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ABSTRACT: Al though logical compromise agreement  be tween  all the conflicting users of the sea 
seems the most obvious way to protect mar ine  life, we have in practice mainly  ad-hoc restrictions 
a imed at protect ing habi ta ts  or species, or at trying to prevent  chemical /physical  deteriorat ion of the 
environment .  The es tab l i shment  of reserves on biological  ra ther  than touristic grounds necessi tates 
considerat ion of the criteria, appropriate  to mar ine  life, that  should be used. Successful reserve 
m a n a g e m e n t  or species protection measures  depend  upon  dis t inguishing be tween  natural  and  
man-made  changes,  an  abil i ty that  can be  enhanced  in par t  by appropriate  dis turbance experi- 
ments.  Anti-pollut ion measures  have  centred upon effluent input  ra ther  than  biological  effect in  the 
field, wi th  "acceptable  discharge levels" be ing  based  upon  lethal  and  sub-le thal  exper imenta l  
effects. But the ul t imate criteria of envi ronmenta l  wel l -be ing are ecological responses  at the 
popula t ion and  community levels where,  unfortunately,  many natural  and  man-made  influences 
produce similar changes.  Knowledge of community  dynamics and  a resul t ing abili ty to discount 
natural  events require long- term studies and  are slow to accumulate.  Thus whi le  short-term sub- 
lethal  studies proliferate many  ecological data remain  unin terpre tab le  except in  localities of gross 
and  obviotts pollut ion ( including tanker  accidents}. The scarcity of sub- le thal  and  ecological effects 
in the field is even supp lemented  by ecological changes  that  are contrary to expectat ions based  on 
pollut ion loadings. Is this because  ecological expertise is still inadequate ,  or because  exper imenta l  
and  envi ronmenta l  loading data  grossly overstate the risks and are largely i r relevant  at the 
community  level? Can  we assume that  fears of chronic pollut ion are unfounded  or must  we intensify 
our efforts? If the latter, in  which  direction? 

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

A t  o n e  t i m e  w e  h a d  " C o n s e r v a t i o n " ,  w h i c h  i n  e s s e n c e  is s o m e w h a t  n e g a t i v e ,  

r e t a i n i n g  w h a t  t h e r e  is. N o w  w e  h a v e  " M a n a g e m e n t "  w i t h  i ts  i m p l i c a t i o n  of p o s i t i v e  

p l a n n i n g  a n d  f o r w a r d  l o o k i n g .  W h e t h e r  t h e r e  is a r e a l  d i f f e r e n c e  or  n o t  i t  is  n e c e s s a r y ,  if 

w e  a c c e p t  t h a t  ou r  o b j e c t i v e  is " t h e  m a i n t e n a n c e  of n a t u r a l  c o n d i t i o n s  a n d  e c o i o g i c a I  

d i v e r s i t y " ,  to  (a) r e c o g n i s e  t h e  t h r e a t s  a n d  a s s e s s  t h e i r  r e l a t i v e  i m p o r t a n c e ;  (b) d e v i s e  

w a y s  of c o u n t e r i n g  or  m i n i m i s i n g  t h e  e f fec t s  of t h e s e  t h r e a t s ;  (c} a c q u i r e  s u f f i c i e n t  

u n d e r s t a n d i n g  of t h e  n a t u r a l  s i t u a t i o n  to b e  a b l e  to j u d g e  t h e  e f f i c i e n c y  of t h e  c o u n t e r -  

m e a s u r e s .  
A m o m e n t ' s  c o n s i d e r a t i o n  i n d i c a t e s  t h e  s c a l e  a n d  c o m p l e x i t y  of t h e  s u b j e c t .  V i r t u -  

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

o b j e c t i v e .  E v e n  t h o s e  t h a t  d e p e n d  u p o n  t h e  c o n t i n u a n c e  of n a t u r a l  m a r i n e  r e s o u r c e s ,  

s u c h  as  f i s h i n g  or  b i o l o g i c a l  e d u c a t i o n ,  a r e  t h r e a t s  to  g r e a t e r  or l e s s e r  e x t e n t s ,  w h i l e  t h e  
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wider  range  of uses can provoke economic/pol i t ical /social  conflicts in which the diffe- 

rent  self-interests can often advance  equa l ly  convinc ing  justifications. 
Not the least of our problems as biologists is that which is met  so often in 

env i ronmenta l  debates,  of t rying to persuade  society to ba lance  largely immeasurab le  
attr ibutes agains t  hard economic facts or predictions.  But even  if all the issues could be 
made  t ang ib le  and  quant i f ied  in  some way could we expect a ba lanced  judgement ,  
acceptable  to all, as the outcome? The idea of rat ional  schemes of zoned usage of the sea 
is very attractive. Surely th ink ing  m e n  coming together to resolve ever- increas ing 
demands  must  see that agreed  compromise is the only way? But could we, even  among  
ourselves, agree for example  on how much physical  and biological  damage  by bottom 
t rawl ing  is compat ible  with m a i n t a i n i n g  na tura l  condit ions? 

If I sound cynical  it is because  I am. If we have so much difficulty in  pe r suad ing  those 
whose l iv ing depends  upon  the sea (together with their  governments)  to agree on 
measures  to ensure  the cont inuat ion  of exploi table fish or whale  stocks, how much hope 
is there w h e n  we seek to ba lance  the less tangib le  conservat ion values  agains t  
economic/social  pressures? There have b e e n  conservat ion successes in  most countries, 
bu t  in  genera l  I suspect that biological  matters will  carry weight  mostly w h e n  there is not 
a strong economic conflict, or w h e n  they coincide with some other over-riding, but  
coincidenta l ly  beneficial ,  requirement .  Thus it is pr imari ly  the aesthetic or heal th  
aspects of sewage pollution,  and  the commercial  impact  upon  tourism rather than  
biological  considerat ions that lead to action. It wil l  be the need  to conserve oil or to avoid 
swinge ing  insurance  and compensa t ion  claims that will  reduce oil pollution, not a desire 
to protect nature.  If and  w h e n  "na t iona l  p lans"  exist, I suspect that they wil l  largely 
consist of a series of un-coord ina ted  responses to local economic needs  or opportunit ies  
with little in  the way of an  overall  view. The most severe threat to coastal wildlife, the 
p iecemeal  physical  destruct ion of es tuar ine  habitats  with scant regard to their  rarity or 
distribution, is such a case. 

Whether  my pess imism is justif ied or not I suggest  that it is point less for us to try to 
get involved here in  the pol i t ical /economic/social  aspects of m a n a g e m e n t  in  its broadest  
sense. Rather I see a more modest  bu t  u rgent  need  for us to ensure  that our scientific 
house is in  order, that we try to reach conclusions about  what  is h a p p e n i n g  and  where  
the uncer ta in t ies  lie, as an  honest  factual contr ibut ion towards the polit ical  decision 
making.  

