = 
C = 
F =-

51 = 

4.7 20.5 

sane 
considerable 
free 
slight 

. ' 

6.2 18.4 17.B 

M = milky 
G = green 
L = light 
O = olive 

Y 
FC 

FCS 

= 
= 
= 

yellc,,., 
fish cannery 
fish cannery aro sewage 

* see Figure 4 for st.ation locations. 
Source: LNID Water Quality Surve:(. 



Lo~ Angeles Larbor ~tudy 

P. 'l.'. Eru;;ai;cr 

1. On 4/5/79, ~t the Long Deach offices of the Califcr~i2 
Departracnt ct Fistl and Game, an inform2l workshof, wc:.s 
convenea to revie~ the most recent (2/79) Dr~ft L.A. 
Harbor Study by the Harbor's environmental projects. 
this study is a continuation of ear 1 ier work comrd ssicne:,:.! 
by Terminal Island tuna canneries in ortier to define 
effects of cannery waste ai&charges. It has teen 
submitte6 by the canning industry as the industr1's 
contribution to the Section 74 .Seafood \,aste Study, 
being con~ucted by Etfluent Guidelines Division. 

2. The participants incluaed: 

Xjirn Slawson, National t.arine Fishery Service 
~ck Fancher, u . .s. Fish and ~il<1life &ervicf: 
~oward v.r ignt, California Water Resources Control Ec·.;;.r,:: 
~ .lspinosa,/calitornia Def,artmcnt of Fisn and Ge:.(.: 

Louis Schinazi, Let Angeles h~CCL 
·ca-1--nysir:ger, Section 74. Project Officer 

--4'erry Brubaker, Lnyironmental l-'rotection As ency
_i.,, ~ C r l t- 1 ,- . , .. .--...,.:~··.f,·/ .:.wr·.·. , f'' '· .c--· · · ·, ·. 

3. Althousn no lorffial conclusions were establisneci re92r~in3 
the stuo1 , a clear picture of it£ strengths ana weaknesses 
developed over the course of the discussion. Tne attache6 
review criteria were used as a discussion guide. 

4. Comments 

A. ~ethodolo;y: 

The sub~ittal is not oriented to tish ~astc 6is
charges, but to~ards defining the effects of 11~[ 
second~ry ettlu~nt, it therefore cannot ~e revic~c~ 
~itnout consioeration ot earlier studies contucte~ 
prior to cessation of c~nnery discharges; the 
reviews may then concentrate on the effects of 
the absence of fish waste. 'l'he lack of su i tat lE: 

Reproduced from 
best available copy. 
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. control areas could have been ?artially overcome by 
comparison with data collected in Long Beach Harber 
by.consultants to 5outhern California Edison Company. 
Sev~rel significant variables were excluded: other 
nutrient sources such as runoft, weather patterns, 
future Harbor developments and long-terg tish 
population cycles. Physical water quality aata 
were not included. 

B. Execution; 

Documentation of field methoos is lacking, but 
most reviewers expressed confidence in the quality 
of data. Nore importantly, field conditions were 
not documented, including salinity, time, tide, 
moon phase, temperature of air and water, clou6 
cover, etc. Reviewers noted that general tre&tedf 
of 6ata would not be co~promiseo by lack of such 
documentation, but this information is critical for 
understanding individual data points. 

C. Findings: 

l. Bird&. Paul Kelly, tepartment of f' ish and Gaii:e 
bird expert, noted that data indicate an 
irn~rovement in the quality of bird population. 
Grebes and pelicans, both fish eaters, increased 
in 197~, while scaveng~rs such as gulls, 
decrease~. The departure of gulls may alco 
lessen stres~ on endangered species in the area. 

2. Zooplankton: Data collected are inconclusive; 
no significant effects were found. 

3. ~hytopl~nkton: Data inaicate no change in 
populations but reduced assimilation rates 
since cessation of cannery discharges. Thi~ 
phenomenon is interesting, but cannot be 
interpreted without an understanaing of other 
significant variables, i.e., an ecosystem 
rnoael is necessary. 

4. Bcnthos: Reviewe,rs agreed that this was tne 
strongest portion of the study. It was noted 
however, that the oata are improperly used as 
a basis tor speculation regarding effects on 
fish populations. 
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5. Fish: I--eviewcrs agree.:; tnat the fish pot'uli:,
tion stu~ies are inconclusive. StephenE, thE 
hl~ subcontractor tor trawl surveys, statcE 
in the report triat "It is im1,ossible to E>tc.t<:: 
that there ha~ been~ detrimental effect« 
from cessation ct cannery discharges. TGc 
stu~y dio not reference other <l~t~ ~v~il~blc 
troi;, the 3CE Long beacl1 study ~I"'.C: ire:.·. r€:co:t 
Ut:F1,::: studies which indicctc ir,1r.,rove;;,er.ts in 
tish po~ul~tions since 197~. ~eviewerc 
speculateti that the v2rious studic~ Jid nol 
reflect anything more than a reoistribution 
of poJulations witnir1 tne haroor. 'li1e 
study's statefficnts regar~ing the im~~ct oi 
Hart.er f,Opul~tion changes on fi~1.eriu, 
resources were discountec by tnc reviewers, 
a~ were conclusions basEd on spvrt fishing 
~urveys, since these are not actually po~ula
tion surveys, i.>ut are very rous,h "catcii 
ettcrt" studies. Reviewers commented on 
several inaccuracies in tne re~ort, for 
exara~le, the statement that white croaker is~~ 
irr,portar,t feed rescurce solJ as "butter f i tL." 
In fact it is illegal to &o label white 
cro~KEr, which is widely reg£rded ~s a tr~sh 
-f i~ h. 

Tne concensus ct th~ reviewers ~~s that the stud~ EC 
presentea v..::ts a tlawed, fr_agmcn_t_a.r::y__u_oc.umen.L.s__o._t .ti:. i tE:·:i 
u__tj,_l_i_ty fer the purpo.se oi determining effect_s cf iisr. 

-Wc;.~_t_e on 1;:arine ,-.,aters;. Lven wher1 consiaered witc1 its 
pre,c.ece ssc,r aocumE:nts, it fa ile6 to concl us iveiy oer.tcn
str ate a clec.rly definec:i effe:ct. Amens trn: rcviewcrt·, 
tne Dej?c:irtment of Fi.sh and Ga11iE. representative was mort 
critic~l, while the L.A. fu,~CE ticlosist flayed the role 
ul D?Ol01:;1st to a Jc:;re(;. 'l'ne proi:.ler: of detini1:; 
"cr.hance:r.-,cni:. 11 ~as discussc--:, Liut no agreei,,er.t was re.:.cb.N.;. 
i:..e:iiiev,E:rs will exct:c.angE t-:rittt:r cor.:r.1cr:ts intcr.,.~l.1y. 

cc.: w:-552 Crl Lysin0cr Reproduced from 
best available copy.L-,: 
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L.A. Harbor Enhancement Study Review Criteria 

Section 74 of the Clean Water Act requires EPA to conduct a study of the 
ecological effects of seafood wastes discharged to the marine environ
ment. The seafood industry has advanced the concept of 11 enhancement 11 of 
receiving waters by seafood wastes. This issue is of particular concern 
in the L.A. Harbor area since "enhancement" is included as an exception 
provision in the California Bays and Estuaries Policy (BEP). We request
that you review the enclosed document from two perspectives: first, technical 
aspects and specific conclusions of the study; and second. evaluation of the 
enhancement concept generally as it relates to L.A. Harbor and to water 
quality goals and water uses. The following outline may be helpful in 
your analysis. 

Technical Review Criteria 

I. Methology 

A. Adequate conceptualization in tenns of logic, utility, scale 

B. Adequate study plan~ accountability for all significant
variables 

C. Appropriate location of site(s) 

O. Clearly defined objectives 

E. Clear statement of qualifying factors 

2. Execution 

A. Use of proper sampling and analysis techniques 

B. Sampling conducted under representative field conditions 

C. Completion of all required study elements 

D. Adequate justification for all changes to study plan 

3. Data Reduction and Analysis 

A. Clearly stated findings 

B. Adequate statistical analysis 



C. The study as it applies to L.A.: how does it fit with future 
harbor development plans; how does it relate to previous 
research, what policy decisions does it indicate? 

General Review Criteria 

1. Is the concept of artificial management of coastal environments 
(i.e. "enhancing" various species populations) an environ
mentally sound concept? Is an artificially managed marine 
environment more desirable than a natural, pristine environment? 

2. If you feel that Nenhancement" is a feasible concept, does the 
subject study adequately define criteria with which to measure it? 

3. Other than savings in the fonn of decreased waste treatment 
costs, are there any conceivable economic benefits to be realized 
through implementing an ecosystem management program (i.e. 
could harvestable species be enhanced thus increasing fisheries 
yields)? 

4. Are you aware of any other work which conflicts with the subject 
study with regard to the enhancement concept generally or with 
regard to the study findings concerning trends in the Harbor's 
condition over the past few years? 



EDMUND G. IIROWN JR., Governor;·,..\TE Of CALIFORNIA-RESOURCES AGENCY 

~ALIFORNIA REGIONAL WATER QUALITY CONTROL BOARD
.OS ANGELES REGION 
07 SOUTH BROADWAY, SUITE <4027 

OS ANGELES, CALIFORNIA 90012 

(2.13) 620-4460 

October 1, 1979 

TO: Nailing List 

SUBJECT: Interagency/Fish Cannery Workshop on Issues related to the Discharge 
of Municipal Effluent and Fish Cannery Wastes to Outer Los Angeles 
Harbor 

Gentlemen: 

We plan to conduct a workshop on October 11, 1979, to examine the issues related to 
the discharge of municipal effluent and/or fish cannery wastes to Outer Los Angeles 
Harbor. The failure of the Terminal Island Treatment Plant to consistently and com
pletely treat all cannery process wastes has prompted the need for a reexamination 
of cannery/TITP/discharge relationships. 

The workshop will be held in the Port of Los Angeles Heeting Room at the American 
President Lines Terminal, located on Swinford Street (east of Harbor Blvd.) in San 
Pedro (see attached map). The discussions will begin at 9:00 a.m. We cordially 
invite your (or appropriate staff) attendance at the workshop. 

Background 

All liquid process wastes from the fish canneries on Terminal Island are now secondarily 
treated at the City of Los Angeles Terminal Island Treatment Plant (TITP), and treated 
effluent is discharged by the City to Outer Los Angeles Harbor tmder NPDES Pernit No. 
CAOU53856. The canneries are currently allowed to discharge non-process wastewaters 
directly to Outer Los Angeles Harbor and Outer Fish Harbor tmder non-NPDES waste dis
charge requirements since there are no pollutants in them. 

In recent months, particularly during the anchovy packing season, TITP experienced 
difficulties in adequately treating all cannery process wastes, and was in repeated 
non-corapliance with its waste discharge requirements. This condition resulted in the 
issuance of a Cease and Desist Order (79-133) to the City by the Regional Board on 
July 23, 1979. In compliance with that Order, the City has prepared a report to the 
Board specifying the cause(s) of non-compliance, and detailing certain proposed alter
native corrective and preventive measures to bring the plant into 100% compliance with 
its l;PDES requirements (including the timing for their accomplislment). A draft copy 
of the City I s report (attachment 1) is enclosed. 

The City maintains that compliance problems arose frota the high IlOD content of waste
waters received from the canneries, despite dissolved air flotation (DAF) pretreatment 
by these facilities, causing the design capacity of the plant to be exceeded. In addi
tion, fluctuation in waste strengths and flows from the canneries caused significant 
upsets in the biological treatment process. It is likely that violations of TITP's 
requirer.~nts will continue to occur in the future at times when the plant's treatment 
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capacity is exceeded unless 1) TITP's treatment capacity is increased, 2) canneries 
upgrade pretreatment and deliver a reduced (and constant) BOD waste load to TITP, or 
3) the canners are permitted to discharge the excess waste load directly to the Outer 
Harbor on an interim basis. Alternatives (1) and (2) are costly and will require as 
long as 56 IOOnths for implementation. Alternative (3) is fraught with technical and 
administrative complications, as discussed below, but must be addressed as soon as pos
sible to determine its feasibility as a mitigative measure. 

Direct discharge of process cannery wastewaters to the harbor was prohibited by the 
Regional Board in October 1977 because the canners failed to demonstrate adequately 
that harbor water quality was enhanced by the discharge. Under the State's Bays and 
Estuaries Policy discharges of municipal wastewater and industrial process waters to 
enclosed bays and estuaries are prohibited unless the discharge would enhance the 
quality of receiving waters above that which would occur in the absence of the dis
charge. 

One of the prime objectives of this work.shop will be to obtain expert responses as 
to: 

(1) the feasibility of considering any resumption of direct cannery discharge 
within the framework of the existing legal constraints of the Bays and 
Estuaries Policy and other State water quality standards. 

(2) the formulation of recommendations to the Regional Board ( for later consider
ation by the State Board) regarding interpretation of the existing Policy 
in light of special conditions in Los Angeles Harbor. 

(3) given that the legal constraints may be resolved, under what conditions 
could an interim discharge be allowed? 

We look forward to your participation at the workshop. 

I a~ enclosing a simple agenda and a copy of the City's report to the Board. 

Very truly yours, 

Executive Officer 

cc: See attached mailing list 

Enclosures 

rr·
·\, ·--· 
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cc: Environmental Protection Agency, Region IX, 
_Jktn: Hr. Clyde Eller, Chief, Enforcement Division 

(Jmvironment~l ~tection Agency, Washington, D.C. 
Attn: Hr.\,ealvin Dysinger, EPA Seafood Study Project Officer 

State Water Resources Control Board, Legal Division 
Attn: Hr. William Attwater 
Attn: Mr. Harry Schueller 
Attn: Mr. Craig Wilson 

Department of Fish and Game, Marine Resources Region 
Attn: Mr. Rolf Nall 
Attn: Mr. Larry Espinoza 

U.S. Department of the Interior, U.S. Fish and Wildlife Service 
Attn: Mr. John Fancher 

National Oceanic and Atmospheric Administration, 
National }f.arine Fisheries Service Attn: James Slawson 

South Coast Regional Coastal Commission 
Attn: Mr. Helvin Carpenter 

City of Los Angeles, Department of Public Works 
Attn: Mr. Jack Betz 

City of Los Angeles, Department of Public Works 
Attn: lir. Robert s. Horii 

City of Los Angeles, Harbor Department 
Attn: Ed Gorman, Chief Harbor Engineer 

Port of Los Angeles, Attn: Calvin Hurst, 
Chief H.:irine Enviornrnentalist 

Star Kist Foods, Inc., Attn: David Ballands 
Attn: Anthony Nizetich 

Pan Pacific Fisheries, Inc., Attn: Alan Pasarow 
Attn: Joe HcGrath 

Dr. Dorothy Soule, University of Southern California 
Environmental Protection Agency, National Enforcement 

Investigations Center, Attn: Barrett E. Benson 

(~ " ,-.. 
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REPORT TO CALIFOR'!IA REGIONAL WATER QUALITY CONTROL BOARD, LOS A.~GELES 
REGION cmJCERNI'NG OKDER NO. 79-133 ON THE TER'I\UNAL ISLAND TREATMENT PLANT 

INTRODUCTION 

Order number 79-133 of the California Regional Water Quaiity Control Board, 
tos Angeles Region (RWQCB) was adopted on July 23, 1979 after a hearing 
before that Board in which the reasons for the non-compliance of the treated 

-effluents from the Terminal Island Treatment Plant with certain provisions 
of its National Pollutant Discharge Elimination System (NPDES) Permit were 
examined. Order number 79-133 directs that the City must meet the provi
sions of the NPDES Permit and provides that the City present a written 
report within a 60-day period (September 24, 1979) detailing to the RWQCB 
'the measures taken or to be taken, including an implementation schedule, 
to assure that full comoliance with the NPDES Permit limitations will be 
achieved at the earliest possible date; and specific measures to mitigate 
the effects of the discharge prior to achieving full compliance. Non
compliance with the order would subject the City to injunction and civil 
monetary fines. 

At the time of the July 23, 1979 cease and desist hearing, the City pre
sented information to the RWQCB which in its opinion showed the compliance 
problems to arise from wastewaters discharged by four fish canning install
ations connected to the sewage system tributary to the Terminal Island 
Treatment Plant. It indicated that the wastes so received exceeded 
design capacity and were in addition discharged in a manner such that 
extreme cycling of waste strengths was present. These factors were such 
that the ability of the biological treatrr.ent processes to adjust was 
exceeded and violations had therefore occurred. It was, however, noted 
that in general, treatment had been effective and that receiving water 
standards had been met. 

STAFF PARTICIPATION 

Noting that the problem was a complex one, the City stated its intention 
of working closely with representatives of the canneries in seeking a 
solution. It also requested that the RWQCB authorize personnel from its 
staff to work with the City and the canneries to insure that appropriate 
alterna tives would be rev·iewed within the time required. The RWQCB agreed 
that such participation by its staff would be of value and it was so 
authorized. 

