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Introduction

The fishing industry and the canneries associated with it
have been located in Los Angeles Harbor since the turn of the
century, and have represented a major economic resource for the
local southern California lommunity. Since 1903, when albacore
tuna was first canned experimentally, the volume of albacore land-
ings in California has increased by a factor of over 170 times
(Gruen et al), The industry has become, since the 1940's, a
multimillion dollar force in the economy.

In addition, the products of the industry provide hundreds of
thousands of pounds of an important high protein, relatively low
cost human nutritional resource for a2 much larger consumer market.
Byproducts of nutritional importance also include fertilizers,
animal feed and pet food. The socioceconomic impact of the nutri-
tional role of the byproducts is more difficult to evaluate bhe-~
cause the secondary effects are far reaching.

In the present period, many industrial and commercial activi-
ties are being reevaluated, both from their prospectives as future
resources and from present and future environmental impact. It
becomes vitally important to examine both the beneficial and neg-
ative effects of the local cannery industry.

In a Los Angeles Harbor Commission session in 1971, T.M.
Crehan, representing the canneries, issued the following statement

on the economics of the industry:

"Since the turn of the century, the fishing industry has
played a prominent role in the development of the Los
Angeles Ilarbor. 8San Pedro and the Port of Los Angeles

were known for years as the fishing capital of the world.

At the present time, the industry consists of the owners
of approximately 50 commercial fishing vessels which have
their home port here, the 500-600 crew membexs of these



fishing vessels, the 4 national canneries, and the nearly
6,000 persons employed in those canneries. In terms of
dollars, the fishing industry means the following:

Payroll 25,199,361.00
Utilities 364,424, 00
Steam 567,000, 00
Land Rent to LA Harbor Dept. 216,201, 00
Wharfage to LA Harbor Dept. 55,780. 00
Inspection Fees and Business

Licenses 120,038.,00
City and County Taxes 695,755, 00
Wetfish Purchased from San

Pedro Fleet 4,375,700.00
Tuna Purchased from San Pedro

Fleet 5,098,537.00

36,692,996, 00

These figures do not include those amounts paid for fish
to vessels from San Diego, Port Hueneme, and other South-

ern California ports,

The fishing industry is important not only to the Harbor
in an economic sense, but also to the entire Southern
California area since it provides the economic base for

almost 25,000 jobs in other industries."

For further analysis of the socic-economic aspects of the
commercial fishing industry, see Gruen et al, 1972.

In earliexr days, harbors were not only considered to be
mechanical transport systems for boats and cargo but also served
ags giant sewers into which all manner of human and industrial
wastes might be dumped, presumably for export to the adjacent un-
limited seas. This was true for fish processing wastes as well,
Only when workers in the area were sickened by the odors, and gas-



eous discharges, blackened paint and brightwork did economic pres-
sure begin to be exerted for cleaning up the harbor. Gradually it
became evident that there were also other pressures to make the
harbor itself a living resource once again, and to strive for rec-
reational and esthetic quality as well.

Although the fishing industry has been located in Los Angeles
harbor since the turn of the century, little consideration has
been given to the role played by the wastes from the canneries in
the marine environment, Rather, attention has been directed to the
economic role of the products and byproducts of the industry.

Estimates of the amount of waste in the cannery processes
range from 30% to 80% of the whole fish. The amount depends on the
species of fish, as well as the equipment available for, and the
economics of removal of all possible potential byproducts.

The effect of the remaining effluent on the ecology of re-
ceiving waters has not been well evaluated. Nakatani et al (1971)
reported an increase in scavenger fishes, sea urchins and anemones,
with a decrease in other animals, in a salmon processing effluent
in Alaska.

The purpose of the present study is to investigate the role
of the cannery effluent on the ecosystems of adjacent Los Angeles
Harbor waters.

Funding for the study was provided in part by the Tuna Re-
search Foundation, representing local canneries; the NOAA Office
of Sea Grant, Department of Commerce, Grant No. 04-3-158-45; and
the Allan Hancock Foundation, University of Southern California.

Area Description

The canneries are located in the area of Fish Harbor in Los
Angeles Harbor (Figure 1).

According to Matson (1948) demand for tuna had increased with
the start of World War I, when a fire destroyed the canneries in
East San Pedro. The southwest end of Terminal Island had previous-
ly been filled in and extended to what was originally Deadman's
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Island, the remains of which now form part of Reservation Point.

A seawall then was constructed to enclose some thirty acres of
water south and east of the fill. A wooden wharf about 2000 feet
long was built across the north side and the area behind was filled
with dredgings. A low breakwater was built along the southerly
side enclosed by the seawall. The land back of the wharf extending
to a railroad track and street, was leased to fish canneries for

30 years at an annual rental of three cents per sdquare foot. Can-
neries were permitted to build unloading equipment in front of the
wharf to supply their plants.

Cannery wastes, for many years, were dumped into Inner Fish
Harbor, along with pumpings from boat holds, and human wastes. In
1964, discharges were relocated and piped to two outfalls on the
east side of Pier 301. Also in the area, approximately 1500 feet
eastward, is the outfall for primary treated sewage from the
Terminal Island sewage treatment plant. Only the sewage treatment
plant maintains records of the rate of flow of their effluent; this
flow averages about two million gallons per day of fresh water-
carried sewage from which the solids have been removed. The
cannery effluents fluctuates in volume, and monthly estimates are
provided by the industry to the Regional Water Quality Board (see
Table 1; pers. comm. Frank Steiger, head, Los Angeles Harbor Depart-
ment Testing Laboratory).

The area receiving the effluents is shallow, and the bottom
slopes gradually from shore to a depth of approximately 20 feet,
forming a broad shallow shelf. Dumping has been permitted on the
shelf, making the bottom irregular. Sediments range from an organ-
ic ooze to broken shell and rocky patches which shift about under

water circulation.

Circulation Patterns

The only published records of water movement in the outer Los
Angeles - Long Beach Harbor area are from a drogue study conducted
on June 13-14, 1972 (Scule and Oguri, 1972). The patterns observed
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during that time suggest that the outfalls lie beyond the edge of

a large tidal gyre extending from Angel's Gate to Queen's Gate.
Surface waters in general showed the effects of afternoon winds.
Drogues carried into the outfall area tended to remain there, indi-
cating a limited exchange of waters from the effluent waters with
contiguous waters.

Wind driven circulation patterns are of importance since the
cannery effluent contains a high percentage of protein or protein
breakdown products which coagulate or flocculate in the sea water.
Most of this cream colored material remains floating on the sur-
face, as shown by measurements of water transparency, which indi-
cate clearer water below the surface. Although some of the materi-
al sinks to the bottom, it does not result in a significant build-
up of bottom organic ooze; perhaps it is rapidly broken down by
the aerobic and anaerobic bacterial populations in the bottom muds.

Dye studies on the diffusion rate of the effluent and on the
microbiology of the area are discussed elsewhere in this report
(Juge; Foxworthy) and substantiate the previous circulation pat-
tern cobservations.

Aerial photographs of the effluents under various weather con-
ditions show differing dispersal patterns. The two cannery efflu-
ents appear to merge into a common pool, which is carried north-
easterly by incoming tidal flow under low wind conditions. Flow
from the submerged sewer outfall appears as a clear boil of water,
with the cannery effluents separating on either side of it and
merging beyond it as it moves toward the Navy mole. On windier
days, the discolored cannery effluent can be seen as streaks rather
than as a pool. With succeeding falling tide and the usually pre-
vailing southwest winds, the effluent becomes diffused and moves
toward Queen's Gate or Angel's Gate. On following rising tide, un-
dispersed effluent may enter Fish Harbor or the Main Channel.

Under northeasterly winds such as the Santa Ana winds, the effluent
may not reach the sewer outfall, but moves instead toward Angel's
Gate. It may be carried outside the breakwater and move westward

in the weak counterclockwise gyre {Jones, 1972). Or, the effluent
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may be carried into Fish Harbor, the Main Channel and toward
Cabrillo Beach before it is finally broken down biologically and
dispersed.

The Allan Hancock Foundation has maintained an environmental
quality study in Los Angeles Harbor since 1971, in cooperation with
the Unversity of Southern California Sea Grant Program, with local
industries and with public agencies. Participants have included the
Los Angeles and the Long Beach Harbor Departments, the Tuna Research
Foundation and Pacific Lighting Service Company. Preliminary reports
from the environmental quality studies outlined the techniques em-
ployed (Soule and Soule, 1971; &abbott, et al, 1973).

The basic stations maintained for experimental purposes during
1971-72 are presented in Table 2, and on the Map of the Los Angeles
Harbor (Figure l}. Multiple parameters were sampled at these
stations. As indicated in Table 2, by asterisk, settling racks
were maintained at 8 stations. Wet biomass and identifications of
species was done on a monthly basis, in order to determine the
quality or living potential of the harbor waters above the polluted
bottoms. Comparisons of biomass are shown in Filgures 2 and 3. In
all cases, the peak weights were caused by populations of one spe-

cieg, a large, white, sausage shaped tunicate, Ciona intestinalis.

The species seems to flourish in warmer, shallow waters and to
tolerate pollution fairly well.

The productivity of the phytoplankton was measured at the
same stations, using Carbon 14 isotopes to measure the amount of
photosynthesis carried on by these microscopic plants. It is
typical that cyclic blooms of phytoplankton occur near the cannery
effluents. Oxygen levels reach supersaturation (12-16 ppm instead
of the normal saturation of 8-9 ppm) as the bloom develops. When
the nutrient level drops suddenly or the plankton generation dies,
aercbic bacteria begin to multiply (see Juge, 1973}, rapidly
depleting the oxygen supply. If the loading is sufficient, oxygen
will drop to zero, and anaercobic bacteria in the muds begin produc-

tion of sulfide.
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TABLE 2
HARBOR PROJECT STATION LIST
OUTER LOS ANGELES HARBOR (Chart No. 5148)

Log Book
Designation Chart Designation Station Description

*] BW "LA" Bell 3/4 knots SE from L.A.
Light

*2 R 4 1/2 knots N of L.A. Light

*3 R 2 1/2 knots S of Fish
Harbor Entrance

4 Entrance to Outer Fish
Harbor

5 RN "2" Canter of Quter Fish Har-
bor adjacent to Channel
Marker

*6 Inner Fish Harbor

*7 W OR S "C" Sewage and Cannery out-
falls Area

*3 West Basgin, pier no.

*9 W OR NUN Nun Buoy off Cabkrillo

(not marked on Beach
Chart No. 5148)
*10 Velero Dock in Watchorn

Basin adjacent Berth 45

* Indicates Settling Rack locations,
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In Figure 4, the productivity curves for five stations are
shown. The peak at Station 2, buoy R4 in the main channel indi-
cates that there is probably an inhibitory effect area or a latent
period involving bacterial breakdown of cannery effluent near
Station 7, the closest to the outfalls. Apparently, circulation,
plus the continuing subsequent alteration of the effluent carries
the nutrients in most usable form to the Station 2 area.

Although the area is undoubtedly very productive, there are
questions as to the quality and rates of this production. Eutro-
phication such as is seen in algae blooms in fresh water lakes, can
also occur in semi-enclosed marine waters. Red tide blooms, green,
and blue tide blooms can occur. In August, 1972, a green tide bloom
was observed at the entrance of Fish Harbor. Microscopic examina-

tion showed it to be a protistan euglenoid, similar to Eurtreptia,

which is associated with heavily organic wastes. This may indicate
the effects of nearby sewage effluent, or possibly the illegal
flushing of marine toilets aboard the small boats anchored in Outer
Fish Harbor. Local Red tide organisms are not generally toxic but
can kill other organisms by depleting the water of dissolved oxygen
or by clogging the gills mechanically of filter feeders such as the
mussels, Mytilis.

Other parameters being sampled include plankton pigments,
settling volumes and species identifications, and benthic (bottom-
living) organisms. Physical water guality measurements of temper-
ature, salinity, oxygen and pH are taken and some nutrient chemistry
performed. Results are presently being analyzed and will be re-
ported in future studies.

A further indication that the enriched harbor waters alter the
environment for certain of the fishes are presented in a summary of
research by Schafer and Swann, which follows this paper. Further
work would be needed to ascertain the significance of the cbserved
changes in anchoby free amino acid patterns. Nothing is known about
the distance traveled by individual anchovies within the harbor,

nor about the degree to which they move in and ocut of the harbor.
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Catches by the bait boats, presently being surveyed, indicate

that there may be an area of inhibition in the immediate vicinity
of the cannery outfalls, as is suggested by the bicmass and pro-
ductivity curves (Figures 2, 3 and 4). There are indications that
the anchovies move away from the area when the oxygen is low and
also when it is excessively high, during plankton blooms. Weather
conditions may exert influence as well, for anchovies apparently
disappeared from harbor catches prior to heavy winter storms and
subsequent rainwater runoff. They alsc were not caught in the
harbor near the end of the season when the Davidson Current brought
warmer southerly waters into the area, but reappeared just after
water temperatures dropped.

Examination of the amino acid pool in bottom feeding fish
taken inside the harbor, as compared with the same species taken
outside the harbor, would perhaps offer further comparative data.
Tt was difficult to obtain an adequate supply of intact, healty
fish from inside the harbor. Easily caught smelt all showed signs
of reduced vitality and body lesions. Chamberlain (1973) found
a high incidence of pathological conditions in harbor trawl fish.

Chamberlain however indicated that, in fishes of the same spe-
cies, those from inside the harbor were heavier than those taken
outside the harbor, per unit of body length. This would suggest
that the food supply might be better in the harbox, if the age
classes of the fishes are the same.

Comparison of fish trawl catches by Chamberlain in the harbor
and by Stephens (1973) outside the harbor show that the fish pop-
ulation inside the harbor is at least equal to, and perhaps more
dense than, at any of the offshore localities along the coast

examined by Stephens.

Summary

The results of our studies indicate that the harbor waters
are highly productive at every trophic level monitored. Some of
the factors potentially regulating productivity are discussed.
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Studies presently underway are designed to further define the inter-
relationships between the biotic and abiotic parameters in the
harbor.



18

Literature Cited

Abbott, B.C., D.F. Soule, M. Oguri and J.D. Soule. 1973.
In situ studies of the interface of natural and man-made
systems in a metropolitan harbor. Helgolander Wiss.
Meers. 24(1-4): 455-464.

Chamberlain, D.W. 1973. "Results of fourteen benthic trawls
conducted in the outer Los Angeles - Long Beach harbor,
California, May 24, 1972." 1In: Marine Studies of San
Pedro Bay, Part II, Biological Investigations, June, 1973.
Allan Hancock Foundation Publication USC-5G-2-73.

Foxworthy, J.E. 1973. ‘"Working report on the dilution of
cannery wastes discharges into the Los Angeles harbor."
In: Marine Studies of San Pedro Bay, Part II, Biological
Investigations, June, 1973. Allan Hancock Foundation
Publication USC-5G-2-73.

Gruen, C. et al. 1972. A socio-economic analysis of Califor-
nia's sport and commerical fishing industries. Gruen,

Gruen and Assoclates, San Francisco. 106 pp.

Jones, J.H. 1971. General circulation and water characteris-
tics in the southern California bight. So. Calif.
Coastal Water Research Project (SCCWRP). 37 p.

Juge, D.M. and G. Griest. 1973. "The roles of microbial
activity in the harbor ecosystem."” In: Marine Studies

of San Pedro Bay, Part II, Biological Investigations,
June, 1973. Allan Hancock Foundation Publication
USC-5G-2-73.



10.

11.

19

Matson, C.H. 1948. Building a world gateway: The story of
Los Angeles harbor. Pacific Era Publishers, Los Angeles.
255 pp.

Nakatani, R.E., D.F. Beyer and C.P. Staude. 1971. The effects
of salmon cannery waste on water quality and marine or-
ganisms at Petersburg, Alaska. Fish. Res. Inst. Coll.
Figh., Univ. Wash., Seattle, Wash.

Soule, D.F. and M. Oguri. 1972. Marine studies of San Pedro
Bay, California. Part One. Circulation patterns in
Los Angeles - Long Beach Harbor drogue study atlas and
data report. Allan Hancock Foundation and Office of
Sea Grant, Univ. of So. Calif., USC-8G-6-72.

Soule, D.F. and J.D. Soule. 1971. Preliminary report on
techniques for marine monitoring systems. Sea Grant
Tech. Note, USC-SG-1T-71. 5 pp.

Stephens, J.S., D. Gardiner and C. Terry. 1973. The demersal
fish populations of San Pedro Bay. In: Marine Studies
of San Pedro Bay, Part II, Biological Investigations,
June, 1973. Allan Hancock Foundation Publication
UsSC-~-8G-2-73.






Marine Studies of San Pedro Bay
Part II, Biological Investigations
June, 1973

Free Amino Acid Variations in the

Anchovy, Engraulis mordax

from the Los Angeles Harbor

by

Rita D. Schafer
Allan Hancock Foundation and
Immaculate Heart College

and

Elizabeth Swann
Immaculate Heart College






23

Introduction

Free amino acids within an organism are an immediate reflec-
tion of the protein metabolism of that organism. Amino acids are
taken from or added to this pool in a definite manner as a result
of the normal enzymatic processes associated with maintaining
homeostasis within the animal. Previous work (Schafer, 1966, 1968)
with both invertebrates and fish has shown that when environmental
conditions change the free amino acid patterns of these organisms
are altered.

The present study was undertaken to determine whether or not
the conditions within the Los Angeles Harbor were such that a
change was being affected in the anchovy which is present there for
an undetermined period of time.

Materials and Methods

Samples of the anchovy, Engraulis mordax, were collected from

three locations within the Los Angeles Harbor; a control sample
was taken from five miles offshore, northwest of the Long Beach
lighthouse. All samples were quick-frozen. White muscle tissue
was excised over dry ice and lyophilized without intermittent thaw-
ing. Dry weights were determined and the free amino acids extract-
ed with 70% cold ethanol. Each sample was composed of pooled adult
specimens, 12 to 15 c¢m. in length, from the same catch. Sample 1
was extracted from 0.9863 gm., dry weight, sample 2 weighed
0.7191 gm. and sample 3, 0.8545 gm. The control sample was derived
from 0.4800 gm.

Analyses were made using a Technicon Sequential Multiple Auto-
analyser with resin Type C chromo beads. Mimhydrin was used in the

colourimeter.
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Results

The free amino acids present in each sample extracted from the
white muscle tissue of the anchovies is given in the accompanying
table. Results are recorded both in micro moles/liter and in per-
centages of composition. The control sample was found to contain
twenty-one free amino acids; samples 1 and 2 from the Los Angeles
Harbor waters contained twenty-two free amino acids each while
sample 3 contained twenty-three different amino acids. Aspartic
acid was absent in the control sample but present in the others.
Cystine was absent from the control sample and from sample 3 but
present in the other two samples. Citrulline was found to be
present in sample 3 but absent from all others, including the con-
trol. Quantitative differences are evident in the case histidine
where the level in the control sample is almost double that of each
of the other three samples. Quantitative differences also occur in
taurine, glutamic acid, alanine and lysine, each of these being

less in the control than in the other three samples.