The best  way to ma in t a in  natura l  condit ions and  ecological diversity would be to 
leave na ture  severely alone. This apparent ly  obvious s ta tement  is made  because  the sea 
differs somewhat  from the land. On the latter most communi t ies  are dominated,  ecologi- 
cally, by  long- l ived  vegeta t ion  with slow, na tura l  change-rates,  and  the na tura l  progres- 
sion over many  years to cl imax condit ions may involve considerable  loss of in te rmedia te  
physical  and  biological  stages. Hence,  even  in  areas rescued from man,  positive mea-  
sures such as felling, grazing, d redg ing  and so on are ind i spens ib le  tools in  the 
m a i n t e n a n c e  of terrestrial and freshwater diversity w h e n  the undeve loped  area in  which  
to do so is very limited. 

Mar ine  communit ies ,  by contrast, genera l ly  lack such domina t ing  vegetat ion,  and 
the shorter l i fe-spans and  interact ive processes be t w e e n  fauna  and  flora and  habi ta t  can 
impart  a cyclical dynamism with much shorter t ime-scales.  So a l though some positive 
man ipu la t ion  by way of creat ing addi t ional  habi ta t  types on a small  scale is possible, our 
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pr incipal  tools n e e d  only be, and  indeed  are, restrictions on h u m a n  activity. Thus apart  
from the regula t ion  of the various types of harvest ing our measures  are: (a) the selective 
protection of areas, habi tats  and  non-commercia l  species from the more obvious physical  
misuses and  h u m a n  pressures, and  (b) the more genera l i sed  attempts to ma in t a in  the 
qual i ty  of the aquat ic  env i ronment  overall. The former is the more restricted in  scope and  
raises the fewest scientific problems so it is considered first. 

SELECTIVE PROTECTION 

Protection of localities and  habitats  is the basic  and  most obvious biological  compo- 
nen t  of " m a n a g e m e n t "  in  its broadest  sense. It is part icularly directed against  physical  
destruct ion of habitats  on an  industr ia l  (reclamation, extraction) or personal  (digging, 
t rampling) scale, and  agains t  the collecting of specimens with scarcity or attractive 
value. It cannot  guaran tee  protection from water  or a irborne pol lu t ion a l though judicious 
p lacement  may greatly min imise  some of these threats. 

"Reserves", "preserves",  "refuges", "parks", and so on with various restrictions of 
access or usage  have b e e n  set up widely  in  recent  decades (Bj6rklund 1974). For obvious 
practical reasons they centre upon  coastal areas, with benth ic  life and  the demersal  
fauna  as the pr imary targets and the overlying pelagia l  biota as an  inc identa l  benefici-  
ary. Protection has b e e n  afforded for m a n y  reasons : to enhance  tourist appea l  especial ly  
for n o n - h u n t i n g  scuba divers; to protect b reed ing  sites of commercial  species; to round-  
off a terrestrial reserve; to save a last sector of coastline against  further development ,  and  
so on. All these are val id reasons and  one can quickly add further scientific, educational ,  
ameni ty  and  ethical  justifications. These essent ia l ly  ad-hoc defensive measures-may be 
all that economic and  other pressures will  permit,  but  if we bel ieve  that the grounds for 
es tabl i sh ing reserves a r e val id and  that the case should be vigorously pursued  I 
suggest  that a more rat ional  basis  for the selection of reserves is required.  

Later speakers wil l  I trust explore this theme in detail  but  I suggest  that the basic  
requ i rement  of a habi ta t  conservat ion programme is not the usua l  emphasis  upon  the 
very rich locality or the rare species but  upon  a r e p r e s e n t a t i v e  range  of a 
country 's  mar ine  habi tats  and  communit ies .  No-one can ant icipate  the habi ta t  or the 
species that wil l  be  of "va lue"  for part icular  scientific, educational ,  aesthetic or commer- 
cial purpose in future decades, so would  it not be more logical  to aim for a range  which, 
based  upon  a sound knowledge  and  realistic classification, would  cover the rare and  the 
common, the h igh diversity and  the low, the fragile and  the robust? 

If this is accepted a classification becomes the first requirement .  Al though our 
knowledge  is not fully adequa te  for this purpose,  the task is far from limitless if we take 
into account  a few characteristics of ben th ic  communit ies .  These are: (a) The h igher  
frequency,  compared with land,  of communi t ies  domina ted  by a range  of sedentary  
faunas. (b) The temporal  var iabi l i ty  wi th in  m a n y  of these communi t ies  as a result  of 
f requent  or i r regular  changes  in  physical  conditions, or of the competi t ive and  trophic 
interact ions among comparat ively short-l ived species. (c) The widespread  occurrence 
among  coastal species of mobi le  larval  stages or spores which  are thus able  to colonise 
vacant  space that arises at often considerable  distances from the paren t  populat ion.  

Communi ty  ecologists may still i ndu lge  themselves in  an  intricate societal classifi- 
cation of their species assemblages,  but  from a conservat ional  s tandpoint  any classifica- 



Envi ronmenta l  m a n a g e m e n t  and  eva lua t ion  455 

t ion must  necessa r i ly  be  somewha t  imprec i se  and  f lexible  if it  is to accord wi th  the  
p rac t ica l  consequences  of the  above  features.  Wi th in  cer ta in  b road  hab i t a t  divisions,  
b a s e d  upon  subs t ra tum and  wa te r  m o v e m e n t  character is t ics ,  the re  must  be  sufficient  
f lex ib i l i ty  to inc lude  much  add i t iona l  va r ia t ion  in space  and  t ime.  Whi le  some sharp ly  
de l im i t ed  phys i ca l  hab i ta t s  w o u l d  be  r ecogn i sed  in a classif icat ion,  and  some dis t inc-  
tive, s tab le  communi t i es  do exist,  the dynamic  na ture  of m a n y  others  p rec ludes  both  the  
poss ib i l i ty  of, and  the n e e d  for, f ine-sca le  c lass i f icat ion and  ~napping. From this i nab i l i t y  
to dea l  in  any th ing  bu t  b road  terms the useful  impl ica t ion  fol lows (highly  d is t inc t ive  
phys ica l  hab i ta t s  apart)  that  most  r ep resen ta t ive  reserves  should  be  of l a rge  size, 
compr i s ing  mul t ip le  e x a m p l e s  of the  b road  hab i t a t  type  in quest ion.  This wi l l  ensure  (a) 
that  loca l ly  i n d u c e d  changes  wi l l  not  affect al l  examples  equal ly ;  (b) a h igh  deg ree  of 
reproduc t ive  self-suff ic iency in the  spec ies  wi th  p l ank ton ic  s tages,  and  (c) the  ex is tence  
of an  a d e q u a t e  p ro tec t ing  edge  - or buffer-zone.  

Where  b road ly  de f ined  h a b i t a t / c o m m u n i t y  types  recur  f requent ly  a long  the coasts of 
a country  there  wou ld  be  scope ( ideally)  for r ep l i ca t ion  in o rder  to inc lude  the geo-  
g raph ica l ly  va ry ing  de ta i l  of spec ies  composi t ion,  and  pe rhaps  also to ensure  a r eg iona l  
ser ies  of e x a m p l e s  for poss ib le  la te r  educa t iona l  and  scient if ic  purposes .  

