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ABSTRACT: M a n a g e m e n t  of ocean pollut ion must  be  based  on the best  avai lable  scientific 
information, wi th  adequa te  considerat ion of economic, social, and  polit ical realities. Unfortunately,  
the best  avai lable  scientific information about  pollut ion effects on fisheries is often fragmentary,  
and  often conjectural;  therefore a pr imary concern of m a n a g e m e n t  should be  a critical review and  
assessment  of avai lable  factual information about  effects of pol lutants  on fish and  shellfish stocks. A 
major  problem in any such review and  assessment  is the separat ion of pol lutant  effects from the 
effects of all the  other  envi ronmenta l  factors that  inf luence survival and  wel l -be ing of marine 
animals.  Data from long- term monitor ing of resource abundance ,  and  from monitor ing of all 
de te rminant  envi ronmenta l  variables,  will  be  required for analyses that  lead to resolution of the 
problem. Information must  also be  acquired about  fluxes of contaminants  th rough resource-related 
ecosystems, and  about  contaminant  effects on resource species as demonstra ted in field and 
laboratory experiments.  Other  possible m a n a g e m e n t  activities include: (1) encouragement  of 
cont inued efforts to document  clearly the localized and  genera l  effects of pollut ion on l iving 
resources; (2) cont inued pressure to identify and  use rel iable  biological  indicators of envi ronmenta l  
degrada t ion  (indicators of choice at present  are: unusual ly  h igh  levels of genet ic  and  other 
anomal ies  in  the  earl iest  life history stages; presence  of pollut ion-associated disease signs, particu- 
larly fin erosion and  ulcers, in fish; and  biochemical /physiological  changes);  and  (3) major efforts to 
reduce inputs  of pollutants clearly demonst ra ted  to be  harmful  to l iving resources, from point  
sources as well  as ocean dumping.  Such pollut ion m a n a g e m e n t  activities, based  on continuous 
efforts in stock assessment,  envi ronmenta l  assessment,  and exper imenta l  studies, can help  to insure 
that  rat ional  decisions will be  made  about  uses and  abuses  of coastal /estuarine waters. 

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

P o l l u t i o n  e f fec t s  o n  f i she r i e s ,  a n d  t h e  p o s s i b l e  m a n a g e m e n t  a c t i v i t i e s  t h a t  s h o u l d  b e  

u n d e r t a k e n  to r e d u c e  a n y  d e m o n s t r a t e d  effects ,  h a v e  o c c u p i e d  t h e  a t t e n t i o n  of e n v i r o n -  

m e n t a l  s c i e n t i s t s  i n  t h e  M i d d l e  A t l a n t i c  B i g h t  of t h e  N o r t h  A m e r i c a n  e a s t  coas t  for m o r e  

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

f rom t h e  g r e a t  c o n c e n t r a t i o n s  of h u m a n s  o n  a d j a c e n t  s h o r e s  {Gross,  1976}. In  t h a t  a r ea ,  if 

a n y w h e r e  i n  t h e  w o r l d ,  i t  s h o u l d  b e  p o s s i b l e  to c o n f r o n t  t h e  p e r s i s t e n t  q u e s t i o n s  of 

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

a p p l i c a t i o n  i n  o t h e r  l e s s  d e g r a d e d  w a t e r s  of t h e  p l a n e t .  In  t h a t  a r ea ,  too, s c i e n t i s t s  a r e  o n  

n o t i c e  b y  e n v i r o n m e n t a l  a n d  r e s o u r c e  m a n a g e r s  to g i v e  t h e m  d e f i n i t i v e  i n f o r m a t i o n ,  or 

to  w i t h d r a w  to t h e  l a b o r a t o r y  a n d  b e  v e r y  qu ie t .  
It s e e m s  t h a t  t h e r e  a r e  t w o  r a t h e r  c l e a r - c u t  r e s p o n s i b i l i t i e s  w h e n  c o n s i d e r i n g  
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po l lu t ion  effects on f isheries:  one is to demons t ra te  that  e s tua r ine /coas ta l  po l lu t ion  is 
r ea l ly  affect ing fish and  shel l f ish  stocks, and  the second  is to p ropose  m a n a g e m e n t  
measu res  to mi t iga t e  d a m a g e  if it  exists.  

These  respons ib i l i t i e s  can be  sa t i s f ied  in five stages,  wh ich  are  easy  to state bu t  
difficult  to accompl ish :  [1) i so la te  and  quant i fy  po l lu t ion  effects on resource  spec ies  - as 
dis t inct  from effects of na tu ra l  env i ronmen ta l  var ia t ions;  (2) conduct  cr i t ical  e x a m i n a -  
t ions of po l lu t ion  effects at leve ls  of the  ind iv idua l ,  the  local  popula t ion ,  and  the species ;  
(3) encourage  the ident i f ica t ion  and  quant i f ica t ion  of sens i t ive  ea r ly -warn ing  indica tors  
of env i ronmen ta l  degrada t ion ;  (4) a t t empt  to r educe  pol lu tan t  inputs ,  w h e r e  d a m a g e  to 
l iv ing  resources  has  b e e n  or  can  be  demons t ra ted ;  and  (5) carry  out  p r a g m a t i c  r egu la to ry  
act iv i t ies  to pro tec t  pub l i c  heal th .  