Digcussion

That three amino acids, namely, aspartic acid, asparagine and
cystine are lacking from the controls but present in one or more of
the samples taken from the Los Angeles Harbor waters indicate that
the metabolism of the anchovy differs when found in the environment
provided by those waters. The significance of this change is not
evident but it is indicative of either an interruption or alteration
in metabolic pathways. It can be deduced that either a breakdown of
proteins is occurring which is releasing these amino acids into the
amino acid pool more rapidly than they can be utilized, or that pro-
tein synthesis, which in the controls is occurring at a rate which
removes these amino acids from the pool, has been either reduced or
stopped.

The quantitative difference which occurs in the case of histi-
dine where the level of this amino acid in free form in the controls
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is almost twice that of each of the other three samples may be in-
dicative of physiological stress in the latter. It is known that
histidine readily converts to glutamic acid which in turn becomes
a direct energy source., If the anchovy, upon entering the waters
of the Los Angeles Harbor, is placed in an environment resulting in
stress it would be expected that a greater amount of enexqgy would
be expended to meet this stress. Such a demand could result in a
greater conversion of histidine to glutamic acid and subsequent
utilization of the latter to supply this needed additional energy.
If the anchovy is a permanent resident in the harbor rather than a
temporary visitor, metabolic pathways may have been permanently
altered.

All of the above variations, plus those of lesser magnitude
shown in Table I, are evident that changes do occur in specimeng of
the anchovy, Engraulis mordax, found in the Los Angeles Harbor area.
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TABLE T

Amino acid Control Sample 1 Sample 2 Sample 3

umol/1 % umol/1 % umol/l % umol/1 %
Taurine 0.50 [ 1,6% {10.223 1 3.2% {|0.63815,9% €.60 117.9%
Aspartic Acid - - 0.045 .64%10.015] .14% 0.20 . 5%
Hydroxy~Proline - - - - - - = -
Threonine 0.60 | 1,9% {10,238 1 3,4% {|0,361]3.3% 0.60 1,6%
Serine 0.50 | 1.6% |]0.260 | 3.7% ||0.290]|2.7% 0.60 1.6%
Asparagine - - 0.013 . 184 - - - -
Glutamic Acid 0.20 .649410,.205 | 2.9% [{0.217|2% 0.50 | 1,36%
Glutamine 0.10 .32%410.084 | 1.2% 10,051 ,47% Q.20 . 5%
Proline 0.60 [ 1.9% |]0.166 | 2.3% [[0.270]2.5% 0.60 1.6%
Glycine 1.50 | 4.8% [|0.552 ] 7.9% |{0.673[6.2% 1.90 5, 2%
Alanine 2,00 | 6.4% |]0.411 | 6,7% |[1.752[16% 3.30 9, 0%
Citrulline - - - - - - 0.10 27%
L Amino N-
Butyric 0,20 644 10.013 .18%410.031| .29% 0.40 |1.09%%
Cystine - - 0,128 | 1.8% |[0.172]1,6% - -
Valine 0.70 | 2.2% ||0.123 | 1.8% ||0.287]2.6% 1.0 2.7%
Methionine 0.20 .64410.074 | 1.1% |]|0.683]6.3% 0.30 . 8%
Isoleucine 0.40 | 1.28%10,105 | 1.5% |j0.137]1.3% 0.40 1.1%
Leucine 0.50 | 1.6% |{0.186 | 2.6% {10.22812,1% 0.60 1,6%
Norleucine - - - - = - = =
b-Alanine - = - - - - - -
bh-Amino - ) - = - - - -
Tyrosine 0.10 .32%410.051 .73410.049] .45% 0,10 L 27%
Phenylalanine 0.10 . 324 10,052 J747 10,046 | .42% 0.20 . 5%
Tryptophane 0.10 . 324 - - - = 0.10 . 27%
Crnithine Q.10 .32%10.038 .54% 10,031 ]2, 9% 0.10 , 27%
Lysine 0.60 | 1.9% |]0.362 | 5,15%0.993]9. 2% 1.70 4.6%
Histidine 20.00 70% [12.414 137.8% |13.5481 36% |5.40 46%
Methyl
Histidine 1 0.00 - - - - - = -
Methyl
Higtidine 3 g.30 . 959 - - - - 0.20 . 5%
Arginine Q.10 .329410.049 . 7074 |0. 040 .32%]]0.20 . 5%

Free amino acid content of white muscle tissue of specimens of

Engraulis mordax taken from within the Los Angeles Harbor area com-

pared with that of specimens taken from waters outside the harbor

area,
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Abstract

Dye-organism diffusion studies were made to determine water
circulation in the area of the cannery and domestic outfalls.

Surface water samples were obtained monthly from ten stations
in the Los Angeles Harbor between July, 1972 and March, 1973.
Biochemical Oxygen Demand (BOD) determinations, standard plate,
and coliform counts were made on all samples. BOD values for
samples taken from the area of the cannery outfall reflected the
level of waste introduced into the effluent. Standard plate counts
ranged from 6.9 X 102 2.2 X 107. The highest bacterial counts
were obtained from samples taken from areas influenced by material
from the cannery effluent, The fluctuation present in the counts
from station 7 indicate that the effluent may be either beneficial
or detrimental depending upon the amount present in the receiving
waters. Coliform counts ranged from being always negative at
Station 1 to being always positive at Station 4 and 7. At the

other stations in the study the counts varied.
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Introduction

Periodic episodes of biological stress have occurred in the
Los Angeles Harbor in which dissolved oxygen content dropped from
normal to near zero levels, These episodes have been linked in
some cases with the processing of unrefrigerated anchovies by the
canneries, but they also appear to have a cyclic relationship to
severe Red Tide blooms as well as to seasonal changes in water
temperature.

The excessively high bacterial counts obtained during the
October-November, 1971 episode indicated that a potential health
hazard might exist. At this time preliminary investigations were
made under emergency funding by the USC Sea Grant Program. Cul-
tures in several types of common media revealed the presence of
large numbers of aerobic, anaerobic, and facultatively anaerobic
organisms. Sea water cycled for unloading fishing boats contained
bacterial counts in excess of 7 million per milliliter, (Soule and
Oguri, personal communication), The process water which reaches
the cannery outfall with gross solids removed, mixes with the
effluent from a primary treatment sewer outfall in an area with
limited circulation (4). Although the high protein content (2} of
the cannery effluent would support bacterial growth, it might re-
sult in a selection of a few species to the exclusion of others.
The high protein content may also protect non-marine species from
the ultraviolet effect as well as the otherwise antimicrobial
action of the marine environment. The latter is particularly im~
portant in the case of the cannery effluents because of the close
proximity of the domestic sewer outfall of the Terminal Island
primary treatment plant. This situation has public health sig-
nificance because under certain tide and weather conditions this
watexr is carried back into Fish Harbor (4). It also could be a
source of danger for low income minority group residents of nearby
San Pedro who regularly fish in these waters,

Microbial activity is the first step in the conversion of the
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harbor ecosystem. These conditions along with the fact that no
bacteriological study has been made of the waters outside the
canneries indicated the need for an investigation of both the
marine microbiology and the clinical microbiology of the harbor

area. Therefore, this study was initiated in June, 1972,

Materials and Methods

Dve Diffusion and Effluent Dilution

A study of the circulation patterns of the water in the area
of the cannery and sewer outfall is in process. Rhodamine B dye

solution and a culture of Bacillus subtilis var. niger were intro-

duced continuously into the cannery system at the pumping station.
The dye-organism plume was sampled periodically from the time of
its appearance at the outfall until the dye—-organism waste field
dispersed. This procedure was repeated for the sewer domestic

outfall using rhodamine B dye and a culture of Serratia indica.

Dye-corganism studies were conducted by Dr. James Foxworthy who
acted as the consultant for this work.

Collection of Water Samples

Surface water samples for bacteriological studies were ob-
tained aseptically with sterile BOD bottles secured with one piece
of string around the neck and another piece secured to the stopper
by which it could be removed at the time of filling. The bottle
and strings were packaged and autoclaved so that both remained
sterile in the area lowered into the water. Samples were obtained
by this method from the deck of the research vessel Golden West.

Water samples for Biochemical Oxygen Demand (BOD) determinations
were obtained according to standard methods concomitantly with

each bactericlogical sample.
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Cannerv Effluent and Oxvgen Demand

Biochemical Oxygen Demand (BOD} determinations were made on
all samples using a modification of the method as given in
"Standard Methods for the Examination of Water and Wastewater"
(1) in that sea water, instead of distilled water, was used for
dilution. A series of experiments were run which indicated that
a seed culture was not reguired. Samples were incubated at 20 ¢

for 5 days.

Aerobic, Heterotrophic Organisms

Standard plate counts were made according to the procedure
given in "Standard Methods" with the exception of substituting sea

for distilled water in the medium.

Fecal Indicator Organisms

Total coliform counts were made according to the one-stage
membrane filter technique recommended in "Biological Analysis of
Water and Wastewater" (3) using MF-Endo Broth (Difco) as the sub-
strate.

Counts for fecal streptococci were initiated in March, 1972.

A membrane filter technique (3), using KF Streptococcus Agar (BBL}

as the substrate, was used for this study.

Results and Discussion

Dye Diffusion and Effluent Dilution

Dye diffusion data were submitted by Dr. James E. Foxworthy
and are incorporated into this report as an Appendix., During the
period of favorable weather conditions four dye-organism studies
were made. Although the dye-organism studies were too few to pro-
vide good statistical data, diagrams of the location and shape of
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the dye plumes does give information as to the fate of the affluent
during a period after the dye is introduced at low tide, and as to
what happens to the plume (water mass) when the dye is introduced
at high tide (Figures 1-6). From these studies, as well as the
previously mentioned drogue studies (4), it is evident that water
in this area has a very limited circulation. Continuing study will
seek to determine the extent of wind effect on each phase of the
tide cycle. This will also increase the information concerning the
dilution and dispersion of the dye-organism tag so that conclusions

can be statistically supported.

Collection of Water Samples

Surface water samples for bacteriological examination and BOD
determinations were obtained from nine stations (Figure 7) in the
Los Angeles Harbor from July, 1972 through March, 1973. Samples
were obtained from a tenth station from October, 1972 through March,
1973,

Cannery Effluent and Oxygen Demand

The results of BOD determinations are recorded in Table 2.
BOD values for stations 1,2,3 (with one exception), 5 (one excep-
tion), 6,7,8,9, and 10 were always lower than the available dis~
solved oxygen (DO) present at the time samples were taken., Dis-
solved oxygen values were low periodically at stations 4,5, and to
a lesser degree at stations 6 and 8., At station 4 in three in-
stances the BOD value exceeded the DO value but only by a slight
amount, As this situation was reversed in the sample of the follow-
ing month it is doubtful that this was enough to put the area under
significant stress as far as oxygen depletion was concerned. At
station 7 there was a markedly different situation. 1In this area
the BOD value always exceeded the DO value considerably. The
fluctuation in these values can be accounted for when the BOD
values for the plant effluent are examined (2).
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Table 2
Date Effluent BOD Station 7 BOD
(mg/1)

7/26/72 580 8.1
8/09/72 27 (admitted error) 15.1
9/06/72 1,270 35.5
10/05/72 159 2.1
11/21/72 977 33.2
12/14/72 570 13.5
1/10/73 415 33.6
2/07/73 276 23.6
3/07/73 231 23.1

With few exceptions BOD values (Table 2) correlate very well
with the estimated waste loads of the effluent. The BOD values at
Station 7 are much lower than that of the plant effluent because
of dilution as the sampling station is about 1,000 feet from the
outfall, It is conceivable that this area is under stress.

Aeroblic Heterotrophic Organisms

The relative positions of the curves resulting from the
standard plate counts at each station are according to expectations
(Table 1 and Figure 8). That is, Stations 1,8, and 9 have the lowest
counts, while counts from Station 6 ran slightly higher. Those from
Station 5 were a little higher than those of Station 6 in themonths
from July through November. Then from December through January,
the curve fell closer to that of Station 6 again. In February
the bacterial count went considerably higher but it dropped

back down to that of Station 6 again in March. The counts from
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Station 2 are considerably higher in July but drop back to the
same level as that of Stations 5 and 6 from August through March.
Although the curve from Station 3 is lower than that of Station 2
in July, it rises in August and remains high until November. It
levels out in November, December, and January, rising again in
February and March. With the exception of July, August, October,
and December, the counts from Station 4 are higher than those at
Station 7, a fact which can be explained on the basis of the move-
ment of the water mass as demonstrated by both the drogue study and
the fate of the dye plume during the high to low phase of the tide
cycle., Counts from Station 7 were very high (2.1x107) in July and
August (8.6x10%) but dropped back into the range of the majority
of the stations from September through March,

There is a great deal of fluctuation in the counts, particu-
larly in Stations 2 (Fiqure 10), 3 (Figure 1l), 6 (Figure 14}, 7
(Figure 15), and to a lesser degree Station 8 (Figure 16) which
peaked in the month of August, and Station 1 (Figure 9) which
peaked in July and August, This is undoubtedly at least partially
attributable to a seasonal fluctuation. But with less than a
year's data it is not possible to be certain, The counts at
Station 2 fluctuate by an order of magnitude from one month to the
next. This fluctuation is not associated with a significant change
in the DO or BOD. The only association that has been made to date
is that high counts seem to coincide with high winds. There is a
considerable rise in the count at Station 3 in September which
could be linked to an elevation in BOD for this month. This re-
flects a similar rise in the count at Station 2 for September.
However, there is no corresponding rise in the count at Station 3
for the peaks which occurred in July, November, and February at
Station 2. Another and more probable explanation of this peak in
the counts at Station 3 is that it was associated with red tide.
At this time there iz a low bacterial count. Then as the bloom
dies the bacterial count goes up. The peaks in the curves from

Station 4 (Figure 12) more or less correspond to elevations in the
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BOD. It is fairly certain that the increase in this population
results from the intrusion of water from the area of the cutfall.
The level at which this occurs is again dependent upon the strength
and duration of the wind. As the peaks in the curve from Station &
are not asscciated with an elevation in BOD determinations but do
follow elevations in DO, they are most probably the result of red
tide. At Station 7 there was a selection effect which resulted in
fewer types of organisms being present on plates from this area,
The counts also indicate that after a certain level of effluent
(BOD) 1s reached it becomes detrimental. Counts obtained from
Stations 9 (Figure 17), and 10 (Figure 18) do not vary to any ex-
tent. They are apparently not influenced by the material from the
cannery outfall,.

Fecal Indicator Organisms

Coliform counts from Stations 2 and 3 (Table 1) fluctuate in
the same manner, and most probably from the same cause as the
standard plate counts., Considering the distance of these two
stations from the source of contamination these counts are fairly
high., The counts at Station 4 are always positive and consistantly
higher than that of Stations 2 and 3. For this location the counts
do not exceed expectations. In all but three months, coliforms
were present at Station 5 but at a lower level than was found at
Station 4. At this location there are most probably a number of
contributing causes, Counts from Station € vary, being negative as
often as they are positive. These counts would most probably be
associated with ship traffic in this area. Coliform plates at
Station 7 were never found to be negative and occasionally (coinci-
dent with high BOD values) were very high. There are two possible
sources of these organisms, the effluent from the domestic sewer
outfall and the cannery effluent. Counts obtained from samples
right at the cannery outfall during the dye study were as high and
in a few instances higher. Therefore, there is reason for concern

and a need for a closer look at this possibility. Station 8
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occasionally has coliforms present. Stations 9 and 10 fluctuate
but have a slightly larger number present. The organisms present
at these three stations are most probably associated with harbor
traffic.

There are certainly only a limited number of conclusions which
can be derived from these data. However, considering the limited
time involved in observing this multifaceted environment, the study
has been fruitfull, The following are the conclusions which have
emerged:

1. Nutrients present in the cannery effluent seem to have a
beneficial effect on the bacterial population as is evident in the
difference in level of the counts at the stations (2,3, and 4)
which are receiving some of the effluent after dilution by the re-
ceiving water. At station 7 this results in fewer species being
present in higher numbers. As bacteria represent the first step in
conversion of effluents into the harbor food chain, this can be
considered beneficial to the harbor ecosystem, providing that the

following factorings are balanced against the beneficial effects,

2, There is also a level of concentration at which the ef-~
fluent material apparently acts as a deterrent to the growth of
this group of organisms. This is conceivably the situation at
Station 7. Of the stations studied 7 is the only one which shows
this adverse effect. This is difficult to establish because the
counts did fall below the level found at some of the other stations.
It will take more study to determine what level is beneficial and
what is detrimental, Further study will also establish what part

of these fluctuations result from seasonal effects.

3. The level of coliform associated with samples from this
area suggests that a more detailed study needs to be made to de-

termine the source of these organisms.
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Introduction

This report contains the results of a series of studies con-
ducted in the Los Angeles Harbor during July and August 1972. The
objective of these studies was to determine the fate of bacteria
artifically induced into cannery wastes which are ultimately dis-
charged into the waters of the outer harbor. In order to distin-
guish between the simultaneous processes of mortality and dilution,
it was necessary to assess accurately the rate of physical dilution
of waste effluent with harbor water. This report is on the later
aspects of the studies, i,e., the physical dilution of cannery
wastes,

The waste effluent from all canneries located on Terminal
Island, with the exception of Star Kist No. 4, is collected at the
Way Street pumping and subsequently discharged through a relatively
short and shallow outfall located on the east side of pier 301.

A total of four studies were conducted which consisted of
continuously tagging the waste effluent with florescent dye at the
pumping station and later tracking and monitoring the dye concen-
tration of the resulting tagged waste field as it mixed with harbor

water,

Equipment and Field Techniques

The waste effluent from the pumping plant was continuously
tagged by injecting rhodamine B dye solution by use of a wvariable
speed positive displacement pump. In the first experiment the dye
discharge rate was set at 70 ml/min to provide an estimated dye
concentration of 2 mg/l in the effluent, This concentration was
found to be too high and it was reduced to 0.5 mg/l in all subse-
guent studies.

The dye concentration distribution in the waste field was de-
termined by use of a continuous flow fluorometer and strip chart
recorder mounted in a small skiff. Water samples from the waste

field were obtained by use of a deck mounted pump attached to a
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torpedo-like sampler towed from the stern of the skiff. Water

was pumped from the sampler through the fluorometer and dye con-~
centrations recorded continuously. Using this it was possible to
ascertain dye concentration distribution along the lateral and
longitudinal axes of the dye-waste plume. The depth of maximum

dye concentration (near the surface in these experiments) was first
determined by vertical transects of the plume. The sampler was
then set to travel at this depth during all lateral and longitudi-~
nal sampling runs.