BASIC DATA 

Review of the plant performance has shown that the critical factor causing 
non-compliance with permit requirements has bee~ the high o~gnnic loads 
received. Although standards for parameters otr.c~ than BOD5 have also been 
exceeded, the actual organic load can be best c~~~acterized in terms of 
BODc:. 'Ihe available data covering the basis of design for the Terminal 
!sl&nd Plant, the amount of organic loading planned for each type cf dis
charqe and the amount and nature cf the fish cannery loading in terms of 
BOD .is accordingly summarized be~ow: · 

1. Design Capacity: 
a. Present PlaPt 53,600 lbs/day 
b. When Unit IIA (Solids Handling) 80,000 lbs/day 

completed. 

5



2. Current Domestic Input 20,000 lbs/day 

3. Planned Cannery Input From Consultants Harbor Study: 19,600 lbs/day. 

From these it would appear that the capacity should be adequate since design 
capacity was 53,600 lbs/day and the projected current loadings was about 
40,000 lbs/day. Figure 1 and Table I attached, show the problem which has 
developed inasmuch as daily loadings from all sources of organic loadings 
have often exceeded 100,000 lbs/day. It will be noted that with organic 
loadings greater than 100,000 lbs/day of BOD5 conpliance was achieved only 
about 26% of the time whereas at the 53,600 lbs/day design loading com
pliance was achieved more than 90% of the time. 

,' 

Completion of the unit IIA (Solids Handling System) contract· in.December 
1981 should increase the average capability of the plant to handle organic 
loads from 53,600 to 80,000 lbs/day or by an additional 26,400 lbs/day. 
Assuming all of this could be dedicated to the cannery wastes for a period 
until other loadings increased, the plant capacity available for this use 
would be approximately as follows: 

s·o, 000 lbs/day Ultimate Plant Capacity 
Less 20,000 lbs/day Domestic Wastewaters 
Less 3,000 lbs/day Other Industrial Wastewaters 

57,000 lbs/day Canneries 

Since daily loadings on the treatment plant attributable to the canneries 
have frequently exceeded the ~ltirnate total cesi9n loading figure of 
80,000 lbs/day, the 57,000 lbs/day which could be made available to the 
canneries under the conditions expected to prevail when the present con
struction ,;·mrk is comoleted would still be insufficient. There could 
therefore be no assurance of com!_Jlete and continued cor:-,pli:1nce with the 
~1PDES regulations if all cannery wastes continued to be received by the 
treatment plant. In addition, since fish catch is controlled both by fish 
abundance and by fishing days set by the State Depart~ent of Fish and Game, 
it is quite probable that organic loadings either in excess of those 
received to date or persisting for a longer period would occur.· Another 
factor needing evaluation is whether the increase arising from completion 
of present facilities can be per:raanen.tly corr.mitted to the fish canneries. 
The alternatives will consider this. 

ALTERNATIVES 

Given the facts outlined above, the following are the alternative proce
dures ,1hich could be followed to achieve the required 100% compliance with 
t..~e NPDES Perr.tit regulations: 

1. Modify the Treatment Plant as a grant fundable project to allow the 
beavier loadings to be properly treated. This ~ight in~luce the 
following: 

a. Retrofit the aeration system to allow a fine bubble aeration or 
high purity oxyge:1,:;\ti or.. sy;> tc?.m to be inst.allecL 

b. Provide flow equalization tanks 
to the pldnt. 

to provide 

r, ,_,. 
a more uniform loading 

-~--
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TABLE 1 

TERMINAL ISLAND TREATMENT PLANT 

1978-79 DATA A.~ALYSIS 

BOD Mass Emission Violations 

Raw Influent No. of No. of Days Effluent 

lbs/day Days Exceeded 10,000 lbs/day % Compliance 

100,000 26 days 19 26.9 

90,000-100,000 9 days. 4 55.6 

80,000-90,000 14 days 7 so.a 
70,000-80,000 17 days 6 64.7 

60,000-70,000 32 days 6 81.2 

50,000-60,000 51 days 5 90.2 

40,000-50,000 55 days 5* 90.9 

30,000-40,000 67 days 3** 95.5 

20,000-30,000 50 days 2** 96.0 

10,000-20,000 44 days 0 100.0 

365 days 59 days 

... 
*Two of these five violations were due to insufficient air being provided 

to aeration tanks because of clogged diffusers. 

The other three were due to delayed reactions from much higher peak 

loads on previous day·s. 

1t*Violations due to delayed reactions from much higher peak loads en 

previous days. 

- ¢. 



c. Provide additional secondary sedimentation and sludge handling
facilities· as necessary. 

It is believed that it may be possible to justify this approach inasmuch 
as neither the City, the industry, the State nor EPA had valid data to 
show what a fish cannery loading would be at the time of design, given 
the many types of fish handled. Also, EPA pretreatment standards had not 
been set and the strength of the effluents were not known, given the 
variety of fish and the variability of pre-treat.'1lent effluents from each 
species packed. The projected plant change could then be a simple adjust
ment to fact rather than a growth inducing step. 

It is proposed that fine bubble jet aeration system utilizing air and/or 
high purity oxygen, such as that now under test, be evaluated with the 
appropriate sedimentation tanks and adequate aerated equalization tanks. 
Capital costs are estimated to be of the order of $6,000,000. 

The time required to accomplish this is estimated as follows: 

Step 1: Project Report and Approvals 6 months 

Step 2: Design and Approvals 12 months 

Step 3: Contract Award, Construction and other 
State and Federal Approvals 36 months 

Total Time 54 months 

Thus if Step 1 could be started by January 1, 1980, operation would 
be by June 30, 1984. All fish cannery and other industrial and 
domestic loadings could be handled by this alternative. Alternative 
2 could be used in the interim for all loadings greater than the plant 
facilities could treat. 

• The Terminal Island Treatment Plant could accept organic loading from 
the canneries on each day up to approximately 30,000 lbs. until 1982 
and then up to 57,000 lbs. from that point on with the canneries dis
charging a~ounts in excess of allowed loadings to the harbor through 
a new cannery outfall which would provide enough diffusion to prevent 
a marked dissolved oxygen sag in the discharge area. (Increased 
loadings from doffiestic sources and other industries could change 
this entitlement.}-· 
a. The studies of enhancement to the fisheries in the harbor as 

a result of such waste discharges to date has indicated that 
probability that enhancenent is present. Com.iuents by Cali:ornia 
Fish and Ga..ue and other agencies had indicated that certain 
further areas of study as to enhancement.would be valuable and 
should be completed. 

b. Impact on Harbor waters would be limited by using the treatment 
plant to capacity and directly discharging only excess loadings 
through a new cannery outfall-diffuser system. The excess amount 
would, however, allow the desirable enhancement study to proceed. 

r:·-, .._ 
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c. If enhancement could not be shown then the canneries would be 
obliged to help implement either Alternatives 1 or 3 described 
herein. 

The time necessary to implement Alternative 2 is estimated as 
follows: 

1. Obtain necessary environmental approvals 6 months 

2. Design and construct outfall and diffuser 8 months 

3. Total enhancement study time 36 months 

Total Time 50 months 

Thus, if the process could be started by January 1, 1980, the new 
outfall and diffuser would be in operation by March 1, 1981 and the 
full study completed by March 1, 1984. If enchancement was demon
strated, either this alternative or Alternative 4 would then continue 
Capital cost for the construction of the outfall and diffuser and 
the necessary facilities is estimated to be $1 million. 

3. The third alternative would be for the City to limit the canneries to 
approximately the 30,000 lbs/day of BOD 5 , which would bring the plant 
to current design loading, until 1982 and to approximately 57,000 
pounds per day after that date when Unit IIA (Solids Handling Unit)
is completed. This would place the full responsibility on the canneries 
to meet these loadings by steps such as providing further pretreatment~ 
flow control and other internal procedures. (It also might be neces
sary to reduce the cannery allotment if other domestic and industrial 
loadings were received.} 

In attachment A to this report, the canneries have given their response 
to this alternative giving background data on plant capacities and 
corresponding waste loadings and indicating the effects that their 
resulting operational reductions would have upon employment levels 
in both the canneries and the fishing fleet. 

4. The fourth alternative would be for the canneries to discharge their 
total waste flow with non-process waters to a new cannery outfall
diffuser system designed to prevent an oxygen sag and excessive 
bottom deposits. 

a. This could aid the enhancement study. 

b. The ability of the harbor to handle the full load of properly 
diffused organic wastes could be tested. 

c. If enhancement is shown the procedure could be followed with no 
change needed. 

The time necessary to fully implement Alternative· 4 is estimated 
as follows: 

1. Obtain necessary environmental approvals 6 months 
2. Design and construct outfall and diffuser 8 months 
3. Enhancement study time 36 months 

(.•.· ,,__ Total Time· SO months~-· - t, -



Thus if the process could be started by January 1, 1980, the new 
outfall and diffuser would be in ope~ation by March 1, 1981, and 
the full enhance~ent study completed by March 1, 1984. If enhance
ment was demonstrated, the alternative could then simply continue. 

The canneries have cowmented on this alternative in Attachment A 
giving a brief background of some related actioni. 

Summary of Alternatives 

Figure 2 summarizes the four alternatives showing their relation
ships with the various decisions involved. Also shown are two 
interim discharge options and the planned Interagency/Canners 
Workshop. 

-:RECOlr'J-1.ENDATION: 

A decision as to the ultimate choice of alternatives cannot be made until: 

l. The Regional Water Quality Control Board, the State Water Resources 
Control Board and U. s. EPA Region IX can determine whether a con
tinuation of the present study on enhancement is in order. 

2. If such a continuation is considered pertinent, whether enhancement 
is or is not shown at the time of its completion. 

From the factors cited above, two avenues of approach are possible. Thus, 
if a continuation of the study is not judged to be productive, alternatives 
l or 3 must be undertaken. However, if continuation of the study on enhance
lilent is judged proper, any of alternative 1, 2, 3, or 4 might eventually be 
adopted. 

Regardless of which of these decisions is made, an interim period will exist 
before the necessary permits and/or construction can be accomplished. Opera
tion in the interim must therefore also be considered. With these factors 
in mind, the following procedure is recom.-nended to the RWQCB: 

l. The Executive Officer of your Board is organizing a workshop to include 
representatives of your Board, the State Water Resources Control Board, 
U.S. EPA Region IX, Federal Fish and Wildlife Service, California Fish 
and Game, the canneries, the City and other interested parties to 
explore the question of the value of further research upon enhancement. 
This will be directed at enabling a decision on this important point to 
be reached at an early date. 

_2. An interim period will exist before such a decision can be reached; and, 
if the decision is that further enhancement study is desirable, before 
necessary permits, design and construction of a new cannery outfall
diffuser can be accomplished. During this period, the following is 
recommended: 

a. Utilize the Terminal Island Treatment Plant to treat the greatest 
cannery organic load possible while staying within NPDES Permit 
limitations. 

b. Use the present cannery outfalls to the outer harbor area for the 
balance of the non-process and process wastewater from their 
fQcilities. (''-~ 



3. If an extended enhancement study is recommended, and after a new 
outfall-diffuser system is completed, put all cannery wastewater to 
the harbor through the new outfall-diffuser system during the period 
of the study (alternative 4). This alternative would be subject to 
further modification during the study period should it prove more 
desirable to reduce the cannery discharge to the harbor and direct 
some of the wastewater to the Terminal Island Treatment Plant. 

4. If an extended enhancement study is not recommended or if after the 
study enhancement is not shown, enlarge plant capacity to handle 
these wastes (alternative 1). 



\IITH UPOES \.JASTE Dl~lllA. 'jt Ktl,LUIKt:.llt.1'1.) 

IHTERIH DISCHARG~ 
(two options) 

1. a) TITP treats up to 
30,000 lbs/day BOD 

b) Canners discharge excess 
to harbor (OAF-treated) 

I tffERAGEllCY/C/1.IHIERS \.IOiU~SHOP 
To review evidenc~ for enhancement 
within context of recent State 

2. a) TITP continues to treat all 
wastes and discharge with 
periodic violations 

b) Canners reduce BOD loading 
to Tl~P and equalize flows 
to minimize TITP violations 
{short-term solution) 

Board interpretation of Bays & Estuaries 
Policy · 

Workshop-October ll, 1979 
Decision-December 1, 1979 

I 
Ealancement may cccur, but 
not yet sufficiently demonstrated 

[a.,ise 3-year Study Plan under 
1anaged discharge conditions 

lement Study~ January 1980 
Allow Interim Discharge 

teragency Review of Data 
Annual Reviews 
Final Review 

I 
· Oicision --- - -- -

I 
( If enhancer,,ent does occur I . 

aALTERtti\T I VE Lf ALTERNATIVE 
All Cannery wastes Managed Discharge 

to harbor 30-57,000 lbs/dc1y 
Excess to harbor 

. 
Canners disch~rge excess 
thru new outf~tl 

Enhancement docs not occur;r-- Further studies not warranted 
1 
I 
I Long-term Solutions 
( Allow lnteri~ Discharge 
I . pending co~pletion • 

f I 
I 

J 
.· ALTER!~ATIVE 1.I TITP upgrades to.) 80,000 lbs/day

I peak capacity. Continue to handle 
I al1 wastes fron canners 
I 
I ALTERtJAT IVE 3. 

___ _J a) Canners upgrade & improve 
pretreatment 

b) limit production to meet 
City effluent limits 

2 Ionly 
to TITP 

TITf' discharges excess 
vi a byp., ss 

Reproduced from 
best available copy. 
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ATTACHMENT A 

Comments by the Fish Canneries 
Relative to Alternative Nos. 3 & 4 · 

l. In consideration of Alternative No. 3, which fixes limits for the 
cannery discharges to the treatment plant, it is valuable to ccmoare 
the effluent loadings from each plant historically since the intro
duction of DAF with the loadings considered typical for the industry 
related to the production capacity for each plant. 

. Standard Industrial 
BOD Loadings 1 Performance for 

Current Calendar Year 1978 Average 4 
Capacity (lbs./Day) (lbs./Day) 

Plant (Tons/Day) .-rwq. Peak Current Capacitv 

Pan Pacific 375 Tuna 3,200 10,000 6,750 
il & 12 350 Macke?:"el 6,300 

40 Pet food 720 
300 Anchovy 2,340 

16,110\ 
Pan Pacific 120 Tuna 1,164 B,000 2 2,160 

300 AnchO\."Y 2,340 
4,500 

SKF #1 1,200 !mchovy 5,460 27,400213 9,360 
480 Macke:?:el 8,640 
135 Pet food 2,430 

20,430 

SKF #4 675 Tuna 7,900 20,000 12,000 
38 Pet food 684 

12,684 

NOTE: 1 Due to netering errors, flow may have been underestimated; due 
to differences in analysis, BOD concentrations may have been 
overestimated. 

2 Anchovy production was low-during 1978. 

3 During peak production days in 1979, peak loadings were 
approximately double those shown. 

4 BPT performance - used by RWQCB in 1977 Cannery NPDES Pen11it. 

Max. Ava. 
Tuna (CFR 408.142) 23lb/1000 lb. 9.0lb/1000 lb. 
Mackerel (No Ref.) H " 
'Pet Food (No Ref.} " " 
Anchovy (C?R 40~.152) 

Solubles ?lant 7.0lb/1000 lb. 3.9lb/1000 lb. 
Other 3.Slb/1000 lb. 2.Slb/1000 lb. 

('"':) 
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It is evident that the peak loadings fro~ Star-Kist during the high 
anchovy production periods in 1979 were atypical and the reasons for 
these peak loadings will be determined and dealt with. However, it 
is evident that if t...~e peak daily loading of 23 lbs/1,000 lbs* allowed 
by the July 1, 1977 EPA guidelines were applied to all the four plants 
products but anchovy, and using a value of 7 lbs/1,000 lbs* for 
anchovy, t..r1en a total cannery capacity of about 125, O00 lbs per day 
would be required for current capacity levels; i.e. an additional 
95,000 lbs per day over 30,000 lbs per day which may be available 
for the interim period until the municipal treatment plant is com
pleted. The canners accept t~at they can improve the operation of 
their plant and their DAF systems so as to reduce their effluent 
loadings on a pounds per ton of production basis compared with those 
which have occurred over the last 18 months. However, the general 
concensus is that this degree of improvement will be considerably 
short of providing the solution to the basic equation of demand vs. 
treatment plant capacity. Therefore, the canner's response to the 
above situation can best be forecast as follows: 

a. Facilities which will be required for the canners to reduce 
their loadings at each plant to the level required would be 
equivalent to secondary treatment and similar to those required 
to treat the waste by expanding the municipal treatment plant. 

b. The time required to provide these facilities would be roughly 
equivalent to that required by the Municipal Treatment Plant 
to extend its facilities. 

c. The Municipal Treatment Plant receives considerable dilution 
water with which to handle the high cannery loads; the canneries, 
of course, have no dilution water and, therefore, th~ technical 
difficulties in treating the waste would be greater if it were 
treated at a cannery secondary treatment plant and cost of the 
facilities is likely to be greater. 

d. The canneries have no 
treatment facilities. 

space in which to install secg.ndary 

e. After considering the probable impact on profit contributions 
and ernployrr.ent, t.rie canneries would probably choose to operate 
that portion of their current production which could be 
accor:rmodated within the allotted BOD loadinqs and would be 
forced to cease to operate the remaining portions of their 
plants (all types of fisaing are considerably interaependent,. 
and it is unlikely that the fishing fleet could continue to 
exist in its present form). hpart from the loss of income to 
the canners, the Port of Los Angeles, and the impact on local 
ancillary industry, the resulting loss of employment would be 
approximately as follows: 

~ These are the loading rates used in the cannery 1977 NPDES permits. 
It should be noted that the loading factor for tuna was withdrawn 
by the EPA in the August 6, 1979 Federal Register based on new infer
-- .... .:-- """'=-+- +-hi~ 1977 BPT limit was not consistantly achievable. <c?U 



• Personnel employed in the fishing fleet - approximately 
500 (plus ancillary business, e.g. ship repair, marine 
supply) 

People employed in the canneries - 1,000 to 2,000 {plus 
ancillary business} 

(NOTE: For statistical purposes ancillary business employment 
is calculated by a factor of 5 or more.) 

