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ABSTRACT: Los Ange les -Long  Beach Harbors  were a grossly pol luted body of water  at the  t ime of 
the ini t iat ion of ben th ic  biological  s tudies in 1951. Industrial,  domest ic  and  storm wastes  were 
empt ied  into these  waters  wi th  lit t le or no t reatment .  The inne r  harbor  waters  con ta ined  little or no 
dissolved oxygen and  much of the ben thos  was azoic or possessed a s t ressed community.  However,  
the outer harbor  water  mass conta ined  adequa te  dissolved oxygen, and  the  ben thos  suppor ted  a r ich 
fauna domina ted  by many  species of polychaetes.  A pol lut ion a b a t e m e n t  program was in i t ia ted in 
1968, and  today many former wastes  have  b e e n  e l iminated  or are be ing  diver ted  to t rea tment  p lants  
for processing. The ben th ic  fauna changed  markedly  and  rapidly following this env i ronmenta l  
clean-up. Peaks in popula t ion  were  reached  th roughout  the  harbor  in  1973-1974 which  was 
followed by a sl ight decl ine then  stability. An oil t anker  explosion, p re - t rea tment  of f ish-cannery 
wastes then diversion of these  wastes  to a sewage  t rea tment  plant ,  and  a change  from pr imary to 
secondary t rea tment  of sewage brought  about  changes  in the ben th ic  fauna. In the  latter instance,  
benthic  populat ions of polychaetes,  fish populat ions and  the n u m b e r  of birds feeding wi th in  the 
area decreased significantly. 

I N T R O D U C T I O N  

T h e  Los A n g e l e s - L o n g  B e a c h  H a r b o r  a r e a  is a s i n g l e  b o d y  of w a t e r  o c e a n o g r a p h i -  

cal ly ,  b u t  p o l i t i c a l l y  i t  c o n s i s t s  of t w o  h a r b o r  d e p a r t m e n t s  l o c a t e d  in  t h e i r  r e s p e c t i v e  

ci t ies .  D e v e l o p m e n t  of t h e  a r e a  i n to  o n e  of t h e  w o r l d ' s  l e a d i n g  i n d u s t r i a l  h a r b o r s  h a s  

b e e n  r a p i d  a n d  l a r g e l y  a c c o m p l i s h e d  i n  t h i s  c e n t u r y .  T h e  a r e a  w a s  i n i t i a l l y  a m a r s h l a n d  

w i t h  m u d f l a t s  a n d  e x t e n s i v e  a r e a s  of m a r s h  g r a s s e s  (Pig.  1). D e v e l o p m e n t  c o n s i s t e d  of 

d r e d g i n g  c h a n n e l s ,  f i l l i ng  l o w l a n d s ,  c o n s t r u c t i n g  a b r e a k w a t e r ,  a n d  r e l o c a t i n g  r ive r s .  

C h a n g e s  h a v e  b e e n  e x t e n s i v e  s i n c e  1872,  a s  c a n  b e  s e e n  i n  F i g u r e  1. 
E n v i r o n m e n t a l  s t u d i e s  i n  t h e s e  h a r b o r s  w e r e  n o t  u n d e r t a k e n  u n t i l  t h e  1950s,  d u r i n g  

w h i c h  t i m e  t h e  c o n d i t i o n s  w i t h i n  t h i s  b o d y  of w a t e r  w e r e  c h a r a c t e r i z e d  ( A n o n y m o u s ,  

1952; Reish ,  1955, 1959a) .  It w a s  n o t  u n t i l  t h e  l a t e  1960s  t h a t  n e w  s t u d i e s  w e r e  

u n d e r t a k e n  w h i c h  c o i n c i d e d  w i t h  t h e  i n i t i a t i o n  of a p o l l u t i o n  a b a t e m e n t  p r o g r a m  (Reish ,  
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Fig. 1. Map of San Pedro Bay in 1872 with a current map of Los Angeles-Long Beach Harbors 
superimposed upon it 

1971). Addi t ional  ben th ic  studies b e g a n  in 1971 and  have cont inued  more or less on a 
regular  basis to the present  (Soule & Oguri,  1975, 1976, 1978, 1979). 