The approximate speed of the skiff during sampling was de-
termined by use of a pitot tube speed indicator held over the side.
Knowing the travel time of the skiff, the speeds of the skiff and
the strip chart recording dye concentrations, it was possible to
obtain concentration vs distance relationships along various axes
of the dye plume.

In those studies in which the field was also tagged with bac-
teria at the pumping plant, grab samples were taken from within the
dye plume while continuously recording dye concentrations. The
time of each grab sample was correlated with the travel time of the
strip chart recorder. In thig manner the location of the grab
sample within the dye plume could be determined.

For a more detailed description of the equipment and field
technigues employed in these studies, the reader is referred to

references 1 and 2 in the bibliography.

Data Summary

Table 1 is a summary of the test parameters and some of the
oceanographic conditions existing during each study. The first two
columns give the rate of dye injection and the estimated dye con-

centration in the pumping plant effluent (Cp).
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Values of Cp were estimated by use of the following equation:

cp = g
5.85 Q@
where:
Cp = plant effluent dye concentration in mg/1
g = dye injection rate in ml/min
Q = average plant discharge rate in million gallons/day
(mgd)
5,85 = conversion factor

A value of Q = 6 mgd, as furnished by Miki Oguri of the Allan
Hancock Foundation, was used in all calculations for Cp. In all
probability Q was not constant over a given study period. A highly
variable Q would strongly influence the determination of the dilu-
tion of the drifting dye plume, 1In brief, a variable Q means a
variable Cp and, thus, unsteady state conditions will result with-
in the plume. This fact should be kept in mind when reviewing the
data which follows.

Column 3 gives the time the dye appeared over the terminus of
the outfall. This time is used to calculate the longitudinal
spread of dye and to estimate current speeds,.

Column 4 gives the average value of the maximum dye concen-
tration at the boil (Cp) over the outfall. This value was obtained
by a simple average of all maximum fluorometer readings at that
location.

The average values of the so-called initial dilution (I.D.)
are shown in column 5, The I.D, was computed as the ratio Cp/Cr
and gives the average dilution of waste with harbor water between
the terminus of the outfall and the water surface. The values are
relatively low and range from 2.2/1 to 4.3/1. A low I.D. is to be
expected for an outfall without a diffuser section set in shallow
water,

Columns 6 and 7 are a gualitative summary of the wind and tide
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conditions existing during the studies. In general, the morning
winds were slight and variable in direction. Relatively strong
westerly winds prevailed during the afternoon hours.

The dye plumes showed a tendency to puddle and form large oval
shapes during the early morning hours and move with the direction
of the wind in the afternoon. This situation remained for both low
to high and high to low tide conditions as described in c¢olumn 8.

The approximate current speed for three of the studies is
shown in column 9. These values were obtained by detexrmining the
elongation of the dye plume as a function of time. Calculation of
speeds by this method is not highly accurate and, thus, the values
obtained are comparable to those observed using surface drogues in
the same location in the harbor (ref. 3).

Dilution Analysis - Dyve Plume

The average dilution of the dye-waste mixture with ocean water
ig presented graphically in Figure 1. These curves were obtained
by plotting the ratio of the maximum dye concentration (Cm) to
plant effluent dye concentration (Cp) vs. distance along the center-
line of the plume. After plotting all data for a given study it 1is
usually necessary, becausge of the scatter of the plotted values, to
determine an average Cp/cm ve. distance relationship. An outline of
the method employed by the author is presented in reference 2. The
data shown in Figure 1 show the results of the analysis for three
studies. The data for the study of August 29, 1972 are not shown
because the data taken on that day showed that a malfunction of
the fluorometer occured. These data indicate that the dilution
increased along the plume reaching a maximum value and then de-
creased with distance. A dilution pattern such as the described
could ke the result of unsteady state conditions as mentioned
earlier, or faulty fluorometer readings. In this investigation
problems developed with the generator servicing the fluorometer.
Fluctuating frequencies were observed which strongly influence
the performance of the fluorometer.
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Appendix

Data for each sampling run for all dilution studies are

included in the appendix which £ollows.
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7/17/72 Relative Cp = 380
Run No, Boat SPeed t x Relative Cp/Cm = 8
and Time {(ft/min) (min) (ft) Cm
1 (1316} 250 0 87 4.4
50 83 4.6
. 150 46 8.3
225 32 11.9
300 30 12.7
350 27 12.7
450 28 14,1
. 550 18 13.6
650 9 21
675 13 42 (?)
725 29
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8/19/72 Relative Cp = 90 units
Run No. Boat Speed t X Relative S =
and Time (min) (£t) Cm
1 (1085) “250 1/min 0 0 35 2.6
.2 50 20 4,5
.3 75 18.5 4.85 - 4.7
.5 125 17 5.3
| .7 175 14.5 6.2
| .9 225 15 6.0
1.7 425 12.5 7.2
1.9 475 14 6.4
2.2 550 11 8.2
2.5 625 10 9
| 2.8 | 700 8.5 10.6
2 (1143) 250 0 0 26 3.5
0.2 50 12 7.5
0.3 75 10 9
0.6 150 11.2
0.8 200 G i5
1.2 300 10 7
1.5 375 10 9
1.8 450 10.5 8.6
. 2 500 8 11.2
2,2 550 6. 13.8
2.6 650 6. 13.8
2.9 725 8 11,2
3.2 800 7 12.8
3.4 850 7 12,8
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8/22/72 Relative Cp = 90 units
Run No. Boat Speed t x Relative S = Cp/cm
and Time (min) (ft) Cm
1 (0945) 280 0 0 30 3
Q.2 56 7 12.9
0.e 170 14 6.4
I 0.8 225 11 8.2
1.2 335 5 18
1.8 505 15
1.9 530 4 22.5
2 (0954) 280 0 0 41 2.2
0.2 56 34 2,6
0.5 140 18 5
0.8 225 10 9
1.2 335 15 6
1.3 365 12 7.5
1.6 450 17 5.3
1.9 530 7 12.8
3 (1103) 250 0 0 40 2.3
0.2 50 12.5 7.2
| 0.7 175 10 9
2.3 575 10 9
2.7 675 9 10
3.0 750 11 8.2
3.2 800 7 12.8
3.5 875 10.5 B.6
3.7 925 10 9
4 1000 11 8.2
4, 1100 3 30
4.7 1180 9 10




77

8/15/72 Relative Cp/cm = 70/cm
Run No. Boat Speed t X Cm S = Cp/Cm = 70/cm
and Time
3 (1227) 250 ft/min 0 34 2,7 -
0. 50 12 7.5 -
100 11 8.2
275 19 9
. 325 10 9
475 9 10
. 550 11 8.2
. 600 10 2
2, 675 8.5 106
725 10
. 875 10
. 8 980 8 11.3
4, 1050 10
4,5 1125 9 10
4,9 1225 7.5 12
5,2 1300 7 12.9
5.4 1350 7 12.9
4 (1238) 250 0 0 40 2.25 -
0,3 75 12 7.5 -
0.6 150 190
0.9 225 .5 9.5
1.4 350 10 9
1.6 400 10.5 8.
1.9 475 12 7.
2.3 575 7.5 12
2.7 675 10
3 750 9.5 .5
3.5 875 Q9 10
4 1000 7 12.9
4.6 1150 4
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Introducticon

The development of the fish canning industry occurred shortly
after World War I. Since that time, sardines, herring, tuna and
mackerel have been commercially important £fish at various times.
The herring industry had two peaks of development (Scofield, 1918;
Scofield, 1952), the first from 1916-1919 and the second at the
decline of the sardine industry. The sardine industry reached a
peak in California in the thirties along with the mackerel
industry (Fitch, 1952). With the collapse of these two industries
in central California, the boats began using southern California
as a base of operations (Crcker, 1938). With the annual tonnage
decreasing yvear after year for the sardine, jack and pacific
mackerel, the boats began turning their efforts more and more to
the catching of tuna. Today these boats are going as far away as
Central and South America in an effort to fill their holds before
returning to home port.

An cbvious characteristic of the cannery industry effluent is
grease, In the days of the gsardine industry at Monterey (State
of California Bureau of Sanitary Engineering, 1951) a common
complaint was that grease rafts formed and boats anchored in the
area were covered with a grease film. The grease content
complicates the treatment of the effluent, poorly treated effluent
dumped into an area with poor circulation results in dissolved
oxygen crashing to zero, the coliform count increasing.

Chun, Young and Burbank (1968) listed the following as waste
characteristics of tuna: ph 6.13 - 6.56; suspended solids 1700 -
1765 mg/1l; volatile suspended solids 88 - 82% grease 3840 -

7930 mg/1l; 5 day BOD 6200 - 4100 mg/l. These figures vary depend-
ing on the kind of fish being processed.

Fish reduction plants create a slightly different pollution
problem. Beall (1933) studied the effluent of reducing
plants in British Celumbiz and found the following: .57% oil,
1.91% suspended meél, 2.96% dissolved protein. The surrounding
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waters were cloudy. Further analysis of the same effluents

(Beall, 1937) revealed 7.6% nitrogenous protein, 35.9% proteose,
26.9% peptone, 28.5% subpeptone. A plant of moderate capacity

in the area produced 6000 liters effluent per hour (Hart, Marshall,
Beall, 1933). Praessler and Davis (1956) in a general review of
the fish reduction processing characterized the wastes by high

BOD but limited in volume.

The industry has not concentrated on the clean-up of effluent
as such, but has concentrated on better usage of the scrap and
the recovery of scrap from the effluent as an added source of
revenue. The oils in the effluent which are present both in
canning and reduction waste waters, and the industrial utiliza-
tion of the oils are discussed by Brocklesby and Dendstedt (1933).
Cooke and Carter (1947) suggested the following uses for fish
scrap: fish meal, protein hydrolysates (in cases of impaired
digestion), amino acids (fortify vegetable protein feeds), £fish
glue, plastics, synthetic egg-white, guanine, cysteine, fish oils,
etc. Fladmark (1952) patented a method of rendering fish scraps
to "glue water". This substance could be used in cattle feed,
soup extracts and glue. Freeman and Hoogland (1956) described
a method of treating cod and haddock with either sulfuric hydro-
chloric or lactic acid bacteria which converts the scrap or offal
into ensilage and keeps indefinitely. With the addition of a
proper neutralizer, the offal can be mixed with chicken and hog
rations. Landgraf, Miyauchi and Stansby (1951) suggest the use
of viscera and eggs as food in fish hatcheries. Lee (1958}
reported that fungicides could be manufactured from fish oils.
Needlen (1931) described the utilization of scrap for oil, fish
meal, fertilizer, glue.

There are numerous papers dealing with treatment of the
effluent. The primary difficulty in any kind of treatment is the
high BOD and grease content. Claggett and Wong (1969, 1971) found
that a gravity clarification system using K-Flok as a coagulant

was guite successful. An engineering firm (Cornell, Howland,
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Hayes and Merryfield, 1972) tried using screens to remove the
solids in the effluent; they found that the screens were success-—
ful but the problem remained of disposal of the solids. Dazai,
Ogawa, Misono (1968) used activated sludge for waste treatment
and found that as the sludge became adapted to waste water,
efficiency was increased. The flotation cell technique (entrain-
ment of minute air bubbles which float particles to the water
surface) was used with good results by Dreosti (1967). The best
results were obtained with 8000 mg/l of suspended solids, minimum
air flotation, short oscillation times. Sludge was skimmed from
the surface and the use of coagulants increased efficiency.

Centrifuges have been used to remove fish pulp from waste
streams (Jaegers and Haschke, 1956; Sweco, 1972). Stenzel (1943)
suggested subdividing the waste material into particles fine
enough that cohesion did not occur upon dispersion into water,
Pretreatment with FeCl3 (Ventz, 1971) increased biological
purification by 30% for the 5 day BOD. In comparing activated
sludge and the trickle filter process, the former was twice as
effective as the latter.

The effects on the local marine life from the effluents has
not been dealt with to any extent. In an open system such as
Hart, Marshall, Beall (1933) investigated on Vancouver Island,
there was no evidence that the effluent interferred with spawning
in the local herring population; however high pollution was
periodic.

Nakatani, Beyer, Staude (1971) observed a change in the
animal population in his studies on salmon effluent at Petersburg,
Alaska. The fish scavengers, particularly whiting, herring, dolly
varden, red irish lord, lemon sole, and sculpin, plus sea urchin
and white sea anemone increased in numbers while other animals
decreased in numbers.

The direct effect on the environment of the effluents would
involve the following parameters: the circulation patterns of
the receiving water and whether the effluents are dumped into an
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open ocean situation where the maximum effects would be reduced
by dispersion or into a closed situation such as a bay or estuary
with little to no exchange with the open ocean. A second para-
meter is the concentration of the effluents. Reduction plants
have been characterized as having high concentration, low volume
effluent, while the opposite applies to canneries. Obviously the
concentration is more important than the volume. A third para-
meter is the length of time the enviromment is subjected to the
effluents. TIf the effluents are dispersed into the receiving
waters at irregular intervals, the environment will recover
between peak periods. The fourth parameter is the BOD. The level
of BOD ig linked with all of the previously described parameters.
If BOD at any time reaches zero, then there is destruction of
aerobic organisms and recovery of the area to a "normal condition™
depends on reintroduction of animals from nearby "“healthy areas".

There appears then to be several pathways to improving the
water quality at fish processing plants. One pathway is better
utilization of fish wastes, the second is improved methods of
treatment of the effluent. In various studies, £fish scrap,
although varying in amount from fish to fish, has been estimated
at 30 - 80% wastage. The grease content also varies not only
from species to species (.3% cod and haddock:; 6% herring) but
from catch to catch for the same fish (6.5 = 7.5% herring,
Matusky et at., 1965; 8 - 13% herring, Thomsen, 1970). Therefore
the development of a uniform method of treating effluents for the
fish industry would be difficult without even considering the
fish reduction plants.

In the following pages some of the pertinent literature is
listed, along with notations as to the articles' content. The
references relate to the history of the fishing industry on the
Pacific Coast, products of the industry, processing methods and
effluent effects and treatment.
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Abgtract

A preliminary survey of harbor fish populations consisting of
fourteen ten-minute bottom trawls, using a 15-foot, semi~balloon,
otter trawl, was done in the outer Los Angeles - Long Beach
Harbors on May 24, 1972.

Trawling in depths of 20 to 60 feet yielded 3100 fish belong-
ing to 28 species, representing 15 families and 7 orders, for an
average of 221 fish per trawl.

Five species made up 85 percent of the total catch. The most
abundant species caught was the speckled sanddab, Citharichthys

stigmaeus Jordan and Gilbert.
Larvae, juveniles and adults of a number of species were
captured.

White croaker, Genyonemus lineatus (Ayres), taken near sewage

outfall areas had a high incidence of caudal fin erosion.

Speckled sanddabs taken in the same area had a high incidence
of infestation by iscpod parasites.

Condition factors for white croaker and white seaperch,

Phanerodon furcatus Girard, from the harbor, showed that these two

species were heavier for their length than fish from open coast
areas,

The harbor has long been one with moderate to heavy pollution
and a number of fish taken from it had been reported to be in poor
condition., Fish collected in this operation were generally in
good health. This may be a reflection of recent pollution abate-

ment activities or of limited sampling.
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Introduction

Pollution surveys and ecoleocgical studies have been conducted
in the Los Angeles - Long Beach Harbor area for a number of years.
These efforts have been concerned primarily with the physical and
chemical properties of the harbor waters (Anon,, 1957;: Los
Angeles Regional Watexr Pollution Contreol Beoard, 1952} and with
benthic invertebrates (Crippen and Reish, 1969; Menzies, Mchr and
Wakeman, 1964; Reish, 1955, 1959, 196la, 1961b; Stone and Reish,
1965; Soule and Soule, 1971).

Reish (1971), in the most recent survey of overall harbor
conditions, reports that since the summer of 1970 environmental
factors that favor the growth of animals and plants in the inner
harbor hawve been improving and benthic populations of animals in
the outer harbor resemble populations of animals in other, nearby
unpolluted marine areas.

The most recent work on fish in the harbor was a study of the
California halibut, Paralichthys californicus (Ayres), made by the
California Department of Fish and Game near Long Beach during the
four year period, 1956-1960 (Young, 1964). The general condition
of fish taken at that time was "poor". White seabass, Cynoscion
nobilis (Ayres), and white croaker, Genyonemus lineatus, taken
then had exophthalmia. Spotted turbot, Pleurconichthys ritteri

Starks and Morris, were thin and in "very poor" condition (Young,

1964), The term poor was used by Young, (1964) to describe the
state of the fish. Pollution was suggested as the factor in-
fluencing these conditions.

Considerable information has been recently collected by a
number of workers on benthic fish populations in southern
California, The areas sampled are located along the California
coast from Pismo Beach south to San Diego and seaward to the
northern Channel Islands, and also include Santa Catalina Island,
Cortes and Tanner Banks. Areas that have received considerable
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attention include: Santa Monica Bay (Carlisle, 1969; Mearns,

MS 1971), Palos Verdes Peninsula (Douglass Hotchkiss, Los Angeles
County Sanitation District, pers, comm.; Mearns, MS 1971) and
San Pedro Bay (John Stephens, Occidental College, pers, comm, ;
Mearns, MS 1971),

Fish populations in three nearby harbors have recently re-
ceived greater attention than the Los Angeles - Long Beach Harbor
complex. Fish populations and behavior studies have been con-
ducted at King Harbor in Redondo Beach (John Stephens and Harry
Hickman, Occidental College, pers. comm.). Reish (1968) has done
biological surveys of Alamitos Bay which included the resident
fishes, Fish sampling surveys have been done in Anaheim Bay
(Lane, 1971), Workers at the Southern California Coastal Water
Research Project (SCCWRP) are compiling and summarizing trawl data
from various southern California coastal areas exclusive of
harbors (Alan Mearns, SCCWRP, pers, comm. ).

Twelve years have passed since the fish populations in Los
Angeles - Long Beach Harbor have been studied to any extent, The
increased use of the harbor by shipping and industry, by anglers,
by commercial bait boats, the considerable time span since the
last study and the possible effects of recent clean-up efforts
served to indicate that an assessment of the fish populations in
the harbor was needed,

Under sponsorship of the University of Southern California -
Sea Grant Program for harbors and beaches, a preliminary fish
survey of the Los Angeles ~ Long Beach outer harbor area was con-
ducted on May 24, 1972, This paper presents the results of that
survey, including the species taken, and the physical condition
of the fish populations.
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Methods

The trawling operaticns were conducted aboard the R/V
Vantuna, an 85-foot, oceanographic research vessel owned and
operated by Occidental College, Los Angeles, California,

Benthic fishes were collected with a semi-balloon otter trawl
having a 15-foot wide mouth. Wooden otter boards were used to
spread the mouth of the net and the net and otter boards were
attached to a 1/2-inch towing cable by a single bridle. The body
of the net was woven of No, 9 nylon and had a mesh size of 1 1/2-
inch (stretched measure), A cod end liner of 1/2-inch mesh size
(stretched measure) and woven of No. 63 nylon was used,

The net was set and retrieved while the ship was under way
at a speed of about 2 knots. A cable length to depth ratio of
approximately 5:1 or 6:1 was used to insure bottom contact and
proper fishing. A total of 14 trawls (Figure 1) were made and
each one (except for trawl No. 1) was for a period of 10 minutes.