As we  turn from se lec t ion  to implementa t ion ,  l ega l  and  admin i s t ra t ive  mat ters  wi l l  
ar ise:  ownersh ip  of shore- l ine  and  seabed ;  t r ad i t iona l  users '  r ights;  type  of access  and  
use restr ict ions,  etc., etc. But to me the major  p r o b l e m  re turns  us to my  ea r l i e r  comments  
about  p l a n n i n g  and  conflicts,  for the  s imple  reason  that  whe re  the  n e e d  for reserves  is 
g rea tes t  (i. e. on short  coas t l ines  wi th  h igh  u rban / indus t r i a l  use) the  oppor tun i t ies  are 
least .  Put t ing this the  reverse  way,  and  as I see  it in the  U. K., the  f inest  examples  of m a n y  
types  of shore l ine  communi t i e s  are  so far from any direct ,  fo reseeab le  threats  that  no 
conservat ion  act ion seems  just if ied.  

Since such a reas  suppor t  communi t i es  in wha t  are  p r o b a b l y  (in this po l lu t ion  age) 
thei r  most  "na tu ra l "  s tates  they  could  be  r e g a r d e d  as the  i dea l  a reas  for typ ica l  reserves .  
But if the  case is m a d e  for such typ ica l  examples  on grounds  of "conserv ing  par t  of our 
nat ional ,  na tu ra l  he r i t age"  (the emot ive  grounds  most l ike ly  to succeed!)  do we  the reby  
r e l ega t e  as e x p e n d a b l e  other  a reas  closer  to h igh  popula t ions  and  po ten t i a l  na tura l i s t  
users? Would  this be  the  u l t ima te  outcome of a b road  coasta l  m a n a g e m e n t  concept  - 
t r ad ing  off a reas  unde r  mul t ip l e  pressures  for gua ran t ee s  for p r ime  local i t ies  wh ich  are  
not  in fact at risk? Would  it be  be t te r  tact ics from a (selfish?} b io log ica l  v i ewpo in t  to 
forget  ra t iona l  p l a n n i n g  of coasta l  use  and  just  resis t  eve ry th ing  on a local  basis?  Or is it 
i nev i t ab le  that  whi l e  examples  of al l  types  of hab i ta t  could  be  re ta ined ,  the  n u m b e r  of 
e x a m p l e s  of each  type  must  dec l ine?  

The other  res t r ic t ive  approach  is d i r ec ted  to spec ies  and  to me  this topic p resen ts  
contradict ions .  On the one h a n d  I know of no fish, i nve r t eb ra te  or a lga  that  has  b e c o m e  
ext inct  b e c a u s e  of se lec t ive  col lec t ion  or o ther  activity.  A n d  reca l l ing  the  h igh  r ecupe ra -  
t ive eff ic iency of spec ies  wi th  p l ank ton ic  l a rvae  it is difficult  in the  case  of most  such 
spec ies  to pos tu la te  conv inc ing ly  that  even  local  ex t inc t ion  is poss ible .  Yet local  or short-  
te rm scarci t ies  do exist,  e spec ia l ly  among  a l imi ted  n u m b e r  of l a rge  spec ies  of ed ib l e  or 
col lector  value ,  and  one can sympa th i se  g rea t ly  wi th  local  na tura l i s t s  and  teachers  in the  
aff l ic ted areas.  

Where  commerc ia l  exp lo i ta t ion  is the  cause  this  should  r ende r  spec ies  l i ab le  to 
f ishery regula t ions .  For the  others, local  p roh ib i t ions  are  pe rhaps  needed ,  wi th  the  
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emphasis  upon  "local" since the pressure is probably  only severe near  dis t r ibut ional  
limits or where  a highly  dis t inct ive type of habi ta t  is rare. But it is perhaps salutary to 
recall  that we, the professionals, f requent ly  record a high percentage  of species as 
"rare", bu t  often can give no convinc ing  explanat ion  for this, so f ragmentary is our 
knowledge  of the dis tr ibut ion and  the habi ta t  requi rements  of most species. But if many  
species are indeed  rare the best  way  to protect them is by preserving habitats  general ly,  
not by specific action. 

Anyth ing  less than total restriction upon  access or collection will  raise quest ions 
about  the efficiency of the measures  and  their  enforcement.  One wil l  observe changes  - 
there is no doubt  about  this - and  have to ask if they are na tura l  or due to the inadequacy  
of the measures.  Judgemen t  can be enhanced  by dis turbance exper iments  involv ing  the 
more obvious "people pressures".  Re-es tabl ishment  and  growth rates after dredging,  
digging,  s tone- turn ing  etc. will  give some indica t ion  of what  to expect and also of the 
level  of d is turbance  that can be tolerated without  causing pe r ma ne n t  change.  The 
location of reserves some distance from direct pol lut ion sources affords some protection 
from this threat, but  there is no way of isolat ing them from the effects of na tura l  
env i ronmenta l  changes.  The latter therefore will  also need  to be known,  bu t  this is the 
major problem area of env i ronmenta l  m a n a g e m e n t  which  is discussed below in  the 
wider  context of pollution. 

GENERAL ENVIRONMENTAL MEASURES 

While the extreme conservationist  view opposes any del iberate  disposals into the 
sea most people  would  accept that not all addit ions constitute "pol lut ion" in any real 
sense. Not only may some addit ions be expected to promote productivi ty or cause 
changes  regarded as desirable from one standpoint ,  but  others may be buffered by the 
physico/chemical  and  biological  homeostatic mechanisms  that are k n o w n  or suspected 
to exist in  the sea and  mar ine  life. In the absence  of any absolute defini t ion or s tandard  of 
pol lut ion the most logical pragmatic  criterion is the "biological  effect", since it is self- 
ev ident  that no s ignif icance attaches to a con taminan t  that has no effect. This is what  
matters to the genera l  public,  the industrialists,  the legislators, our f inancia l  supporters. 
They ask: is there, or may there be an  effect? Is it adverse, on what  scale, and  is it 
reversible? And  we as biologists should turn  the genera l i sed  enqui r ies  into the specific, 
crucial quest ion;  is there a field effect at the popula t ion  and  communi ty  level? 

In the early days cause and effect relat ionships presented  no apparent  difficulty. The 
pr incipal  waste was sewage and  its effects were obvious - on estuar ine fisheries and  
nasa l  sensit ivit ies alike. With the wider  range  of waste products of today and  the h igher  
potent ia l  for massive shore-based or shipping accidents  ecological deter iorat ion and  
severe "kills" have become more common. However,  since such localities or incidents  
are readi ly ident i f iable  and  the causes are often obvious or c i rcumstant ia l ly  so, they 
present  manager ia l ,  legislat ive and f inancial  problems rather  than biological.  But "hot 
spots" and  accidents  apart, it is also becoming  disconcert ingly apparent  that broadscale 
field effects are less convinc ingly  demonst rable  than  was expected. 