The impor tance  of the benthos  in assessing water -qual i ty  condit ions has b e e n  well 
documen ted  (Reish, 1973; Pearson & Rosenberg  1978). The purpose of this report is to 
indica te  how the data from benth ic  studies can be ut i l ized in  assessing env i ronmenta l  
condit ions.  The ben th ic  env i ronmen t  dur ing  the heavi ly  pol luted era of the 1950s will  be 
descr ibed as a more or less base- l ine  condi t ion from which it was possible to measure  the 
benefi ts  of the po l lu t ion -aba temen t  program. The benthos  can then  be re-characterized 
to reflect the changes  which have occurred as a result  of this c lean-up in the late 1960s 
and  early 1970s. Finally,  in the mid 1970s, three addi t ional  ecological  changes  occurred, 
the results of which  were reflected in  the ben th ic  env i ronment ;  these were, the explosion 
of the oil t anker  "Sans inena" ,  the diversion of the f i sh-cannery  discharge to the Terminal  
Island Sewage Trea tment  Plant, and  the change  from pr imary to secondary sewage 
t rea tment  at the Termina l  Is land facility. 
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MATERIALS AND METHODS 

Benthic samples  through 1971 were t aken  throughout  the harbors with a size 1 
Hayward orange-pee l  bucke t  (Reish, 1959b). Most of these samples  were  washed  
through a 1.0-ram mesh sieve except those wi th in  the Long Beach Naval  Shipyard which 
were washed through a 0.5-mm sieve. Samples  from the harbor  in  the 1970s were t aken  
either with a Campbe l l  grab which samples  0.1 m 2 of surface or a Reinecke box core, 
which samples 0.06 m 2 to a depth of 0.5 m. Samples  were washed  through a 0.5-ram 
sieve. All samples were preserved in the field with 10 percent  formal in  in  seawater  and  
brought  to the laboratory for processing and  identif icat ion.  See Reish (1959a) and  Soule 
& Oguri  (1975, 1978, 1979) for addi t iona l  detai ls  on collect ion and  processing of samples.  
These benth ic  studies w¢re a part  of a more extensive ecosystem program carried out in  
the harbors especial ly in the 1970s. 

RESULTS 

B e n t h i c  c o n d i t i o n s  1 9 5 1 - 1 9 6 8  

Benthic samples  were t aken  in  selected harbor  locations in 195t, 1954, 1955, and  
1967-68. The condit ions in June  1954 (Fig. 2) were used to construct a representa t ive  
description of the benth ic  env i ronmen t  dur ing  this 17-year period. In addit ion,  the data 
from samples  taken  in  1970-71 from the Long Beach Naval  Shipyard are incorporated in  
Figure 2 (Hill & Reish, 1975) since no previous samples  had b e e n  taken  wi th in  the nava l  
base and they were taken  prior to the in i t ia t ion of the pol lut ion aba t emen t  program by 
the U.S. Navy at this facility. 

Fifty-five stations were sampled  in  June  1954 and  five distinct zones were noted  on 
the basis of the presence or absence  of polychaete  species (Fig. 2). In general ,  the 
polluted zone, characterized by the presence  of the polychaete  Capitella capitata, and  
the very pol luted zone, which lacked animals ,  were present  wi th in  the majori ty  of the 
b l i nd -end ing  slips or bas ins  of the inne r  harbor  area, i nne r  Long Beach Naval  Base, Fish 
Harbor, and at the discharge point  of the Termina l  Is land Sewage Trea tment  Plant. The 
heal thy zone, characterized by the polychaetes  Tharyx parvus, Cossura candida, and  
Nereis procera, was present  in  the outer harbor  and  m a i n  channels .  The semi-hea l thy  
zones, one characterized by Dorvillea articulata, (= Stauronereis rudolphi or Schis- 
tomeringos longicornis) and Polydora paucibranchiata (=  Pseudopolydora paucibran- 
chiata) and the other by Cirriformia luxuriosa, were located in the inne r  harbor  areas 
be tween  the heal thy and  pol lu ted  zones. 

Sediment  characteristics followed similar  pat terns in distr ibution.  The b lack  sulfide 
muds, which had a high organic carbon content,  were present  in the inne r  harbors, 
whereas the c leaner  sediments  with low organic  carbon content  were present  in  the 
outer harbors. 