Duration of each trawl was taken as the period of time be-
tween the point at which the net was on the bottom and the point
where retrieval of the net was started,

The trawling was done in outer Los Angeles - Long Beach
Harbor, starting at Long Beach with the first trawl and working
towards the Cabrillo Beach area in depths of from 20 to 66«feet
on a black sandy-mud bottom. Fathometer indications of a rough
bottom in addition to a torn net put an end to close inshore
trawling in the Long Beach area. Twelve trawls were done parallel
to the breakwater and two were at right angles to the breakwater,
one parallel to the Main Channel and one parallel to the Long
Beach Channel,

All trawling was accomplished during daylight hours between
0800 and 1430 hours. Trawl depths averaged 42 feet with the
shallowest at 20 feet and the deepest at 66 feet.
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A Nansen bottle of 1.5 liters capacity with attached pro=-
tected, reversing thermometer was used to collect bottom water
samples and temperatures. Water salinities were measured on a
Beckman portable induction-type conductivity salinometer and pH
was measured with a Beckman electrical pH meter.

Bottom water salinities averaged 33,813 ©/00, bottom water
temperatures averaged 14,6°C and bottom water pH averaged 8,11,

The majority of the fish captured were identified, sorted
into taxonomic groups, measured and arranged into size classes on
beoard ship. All other fish were preserved in 10 percent formalin
and identification, weighing and measuring were completed ashore,
All fish were examined for external parasites, disease and growth
anomalies. Formalin preserved fish were later washed in water
and transferred to 40 percent isopropyl alcchel. The material is

presently stored at the University of Southern California.

Results

A total of 3100 fish representing 7 orders, 15 families and
28 species (Table 1) were collected during the one day sampling
effort, Most of the fish collected are considered to be demersal
species. Five gpecies made up 85 percent (2653 individuals) of
the total catch. The cother 23 species were represented by 447
individuals. Only one species was represented by more than 1000
individuals (l1025)., Five species were represented by more than
100 individuals and 10 species were represented by more than 50
individuals.

The speckled sanddab, Citharichthys stigmaeus Jordan and
Gilbert, was the most abundant species (1025 individuals), follow-

ed by the tongue sole, Symphurus atricauda (Jordan and Gilbert),

(601 individuals), and the white croaker, Genyonemus lineatus

{(Avres), (545 individuals)., Together these three species accounted
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for 70 percent ({2171 individuals) of total number taken. The next
two most abundant fish were the shiner perch, Cvmatogaster
agqregata Gibbons, and the white seaperch, Phanerodon furcatus
Girard., These two species accounted for 15.5 percent (482 indi-

viduals) of the total taken. The remaining 23 species accounted
for 14,5 percent (447 individuals) of the total,

Five of the fifteen families represented in the catch had
more than one species present, Families represented by four or
more species were the Embiotocidae (5 species), the Scorpaenidae
(5 species) and the Pleuronectidae (4 species).

An average of 221 fish were captured in each ten minute
trawl. The majority of the fish captured were digtributed over
twelve of the 14 trawls. The first trawl yielded only 3 fish. In
this trawl the net fished for only 1,5 minutes before it was torn.
The second trawl, although of 10 minutes duration, yielded only
one fish. The reason for this low vield is not known, we can only
assume that the net did not open properly or did not reach the
bottom.

No one species was collected in all 14 trawls., Queenfish,
Seriphus politus Ayres, shiner perch, tongue sole, white croaker

and white seaperch were all present in 10 or more trawls (Table 1),

Condition Factors

Coefficients of condition, K, or condition factors, were
calculated from total lengths and round weights of the three most
abundant fish species collected in the harbor trawling. These
were averaged and compared with the average coefficients of con-
dition for the same three species taken in areas removed from the
harbor influence. The coefficients of condition were calculated

according to the formula



118

where W = the total weight in grams and TL = the total length in
millimeters (Hoyt, 1971). Fish with higher K values are heavier
for their lengths than those with lower values,

Average coefficient of condition values were higher for
white croaker and white seaperch taken in Los Angeles - Long Beach
Harbor than K values for these species taken from populations at
Port Hueneme, California. The average K value for speckled sand-
dabs from the Los Angeles - Long Beach Harbor was lower, however,
than the K value of fish from Palos Verdes, California, adjacent to
the harbor, but were higher than the average K value of speckled
sanddabs taken in British Cclumbia, Canada (Table 2).

Coefficients of condition varied between different length-
groups of the same species of harbor fish, The average value of K
for 130-180 mm white seaperch was lower (K=1.,097) than for fish in
the 180-240 mm group (K=1.139). The average value of K was higher
in 150-180 mm white croaker (K=1.463) than in the 180-230 mm group
(K=1.245)., The average K value for 50-100 mm speckled sanddabs was
lower (K=0,893) than the value for the 100-130 mm group (K=0.917).
A similar trend was observed between the same size class groups of
speckled sanddabs from Palos Verdes and British Columbia.

Digeage and Abnormalities

Caudal fin erosion (fin rot) was present in two species of
fish collected in the outer harbor. Of 528 white croaker 96 were
affected, giving an incidence of 18.2 percent. Fin erosion was
more prevalent in older croakers but was not seen in those above
270 mm in total length, The highest incidence occurred in fish be-
tween 180 mm and 240 mm. Thirty-two percent of the 220-240 mm

group fish were affected (Figure 2). Severity of fin erosion in
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the white croaker ranged from light to heavy. Light erosion in-
volved one to a few fin rays and a slight reddish coloration was
present. 1In severe cases the caudal fin was completely erocded away
down to the posterior margin of the hypural plate and the surround-
ing tissues were swollen and hemorrhagic. The majority of the
cases of fin erosion seen were moderate to severe, White croaker
from trawls No. 12 and No. 13 had a much higher number (36.2 per-
cent) affected with fin erosion than those from the other trawls
(2,2 percent) within the outer harbor. These two trawls were in
the area where the Terminal Island sewage outfall and two fish
cannery outfalls empty (Figure 1),

Two white seaperch out of 122 had caudal fin erosion for an
incidence of 1.6 percent. These two individuals were not heavily
affected.

Exophthalmia was seen in 2 or 3 white croakers. The exact
incidence was not recorded,

External parasites were present on three species of fish,

The gill chamber of speckled sanddabs from the harbor were infested

with the isopod parasite, Livonica vulgaris Stimpson (Crustacea:

Cymothoidae). The parasites were present in 294 out of a total
catch of 1010 individuals for an incidence of 29.1 percent (Figure
3). Higher incidences of this parasite were present in sanddabs
trawled near the outfalls previously mentioned than from trawls

further removed from the area. Livonica vulgaris was found to in-

habit the gill chamber either on the blind or on the eyed side,
but rarely on both., After death of the host fish, L. vulgaris
tends to leave the gill chamber. The site of attachment is well
defined since the gills are characteristically pushed aside and
deformed. The evidence for the incidence of this parasite was
based primarily on the presence of the gill deformity rather than
on the actual presence of the parasite at the time of inspection.
The mouth cavity of a number of speckled rockfish, Sebastes
ovalis (Ayres), was inhabited by females of the copepod parasite,

Brachiella robusta (Wilson, 1912), These were present in small
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numbers in each fish parasitized. These parasites are relatively
small (ca. 4 mm in length) compared to their host, and are found
attached to the inside of the upper and lower jaw, and to the
vomer and pharynx., One of the two dogfish, Squalus acanthias L.,

collected had copepod parasites present on its dorsal, caudal and
pectoral fins, These were females of Pandarus bicolor Leach, 1816.

Neither species of parasite caused a lesion or ulceration of con-
sequence, Both parasites are of the family Lernaeopodidae
(Crustacea).

Three white croakers had small, green, leech-like parasites,
probably marine leeches of the family Piscicolidae (Annelida:
Hirudinea), attached to the anterior part of the head near the
mouth,

A speckled sanddab (111.0 mm total length) had one medium-
sized (7.0 x 6.5 mm) tumor present on the caudal fin. This was
the only fish cobserved in the entire catch with a visible tumor.

Length Frequencies

Length frequency histograms were constructed from data
collected on 9 of the 10 most abundant species of fish captured
in this trawl survey. No length frequency data is available for
the tongue scle, Symphurus atricauda (Jordan and Gilbert), that

were collected,

The size range (total length) of white croaker collected was
almost equal to their known size range (Roedel, 1953). Included
in the catch of this species were larvae, juveniles and adults,
The best represented size-classes were at 190 and 210 mm, with 55
percent of the croakers falling into these two classes (Figure 2),
There were two peaks in the numbers of croakers per size-class,
one at around 85 mm and a larger one at 210 mm, This species

matures at about 50 mm total length and the individuals captured
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were mostly adults, Some larvae were taken. The largest indi-
viduals taken (330 mm) were slightly under the maximum size that
this species reaches (ca. 380 mm).

The lengths of speckled sanddabs collected ranged from 53 to
129 mm and were all adults. The largest individuals taken were
somewhat under the maximum length that this species attains which
is about 170 mm (Ford, 1965). Over 57 percent of the sanddabs
collected were between 70 and 100 mm in total length (Figure 3).

White seaperch ranged from 45 to 250 mm in length: the
largest were under the maximum size (ca. 300 mm) for this species.
Thirty-three percent were in the 150 mm size-class range. No
individuals under 45 mm were taken (Figure 4).

Length frequency histograms (Figure 5) for the shiner perch
show two size-groups present in the catch. The smaller fish are
in a 40 to 80 mm group and the larger cnes in a 100 to 170 mm
group, Individuals in the smaller group represent young, born this
year (Carlisle, 1960, p. 60). Live young were remcved by hand from
pregnant females. These young fish were equal in size to young of
this species taken in the net,.

The specklefin midshipman, Porichthys myriaster Hubbs and

Schultz, collected were between 60 and 405 mm in total length.
Fifty-six percent of these were in the 70 and 90 mm size-classes,
these were the two shortest size classes taken (Figure 6). Only
juveniles and adults were captured.

The queenfish, Seriphus politus Ayres, ranged in size from

80 to 170 mm, and these were juveniles and adults. Twenty-~eight
percent of them were in the 95 mm size-class (Figure 7).
Unidentified rockfish possibly, Sebastes umbrosus (Jordan and

Gilbert), ranged from 49 to 153 mm, with 30 percent of those taken
falling into the 145 mm size-clasgs. The largest specimens were
somewhat shorter than the maximum length recorded (ca. 270 mm) for
this species (Figure 8}.

The few boccacio, Sebastes paucispinis (Ayres), that were

collected, exhibited a size range of 40 to 390 mm. These were
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mostly young adult and juvenile fish. Thirty-eight percent of
them were in the 290 mm size class (Figure 9)., Stripetail rockfish

Sebastes saxicola (Gilbert), ranged in size from 52 to 150 mm with

27 percent of them in the 105 mm size class (Figure 10}.

Length - Weight Relationships

Estimations of the length - weight relationships for three
of the most abundant species of harbor fish, white croaker, white
seaperch and speckled sanddab, were made, A "dot diagram" of
weight against total length was constructed on double logarithmic
paper, according to the method of Ricker (1968). Each of the three
species taken from the harbor were compared with populations of the
same species living in other areas. Lines representing the length-
weight relationship were drawn by inspection. Other species that
were abundant in our trawls were not treated in this manner due to
lack of sufficient comparative material.

The length-weight relationships of speckled sanddabs from
Los Angeles - Long Beach Harbor and from Bute Inlet and Point Grey,
British Columbia, were very close to each other (Figure 11). There
is indication that the Los Angeles - Long Beach Harbor sanddabs are
slightly heavier for their length than those from Canada. However,
this difference may be due to differences in the method of preser-
vation., Sanddabs under 60 mm, from Santa Cruz Island, California
were slightly lighter for their length than those taken in Los
Angeles - Long Beach Harbor (Figure 12). Santa Cruz Island speckl-
ed sanddabs above 60 mm tended to be a little heavier for their
length than those from the harbor.

Comparison of length-weight relationships between white sea-
perch from Los Angeles - Long Beach Harbor and from Port Hueneme,
California, indicate that harbor fish under 165 mm total length and
50 grams wet weight, tend to be lighter for their length than do
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those from Port Hueneme (Figure 13), Fish over this size, from
both areas, were fairly close in length-weight relationship with
Port Heuneme fish being very slightly lighter for their length.
There is a change in the slope of the curve for the Los Angeles -
Long Beach Harbor white seaperch at around 165 mm, which suggests a
slight increase in the growth rates in fish above this size. White
croaker from the Los Angeles - Long Beach Harbors were heavier for
their length than those taken at Port Hueneme (Figure 14}.

DISCUSSION

According to the U.S. Amy Corps of Engineers District, Los
Angeles, reports (1972), over 53 species of fish are believed to
inhabit the waters of the Los Angeles and Long Beach Harbors, The
results of our trawling add twelve new species to this list. 1If
the species listed by the Corps of Engineer District are all
actually found within the outer harbor, it is evident that there
is an extensive and variable fish community present. Species
abundance may be equal to, or greater than, that reported by Ulrey
and Greely (1928) in their trawl and dredge work within San Pedro
Bay before completion of the present breakwater and before the
harbor expansion.

All but 3 of the 28 species of fish taken in the present
survey were also taken by Carlisle (1969) in his extensive trawl-
ing operation in Santa Monica Bay during the years 1958 to 1963.

A number of species captured in the Los Angeles - Long Beach Harbor
trawling ranked similarly in relative abundance to the abundance of
the same species taken in the Santa Monica Bay study.

Environmental conditions such as food and water quality seem
to be compatable with the maintenance of these harbor populations,
Additional evidence for this was the presence in our trawls of
larvae and juveniles of various species, assuming they were not

recruited from outside of the harbor. The presence of larvae and
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juvenile speckled sanddab, white croaker, bay goby, white seaperch,
shiner perch and plainfin midshipmen would indicate that the outer
Los Angeles - Long Beach Harbor is a nursery ground for these fish
species.

The average coefficients of condition for white croaker and
white seaperch taken from the outer harbor also suggest favorable
growth conditions. It was not possible, in this limited study,
to isclate the factors contributing to the higher condition co-
efficients yielded by these fish. An abundant food supply, in-
creased water temperature and only moderate pollution are possible
factors.

The lower X wvalue for white seaperch under 180 mm in length,
and for speckled sanddabs under 100 mm in length, are probably due
to the faster growth rates of younger fish which decrease as they
become older and larger,

The higher average X value for 150 - 180 mm white croaker,
as opposed to the value for larger, 180 -~ 230 mm, individuals
might be related to the high incidence of fin erosion in the 180 -
230 mm group. The K value for white croaker over 230 mm was higher
but not over that of the 150 - 180 mm group. Calculation of the K
value for this larger group {(over 230 mm) was based on measurements
from only two fish and should not be weighted too heavily. Calcu-
lations for the white croaker were based on fish that had none or
slight to moderate caudal fin erosion and therefore more accurate
total lengths could be obtained. This K values of fish with severe
erosion were not calculated, since these values would tend to be
higher.

The lower K value for fish with slight to moderate fin
erosion may be caused by a concurrent internal infection with the
same organism which attacks the caudal fin. A great deal more
study and information is needed to clarify this relationship if in-
deed there is one.

It is interesting to note that caudal fin erosion is general-
ly not seen on younger white croaker or on older fish of the larger
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size~classes (Figure 2). Other investigators have also noticed
this (Alan Mearns, SCCWRP, pers. comm.). It is not known whether
young fish are immune for a time to infection or whether there is

a long incubation period before there are visible manifestations

of the disease. The higher K value obtained for younger fish
suggests that the infecting organism may not have a long incubation
period or if it has it does not appreciably affect the condition of
the younger fish. Differences in behavior between young and old
fish may also play a part in the course of infection. The young
may be removed from the source of infection by feeding and school-
ing behavior different from that of adults and become infected

when they join adult populations. Absence of older infested fish
might indicate that the disease is fatal after a time or that the
loss of the caudal fin causes a reduced mobility which results in

a lessened ability to compete with healthy fish for food. The
ability to escape predation may also be decreased with shortening
or loss of the caudal fin, More information is needed to answer
these questions,

There is indication of a positive relationship between the
incidence of fin erosion and the proximity of white croaker popu-
lations to the Terminal Island sewage and fish cannery outfalls.
This is suggested by the high incidence of affected fish from
trawls in that locality (36.2 percent). The overall incidence of
fin erosion in white croaker from the Los Angeles - Long Beach
Harbors area (18.2 percent) approaches that found in populations
of this fish near the Santa Ana River jetty (26.0%) and Newport
Beach (22.0%) where waters are considered to be moderately to
highly polluted. However, the incidence, is only about one half
of that found in populations at Laguna Beach (45.0%), which are
areas considered to have light to moderate pollution (Calif.
Regional Water Quality Control Board, L.A. Region, MS 1971).

The parasites present on sanddabs taken in our trawls had
been previously observed on these and other species of fish.
Livonica wvulgaris is a common parasite on flatfish in southern
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California. A range of incidence for this parasite has not been
tabulated but it has been observed on numerous sanddabs taken at
Santa Catalina Island, Port Hueneme and other scouthern California
waters,

The single speckled sanddab with a tumor was the only fish
found in the entire catch with an abnormality of this kind. Tumors

have been reported in the Pacific sanddab, Citharichthys sordidus,

by Young {(1964), but this is the first record, as far as we knhow,
of similar tumors reported for the speckled sanddab. The latter
seem to have a degree of resistance to abnormalities of this type.

No epidermal papillomas were seen on any of the white
croakers such as these reported for these fish taken in the Long
Beach and Santa Monica Bay areas a few years ago (Calif. Reg. Water
Qual, Cont, Bd., MS 1971; Halstead, 1970; Russell and Kotin, 1956;
Young, 1956). Absence of white croakers with tumors is possibly
due to our limited sampling. At least one such fish with tumor has
recently been taken in the Seal Beach area, adjacent to Long Beach
(Peter Haaker, Calif. Fish and Game, pers. comm, ).

The length frequency data may strongly reflect selectivity of
the gear type used and/or fish behavior because only 10 fish under
40 mm were taken and no fish over 510 mm, except a 2440 mm dogfish.
In fact there seems to be considerable loss of fish below 70 mm
total length, Shiner perch and white seaperch are exempt from this
consideration because they are live bearers with young born at
around 35 - 40 mm in total length and therefore do not appear in
the trawl before reaching that length,

Individuals of a number of fish species found in our trawls
reach a larger size than those captured (Roedel, 1953). Since
there is usually considerable avoidance of the net by larger fish
of some species we can assume that larger fiéh are present in the
harbor. Additional sampling is needed to confirm this assumption.