II. In consideration of Alternative No. 4, which would allow discharge of 
all cannery wastes directly to the harbor, flows and loadings from 
the canneries have decreased over the recent years due to improved 
handling and conservation measures within the canneries. The install
ation of the DAF units has further reduced loadings being discharged 
from the canneries. The various work being carried out by use and 
others over the past 10 years and reported in the recent summary report 
prepared by the Allan Hancock Foundation suggests that a considerable 
body of evidence exists to support the concept that these wastes, 
which are principally of ocean origin and are biodegradable, bioenhance 
the- receiving waters. Further work which has been done to reduce 
cannery effluent loadings since much of the research work was carried 
out suggests that there is good reason to reconsider the case for 
bioenhancement. It is suggested that this should be progressed in 
the following ·way: 

a. A series of meetings should be convened between the industry, 
the City of Los Angeles, the Regional Water Quality Control 
Board and the Environmental Protection Agency to determine the 
experimental design for data to be collected during the pro
posed period of monitored discharges from the canners to the 
Outer Fish Harbor. 

b: Design should be progressed for 
into the Outer Harbor. 

a new cannery discharge system 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION IX 

215 Fremont Street 

San Francisco. Ca. 94105 

In Reply E-5-2 
Refer To: 863.4A 

Raymond M. Hertel 
Executive Officer 0 2 OCT i979 
California Regional Water Quality 

Control Board 
Los Angeles Region 
107 S. Broadway 
Los Angeles, CA 90012 

Dear Mr. Hertel: 

This is to provide you with comments on proposed agenda 
for the Los Angeles Harbor workshop scheduled for October 
11, 1979, as discussed in your letter of September 11 and 
at our meeting of September 25. 

Our primary concern at this time is to insure that all 
participants fully understand the statutory and regulatory 
framework for the discussions. The Bays and Estuaries 
Policy specifically prohibits new discharges to the harbor. 
Any application for a permit for such a discharge must, 
therefore, include a positive demonstration to satisfy the 
"enhancement" provisions of the policy. The policy does 
not provide for a prospective determination of enhancement. 
Furthermore, our review of the most recent available update 
of the Harbors Environmental Projects study does not indicate 
that such a positive demonstration of enhancement can be made 
at this time. With this in mind, we believe that item IV on 
the agenda (interim harbor discharges) may represent an area 
of academic interest, rather than a viable regulatory option. 

We believe it would be most useful to focus on pragmatic 
issues, including: 

l} The nature of TITP operating problems: 

2) Mitigating measures taken and planned at TITP 
and the canneries; 

3) Schedules and costs of deepwater outfalls; 

4. Regulatory options. 

These would most appropriately fall under item I of the agenda. 

,·.~
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While we are willing to discuss the subjects covered 
in Item II, it may be that a one-day workshop would not 
allow sufficient time for a meaningful examination of 
each of the technical points listed. 

If you wish further discussion of the agenda items, please 
contact Terry Brubaker at (415)556-7841. 

Sincerely yours, 

/4.J~/{-r..,_, Clyde B. Eller 

C Director 
Enforcement Division 

cc: SWRCB 

. 
fjt,/C-, 

~(f/Jt,.ref' bu/ tel. lrne~ u,v. (WH-55J} ~ 
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:ATE OF CAllFORNIA-THE RESOURCES AGENCY EDMUND G. BROWN JR , GoYf 

'ATE WATER RESOURCES CONTROL BOARD 

1IVISION OF WATER QUALITY 
, 0, BOX 100 e SACRAMENTO 95801 

(916) 445-7971 

AUC 7 1979 

Mr. Calvin Dysinger In Reply Refer 
Effluent Guidelines Division to: 526: HW 
Environmental Protection Agency 
401 M Street, SW 
~ashington, D.C. 20460 

I have already forwarded our Division's comments on Marine Studies of San Pedro 
Bay, Part 16, and on the two environmental impact reports that incorporated that 
document. Those comments reflected our Division's point of view, and concentrated 
on issues relevant to the Clean Water Grants Program. 

My own professional opinion of the Section 74 program follows, in the format 
requested in your letter. 

Methodology 

The document reports on research undertaken to assess possible enhancement by 
secondary effluent from Terminal Island Treatment Plant, not the discharge of 
cannery wastes directly to Los Angeles Harbor. The conclusions of the study may 
bear on the question of direct discharge of cannery wastes. However, since the 
City's treatment plant discharges close to the former cannery outfalls, it is 
hard to distinguish the effects of changes in the City's effluent from cessation 
of the cannery discharge. 

Execution 

I believe, from my observation of the collection of samples, that the ecological 
sampling was done carefully and with generally appropriate techniques. Our 
comment letter notes some disagreement on techniques. 

Data Reduction and Analysis · 

I did not feel that the report's findings follow clearly from the data. Specific 
problems are noted in our comment letter. One problem was that some of the most 
critical data, such as measurements of nutrients, were presented only indirectly 
and incompletely. The reader is asked to take on faith several statements that 
photosynthesis is not nutrient-limited. These statements seem to conflict with 
the assertions that secondary treatment of wastewater has deprived the harbor of 
nutrients needed for photosynthesis. 

The study does fit in with the next planned phase of harbor filling. It points 
out that further filling beyond the phase scheduled for 1980 will so damage har
bor circulation that water quality will probably be degraded. That point is 
relevant to the question of discharge of cannery wastes. 

(~. . 
- I -·• 



-2-

General Review Criteria 

My personal opinion (as distinct from that of SWRCB) is that the concept of 
"'enhancing' various species populations" in the ocean is environmentally sound. 
We already do that in an unplanned way by fishing out predators, such as tuna. 
However, any attempt at enhancement should add only materials that are known to 
be non-toxic and easily biodegradable. Some of the Los Angeles fish cannery wastes 
showed toxicity on standard bioassays and the source of the toxicity was apparantly 
never found. I can conceive of a situation in which cannery wastes,properly 
diffused, could enhance Los Angeles Harbor. 

I do not think an artificially managed marine environment is as desirable as "a 
natural, pristine environment". That judgement follows both from my personal 
values and from the fact that I have little confidence that we will manipulate 
the marine environment wisely or well. However, Los Angeles Harbor is not "a 
natural, pristine environment". There is evidence that the whole Southern 
California Bight is profoundly changed from its natural state. 

The subject study defines "bioenhancement", not enhancement, and its list of 
criteria on page IB3 omits mention of primary productivity, a critical issue in 
local waters. The concept of spatial averaging set forth elsewhere in the 
document is highly controversial. 

The study sets forth criteria with which to measure "bioenhancement", but they 
are not stated such as to allow a "yes" or "no" answer from the data to be 
gathered. Operationally definable criteria are necessary to a decision. 

I agree with Soule and Oguri that cannery wastes could conceivably be discharged 
to the harbor in such a manner as to enhance populations of fishes. I find it 
distressing that in years of research no one has directly tested the idea that 
anchovy schools feed on cannery wastes. I believe that such a test would be 
simple and inexpensive if it were well designed, including proper handling of 
the anchovies. I suspect that schools of anchovies actually fed on the cannery 
wastes in 1976, but no really serious effort was made to test that commonly 
held belief. · 

I believe you are already aware of the information on harbor fishes gathered by 
the California Department of Fish and Game, National Marine Fisheries Service, 
and Marine Biological Consultants. I feel that others on the committee are more 
competent than I to comment on the data. 

In summary, I believe that we still lack a clearcut study of the effects of 
cannery wastes on Los Angeles Harbor. I personally think it possible that a 
separate discharge of cannery wastes, if properly diffused, would benefit 
anchovy populations without harming the harbor ecosystem. I believe that the 
necessary research to evaluate that possibility remains to be done. The HEP 
studies as a whole could help evaluate the possibilities, but are insufficient 
to answer the questions posed by Section 74. 

~~,c?:"~.f-2--r--
Howard 0. 'right, Ph.D. 
Environmental Specialist 

r· .... 
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RIMMON C. ·FAY, PhD. 

TO Cal Dysinger 16 June 1979 

In 1963 I pro~sed a way 6:f pooli1 
data collected in the inshore area fo: 
common reference. ·This suggestion re: 

in SCC~RP but not in the pooling of th1 
data. As a result, we still have obse1 
-al data being collected and prese~ted 
individual format by non-standardized 

technique for specific purposes by non-1 
reviewed investigators. SCCWRP has nevi 
approached this problem. 

Would EPA be interested in our orgar.i: 
a conference for discussion of the subjec 
and could EPA sponsor such a workshop? 
This is important for CZH purposes, t-1-!FS 
management programs, EPA review of waive1 
applications, and for the marine biologis 

working in the area as well as CEIF studiE 

I ca!lll provide an agenda, meeting plac 
charrperson, and contribute to such a worR 
if it is of interest. ~e just did one on 
coastal wetlands that worked out very wel 

I hope that your find our comments on 
the latest by Soule and Oguri to be of int 
and of some use. 

Best regards, 

(2,,;._ --' . ... - ;··· 



PACIFIC BIO-MARINE LABS, INC. 
TELEPHONE

P.O. BOX 536 
OFFICE f 213 l 822, !57! 

VENICE, CAUFORNIA 90291 

June 14, 1979 

Cal Dysinger 
~nvironrnental Protection Agency 
401 "M" St. SW 
Washington, D.C. 20460 

Dear -Mr. Dysinger: 

Enclosed please find the comments of J. A. Vallee and my
self on Ecological Changes in Outer Los Angeles - Long Beach 
Harbors Following Intiation of Secondary Waste Treatment and 
Cessarion of Fish Cannery Waste Effluent edited by D. F. 
Soule and M. Oguri, April 1979. 

These comments follow two approaches, direct comments on 
the studies presented by Soule and Oguri and comments of an 
informal nature based upon our own observations over the 
same period (1971-1978) and taken in the harbor of Los Angeles 
Long Beach as well as elsewhere along the coastline of 
Southern California. This is followed by some recommendations 
for your consideration with regard to the development of 
criteria whereby to measure biological changes that may re
late to changes in water quality along the coast of Southern 
California. 

We have enjoyed being able to volunteer our comments upon 
these reports on cannery waste and the Los Angeles-Long 
Beach Harbor complex. I note that this volunteer service 
has taken many days of staff time and has resulted in a 
determination that the volunteer effort cannot continue in 
the form which it has taken in the past. However, this is 
not the major problem; the problem is how to develop informa
tion which your agency can rely upon and which will sustain 
solid scientific review? Obviously, we should be grateful 
for an opportunity to develop such information based upon 
our extensive experience in this area and the development of 
specific research programs designed to answer the questions 
which beset the EPA about wastes discharged into the inshore 
area. 

We share the concern of Soule and Oguri in evaluating the 
significance of the on-going change in water quality in the 
harbor area and delight in what is happening as a result of 
the abatement of toxic discharges here and elsewhere in the 
Southern California Bight. 

f'"'"'-1 .,.. ,•. 



June 14, 1979 
Page two 

Please advise us of how we may be able to continue to 
cooperate with the EPA as your programs continue to im
prove the quality of our inshore waters. 

Yours sincerely, 

Rimrnon C. Fay 

CC: James Rote, N.M.F.S. 

('.] 



Two separate approaches to an understanding and manage

ment of marine resources conflict in evaluating the report of 

Dr. Soule and her colleagues. One assumes that the nature of 

the quality of ocean waters is that of a highly oxidized, 

highly mineralized, non-toxic medium with low concentrations 

o_f bacteria, particulate and dissolved matter, and with 

moderate to high transparency in the water column. This is 

the quality of the medium in which most marine organisms 

evolved and it is the quality of waste water adequately 

treated before discharge to the ocean. Dr. Soule and her 

colleagues argue for the discharge to the ocean of inade

quately treated wastes (incompletely oxidized and mineralized) 

with high concentrations of bacteria, suspended solids, plus 

possible toxins, and for the development of an ecosystem 

founded upon this W1natural and illegal basis. 

Recognizing the objective of the Clean Water Act to 

make the waters of the United States Fishable and Swimmable, 

the studies in question are presented by Soule, §t.E~· from 

the aspect of the fishability ignoring the considerations of 

swimmability and the maintenance of a balanced endiginous 

biota. One could not recommend swimming in the cannery 

waste and the evidence for a balanced endiginous biota is 

based upon an ecosystem of scavengers. 

As discussed in our review of the preliminary report, 

the authors establish their own definitions and assumptions 

and then proceed to develop the types of evidence needed to 

-1-



give the trappings of a scientific approach to the proof 

of their case. This strategy produces far more heat than 

light as well as ignoring the basic legal issues involved 

while providing some pap as legitimate well founded scientific 

investigation. It becomes repugnant for the inexperienced 

reviewer to deal with this quality of material and absolutely 

revolting for anyone who would appreciate better work being 

done in this area or anywhere else. 

p.vii "The Harbor was, in '73-74 the richest soft-

bottomed marine area in southern California" ••• on what 

basis? comparisons? at what depths? how much of the bottom? 

A reduction in the abundance of fishes is noted in the 

period from '73 to '78 but similar observations were noted 

elsewhere in Southern California and anchovies especially 

declined in abundance everywhere during this period (see 

Stevenson, p. 43, last quoted paragraph in this report). 

p.vii - Fish are attracted to solid structure on the bottom 

or at the surface and into areas of turbulence in the water 

column. This cannot be considered enhancement per seas they 

may be attracted to a fish trap just as well as this is the 

basis for functioning of fish traps and gill or trammel nets. 

p. ix - A 30 fold drop in the concentration of bacteria, 

fungi, protozoa, etc. after implementation of secondary 

-2- r-1 . - . 



waste treatment would be regarded as an improvement in 

water quality by any known criteria for evaulating the 

suitability of water for the sustenance and maintenance 

of fishes. 

The statement that the bioassays demonstrated no evidence 

of toxicity of the secondary effluent is predictable to 

organisms "Typical of harbor wastes" (PIB4) were used; how

ever, the techniques were questionable even so. Very 

tolerant species lived under all conditions and the more 

sensitive species died under all test conditions including 

the control conditions. In addition, sub-lethal or chronic 

effects were not examined. 

ix - The trend from a bacteria/detritus based food web to 

a phytoplankton based food web can be considered as an 

improvement in water quality to support more natural balanced 

endiginous biota. 

xi - The TITP is important to maintaining a population 

of scavenger fish in the harbor but what does this do to the 

function of the protected waters as a nursery and how does 

this compare with unpolluted protected waters such as Mission 

Bay? 

xii - Benthic resources might be expected to change in 

specific abundance following an initiation of secondary 

f . -3-
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treatment which is what this change was intended to 

accomplish. The fact that a change in abundance of those 

species typical of natural unpolluted conditions is going 

to be a slow process is also predictable because bf the 

more than 50 years of degradation of water quality in this 

area few of the sensitive species are left to recolonize an 

unpolluted area and no programs for active restocking are 

being implemented. 

xiv - Increased concentrations of suspended solids are 

reported to result in increased rates of growth of mussels 

but it is not evident that this is equivalent to an increase 

in a balanced endiginous biota. 

xv - The time frame considered, 1971 - 78, begins after more 

than 50 years of artificial alteration of this area and 

adverse impacts upon water quality from sewage, _toxins, in

dustrial wastes, cooling waters, and cannery wastes. At

tempting to relate the biota of the harbor waters to the 

activation of secondary treatment at the TIFT plant ignores 

the massive other changes which have occurred in the inshore 

waters as a result of pollution and physical modification of 

the habitat. 

xvi - The toxicity of cannery wastes is di.scounted at the 

expense of ignoring the unnatural effects of high concentra-
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tions of particulate matter, lowered pH, reduced concentra

tions of dissolved oxygen, and reduced transparency in the 

water colwnn. 

IA9 - Definition is required for the term nutrients and 

for the context of the use of the term. In the last para

graph, natural or artificial upwelling is taken as equivalent 

to artificial discharges and the equivalence of artificial 

discharges to natural run-off from the land is implied. All 

of these processes and the components involved require defini

tion and qualitative as well as quantitative comparison. 

IB4 - Even though "no 'control' harbors" are available, at 

least some qualified comparisons should be made with other 

areas of similar sediments, temperature, salinity, depth, 

~tc. that are not subject to waste discharges. 