While  there were over 240 companies  or agencies  d ischarg ing  wastes into the 
harbors, industr ia l  wastes const i tuted the largest  fraction of these discharges, with the oil 
companies be ing  the s ingle  most important  contributor.  Oil-ref inery wastes were dis- 
charged into Consol idated Slip - East Basin and  West Basin areas of Los Ange les  Harbor  
(Fig. 2). Domestic waste from the area was discharged into the outer harbor  near  Fish 
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Fig. 2. Benthic biological conditions in Las Angeles-Long Beach Harbors in 1954 with conditions in 
Long Beach Naval Facility in 1971 

Harbor,  and f ish-cannery waste  was d i scharged  into Fish Harbor  itself. Dockside 

facil i t ies d i scharged  raw s e w a g e  direct ly  into the water .  
Some areas of the inner  harbors did not rece ive  major discharges directly, but 

because  of l imi ted water  circulat ion in the b l i nd -end ing  slips (especially in Long Beach 
Harbor  inc lud ing  the naval  base), wa te r  exchange  was l imi ted which  resul ted in 

r educed  dissolved oxygen  condit ions.  

Pol lut ion a b a t e m e n t  1968 1970 

Ecological  condit ions r e m a i n e d  the same for the ensuing 10-15 years with no 

apprec iab le  change  in the nature or amount  of wastes  empt ied  into the harbors. In early 
1968, the State of Cal i fornia  issued an order prohibi t ing the d ischarge  of oil-refinery 

wastes  into D o m i n g u e z  Channe l  which  f lowed into the Consol ida ted  Slip - East Basin 
reg ion  of Los Ange le s  Harbor and e l sewhere .  The amount  of oi l - ref inery wastes at that 

t ime had reached  7.5 × 107 1/day. It took near ly  20 months  for all 18 oil companies  to 
comply  with this order. A month later, October  1970, the dissolved oxygen  in the water  

mass r anged  from 3.8 to 5.2 mg/ l  where  it had  formerly r anged  from 0.0 to 1.0 rag/1 in the 
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Fig. 3. Benthic biological conditions in Los Angeles-Long Beach Harbors in 1973 with conditions in 
Long Beach Naval Facility in 1978 

mid-1950s. Benthic organisms did not occur in this area prior to pol lut ion aba tement  but  
up to 11 species were  present  at some stations by October  1970 (Reish, 1971). 
Polychaetes dominant  of the pol lu ted  and semi -hea l thy  zones charac ter ized  this area of 

the harbor fol lowing the aba temen t  program. These  condit ions r ema ined  s tabi l ized in 
Consol idated Slip (Fig. 3) through 1978. However ,  in East Basin, which  is just down 

current from Consol idated,  ben th ic  species  of polychaetes ,  such as Euchone limnicola 
and Nephtys cornuta franciscana, which  previous ly  were  known  only from the outer  

harbor, were  present  as dominant  species. Foul ing  organisms,  which  had been  vir tual ly  
absent  previously,  were  abundant  wi th  the mussel  iVIytHus edulis domina t ing  (Reish, 

197i). The Consol ida ted  wharf, bui l t  of creosoted wood pil ings,  col lapsed shortly after 

controls were  implemented ,  due  to the wood  borer  Limnoria tripunctata, which  had  

previously b e e n  absent  from the area, 
The po l lu t ion-aba tement  program wi th in  the U.S. Naval  Base (Fig. 2) was not 

ini t iated until the mid-1970s. Wastes d i scharged  wi th in  the base consis ted of pe t ro leum 

products, waste  waters  of various types from naval  ships, and storm run-off, but  now all 
of these wastes, except  storm waters,  are col lec ted  and d i scharged  e l sewhere .  In the 
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1970-71 period much of the benthos  in  the nava l  base was domina ted  by Capitella 
capitata (Fig. 2; Hilt & Reish, 1975), but  fol lowing the comple t ion  of the aba temen t  
program this species was vir tual ly  absent  and  the benthos  was domina ted  by a wide 
variety of species with the heal thy zone indicators domina t ing  (Fig. 3; Reish, 1978). 