Our survey, as the histograms appear to indicate, was not
adequate for a complete length-frequency picture of the populations
sampled. If these are normal populations with young and old fish,
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and if there is sufficient recruitment, one could predict a histo-
gram pattern similar to that exhibited by the plainfin midshipman
(Figure 6} with more younger fish being taken than older indi-
viduals, This would reflect the increase of young by recruitment
and the subsequent decrease in numbers of older, larger individuals
as they are lost from the population through attrition factors such
as death, migration and predation.

Length-weight relationships agree with condition factors for
sanddabs, indicating again that fish from the outer Los Angeles -
Long Beach Harbors area were heavier at the same length than those
from British Columbia and those under 60 mm from Santa Cruz Island,
California, It is not known why sanddabs over 60 mm from Santa
Cruz Island are heavier, Again more sampling information is needed,

Length-weight relationships and condition factor values show
similar trends when white seaperch from Port Hueneme and L.A. -
Long Beach Harbor are compared. Both methods show that younger
white seaperch from the harbor are lighter for their length, and
fish over 180 mm are heavier for their length than those from Port
Hueneme.

This survey was intended only as a preliminary one to gain
some background information on the condition of fish populations
in Los Angeles - Long Beach Harbors. It answered a few questions
but raised a number of others yet to be answered. We have however,
gained useful information on which to base a more intensive harbor
sampling program which is planned for 1972 - 1973 under partial
support of the University of Southern California Sea Grant Program,
Additional information on fish population sizes and their con-
dition, and on reproduction, recruitment, migration, feeding habits

and disease is being sought.
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Abstract

Studies of demersal fishes of San Pedro Bay, outside of Los
Angeles - Long Beach Harbor, were made on 61 trawls since 1970,
Community analysis was carried out showing that the five characte-
ristic deep water species all have a center of distribution north
of Pt. Conception. The mid-depth species group was consistently
variable, and the strongest shallow water association was between
three species of flatfish,

The average catch per trawl outside the harbor is lower than
that found by Chamberlain (1973) inside the harbor, and indicated
that the harbor waters may support at least as rich a fish fauna,
if not richer than that of adjacent areas.
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Introduction

Because the demersal fishes of southern California have not
been exploited by a trawl fishery, there has been a dearth of in-
formation concerning local ground fish populations. The only
studies available prior to 1969, were occasional trawling explo-
rations by state or federal fisheries agencies. The first compre-
hensive trawl study for southern California was Carlisle's (1969)
6-year analysis of fish populations adjacent to the Hyperion
sewage discharge in Santa Monica Bay. In 1971, Ebling et al
published a shallow water trawl survey carried out as part of the
Environmental Protection Agency spensored study of the 1969 Santa
Barbara 0il spill. Recently (1973) the southern California
Coastal water Research Project (SCCWRP) has published a review of
unpublished data on the coastal fish populations of southern
Ccalifornia. That review includes much of the data to be presented
here, but we feel that it is reascnable to present cur San Pedro
Bay data separately since these populations may be considered
baseline studies in the examinations of the fishes of Los Angeles-
Long Beach Harbor.

The San Pedro channel methods were initiated aboard the R/V
Vantuna, an oceanographic research vessel owned and operated by
Occidental College. Funds to begin this study were derived from
the Occidental College Faculty research fund and subsequent support
was received from SCCWRP. The study was begun by David Gardiner
in January, 1971 and continues to the present. Most of the fishes
collected in this study were taken with a Marinovich (16 foot head
rope) otter trawl using 20 minute bottom tows. Occasionally a 25°
head rope net was utilized. Recently the trawl period has been
reduced to 10 minutes. In all analyses, attempts have been made
to standardize the results of each trawl, although quantification
of such studies, especially the deep water collections, is almost
impossible. Standardization has been accomplished using the Gear
Characteristic Table (7.6) presented in the SCCWRP Report.
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The data presented here includes 61 trawls throughout San
Pedro Bay, not including Los Angeles - Long Beach Harbor. Figure 1
is a map of the trawl stations, A total of 16,686 specimens were
collected for an average catch of 273,5 fish/haul. Table 1 lists
the San Pedro Bay species taken by the Vantuna since 1970.

Results

The demersal fishes of the San Pedro Bay can be divided into
a number of communities that are distributed according to depth.
Table 2 presents data for 1971-2 showing depth distribution and
percent composition of those species making up greater than 1% of
the catch at that depth. Few benthic species have extensive
bathymetric ranges and those that do often show a change of depth
with age, as for example, young fishes settling in shallow water

and moving offshore with maturation. Microstomus pacificus is an

excellent example here, with settling sometimes occurring in 20
meters and adults taken in our deepest trawl station of 700 meters.
Occasional individuals or schools are taken as expatriots well out-
side of their apparent normal bathymetric range. For instance,

Genyonemus lineatus, the white croaker is rarely taken deeper than

30 meters, yet this winter (1972-3) a school was taken from a trawl
fishing between 120 and 180 meters. Such exceptions aside, the
characteristic differences in species composition with depth re-
guires that bathymetry be taken into account in any discussion of
frequency of occurrence. For example, the fact that the speckled

gsanddab Citharichthys gtigmaeus is the most abundant species in our
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Table

1
SAN PEDRO BAY FISHES (EXCLUSIVE OF LOS ANGELES HARBOR}
TAKEN BY THE VANTUNA 1971-PRESENT

Eptatretus stoutz
Cephaloseyllium ventricsum
Mustelus californicus
Squalus acanthias
Squatina californica
Platyrhincidis triseriata
Rhincbatos productus
Torpedo californica
Raja kincaidi

Raja stellulata
Urolophus halleri
Myliobatis californica
Hydrolagus colliet
Gnathophis catalinensis
Faceiolella gilberti
Anchoa compressa

Anchoa delicatissima
Engraulis mordax
Argentina sialis
Synodus lucioceps
Porichthys myriaster
Porichthys notatus
Physiculus rastrelliger
Merluceius productus
Chilara taylori
Otophidium scrippet
Aprodon cortezianus
Lycodopsis pucifica
Lyconema barbatum
Nezumia stelgidolepis
Syngnathus californiensis
Paralabrax nebulifer
Caulolatilus princeps
Genyonemus lineatus
Menticirrhus undulatus
Seriphus politus
Amphistichues argenteus
Cymatogaster aggregata
Embiotoca jacksoni
Hyperprosopon argenteum
Phanercdon furcatus
Rhacochilus vacea
Zalembius rosaceus
Rathbunella hypoplecta
Kathetostoma averruncus

Neoclinus blanchardi
Neoclinus uninotatus
Plectobranchus evides
Lythryprus dalli
Coryphopterus nicholsi
Peprilus simillimus
Seorpaena guttata
Sebastes chlorostictus
Sebastes crameri
Sebastes dalli
Sebastes diploprea
Sebastes elongatus
Sebastes eos

Sebastes goodel
Sebastes hopkinsi
Sebastes jordani
Sebastes levis
Sebastes melanocstomus
Sebastes miniatus
Sebagtea mystinus
Sebastes paucispinis
Sebastes rosaceus
Sebastes rosenblatti
Sebastes rubrivinetus
Sebastes saxicola
Sebastes semicinctus
Sebastes serrancides
Sebastes serriceps
Sebastes umbrosus
Sebastolobus alascanue
Anoplopoma fimbria
Zaniolepis frenata
Zaniolepis latipinmnis
Chitonotus pugetenets
Icelinus filamentoaus
ITcelinus quadriseriatus
Icelirus tenutis
Teelinus fimbriatus
Radulinue asprellus
Rhamphocottus richardsoni
Agonopsie sterletus
Astercotheca pentacanthus
Odontopyxis trispinosa
Xeneretrmus latifrons
Xeneretmus triacanthus

Citharichthys sordidus
Citharichthys stigmaeus
Citharichthys zanthostigma
Hippoglossina stomata
Paralichthye californicus
Xystreurys liclepis
Eopsetta jordani
Glyptocephalus zachirus
Hypsopsetta guttulata
Lyopsetta exilis
Microstomus pacificus
Parophrys vetulus
Pleuronichthys coenosus
Pleuronichthys decurrens
Pleurcnichthys ritteri
Pleuronichthys verticalis
Symphurus atricauda
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trawls were in very shallow water. It also seems reasonable to
consider only certain depth ranges in tabulating species associ-
ation or diversity indices. Using our trawl data alone and compar-
ing only fishes occurring in previously determined depth limits,
recurrent group associations can be calculated (Fager 1957, 1963;
SCCWRP, 1973).

There are five characteristic species in our deep water
community, (Figure 2) at 200-400 meters. All are species whose
center of distribution is north of Pt. Conception. These represent
cool or cold water faunal elements from below the thermocline.

This faunal grouping is quite distinctive. The three flatfish

species, Glyptocepalus zachirus, Lyopsetta exilis, and Microstomus

pacificus continue to be characteristic species to depths as

ghallow as 100 meters, while the two rockfishes, Sebastolobus

alagscanug and Sebagstes diploproa are uncommon shallower than 200
meters.

Our mid-depth species group at 80-200 meters is consistent in
its variability. The most abundant and consistent species is the
stripetail rockfish Sebastes saxicola which at this depth strongly
assoclates with the three deep water flatfish elements. If we
disregard these three deep water flatfish species, the largest in-
clusive asgociative group is made up of pink seaperch, Zalembiusg
rosaceus, stripetail rockfish Sebastes saxicola, shortspined

combfish, Zaniolepis frenata, the plainfin midshipman, Porichthvs

notatus, and pacific sanddab, Citharichthys sordidus. This differs

from the mid-depth group listed by SCCWRP only in their replacement
of §. gaxicola by M. pacificus, a species we have here allied to the
deeper faunal association. Three species including English sole,
Parophrys vetulus, greenspotted rockfish, Sebastes chlorogtictus,

and blackedge poacher, Xeneretmus latifrons appear as satellites

to this association. SCCWRP allies the latter species X. latifrons
to its deep water fauna while they list P. vetulus, as a character-
istic shallow water species. Our data on this latter species

places it as a satellite of both the shallow and mid-depth communi-
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RECURRENT GROUP SPECIES ASSOCIATIONS

Deep water (200-400 m.), primary
group of 5 species + satellites
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ties which indicates common occurrence, but relatively low fidelity
in each depth range. SCCWRP lists three shallow water species
groups, each of which is made up of a single ecotype, i.e., a flat-
fish group of four species, a croaker-perch group (swimmers), and

a sculpin-combfish pair (bottom sitters). 1In San Pedro Bay our
data shows the strongest association between three of the four spe-
cies of SCCWRP's flatfish group; speckled sanddab, Citharichthys
stigmaeus, the tonguefish, Symphurus atricauda, and the hornyhead

turbot, Pleuronichthys verticalis, all associating above the .8

level. When the group is defined at the .7 level, two surfperch
Phanerodon furcatus and Cymatogaster aggregata and the white

croaker Genvonemus lineatus, associate with speckled sanddab and

tonguefish but not with hornyhead turbot. The most characteristic
association appears to be represented by the .6 level of discrimi-
nation., Here the six above cited species all coassociate, and in
addition, eight satellite species are represented {(Figure 3)}. These
six species certainly represent the typical shallow water fauna of
San Pedro Bay,.

The differences between our associations and those listed by
SCCWRP can prokably be attributed primarily to differences in
distributions outside of San Pedro Bay as well as slight modifi-
cations in methodology (their data includes stations from all of
the Southern California Bight region). Our technique of comparing
only certain depth ranges may also bias our data.

The shallow water and to some extent the shallower mid=depth
fishes are the fishes that might make use of the Los Angeles - Long
Beach Harbor waters, Our data includes 33 trawls outside of the
Harbor at depths between 10 and 30 meters. We have presently taken
44 species within this depth range outside of the harbor.

Our shallow trawls have yielded 8,327 fish for an average of
252.3 fish/trawl. The range in catch varied from 26 to 1,099 fish.
Figure 4 compares total catch against number of species and domi-
nant species for each trawl date. The inverse relationship between
number of species and size of catch is not well demonstrated by
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Hyperprosopon argenteum

Embiotoca jacksoni
Engraulis mordax

Pleuronichthys decurrens

Citharichthys stigmaeus_______ Gerlyonemus lineatus

Phanerodon furcatus

L

Pleuronichthys verticalis.__ Cymatogaster aggregata

// \Porchthys myriaster

Paralichthys californicus

Symphurus

Parophrys vetulus

FIGURE 3

RECURRENT GROUP SPECIES ASSOCIATIONS
SHALLOW WATER {10-30m.}, MAJOR
SPECIES GROUP INDICATED BY HEAVY
LINES (.8 level of co-association)
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this data. Table 3 lists the shallow water species as percent of
catch by date. The variation in catch per trawl is emphasized in
Figure 5 which compares the data for six successive collections on
the same day at the same depth. Two species of flatfishes,
Citharichthys stigmaeus and Symphurus atricauda make up 61,7% of

the shallow water fishes taken, 39.5% and 22.2% respectively.

These two species, along with Pleuronichthys verticalis are also

the most regularly occurring species, the latter two being present
in all but one trawl sample, while C. stigmaeus was missing from
only two. The high fidelity of their occurrence can be compared to

that of the other three most common species, Genyonemus lineatus

(9.8%, absent from 16 trawlg), Phanerodon furcatus (7.7%, absent
from 10), and Cymatogaster aggreqata (3.3%, missing from 13). This
comparative fidelity indicates the ecological mode for each of

these species groups; those with lower fidelity are schooling,
swimming species, while the very regularly occuring forms are bottom
dwelling flatfishes. From the standpoint of percentage of catch,
it should be noted that B, verticalis is by far the largest of the

three flatfish species and its lower number/catch certainly re-
flects greater spacing of individuals in this species which prob-
ably is associated with its higher energy needs. By contrast, the
largest regularly occurring swimming species G, lineatus occurs
with the lowest fidelity of the six members of the association, but
when it is taken it is usually caught in large numbers.

The shallow water species data can be compared with the pre-
liminary trawling data collected by Chamberlain in May, 1972 at
Los Angeles - Long Beach Harbor (see Chamberlain 1973). Chamber-
lain took 28 species which is relatively high diversity for a
single day's trawling in a limited geographic area. However, our
maximum diversity is 17 species in a single trawl, which would
appear to equal or exceed the diversity per catch within the harbor,
Three species, C. stigmaeus, S. atricauda, and G. lineatus were
numerically dominant and together made up 70% of the collections

in the harbor. These same species in the same order represented
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Microstomus pacificus
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72.5% of our collections. The major differences in dominant spe-
cies appears to be an increase in number of shiner perch C. aggre-
gata (ranked fourth at 8%) in the harbor while this species ranked
6th at 3,3% outside of the harbor, and a decrease in hornyhead
turbots P. verticalis, which ranked 9th in the harbor and 5 outside.

Only two species, the bay goby, Lepidogobius lepidus, and Rhacochi-

lus toxotes a relatively large, rocky shore surfperch (uncommon

over sand or mud bottom) were taken in the harbor but not elsewhere
in our San Pedro Bay trawl collections. Three species of rockfish,

S. paucispinis, S§. rubrivinctus, and S. goodei are more properly

species of mid-depth waters and were not taken in the adjacent
shallow coastal areas. It seems possible that these rockfish may
be associated with a special breakwater rocky shore fauna not en-
countered on the unmodified shallow sandy shelf zone. Their ab-
sence from our inshore census represents our bias towards rock-free

trawling stations.

Conclusions

The average catch figure of 221 fish/trawl for the harbor is
high compared to our shallow San Pedro Bay collections. This
average in the harbor includes two trawls with a total of four
fish, one of which was interrupted when the net was ripped would
not normally be considered in average data. Average catch outside
the harbor varied with depth: 252.4 fish in 10-30 meters, 291.6
in 30-90 meters, 347.3 in 100-200 meters, and 258.8 in 200-400
meters, with an overall average of 273.5 fish/trawl. All of these
tows deeper than 30 meters, however, represent an estimated 20-
minute bottom time and below 100 meters they actually represent
considerably longer periods., SCCWRP estimated the area trawled by
the Vantuna (16' net, 20 minute tow) as 7,540 m2, Our shallow
water studies and Chamberlain's trawls represent only half that
area, 3770 m?. If density is estimated based on the estimated

base on the estimated area and mean catch size, the harbor and in-



shore waters appear to support a relatively rich fish fauna com-
pared to that of the adjacent areas. Our deeper water, 30-~-400
meter trawls averaged 316 fish for an estimated area of 7,540 m?
or an estimated density of 1 fish per 23.9 m2. Our shallow water
study averaged 252.4 fish for an area of 3770 m? or a density of
1 fish per 14,9 m2. This compares to Chamberlain's slightly higher
yield of 1 fish/12.5 m2,

It appears from Chamberlain's preliminary study that the
fauna of Los Angeles - Long Beach Harbor and the adjacent sandy or
sand-mud shelf are basically similar. The degree of interchange
between fish stocks of these two areas is of great importance in
any speculation concerning recruitment to the harbor or the use of
harbor waters as a nursery by shelf fishes. There is some indi-
cation that, at least in white croaker populations (Phillips, Terry,
and Stephens 1973), the harbor elements are endemic.
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Introduction

The northern anchovy, Engraulis mordax, is a small, pelagic,

schooling fish found in coastal waters throughout the California
Current system. During the past two decades, the anchovy has been
the subject of intense interest, as indicated by the number of
publications that have appeared describing its fishery and general
biology in that period. The increased interest has been given
impetus by the decline in the sardine (Sardinopg caeruela) fishery

and a concurrent increase in anchovy biomass. The anchovy is now
the most abundant fish off the California coast.

The presented annotated bibkliography was prepared to provide
a gquick reference to published literature on the northern anchovy,
Engraulis mordax, prior to 1973. An attempt has been made, through
an extended literature search to include all published papers that
concern the anchovy. Exceptions have been some short statements
that summarize research published elsewhere (i.e. government agency
reports), and some articles that appeared in popular magazines.

For each paper cited, annotations are given that summarize the
paper or describe those aspects of the paper that deal with the
anchovy. For convenience, a subject index is also provided. It is
hoped that this paper will be a useful reference to those interest-
ed in the fishery and the biology of this ecologically and economi-

cally important species-~the northern anchovy.
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. 1959. Vertical distribution of pelagic fish eggs
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U.S, Fish Wild., Serv., Spec. Sci. Rept., Fish, 534, 71 p.
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The anchovy population size was estimated at between
4 and 5 million tons.

. 1967. Size composition of larvae of the Pacific
sardine and northern anchovy obtained on CalCOFI cruises
1960-1964: A preliminary report., La Jolla Fishery-
Oceanography Center, 98 p.