Why this latter should be so must  be  considered shortly, but  for the moment  it is 
appropriate to note that, whether  easily demonstra ted or not, ecological effects reflect 
many  factors and  do not l end  themselves  to quant if icat ions of a type that permit  
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l eg i s l a t ive  s t andards  to be  set. They  are  the  event  w e  s eek  to prevent ,  and  the i r  
pe r s i s t ence  or o therwise  tests the  effect iveness  of our p reven t ive  actions. It seems  eas ie r  
to measu re  and r egu la t e  po l lu t ion  in  terms of the  input  ra ther  than  the b io log ica l  effect. 
Hence ,  the  a l t e rna t ive  a p p r o a c h  to po l lu t ion  wi th  pa ra l l e l  p a t h w a y s  involving,  on the  
one hand,  the  e x p e r i m e n t a l  de t e rmina t ion  of the  re la t ive  toxici t ies  of different  sub- 
s tances,  and  on the other  the  accumula t ion  and  fate of such subs tances  in o rgan isms  and  
in the i r  envi ronment .  

Out  of the  toxic i ty  s tudies  came  the concept  of quan t i f i ab le  " a c c e p t a b l e "  or "permis -  
s ib le  leve ls"  that  can be  l ega l l y  enforced.  The  gap  b e t w e e n  the s imple  labora tory  
toxic i ty  test  and  the complex  f ie ld  s i tuat ion was  in i t ia l ly  very  wide.  But shor t - term LC50 
s tudies  on adul t  o rgan isms  suff icient ly robust  for l abora tory  life have  g iven  w a y  progres -  
s ively  to more rea l i s t ic  tests involv ing  different  life s tages,  to the  de tec t ion  of subt le  sub- 
l e tha l  effects and  even  to communi ty  s imula t ion  exper iments .  Never the less ,  the gap  
was,  a n d  a lmost  ce r ta in ly  wi l l  remain ,  l a rge ly  u n b r i d g e a b l e :  add i t ive  or synerg is t ic  
effects and  homeos ta t ic  responses  in  the  f ie ld  are  difficult  to assess,  let  a lone  predict ,  so 
safety in the  se t t ing of " a c c e p t a b l e  leve ls"  is sought  by  an add i t iona l  d i lu t ion  factor (e. g. 
• 100). But the  se t t ing of d i scha rge  s t andards  d id  not  and  does not  end  matters .  Is the 
a ccep t ab l e  l eve l  to be  d e t e r m i n e d  and  imp ose d  wi thout  re fe rence  to the  k n o w n  or 
p r e s u m e d  mix ing  and  d i lu t ing  character is t ics  of the  rece iv ing  waters?  To an  oceanic  
t ida l  coast  equa l ly  wi th  a t ide less  lagoon,  for example?  A n d  just  as the re  are  some who  
wil l  ques t ion  the  n e e d  for impos ing  cer ta in  s tandards  and  the cost of ach i ev ing  them 
wi thout  f irm ev idence  of harmful  effects in the  field,  so others  suspect  the  s tandards  are  
not  h igh  enough  to p reven t  an t i c ipa t ed  chronic  damage .  

After  two decades  of ever - in tens i fy ing ,  po l lu t ion - r e l a t ed  resea rch  the l a y m a n  or the  
leg i s la to r  might  we l l  expec t  that  th ings  ought  by  now to be  fai r ly  clear;  that  apa r t  from 
the tes t ing  of n e w  products ,  the  ad jus t ing  of d i scharge  levels  in the  l ight  of exper ience ,  
and  the serv ic ing  of a "wa tch -dog"  role, po l lu t ion  should  by  now have  b e c o m e  more of a 
ma t te r  of po l i t i ca l  and  social  pr ior i t ies  than  of b io log ica l  science.  This is not  the  case: 
there  are  now more  po l lu t ion  scient is ts  at work  than  ever  and  the l i t e ra ture  is accumula t -  
ing  exponen t ia l ly .  Where  are  we  going? Trying  to t ake  a very  b road  v iew I see  some 
s igni f icant  points ,  more  that  is confus ing or i r re levant ,  and  some i m p e n d i n g  c red ib i l i ty  
p rob lems  that  could  recoi l  on b io log ica l  sc ience  un less  we  recognise  t hem and  t ake  
app rop r i a t e  action. 

If the b road  sweep  of e s t ab l i sh ing  cause  and  effect re la t ionsh ips  h a d  p r o c e e d e d  in 
the w a y  one na ive ly  hopes  for at the  outset  of any  inves t iga t ion ,  the  var ious  pa ra l l e l  
pa ths  of s tudy should  by  now have  l i n k e d  toge the r  to p rov ide  a convincing,  in t e r lock ing  
picture .  Idea l ly  the  toxici ty  and  sub- le tha l  s tudies  wou ld  ind ica te  the  most  d a m a g i n g  
substances ,  types  of effects and  the most sens i t ive  organisms.  Next  the  env i ronmen ta l  
and  body  load ings  wou ld  ind ica te  the centres  of concern  and  should  l ink wi th  ant ic i -  
p a t e d  effects on ind iv idua ls ;  and  f inal ly  these  la t ter  effects, if suff ic ient ly  severe,  w o u l d  
be  re f lec ted  in popu la t ion  and  communi ty  effects in the  areas  of h ighes t  l oad ing  or 
w h e r e  pa r t i cu la r ly  suscep t ib le  spec ies  occur. In my  opin ion  th ings  are not  a lways  
work ing  out  this  way.  

On the tox ico logica l  s ide there  is c lear ly  no shor tage  of da ta  wi th  which  to impress  
the  publ ic ;  i n d e e d  it wi l l  be  a fo rmidab le  t ask  to compi le  summar ie s  of al l  the  
contaminants ,  the  concent ra t ions  and  add i t i ona l  condi t ions,  the o rgan i sms  or par ts  
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thereof,  and  the effects that  can be  expe r imen ta l l y  induced.  From the ava l anche  of such 
data,  and  I do not  th ink  ava l anche  too s t rong a word,  it wou ld  a p p e a r  that  there  is no 
grea t  diff icul ty in demons t r a t ing  wha t  an  in te l l igen t  l a y m a n  w o u l d  expec t  - i. e. that  
unna tu ra l  products  (biocides  especia l ly)  and  a wide  range  of na tu ra l  subs tances  in  h igh  
concentra t ions  (sewage,  oil, chemica l  e lements)  have  effects upon  mar ine  life that  are  
c lear ly  or po ten t i a l ly  harmful .  Whi le  our l a y m a n  would  be  out  of his dep th  wi th  the 
subt le t ies  and  s igni f icance  of some of the  exp e r ime n t a l  effects now b e i n g  recorded,  he 
would  p r o b a b l y  rea l i se  from some of the  a p p a r e n t  contradic t ions  that  both  organisms  
and expe r imen te r s  are va r i ab le  in t ime and  space.  Never the les s  he w o u l d  sure ly  come 
away  from hea r ing  of the  r ange  of b iochemica l ,  phys io logica l ,  morpho log ica l  and  
behav iou ra l  effects wi th  an  overa l l  impress ion  of i m p e n d i n g  mar ine  doom, and  approach  
the shore l ine  of any  indus t r i a l i sed  country wi th  fo rebodings  about  wha t  he  might  f ind - 
or ra ther  not find. 