P o s t - p o l l u t i o n - a b a t e m e n t  p e r i o d :  1 9 7 3 - 1 9 7 8  

All major  industr ia l  wastes were either diverted e lsewhere  or e l imina ted  by the 
early 1970s. The f i sh-cannery  wastes  were  diverted in  October  1977-January  1978 to the 
Termina l  Is land Sewage Trea tment  Plant, which  changed  from a pr imary to a secondary 
facility in April  1977. As a result  of these changes,  the benth ic  fauna  at a g iven locality 
also changed  in composit ion.  Benthic condi t ions  in  the 1973-74 period can be taken  as a 
new  base  l ine  for j u d g i n g  possible recent  and  future changes  (Fig. 3; Anonymous,  1975). 
By compar ing  the results g iven  in  Figure 2 with those in Figure 3, one can see the 
e l imina t ion  of the former very pol lu ted  zone. Benthic animals  are now present  in all 
areas of the harbors. 

The pol lu ted  zone is conf ined to the innermos t  region of Consol idated Slip and to 
the area a round Fish Harbor  and  the discharge point  of Termina l  Island Sewage 
Trea tment  Plant. The semi-hea l thy  zones, which were formerly in the inner  ma in  
channels ,  are now confined to some of the innermos t  regions of the slips or basins.  The 
heal thy  zone is present  throughout  much of the outer harbor, Long Beach Naval  Base, 
and  the ma in  channe l s  of the harbor  (Fig. 3). The very pol lu ted  zone, which was azoic, 
ceased to exist wi th in  the harbors. 

The n u m b e r  of ben th ic  species more than  doubled  from 1954 to 1973 largely as a 
result  of invas ion  into the harbor  of offshore species. With this invas ion  of addi t ional  
species the hea l thy  zone became  more diverse in its composi t ion and  was divided into 
addi t iona l  associat ions (Table 2; Anonymous ,  1975). 

" S a n s i n e n a "  e x p l o s i o n  D e c e m b e r  1976 

On December  17, 1976, the 70,000 ton t anker  "Sans inena"  exploded and  bu rned  in 
Los Ange les  outer harbor  (Fig. 4). Approximate ly  32,000 barrels  of Bunker  C fuel were 
spi l led as a result  of this explosion. An u n k n o w n  amount  of the l ighter  oils bu rned  with 
the heav ie r  components  s ink ing  to the bottom. 

Benthic samples,  together  with other biological ,  chemical  and  physical  measure-  
ments,  were t aken  in the su r round ing  area a few days after the explosion. They were 
from the vicini ty of the explosion (Fig. 4 ) b u t  not next  to the "Sans inena"  because  the 
debris  from the wreckage  of the ship p reven ted  ships from en te r ing  the area. However,  
scuba dive transects from the ship were made  immedia te ly  after the explosion and 
month ly  for one year. Approximate ly  2.5 m of oil-tarry res idue pooled benea th  the 
wreck, and  a layer  of oil covered the benthos a round the "Sans inena" ;  a year later the 
layer  had been  reduced  to 2 cm by salvage operat ions and  was not  detected two months 
later  fol lowing severe storms (Soule & Oguri,  1978). C lean-up  operations of the "San- 
s inena"  p reven ted  box coring on the immedia te  site of the wreckage for the year 
fol lowing the explosion,  but  samples  were t aken  ini t ia l ly  at 23 stations in the b e g i n n i n g  
some 50 m from the wreck, and at 12 stations quarter ly  through November  1977. 
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Table 1~ Range and mean of the number of species and specimens of benthic animals in the vicinity 
of the "Sansinena" explosion 1976-1977 

Number of species Number of specimens 
Date Range Mean Range Mean 

December 1976 20-46 31.7 298-1815 929 
January 1977 6-18 12.4 168-2320 1130 
April 1977 15-31 24.3 41- 341 242 
July 1977 18-33 24.5 190-2836 751 
November 1977 23-35 29.0 450-2874 1237 