Each of these  act ivi t ies  wi l l  be  cons ide red  br ie f ly  ir~ the  fo l lowing sections.  Because  
of the  l imi ta t ions  of space  in this  repor t  much  subs tan t ive  ma te r i a l  must  be  i gno red  or 
t r ea ted  inadequa te ly ,  but  the  other  pape r s  in this  sympos ium on "Protect ion of Life in  the  
Sea"  should  serve  to correct  at  leas t  some def ic iencies .  

ISOLATION AND QUANTIFICATION OF POLLUTION EFFECTS ON RESOURCE 
SPECIES AS DISTINCT FROM EFFECTS OF NATURAL ENVIRONMENTAL VARIA- 

TIONS 

Looking at  the  his tory of f i shed  popu la t ions  and  thei r  changes  in abundance ,  it  is 
d i sconcer t ing  that  after  m a n y  decades  of scient i f ic  research,  we  are  stil l  u n a b l e  to a s s ign  
specif ic  respons ib i l i t i es  for obse rved  f luctuat ions in  abundance .  A s impl is t ic  v i ew of 
cause  and  effect is not  real is t ic ,  s ince very  complex  ecosys tem in te r re la t ions  are  
involved.  Many  factors u n d o u b t e d l y  account  for the  g rea t  var ia t ion  in fish abundance ,  
and  the complex i ty  of the  p r o b l e m  is fur ther  i nc r ea sed  by  va r i ab i l i t y  in s a m p l i n g  
t echn iques  d e s i g n e d  to de t e rmine  abundance .  Just  as an example ,  w e  migh t  cons ider  
the  At lant ic  herr ing,  C1upea harengus, a spec ies  that  has  b e e n  s tud ied  for over  half  a 
cen tury  in  Nor th  Amer i ca  and  a lmost  a cen tury  in Europe.  A pervas ive  quest ion,  even  
today,  is that  of causes  of f luctuat ions  in yea r  class strength.  We have  l e a r n e d  much  
about  he r r ing  biology,  and  about  some effects of t empera tu re ,  food ava i lab i l i ty ,  storms, 
compet i t ion,  and  p r eda t i on  on survival  of ea r ly  life his tory stages,  but  full  u n d e r s t a n d i n g  
of why  yea r  c lasses  a re  s trong or w e a k  in any  g iven  yea r  is stil l  e lusive,  as it  is for many  
other  commerc ia l  fishes.  

To sort out po l lu t ion  effects on spec ies  such as he r r ing  (or any  other  commerc ia l  
species)  from effects of many  other  env i ronmen ta l  va r i ab le s  is an  o v e r w h e l m i n g  ass ign-  
men t  - a lmost  at t imes  l ike  an  exerc ise  in fut i l i ty - and  ye t  it must  be  done  if b io logis t s  
expec t  to m a k e  any impac t  on the l ega l  and  pol i t ica l  processes  that  govern  decis ions  
about  ocean  dumping ,  eff luent  controls, and  s tock m a n a g e m e n t  in response  to po l lu t ion  
problems.  To hope  to m a k e  even  a s l ight  impress ion  on the sor t ing-out  process,  we  n e e d  
to: (1) unde r s t and  the re la t ive  impor tance  of al l  env i ronmen ta l  factors in m o d i f y i n g  
mor ta l i ty  rates  of fish and  shel l - f ish  at al l  s tages  in thei r  life histories;  (2) def ine  the  role 
of po l lu tan ts  in affect ing abundance ;  (an app roach  might  be  quant i ta t ive  s tudies  of 
po l lu t ion  effects on k e y  ind ica tor  spec ies  in clean,  l igh t ly  impacted ,  m o d e r a t e l y  
impac ted ,  and  heav i ly  i m p a c t e d  habi ta ts) ;  and  (3) e xa mine  chronic  effects as  we l l  as 
acute  mor ta l i ty  effects of pol lu tants .  
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To be able to recommend management strategies, effects of all environmental 
variables, including specific contaminants, must be examined for all life history stages 
(Pig. 1). A few case history studies of species from the western North Atlantic might be 
instructive. 