IC4 - Unofficial rainfall figures are used. Why not use 

official records which are more complete and are accessible 

to the public? 

It is noted in reviewing this report, that the fish biota of 

the bay drops as the studies continue but the impact of the 

studies on the icthyofauna is n~t evaluated. 

There is something very curious about the structure of the 

icthyofuana of the bay as detailed by these studies. Very 

few elasmobranchs are taken and while the absolute numbers 
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of fish taken varies from year to year, as natural varia

tion occurs, the relative abundances are essentially 

constant save for anchovy but many of the formerly abundant 

fishes on this coast are completely absent. These include 

barracuda, pacific mackerel-, pacific sardine, yellowtail, 

bonito, and white sea bass. The absence of these species 

is not even discussed in relation to those species which are 

observed. 

II A 2-3 - These studies concentrate on fin fish which 

feed on garbage ••.• is this enhancement? Fish are also 

attracted to thermal outfalls and into the intake structures 

where they are killed as a result•••••is this enhance

ment? 

IIA 5 - The data base for the estimate of the abundance 

of anchovies is inconsistent. It is estimated that they 

are reduced 100 fold in 1978 versus the period of '72-73 

based upon trawl surveys. Offshore a reduction of 4 fold 

is estimated based on accoustical surveys in the region of 

greatest natural historic abundance of these fishes. 

Acoustical surveys are ofetn inaccurate; trawl surveys have 

not been conducted off-shore. 

IIA 17 - If the icthyofauna of the harbor is defined in 

terms of those species utilizing the wastes from the cannery 

-6-
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discharges, then cessation of the discharge of these 

wastes may alter their local abundance at the site discharge. 

This does not establish that their overall abundance declines 

or that the cessation of the discharge will not result in 

increased diversity of fishes or improvements in water 

quality will improve the nursery function of the harbor. 

IIA 21-22 - The fact that birds feed on the cannery wastes 

is considered as enhancement and rats have been observed to 

feed on garbage; is this enhancement? 

IIB - The wide fluctuation in relative abundances of birds 

in southern Californi has been observed for years. In fact, 

it is only recently, 1977 or so, that good quantitative 

information has been developed for many species of birds 

which may be seen on this coast. Depressions in the abun

dance of cormorants, pelicans, bald eagles, and peregrine 

falcons, has been related to the abundance of DDT discharges 

in this area including the death of birds in the Los Angeles 

Zoo attributed to their being fed with fish that were loaded 

with DDT and caught in San Pedro Bay. Loss of some 75% of 

the wetlands habitat in this area and the fact that many 

species do not use this area for nesting but over winter 

here or pass through the area on a seasonal basis makes 

information on the abundance of bi~as interesting but so 

highly variable that it is diffic: to interpret its sig-

nificance. 
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IIC 135 - "no large blooms" of dinoflagellates "have 

occurred since 1974". This coincides with the period 

in which massive discharges of DDT into local waters were 

abated. It has been suggested that there is a relationship 

between phytoplankton populations structure and the presence 

of chlorinated hydrocarbons and the population structure 

of zooplankton and the presence of heavy metals. The 

discharge of heavy metals has also been reduced in this 

area with obvious long-term ecological impact still to 

be determined. 

IID 3 - They report that in the fall, Oct. - Dec. of 1978, 

A. tonsa did not participate in the expected bloom near 

the outfall, but did bloom at more distant stations. The 

start up of 2° treatment is suggested as a cause for this 

failure, but other possible changes in physical and/or 

chemical parameters (effects of runoff on temp., salinity, 

turbidity in shallow vs. deeper water, etc.) are not men

tioned. 

IIE 3 and IIE 10 - They report a decline in the total 

abundance of benthic animals since 1974 and a steep decline 

in diversity in 1978 (after going to 2° treatment). But 

those species which declined in abundance are those which 

are tolerant of a primary effluent habitat, and 

dependent upon effluent. As the habitat becomes less 

impacted, and as recruitment (planting of animals?) 
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takes place diversity and abundance less tolerant to stress 

of species will increase. 

IIF - They report that anchovy populations in the harbor 

have declined much more than offshore populations, and 
. 0 

suggest that going to 2 treatment accounts for this greater 

decline. But offshore populations were determined acoustic

ally and this data is not reliable. 

They report a decline in the white croaker populations 

since diversion of cannery wastes to TITP and going to 2° 

treatment. Good - look for greater diversity, not the 

restoration of former white croaker populations. 

IIF 11 - They note very high numbers of Genyonemus eggs 

and larvae in Jan. - Feb. 1978 and suggest that a decline 

in possible predators may account for this. They do not 

mention that the 30 fold decline in bacteria in the harbor 

0 .
after going to 2 treatment, plus the improved quality of 

the discharge may have had a positive effect on survival of 

fish eggs. 

IIIA4 - The 10 fold increase in the bacteria population 

following the TITP breakdown during the summer of 1978 is 

a good argument for continued 2° treatment. 

IIIB 18-19 They conclude that an ecosystem which is 
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bacterially enriched and poor in phytoplankton may be as 

productive as phytoplankton based ecosystems. But what 

is the relative value of these two types of production? 

I'm sure that the phytoplankton can support a much more 

diverse food web than bacteria. 

IIC 5 - They conclude that cell numbers and chlorophyll a 

values are probably not directly correlated. This has long 

been recognized, and should have come as no surprise to 

them. 

IIID 8 - Inorganic phosphate has never been shown to be 

limiting to phytoplankton production in Southern California. 

They report that the harbor has not been considered nutrient 

limited in the past. They do not discuss why the standing 

crops of higher invertebrates and fish are so low. 

IVBS - They report that the benthos, phytoplankton, zooplank

ton and fish inside the harbor were all lower than would be 

expected in April 1978. They mention rain and abnormal 

temperatures as a possible cause, but not the TIPT break

down, and the use of chlorination starting March 9, 1978, 

and how this might have affected life in the harbor. 

VB l - The choice of Neathes arenaceodentata and Fundulus 

is poor. They are not appropriately sensitive species, to 
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bioassay the TITP effluent. 

VB 4 - The experimental technique used to bioassay the 

TITP effluent was very poor. The more tolerant species 

lived under all test conditions, while the more sensitive 

species showed high mortalities under all test conditions, 

including controls. The results appear to be meaningless. 

To conclude that no toxic wastes were present in the effluent 

tested was presumptuous. 

VC 2 - They imply that, because anchovies, in a 15 day 

test, showed some weight gain from being fed cannery sludge, 

the sludge should be disposed of at sea. Long-term effects 

upon the fish, and especially the habitat (promoting a 

detritus/bacteria based food web at the expense of phyto

plankton based web) are ignored. 

VD l - Mytilus is used to determine the effects of the 

waste plume on invertebrates. This is a poor choice; 

the animal is tolerant of polluted conditions. It is 

not an appropriately sensitve species. 

VD 5 - They emphasize that the TITP upset in the summer of 

'78 coincided with the faster growth rate in the mussels 

nearest the outfall. Why not emphasize that growth rates 
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in the spring and winter were reported to be greatest 

furthest from the outfall? 

VD 6 - They select a station inside the harbor (A2) as a 

control station for their biostimulation of inverts study, 

This is a poor choice for a location for a control site. 

VD 7 - Why was a grocery scale used to determine biomass 

change? 

VD 9 - They conclude that the TITP effluent is providing 

nutrients to the food chain, as detected using settling 

plates, but they ignore the point that the station furthest 

from the outfall showed the greatest increase in biomass, 

indicating a negative effect on plates proximate to the 

effluent outfall. 

VD 11-12 They report that Mercenaria fed cannery wastes 

suffered negligible mortalities, and conclude that the 

treatment was not detrimental. This conclusion is not 

justified. Sublethal effects were not studied, except for 

growth, and growth was reported to be insignificant. 

VD 12 - Fundulus is used in an attempt to demonstrate a 

bioenhancement effect of cannery waste. Fundulus is a poor 

choice. It is not an appropriately sensitive species. 
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The controls grew over twice as much as the cannery waste 

treated fish. This was determined by them to be statis

tically insignificant. 

Theyconcludethat, based upon their results with Mercenaria 

and Fundulus, cannery wastes could have a positive biostimu

latory effect in the harbor. This is presumptuous. Growth 

in Mercenaria was not significant. Growth in Fundulus was 

slower in the cannery waste treated group than in the controls. 

No other sublethal effects were studied, and the effects of 

the discharge upon the general ecology of the harbor (stimu

lating a detritus/bacteria based food web at the expense of 

a phytoplankton based web) are ignored. 

VD 13 - They report that phytoplankton removes ammonia from 

TITP effluent, and conclude that this suggests optional treat

ment modes as well as natural biological processes in the 

harbor. But it should be emphasized that this applies only 

to ammonia not to the other constituents of the effluent. 

We have observed, and as Stephens is quoted, a general 

decline in the abundances of fishes in the inshore area of 

Southern Calfornia in recent years. Our data is consistent 

with the data reported by Soule et. al. but based upon 

observations made in Santa Monica Bay more than 15 miles 

from the TIPT outfall and presumably independent of that 

........,.__ A -13-
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site of discharged wastes. 

Also, we have observed a decline in the abundance and 

diversity of certain invertebrate groups in Los Angeles 

Harbor, e.g., nudibranchs, at sites remote from the TIPT out

fall. These observations on fishes and nudibrcfchs might be 

worked up and presented in a semi-quantitative manner if the 

information would be of importance in evaluating the report 

of Soule et. al. 

As noted in our previous communication to you, Soule 

et. al fail to establish a firm basis for the types of inves

tigations which they conduct related to the impact or lack 

of impact of the waste field which is the subject under con

sideration. Until this is done, it becomes very difficult 

to appraise the significance of their results and the con

clusions stated remain questionable. 

Some criteria are suggested below for your considera

tion in appraising the quality of inshore waters in Southern 

California to form a basis for investigations of the impacts 

of pollutants. 

Standardization of methods is essential and collection 

of repetitive observations of key critical qualities or 

components is essential. The EPA guidelines for bioassays 

are certainly a good example of what may be done in this 

respect. 

With regard to background environmental data this 

should include: temperature, salinity, dissolved oxygen, 
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pH, and transparency through the water column. These 

observations will at least permit comparisons of water masses 

and phytoplankton production or productivity without deter

mination of inorganic nutrients, e.g., nitrate, ammonia, 

pho·sphate, and silicate. 

Characterization of the bottom sediments for organic 

content and sediment composition. 

Parallel observations for the same components, proper

ties, biological relationships in an area relatively free of 

waste discharges {a control area) on a synoptic basis. 

Determination of the concentration of the waste field 

at the respective sampling points in the area of the waste 

discharge. 

Determination of the composition of the waste being 

discharged and the variation in this composition during the 

period of study. 

Experimental observation of the impacts of wastes 

upon species indicated to be sensitive to these wastes. 

Measurements may include survival, rate of growth, fecun

dity, morphology, larval development, accumulation of 

toxins, behavior, etc. Suitable species would include those 

which were known to once live in the area affected or which 

are known to exist in similar but presently unpolluted 

habitats. 

· Independent peer review of the proposed investigations 

and of the reports of the results of the studies .. This 

should be a part of any contract written for work of this nature 

"".'",: ..:'l 
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I have been attempting to develop a trophic analysis 
. 

argument which involves describing the diversity and abun-

dance of organisms which may occur at a given location in 

the absence of pollution. This hypothetical community 

would be considered to be that of a balanced endiginous 

biota. It would be developed based upon historical know

ledge of what was known to live in a given location before 

it became polluted, and on the basis of what is known to 

survive now in comparable areas relatively free of pollutants. 

There is a growing abundance of evidence that this approach 

has good empirical support and it provides a strong approach 

for coastal management. It may well be a more reasonable 

way to look at the problem of the harbor rather than to 

attempt to manage this area as a waste oxidation lagoon. 
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Suite s-11 

Loa Angeles, Call!ornla 90014 
Telephone (213) 667-4050 

July 11, 1979 

Mr. William MacCleish 
Bureau of Engineering 
City of Los Angeles 
638 So. Beacon St. 
San Pedro, CA 90731 

Dear Mr. MacCleish: 

Thank you for forwarding a copy of the Draft Environr.tental Impact 
Report on the ~erninal Isl~nd Treatment Plant (TITP} Unit II-C, 
Harbor Outfall. tve also obtained a copy of the Harbors Environ
mental Projects conpanion study on the Ecological Changes in 
Outer Los Angeles-Long neach Harbors Following Initiation of 
Secondary ~-laste Treatment and Cessation of Fish Cannery Haste 
Effluent. I have reviewed these docunents with considerable 
interest. However, because of rny continuing interest in the 
development of new facilities and the proper management of 
biological resources within San Pedro nay, analysis of the above 
docunents precipitated the need to review several other docur,ents 
and certain correspondence associated with the evaluation of the 
TITP Effluent Outfall and the continuing controversy over the 
issue of bioenhancement in San Pedro Bay. 

The comnents which follow are based upon a review of the documents 
listed at the end of this letter. For _purposes of discussion 
herein these docu."".lents/letters are noted by a reference nunber. 

Based on a review of the concerns expressed in references 8, 
9, 10 and 11, it is very difficult to sort out scientific fact 
from conjecture, belief, and varying interpretations of regulatory 
processes. I recognize that this problem is not new, for while 
serving as the Director of Co~~~erce, Port of Long ~each, and as 
a me~ber of the South Coast Regional Coastal Con~ission, incon
sistencies in the interpretation of data and intent of proposed 
actions in San Pedro Bay occurred frequently. All of this is 
indicative of the absence of a carefully "orchestrated" scientific 
and re<Julat.ory analysis of the character and quality of San Pedro 
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Bay and the evolution of planninq options based on the continued 
use of San Pedro Bay as one of the najor port areas on the west 
coast of the United States. 

It is quite clear that San Pedro Ray has been substantially altered 
in an effort to develop an efficient and effective rnaritine center 
for the southern part of the west coast of the United States. For 
example, in 19 51, the Los Jl.ngelep and Long Beach !Iar.bor areas reached 
a very low environnental status when the dissolved oxygen content 
plunged to 1.0 ppn or less. Substantial efforts were made to alter 
mans influence within San Pedro nay in such a way as to naxirnize 
the opportunity for naintaining an 11 appropriate 11 r.1ix of marine 
coMmunities. It was this effort which has lead to the present 
status of regulatory confusion. 

Procedurally, concerns about the TITP outfall should not include 
the issue of bioenhancer.1ent. However, the Harbors Bnvironnental 
Projects docunent (3) obviously has kindled a resurgence of dis
agreement over the issue of bioenhancenent. The South Coast Regional 
Coastal Commission approved the construction of the TITP several 
years ago in accordance with EPA requirements. Construction of 
the outfall only represents another component of that basic project. 
Bioenhance~ent, whatever it may be, is related to the general 
discharge of effluent into San Pedro Bay, not with the specific 
relocation of the outfall. 

My review of references 1 and 3 and references 8, 9, 10 and 11 
indicates that nany of the concerns center around the issue of 
whether or not one set of data are more credible as conpared to 
another and wl1ether or not a given approach is more appropriate 
(adequate) than another and whether the "belief" of one scientist 
or regulatory agency staff nember is more significant than that 
of another. For exanple in the letter fror.1 the Scripps Institute 
of Oceanoqraphy (11) it is noted that "three of the six comparative 
studies sanpling strategies were altered between the earlier and 
later studies ••.. and that this undernines the strength of the 
results." Indeed this is the case, i.~., the sampling strategies 
were altered for the zooplankton and the fish egg sa~pling, but 
this was done as a consequence of interpretation of the data 
collected at the beginning of the conparative studies. Yet, it 
seems clear ·from the infornation in reference 3 that continued 
sampling, without modification, would have resulted in essentially 
negative input, i.e., the desired organisns would not have been 
captured. Another illustration is the cor:i..r:tent in the Fish and Game 
letter of llay 22, 1979, (9) where the statenent is nade that "we 
believe that rnarine ecosystem rnanagenent prograns incorporating 
inputs of wastewater as a major component of the plan should be 
confined to cloEed, carefully controlled systens such as hatcheries 
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or, at the Most liberal eY.treme, in narshes created or augnented 
by carefully controlled wastewater flows: Such a stateMent indicates 
a predeternination that nanaged release of wastewater into any other 
type of narine environr.1en t is harnful. To the best of my knowledge, 
there are no data substantiating this belief. In the sane letter· (9) 
a reference is made to the or.lission in the Harbors r.nvironnental 
Projects study (3) of any neaningful conparisons with other similar(?} 
enclosed bays such as San Diego Bay. Although this criticisn nay be 
appropriate for gross conparisons, it has little merit in this 
instance since an adequate long term analysis of the physical and 
biological characteristics of San Diego nay has not been achieved. 
Therefore, to assUJ".\e that San Diego Bay has been rejuvenated (9) 
because certain "indicators" have adjusted, is to grossly over
simplify. Further, in the State Hater Resources Control 
Board, Division of TTater Quality letter of June 13, 1979 (8) it is 
noted that the information on fish fauna in reference 3 "seems to 
be based entirely on the results of Harbors Environnental Projects 
surveys" and further questions why "results of other studies, such 
as those perfomed for Southern California Edison Company" (4) were 
not included for purposes of co~parison. A cursory review indicates 
that the statistical approach used in the Southern California Cdison 
Company report represents what can he generally called the "smoothing" 
of statistics, i.e., the "lu.'iping" of three-four years of data. For 
purposes of the analysis in the narl>ors EnvironMental Projects docunent 
such lumping was not appropriate. Tl1is appears to be a ~ood illustra
tion of the interpretation prerrogative assuned by various individual 
scientists, regulators, etc. 