The harbor area  near  the "Sans inena"  site was charac te r ized  by about  40 species  
and 40,000 s p e c i m e n s / m  2 in 1974, the date  of the last pub l i shed  benth ic  s ampl ing  in the 

area. The results of the ben th ic  s tudies are summar ized  in Tab le  1 as to the n u m b e r  of 

species and spec imens  present  near  the explos ion  (Fig. 4). wi th  respect  to t ime. The  

number  of species  d ropped  dramat ica l ly  from a m e a n  of 31.7 in D e c e m b e r  1976 
(apparent ly insufficient  t ime had e lapsed  from the t ime of the explos ion to the date  of 

col lect ion of samples  a few days later  to have  affected the benth ic  fauna) to a low of 12.4 

a month  later. However ,  the n u m b e r  of ind iv idua ls  had  actual ly  increased,  sugges t ing  a 
biost imulatory effect on those species  not  e l im in a t e d  by acute  toxicity. The  n u m b e r  of 
species increased  in Apri l  but  the n u m b e r  of ind iv iduals  dec l ined  by an order  of 
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Fig, 4. Location of "Sansinena" explosion in 1976 and station locations of benthic surveys 
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Table 2. Dominant species composition of the three healthy zones in Los Angeles - Long Beach 
Harbors 1971-1978 

Healthy zone* Group 1 Group 2 Group 3 

Tharyx parvus 
Cossura candida 
Nereis procera 

Macoma acolasta 
Notornastus c. tenuis 
t~ionsopio pygmaeus 
Tellina modesta 

"As defined by Reish (1959a) 

Tharyx ? parvus Euchone lirnnicola 
Cossura candida Callianassa sp. 
Halposcoloplos etongatus Cryptornya californica 
Prionospio pinnata Nephtys c. franciscanus 

magni tude .  Partial recovery could be seen  by July, and  popula t ion  levels appeared  
normal  by November  1977, a l though total numbe r s  have not equa led  the 1974 levels in 
recent  years. 

Analysis  of the species composi t ion indicates  that all stations sampled  were com- 
posed of one of the three heal thy sub-zones  as def ined in 1975 (Table 2). While  there was 
a dec ided reduct ion in  the n u m b e r  of species a month  after the explosion, the species 
present  were  those characterist ic of the hea l thy  envi ronment .  Specimens  of Schis- 
tomeringos longicornis and  Pseudopolydora paucibranchiata,both characteristic of the 
semi-hea l thy  zone, and  Capitella capitata, characteristic of the pol lu ted  or stressed zone, 
were t aken  in  small  numbe r s  from some of the stations. None of these species was 
dominan t  at any  of the stations at any  time. The area directly be ne a t h  the spill was 
covered by  2-3 m of oil. Pol lowing sa lvage and  c lean-up  of the res idual  oil, the area was 
dredged.  Therefore, no evidence  could be gathered on whether  a stressed communi ty  
might  have developed,  which would  have b e e n  domina ted  by Capitella capitata, as 
noted by Grassle and  Grassle (1974) fol lowing the West Fa lmouth  oil spill. 

D i v e r s i o n  of f i s h - c a n n e r y  w a s t e s  a n d  c o n v e r s i o n  
of t he  T e r m i n a l  I s l a n d  S e w a g e  T r e a t m e n t  P l a n t  to s e c o n d a r y  t r e a t m e n t  

1 9 7 7 - 1 9 7 8  

Organic  wastes from two sources were discharged near  one another  into outer Los 
Ange les  Harbor;  there were  two outfalls for f ish-cannery wastes and  one for primary 
treated sewage  from Termina l  Is land Sewage Trea tment  Plant  (Fig. 5) in a shallow 
(4-5 m) area. In 1974-75, fish canner ies  ins ta l led  pre t rea tment  e q u i p m e n t  (dissolved air 
flotation). This removed major  amounts  of proteins, amino acids and  fats from the 
effluent. Under  a po l lu t ion -aba temen t  program of the Envi ronmenta l  Protection Agency 
and  the State of Cal ifornia  Water  Qual i ty  Control  Board, the wastes from the fish 
canner ies  were  diverted to the Termina l  Is land Sewage Trea tment  Plant  (October 
1977-January  1978). This t rea tment  p lan t  had b e e n  converted from pr imary to secondary 
sewage t rea tment  in  April  1977. Canne ry  wastes were largely l iquid  since most of the 
solid mater ia l  had b e e n  removed prior to discharge into harbor  waters. Biological 
condi t ions  in  the vic ini ty  of the discharges vary; from a low of 7 species and  1680 
ind iv idua l s /m  2 in  1971, counts increased  to 14 species and  12,256 ind iv idua l s /m 2 in  
1973. In 1974 there were 17 species and  7930 individuals .  Fol lowing insta l la t ion of 
dissolved air flotation, counts dropped in  1976 to 8 species and  808 ind iv idua l s /m 2 but  by 
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Fig. 5. Location of the discharge sewers for fish harbor and Terminal Island Sewage Treatment Plant 
(TITR = Terminal Island Sewage Treatment Plant) 