PRINCIPAL SOURCES OF STRESS FOR 
MARINE ORGANISMS 
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Pig. 1. Principal sources of envi ronmenta l  stress for mar ine  animals  
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Pig. 2. Life cycle of the winter  f lounder  Pseudopleuronectes americanus with potent ia l  pol lutant  
impact  points 
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Fig. 3. Fin erosion in summer  f lounder Paralichthys dentatus from the New York Bight 
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Pig. 4. Life cycle of the Amer ican  oyster Crassostrea virginica with potent ial  pol lutant  impact  points 
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The first examp le  is the  win te r  f lounder  Pseudopleuronectes arnericanus (Fig. 2). 
The female  p roduces  an  ave rage  600,000 eggs,  of wh ich  an  e s t ima ted  10-16 pe rcen t  
hatch.  Only  an  e s t ima ted  18 ind iv idua l s  pe r  100,000 ha t ched  l a rvae  survive to age  one 
(Saila, 1962). The  spec ies  is es tuar ine  dependen t ,  both  for nursery  areas  and  for 
ove rwin te r ing  sites for adults .  Many  es tuar ies  are  pol lu ted ,  and  adul t s  are  in in t imate  
contact  wi th  po l lu t ed  sediments .  F in  eros ion is a common d i sease  in such fish; F igure  3 
shows such fin d a m a g e  in summer  f lounder.  Ca tches  over  the  pas t  25 years  in the  M i d d l e  
At lant ic  Bight  have  b e e n  constant ,  wi thout  any  major  t rend.  

Ano the r  examp le  is the  A m e r i c a n  oyster  Crassostrea virginica (Fig. 4). S p a w n e d  
eggs  of this  spec ies  m a y  n u m b e r  more  than  100 mil l ion;  la rva l  p l ank ton ic  life is 2-3  
weeks ;  and  n e w l y  set spa t  are sub jec t  to in tense  preda t ion ,  and  must  compe te  wi th  many  
foul ing organisms.  Oyster  popula t ions  on the Uni ted  States  eas t  coast  have  d e c l i n e d  
because  of poor  m a n a g e m e n t  and  d i s ea se - caused  mass  mor ta l i t ies  (Fig. 5). There  have  
b e e n  loca l i zed  d i s a p p e a r a n c e s  of oyster  popu la t ions  that  are  un re l a t ed  to pol lut ion,  but  

OYSTER PRODUCTION 
10-1 DELAWARE BAY 

t itlLILI , o o t i l l  o I , . i l l l l  , , , r 
1950 1955 1960 1965 

Fig. 5. Decline in oyster product ion in Delaware and  Chesapeake  Bays (USA) following a disease 
outbreak which  b e g a n  in the late 1950's 

OYSTER PRODUCTION 
4 0 7  CHESAPEAKE BAY - -  VA 

| 

 o ~176 6 . . . . .  i 
1945 1955 t955 



Pol lut ion effects on f isher ies  679 

some d i s a p p e a r a n c e s  in  heav i ly  con tamina ted  bays  m a y  be  r e l a t ed  to po l lu t ion  (Nelson, 
1916). 

A final  e x a m p l e  is the  s t r iped  bass  M o r o n e  s a x a t i l i s  (Fig. 6). This spec ies  has  had  a 
his tory of v io lent  f luctuat ions  in catch (and p r e s u m a b l y  abundance) ;  its cen te r  of 
a b u n d a n c e  is C h e s a p e a k e  Bay, wi th  lesser  centers  in the  H u d s o n  and  De laware  
estuar ies ;  and  tu rb id i ty  m a y  favor egg  and  la rva l  survival  (Mansueti ,  1962). The t r end  in 
the  last  two decades  has  b e e n  i r regu la r ly  upward .  

LARVAE VULNERABLE TO LETHAL 
OR SUBLETHAL CONTAMINANT ~ d r "  JI  
LEVELS IN WATER C O L U M N / /  

EARLY EMBRYO S E N S I T I V E ~ - - - ~  ~ " ~ w "  
TO WATERBORNE CHEMICAL . . . . . . . . .  f f /  \ ~  . ~ r ~ "  JUVENILES IN CONTAMINATED 

~ ~ - / /  " ~  ~ ~ " ~ - ~ ' - ~  ADULTS ENCOUNTER ~1~ 
~ ~ J  ~ - ' " - , ~  ~ - ~ CONTAMINATED COASTAL f 

~ ~,a~ _ .~WATERS DURING / 
UPPER TRIBUTARIES ~ ~ ~ MIGRATIONS / /  

RIVERS AND BAYS ' ~  ~ 

OCEAN 

Fig. 6. Life cycle of the striped bass Morone saxatilis with potential pollutant impact points 

The d imens ions  of the  p r o b l e m  of i so la t ing  na tu ra l  from m a n - m a d e  env i ronmen ta l  
forces should  be  a p p a r e n t  from these  few examples  of spec ies  which  migh t  be  e x p e c t e d  
to show affects of pol lut ion.  The  task  is difficult  but  not  imposs ib le  for quant i t a t ive  
biologis ts ,  if a d e q u a t e  env i ronmen ta l  and  f isher ies  da ta  are  ava i l ab l e  (a very  impor tan t  
qual if icat ion) .  