If, before  do ing  so, he a sked  about  po l lu tan t  levels  in the env i ronment  or in 
o rgan isms  he might  be  r e l i eved  to f ind that  in the  open  oceans  at leas t  the  leve ls  of heavy  
meta l s  are  not  much,  if at all,  above  background ,  and  it wou ld  be  encourag ing  to h im to 
l ea rn  that  some na tu ra l  input  sources of long s t and ing  a p p e a r  to exist. The fact that  
pes t ic ides  h a d  become  wor ld -wide  in oceanic  d is t r ibut ion  wou ld  u n d o u b t e d l y  be  salu-  
tary; but  common-sense  would  tel l  h im that  a l though  the t rai ls  of iner t  p las t ics  and  tar  
ba l l s  (some covered  wi th  barnacles)  a long oceanic  sh ipp ing  routes  are  undes i r ab l e  they  
ha rd ly  just i fy the a la rmis t  s ta tements  of b io-en te r ta iners .  On  the other  h a n d  the contam- 
inan t  bu rdens  of some coasta l  waters  and  sed iments  and  espec ia l ly  of the i r  ben th ic  
inver tebra tes  and  some top- leve l  carnivores  wou ld  ra ise  expec ta t ions  of adverse  b io logi -  
cal  effects - a l though  he migh t  be  encou ra ge d  by  the ab i l i ty  of some spec ies  to 
immobi l ize ,  r egu la t e  or a d a p t  to pol lutants .  He  wou ld  be  puzz l ed  by  the fact that  the 
h igh  t issue load ings  re la te  usua l ly  to l iv ing  not dy ing  ind iv idua ls ;  and  exc lamat ions  of 
impa t i ence  migh t  we l l  a ccompany  the d iscovery  that  tab les  and  maps  of po l lu tan t  
load ings  or o ther  adverse  condi t ions  f requent ly  record  the  g rad ien t s  expec ted  a round  a 
poin t  source bu t  cont r ibute  l i t t le  if any th ing  about  b io log ica l  effects or responses .  Yet are  
not the  la t te r  the  u l t ima te  objec t ive  of the  exercise,  he might  ask. 

We could  of course poin t  to inves t iga t ions  which  have  a t t emp ted  to re la te  the  two, 
and  to l ink  back  to expec ta t ions  de r ived  from e xpe r ime n t a l  s tudies.  At  the  leve l  of 
i nd iv idua l  organisms,  enzyme d is tu rbance  for e xa mp le  appea r s  to have  b e e n  assoc ia ted  
wi th  oil po l lu t ion  (Payne, 1976), fin rot, tumours  and  ske le ta l  mal format ions  in fish 
var ious ly  wi th  d u m p i n g  grounds,  pes t ic ides  and  ge ne ra l  con tamina t ion  (Mearns & 
Sherwood,  1974; McDermot t  & Sherwood,  1975; Stich et  al., 1976; Wel l ings  et al., 1976), 
c rus tacean  l imb and gi l l  d a m a g e  wi th  spoil  g rounds  (Young & Pearce,  1975), 
chromosomal  d a m a g e  in fish eggs  wi th  d u m p i n g  g rounds  (Longwell ,  1977), abnorma l  
fish s p a w n i n g  and  b e h a v i o u r  wi th  heavy  meta l s  (Saunders  & Sprague ,  1967; Anderson,  
1971) and  ta in t ing  and  d isco loura t ion  of commerc ia l  spec ies  wi th  var ious  contaminants .  

On the  other  h a n d  some of the  above  (deformities,  les ions  and  tumours)  a p p e a r  to 
occur na tura l ly  or could  not  be  r e l a t ed  to po l lu tan ts  (Kroger & Guthrie ,  1971; Young et  
al., 1973; Oishi  et al., 1976; Stich et al., 1976) so the p ic ture  is confusing.  Indeed ,  in  v iew 
of a recen t ly  r epor ted  inab i l i ty  "to f ind any  effects of meta l s  off Southern  Cal i fornia  after 
ex tens ive  s tudies"  (Bascom, 1978) the  s i tua t ion  is contradictory.  But w h a t e v e r  these  and  
s imi lar  f ie ld s tudies  r evea l  thei r  total  numbers  are  very  few c o m p a r e d  wi th  the  r ange  of 
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sub- l e tha l  effects tha t  have  b e e n  expe r imen ta l l y  i n d u c e d  and  domina te  the  po l lu t ion  
l i tera ture .  This  mus t  sure ly  be  someth ing  to ref lect  upon,  and  among  severa l  poss ib le  
conclusions  mus t  l e a d  to a g r e e m e n t  wi th  the  v i ew expres sed  in a recen t  I.C.E.S. (1978) 
report :  " . . .  much  of r ecen t  r e sea rch  upon  the phys io log ica l  effects of po l lu tan ts  is seen  
to b e  i r re levan t  to the i m m e d i a t e  needs  of env i ronmen ta l  moni tor ing" .  S imi la r ly  Wal-  
d i chuk  (1979) wr i tes  "Much  as the  var ie ty  of da ta  on adverse  sub- le tha l  effects is of 
scient i f ic  interest ,  it m a y  have  l i t t le  d i rec t  r e l evance  for po l lu t ion  control".  

Neve r the l e s s  our lay  in te roga tor  - b e g i n n i n g  to unde r s t a nd  mat ters  be t t e r  - m a y  stil l  
sugges t  that  if these  so -ca l l ed  sub- le tha l  effects rea l ly  do inf luence  the  ge ne ra l  wel l -  
b e i n g  of ind iv idua l s  they  mus t  u l t ima te ly  r educe  the  compet i t ive  abi l i t ies  of suscep t ib le  
spec ies  v is -a-vis  the  less suscept ib le .  Should  this  not  l e ad  to deaths ,  to fa i lures  to re- 
popula te ,  to the  comple te  loss of some spec ies  from affected local i t ies ,  so that  in t ime 
sub- le tha l  and  le tha l  effects become  ind i s t ingu i shab le?  So why  not  forget  subt le  and  
appa ren t l y  di f f icul t - to-detect  mal func t ions  in ind iv idua l s  and  look for the grosser  
changes  in the  fauna  and  flora of an  area? 