A report on occurrence, abundance, and sizes of
anchovy larvae off California and Baja California.

1967. CalCOFI Committee recommendation on the
anchovy fishery. In Calif. Mar. Res. Comm,, Minutes,
28 February 1967, App. 4.

A 400,000 ton quota was proposed for the anchovy
reduction fishery, based on the estimated population
biomass.

. 1967. Co-occurrences of sardine and anchovy
larvae in the California Current region off California
and Baja California. Calif. Coop. Ocean. Fish. Invest.,
Rept. 11:117-135.

This study documents the rise in anchovy larvae
abundance over sardine larvae abundance since 1950.

1968. An evaluation of the fishery resources
available to California fisherman. In The future of
the fishing industry of the United States, D. Gilbert
(editor), pp. 65-80. Univ. Wash. Publ. Fish., New Ser.
4, 346 p.

An evaluation of the anchovy population off Cali-
fornia in relation to its potential exploitation.

Ahlstrom, E.H., J,L. Baxter, J.D, Issacs, and P.M. Roedel.

1967. Report of the CalCOFI Committee. Calif. Coop.
Ocean, Fish, Invest., Rept. 11:5-9,
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A proposal to study the impact of a new anchovy
reduction fishery in the California Current system.

Ahlstrom, E.H., and D. Kramer. 1955. Pacific sardine
(Pilchard) eggs and other fish larvae, Pacific Coast,
1953, U.s, Fish. Wild. Serv., Sci. Rept., Fish. 155,
74 p.

This paper and the following two papers give data
on the distribution and abundance of anchovy eggs and
larvae off California and Baja California.

1956. Sardine egygs and larvae and other fish
larvae, Pacific Coast, 1954, U.,S. Fish Wild. Serv,,

Spec. Sci, Rept., Fish. 186, 79 p.

1957. Sardine eggs and larvae and other fish
larvae, Pacific Coast, 1955. U.S. Fish Wild. Serv.,
Spec. Sc¢i. Rept,, Fish. 224, 30 p.

Anonymous, 1971. Northern anchovy. 1In California's living

marine resources and their utilization, H.W. Frey

(editor), pp. 48-51. <cCalif. Dept., Fish and Game, 148 p.

A brief account of the anchovy fishery and the
status of biological knowledge of the anchovy.

Arthur, D.K. 1956, The particulate food and the food re-
sources of the larvae of three pelagic fishes, es-

pecially the Pacific sardine, Sardinops caerulea.

Ph.D. Thesis, Univ. Calif. Scripps Inst. Oceanogr.,
231 p. (Typewritten).

An analysis of the food habits of the sardine,
anchovy, and jack mackerel larvae showed their diets
to be similar.

Baxter, J.I. 1966. Anchovy population gize. Calif. Dept.
Fish and Game MRO Ref. (66~21): 1-2,
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This account estimates the anchovy biomass to be
4 to 5 million tons, with 2-2 1/2 tons off California.

23, . 1967, Summary of biological information on the
northern anchovy Engraulis mordax Girard. Calif. Coop.
Ocean. Fish. Invest., Rept. 11l: 110-116.

One of the more complete summaries of anchovy
biology to date.

24, Bayliff, W.H. 1967. Growth, mortality and exploitation of
the Engraulidae, with special reference to the
anchoveta, Centengraulis mysticetus, and the colorado,

Anchoa naso, in the eastern Pacific Ocean. Inter-Amer.
Trop. Tuna Comm., Bull,, 12(5): 367-432.

Growth and mortality data for E. mordax is compared
to other members of the family,

25, Berner, L. Jr, 1959, The food of the larvae of the northern
anchovy Engraulis mordax. Inter-Amer. Trop. Tuna Comm.,
Bull., 4(1): 1-22.

Crustacea, mainly copepods, were the major food item
of anchovy larvae, with dinoflagellates abundant in some
instances. A low incidence of food in the gut (1.5
percent) prompted speculation on the reasons for low
feeding incidence in larvae.

26, Berry, F.H,, and H.C, Perkins. 1966, Survey of the pelagic
fishes of the California Current area. U.S. Fish Wild.
Serv,, Fish. Bull., 65(3): 625-682,

This study includes occurrences of the anchovy off
California and Baja California from CalCOFI station
data,

27, Bolin, R.L. 1936. Embryonic and early larval stages of the
California anchovy Engraulis mordax Girard, cCalif. Fish
and Game 22(4): 314-321,
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According to Bolin, anchovy eggs have been taken
during every month of the year in Monterey Bay, and
anchovies spawn at approximately 10 p.m. The ovoid eggs
and yolk-sac larvae of anchovy are pictured.

Chapman, W,M, 1944. The osteology of the Pacific deep-bodied
anchovy, Anchoa compressa. J. Morph. 74 (2): 311-329,

A synopsis of the family Engraulidae is included.

1967. Statement of W.M, Chapman. In Calif. Mar.
Res, Comm,, Minutes, 8 August 1967, App. 2: 1-14.

This statement discusses the anchovy fishery,
anchovy population size, impact of the fishery on the
environment, and the fishery's regulation.

Clark, F.N., and J.B. Phillips 1952, The northern anchovy
(Engraulis mordax mordax) in the California fishery.
Calif., Fish and Game 38(2): 189-207.

The fishery, weight-length relations, and age and
growth of the anchovy are considered. A few female
anchovies mature at 90-100 mm, at ages between 1 and 2
years; fifty percent are mature at 130 mm, when they are
2 and 3 years old; almost all fish are mature at 150 mm,
when they are 4 years or older.

Clemens, W.A,, and G.V, Wilby. 196l. Fishes of the Pacific
Coast of Canada, Bull. Fish. Res, Bd. Canada, 60:1-443.

This account includes records of anchovies captured
off British Columbia. A note is algoc made that "spawn-
ing occurs apparently during July and Agust”,

Collins, R.A. 1969, Size and age composition of northern
anchovies (Engraulis mordax) in the California anchovy
reduction fishery for the 1965-66, 1966-67, and 1967-68

seasons. In The northern anchovy and its fishery, J.D.
Messersmith (editor), pp. 56-63. <Calif, Dept. Fish and
Game, Fish Bull. 147, 102 p.
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Anchovy ages were determined by scale and otolith
readings. The two and three year age-classes dominated
the samples.

33. . 1971, 8Size and age composition of northern

anchovies (Engraulis mordax) in the California reduction

and canning fisheries, 1968-69 season. Calif. Fish and
Game 57(4): 283-289,

An usually large 1967 year-class accounted for the
dominance of one year-old fish during the 1968-69
season,

34, Collins, R.A., and J.D, Spratt. 1969. Age determination of
northern anchovies Engraulis mordax, from otoliths. 1In

The northern anchovy and its fishery, J.D, Messersmith
(editor), pp. 39-55. Calif. Dept. Fish and Game, Fish
Bull. 147, 102 p.

A comparison of age determination techniques using
scales and otoliths found otoliths to be a more reliable
method for the anchovy.

35. Craig, W.L. 1960. Food and feeding. In a study of the
yellowtail Seriola dorsalis (Gill), J.L. Baxter (editor),
pp. 35-46., Calif, Dept. Fish and Game, Fish Bull. 110,
91 p.

The anchovy constituted 12.8 percent by volume of
the diet of the yellowtail,

36, Croker, R.S. 1942, Latent marine fisheries resources of
California and western Mexico, Calif, Fish and Game,
28 (4): 175-181.

A general discussion of the anchovy fishery, anchovy
abundance, and speculation that the fishery could be
greatly expanded.
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Crooke, S.J. 1969. Results of a live bait sampling study.
In The northern anchovy and its fishery, J.D. Messer—
smith (editor), pp. 90-102, cCalif. Dept. Fish and Game,
Fish Bull, 147, 102 p.

The anchovy accounts for 98 percent of the live
bait catch in California, and the Los Angeles -~ Long
Beach Harbor provides the majority of the catch. A
1968 sampling program showed that age-class I (1967
year-class) accounted for 60 percent of the catch by
weight. Age groups O and II contributed 14 and 18 per-
cent of the catch weight, respectively.

Davies, I.E., and R.DP. Bradley. 1972. Deep cbservations of
anchovy and blue sharks from Deepstaxr 4000. Fish.
Bull., U,s8. 70 {(2): 510-511.

Anchovies were observed at 310 m from a deep
submersible, and the sighting was correlated with
echograms of fish schools taken on the surface.

Eigenmann, C.H. 1892. The fishes of San Diego, California.
U.S. Nat. Mus., Proc., 15: 123-178,

Included in this account of fishes from the San
Diego region is a description of egg morphology and
development of the anchovy, but Eignmann misidentifies
the fish as Stolephorus ringens Jenysn. The discrip-
tion is certainly that of E. mordax.

Fitch, J.E. 1969. Fossil records of certain schooling
fishes of the California Current system, Calif. Coop.
Ocean, Fish. Invest.,, Rept, 13: 71-80.

A study of fish remains from several localities in
California shows that "Enqraulis has been present off
our coast during warm as well as cold periods, and in
both shallow and deep areas for upwards of 12 million
years,,..,"

Ganssle, D, 1961, Northern anchovy Engraulis mordax. In

California Ocean Fisheries Resources to the Year 1960,
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pp. 21-22, Ccalif. Dept. Fish and Game, 79 p.
A short account of anchovy biology and its fishery.

42, Girard, C. 1854. Description of new fishes... Proc. Acad.
Nat., Sci. Phila, 7: 129-156.

This paper provides the original description of

E. mordax.

43, Hardwick, J.E. 1969, The 1967-68 anchovy reduction fishery.
In The northern anchovy and its fishery, J.D. Messer-
smith (editor), pp. 23-38, Calif. Dept. Fish and Game,
Fish. Bull. 147, 102 p.

A discussion of the anchovy reduction fishery, its
regulations, quotas, total catch, and gross value
during the 1967-68 season.

44 . Haugen, C.E., J.D. Messersmith, and R:H. Wickwire. 1969,
Progress report on anchovy tagging off California and
Baja California, March 1966 through May 1969. In The
northern anchovy and its fishery, J.D. Messersmith
(editor), pp. 75-87. Calif. Dept. Fish and Game, Fish
Bull., 147, 102 p.

Between March 1966 and May 1969, 380, 815 anchovies
were tagged and 1,080 tags were recovered. Results
indicate anchovy movement north during the late summer
between southern and central California, and a souther-
ly movement during the winter.

45, Heimann, R.F.G., and J.G. Carlisle, 1970. The California
marine fish catch for 1968 and historical review, 1916~
68. Calif. Dept. Fish and Game, Fish Bull. 149, 70 p.

Included in this report is a summary of yearly
anchovy landings-- a low of 30 tons in 1926, a high of
43,000 tons in 1953, and 15,500 tons in 1968.
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46, Hildebrand, S.F. 1943, A review of the American anchovies
(Family Engraulidae). Bull. Bingham Ocean. Coll. 8 (2):
1-165,

This study is a taxonomic treatise which attempts
to clarify synonomys.

47. Hildenbrand, S.F. 1963. Family Engraulidae. In Fishes of
the Western North Atlantic, Memoir One, Part 3, pp.
152~249, Sears Found. Mar. Res., 630 p.

An expanded account of Hildebrand's previous work
on members of the family found in the western North
Atlantic.

48, Hubbs, C.L. 1925. Racial and seasonal variation in the
Pacific herring, California sardine, and California

anchovy. Calif, Dept. Fish and Game, Fish Bull. 8:
1-23,

An analysis of meristic variation of the anchovy
along the California Coast, and the description of a
subspecies, Engraulis mordax nanug, a brackish water
form from San Francisco Bay.

49, Hunter, J.R. 1972. Swimming and feeding behavior of larval
anchovy, Engraulis mordax. Fish. Bull., U.8. 70 (3):
821-838,

Cruising speed, proportion of time spent at rest,
burst speed, tail beat frequency, and tail beat ampli-
tude were determined for larval anchovies. Feeding
sequences are described including reactive perceptive
field, feeding success, and density of food required to
meet metabolic requirements are computed.

50. Isaacs, J.D. 1965. Larval sardine and anchovy interrelation-
ships. Calif. Coop. Ocean. Fish. Invest., Rept. 10:
102-1490.
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An analysis of stomach contents showed that the
anchovy comprised 39 percent by volume of the diet of
the striped bass.

52, Jordan, D.S., and A. Seale, 1925, Analysis of the genera of
anchovies or Engraulidae. Copeia 141: 27-32,

This paper includes a key to the genera of the
family Engraulidae.

53, . 1926. Review of the Engraulidae, with description
of new and rare species, Mus, Comp. Zocol. Harvard,
Bull. 67 ({(11): 353-418,

A key to the genera of Engraulidae, and a descrip-
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54. Kramer, D., and E,H. Ahlstrom. 1968. Distributional atlas of
fish larvae in the California Current region: Northern

anchovy Engraulis mordax Girard, 1951-1965. Calif.

Coop. Ocean. Fish. Invest., Atlas 9, 269 p.

Distributional charts of anchovy larvae occurence
off California and Baja California are given.
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larvae Engraulis mordax Girard in the laboratory as in-

fluenced by temperature. Calif, Coop. Ocean. Fish.
Invest., Rept. 1l4: 84-87,
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temperature of 17° and 22° C. Growth at 22° was about
1.75 times faster than at 17° C.

56. Lasker, R. 1964. An experimental study of the effect of
temperature on the incubation time, development, and
growth of Pacific sardine embryos and larvae. Copeia
(2): 399-405.
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Anchovy development was contrasted with the devel-
opment of the sardine., The anchovy was shown to have
a competitive advantage at low temperatures (11° and
12°C) over sardine because jaw development is complete
in the anchovy but not in the sardine at these low
temperatures,

57. Lasker, R., H.M. Feder, G,H. Theilacker, and R.C. May. 1970.
Feeding, growth, and survival of larval anchovies reared
in the laboratory. Mar. Biol. 5: 345-352,.
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cessively fed dinoflagellates (Gymnodinium), gastropod
veligers (Bulla), and brine shrimp maupli (Artemia),

58. Lenarz, W.H. 1972. Mesh retention of larvae of Sardiniops

caerulea and Engraulis mordax by plankton nets. Fish.
Bull,, U,8., 70 (3): 839-848.
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net retains "most if not all anchovy larvae", while a
0.55 mm mesh~width net (which until 1969 was standard
equipment for the CalCOFI larvae sampling program)
undersamples larvae,

59. Leong, R.J.H. 1971. Induced spawning of the northern anchovy
Engraulis mordax. Fish, Bull., U,S, 69 (2): 357-360.

An artificial photoperiod of 4 hours light and 20
hours dark induced gonad matruation in anchovies. An
injection of human chorionic gonadotropin followed by
salmon or carp pituitary extract injection induced
spawning,

60, Leong, R,J,H., and C.P. 0'Connell. 1969, A laboratory study
of particulate and filter feeding of the northern
anchovy (Engraulis mordax). J. Fish. Res. Bd. Canada.

Whether anchovies procured food by filtration or by
directed predatory biting was found to depend on the
size of the organism, Laboratory experiments indicate
that the anchovy cannot achieve the required daily
ration of food in nature by filtering alone, based on
the amount of food available in their natural environ-
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ment.
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Engraulis mordax Girard. Calif. Fish and Game, 54(4):
281-288,
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ton of spawning adult anchovies.
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Scripps Inst. Oceanogr. 6(3): 123-160.
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larvae of the northern anchovy Engraulis mordax off
California in 1940 and 1941, U,S, Fish Wild. Serv.,
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Data is given on the spawning distribution of the
anchovy,

68. May, R.C. 1970. Feeding larval marine fishes in the lab-
oratory: A review. Calif, Coop. Ocean. Fish, Invest.,
Rept, 14: 76-~83.

A review of attempts to real larval marine fishes
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the anchovy,

69, May, R.C. 1971. An annotated bibliography of attempts to
rear the larvae of marine fighes in the laboratory.
NOAA Tech. Rept., NMFS SSRF-632, 24 p.
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Included in this paper are several reports of
rearing anchovies.

Merkel, T.J. 1957. Food habits of the king salmon, QOncor-

hynchus tshawytscha (Walbaum), in the vicinity of San

Francisco, California. Calif. Fish and Game, 43(4):
249-270,.

Anchovies constituted 29.1 percent by volume of
the diet of the king salmon off San Francisco.

Messersmith, J.D. 1967. Tagged anchovies move from southern

California to Monterey Bay. Calif., Fish and Game 53(3):
209.

Four anchovies, tagged in coastal waters off south-
ern California were later recovered in Monterey Bay.

1969, A review of the California anchovy fishery
and results of the 1965-66 and 1966-67 reduction sea-
sons. In The northern anchovy and its fishery, J.D.
Messersmith {(editor), pp. 6-31l. Calif. Dept. Fish and
Game, Fish Bull, 147, 102 p.

This paper describes the events that culminated in
the authorization of a reduction fishery for anchovies.
Also included are the procedures used to regulate the
fishery, catch statistics, and the value of the anchovy
catch,

Messersmith J.D., J.L. Baxter, and P.M. Roedel. 1969. The

anchovy resources of the California Current region off
California and Baja California. Calif. Coop. Ocean.
Fish. Invest., Rept. 13: 32-38,

A summary of anchovy biology, distribution, popu-
lations, movements, availability, and proposal for stock
utilization.
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Messersmith, J.D., and Staff. 1969, The northern anchovy

(Engraulis mordax) and its fishery 1965-68. Calif.
Dept. Fish and Game, Fish. Bull, 147, 102 p.

This bulletin includes several papers on anchovy
biology and the anchovy fishery listed elsewhere in this
bibliography.

Miller, D.J. 1955. Studies relating to the validity of the

scale method for age determination of the northern
anchovy. In Age determination of the northern anchovy,
Engraulis mordax, pp. 6-34. Calif. Dept. Fish and

Game, Fish Bull., 101, 66 p,

This study concluded that otoliths and skeletal
structures were of little value in age determination of
anchovies, but that scalegs were useful.

. 1956. Anchovy study shows gain in southern
waters. Outdoor Calif,, 17(12): 3, 8-9.

A popular account of the anchovy catch, population
densities, fish movements, and fishery laws.

. 1956. Anchovy. calif. Coop. Ocean. Fish.
Invest., Prog. Rept., 1 April 1955 to 30 June 1956:
20-26,

A discussion of the fishery in relation to the
anchovies life history, subpopulations, abundance, and
reproductive potential.

Miller, D.J., A.E. Daugherty, F.E. Felin, and J. MacGregor,

1955. Age and length composition of the northern
anchovy catch off the coast of California in 1952-53
and 1953-54. 1In Age determination of the northern
anchovy, Engraulis mordax, pp. 37-66. Calif. Dept.
Fish and Game, Fish. Bull, 101, 66 p.
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A series of tables and data which consider anchovy
age and length composition in relation to the fishery.