CRITICAL EXAMINATION OF POLLUTION EFFECTS AT LEVELS OF THE INDI- 
VIDUAL, THE LOCAL POPULATION, AND THE SPECIES 

H u m a n  act iv i ty  has  i nc reased  env i ronmen ta l  s tresses on fish in es tuar ine  and  
coas ta l  waters .  W e  have,  for instance,  a d d e d  pes t i c ides  and  other  synthe t ic  chemica l s  
which  can, even  in  low concentra t ions ,  d ras t ica l ly  affect the  phys io logy  of fish and  
shel l f ish and  wi th  which  the spec ies  may  have  had  no prev ious  evo lu t ionary  exper ience .  
We have  a d d e d  h e a v y  organic  loads,  in the  form of s ewage  s ludge  and effluents,  wh ich  
can p roduce  anae rob ic  or l ow-oxygen  envi ronments ,  and  wh ich  are  often a c c o m p a n i e d  
by  o ther  con taminan ts  such as h e a v y  meta ls ,  that  can interfere  wi th  enzymes  of the  fish 
and  the food organ isms  they  consume,  

In recent  decades  there  has  b e e n  a g r adua l  inc rease  in the  extent  of po l lu t ed  coas ta l /  
es tuar ine  a reas  - an  inc rease  that  is g e n e r a l l y  p ropor t iona l  to the  dens i ty  of the  ad jacen t  
h u m a n  popu la t i on  and  its leve l  of indus t r ia l iza t ion .  Excel len t  d o c u m e n t e d  e x a m p l e s  of 
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this p h e n o m e n o n  exist  in North  Amer ica ,  wi th  counterpar ts  in Europe  and  e l sewhere  in 
the  world.  

That  chemica l  pol lu tants  cause  stress and  dea th  in i nd iv idua l  mar ine  an imals  can be  
eas i ly  demons t ra ted ,  and  has  b e e n  repea ted ly .  Descr ipt ions  of l e tha l  and  sub le tha l  
effects of heavy  meta ls ,  pe t ro l eum compounds  and  h a l o g e n a t e d  hydrocarbons  a b o u n d  in 
the expe r imen t a l  l i terature .  

That  stress from chemica l  pol lu tants  can have  s igni f icant  quan t i f i ab le  effects on 
resource  spec ies  a b u n d a n c e  (apart  from loca l ized  effects in severe ly  con tamina ted  
coastal  and  es tuar ine  zones) is much  more difficult  to demonst ra te ,  and  has  not  b e e n  
documen ted  satisfactori ly.  

The previous  sect ion of this p a p e r  i nc luded  an examina t ion  of some case his tor ies  of 
points  in the  life cycles  of fish and  shel l f ish where  pol lu tan t  stressors can  exer t  le tha l  and  
sub le tha l  inf luences .  From expe r imen t a l  s tudies  it seems  obvious that  wi th  a l l  these  
po ten t ia l  impac t  points  th roughout  life cycles,  popu la t ions  in con tamina t ed  waters  
should  dwind l e  and  d i sappear ,  ye t  from expe r i ence  on the North  Amer i can  east  coast  
this has  not  h a p p e n e d .  Only  in severe ly  d e g r a d e d  local  waters ,  wh ich  are  a t iny par t  of 
the  total  r ange  of most  fish and shellf ish,  have  there  b e e n  loca l ized  d i s a p p e a r a n c e s  of 
some species;  even  in those areas,  o ther  spec ies  which  might  be  expec t ed  to be  affected, 
are  stil l  p resen t  and  are in some ins tances  abundan t .  This is t rue pa r t i cu la r ly  of a number  
of coasta l  e s t u a r i n e - d e p e n d e n t  fish species,  many  of whom spend  much  of thei r  l ife 
cycles  in waters  that  are to some ex ten t  contamina ted .  

A recent  r ev iew of the  f ishery resources  of the  Uni ted  States  (Wise, 1974) d i scussed  
catches  of a l l  impor tan t  mar ine  fish and  shellf ish,  on a spec ies  by  spec ies  basis,  for the 
pas t  20 years .  Inc luded  were  the major  At lant ic  spec ies  usua l ly  cons ide red  es tuar ine  
d e p e n d e n t  or es tuar ine  and  nearshore  inhabi tants ,  spec ies  which  might  be  expec ted  to 
demons t ra te  some effects pf es tuar ine  and  coasta l  pol lut ion.  With  few except ions ,  
accord ing  to that  publ ica t ion ,  ca tches  of those spec ies  have  b e e n  re la t ive ly  s teady  or 
have  shown some increases  in the pas t  20 years.  One of the  summar iz ing  s ta tements  in 
the  repor t  is of par t i cu la r  note:  "In gene ra l  there  a re  no good  f ishing effort da ta  ava i l ab le  
for those es tuar ine  spec ies  whose  ca tches  have  r e m a i n e d  constant ,  so it is poss ib le  that  
ma in t enance  of catch levels  is due  to constant ly  inc reas ing  f ishing effort. Nonethe less ,  
the  ev idence  from catch records  of a subs tan t ia l  n u m b e r  of exp lo i t ed  es tuar ine  spec ies  in 
Uni ted  States  waters  ind ica tes  that  po l lu t ion  and  d a m a g e  to es tuar ies  have  not  ye t  
shown any measu rab l e  overa l l  effect on the  par t  of the mar ine  resource  which  might  be  
expec t ed  to show the first effects." 