The above illustrates that a "reasonable" concensus nust be evolved 
in order to insure "maintenance" of the narine environn.ent as well 
as efficient operation of existing and proposed facilities within 
San Pedro Bay. Such a goal of conpatibility is not unreasonable, 
but it can not be ac:1ieved if there is continued "agitation" due 
to the absence of clearly developed regulatory guidelines, including 
essential definitions such as for enhancement, and a conmen goal of 
effectively analyzing problens usinq available data. Assuminq that 
this is the goal of all the studies referenced herein, then the con
cern should not continue to center around absolute compatibility of 
sampling strategies or wl1ether ths white croa~cr is being sold as 
a "butterfish" or whether the failure of the kelp bed to grow on the 
middle breakwater should be linked to toxicity froQ the TITP effluent 
{until adequate data disclaining sarne are available) or whether the 
TITP effluent is the only renaining nutrient point {or non-point) 
source in the harbor, and so forth. Rather, the approach should be 
changed to "how can we dcternine the best possible (:'.ix of activities 
in San Pedro Bay ,-;hich will yield a rich and diversified assemblage 
of organisms (within an "appropriate'' food web), regardless of 
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whether they are unique to San Pedro Day, conparable to those in 
the California 3ight or pan1llel to certain asscr:-iblagcs in Newport 
Bay, San Diego Bay, Monterey Bay, etc. 

In order to get this issue off <lead center, it is iraperative that 
the following be accomplished; until these are acconplished, tl1e 
continuing debate over bioenhancenent and biological paraneters 
of San Pedro Day will continue unabated and unresolved: 

• What is bioenhancement (enhanceMent)? 

Most of the references differ on whether bioenhancernent has been 
denonstrated. Yet for all intents and purposes, ther.e is no working 
definition of bioenhancement offered by the EPA, the State Hater 
Resources Doard, the Regional Hater Quality Control Board, the 
Departnent of Fish and Gane or the Fish and Wildlife Service, etc. 
If these regulatory agencies are to participate effectively in 
determining when bioenhancenent does or does not occur, they r.mst 
promulgate a usable definition. To criticize an analysis without 
the availability of a basis for comparison is to be remiss. 

• Development of a task force and/or single 
agency responsible for making decisions 
on bioenhancenent. 

When EPA delegated to the State of California Water Quality Control 
Board and the regional boards the responsibility to nake deter \ 

minations and issue permits for effluents, it was assumed that their 
decision on bioenhance!71ent Hould be acceptable. Yet, history 
indicates that this was not the case with respect to cannery wastes 
or TITP effluent. During all this discourse, no definition of 
bioenhancement was provided, and there was no "concensus" approach 
between the various federal and state agencies on how to resolve 
the interpretation dileruna. ~'lith the opportunity for evolution of 
as many definitions as participating decision-makers, resolution 
of the issue almost is impossible. 

o "Norr:lal" environment within San Pedro Bay. 

Until a decision evolves which indicates what is acceptable and 
within what limits, with respect to basic biological conponents 
in the environs of San Pedro Bay, additional studies only will be 
that, just ad<lit.ionc1l sLudic.:,. 7i,E.: reyulatory process nust provide 
clear quidelines for all to use. Such quidelines nust have some 
flexibility. These gl.lidelines are essential for the continued 
survival of San Pedro Bay. In essence, we nust translate our past 
totally hu.":lan oriented goals into goals which naxinize both hunan 
desire a;;d environnental stc1bility; we must establish a "nornal" 
environment definition. 

Reproduced from 
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• The desirability of an cr.1pirical study. 

The individual, <Jcogra.µhically s::,ccific studies conducted over the 
last few years within San Pedro nay have been focal points for 
criticism because they h~ve not been conducted with "sufficient" 
comple~entarity, i.e., sanpling stratcqies, statistical methodology, 
key assurnptio.:-1s und so 4:orth have been at variar.ce. Yet, without a 
large source of investigative funds, and ,vJrecnent as to the 
raethodology nnd approach bet\lcen all agencies having rainisterial 
and discretionary approval, no such enpirical study will occur. 
The likelihood of such a study occu!'ring in the in.,ediate future 
is nil. ':'herefore, we are left with the se!"ies of individual 
studies, representinq an imperfect data base, but froM which we must 
make the best possible interpretations in orcler to manage the 
resources of f,an Ped~o ~ay. 

In conclusion, at the expense of being as autocratic as those I 
have criticized above, the available data support the concept 
of bioenhancenent witl1 respect to the introduction of some cannery 
effluent and so~e TITP effluent into San Pedro nay. No data have 
been presented to show that bioenh~ncenent has not occurred! 
Thus, without the opportunity to conduct the empirical study 
note<l above, and if we are to proceed with any kind of appropriate 
management within San Pedro Day, i.e., not just say "no" to any 
change, we n11st proceed with "nanaged" introduction of certain types 
and certain volUT'les of effluent into San Pedro Bay. To allmv 
individual aqencies, etc. to contin11e to express their "beliefs" 
without adcyuate SU?Jortive inforQation is to defy the basic tenents 
of scientific analysis. 

Thank you for this op2ortunity to cor.ITTent on these docunents. 
I hope I have been constructive, and I hope that you too will 
persevere in achievi:1g the r1zinager1. use of effluent in the San Pedro 
say whereby ,re can clearly cleaonstrate the degree and character 
of the related bioenhanceQent process. 

Sincerely, 
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Reference 
Nur..ber 

1. 

2. 

3. 

4 . 

5. 

6. 

7. 

8. 

9. 

Title 

The Draft environmental Impact Report, 
Terminal Islan<l Treatment Plant Unit II-C, 
Harbor Outfall. 

Draft Environmental Inpact P.eport, Terminal 
Island Treatment Plan Unit II-C, F.ffluent 
Disposal System. 

Bcological Changes in Outer Los Angeles-Long 
Beach Harbors Following Initiation of Secondary 
Waste Treatment and Cessation of Fish Cannery 
t·7aste Effluent, Harbors :r.nvironnental Projects, 
University of Southern California (April, 1979). 

Narine Monitoring Studies, Long Reach Generating 
Station, Southern California Edison Conpany 
Preoperational Report, 1974-1976, prepared by 
Environmental Quality Analysts and Marine Bio
logical Consultants, Inc. (June 1977). 

Environmental Investigations and Analyses Los 
Angeles-Long Beach Harbors, 1973-1976, Final Report 
to the United States Army Corps of Engineers 
prepared by Tiarbors Environmental Projects, 
University of Southern California (December, 1976). 

Draft r:nvironmental Inpact Report, l'-1aster r:nviron
~ental Setting, Volumes 1 and 2, Port of Long Beach, 
prepared by Soils International, Allan Hancock 
Foundation, and Socio-F.conomic Systems, Inc. (1976). 

f.urnrnary of hnowledge of the Southern California 
Coastal Zone and Offshore Areas, Volnnes I-III, 
prepared by the Southern California Ocean Studies 
Consortium (1974). 

State Water Resources Control Board, Division of 
~·7ater Quality, Letter to Mr. L. Frank Goodson, 
Project Coordinator, Resources Agency, Sacranento, 
California, dated June 13, 1979, signed by Neil Dunham, 
Division Chief, t:anager-Clean Hater Grant Progra.n. 

Letter from Department of Fish and Game, Marine 
Resources Region, Long Deach, California to 
Mr. Jeffrey D. Denit, Chief, Fooc.1 Industry Drane>, 
EPA, dated ?lay 22, 1979, signed by Robert G. Kaneen, 
Regional Hanager. 



10. 

11. 

Letter from Department of Fish and Ga~e to 
L. Fran}: C-0odso:1, Project CoorclinEltor, Resources 
Agency, dated June 7, 1979, signed by c. c. Fullerton, 
Director. 

Letter from Scripps Institution of Oceanography 
to i~. Anthony v. Nizetich, Director, Governnent 
Relations, Star-Kist Foods Co., Inc., Terninal 
Island, California, dated August 20, 1979 
by R. L. Venrick. 
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R~SPONSES OF HARBORS ENVIRONMENTALie rn o r o n d u rn PROJECTS. use. TO DEPARTMENT OF 
FISH AND GAME MEMO DATED JUNE 7, 1979. 

: 1. L. Frank Coo<lson, rrojcr:t;; Cc•orcinatcr June 7, 1979 
Resources Agency 

2. A-95 Coordin~tor 
State Water Resources Control Boa:cl 
r. O. Box 100 
Sacramento, California 95801 

~ 
11 ; Department of Fish and Game 

l 
1ect: SCH 79051509A DEIR Tcminal Isiand Treatment Plant rnit II C Effluent 

Disposal System ~nd Harbor 0utf3ll 

Afterrevieuing the subject docuDents and supporting da~a, che Department 
of Fish and Gaoe believes that the City of Los Angeles has not dc~onstrated 
that Te::.uinal Island Treatm~nt Plant (TIT?) effluent enhances the rec~iving 
waters of Outer Los Angeles Harbor and therefore in our opinion the alterna
tive of ocean discharge is preferable to discharge to the h~rbor. 

The following material represents our co:n.~ents on the three docu~ents sub
mitted for reviev. One of the docu~nen::s, cat i tled Ecological Changes in 
Out.c-,r Los Angeles-Long. l~each E~rbors Follo·...·ing lni t~-n o!: Seco~d.1rv
Waste Trc.!t:.:ent and CessaUon ~ F.ir.h Canr.c::-,· \.:?.stc Effluent \.las prepared by 
the Harbors 1 Enviromu.:.:n t;:il Proj cct (li[?) of the :'\) 1,m Hancock foundation. 
This docll!:ll?."lt w'as submitted by the City to support its contention that 
wastes discharged from the TITP enhance the rec~iving waters. ~e conductcJ 
an earlier review of the liLP document, at the request of the Environ~ental 
Protection Agency, and have att~chcc those co.::r.i~nts as an integral part of 
this revieu. 

The remainder of the· f ollo\Jing ccn~ents vi 11 focus pri.~r.rily upon the 
clocurnc?nts conccrn(!d with the Harbor Out!all and the Efflt.!i!nt Disposal System. 
As an. introduct..,ry com~ent, we note that this pn ir of docu.-;i.::nts is pr.esC!ntcd 
as Ph.3se I of the Effiut::nt Disposal System b:,- th,: City of Los Anr.~lcs. The 
City is attempting to demonstrate thut cfilu~nt fro~ the Tl!P provides en
hancement of the receiving water--i.e. enhancement as defined in the State 
Water Resources Control Bo~rd's (S\..'RCB) ~acer Quality Policy fo~ the Enclosed 
Bays and Estuaries of California (The Bays an~ Estuaries Policy). If the 
City's-~ttet:!pt is ratHied by thc> Retio~.:il \..'ater Quality Control Board (R~..'QCB} 
anrJ/or S\-!RC!3 then the Harbor Outfall projc!:t could represent the co~pleted 
Effluent Disposal System project; •oth~h.:i se aP. ocean outLlll \.'ould be in
cluded in the project. 

Because the Department of Fish ~nd Gar.c b~licve~ enh~ncc~cnt of harbor ~aters. 
has not been dc~onstratcd, we rccard the Ha~bor Outfall as an interim project. 

:Even thvugh the documents arc prcscnt~d as t~o ~eparate DE1Rs, we think the 
Outfall document only discusses a tc.•rni'orary solution to probl~:ns related to 
dcvelop~ent by the Port of Los An~eles, a~c ~ould not, therefore, be a com
pli~ted project. 

For the above reason and because many sections of the two documents are 
identical, the comments that follo~ are offered for both docu=ients but are 
keyed to the pagination of the more co~prehe~sive Effluent Disposal System 

lliecument, unless otherwise noted. Reproduced from t--'. - ~ 
best available copy, ·· - -•.., 



_ RESPONSES BY HARBORS ENVIRON~ENTAL PROJECTS, 

UNIVERSITY OF SOUTHERN CALIFORNIA, TO STATE DEPARTMENT OF FISH AND GAME 

REVIEW OF DRAFT EIRs FOR CITY OF LOS ANGELES, TERMINAL ISLAND 

TREATMENT PLANT, dated June 7, 1979 

GENERAL COMMENTS 

1. The Effluent Disposal System document is inadequate because it contains only 
a limited discussion of but one other project contemplated for the Los 
Angeles-Long Beach Harbor complex. The Harbor Outfall document lacks such 
a discussion. We believe the documents should more completely portray 
future projects (such as detailed in available port master plans and local 
coastal planning documents) under consideration by the City of Los Angeles, 
Port of Los Angeles, City of Long qeach, Port of Long Beach, or others. 
The documents should especially focus on the cumulative impacts of projects 
and impacts that could alter flushing oatterns for harbor waters. We also 
think the documents should. particularly discuss the adverse effects that 
altered or restricted flushing patterns may have upon ambient water quality 
and upon the enhancement effects al1 eged by the City for TITP effluent dis
charged to the harbor. 

Response: Projects that can be assessed in terms of cumulative impacts require 
sufficient description of those projects to permit reasonable extrap
olation of impacts. With the exception of the first phase of Los 
Angeles Harbor deepening and land fill, no such description exists 
for projects that would interact significantly with this one. The 
Port of Los Angeles does not have a Master Plan that has been accepted 
by the Coastal Commission. The Port of Long Beach Master Plan, accepted 
by the Coastal Commission, has no central outer harbor fill projects. 

The reverse consideration is perhaps more appropriate, that as future 
projects are developed they should be considered in light of their 
cumulative impacts on the present project,if it becomes a reality. 

Documents cited in the DEIR include the Allan Hancock Foundation (1976) 
report to the Army Corps of Engineers, which discussed the impacts 
of all proposed fill projects on both Ports. Also cited was McAnally 
(1975) and other reports of the Army Engineers on tidal flushing and 
the effects of fill configurations. 

2. In Section IV.C.1. both documents discuss plant malfunctions ("upsets") cs 
unavoidable adverse impacts, but of a type that can usually be "quickly" 
brouqht under control. Predicted adverse effects are attributed to chlorine 
that will presumably be added to control bacterial contamination caused by 
the discharge of incompletely treated effluent. We believe adverse impacts 
during upsets will not be limited to added chlorine. Instead, we believe 
chlorine addition will significantly comoound severe adverse effects that 

~_J 



-2-

are often caused by untreated industrial wastes discharaed during upsets 
reqardless of where the discharqe would occur. vie further believe adverse 
effects of an upset will be compounded if discharged to the harbor because, 
according to the document (Section III.D.4.b.(2) Circulation and Flushing), 
a maximum of 19 oercent of the waters in the outer harbor is "tidally dis
placed"at a mean· tide of 5.4 feet. Althouqh the term 11 tidally displaced" is 
unclear, as used in the document, we think it indicates a significant 
retention time for wastes discharqed to the harbor. This sugqests that 
for each day that an upset is in progress, concentrations of improperly 
treated waste will increase orooortionately and, further, that the adverse 
effects will linger for several days after an unset is corrected. We 
believe the adverse effects of an uoset should be more thoroughly discussed 
especially with reference to the "full and uninterrupted protection of 
beneficial uses 11 clause contained in the Bays and Estuaries Policy. 

We believe that upsets will cause more harm to living resources if effluent 
is discharged to the harbor than would occur if discharged to the open 
ocean because the open ocean has greater potential for raoid and continued 
dilution than the harbor with its potentials for significant retention 
time in ~oncert with comparatively reduced dilution . 

. Response: Section IV .c .1 does not sta.te t.hat " ••• plant malfunctions ('upsets') 
••• can usually be 'quickly' brought under control". No attempt was 
made to minimize the potential impacts or to claim that chlorina'Cion 
alone would alleviate impacts. The statement, as originally written, 
agrees with most of the DFG views, with regard to chlorination. 

Since the section referred to was originally written, a major plant 
upset did in fact occur in the summer of 1978. Data were collected 
documenting both biological and other environmental conditions 
before, during, and after the upset. These data are reported on and 
discussed in detail in Soule and Oguri (1979). 

The findings of these investigations indicate that bot~ DFG, in their 
comments, and the authors of that section of the document were wrong. 
The upset led to increases in fish caught by trawl in the area and 
increases in numbers of benthic organisms and numbers of species found 
in the area. Because the major industrial wastes are biodegradable, 
any negative effects were apparently transitory. Possible effects on 
zooplankton and benthic organisms were fully discussed in Marine Studies 
of San Pedro Bay, California, Part 16, incorporated by reference 
(Soule and Oguri, 1979). 
Impacts of ocean disposal are not eliminated by dilution; when large 
quantities of fresh water are introduced into an entirely oceanic 
environment, many stenohaline species will be eliminated from the 
immediate receiving waters. 
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SPECIFIC COMMENTS 

Page I-3 (Harbor Outfall document) - The document states that "TITP effluent is 
the only remaining nutrient source to the harbor ... " This statement 
is inaccurate. Because harbor waters are constantly exchanged with 
waters from the open ocean, nutrient input is also constant from that 
so~rce. Also, intermittant input occurs from periodic runoff during 
ra1nstorms. The statement should be revised to say that TITP effluent 
is the only remaining point source for nutrients (~.e., of human 
origin) and the document should further reflect natural and nonpoint 
source inouts that occur as well. 