79, Miller, D.J., and R.N, Lea, 1972, Guide to the coastal
marine fishes of California, Calif. Dept, Fish and
Game, Fish, Bull. 157, 235 p.

A popular account of coastal fishes with a bkrief
outline of life history notes on the anchovy as well as
other California fishes.

80. Moss, S.A., and W.N. McFarland., 1970. The influence of dis-
solved oxygen and carbon dioxide on fish schooling
behavior. Mar. Biol. 5(2): 100-107.

The responses of anchovy schools to fluxuations in
dissolved oxygen and pH included school density and
nearest neighbor orientation changes, and mean swimming
velocity changes,

8l. Miller, D.J., and R.5. Wolf. 1958. Age and length compo-
sition of northern anchovy catch off the coast of
California in 1954-~55, 1955-56, and 1956-57. In Age
and length composition Pacific coast catches sardines
and Pacific mackerel 1955-56 and 1956-57 seasons and
the northern anchovy 1954~55 through 1956-57 seasons,

pp. 27-72, Calif., Dept. Fish and Game, Fish. Bull.
106, 72 p.

This paper present year-class data for the anchovy
fishery.

82. O'Connell, C.P. 1963. The structure of the eye of Sardinops
caerulea, Engraulis mordax, and four other pelagic
marine teleosts. J. Morph., 113(2): 287-329.

Included is a description of retinal density dis-
tribution of cones, rods, and neurons. The author
suggests that Engraulis is better equipped than the
other fish studied for vision in dim or turkbid waters
and that anchovies have better visual acuity than
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Sardinops.

83. O'Connel, C,P. 1972, The interrelation of biting and filter-
ing in the feeding activity of the northern anchovy
{Engraulis mordax). J. Fish. Res. Bd. Canada 29: 283~
293l

This study showed the relationship of feeding by
biting and feeding by filtering to the relative size
and concentration of food organisms in laboratory ex-
periments. The nutritional requirements of the anchovy
in nature are considered on the basis of the laboratory
experiments.

84, Phillips, J.B. 1949, Anchovy. In The commercial fish catch
of California for the year 1947 with an historical re-
view. p, 89, calif, Dept, Fish and Game, Fish. Bull.
74, 263 p.

A short discussion of anchovy landings in California

85, Pinkas, L., M.S, Oliphant, and I.L.K., 1Iverson. 1971. Food
habits of albacore, bluefin tuna, and bonito in Calif-
ornia waters, Calif, Dept. Fish and Game, Fish Bull.
152, 105 p.

Anchovies made up 43.7 percent by volume of the
diet of the albacore, 80 percent by volume of the diet
of the bluefin tuna, and 76 percent by volume of the
diet of the bonito.

86. Radovich, J., and E.D. Gibbs. 1954, The use of a blanket
net in sampling fish populations. Calif. Fish and Game,
40(4): 353-365,

A description of a blanket net and its use in
capturing anchovies and other species for census data.

87. Reid, J.L. 1967. Oceanic environments of the genus Engraulis
around the world. Calif. Coop. Ocean. Fish., Invest.,
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Rept. 11: 29-33.

A description of anchovy habitats around the world
and speculation on environmental limiting factors for

the genus Engraulis,

Roedel, P,M. 1953, Common ocean fishes of the California

Coast, Calif, Dept. Fish and Game, Fish., Bull, 91, 184
p.

A popular account of coastal fishes with notes on
the anchovy.

. 1967. Report on the anchovy figshery. Calif,
Fish and Game, MRO Ref, 67-21, 17 p.

This report discusses the growth and magnitude of
the anchovy population, distributions, and migrations,

Schuassman, H,0. 1965. Functional development of visual

pathway in larval sardines and anchovies. Calif, Coop.
Ocean. Fish., Invest., Rept, 10: €4-70.

A histological account of eye development in the
anchovy.

Smith, P.E, 1972. The increase in spawning biomass of

northern anchovy Engraulis mordax. Fish. Bull., U.S,
70(3): 849-874,

A review of various methods of derxriving anchovy
biomass. The anchovy population declined between 1941
and 1951 and increased to a plateau of 5-8 million
metric tons between 1962 and 1966.

Spratt, J.D. 1972. Age composition of northern anchovies,

Engraulis mordax, in the California anchovy reduction
fishery for the 1969-1970 season. Calif, Fish and Game,
58(2)Y: 121-126.
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An estimated 83,472 tons of anchovies were landed.

Starks, E.C. 1918. The herrings and herring like fishes of
California. Calif, Fish and Game, 4(2): 59-62,

A descriptive study with mention of ranges, abund-
ance, and fisheries,

Theilacker, G.H., and M.R, McMaster. 1971. Mass culture of
the rotifexr Brachionus plaictilis and its evaluation as
a food for larval anchovies. Mar. Biol. 10(2): 183-188.

Larval growth rates obtained on density of 10 to 20
rotifers per ml exceeded growth of anchovies fed on wild
plankton controls.

Turner, C.H, 1958. Livebait--a unique fishery. Outdoor
Calif., 19(7): 51-10.

A popular account of the anchovy live bait fishery.

Vrooman, A.M., P.A., Paloma, and R. Jordan. 1966. Experimen-
tal tagging of the northern anchovy Engraulis mordax.
Calif. Fish and Game, 52(4): 228-239,

Metal internal tags, of nichol plated steel, 13 X 3
X .5 mm in size, were coated with tetracycline paste
and inserted just dorsal to the tip of the pectoral fin
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Vrxooman, A.M., and P,E. Smith. 1971, Biomass of the sub-

populations of the northern anchovy Engraulis mordax

Girard, Calif. Coop. Ocean. Fish. Invest,, Rept. 15:
49-51,

This paper gives estimates of anchovy biomass in
relation to the three populations that were delimited
on the basis of meristic characters,
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98. Wood, R., and R.A. Collins. 1969. First report of anchovy
tagging in California, Calif. Fish and Game, 55(2):
141-148,.

A summary of methods of tagging anchovies with
internal metal tags which are recovered at the reduc-
tion plants by electro-magnets.

99, Wood, R,, and A,R., Strachan., 1970. A description of the
noxthern anchovy live bait fishery, and the age and
length composition ¢f the catch during the seasons
1957-58 through 1964-65. Calif. Fish and Game, 56 (1):
49-59,

This paper includes a history of the fishery,
fishery methods, and catch statistics. Fish of age
group I dominated the samples, closely followed by age
group IT,

100, Young, P,.H, 1949, Live bait fishery. In The commercial
fish catch of California for the year 1947 with a
historical review 1916-1947, pp. 183-189. Calif. Dept.
Fish and Game, Fish. Bull. 74, 263 p.

A description of the live bait fishery and fishery
methods,

101. . 1950. Netting bait and cannery fish with the aid
of lights, Calif, Fish and Game, 36(4): 380-381.

The use of light by commercial fisherman to attract
and hold anchovies before being netted is described.
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Introduction

There are presently several different approaches in the study
of the environmental effects of waste discharge on the benthos.
1} The direct effects of the constituents of the wastes can be
determined experimentally. SCCWRP (1973) contains a review of the
literature on the effects of trace metals and pesticides on various
organisms, and Reish (1966) studied the effects of low-oxXygen con-
centration on some polychaetes commonly employed as indicators of
varying degrees of pollution. 2) The degree of abnormalities and
disease in organisms in the vicinity of discharges can be an indi-
cator of the harmful effects of the wastes. The incidence of dis-
ecase and abnormalities in fish, algae, crabs and sea urchins around
outfalls is reviewed in SCCWRP (1973). 3) There have been several
benthic ecological surveys in the vicinity of waste outfalls. It
is sometimes possible to approximate the level of pollution by
noting the level of dominance of certain known "indicator species,"”
which are organisms commonly found at certain known levels of
pollution. For a discussion of the concept of indicator species,
see Reish (1973) and Olson and Burgess (1967); the idea is
criticized by Stirn (1973)}. In other studies, the benthos in the
area of an outfall is compared with a suitable control area or
period, and the differences are attributed to the effects of the
wastes (McNulty, 1970). When both biotic and abiotic measurements
are taken, the distributions of the benthic organisms can be cor-
related with the environmental data. This can help the ecologist
develop hypotheses concerning the dynamics of the local biotic-
abiotic relationships.

Besides indicator species, there are several different
biological measures which are used in these ecological surveys.
1) The distribution of the individual species can be congidered
one at a time (National Marine Fisheries Service, 1972). However,
as the number of species considered increases, the data can become
too complex for normal human comprehension. Compared with some of
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the more economical and simpler methods, the large amount of time
and effort required with this approach will not necessarily result
in more accurate conclusions. 2) The total number and/or biomass
of all the organisms in a sample has been used as a biotic measure
in some studies {(Water Resources Engineers, 1972)., Sanders (1969)
shows a relationship between biomass and a stress gradient. Accord-
ing to Stirn (1970), however, these measures have little interpre-
tive value when considered apart from the species diversity. 3} In
gsome studies, the organisms in a sample are grouped into phyla or
some other taxonomic group above the species level. The abundance
or biomass of these groups are then used as a biological measure
(Water Resources Engineers, 1972). This is objecticnable on eco-
logical grounds, since there may be a wide range of ecological re-
quirements represented by the species in a group. 4) Species
diversity indices are often considered a biotic measure of the
stability and "health" of a community (Sanders, 1969). For examples
of studies using species diversity see SCCWRP (1973), National
Marine Fisheries Service (1972), Department of the Environment
(1972), Borowitska (1972), and Boesch (1972). Although there is a
fairly consistent relationship between species diversity and bio-
logical stress from pollution (Sanders, 1969; Stirn, 1970}, this
measure is still not completely adequate. Presently, all the
causes of variation in the species diversity are not completely
understood. Furthermore, two or more conmunities with egual diver-
sity can contain completely different assemblages of organisms.

The failure of a species diversity index to detect this important
qualitative difference represents a significant loss of information
which could be useful in ecological interpretation. 5) The dis-
tribution of "communities" or associations of organisms 1is often
used as a biotic measure. Benthic ecologists using the classical
methods of community analysis in the marine environment, dating
from Petersen (1914), consider only the dominant species when de-
limiting communities. Studies related to pollution which use
classical community analyses include Reigh (1959), Hartman (1956),
Jenkinson (1972), McNulty (1870), and Wade et al (1972). However,
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as the co~-dominance and complexity in the data increases, these
classical methods require more difficult and less clear-cut de-
cisions on the part of the ecologist. Furthermore, since only the
dominant organisms are considered, large amounts of potentially
useful information will be ignored.

211 but one of the above biological measures are an attempt
to simplify the analysis by utilizing only a single index or a
small number of species {or other categories). As noted, however,
the process is usually accompanied by the loss of potentially
important information. This shortcoming can be overcome by the
use of objective numerical methods, which allow consideration of a
greater proportion (or all) of the total data. Since extensive
calculations are normally required, these methods were not developed
for ecological use until the advent of the electronic computer.
Assuming that a computer is available, the only limitations to
the amount of data which can be analyzed at any one time by these
methods are 1) the storage capacity of the computer, and 2) the
funds available for the costs of computer time. For a general
discussion of these methods, see Greig-sSmith (1967), Pielou (1969)
and Lambert and Dale (1964). Almost all these techniques are con-
sidered in the general category of either classification or ordin-
ation.

Classification methods attempt to group entities in the data
into discrete groupings which subsequently can be interpreted.
Examples include the trellis diagram (Southwood, 1966, p. 342),
recurrent groups {(Fager, 1957), and the hierarchical methods util-
izing a dendrogram (Williams, 1971; Stephenson et al, 1970; Field,
1971; Day et al, 1971; Stephenson and Williams, 1971; Stephenson
et al, 1972; Jones, 1969; Sokal and Sneath, 1963). 1In ordination,
on the other hand, entities in the data are considered along some
continuum or continua. Examples include the "simple ordination'
methods of Bray and Curtis (1957) and Orloci (1966), cancnical
analysis (Seal, 1964), canonical correlation (Anderson, 1958;
Morrison, 1967), and factor analysis (Harmon, 1967). In ecology,

the most frequently used method of factor analysis is principal
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component analysis (Seal, 1964; Cassie, 1963; Austin, 1968; Austin
et al, 1972; Johnson and Risser, 1972). These objective methods
can help summarize the main trends in both the biotic and abiotic
ecological data; frequently these trends are not readily apparent
solely from visual inspection of the data lists. Up to the pre-
sent, these methods have been infrequently used by ecologists
studying the effects of pollution. Hierarchical classification
methods have been used by Cairns and Caesler (1969), Roback et al
(1969) [thermal pollutionl]; Cimberg et al (1969) [o0il pollution];
and Stephenson et al (in ms.) [sewage pollution]. Department of
the Environment (1972) used a trellis diagram, and SCCWRP (1973)
employed Fager's recurrent-group analysis to delineate species
groups in the general area of a sewage outfall.

The present study utilizes principal component analysis and
a hierarchical classification method to sort out some of the bio-
tic~abiotic relationships of the benthos in the vicinity of waste
ocoutfalls in outer Los Angeles Harbor. Only polychaetous annelids
were identified to the species level and used in the numerical
analysis. Since the polychaetes are by far the most abundant
group of animals found in the benthos of this area, they should
reflect any major biotic trends in the samples taken (Day, 1963;
Day et al, 1971).

In 1954, Reish (1959) used classical methods to delineate
the animal assemblages in the harbor. He found that the dominant
fauna in an area was largely determined by the general level of
pollution, which seemed tc be related to the level of dissolved
oxygen in the bottom water and the amounts of organic material and
sulfides in the sediment. Only one station location (station 7)
in the present study coincides with a station location (LA20) in
the Reish study.

Materials and Methods

All samples were taken in triplicate with a .10 m2 modified
Campbell grab at each of seven stations (Figure 1). The date of -
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sampling was September 27, 1972,

Biotic Data

The sediment from each grab was washed through a .5 mm mesh
screen on board ship. The material left in the screen after wash-
ing was immediately preserved in 10% formalin. Within 24 hours
the samples were washed with water and transferred into 70% iso-
propyl alcchol. 1In the laboratory, the animals were removed from
the remaining sediment and debris of each sample with the aid of
a large magnifying lens (3X).

As mentioned, only polychaetes were identified to the species
level and used in the numerical analysis. However, in order to
calculate the species diversity, all other animals were sorted
into what appeared to be different species, and were specified by
a number. All animal species were also used in the biomass deter-

minations.

Abiotic Data

At the time of sampling, the pH, conductivity, temperature,
and depth of the bottom water were measured at each station. Sub-
samples were taken of the sediment from each grab and frozen for
later analysis. The sediment variables which were measured on at
least one of the three samples at a station were as follows:

sediment-size distribution: Percent sediment in 13 succes-

sive intervals of 1 ¢ unit, standard deviation, skewness,
and kirtosis (Krumbein and Pettijohn, 1938):;

elements: C, N, P, §, Zn, Cu, Cd, Pb, Ni, and Hg:

pesticides: DDD and DDE;

other compounds: oil and CaCo, ;

oxygen damand: chemical oxygen demand (COD) and Immediate

oxygen demand (IOD).
Appendix A indicates the methods used in the determination of the

abiotic data. All parameters except sediment size, carbon and
nitrogen were determined by Dr. Kenneth Y. Chen, of the Department
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of Environmental Engineering, University of Southern California.

Analysis of the Data

Classification

An agglomerative, hierarchical method (Williams, 1971) was
used to classify the species into ecologically-meaningful groups.

A general description of the method follows. The first step is
the calculation of a matrix of indices which will describe the
relationship of each entity with every other entity. Entities are
the units which are being classified., The calculations are based
on the measurements of a set of attributes which are measured at
or on each entity. There are several such similarity or "distance"
indices available, each with certain associated biases and assump-
tions; therefore it is important that the index is appropriate for
the situation in which it is used. The next step in the process

is the construction of a dendrogram, which gives a two-dimensional
picture of the relationships between the entities being classified.
As the dendrogram is constructed, entities or groups of entities
are joined by lines which extend into one dimension a distance
proportional to the relationship between the entities joined.

In agglomerative dendrogram-strategies the process starts with the
connection of the two entities with the greatest similarity (or the
least "distance") and continues until all entities are represented.

There are several alternate sorting strategies which use dif-
ferent criteria for joining a group of entities with another entity
(or group of entities) in the process of building the dendrogram.
The properties of the different strategies are discussed in
Pritchard and Anderson (1971), Williams, Clifford and Lance (1971)
and Stephenscon (1973).

In the present study, the group-average sorting strategy and
the "Bray-Curtis" distance measure (Bray and Curtis, 1957; Day et
al, 1971) were used. A description of group-average sorting is in
Sckal and Sneath (1963). The Bray-Curtis index is as follows:
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_ ij
Djk = i=1
In
gl (Xi5 + Xiq)

where Djk is the distance between entities J and k; n is the number
of attributes; and Xij is the measurement of attribute i in entity
J. This index is especially sensitive to the magnitude of the num-
bers in the attribute data.

When classifying species, using their occurrences at the
various stations as attributes, the proportion of a species at a
station is more informative than the raw species count (Stephenson
et al, in ms.). For this reason, the raw data was standardized by
dividing the number of each species at each station by the sum of
all specimens of that species found at all stations.

Data reduction prior to classification.

There were several species which occurred infrequently and
in a small proportion of the samples. Since such species would
have little influence on the final results, it would seem justified
to drop them from the analysis., This procedure not only simplifies
the analysis, but also saves considerable amounts of computer time
and core. Prior to clagsification, all species which occurred in
fewer than three samples were eliminated, except for those species
which occurred more than a total of ten times in the samples in
which they were found. Using this criterion, 62 out of a total of
120 species were retained.

Ordination.

The trends in the abiotic data were determined by principal
component analysis. The theory behind principal component analysis
is as follows: 1) all entities are originally pictured as points
in a theoretical multidimensional space. Each dimension of the

space represents one attribute of the entities; the distance of an
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entity into a dimension is proportional to the measurement (on the
entity) of that attribute. 2) The resulting pattern of pecints will
define the interrelationships of the entities. 3) Since it is
difficult to visualize points in more than three dimensions at a
time, it is necessary to project the points onto one or a few axes
at a time. Before doing so, it is advantageous to translate and
rotate the axis system such that a)} each successive axis accounts
for a maximum amount of the wvariance remaining in the system, and
b) the new axes, or the factors they now possibly represent, are
uncorrelated. The variance in each axis of the new system is
called an eigenvalue, and the new axes are called principal com-
ponent axes. 4) The coordinates of the entities in the new system
are assumed to be linearly related to the coordinates of the origi-
nal system. The set of coefficients which transforms the original
coordinates to the final coordinates are called the eigenvectors.
Each principal component axis has its own set of eigenvectors, and
each eigenvector of the set will correspond to one of the attri-
butes. The absolute value of an eigenvector is proportional to
the importance of the corresponding attribute in determining the
position of an entity on the axis. The sign of an eigenvector in-
dicates the direction of thig influence, i.e., for positive eigen-
vectors, this influence will be toward the positive end of the
axis, and for negative eigenvectors the influence will be toward
the negative end,

The eigenvectors and eigenvalues are normally calculated
from the variances and covariances of the attributes. If the
attributes are standardized by their standard deviations, the vari-
ances and covariances become correlation coefficients, which were
used in the present study. See Seal (1964), Harman (1967), Orloci
(1967), Gower (1966), and Anderson (1971) for mathematical discuss-
ions of principal component analysis.