This, of course,  discounts  the poss ib i l i ty  that  anad romous  or es tuar ine  spec ies  may  
be  res is tant  to at leas t  some m a n - m a d e  env i ronmenta l  changes ,  and  that  spec ies  such as 
s t r iped  bass  m a y  ac tua l ly  benef i t  from cer ta in  env i ronmenta l  a l te ra t ions  ( increased  
turbidi ty ,  for example) .  In tens ive  fore ign fishing, in some ins tances  p r o b a b l y  b e y o n d  the 
m a x i m u m  sus ta inab le  y i e ld  of cer ta in  species,  has  p r o b a b l y  exe r t ed  a much  more  severe  
impac t  on a n u m b e r  of major  fish stocks in U. S. con t inen ta l  shelf  waters  than  has  
pol lut ion,  insofar  as such effects can be  de te rmined .  However ,  most  of the  stocks affected 
by  fore ign  f ishing are  not  the  ones wh ich  wou ld  be  most d i rec t ly  affected by  es tuar ine-  
coasta l  pol lu t ion:  

It seems  re levan t  to this d iscuss ion that  a recen t  a t tempt  by  Cole (1975) to assess  
po l lu t ion  effects on North  s e a  fish and  shel l f ish stocks also d isc losed  no iden t i f i ab le  
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widespread  damage  that could be directly a t t r ibutable  to pollutants.  Only shrimp 
popula t ions  seemed  to be affected negat ively ,  whi le  pr incipaI  demersal  fish species such 
as cod, haddock and  plaice have increased in  a b u n d a n c e  in  recent  years. 

But there is a basic  and  ul t imate  faIlacy to this entire l ine of reasoning.  To insist  on 
demonst ra t ion  of easily discernible  effects on overall  species a b u n d a n c e  is to establ ish 
too harsh a criterion of pol lut ion damage.  A much more acceptable  concept is that effects 
of poiIution, clearly demonst ra ted  on even  a s ingle  ind iv idua l  or a local populat ion,  must  
be considered a cause for m a n a g e m e n t  act ion to protect the total popula t ion  - just as is 
the case with humans .  All the mechanisms  of publ ic  heal th  protection come into force 
w h e n  even  mediocre statistical correlations of pol lut ion and  h u m a n  disease are made;  
and  the same kinds  of responses should be made  by resource and  env i ronmenta l  
managers  w h e n  correlations of poIlut ion and  fish abnormai i t ies  are found. At present  
such responses are not made;  the evidence  is considered as mildly  interest ing,  but  not as 
a cause for panic,  or even  for moderate  action. 

A n u m b e r  of early wa rn ing  signs of env i ronmenta l  degradat ion  and  potent ia i  
impacts on l iv ing resources are becoming  apparent  and  avai iable  to managers ,  and  this 
is the subject  of the next  section of this paper.  

IDENTIFICATION OF SENSITIVE EARLY WARNING INDICATORS OF ENVIRON- 
MENTAL DEGRADATION 

It would  seem almost axiomatic that death and d isappearance  are too extreme as 
criteria for de te rmin ing  whether  pol lutants  are harmful  to mar ine  biota  or not. The more 
subtle suble thal  effects of pol lutant  stress should be examined  as indicators of possible 
ionger- term impacts on popula t ions  that as yet are difficult to quantify. These suble thal  
effects can take many  forms of course - physiological  and  b iochemica l  alterations, 
behaviora l  changes,  ecological changes,  and  pathological  changes.  

A recent  and  excel lent  workshop on biological  effects moni tor ing  (McIntyre, 1978) 
descr ibed a n u m b e r  of sensi t ive biological  indicators of pol lut ion stress - bu t  found few 
that were ready for present  quant i ta t ive  appl icat ion without  further research and  

development .  
The best  candidates,  which  are "on l ine"  and  b e g i n n i n g  to be appl ied  quant i ta t ive ly  

in  the nor theas tern  Uni ted  States and  a few other places, consist of several  pol lut ion-  
associated pathologies (Sindermann,  1979). Diseases and  abnormal i t ies  in several  
categories can provide excel lent  clues about  the extent  of degradat ion  and  the degree of 
risk for mar ine  popula t ions  in  any  specified pol luted habitat.  Pathology must  be t aken  in  
its broadest  sense, to inc lude  every th ing  from chromosomal damage  in  the deve loping  
egg, to ul t rastructural  changes  in  gill epi thel ium, and  to tumors, infectious diseases, and  

skeletal  anomalies .  
Of the pathologies that seem reasonably  re la ted to pollution,  there are three 

categories that can be t aken  "off the shelf" immedia te ly  and  appl ied  to a biological  
moni tor ing  program: 

(a) Cytologic and  cytogenetic damage  to eggs, embryos, and  larvae resul t ing from 
exposure to contaminants .  This relat ively new  research area can be called "chromosome 
pathology" - the effects of contaminants  on the genet ic  mater ial  of early life history 
stages, and  the effects of such damage  on survivai  of offspring and  on popula t ion  
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abundance .  Chromosomal  and  cytological  anomal i e s  have  b e e n  found wi th  h igh  p reva-  
l ence  in po l lu t ed  coastal  waters  (Longwell ,  1976). 