1978 the site had recovered. While  condi t ions  improved from the capi te l l id  popula t ions  
of 1976 at the outfalls, formerly rich adjacent  areas dec l ined  in  species and  in  n u m b e r s  in  
1978 following full secondary t rea tment  (Soule & Oguri,  1979). 

The effluents from the fish canner ies  presen ted  several  problems in  the opera t ion of 
the sewage- t rea tment  plant.  The cannery  wastes  are of var iable  salinity, h igh in  BOD 
with an average of 1000 rag/l, and  in termi t tent  in  flow dur ing  the day, week  and  year. 
Varying amounts  of sea water  were added  to the cannery  effluents in an  at tempt to 
stabilize sal ini ty and give a combined  flow of cannery,  domestic  and  indust r ia l  wastes 
totaling about  56.8 mil l ion liters per day, except dur ing  t imes of high storm runoff. In 
July 1978, t reatment  p lant  operations were disrupted by a loss of the bacter ia l  floc, which  
resul ted in discharges with exceed ing ly  h igh  BOD and  suspended  solids levels, h igher  
than those occurring prior to conversion to secondary treatment .  Aerat ion was increased  
in September  1978 which resul ted in  reduct ion of BOD and  suspended  solids. Ammonia -  
N dropped from 20-30 mg/1 to about  5 rag/1 after convers ion to secondary  t rea tment  in  
April 1977, but  after diversion of the f i sh-cannery  wastes in late 1977, the va lues  rose to 
45 mg/1. Ammonia -N  values  in 1978 f luctuated but  were genera l ly  lower than in  1977 
unti l  the disrupt ion of p lant  operat ions in July  1978 after which the values  rose to over 
50 rag/1. Values dropped to less than  5 mg/1 after resumpt ion  of normal  p lant  operat ions 
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in  Sep tember  1978. Intermit tent  violat ions of the effluent permit  cont inue  and a cease 
and  desist order has now b e e n  issued. 

These changes  in the methods of waste disposal and  disrupt ion of plant  operations 
brought  about  immedia te  changes  in  the benth ic  communi t i es  which in turn resul ted in  
changes  in  the fish and  bird popula t ions  in  the vicinity.  The genera l  results of 22 benth ic  
surveys in  outer Los Ange les  Harbor  from 1971-1978 are summarized  graphical ly  as 
year ly means  in  Figure 6. The data for A7, the stat ion located near  the discharge pipe of 
the Te rmina l  Is land Sewage Trea tment  Plant, are plotted separately  from the other data. 
The large increases  in  the n u m b e r  of species and  spec imens  in  the 1972-1974 period 
were probably  the result  of the genera l  harbor  po l lu t ion-aba tement  program (Reish, 
1971) which a l lowed for extensive  new  colonizat ions to occur. The popula t ion  decreased 
fol lowing the peak  in  1973 to a point  of relat ive stabil i ty in  the 1976-1978 period. The 
sharp decrease  in  the n u m b e r  of ind iv idua l s  s ince 1974 following the sharp rise was 
probably  the result  of extensive larval  se t t lement  in 1972-1974 following an environ- 
men ta l  change  but  as compet i t ion for food and  space b e g a n  to occur dur ing  the growth 
per iod of these animals ,  m a n y  spec imens  ei ther  died or were ea ten  by others (Reish, 
1961). 