Response: Within the context used1 point-source was the intended meaning. TITP 
bec~me the only year-around, somewhat uniform nutrient source, with the 
elimination of cannery outfalls. In contrast, the storm drain and river 
flows are highly variable, and also flush hydrocarbons, metals, fertili
zers and other urban chemicals into the harbor. Some of these sub
stances are biodegradable by bacteria and some are biostimulatory to 
phytoplankton, but t}1ese non-point source nutrients alone may not sus
tain a healthy ecosystem. The data or. mineralized nutrients show that 
levels outside the harbor are much lower than in the harbor. 

Nutrient input into the harbor waters from TITP considerably outweighs 
that from all other sources in terms of quantity of both organic and 
inorganic nutrients. 

Page 11-9 - In a di.scussi.on of the Consolidated Slip Alternative the document 
states it has not been demonstrated that enhancement of the receiving 
waters would resu1t from continual discharge of variable quality 
effluent from TITP. The discussion should clearly state why enhance
ment that is claimed to result elsewhere in the harbor from dis
charges of TITP effluent could not be demonstrated for this alterna
tive. 

Resoonse: Enhancement in the outer harbor is predicated upon the assimilation 
capacity of the receiving waters. Consolidated Slip does not have 
an _adequate water volume to serve as recei...,,,ing waters, and the nodal 
point of the tides is nearby so that flushing is very poor. The 
physical configuration of the inner harbor, with its many dead-end 
slips, also tends to promote poor flushing and isolation of each small 
area from the others. Enhancement in the inner harbor was therefore 
felt to be less likely than fof the outer harbor. 

Page II-10 The document should explain why trace metal contaminants and biologi
cal vectors present in TITP effluent are a negative aspect for the 
Harbor Lake alternative but not for the Outer Harbor Outfall alterna
tive. We think that metal contaminants and biologkal vectors signal 
adverse impacts for living resources (includinq mankind) regardless
of the alternative selected but that they would have less such effects 

http:di.scussi.on


if an ocean disposal alternative were implemented. 
I 

Response: The EIR did not specifically address "trace metal contaminants and 
biological vectors" but in Section II.C.6. cited other problems of 
a more general and inclusive nature. 

Variability in the salinity of the TITP effluent and its other char
acteristics were discussed. The ability of Harbor Lake to cope 
with a plant upset is greatly limited by the small volume of.water. 
For these and other reasons the Harbor Lake alternative was rejected.

I 

It should be noted that if "biological vectors" refers to the possi
bility of public health impacts,then the outer harbor, with its 
higher salinity, greater volume and more rapid dilution would be 
safer for receipt of the effluent. In any case there have been no 
public health problems associated with the use of secondary treated 
waste water for golf course irrigation. Such use is made of waste 
waters by the Moulton-Niguel Water District, the Laguna Hills 
Sanitary District and the City of San Clemente, to cite just a few. 
There have.been no public health problems identified in the outer harbor 
receiving waters. 

Page III-1 The document states that the proposed 30 million gallon per day flow 
from TITP represents less than 3 percent of the total effluent input 
to the southern California coast. We believe the TITP effluent should 
be more meaningfully compared to waterflow into the harbor. 

Response: Data based on hydraulic model studies conducted by the U.S. Army 
Engineer Waterways Experiment Station (McAnally, 1975) showed that 
the two flood phases of a mean tide of 5.4 feet would result in 
8280 X 106 cubic feet of water entering the harbor through Angels 
Gate, Queens Gate and the eastern entry into the harbors. If only 
Angels Gate is considered, the values from the hydraulic model data 
show 3550 X 106 cubic feet of water entering the harbor. Data based 
on prototype (actual field) measurements show the tidal volume 
entering the harbor to be 3100 X 106 cubic feet for the two flood 
phases. 

The 30 X 106 mgd stated as the design flow for TITP converts to 
31.25 X 106 gallons for 25 hours, which is closer to the time in
volved in a complete cycle of two high and two low tides that normally 
occur in the harbor. This, based on 231 cubic inches per gallon, 
converts to 4.18 X 106 cubic feet. 

Consideration of tidal flux alone in calculating the desired data 
skews the values upward, giving an exaggerated view of the quantity 
of efi.:i. uent as a percentage of total flow. However, presented as a 
"worst case" situation it gives some basis of comparison to the 
nless than 3% of the total effluent input to the Southern California 
coast." The data are tabulated below. 

,.......,....., 
. t 
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Data base TITP Effluent Volume 
Tidal Prism Volume X 100 

Model data 

All harbor entries 0.05% 

Angels Gate 0.12% 

Prototype data 

Angels Gate 0.13% 

McAnally, W.H., Jr. 1975. Los Angeles and Long Beach Harbors Model 
Study. Report 5. Tidal verification and base circulation tests. 
Technical Report H-75-4. U.S. Army Engineer Waterways Experi
ment Station, Vicksburg, Miss. 

Page III-7 The composition of TITP is described as 30 percent domestic waste 
and 70 percent industrial. The chemical constituents of industrial 
discharges should be portrayed and expected discharges of those · 
constituents during plant malfunctions should be portrayed under 
"worst case" conditions. 

Response: The industrial portion of the wastes treated by TITP are primarily 
wastes from the fish canneries. These are food processing wastes 
and contain no exotic chemicals or unusual concentrations of heavy 
metals or chlorinated hydrocarbons. The most unusual characteristic 
of this material is the high level of BOD. This is reduced consider
ably by the secondary treatment process. 

The chemical constituents at both the influent and the effluent 
during normal operation and upsets are shown in the 1978 annual 
report to the Regional Water Quality Control Board where it is 
available as a document of public record. 

Page 111-28 &III-29 - The flushing rates and circulation patterns for the outer 
harbor should be expressed in numbers of days to achieve complete 
flushing. This information is needed to more clearly understand 
the effects of plant malfunctions listed as "unavoidable impacts" 
elsewhere in the document. 

Response: Assuming a 19% water exchange (max) per tidal cycle, approximately 
ten days are required for a 99% exchange of water. This can be 
considered complete flushing. About 80% flushing would occur in 
four days with two tidal cycles per day. For consideration of the 
significance of this, please refer to the response above to the 
comment on Page III-1 of the EIR. 
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Page III-38 The document states that restrictions of cannery wastes caused 
"•.• a loss of nutrients to sustain the biota." This statement 
contradicts the statement on page Ill-32 which says 11 In the Harbor, 
nutrients are rarely limiting but inhibitory (excess) amounts may 
also occur." We believe the latter statement is valid because 
(1) the harbor exchanges waters (containing nutrients) with the 
open ocean and (2) waste discharges to the harbor not only provide 
maintenance for artificially high populations of some animals, 
with variously perceived values, but also bear the continuous 
potential to cause damaging excesses (e.g., treatment plant 
malfunctions). 

Response: The confusion arises from taking the two comments out of context, 
or of failing to recognize that mineralized nutrients for phyto
plankton, such as nitrate and phosphate (discussed on pages III-31 
and III-32) are quite different from the complex organic nutrients 
for benthic organisms such as the fish cannery wastes (referred to 
on page III-38). 

The statement above regarding the provision of nutrients to main
tain" ..• artificiallg high populations of some animals, with 
variously perceived values ••• n suggests that the evidence for 
bioenhancement is accepted ·but that the reviewer cannot accept it 
as having value. The great diversity of species in the harbor 
belies the implication that the ecosystem is somehow not of value. 

The further allusion to" •.. damaging excesses (e.g.,treatment plant 
malfunctions)," suggests that the reviewer has not reviewed the 
information supplied on the effects of tlle treatment plant mal
function during the summer of 1978, when benthic organisms, fishes 
and birds increased in numbers and in numbers of species. 

Page IV-9, 10 and Page IV-22, 23 - Statements on these pages discuss the effects 
of Phase II landfills proposed by the Port of Los Angeles. The 
document lacks, however, a portrayal of other similar projects con
templated for the harbor. As we stated in our general corranents, 
these projects should all be discussed with regard to the effect 
they would have on flushing patterns in the harbor and how any 
alteration in flushing patterns they may cause would affect the 
enhancement issue. 

Response: There is no legal requirement nor logical justification for address
ing, as cumulative impacts, the influence of projects that are not 
yet designed or authorized. Phase II landfills were addressed in 
the IJ1:'IR, al though it is already apparent that the descriptions 
available prior to preparation of this EIR have now been con
siderably modified. If the outfall is built prior to future project 
initiation, the future project should bear the burden of evaluating 
the cumulative impacts. 
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The Port of .Long Beach Master Plan does not include any central 
Outei Harbor fill. The Pier J completion project was tested by 
the Army Engineers Waterways Experiment Station and found to 
incur only localized circulation impacts. The Oil Terminal (SOHIO) 
was considered to have a net biological enhancement. Both the Port 
of Long Beach Master Plan and the Oil Terminal were approved by the 
Coastal Commission. 

Page IV-28; Page V-9 - The document states that the East Ocean Outfall alterna
tive would have greater impacts on marine biota in the open ocean 
than the harbor outfall alternative would have on biota in the 
harbor and that the discharge would adversely affect recreational 
beaches at Cabrillo Beach and the nearby marine life refuge. We 
disagree. We believe the waste discharge requirements can and 
would be set to protect the beneficial uses of the receiving waters 
(which include recreational values and protection of living 
resources) by the RWQCB in accordance with PL 92-500 and with the 
Water Quality Control Plan for Ocean Waters of California. 

We believe, in the case at hand, ocean discharge is preferable to 
harbor discharge because dilution would be more rapid, because 
the effects of malfunctions would be less, recovery would be more 
rapid, and because contrary to the opinion expressed in the docu
ment, ecosystems in enclosed bays and estuaries are usually more 
sensitive to waste discharge than the ecosystem of the open ocean. 

Therefore, we believe the statement and opinions in these pages
regarding relative sensitivities of ecosystems should be docu
mented, modified, or deleted. 

Resoonse: The harbor biota has been exposed to the waste discharges in the 
harbor for many years and has adjusted to their presence. In the 
past we have noted that even within a species there is a gradation 
of tolerance to stress,such as is found in the harbor. 

The East Ocean Outfall alternative introduces a stress to an envi
ronment that has no history of exposure to it. As stated in the 
EIR it is therefore felt that" ••• the initial impact would be 
greater ••• " and that " ••• impact may be felt at the recreational 
beach, Cabrillo Beach, and the Marine Life Refuge .•• " (emphasis 
added) for this reason. 

Waste discharge criteria will.undoubtedly be established to protect 
the beneficial uses of the receiving waters, but it is apparent 
that the area influenced by other outfalls is extensive and obvious, 
although such criteria do exist. It would be difficult to imagine 
that these criteria will totally prevent the initial impact that 
may eventuate if the East Ocean Outfall is built. 

The statements and claims made in paragraph 2 are totally undocu
mented. Dilution may or may not be more rapid but we would seriously 
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question the statements claiming that effects of plant malfunction 
would be less or that recovery would be more rapid. Data docu
menting the in-harbor effects of a major plant upset and the 
recovery of the ecosystem from it were presented in Soule and 
Oguri (1979). Similar data were not presented by DFG for such 
an occurrence in an open coastal region similar to that projected 
for the East Ocean Outfall. 

The statement that" ••• ecosystems in enclosed bays and estuaries 
are usually more sensitive to waste discharge than the ecosystem 
of the open ocean" (emphasis added) is undocumented. This is pos
sibly true of bays and estuaries without a history of such dis
charges. However, the harbor, with its long history of accept
ing such discharges, might equally be quite sensitive to their 
removal and this has been documented. 

Page V-1 The document states that implementing the East Ocean Outfall alterna
tive 11 would remove the last remaining nutrient source from the 
harbor ..• 11 This statement is false and should be modified as we 
suggested for similar statements elsewhere in the document. 

Response: Please refer to the response to the comment on page I-3 of the EIR. 

Soule, D.F. and M. Oguri. 1979. Ecological changes in outer Los Angeles-Long 
Beach Harbors following initiation of secondary waste treatment and cessa
ation of fish cannery waste effluent. In Marine Studies of San Pedro Bay, 
California, Part 16. Allan Hancock Foundation and Sea Grant Program, 
Univ. So. Calif. 737 pp. 



REAR ADMIRAL O.D. WATERS, JR.,
I 

U.S.N. (RET.) 

1260 Cedar Lane 

North Indialantic, FL. 32903 

Critique on California Depart~ent of Fish and Game reoort to 

EPA on Dr. Soule's Ecological Chanqes in Outer Los Angeles

Long Beach Harbors Followinq Initiation of Secondary Waste 

Treatment and Cessation of Fish Cannery Waste Effluent. 

General. In the first place, one could never accuse this critique 
of being objective. In spite of the statement in ·the forwarding 
letter that "we look forward to a continuing dialogue with 
Dr.Soule and her colleagues" the general tenor of the report is 
destructively critical. 

Section IA-- Bioenhancement. This section strikes me as another 
example in its general context of bureaucratic wordsmanship. 

For example: Approximately the first four pages are devoted 
to an exercise in semantics as to whether something is a "policy" 
or a "plan", the principal difference seeming to be that the 
latter contains a "program of implementation". This seems to me 
to raise a jurisdictional matter which is a separate considera
tion and merely beclouds the issue under consideration. 

I concur that "enhancement" not only "can and should be" 
defined, but that this has been done. 

Summary and Conclusions 

1. The preference for hatcheries and aquaculture over "open 
aquaculture" overlooks the relative costs involved and the many 
disappointing failures to date of pure aquaculture ventures. 

2. a. There is a lack of emphasis in the list of be.neficial uses 
defined by the Los Angeles RWQCB 1978 Basic Plan on "natural or 
biol~gical environment". 

2b. ls it necessary and is it possible to make these fine 
distinctions? 

3. Again, cost is ignored. 

4. No comment. 

5. So what -- so long as overnutrification does not occur. Can
not this be monitored? 

,....... ,. ·..... 
" .,__ 



BIOLOGICAL RESOURCES 

Summary of Contents. The frequent use of the words "we believe" 
unsupported by technical back-up seriously weakens this whole 
section. 

Section IIA Fish Populations in L.A./L.B. Harbors 

No comment on this ~ection. It is a difference of opinion 
on valid methods of measuring populations. The comment seems 
to be all "opinion". 

Section IIB 

Again, "we believe that without data from years between the 
1973-74 survey and 1978 survey that trends cannot be accurately 
portrayed for bird :9opulations". Why??? 

"Our staff expert believes avian populations in the harbor 
area are healthy and stable." Again, Why???? 

Section IIC, IID, IIE 

I have only one question here -- Who performed the Southern 
California Edison survey and how capable are they, but especially 
what is the likely bias of a report by an industry discharging to 
the harbor? 

Sections IIF, IIIA through E, IVA & B, VA, VD 

To offer an obscure definition of the word "stimulate", i.e., 
"to provoke", is really grasping at straws! Incidentally, my 
Webster's Unabridged does not offer the synonym "to provoke". 
It is true that the Latin root is "stimulus"--a goad-- and if 
you want to stretch that to provocation, I suppose you can, but 
it's a long stretch. 

Section VB 

No comment. 

Section VC 

The cost of reclaiming the nutrients as "a potentially 
marketable fish food source" is ignored. 

, ,. •. ,. ' 
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SOlfTHERN CALIFOR'.'IIA COASTAL WATER RESEARCH PROJECT 
J500 fast lmp~rial Highway, El Segundo, California 9024 5 

(213) 322-3080 

13 June 1979 

Dr. Dorothy Soule, Director 
Harbors Environment Projects 
University of Southern 

California 
Los Angeles, CA 90007 

Dear Dorothy: 

I have just revi~wed Part 16 of the Marine Studies of 
San Pedro Bay entitled 11Ecological changes in the outer 
Los Angeles-Long Beach harbors following ••• 11 Most of the 

··limited time I could spend went into reading the Executive 
Summary, the Table of contents, and skimming rcipidly through 
the rest of the book. Then I asked two of our biologists 
to do the same. we three agree on the following points: 

There was substantial bioenhancement (increase of all 
kinds of sea life) when the cannery waste was discharged 
directly into the harbor and when the TITP secondary plant 
failed. It is hard to see bow anyone could disagree with 
this finding. Everyone knows that when food is available 
animals are attracted--and they, in turn, attract other 
animals .. 

If showing bioenhancement is the entire point of the 
study, you have proven it to our satisfaction. However, 
-since the title suggests all kinds of ecological changes 
it is worth remembering that each reaoer finds something 
different to look for that relates to his own perceived ob
jectives. For exarr,ple, if the object of the treatment is to 
"clean up" the harbor by increasing water clarity it might 
be regarded as successful (I .can't tell from your data). If 
the objective of treatment is to maintain or increase the 
sealife, it is a failure. 