At  this leve l  the  contrasts  wou ld  be  s tr iking.  Dramat ic  acc idents  (espec ia l ly  involv-  
ing  oil) exci te  the  grea tes t  in teres t  and  repor t ing  and  some, bu t  not  all, have  caused  
severe  mor ta l i t ies  and  communi ty  disrupt ion.  But acc idents  in the  sea  - l ike  forest  fires 
on l and  - can  be  e x p e c t e d  to cause  d a m a g e  roughly  in propor t ion  to thei r  scale  and  the 
co inc idence  of o ther  chance  factors, and  whi le  some scient if ic  benef i t  m a y  come from 
r e g a r d i n g  t hem as mass ive  "d i s tu rbance  expe r imen t s "  they  r e m a i n  just  accidents ,  and  
as such are  p r imar i ly  m a n a g e r i a l  p rob lems .  Such ins tances  apart ,  the  g rea tes t  b io log ica l  
effects a re  associa ted,  as one w o u l d  expect ,  wi th  a reas  of h igh  u rban  and  indus t r ia l  
deve lopment .  In the  la t ter  it appea r s  that  sewage ,  its der iva t ive  s ludges ,  and  other  types  
of o rganic  inputs  re ta in  the i r  or ig ina l  status as the  most  w i d e s p r e a d  and  most d a m a g i n g  
contaminants .  (Examples  inc lude  Beyer,  1968; O 'Sul l ivan ,  1971; Abbot t  et  al., 1973; 
But termere,  1977; Gr iggs  & Johnson,  1978; Pearson  & Rosenberg ,  1978; Bellan,  1979.) 
Exer t ing  thei r  effect p r imar i ly  th rough  02 lack, and  pe rhaps  also v ia  s i l ta t ion or 
eu t rophica t ion ,  we  see  wha t  are  now r e g a r d e d  as the classical ,  po l lu t ion  communi ty  
t ransformat ions  of r e d u c e d  d ivers i ty  and  an  increase  of oppor tunis t ic  species .  

S imi la r  b io log ica l  fea tures  occur in the  conf ined  r ece iv ing  waters  of many  u rban /  
indus t r ia l  a reas  w h e r e  it is difficult  to spec i f ica l ly  impl i ca t e  any  among  the many  
con taminan t  inputs.  Yet where ,  as in the  Thames  Estuary (Harrison & Grant,  1976; 
S e d g w i c k  & Arthur,  1976), 02 leve ls  have  b e e n  res tored  th rough  be t t e r  s ewage  t reat-  
ment,  the  resu l tan t  m a r k e d  i m p r o v e m e n t  in the  fauna  sugges t s  s t rongly  that  the  other  
componen t s  of some m i x e d  eff luents  may  be  hav ing  re la t ive ly  l i t t le  effect. A w a y  from 
the an t i c ipa t ed  and  obvious  "hot-spots" ,  s t agnan t  l agoons  and  such- l ike ,  popu la t i on  and  
communi ty  effects are  much  more  difficult  to f ind even  where  sed imen t  me ta l  leve ls  are  
h igh  (Tietjen, 1977); wh i l e  offshore no ex tens ive  adverse  effects on f isher ies  have  b e e n  
unequ ivocab ly  demons t r a t ed  (Goldberg ,  1973; Johnston,  1977), and  the cycles  and  
f luctuat ions  of the  long runn ing  C. P. R. p r o g r a m m e  a p p e a r  to ref lect  c l imat ic  not  man-  
m a d e  inf luences  (Colebrook,  1979). I ndeed  communi ty  changes  have  at  t imes  b e e n  
contrary  to those expec t ed  from pol lu tan t  data.  No be t t e r  w a y  of i l lus t ra t ing  this exists  
than  to quote  Professor Ger l ach  w h e n  lec tur ing  about  a su lphur ic  ac id  and  ferrous 
su lpha te  was te  and  its poss ib le  re la t ionsh ip  to a c c o m p a n y i n g  b io log ica l  changes  over  10 
years  (Rachor & Ger lach,  1978). No conclus ion could  be  r e a c h e d . . .  "s ince  w e  cannot  
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exp la in  how the d i scharge  of l iqu id  was te  could  first of al l  be  benef ic ia l ,  then  harmful  
after 1973, and  then  benef ic ia l  aga in  in 1975/76 to cer ta in  an ima l  species" .  Such 
diff icul t ies  l ed  on to cons idera t ion  of na tura l  env i ronmen ta l  var iables ,  the whole  s tudy 
typ i fy ing  the in te rpre ta t ive  p rob lems  at  the  popu la t ion  and  communi ty  level .  We saw 
s imi lar  p rob lems  in the now qu iescen t  controversy r e g a r d i n g  the na tura l  or m a n - m a d e  
origins of the  Acanthasterplanci explos ion  and  its consequences  for coral  reefs. Indeed  I 
th ink  it wou ld  be  t rue to say that  m a n y  ecologis ts  are  b e c o m i n g  inc reas ing ly  caut ious 
about  asc r ib ing  communi ty  changes  to po l lu t ion  Because recent  work  has  r e v e a l e d  
dynamic  s i tuat ions and  in te rpre ta t ive  pi t fal ls  that  were  ba re ly  suspec ted  two decades  
ago. 

This Brings us to wha t  to me is the cri t ical  and  most  difficult  p rob l e m for po l lu t ion  
s tudies  and  one which  I hope  we  shal l  explore  fair ly deep ly :  the  n e e d  for, and  the 
d e v e l o p m e n t  of, the ab i l i ty  to d i s t ingu i sh  Between  na tura l  and  m a n - m a d e  changes  at the 
popu la t ion  and  communi ty  level .  We have  an e v e r - e x p a n d i n g  ca ta logue  of sub- le tha l  
effects many  of which  have  cons ide rab le  a c a d e m i c  in teres t  in thei r  own r ight  but  thei r  
s igni f icance  seems to me s l ight  ( ta int ing etc. of commerc ia l  spec ies  apart)  unless  they  
have  repercuss ions  at  these  h ighe r  eco log ica l  levels .  I ndeed  the s igni f icance  of any th ing  
except  a mass ive  change  in compet i t ive  or reproduc t ive  eff iciency may  pe rhaps  be  made  
manifes t  only w i t h i n a na tu ra l  communi ty .  A demons t r a t ed  reduc t ion  of 20 % for 
example  in f eed ing  rate,  or game togenes i s  or the speed  of e scape  react ions  in a test  
o rgan i sm may  have  a t r ivial  effect or if m a y  l ead  to a r a p i d  popu la t i on  decl ine ,  
d e p e n d i n g  en t i re ly  upon  the types  and a b u n d a n c e  of its prey,  p reda to r s  and  compet i tors  
in the  na tu ra l  s i tuation.  

This was  i n d e e d  implici t ,  if not  so expressed ,  in the  or ig ina l  emphas i s  upon  f ie ld  
effects. Not r ea l i s ed  unt i l  r ecen t ly  were  (a) the  extents  to which  the base l ines  from which  
to measu re  al l  types  of eco logica l  change  were  themse lves  va ry ing  in m a n y  ways  for 
na tura l  reasons,  and  (b) that  there  is no un ive r sa l ly  a pp l i c a b l e  cr i ter ion - e i ther  
quant i ta t ive  or qua l i ta t ive  - by  which  to descr ibe  or measu re  the  "hea l th"  of a commu-  
nity. Change  is the eco log ica l  norm, and  wha teve r  s ta t is t ical  s ign i f icance  may  be  
asc r ibed  to any change ,  its Biological  s igni f icance  in terms of env i ronmen ta l  hea l th  is a 
mat te r  of eco log ica l  j udgemen t .  This must  be  b a s e d  upon  a sound  k n o w l e d g e  of the 
spec ies  and  communi ty  concerned  because  as Perkins  (1979) has  r ecen t ly  i l lus t ra ted,  t h e  
po ten t ia l  for mis in te rp re ta t ion  m a y  be  d i sconcer t ing ly  high.  