(b) Fin erosion and  u lcera t ions  of the  body  assoc ia ted  wi th  exposure  to d e g r a d e d  
envi ronments .  These  condi t ions  have  b e e n  repor ted  from po l lu t ed  waters  in m a n y  parts  
of the  world,  and  in  some ins tances  have  b e e n  shown to have  s ta t is t ical  corre la t ion  wi th  
deg ree  of deg rada t i on  in wa te r  qual i ty  (Murchelano & Ziskowski ,  1976). 

(c} Latent  infections,  pa r t i cu la r ly  those of v i ra l  e t iology,  which  m a y  be  p rovoked  into 
act ive d i sease  by  po l lu t ion  stress. There  has  b e e n  an  exp los ion  of informat ion about  
v i ruses  in mar ine  an imals  i n  the  pas t  few years ,  and  po l lu tan t  stress may  be  one w a y  of 
e luc ida t ing  thei r  effects on mar ine  animals .  Severa l  v i ra l  d i seases  of fish and inver te-  
b ra tes  have  b e e n  r ecogn i zed  after exposure  to po l lu tan t  stress (Far ley et  al., 1972; 
Couch, 1974; Buchanan  et  al., 1978). 

The concept  to be  a d v a n c e d  here  is that  "ep izoot ic"  leve ls  of these  abnormal i t i e s  
can be  powerfu l  d iagnos t ic  tools in r ecogn iz ing  areas  of po l lu t ion  stress - a reas  where  
effects on f ishery resources  migh t  be  expec ted .  

The leve l  o f  sens i t iv i ty  of the app roaches  ou t l ined  above  is good, but  stil l  c rude 
w h e n  c o m p a r e d  wi th  t echn iques  wh ich  are  in the  research  phase  but  not  ye t  opera t ional .  
Very  subt le  changes ,  such as p re -neop las t i c  t issue changes ,  u l t ras t ructura l  a l te ra t ions  in  
ep i the l ium,  and  r e d u c e d  immunocompe tence ,  can a u g m e n t  the  " on l ine"  approaches  
soon, as ea r ly  wa rn ing  s igns of inc reas ing  env i ronmen ta l  stress. Resource manage r s  
should  m a k e  full use  of the  most  sensi t ive  indicators  of hab i ta t  deg rada t i on  that  are  
ava i lab le .  

Whi le  cer ta in  pa tho log ica l  indica tors  s eem to be  of g rea tes t  po ten t ia l  u t i l i ty  in 
ef fec ts-moni tor ing p rograms  at  present ,  the re  are  also phys io logica l ,  b iochemica l ,  
behav io ra l  and  eco log ica l  indica tors  that  m a y  be  useful.  A s ingle  un ive rsa l  indica tor  is 
unl ike ly ;  a mul t id i sc ip l ina ry  app roach  to b io log ica l  effects moni to r ing  should  be  used.  

REDUCTION OF POLLUTANT INPUTS, WHERE D A M A G E  TO LIVING RESOURCES 
HAS BEEN OR CAN BE DEMONSTRATED 

Once  the s teps ou t l ined  so far have  b e e n  t aken  - (1) po l lu t ion  effects have  b e e n  
s epa ra t ed  from those due  to na tu ra l  factors; (2} po l lu t ion  effects on ind iv idua ls ,  popu la -  
tions, and  spec ies  have  b e e n  examined ;  and  {3) sensi t ive  indica tors  of env i ronmen ta l  
d e g r a d a t i o n  have  b e e n  iden t i f i ed  and  tes ted  - then  it should  be  poss ib le  to confront the 
rea l  m a n a g e m e n t  function: to a t t empt  to reduce  pol lu tan t  inputs,  whe re  d a m a g e  to 
l iv ing  resources  has  b e e n  demons t ra ted .  

To be  ab le  to have  an  effective case  aga ins t  inc reas ing  coas ta l / es tuar ine  pol lut ion,  
and  to b e g i n  to reverse  the  trend,  we must  be  ab le  to demons t ra te  effects, and  not  mere ly  
to hypo thes i ze  them. There  are  only a few p laces  in the  wor ld  w h e r e  effects have  b e e n  
demons t r a t ed  adequa te ly ;  the  New York Bight  is one such place.  In this, one of the most 
severe ly  d e g r a d e d  coastal  wa te r  a reas  in the  ent i re  world,  a n u m b e r  of env i ronmen ta l  
changes  have  b e e n  seen:  (a) r e d u c e d  spec ies  diversi ty;  (b) r e duc e d  b iomass  in heav i ly  
i m p a c t e d  zones; (c) abnorma l  fish and  shellf ish;  and  (d) h igh  s ed imen t  and  t issue levels  
of contaminants .  