We feel that there should be some discussion of other 
ecological changes besides bioenhancement for the benefit 
of persons with other interests. It would also be helpful 
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if tnere was a table comp~ring cannery wastes with TITP 
and another which compared the principal parameters during 
each of the main conditions of discharge. 

Once someone decides whether it is more desirable to 
have clear water or more fish.the answer will be evident. 
I hope this is helpful. With best wishes, 

Sincerely, -, 
l,U.l [0t,1-,,(_?ji-:1 c-<:~ 

Willard Bascom 
Director 

WB:es 

)A-I•"', • 

•• ' ,i • 



September 13, 1979 

Mr. Cal Dysinger 
Environmental Protection Agency 
401 M Street, S. W. 
Washington, D. C. 20460 

RE: Section 74 Seafood Study 

Dear Mr. Dysinger: 

We should like to offer.some comments and observations on the Harbors Environmental 
Projects of the U.S.C. Summary Report issued in February, 1979, relating to eco
logical changes in Outer Los Angeles and Long Beach Harbors and various revievs 
of this document, all of which have been submitted to you for consideration in 
the Section 74 Seafood Study. Our remarks are of a general nature and refer in 
some cases to matters of policy and the question of bioenhancement with respect 
to this report and criticisms of it, as well as to the general question of 
bioenhancement with biodegradable non-toxic wastes from fish canneries. 

1. In our judgment, the above-mentioned report demonstrates a sufficient 
case for the managed discharge of fish cannery effluent waste to the 
Outer Los Angeles Harbor to justify the continuation of such dis
cr.arges during an extended study period. During this period 
quantities of effluent discharge vould be managed in accordance with 
previously agreed parameters and the environmental impact monitored 
according to a program agreed by representatives from relevant 
regulatory agencies, scientific bodies -and industry~ In.the case of 
Los Angeles.Harper, this would be particularly appropriate since 
all p~esent indications are that the municipal treatment plant 
·currently being constructe.d will not be able to handle the total 
volumes of industrial waste and significant further capital expendi
tures would be required. 

2. We understand that the report was a SumII!ary of various · s_eparate 
studies·c~rried ·out over a considerable period of time by different 
scientific bodies for different purposes and whic_h were funded from 
various reguiatory or industrial funds. Although we believe that 
sone of the adverse criticism 'which the report has attracted is 
justified on scientific grounds., .(e.g.)., because some conclusions 
in the Executive Su.m.~ar~ were pased upon data which-was not strictly 
comparable, we believe that for the most part this adverse criticis~ 
is misplaced for the following reasons:.. 

a. The critic .has not appreciated perhaps 
0 

the fact that 
_the report was not the result of~ single experiment 
designed specifically to demonstrate bioenhancement 
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from fish cannery effluent in all the circum
stances that !!light conceivably have arisen, and 
to a large degree did arise, in the period covered 
by the study. 

b. The study represented by the report probably has 
cost in total several million dollars. In such 
major investigations as this studying environ
mental effects over a period of years, decisions 
have to be made to limit the amount of data 
collected on some cost effective judgmental basis. 
Since nobody's judgment is perfect in advance in 
so complex a situation, it is inevitable that 
there vill be some gap in the data which subse
quently cannot be rectified. 

c. With such an extensive study over this period of 
time, it is not practical to believe that an 
asseobly of all the best experts even would be 
able to forecast accurately every eventuality that 
would require inclusion in the experiment design. 

d. Even though individual sets of data may be less 
than conclusive or strictly comparable, where 
several sets of data indicate similar results, 
then conclusions may be drawn with a reasonable 
degree of confidence. 

We do feel, therefore, that sooe of the adverse 
criticism is ill-judged and unfair and is a result 
of the luxury afforded by hindsight. 

3. With regard to comments in (2) above, and with the expeience of the 
above report in mind, we wo:u.ld suggest that whilst it is incumbent upon 
some other person to execute the work, it is reasonable to expect 
regulatory agencies to take part in experiment design a.~d by implica
tion to take scree responsibility for the adequacy of this design when 
the results are reviewed. 

4. We agree with the concept that bioenhancement needs to be proven on a 
site specific basis. We believe that in each particular case the final 
decision should be made having regard for the environmental impact and 
tbe economic impact of the various alternatives. 

5. It is dif~icult to adequately define the term bioenhancernent. But in 
the absence of a definition, the question becomes one of judgment. 
For example, if there is a substantial increase in species diversity 
and population, but a significant reduction in the ~opulation of one 
particular species, does this represent bioenhancement or not? How is 
the proportion to b~ tested if such a test will not comply with a.~ 
existing water quality standard or policy, and who will authorize it? 

,......... ~~ 
, . ' 
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Is bioenhance~ent to be rejected in every case where there is any 
zone of inhibition? We believe that it is this sort of difficulty 
in judgment, together with imperfections, perhaps inevitable, in 
research data which lead regulatory agencies to give undue emphasis 
in this situation to physical water quality standards or policies. 

6. We believe that water quality standards and bays and estuaries 
policies are essential policy statements to provide guidelines to 
industry and others regarding measures they would have to adopt to 
operate their business. In most cases, these would apply. How
ever, we believe that there are certain circumstances where 
physical water quality standards as defined by the regulatory 
agency are in direct conflict with ecologically more attractive 
alternatives. In our judgment bioenha.ncement from biodegradable 
non-toxic· wastes such as tuna cannery effluent is an example of 
such a case. Finding for bioenhancement should not be precluded 
by pre-existence of a Water Quality Standard or a Bays and 
Estuaries Policy. Unless these standards or policies are made 
sufficiently liberal to cover all cases (which we do not 
advocate), then if variances are not permitted, they will force 
decisions to be made inequitably in the particular case where 
bioenhancement is a factor. 

7. Although in theory a mechanism exists for permitting discharges 
on the grounds of bioenhancement, we would suggest that the 
burden of proof is being used unreasonably to prevent such 
permits becoming a reality. 

We should, therefore, like to see policy guidelines drawn up for regulatory bodies 
and industry which would indicate the manner in which the question of bioenhance
ment for biodegradable non-toxic wastes should be addressed. We should like to 
see these guidelines indicate how judgment should be applied rather than 
indicatine what specific para:neters and criteria have to be met. We believe these 
guidelines should address the need for flexibility in interpreting water quality_ 
standards and other general policies and issuing variances where it is found on 
balance to be the appropriate solution. 

Yours truly, 

,;_;;_;_~- ........~~---
Dave Ballands 
General Manager, Engineering Services 

..-·- 'i"j , . 



September 14, 1979 

Mr. Calvin J. Dysinger 
Project Officer for the Food 

Industries Branch 
Environmental Protection Agency 
401 M Street, s. w. 
Washington, D. C. 20460 

Dear Cal: 

We welcome this opportunity to comment on Dr. Soule's 
Report, "Ecological Changes in Outer Los Angeles-Long Beach 
Harbors Following Initiation of Secondary Waste Treatment and 
Cessation of Fish Cannery Waste Effluent." 

We have carefully monitored Dr. Soule's work throughout 
its entirety and we have analyzed the Report dated April 1979. 
As you know, the work so far is unquestionably an indication 
of bioenhancement. It falls short only from a positive 
demonstration of bioenhancement because fish canners in the 
Los Angeles Harbor were required to hook up to the municipal 
treatment facility, thus terminating the rich levels of fish 
cannery waste effluent that formed the basis of this important 
study. The preliminary results of the study Report, however, 
present sufficient evidence to justify the continuation of 
managed discharge of cannery waste in order to carry on with 
the study for an extended period of time. However difficult, 
we believe the continuation of the study will immeasurably 
contribute to a definition of bioenhancement. 

Since the issuance of the Report in April, we have 
received numerous commentaries on the study and its conclu
sions. I have enclosed for your information, copies of several 
letters that may be of interest. In general, we believe there 
is broad national support among scientific groups, environ
mentalists, industry, and local governments for guidelines and 
policies in dealing with bioenhancement properties of biode
gradable non-toxic seafood cannery wastes. 

TUNA RESEARCH FOUNDATION, INC. 
SUITE 603 • 1101 SEVENTEENTH STREET, N. W. • WASHINGTON, O. C. 20036 • l202) 296-4630 



Mr. Calvin J. Dysinger 
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We urge that EPA accord to Dr. Soule's work the highes1 
level of attention. and perspective as you prepare for the 
Seafood Study Report to Congress as mandated under Section 74 
of the Clean Water Act. 

Respectfully yours, 

~/. 
P. Mulligan 
dent 

Enclosures 
JPM:jj 
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"-.rt 1v11 fO.,'!:t'"John P. Mulligan .,,uAr.r,,,, . .,,! Tuna Research Foundation, Inc. 

1101 Seventeenth Street, N.W. 
Washington, D. C. 20039 

Dear Mr. Mulligan: 

I have just finished reading Dr. Soule's study, 
"Ecological Changes in Out·er Los Angeles-Long Beach 
Harbors Following Initiation of Secondary Waste 
Treatment and Cessation of Fish Cannery Waste Effluent." 
I must say the scientific methodology seemed to reflect 
an accurate and complete picture of the ecological
situation in the harbors. 

We feel this study brings into focus the real effects 
that some agencies' mandated regulations actually havef : I ~ l ,, ,., 

,; jl ,, on the environment. That is, the net effect of the
l, ·, ),; !; :i. regulation did not enhance the situation, but led to 

further complications which were not in the best interestF;:; (·.: \, of the environment. Now don't misunderstand, we have a 
r; ·ii I: keen interest and respect Tor the environment, and do not! i! I i . 

,-- purport to sacrifice any part for the sake of convenience:: ' i .. 
·,·' I 
I; I 

: !; 
I 

• A ! ~· 

' 

~ or economics. However, in the light of the findings in 
the study, there is an opportunity to enhance the marine 
area with the rich nutrients that do not have a use in 
the cannery. 

., 

' 

:. 
.-,_ 
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We feel the return of the biological wastes to the environ
ment is much different than the release of metals, and 
toxic chemicals, which do not add to the nutrient·value 
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of the ecosystem. With the realization that the ecosystem 
cannot cope with unlimited release of biological wastes, 
we agree that manag·ed levels of cannery wastes can and 
should be placed back into the ecosystem. 

We feel possibly this study might prompt investigation 
on the effects of released fertility on the enhancement 
of mendaden stocks of the Gulf of Mexico. In any event 
the study did address some questions many people have 
had about the benefits waste effluents have on the over
all ecosystem. 

Thank you for the opportunity to comment on this study. 

Sin/frely 1 s=; 
, ;> -? ~ --·.,;--., . ---i' ~"". ')--~ 

\JCV"~' C". 
/ ~ 

Larry . Simpson 
Assistant to the Director 

LBS/ca 



UNIVERSITY·OF DELAWARE 

LEWES. DELAWARE 

COLLEGE OF MA.RINE STUDIES 19958 t/@;~~UiYJ~@
LEWES COMPLl;;X 

PHONE: 302·6•~ 4274 AUG 61979 

August 2, 1979 fUNA RESEARCH FOONDATION 

Mr. John P. Mulligan, President 
Tuna Research Foundation, Inc. 
Suite 607 
1101 Seventeenth Street, NW 
Washington, DC 20036 

Dear Mr. Mulligan: 

I examined with interest a copy of the recently completed study con
ducted at USC 1 s Institute for Marine and Coastal Studies~ Allan Hancock 
Foundation, entitled "Ecological changes in outer Los Angeles-Long Beach 
Harbors following initiation of secondary waste treatment and cessation 
of fish cannery waste effluent. 11 

· 

Dr. Dorothy F. Soule and her associates are to be complimented for 
conducting such a thorough and timely study. The conversion of the harbor 
from a rich soft-bottom community with a rich biota to a less productive 
one coincident with diversion of the fish cannery effluents from the harbor 
into the treatment plant, is clearly demonstrated. I find it difficult to 
disagree with the report that release of managed levels of cannery wastes 
into the harbor without secondary treatment of those wastes would create a 
better nutrient balance in conjunction with secondary TITP wastes, and would 
be beneficial to the biotic life in the area. 

I find the report especially interesting, because the richest oyster
growing estuary, by far, in our area, is Broadkill River which receives con
siderable (it has never been carefully measured) organic wastes from a clam 
processing plant a short distance up the estuary from the spot where we 
locate our floats for experimental purposes. 

The report deserves the serious consideration of EPA personnel in the 
completion of their Seafood Study report to Congress as mandated in Section 
74 of the Clean Water Act of 1977. 

Yours si nee rely, .. -. 
' I , 

/ /~ ~ ., . ,/,., - . 
I . . , / ~ • . / • /- .(. . 

I . •• , , (. ·'(/.'/

Melbourne R.''· Carriker ~ - · ~ 
I 

MRC/dp 

cc: Dr. Dorothy F. Soule 
i-" . .,.., 

,, '• .I 



PURDUE 
UNN~ITYFOOD SCIENCES INSTITUTE 

September 10, 1979 

;l~)ffffIi;;Iti r\1t; f ii..:j, p ._iJ'~t....~- ,.,..,_.~ ~ ~ Ur 
~1s. Helen K. Brock . SEP l 3_1979 ~ Director of Government Relations 
TUNA Research Foundation, Inc. 
1101 Seventeenth Street, N.W. ILJNA RESEARCH FOUNDATION 
Suite 603 
Washington, DC 20036 

Dear Ms. Brock:.· 

Thank you for providing me with a copy of the Soule and 
Oguri study dealing ~ith the ecological changes in the Los·· 
Angeles - Lo_ng Beach Harbor areas. I have reviewed the summary · 
report provided me and found this report interesting•.How~: 
ever, their findings were not unpredictable since microflora. 
and fauna populations are unquestionably dictated by the.food 
~d food chain relationships that exist within a given defined 
region. The Soule-Oguri simply documents that relationship.for 
the Los Angeles - Long Beach Harbor areas and correlates these·: 
popt.1,lation shifts with "bioenhancement" derived from.the· fish 
cannery discharge. 

As I assess the TUNA Research Foundation's involvement. I 
see the Foundation's position as supporting regulations to 
allow for direct discharge to the Harbor areas by the fish·.·. 
canneries. The benefits obviously would be lower operating· 
costs (DAF unit and solids waste disposal) for the fish-canneries·. 
and more fish would be potentially caught by the commercial .. 
fishe.rmen. 

A key to this position is how PL 92-500, Title I, ~ection·, 
101 (a), (1) (2), and (5) are interpreted by EPA, state:and 
city regulators. An argument for the TUNA Research Foundation's· 
position can be found in the defined goals of the Federal 
Water Pollution Control Act of 1972. Title I, Section 101 (a) 
of this act states "The objective of the Act is to restore.and 
maintain the chemical, physical and biological integrity·:_9f· 
the nation's waters." Underlined words are relevant to Founda
tion's position. Also important to the argument is item·:(2) 
of the objectives which states "it is the national goal that 
whenever attainable, an interim goal of water quality· which:·. 

oec,--:;:.
J'~- 'c 
::,~- Q Smith Hall 
0. ~ JJ West Lafayette, Indiana 47907 
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provides for the protection and propagation of fish, shellfish, 
and wildlife (e.g. birds) and provides for recreation in and on 
the water be achieved by July 1, 1983;". What needs to be defined 
for the Los Angeles and Long Beach Harbor areas is the desired 
"water quality". Maybe "quality" as applied to fresh water does 
not have the same meaning as for salt water areas. 

For the most part, EPA wishes to eliminate the discharge 
of pollutants from navigable waters and develop areawide waste 
treatment management and planning processes to assure adequate 
control of point source pollutants in each state. To this end, 
the EPA has required pretreatment of fish cannery wastewater 
and subsequent treatment by a municipal waste treatment process 
before discharged to the harbor waters. At issue is the esthetics 
of the harbor areas and where the priorities are to be on the 
environmental quality for these areas (commercial vs recreational 
and residential). Frankly, the nnswer to this issue is in the 
local (Los Angeles) political aren~. If support can be gained 
there. the chances.for allowing for fish cannery wastewaters to 
be discharged to the harbor will be enhanced. 

If I can be of further service to you, please do not hesitate 
to contact me accordingly. 

Sincerely yours, 

James V. Chambers. PhD 
Associate Professor of Animal 
Sciences and Extension Specialist 
Phone: {317) 494-7825 

JVC/jl 

P.S. I was an instructor in the workshop for extension·specialists. 

,...., ..... 
, -



GULF OF MEXICO FISHERY MANAGEMENT COUNCILi 
r---------------------Lincoln Center, Suite 881 • 5401 W. Kennedy Blvd. l 

Tampa, Florida 33609 • Phone: 813/228-2815 
I 

June 27, 1979 

JUL 31979Mr. John P. Mulligan, President 
Tuna Research 

I,.,.. -.-.,-, ... ~,, _,,,,. ·- --,n-11101 17th Street, N.W. ~-··:t' J.J:-·>·•·--:-·f' L·~.~~--!~;t, I ·-· 
vrn1 I\L•.1;.,--..1vil I t.i:J1,Jr,l1,..1'

Suite 607 
Washington, O.C. 20036 

Dear Mr. Mulligan: 

We have reviewed with interest the report sent to the Gulf Council 
related to effluent discharges from tuna canneries in the Los Angeles 
Harbor area. From the report's findings, it would seem that strict 
and narrow adherence to the Clean Water Act actually resulted; in 
this case, to defeat the spirit of the Act. 