Fol lowing the changes  in  the methods  of waste disposal and  sewage treatment,  a 
drop was noted  in  the n u m b e r  of species present;  however,  the n u m b e r  of specimens was 
not altered. In contrast, the n u m b e r  of species and  spec imens  at Station A7, near  the 
outfall, more than  doub led  fol lowing the changes  in  waste disposal methods.  Capitella 
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Fig. 6. Annual means of benthic species and number of specimens in the outer harbor (all stations) 
and near the vicinity of the discharge of the Terminal Island Sewage Treatment Plant (Station A7) 
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capitata cont inued to dominate  the ben th ic  communi ty  at Station A7 into 1978, bu t  with 
a greater n u m b e r  of species present.  Mediomastus californiensis (= Capitita ambiseta) 
became the dominan t  species and  faunal  composi t ion came to resemble  those stations 
farthest from the discharge point  of which  the pr inc ipa l  components  were M. californien- 
sis, Tharyx sp. (=  Tharyx parvus), and  Cossura candida, characterist ic of the hea l thy  
zone. 

Populations of fish and mar ine  birds decreased fol lowing the cessat ion of cannery  
discharges in  late 1977. The m e a n  n u m b e r  of fish per trawl in the outer harbor  area 
exper ienced a four-fold decrease b e t w e e n  1973 and  1978. The white  croakers and  the 
anchovies were part icular ly affected. The white  croaker (Genyonemus lineatus}, which 
is the pr incipal  fish caught  by  low income shore anglers  dropped 10- to 20-fold dur ing  
this period. The popula t ion  of anchovy (Engraulis mordax), which is used as a live bait,  
dropped near ly  a hundred-fo ld  be tween  1973 and  1978 (Soule & Oguri,  1979). 

Populat ions of birds were de te rmined  quarter ly  throughout  the harbor  in  1978 and  
compared with similar  data collected in 1973-1974. The overall  popula t ion  showed a 
2.5-fold decrease in 1978 compared with the 1973-1974 period. The greatest  decreases 
were found in the common mar ine  birds, such as surf scoter, b lack-be l l i ed  plover, 
sanderl ing,  seven  species of gulls, and  Forester 's  tern. However,  the wes te rn  grebe  a nd  
endangered  b rown pel ican  showed an  increase  in 1978. The f i sh-cannery  sewer site was 
a common bird feeding site before the diversion of the f i sh-cannery  wastes to the sewage 
plant. Birds formerly fed near  the boil  of the sewage-p lan t  discharge but  no longer  do so 
(Soule & Oguri, 1979). 

DISCUSSION 

Genera l ized  results are presen ted  to indica te  the effects of env i ronmen ta l  changes  
on benth ic  fauna  in  Los Ange l e s -Long  Beach Harbors dur ing  the past  28 years. While  
benthic  samples were not t aken  dur ing  all of these years, sufficient data are avai lable  to 
indicate that the benth ic  fauna  responds rapidly to any  change  in  env i ronmen ta l  
condit ions either benef ic ia l  or detr imental .  Improvement  in water  qual i ty  as the result  of 
the e l imina t ion  of d ischarg ing  of oi l-ref inery wastes into the harbor  resul ted  in an  
invas ion of benth ic  species into areas formerly azoic. Prior to 1971, canner ies  d ischarged 
fish scales, heads  and  par t iculates  into Fish Harbor, c rea t ing anoxic and  azoic condi-  
tions. Reduction plants  removed the solid wastes and  effluents were diverted to the 
sewer outfall area in  1971, after which the peak  outer harbor ecosystem was reached in 
1973-1974. Diversion of the f ish-cannery waste to the Termina l  Island Sewage Treat-  
ment  Plant  and  its subsequen t  conversion to secondary t rea tment  brought  about  the 
upgrad ing  of species composi t ion from a pol lu ted  to semi-hea l thy  species composi t ion in  
the immedia te  area. However,  the env i ronmen ta l  changes  in  the outer harbor,  with the 
e l iminat ion  of the nu t r ien t  source of the f ish-cannery wastes and  the convers ion  from 
primary to secondary treatment ,  have resul ted in  a drop in  benth ic  species and  popula-  
tions in the adjacent  outer harbor area, with a resul tant  s ignif icant  drop in  fish and  bird 
populations.  A 30-fold decrease in  microheterotrophs (bacteria, etc.) s ignif icant ly  
reduced the detrital  food supply to the ben th ic  organisms.  