The prac t ica l  a d v a n t a g e  of, and  the search  for, some fair ly quick  means  of ident i fy-  
ing  a harmful  change  are, never the less ,  unde r s t andab l e .  It is logica l  to expec t  that  
wa rn ing  of i m p e n d i n g  de te r iora t ion  could  come from the first indica t ions  of that  low 
divers i ty  and  a b u n d a n c e  of a few tolerant ,  oppor tunis t ic  spec ies  which  charac te r i se  hot- 
spots and  which  have  b e e n  seen  to deve lop  in some long- te rm studies  of d iscre te  input  
a reas  (Pearson, 1975). The r a p i d  advances  in  mar ine  eco logy  dur ing  recent  years  show 
that  this expec ta t ion  m a y  be  just if ied,  but  they  also warn  most  empha t i ca l l y  that  the 
shorter  the  pe r iod  of inves t iga t ion  the less  r e l i ab le  such measu res  m a y  be, e spec ia l ly  if 
not  a c c o m p a n i e d  by other  da ta  on con taminan t  loadings ,  b ioassays ,  etc. The d ivers i ty  of 
species ,  we  now know, var ies  cons ide rab ly  from one hea l thy  communi ty  to another ,  and  
can change  abrup t ly  in the  same loca l i ty  for en t i re ly  na tura l  reasons,  both  phys ica l  and  
Biological,  wh i l e  oppor tunis t ic  ind ica tor  spec ies  are  not conf ined  to ar t i f ic ia l ly  s t ressed 
areas.  On the other  hand,  w h e n  d ivers i ty  is expres sed  as an  index,  a s ingle  numer i ca l  
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value ,  changes  in this, as in o ther  da t a - c runch ing  measu res  such as b iomass ,  may  a p p e a r  
t r ivia l  ye t  concea l  the  changes  of species ,  of i nd iv idua l s  and  of age  and  size d is t r ibut ions  
which  m a y  be  vi ta l  for full  eco log ica l  assessment .  

More  recent ly ,  depa r tu re  from an  expec t ed  log -normal  communi ty  s tructure curve 
has  b e e n  p r o p o s e d  as an  ear ly  ind ica tor  of po l lu t ion  stress (Gray & Mirza,  1979). The 
suppor t ive  ev idence  appea r s  convincing,  bu t  if the  his tory of d ivers i ty  and  ind ica tor  
spec ies  is any guide ,  t ime and  use  wi l l  s imi la r ly  c i rcumscr ibe  and  re -de f ine  the  r ange  of 
communi t i e s  and  condi t ions  which  pe rmi t  conf ident  appl ica t ion .  With  such l imi ta t ion  as 
a poss ib i l i ty  for any  n e w  assessment  tool, uncr i t ica l  in i t ia l  use  should  be  avo ided  a lways  
- espec ia l ly  by  those  in the  " ins tant  eco logy"  business .  

F u n d a m e n t a l  to the  search  for and  use  of means  for assess ing  communi ty  change  are  
two poss ib ly  cont rovers ia l  matters .  Are  there  i n d e e d  communi ty  a t t r ibutes  which,  if not 
qui te  universal ,  are  suff ic ient ly  w i d e s p r e a d  and  suff ic ient ly  f requent  to be  r e g a r d e d  as 
"na tura l  laws"?  Second,  to wha t  ex tent  can  dev ia t ion  from such an  at t r ibute,  exp res sed  
numer i ca l ly  or graphica l ly ,  be  in t e rp re t ed  accura te ly  on the  bas is  of that  dev ia t ion  a lone  
and  wi thout  u n d e r s t a n d i n g  of the  b io logy  of the  componen t  species?  

Wi th in  my own s tudy hab i t a t  (the rocky littoral) communi ty  dynamics  are  wel l  
k n o w n  and  severa l  eco log ica l  "un ive rsa l  t ruths" have  p roved  to be  not  so. As a resul t  I 
inc l ine  to the  v i ew that  there  is a "d ivers i ty"  of successful  eco log ica l  o rganisa t ions  and  
condi t ions  which  fits poor ly  into the  c lass i f icat ions  and  conf igurat ions  w e  try to devise.  
Doubt ing  therefore  that  new, un ive r sa l ly  a p p l i c a b l e  ind ica tor  tools awai t  de tec t ion  the 
most  cer ta in  w a y  of min imi s ing  in te rpre ta t ive  error  r emains  as before:  to e x p a n d  the 
n u m b e r  of hab i ta t s  and  communi t i es  for which  we  have  a d e q u a t e  data,  and  p re fe rab ly  
unde r s t and ing ,  about  the  many  poss ib le  facets of na tura l  communi ty  and  popu la t i on  
var ia t ion  wi th  t ime. 

The  reasons  for the  p resen t  l ack  of a d e q u a t e  eco log ica l  da t a  n e e d  to be  be t t e r  
known.  First  the  k n o w n  r ange  of na tu ra l  factors caus ing  changes  is s t ead i iy  increas ing .  
One l ooked  in i t ia l ly  to the  local  phys i ca l  condi t ions  and  the f requency  wi th  wh ich  a 
pa r t i cu la r  adverse  factor occurs, e. g. d a m a g i n g  or s ed imen t -d i s t u rb ing  storms; 02 
dep l e t i on  b y  s tagnat ion;  a b n o r m a l  reduct ions  in sal ini ty.  But i nc reas ing ly  it a ppe a r s  
that,  w i th in  fa i r ly  b road  hab i ta t  l imits,  the  a b u n d a n c e  of many  spec ies  and  therefore  
communi ty  s tructure is d e t e r m i n e d  p r imar i ly  by  the t rophic  and  compet i t ive  in terac t ions  
b e t w e e n  the  severa l  or many  spec ies  which  are  a l l  c apab le  of l iv ing  in that  habi ta t .  So 
the ways  b y  wh ich  spec ies  i m p i n g e  upon  each  other, d i rec t ly  or indirect ly ,  at wha t  s tage  
in the i r  l ife cycles,  wi th  wha t  in tens i ty  and frequency,  and  wi th  wha t  consequences  for 
the  whole  communi ty  have  al l  become  par t  of the  essent ia l  b a c k g r o u n d  knowledge .  
Over ly ing  these  essen t ia l ly  loca l i sed  events  are  the  f luctuat ions  of b roadsca l e  c l imat ic  
and  hyd rog raph i c  condi t ions  (Southward  et al., 1975; Lewis, 1976). W h e n  severe  these  
can cause  w i d e s p r e a d  mor ta l i ty  e spec ia l ly  to spec ies  nea r  thei r  ge og ra ph i c a l  l imits;  
w h e n  s l ight  they  may  still  i m p i n g e  upon  the in terac t ions  and  reproduc t ive  rates  of 
pa r t i cu la r  spec ies  and  so impe l  communi ty  changes  in different  direct ions.  The  geog-  
r aph ica l  ex tent  of a b io log ica l  event  is thus a v i ta l  bu t  often miss ing  clue to its cause.  