Your stated aim to include this report in the EPA Seafood Study 
meets with our approval. This report points out the need for 
examining the appropriate type of discharge which should be per
mitted for the surrounding_environment. We believe it also points 
out the need for similar studies for different types of seafood 
prccessir:19, where bioenhancement goals or properties of the dis
charge may be different. 

Thank you for the opportunity to review this material. 

Sincerely, 

v(~&
Wayne E. Swingle · · 
Executive Director 

WES:VB:mjl 

A council authorized by Public Law 94-265, the Fishery Conservation & Management Act of1976 

,,,_..,. ..,_ . 



October 19, 1979 

Mr. Calvin J. Dysinger 
Project Officer for the Food 

Industries Branch 
Environmental Protection Agency 
401 M Street, S. w. 
Washington, D. C. 20460 

Dear Mr. Dysinger: 

This is in further reference to Mr. Mulligan's letter 

of September 14, 1979 regarding Dr. Soule's Report, "Ecological 

Changes in Outer Los Angeles-Long Beach Harbors Following 

Initiation of Secondary waste Treatment and Cessation of Fish 

Cannery Waste Effluent." 

Enclosed is a copy of a letter from June Lindstedt Siva, 

Senior Science Advisor, Environmental Sciences, Atlantic Richfield 

Company, commenting on the report. 

I hope this ·information will be helpful to you in your 

review of documents related to the ecology of the Los Angeles

Long Beach Harbor. 

Sincerely, 

I~~ 
Helen K. Brock 
Director of Government Relations 

Enclosure 

TUNA RESEARCH FOUNDATION, INC. 
SUITE 603 • 1101 SEVENTEENTH STREET, N.W. • WASHINGTON,D.C.20036 • (202) 296-4630 



515 South Flower Streel 
Mailing Address: Box 2679 • T.A. 
Los Angeles, Californla 90051 
Telephone 213 486 0741 

June Lindstedt Siva, Ph.D. 
Senior Science Advisor 
Environmental Sciences OCT 4 1979 
October 3, 1979 ~ed ~ /JSIH4b

Mj ~JS?B /IHIt 
Dr. Dorothy Soule and 
Mr. Mickey Oguri 
Allan Hancock Foundation 
University of Southern California 
Los Angeles, CA 90007 

Dear Dorothy and Mickey: 

You are to be congratulated for putting together such · · 
a comprehensive report on the ecology of Los Angeles- · 
Long Beach Harbor. This is one area where it now might 
be said that there is a "baseline." I am much impressed 
with the participation in the study of a good part of 
the local scientific community. The report is not only 
a significant contribution to the scientific literature, 
but also can be used as a valuable planning tool when 
new projects are proposed for the harbor area. I wish 
we had similar studies for other coastal areas. They 
would certainly make it easier for us to make ecolog
ically sound coastal zone management decisions. 

Again, congratulations on an- excellent report. 

Sincerely, 

9-.f:: ~/,e-R-
June Lindstedt Siva . 

JLS/lr 



r f== r'i. National Food Processors Ansociation Agricultural and 
t \; r! ~,~ 1133 Twe~tie!h S'.ree! N.W., Washir!g!on, D.C. i0036 Environmental Affairs
l \. · It L Telep~:or.G 202/331-5900 Edwin A. Crosby, Ph.D. 

Senior Vice President 
202/331-5967 
Jack L. Cooper 
Director, 
Environmental Affairs 

September 14, 1979 202/331-5968 
Raymond F. Altevogl, Ph.D. 
Assistant Director, Mr. Calvin J. Dysinger Agricultural Affairs 

Effluent Guidelines Division (WH-552) 202/331-5969 

U. S. Enviromnental Protection Agency 
401 M Street, S. W. 
Washington, D. C. 20460 

Regarding: NFPA comments on the report Ecological Changes in Outer Los 
.Angeles-Long Beach Harbors following Initiation of Secondary 
Waste Treatment and Cessation of Fish Cannery Wastes Effluent, 
a report for the city of Los Angeles Department of Public Works, 
Bureau of Engineering, for the Terminal Island Treatment Plant 
and the Enviromnental Protection Agency, Report to Congress on 
Seafood Waste Effluent, for the Tuna Research Foundation by 
Dorothy F. Soule and Mikihiko Oguri of the Harbors Enviromnental 
Projects, University of Southern California, Los Angeles, California, 
Marine Studies of San Pedro Bay, California, Part 16, April 1979 

Dear Cal: 

NFPA staff and several members of our Effluent Guidelines Subcomm.ittee 
for Seafoods have reviewed the above report. We conclude that a good case has 
been made for bioenhancement from the study of discharges from tuna canneries 
at Terminal Island. The seafood processing industry believes that bioenhancement 
is a valid concept and urges the Agency to include a thorough discussion of it, 
including a proposed definition of bioenhancement, in its Report to Congress 
required by Section 74 of the Clean Water Act. 

Sin'cerely, 

~ 
Jack L. Cooper 

cc: Effluent Guidelines Subcommittee for Seafoods 



EXCERPT FROM UNPUBLISHED MA~USCRIPT 

Comoarison of HEP ana Edison Data 

Soule and Ocuri (1979) showed the decrease in the mean 
nurncer of fish o;r trawl from the 1971-73 oeriod through 1978 
from 423.2 fish.per trawl (or over 700 if larval fish are 
included) to under 100 fish per trawl for the period of Decem
ber 1977-October 1978. 

While the Southern Ca!ifornia Edison Renort {EQ~.-~!BC, 1978) 
stated that Long Beach H~rbor supports a large, healthy, stable 
and diverse oooulation of fishes that are co~~on to nearshore 
southern Callf~rnia waters, and indicated that there was a 
large increase in mean harbor fish populations, analysis 0£ the 
Edison data and HEP data shows agreenent in major trends as 
well as the differences in species composition. 

Trawl Data and Trends 

The HEP trawl data taken by Dr. J. S. Steohens for the 
outer harbor were gathered in daylig~t hours. The data were 
plotted (Soule and Oguri, 1979) both as annual means, between 
1973 and 1978, and as seasonal means. Dr. Stephens calculated 
that the HEP mean number of fish for 1974-1976 was 212 per 
trawl, whereas he calculated the Edison mean for that same 
period as 180 fish per trawl, a fairly close agreement for the 
two different a=eas. However, the Edison data we=e su:mned and 
thus no trends could be shown; a four-way analysis by Stephens 
indicated significant annual variation but that cannot indicate 
direction. 

There were several major changes in the harbor between 1974 
and 197 8. In 19 7 5 Dissolved Air Flotation ( "orimarv treatment") 
~as installed on cannery waste streams. In Janu~ry 1977, the 
operational phase of the Long Beach Edison plant began, while 
in Apr.:.l 1977 secor.dary treat.me::t was initiated at the Te:::r,ir..al 
Island Treatment Plant in outer Los Angeles Harbor. The first 
cannery outfall was diverted to TITP in October 1977 and the 
second in January 1978, closing off those effluents froM enter
ing the harbor except after secondary treatment. 

Stephens (in Soule and Og.uri, 1979) mentioned the defici
ency of outer harbor trawl data during 1975-1977. The Edison 
trawls in 1977 far outnumbered the casual trawls carried out 
by Ste?hens and his Occidental College students, who provided 
their data for the Soule and Oguri report. Howeverj HEP trawls 
nllil"bered 55 between December 1977 and October 1978 for the 
Terminal Island Treatment Plant Studv. Edison trawl data are 
available only throug~ March 1978. in Figure 3 the mean trawl 
data for t~e Edison nlar.t are Plotted aoainst the HEP mean 
data for 1971-1976. ·Extreme variation can be seen in the 



Edison trawl m1rr1bers in 1977, almost a "yo-yo" effect to the 
lines; seasonal rnea:1s have been combined to give corr.parable 
data ooints for bot~ Edison and HEP data. In Figure 4, all 
Ediso~ trawl data for 1977 are plotted, along with a separate 
plot for the mean data from the two Edison trawl stations 
(Tl3 and Tl5) nearest the HEP stations, and for HEP 1977 data 
(data from EQA-MBC, 1978: Soule and Oguri, 1979). The 1978 
HEP data continues through October 1978. The lower plot (based 
on data in EQA-MBC, 1978) shows the variations in the Edison 
plant operation, which was reported as percent generating 
capacity, during the 1977-1978 period. 

When the Edison mean data are broken into the same time 
periods as the HEP data, the trends are strikingly similar 
(Figure 5). The mean data from all Edison daytime trawls (AED) 

were plotted; then the means for two Edison trawl stations Tl3 
and TlS in the outer harbor {OED) closest to HEP stations were 
plotted separately, and the HEP means were also plotted. These 
data were all recalculated into the same tine periods reported 
in Soule and Oguri (1979) for greater comparabllity~ the· 
periods were January-June 1977, July-November 1977, December 
1977/January 1978 and March/Aoril 1978. Edison trawls were 
not reported after March 1978, but Aoril, July and October 
1978 mean trawls for HEP were plotted. 

The Edison trawl data showed much higher 1977 means; 508 
fish for all stations (daytime) and 336 for Tl3 and TlS in the 
outer harbor in the Long Beach Pier J-Channel area, as com
pared with 216 in the HEP total outer harbor area. However,. 
for the Edison trawls, the trends in the means from January
June levels to the July-November 1977 levels we:::-e strongly 
down. The means were further depressed in December 1977/January 
1978, with an outer harbor Edison (OED) reean of 24.5 fish and 
an HEP mean of 26.7 fish. These are, as Stephens indicatec 
(Soule and Oguri, 1979), unprecedentedly low trawl nunbers. 
The mean of 76.5 for all Edison trawls for January 1978 is 
hardly much bette~. The smallest synbol used on Stephens' 
et al.. {1974) Figure 4 on mean abundance was 85-90 fish. In 
Soule and Oguri (1979), Figure 8 shows larqe areas with fewer 
than 10 fish per trawl in December 1977, with only the outfalls 
area having 155 fish: that station provided the only numbers 
of consequence to give the mean cf 26.7 fish to the period. 

It is normal for fish counts to be low in winter, but this 
seemed imnoverished. It also coincided in time with re~oval of 
fish cannery waste effluents fro~ the outer harbor, reoresent
ing an enormous drop in available energy (calories) to t~e eco
system. The December 1977 trawls came before the ~ajor rainfall 
at the end of the month, and the water was still warm. Fish 
will sometimes leave the harbor as a storm front aooroaches 
t 1t this did not aopear to be the case then. --

Reproduced lrom 
besl available copy. 
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Smranary of Issues - L.A. Barbor Enhancement Study 

P. '1'. Brubal:er / 1, q/If,/7} 

Files 

1. nistorical Background 

Discharges from four Terminal Island fish canneries (Van 
Clu:lp Seafood Company, Pan Pacific Fisheries and Star-Kist 
Foods Plants 1 and 4) have long been associated with water 
quality degradation in Los }.ngeles I-!arl:.or. Current efforts 
to solve this problem may be traced back to the early l970's, 
when State and Federal actions culminated in 1) the funding 
of planning and construction for upgrading the City of Los 
Angeles Terminal Island Treatnent Plant (TITP), to include 
adequate capacity and treatment facilities to provide 
secondary treat...~nt to domestic and fish cannery wastes, 
and 2) written corr.mitmcnts from tbe fish canneries to EPA 
to install primary treament facilities and to direct their 
wastewaters to TITP when the upgrading ~as completed. In 
1971, th~ l!c.rbors rnvironmental Projects of the the ,-.11an 
Hancock Foundation, affiliated with the University of 
Southern California, commenced a study of Los Angeles Harbor. 
In 1973, 1-ZPDES penrlts were issued to the canneries by the 
State of California, requiring installation of prir:iary 
trea~ent facilities. 

In May 1974, tho State of California ac!opted the •water 
Quality Control Policy for the Enclosed Bays and Estuaries 
of California" (Bays and Estuaries Policy, or BEP). This 
policy was approved by EPA as a State/Federal l'-:ater Quality 
Standard, pursuant to Section 303, FWPCJ\., on January s, 
1976. The BEP provides that all municipal and process 
wastewater discharges ~shall be phased out at the earliest 
practicable date," unless it can be sho~m that a discharge
Aenhances" the quality of the receiving water and is 
non-toxic. 

Through 1974, the canneries proceeded to install primary 
treatment facilities (disolved air floatation units, defined 
by EPA in 1974 as Dest Practicable Control Technology Ccr
rently Available, or, ·BPCTA). construction of TITP upgraded 

Reproduced from 
best available copy. 
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facilities, originally planned for 1974, was delayed1 incre
mental dolays pushed the completion date back to r.id-1977. 
Rather than directly addressing compliance with water quality 
stantlards, the expiration dates of the cannery ?1PDES porr.its 
were revised to coincide with the the expected TITP completion 
date. Also, in 1974, the canneries' effluent limits were 
modified to be consistent with promulgated guidelines for 
BPCTCA. In Deceinber 1976, tho I:nhancem~nt Study document 
was completed and submitted to EPA and the State by the 
canneries. 

On February 9, 1977, EPA informed the State that new permits 
for the canneries must require coo.pliance with approved 
water quality standards (the DEP), and that no discharge of 
process wastes could be allowed absent a Finding of r.nhance
ment. Concurrently, EPA conducted a review of the enhance~ent 
study docwr.ent. EPA's reviews of the doc,.iment established 
that it does not show enhancement, and that, in fact, it 
includes considerable evidence that the cannery discharges 
are aotritiental to the receiving waters, and do not meet 
minimum toxicity criteria. In June ·1977, the State issued 
new NPDES Fermits to the canneries which required compliance 
with water quality standards by July 1, 1977, i.e., the 
elimination of proeess waste discharges. 

On June 8, 1977, EPA brought suit against two of the canneries 
for repeated violations of effluent li~its. on ~ugust 26, 
1977, actions were filed against the remaining two canneries. 
The object of the suits was to compel the canneries to com
ply with the water quality standards, and to pay penalties 
for past non-compliance with the permits. 

Enhancement Study Issues 

The study document repres~nts a portion of a long term 
continuing study of the harbor area by the P.ancock Founda
tion. The study is identified as ~Marine Stadias of San 
Pedro, California, Part 12, Dece'C\ber 1976.• It is sup?Qrted 
by funds fro~ sources including the City of Los 1..ngeles, the 
tuna industry and the U.S. Office of Sea Grant Proqrarns. 
'The study doc~ent is a collection of research papers covering 
a variety of physical and biological areas of interest in 
L.A. Jlarbor. 
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'l'he basic premises of the enhancement argument are that 
the cannery process wastes (characterized as high in DOD, 
proteinaceous suspended solids and oil & grease) provide 
nutrients necessary to the sustenance of a largo fish popu
lation in the harbor, nnd that this benefit overrides the 
facts that the cannery wastes show toxic effects up to one
half mile from. the cannery outfalls and that the wastes 
create a marked depletion of aissolved oxygen over a large 
part of the harbor. · 

EPA reviews of the study conclude that the research reports 
do not support the enhancement contention. 

First, the study does not establish that the existing, 
•enhanced,• conditions represent a Dore desirable stnte than 
existed prior to harbor development or th21n exists in any 
comparable control area. There is no evidence that the 
existing situation is in fact the optimum for the harbor. 
It in indicated that the ovarall healt.~ of the harbor eco
system has shown icprovement since the institution of improved 
vaste~ater treatment by the canneries in 197(-5. 

Second, the study does not show that the existence of any
fish po?ulation is dependent upon the cannery discharges for 
survival1 in other "WOrds, the discharges do not provide 
relief from a nutrient-limited conditions. The negative 
effects of the discharges on tho ecology of the harbor, such 
as domonstrated acute toxicity and depression of dissolved 
oxygen levels, are not adequately explored. 

~hird, the study is co~promiscd by numerous methodological 
shortcomings and omissions, particularly in the area of 
determining the contribution of factors other than waste
water discharges to the existing and projected conditions. 

Fourth, in the context...of the BEP, which re~ires compliance
with specific toxicity standards as one condition of an 
enhancement finding, the report documents nUI:1erous toxic 
effacts of the cannery wastes on a variety of organisrns. 
These data alone would disqualify the cannery discharges 
from consideration for an·enhancement finding. These toxic 
effects are not limited to undilutec influent, they are also 
apparent over a large portion, possibly as lar~e as several 
hundred acres, of the harbor. 

.,., ... 



In sllD.'lJnary, EPA finds that the study does not demonstrate 
enhancement, nor does it provide evidence that the cannery 
discharges can rneet.minll!'.um toxicity standards. Moreover, 
given the evidence at hand, EPA does not believe that there 
is a reasonable chance theso conclusions will be altered if 
the study of existing conditions were to continue. EPA has 
no objections to the continuation of the study after the 
elimination of the discharges to the harbor. 

Brubaker/RJCleason 
Reading File 
362661 et al 
8/30/77 
9/26/77:P.JG 
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