One  of the benefi ts  of a moni tor ing  program is that you know what  is present  prior to 
some ecological mishap such as the "Sans inena"  explosion. Popula t ions  near  the ship 
were reduced, reaching their lowest level  four months  later, but  the species composi t ion 
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w a s  a l w a y s  c o m p o s e d  of t h o s e  p o l y c h a e t e s  c h a r a c t e r i s t i c  of t h e  h e a l t h y  zone .  N o r m a l  

b e n t h i c  c o n d i t i o n s  w e r e  n o t e d  a y e a r  a f t e r  t h e  e x p l o s i o n .  

W h i l e  b e n t h i c  m o n i t o r i n g  p r o b l e m s  m a y  a p p e a r  t i m e - c o n s u m i n g ,  e x p e n s i v e  a n d  

p e r h a p s  u n n e c e s s a r y ,  a k n o w l e d g e  of t h e  b e n t h i c  f a u n a  is a n  a c c u r a t e  b a r o m e t e r  of w h a t  

h a s  r e c e n t l y  h a p p e n e d .  M o n i t o r i n g  p r o g r a m s  w h i c h  h a v e  b e e n  c o n d u c t e d  o v e r  a l o n g  

p e r i o d  of t i m e  c a n  g i v e  u s  i n s i g h t  i n t o  n a t u r a l  v a r i a b i l i t i e s  of t h e  e n v i r o n m e n t  s i n c e  it  is  

i m p o r t a n t  to  b e  a b l e  to  d i s t i n g u i s h  b e t w e e n  t h e m  a n d  s o m e  m a n - c a u s e d  e v e n t  ( S h a r p  e t  

al., 1979). 
A b r o a d  s p e c t r u m  m o n i t o r i n g  p r o g r a m  w a s  m a i n t a i n e d  a l o n g  w i t h  q u a r t e r l y  b e n t h i c  

s a m p l i n g .  T e m p e r a t u r e ,  s a l i n i t y ,  d i s s o l v e d  o x y g e n ,  p H  a n d  t u r b i d i t y  w e r e  m e a s u r e d  a t  

1 -m i n t e r v a l s  in  t h e  w a t e r  c o l u m n  a n d  n u t r i e n t  sa l t s  i n  s u r f a c e  s a m p l e s  d e t e r m i n e d  o n  a 

m o n t h l y  b a s i s .  Also ,  p h y t o p l a n k t o n  p r o d u c t i v i t y  (14C), c h l o r o p h y l l  a a n d  a s s i m i l a t i o n  

r a t i o s  w e r e  d e t e r m i n e d ,  z o o p l a n k t o n  p e r  m 3 i d e n t i f i e d  a n d  s e t t l i n g  r a c k  m e r o p l a n k t o n  

w e r e  s a m p l e d  m o n t h l y .  F i s h  t r a w l s  w e r e  m a d e  q u a r t e r l y .  S e d i m e n t  g r a i n  s ize  a n d  t r a c e  

m e t a l  a n d  p e s t i c i d e  a n a l y s e s  w e r e  m a d e  as  we l l .  M i c r o b i o l o g i c a l  c o u n t s ,  u p t a k e  s tud ie s ,  

c a l o r i e  a n d  g u t - c o n t e n t  i n v e s t i g a t i o n s  h a v e  b e e n  d o n e  p e r i o d i c a l l y ,  T h u s  t h e  b e n t h i c  

s a m p l e  d a t a  h a v e  b e e n  c o r r e l a t e d ,  u s i n g  w e i g h t e d  d i s c r i m i n a n t  c o m p u t e r  a n a l y s i s  

( S m i t h  1979), w i t h  a v a r i e t y  of p a r a m e t e r s .  In  t h i s  way .  t h e  e c o s y s t e m  h a s  b e e n  

c h a r a c t e r i z e d ,  a n d  p r o g r e s s  t o w a r d  a s s i m i l a t i o n  c a p a c i t y  m o d e l i n g  h a s  b e e n  a c h i e v e d .  
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