A n  in tense  s t ruggle  for control  of coasta l  wa te r s  in the  N e w  York Bight  is t ak ing  
p lace  r ight  now. The Uni ted  States  Env i ronmenta l  Protect ion A g e n c y  has  announced  
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that ocean dumping  in  this area (and elsewhere) will  cease by the end  of 1981. 
Arguments  for cont inued  dumping  be ing  raised by those doing the dumpi ng  inc lude  the 
following: 

"Alternat ives  to ocean dumping  are too expensive,  and  the technology is not 
avai lable;  .... Scientists have not proved adequate ly  that there is more than  very localized 
damage  to coastal ecosystems;" and  "Ocean  dumpi ng  may represent  the best  use of 
certain ocean areas adjacent  to large h u m a n  populat ions."  

The expectat ion of env i ronmenta l  managers  is, of course, that once pol lu tant  inputs  
to this or any other affected area have b e e n  reduced or e l iminated,  then  positive changes  
may occur. Several  studies e lsewhere  have provided evidence  that this hope can be 
realized, however  slowly. Examples inc lude  the reduced levels of DDT in  sediments  on 
the California coast fol lowing e l imina t ion  of contamina ted  effluent (MacGregor, 1971, 
1976), and  reduced  PCB contamina t ion  in  Escambia  Bay, Florida, as a result  of expressed 
publ ic  concern about  chemical  p lant  effluents conta in ing  the pol lutant  (Duke et al., 
1970). Numerous  other localized positive responses to pol lut ion aba tement  needs  could 
be cited, bu t  most of them are in  fresh waters, and  m a n y  of the steps t aken  result  in  
decreases in  river pol lu t ion but  increases in es tuar ine/coasta l  pollution.  

One concept which  encompasses  a iarge amount  of fallacy, bu t  which has b e e n  
appl ied  often, is that of "acceptable  levels" or "max imum permiss ible  levels" of 
potent ia l ly  toxic contaminants  in  the oceans. A logical ques t ion is "Acceptable  to 
whom?" - Cer ta in ly  not to the mar ine  organisms whose env i ronment  is be i ng  modified, 
and  cer tainly not to the resource manager ,  who must  be  concerned  about  long- term 
suble thal  effects and  b ioaccumula t ion  of certain toxic chemical  pol lutants  in  commercial  
fish and  shellfish. There  is and  will  be in tense  competi t ion for pr imary uses of es tuar ine /  
coastal waters. It is r epugnan t  to m a n y  fisheries biologists to even  consider  that the 
pr imary use of these waters can be as a dump for toxic wastes of h u m a n  society. Living 
resources, now and  for the future, require bet ter  representa t ion from scientists than  that 
which would  allow cont inued  habi ta t  degradat ion  - even  unde r  the guise of "mul t ip le  
uses" of es tuar ine/coasta l  waters. 

PRAGMATIC REGULATORY ACTIVITIES TO PROTECT PUBLIC HEALTH 

Reduction of pol lu tant  inputs  to es tuar ine/coastal  waters is a necessary and  worth- 
whi le  objective, bu t  one which requires  t ime and  great  effort by env i ronmenta l  protec- 
t ion agencies  - local, na t iona l  and  internat ional .  In the in ter im there are other more 
pragmat ic  m a n a g e m e n t  activities that can  and  must  be  carried out, as a means  of 
protect ing publ ic  health,  bu t  not necessar i ly  the hea l th  of l iv ing mar ine  resources. These 
measures  inc lude  enforcement  of regulat ions  concern ing  closure of shellfish areas 
subject  to excessive inputs  of contaminants ;  and  bans  on sale of fishery products found to 
conta in  excessive levels of contaminants .  

To counte rba lance  these necessary but  nega t ive  regulatory functions,  there are a 
n u m b e r  of mi t iga t ing  actions that are sometimes and should always be a part of 
m a n a g e m e n t  programs: (a) depura t ion  of shellfish - possibly as a universa l  requirement ,  
as it is in  some European  countries at present;  (b) re laying  of shellfish from contamina ted  
areas, with government  support  if necessary;  and  (c) cont inuous surveys of chemical  
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con taminan t  levels in  fish and  shellfish, to de termine  geographic variat ions and  trends 
with time. 

Protection of public health always seems to receive a warmer reception from those 
responsible for enactment and enforcement of laws and regulations than does protection 
of living resources. Both have a common objective in reducing contaminant levels in 
fisheries products and hence in the habitats of fish and shellfish, but resource managers 
probably must accept, however reluctantly, the reality that resource problems will 
continue to lag behind public health problems in terms of public concern and action. 
Emphasis on the intimate relationships of the two - public health and resource health - 
can be a fruitful approach to pollution abatement. 