The second  major  p r o b l e m  is the  t ime scale  of na tu ra l  events.  Whi le  life cycles  
t hemse lves  are  often seasona l  and  roughly  p r ed i c t ab l e  in t ime,  the f requency  of "good"  
or "poor"  recru i tments  is h igh ly  var iable ,  and  des t ruc t ive  events  such as storms or 
abno rma l  t empera tu re s  m a y  occur r a n d o m l y  wi th in  a yea r  or even  a decade .  Nor  are  the  
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biological  consequences  of such events  always apparent  at once or short-lived, for w h e n  
communi ty  composi t ion owes much  to biological  interact ions a change  in  one important  
species may start chain  reactions that persist for many  years. Clearly one cannot  know 
the deta i led biological  history of any  locality unless  it is unde r  cont inuous study. One 
can however  acquire an  awareness  of the types of events, can even  s imulate  them to 

some extent, and  then  apply this knowledge  to the interpretat ive task. 
But clearly t ime-scales ex tending  into several  years, possibly a decade or more, are a 

severe deterrent  to those involved in  the scientific career contest. The relat ive meri ts  of 
"'r'" and  "K'" strategies are much  more clear in  the academic  world than  e lsewhere  in 
nature.  There is a p remium upon  be ing  an  "r" type, an  opportunist  with a rapid 
productive output  (though not necessar i ly  a short-life span). As a result  long- term 
ecology is the poorer and  the garden  of pe renn ia l  knowledge  may perhaps become a bed  
of a n n u a l  weeds! 

Both the t ime-scales  and  ampl i tudes  of ecological  change  are unpred ic tab le  in  
advance,  and  when  short-term studies are carried further they start to show longer  term 
patterns not previously expected. As a brief contr ibut ion to this aspect I have previously 

g i i r i ~ u i , | u i 
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Fig. 1. Year-end density (continuous line) and annual recruitment (columns) of Patella ~rulgata at 
Robin Hood's Bay from 1967-1978. Deviations astride each 12 year mean are expressed in units of 

100 % 

shown littoral f luctuations wi th in  5 and  10 year  periods (Lewis, 1977) in  which  various 
short-term events appeared  paramount .  Figure 1 shows further summary  data over 12 
years for one of the "key" species (Patella vulgata) on sites where  no local factor 
in te rvened  sharply enough  to disrupt  the developing  sequence.  These data h ighl ight  the 
problem of arr iving at m e a n  values  that have practical s ignif icance and  show the sheer 
futility of rapidly de te rmined  "base- l ines" .  The present  densi t ies  (still r is ing and  now > 
1000/m 2) are well  above anyth ing  I have kno w n  or even  expected, and they will  surely 
fall aga in  some time. One can readi ly imag ine  the concern, the cries of "pollut ion",  if 
these observations had  begun,  not at the start of what  proved to be an  increas ing  phase, 
but  at the start of a decl ine of similar proportions and  for which no na tura l  cause was 
known.  In the event,  as Figure 1 demonstrates,  densi ty  in  this species is related to 
recrui tment  rate, bu t  this fact only leads on to quest ions about  the control of recruitment.  
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I have a rgued  e lsewhere  (Lewis, 1976) and  now simply repeat  my convict ion that 
recrui tment ,  especial ly  in  communi t ies  with a "key-species"  organisat ion,  deserves 
priority study because  this phase  is often most sensi t ive to both na tura l  var iables  and  to 
pollutants,  and  because  the abi l i ty  to re-popula te  is the ul t imate  criterion of biological  
heal th  and  wel l -be ing .  

Table 1. Considerations regarding environmental evaluation 

Experimentally-induced effects strongly suggest that there will be adverse field effects 

But ecological impacts are difficult to identify because natural variability is much greater 
than expected 

So ignore ecological effects I 

/ \ 
Intensify search for new 
sub-lethal effects that 
can be found in the field 

Control pollution by rigorous discharge standards based 
solely upon experimental effects, contaminant loadings 

and bioassays 

i / \ 
But sub-lethal effects 
(detectabie perhaps only 
with difficulty) are not 
significant unless they 
have adverse effects on 
populations and com- 

munities 

I 

But high treatment costs 
are not justified in the 
absence of adverse eco- 

logical effects 

But the adequacy of con- 
trols can only be judged 
by the absence of ad- 
verse ecological effects 

So we must have ecological data 

--< ~ B U T  
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CONCLUSION 

The major  threats are habi ta t  destruction, persis tent  gross pol lut ion and  over- 
exploitation; their effects are obvious even  to the publ ic  and  occur where  expected; and  
the remedies  are dependen t  upon  social and  economic priorities. While  there are 
undoub ted ly  many  aspects of scientific interest  to learn  from a grossly pol luted situation, 
they contr ibute little extra to the stated fundamen ta l  object ive of ma i n t a i n i ng  na tura l  
condit ions and  diversity. 

The more subtle threats of chronic pol lut ion well  away from the hot-spots, and  which 
because  of their subtlety have always b e e n  seen  as potent ia l ly  the most dangerous,  do 
not appear  to have developed and produced effects on the scale that was feared a decade 
ago. As a result  the s i tuat ion leads to circular discussions which may run  roughly as 
shown in  Table  1. 

The almost inst inct ive scientific response to such uncer ta in ty  would  be t o  ask for 
more resources, to get more exper imenta l  and  ecological  data, to develop ne w  tech- 
n iques  for the detect ion of effects of all types at all levels, Certainly be tween  the two 
extremes of laboratory effects and  communi ty  ecology there appears  scope for more 
effort for this is where,  so to speak, the expected effect seems to be lost. Would more 
unde r s t and ing  of pol lu tant  pathways,  immobil isat ion,  degradat ion  and  the l ike resolve 
matters? Should there be more cooperative work l ink ing  effects studies, con taminan t  
loadings,  bio-assays and  ecology? Would it not help, for example,  if effects and  accumu- 
lat ion work ignored good accumulator  species of high tolerance, and  concentrated upon  
those species which have a key ecological role in  part icular  communit ies ,  for if these 
succumb the communi ty  consequences  could be considerable.  At this f inal  communi ty  
level  one outs tanding  priority exists. The greatest  source of interpretat ive error is to 
assume much greater stabil i ty than exists. Accept ing that data without  unde r s t and ing  
are unsatisfactory it would  at least clarify in terpre ta t ion and  future research p l a n n i n g  
simply to know whether  stable, equ i l ib r ium communi t ies  are frequent  or rare in  coastal 

benthos.  
Many  and  various other research priorities will doubtless be proposed, bu t  f inally 

we come to the basic matter  that society wil l  raise sooner or later. If after all the recent,  
in tens ive  effort there is still difficulty in f ind ing  chronic effects upon  communi t ies  does 
this not suggest  that such effects are negl ig ib le?  That  whi le  the ini t ia l  concern over 
chronic effects was justified is it not now t ime to acknowledge  that it is only acute 

pol lut ion that matters? 
If we answer  negat ive ly  and  argue convinc ingly  about  t imescales or the need  to 

"play safe" unt i l  we know for certain (will we ever?} we must  also demonstrate,  even  

more convincingly,  that future research will be  in  the most re levant  areas. 
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