205

Results

Local effluent output

Figure 1 shows the locations of the effluent sources in the
area of the study. See Juge and Griest (1973) for a discussion of
the cannery output. The sewage effluent recieves primary treatment
and averages about two million gallons per day; the biological
oxygen demand of the effluent is between 200 and 600 mg/1 (M. Oguri,
personal communication).

Preliminary data analysis

Prior to analysis, the biotic and abiotic variables were
averaged at each station. 8ince several of the physical variables
were measured in only one of the three sediment samples at a sta-
tion, it was necessary to generalize the results of the measurements
of the one sample to the other two samples at the same station.

This is justifiable as long as the two samples in question were not
observed to be radically different, biotically or abiotically, from
the sample on which all measurements were made. A preliminary
classification of all the samples showed that one of the samples at
Station 4 and one at Station 7 were drastically different from the
other two samples at the same station. Consequently, these two
anomolous samples were not included in the average for their station.

Seventeen sediment distribution parameters and six heavy
metals were measured. Since many of these measurements are certain-
ly dependent on one ancther, the use of all of them would dispropor-
tionately weight the analysis toward sediment size and heavy
metals. Consequently, two main independent trends in each of these
two categories were separately extracted by principal component
analysis. The scores of the stations on the first two component
axes of these analyses were used instead of all the measured

values. See Austin et al (1972, p. 310) for a similar preliminary
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analysis, The first component of sediment variables (SED 1) is
mainly related to the mean particle size, and the second component
(SED 2) is associated with the distribution of the sand fraction
regardless of the mean particle size, The first component of the
heavy metals (IIM 1) is related to the general level of all the
heavy metals, and the second component (HM 2) is mainly related to
the levels of cadmium and nickel, independent of the level of zinc
and lead. The terms SEDl, SED2, HM1l, HM2 respectively, will refer
to these components in the rest of this paper. The values of these
components are listed in Table 2.

Results of the analyses.

The average species count at each station is shown in Table
1, and the average values for the abiotic variables are given in
Table 2. The dendrogram showing the relationships between the
species groups is shown in Figure 2, The species in the different
groups are shown in Table 3, Six main species groups are recog-
nized. Group 1l consists of nine species and is numerically domi-

nated by Spiophanes bombyx, Chaetozone sp 1, Lumbxineris californi-

ensis, and Chone sp 1. Group 2 contains 32 species and is domi-

nated by Tharyx sp, Chaetozone corona, Haploscoloplos elongatus,

Pectinaria californiensis newportensis, Sigambra tentaculata,

Nephtys cornuta franciscana, and Paraonis gracilis oculata. Group

3 contains 14 species and is dominated by Cogsura candida, Capitita

ambiseta, and Prionospioc pygmaeus. Group 4 contains five species,

and is dominated by Capitella capitata and Arxmandia bioculata.

Group 6 contains only 2 species of which Polvdora ligni is most

abundant.

Figure 3 shows the results of the principal component
analysis of the abiotic data, and Table 4 contains the eigenvectors
for the principal components. As mentioned, the trends of the
abiotic variables along each axis can be determined from exami-
nation of the eigenvectors. The first axis is mainly related to
the mean sediment size, percent carxbon, percent nitrogen, immediate
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TABLE 3

Species Groups Formed by the Classification Analysis

Group_ 1

Polydora sp. #1
Chaetozone sp. #1

Spiophanes bombyx (Claparede)
Iumbrineris californiensis Hartman
Prionospic malmgrenli Claparede
Chone sp. #l1

Nothria elegans (Johnson)

Aricidea suecica (Eliason)
Lumbrineris nr. limicola

Group 2

Lumbrineris nr. inflata

Pectinaria californiensis newportengis Hartman
Lumbrineris index Moore

Eteone californica Hartman

Streblosoma crassibranchia Treadwell
Notomastus (clistomastus) tenuis Moore
Tharyx sp.

Sigambra tentaculata (Treadwell)
Nephtys cornuta franciscana Clark & Jones
Lumbrineris bifilaris (Ehlers)

Phloe glabra Hartman

Haploscoloplos elongatus (Johnson)
Nereis procera Ehlers

Prionogpio pinnata Ehlers

Axiothella rubrocincta (Johnson)
Magelona pitelkai Hartman

Ophiodromus pugettensis (Johnson)
Spaerosyllis californiensis Hartman
Melinna oculata Hartman

Chaetozone corona Berkeley & Berkeley
Spiophanes berkelevorum Pettibone
Paraonis gracilis oculata (Hartman)
Gyptis arenicola glabra (Hartman)
Glycera americana Leidy

Lumbrineris zonata (Johnson)
Telepsavus costarum Claparede
Anaitides williamsi Hartman

Pherusa neopapillata Hartman

Harmothoe priops Hartman

*x
For the relationships between the groups, see Figure 2.

*
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TABLE 3 (continued)

Pista fasciata (Grube)
Laonice foliata (Moore)
Megalomma pigmentum Reish

Group 3

Nephtvs caecoides Hartman
Polydora socialis (Schmarda)
Prionosplo pvgmaeus Hartman
Amphicteis scaphobranchiata Moore
Ampharete labropg Hartman

Buchone limnicola Reish

Cossura candida Hartman

Capitita ambiseta Hartman

Euchone incolor Hartman
Spiophanes missionensis Hartman
Diopatra juv.

Prionospio cirrifera Wiren
Prionospioc heterobranchia newportensis Relish
Polydora brachycephala (Hartman)

Group 4

Stauronereis rudolphi (delle Chiaje)
Armandia bioculata Hartman

Capitella capitata oculata Hartman
EBumida sanguinea (Oersted)
Pseudopolydora paucibranchiata Okuda

Group 5

Polydora sp. #2
Polyvdora ligni Webster
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TABLE 4

The Eigenvectors for the Principal Components in the
*
Analysis of the Abiotic Data

I 1T IIY v v vI

HM 1 -0.18 -0.18 -0.40 0.12 0.36 0.15
M 2 -0.24 0.01 0.38 0.20 0.35 =0.29
SED 1 -0.30 -0.15 0.21 -0.06 0.04 -0.13
SED 2 -0.,01 0.24 0.24 =-0.60 0.03 0.07
organic carbon -0.35 0.03 0.02 0.08 -0.02 -0.11
calcium carbonate -0.03 0,39 =0.08 0.21 -0.0% -0.02
nitrogen -0.34 =0.01 0.07 0.12 -0.10 -0.19
carbon to nitrogen -0.21 0.19 -0.29 -0.22 0.47 0.13

ratio
depth -0.06 0.40 -0.06 0.01 -0.01 0.09
oil 0.28 0.08 -0.27 -0.086 -0.41 -0.52
immediate oxygen -0.33 -0.12 -0.13 ~0.02 0.10 0.04

demand
chemical oxygen -0.20 -0.29 0.03 -0.04 -0.53 0.36

demand
phosphorus -0.28 0.03 0.33 -0.06 -0.04 0.49
sulfide ~-0.,03 -0.21 -0.51 -0.08 -0.08 0.11
DDE -0.33 0.14 0.01 0.09 =0.01 0.09
DDD -0.33 0.13 -0.,06 0.07 -0.07 0.21
temperature -0.05 -0.39 0.04 -=0.22 0.10 0.03
conductivity -0.09 -0.34 0.07 -0.38 0.09 -0.29
pH -0.06 0.30 -0.14 =-0.50 =-0.11 -0.08

*

The most important eigenvectors for the respective component axes
are underlined. The absolute value of an eigenvector is propor-
tional to the importance of the corresponding variable in the
placement of a station along the axis in question. The sign of an
eigenvector determines the direction of this influence.
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Figure 2. Dendrogram showing the relationships between
the species groups. The data was standardized by
species total; the Bray-Curtis distance measure and
group-average sorting were used. See Table 3 for the
species in each of the groups.
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variance in the successive axes are 43%, 32%, 15%, 7%, 2%, and 1%

respectively . The axis numbers are indicated by Roman numerals.
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oxygen demand, and the pesticide residues DDD and DDE. All these
variables tend to increase toward the negative end of the axis.

The second axis is plainly related to the distance of the station
from shore and the effluent sources, since the sequence of stations
on this axis is the same as the topographic sequence, The varia-
bles which tend to change along this axis are percent Calcium Car-
bonate, pH, depth, temperature and conductivity. The latter two
variables tend to decrease, and the others tend to increase toward
the positive end of the axis. The third axis is mainly related to
the level of sulfides and heavy metals. The general level of heavy
metals and the sulfides tends to increase toward the negative end
of the axis, The second heavy metal component (EM2), which is
mainly related to the level of cadmium and nickel, increases toward
the positive end of the axis. The fourth axis is related to pH and
SED2, both of which tend to increase toward the negative end of the
axis, The fifth axis is related to Chemical oxygen demand, oil,
carbon to nitrogen ratio, HM1 and HM2, The first two variables
tend to increase toward the negative end of the axis and the rest
tend to increase toward the positive end. On the last component,
oil tends to increase toward the negative end and Phosphorus tends

to increase toward the positive end of the axis.

Species diversity and biomass.

Table 5 shows the average species diversity and biomass at
the stations. The Gleason richness index (Margalef, 1958) was used
in calculating the species diversity. The index is as follows:

S -1,

SD =
loge N

where 8D equals the species diversity, $§ equals the number of sSpe-
cies in the sample, and N is the number of individuals in the
sample. Compared to other species-diversity indices, this index

is known to emphasize the number of species present,



220

TABLE 5

) , , *
Average Species Diversity and Biliomass

Station 1 2 3 4 5 6 7

Species Diversity 8.7 | 11.0 9.3 7.8 9.2 3.2 2.4

Biomass .51 11.3 £.3 2,1 110.3 1.3 .1

* a L]
Species diversity was determined by the Gleason index, and bilomass
is in grams.



221

The relationships between the biotic and abiotic patterns.

These relationships are best shown by superimposing the
distribution of each species group on an appropriate abiotic
principal component diagram. The first step of this process would
consist of developing some numerical measure which reflects the
relative proportion of a species group which is found at each sta-
tion. Such a measure was calculated in the following manner: 1)

2 cube-root transformation was applied to the species data in order
to prevent the few very abundant species from completely dominating
the results. 2) The transformed species counts for all the species
in a group were totalled over all stations. 3) The transformed
species counts for all species in a group were totalled for each
station separately. 4) The percent of a species group found at a
station was calculated by dividing the total at the station by the
total at all stations; this fraction was then multiplied by 100,
The percentages of the species groups at each station are shown in
Table 6.

Considering one group at a time, these percentages can now
be recorded at the position of the corresponding station on the
principal component diagram, If a consistent trend in the distri-
bution of the species group results, then there is a probability
that some of the factors related to the component axes used are
important in the distribution of that species group. Consequently,
it becomes a question of hunting for the axes that give the most
consistent and meaningful pattern of species-group distribution.

Initially, it would be natural to try combinations of the
first few axes, since these axes contain most of the wvariance.
However, there is not a priori reason why the variables most im-
portant to the distribution of a species group would have to be
related to these axes. Therefore, if combinations of the first few
axes are not found to be satisfactory, other axes with less vari-
ance should be considered. To find the best sets of axes, each
species group distribution could be plotted on different combina-
tions of axes, and the axes giving the most consistent results
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could be used. However, there seems to be sufficient information
in table 4 to indicate which axes may be important in this study.
First of all, topographic position appears to be very important in
the distribution of the species groups. This is evident from the
fact that all species groups tend to be distributed over adjacent
or near-adjacent stations., The second axis best reflects the to-
pographic relationships of the stations; consequently this axis

is used as one of the axes for all the species groups, However,
for each species group, there is at least one case where there is
not a consistent trend among topographically adjacent stations.

For these particular cases it is evident that the axis which would
cause the greatest separation between the station breaking the
trend and the other stations conforming to the trend would contri-
bute to the most consistent picture of species-group distribution.
Using this criterion, the fifth axis was chosen as one of the axes
for the first four species groups, and the third axis was used with
species group 5, The distributions of the species groups on the
resulting principal component diagrams are shown in Figure 4. Sub-
jective isolines are drawn on the diagrams to emphasize the trends,

Species diversity and biomass are also plotted on component
diagrams in Figure 5. The combination of axes II and V was again
found to give the most consistent pattern.

It appears that all the biotic patterns found are somehow
related to one or many of the variables associated with the second
axis of the abiotic analysis. However, a close look at fig, 3
shows that the first and second axes are not independent over most
of the transect, If Stations 1 and 7 are disregarded, the sequence
of stations on the first axis is 2,3,4,6,5; the sequence on the
second axis is 2,3,4,5,6., Consequently, the same general abiotic
trends that were found along the first axis will also be found
along the second axis, This idea is summarized in Figure 6. This
situation would seem contradictory to the idea that the component
axes are independent. However, since Station 1 is so drastically
different (abiotically) from the other stations, the first two
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Figure 5. The pattern of species diversity and biomass in the
abiotic principal component system. See Figures 6 and 7 for a
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The positions of the stations on the axis are indicated by the
corresponding numbers.
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axes are indeed uncorrelated when all stations are considered to-
gether. There seems to be adequate information available to de-
termine the reasons the stations on the extreme ends of the trane
sect do not completely follow the same abiotic pattern as the
middle stations, Station 1 is near an opening in the breakwater,
and the tidal currents in this area are undoubtedly substantial,
This would account for the relatively coarse—-grained sediment and
low organics at this station. Station 2, the next station, is
evidently far enough from the breakwater opening and the associated
currents for considerable deposition of fine sediments and particu-
late matter, Station 7, on the other hand, has relatively fine
sediments in spite of the trend of coarser sediments toward the
shore. Furthermore, this sediment is relatively low in organics
considering the sediment size and proximity of effluents. Riesh
(1959} noted that this is an area where dredgings were dumped, and
this would explain the source of fine sediment. The surge from
wave action in such a shallow area could prevent a larger build-up
of organic material from the effluents.

The abiotic trends along the third and fifth axes have also
been shown to be potentially important in the biotic patterns,

These trends are summarized in Fig. 7.

Discussion and Summary

The distributions of the species groups, biomass, and spe-
clies diversity all showed a relationship to the distance from shore
and the effluent sources. The many variables which change in this
direction (Figure 6) are associated with the second axis of the
ordination analysis. It is not possible from the data alone to de-—
termine the relative importance of each of these variables in the
observed biotic patterns. However, some generalizations can be
made. The trend of the pH measurements indicates a general de-
crease in the level of dissolved oxygen toward the sources of dig-
charge. One would expect to find species which are adapted to low-
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dissolved oxygen conditions (and associated phenomena) at the inner
stations. The polychaetes in species groups 4 and 5 predominated
at the inner stations. The dominant polychaete in species group 4,
Capitella capitata, is commonly found to be dominant in situations
characterized by relatively low dissolved oxygen (Reish, 1973).

The trend of the carbon, nitrogen, and sediment size suggests that
there is sufficient turbulence and current at the inner stations

to prevent a larger build-up of organic waste material in the area,
The highest levels of organic matter are found at station 2, which
is far from the points of discharge.

The biotic patterns, however, could not be completely ex-
plained only in terms of the variables associated with the second
axis, Except for species group 5, it was necessary to refer to
the fifth axis to obtain consistent biotic patterns among the inner
stations. The association of chemical oxygen demand and oil with
this axis hints at the possible importance of the levels of various
chemical compounds in the sediments. Finally, to discern the pat-
tern of species group 5, it was necessary to refer to the third
axis, which is mainly related to the general level of heavy metals
and sulphide,

More information was obtained by congidering the species
groups than was obtained by consideration of species diversity or
biomass alone. The level of species diversity and biomass general-
ly followed the distribution of the two largest species groups (2
and 3); thus the information contributed by the other species
groups would be lost if only species diversity or biomass were con-
sidered,

There is some correspondence between the dominant species
in the species groups and the species defined by Reish (1959} to
characterize different levels of pollution in the harbor. Reish
found Capitella capitata to be characteristic of "polluted” bottoms;

this polycheate was dominant in species group 4, which occurred
mostly at stations closer to the effluent sources. The animals
characterizing a "semi-healthy" bottom, Pseudopolydora paucibran-—
chiata [= Polydora paucibranchiata] and Stauronereis rudolphi
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[= Dorvillea articulata], are also in species group 4, although

they are not dominant, The dominant animal in species group 2,

Tharyx sp. [= Tharyx parvus] corresponds to one of the polychaetes

characteristic of a "healthy bottom", Species group 2 is mostly
found at the stations further out from the effluent sources. Cos-

sura candida, a dominant in species group 3, was also found to be

characteristic of a "healthy" bottom. Group 3 is found mostly at
the stations near the middle of the transect.

Because of the small sample size and small area involved in
this study, the results must be considered with caution, At any
rate, the numerical methods used are only intended to assist the
ecologist in the generation of hypotheses, which can subsequently
be tested under more controlled conditions. A more extensive
sampling program is currently in progress throughout the Los Ange-
les - Long Beach Harbor. More detailed analyses and comparisons
with other studies will be made in subsequent papers using the
additional data.
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Appendix

Methods Used to Measure Variables

Variable

1. Sediment size distribution
2. Carbon analysis

Nitrogen analysis

4., 0il

5. Immediate oxygen demand

6. Chemical oxygen demand

7. Phosgphorus

8. Sulfide

9. Zinc
10. Copper
11. Cadmium
12. Lead
13. Nickel
l4. Mercury
15. Dichlorodiphenylchloroethane
16. Dichlorodiphenyldichloroethane
17. Bottom water measurements

Method

Felix settling tube and
pipette analysis

LECO carbon analyser
micro-Kjedahl

extraction with petroleum
ether

sodium thiosulphate titration
potassium dichromate method
spectrophotometer

titrimetric method

atomic absorption
spectrophotometer

atomic absorption
spectrophotometer

atomic absorption
gspectrophotometer

atomic absorption
spectrophotometer

atomic absorption
spectrophotometer

flameless atomic absorption
gags chromatograph

gas chromatograph

MARTEK probes
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analyser with resin Type C chromo beads. HNinhydrin
was used in the
2 7

.ranged from 6.9 X 10 to 2.2 X 10°. The highest

bacterial counts
values for the plant effluent are examined {(Table 2).
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