CONCLUSIONS 

Pollut ion effects on fisheries have received some scrutiny in  recent  decades, and  
information is accumulat ing,  but  is still insufficient to be very useful  in  resource 
m a n a g e m e n t  decisions - except as they involve local areas. Evidence exists for localized 
effects of pol lu tant  stress on fisheries, but  as yet there is little specific evidence  for 
widespread  damage  to major fisheries resource popula t ions  resul t ing from coastal 
pollution. This may well  be  because  we are unab le  to separate clearly the effects of 
pol lutant  stress from effects of the m a n y  other forms of env i ronmenta l  stresses to which  
mar ine  populat ions  are subject. Other factors, such as shifts in  geographic dis tr ibut ion of 
fish populat ions,  changes  in  productive ecosystems, or overfishing, may cause pro- 
nounced  changes  in  fisheries - changes  which could obscure any effects of localized 
habi ta t  degradation.  It seems, with the evidence  present ly  available,  that factors other 
than pol lut ion seem to be  overr iding in  de te rmin ing  fish abundance ,  bu t  we  lack 

MULTIVARIATE ~ _ ~  
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RECOMMENDATIONS FOR ACTIONS ABOUT USES OF ESTUARINE- COASTAL WATERS 

Fig. 7. The research base required to understand pollution effects 
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quant i ta t ive  da ta  to m a k e  pos i t ive  s ta tements  about  cause  and  effect re la t ionsh ips  of 
a b u n d a n c e  and  pol lut ion.  

It m a y  be,  of course,  that  e s tua r ine /coas ta l  po l lu t ion  is exer t ing  some overa l l  
in f luence  on cer ta in  resource  species ,  but  that  this  in f luence  m a y  be  m a s k e d  by  
inc reased  f ishing effort, or by  favorable  changes  in other  env i ronmen ta l  factors which  
create  a posi t ive  effect on abundance ,  ou twe igh ing  any nega t ive  effects of pol lu tants .  
Many  expe r imen t a l  s tudies,  pa r t i cu la r ly  more  recent  ones  concerned  wi th  long- te rm 
exposure  of fish and  shel l f ish to low levels  of contaminants ,  sugges t  that  some long- te rm 
effects on a b u n d a n c e  should  be  felt, bu t  our statistics,  our moni tor ing,  and  our popu la -  
t ion assessments  are  not  ye t  a d e q u a t e  to de tec t  them. 

Effective long- te rm moni to r ing  of stocks and  env i ronment  must  be  the  bas is  of any  
a t t empt  to i sola te  and  ident i fy  po l lu t ion  effects. A cont inuous  i n t eg ra t ed  effort in s tock 
assessment ,  env i ronmen ta l  assessment ,  and  e xpe r ime n t a l  s tudies  (Fig. 7) wi l l  be  
r equ i r ed  to unde r s t and  the role of al l  env i ronmen ta l  s t resses  - na tu ra l  and  m a n - i n d u c e d  
- in  d e t e r m i n i n g  a b u n d a n c e  of resource  popula t ions .  

RESEARCH REQUIREMENTS TO EVALUATE THE 
CONSEQUENCES OF POLLUTION 

I 

LYS 

RECOMMENOATIONS, . \  PREOICTIONS 
FOR ( "OF ENVIRONMENTAL | 

ACTION ~J)EVENTS & CHANGES~ 

Fig. 8. The sequence  of events  lead ing  to predict ions and  m a n a g e m e n t  actions 
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H o w e v e r ,  w e  do  n o t  y e t  h a v e  t h e  p r i n c i p a l  p i e c e s  of t h e  p u z z l e  i n  p l a c e  (Fig. 8), so i n  

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

a f f e c t i n g  e s t u a r i n e / c o a s t a l  p o l l u t i o n  m u s t  b e  m a d e  o n  t h e  b a s i s  of " b e s t  a v a i l a b l e  

s c i e n t i f i c  i n f o r m a t i o n , "  j u s t  as  d e c i s i o n s  a b o u t  a l l o w a b l e  r e s o u r c e  e x p l o i t a t i o n  a r e  m a d e .  

In  b o t h  t y p e s  of d e c i s i o n  p r o c e s s e s ,  a c o n s e r v a t i v e  a c t i o n  p r o v i d e s  a l o w e r  r i s k  of 

d a m a g e  a n d  loss  t h a n  d o e s  a m o r e  e x t r e m e  ac t ion .  C o n s e r v a t i s m  c a n  b e  e s p e c i a l l y  

s i g n i f i c a n t  w h e n  d e c i s i o n s  a r e  m a d e  t h a t  m i g h t  p e r m i t  p o l l u t i o n  to c o n t i n u e  or  i n c r e a s e ,  

s i n c e  l o n g - t e r m  ef fec t s  of e x i s t i n g  l e v e l s  o n  a b u n d a n c e  of r e s o u r c e  p o p u l a t i o n s  a re  

l a r g e l y  u n d e t e r m i n e d .  In  a d d i t i o n  to a d v o c a t i n g  c o n s e r v a t i s m ,  w e  m u s t  p e r s i s t  i n  

a t t e m p t s  to q u a n t i f y  t h e  e f fec t s  of p o l l u t i o n ,  a n d  to d e t e r m i n e  t h e  p r e c i s e  p a t h w a y s  

t h r o u g h  w h i c h  f i s h e r y  r e s o u r c e s  a r e  a f f ec t ed .  
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