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Introduction and Summary 

R. R. Dickson (Chairman) 

M i n i s t r y  of A g r i c u l t u r e ,  F i s h e r i e s  and Food 
D i r e c t o r a t e  of F i s h e r i e s  Research 
F i s h e r i e s  Labora to ry  
L o w e s t o f t ,  S u f f o l k  NR33 OHT 

( a )  I n t r o d u c t i o n  

A t  i t s  meet ing i n  March 1985, t h e  UK Marine P o l l u t i o n  Moni tor ing 
Management Group (MPMMG) agreed  t h a t  a  review shou ld  be under taken  of ' t h e  
s t a t e  of knowledge on t h e  I r i s h  Sea i n  r e l a t i o n  t o  t h e  impact of po l lu -  
t i o n ,  moni to r ing  i n f o r m a t i o n  and moni to r ing  needs ' .  Some o t h e r  g u i d e l i n e s  
were a l s o  l a i d  down which supplemented and ,  i n  one impor tan t  way, changed 
t h e s e  terms of r e f e r e n c e .  The review was n o t  t o  c o n s i d e r  r a d i o a c t i v e  
p o l l u t a n t s  s i n c e  a  s e p a r a t e  Moni tor ing Management group h a s  r e s p o n s i b i l i t y  
f o r  those .  C o n t r i b u t o r s  were t o  be from t h e  UK o n l y  a t  p r e s e n t  b u t  w i t h  
t h e  i n t e n t i o n  of expanding t h e  review i n t o  a  f u l l  i n t e r n a t i o n a l  s t u d y  a t  
some l a t e r  s t a g e  f o l l o w i n g  review by t h e  ICES Advisory Committee on Marine 
P o l l u t i o n ,  t h e  Working Group on She l f  Seas  Hydrography, t h e  Working Group 
on I r i s h  S e a l B r i s t o l  Channel F i s h e r i e s ,  and o t h e r s .  The review was t o  be 
s t r u c t u r e d  a l o n g  t h e  g u i d e l i n e s  recommended by Bewers e t  a l .  (1982) f o r  
t h e  p r e p a r a t i o n  of r e g i o n a l  a s s e s s m e n t s ,  which had t h e  e f f e c t  of broaden- 
i n g  t h e  terms of r e f e r e n c e  t o  i n c l u d e  no t  o n l y  p o l l u t i o n  b u t  p a s t ,  p r e s e n t  
and p r o s p e c t i v e  an th ropogen ic  e f f e c t s  on p h y s i c a l  oceanography, p o l l u t i o n  
and b io logy .  No s p e c i f i c  d e a d l i n e  was l a i d  down b u t  i t  was sugges ted  t h a t  
t h e  f i r s t  d r a f t  shou ld  be a v a i l a b l e  i n  abou t  a  year .  

Most of t h e s e  terms of r e f e r e n c e  have been met i n  compil ing t h i s  
r e p o r t .  However, t h e r e  a r e  some d i f f e r e n c e s .  I n  c o n t r a s t  w i t h  Bewers 
' g u i d e l i n e s '  we s t r e s s e d  completeness  r a t h e r  t h a n  b r e v i t y  f o r  i t s  own s a k e  
and l e a v e  i t  t o  subsequent  reviewing g roups  t o  recommend d e l e t i o n s  a s  w e l l  
a s  a d d i t i o n s .  Second i t  is n o t ,  i n  t h e  u s u a l  s e n s e  of t h e  word, a n  
' a s sessment '  b u t  a  s t a t u s  r e p o r t ;  t h e  d i f f e r e n c e  i s  of c o u r s e  t h a t  t h e  
fo rmer  i m p l i e s  t h a t  adequa te  knowledge e x i s t s  t o  make t h e  assessment  
whereas t h e  l a t t e r  makes no such  c l a i m  and may mere ly ,  f o r  example, iden- 
t i f y  remaining a r e a s  of ignorance.  The s t u d y  i s  p n o t  a n  a t t e m p t  t o  sum- 
m a r i s e  a l l  t h a t  we know about  t h e  I r i s h  Sea ,  b u t  t o  summarise r e l e v a n t  
p r e s e n t  knowledge i n  t h e  t h r e e  main s u b j e c t - a r e a s  of p h y s i c a l  oceano- 
g raphy ,  p o l l u t i o n  and b i o l o g y  and t o  i d e n t i f y  u n c e r t a i n t i e s  and gaps  i n  
o u r  knowledge. By ' r e l e v a n t '  we mean t h a t  a  knowledge of one s u b j e c t  a r e a  
i s  impor tan t  t o  t h e  u n d e r s t a n d i n g  of a n o t h e r ,  i n  a  way t h a t  p r o v i d e s  some 
measure,  however q u a l i t a t i v e ,  of t h e  a n t h r o p o g e n i c  c o n t r i b u t i o n  i n  any one 
of t h e s e  s u b j e c t  a r e a s .  Needless  t o  s a y ,  i f  a  p a r t i c u l a r  worrysome t r e n d  
o r  f l u c t u a t i o n  can  be shown t o  be e n t i r e l y  n a t u r a l ,  t h e n  t h a t  t o o  q u a n t i -  
f i e s  t h e  a n t h r o p o g e n i c  c o n t r i b u t i o n  ( a s  z e r o ) .  

Anthropogenic  e f f e c t s  a r e ,  t h e r e f o r e ,  t h e  key r e a s o n  f o r  t h e  p r e s e n t  
s t u d y  and a  summary of our  c o n c l u s i o n s  i n  each  s u b j e c t  a r e a  is  g i v e n  
below. 

( b )  Summary 

( i )  P h y s i c a l  e f f e c t s  While t h e  p h y s i c a l  environment i s  of g r e a t  
r e l e v a n c e  t o  t h e  observed d i s t r i b u t i o n  of p o l l u t a n t s  and b i o l o g i c a l  



p r o d u c t i v i t y ,  d i r e c t  an th ropogen ic  e f f e c t s  on p h y s i c a l  oceanography a r e  
u n d e r s t a n d a b l y  s l i g h t .  The p r i n c i p a l  p o t e n t i a l  e f f e c t  is  v i a  t h e  i n f l u -  
ence  on t h e  d e n s i t y  f i e l d  (and hence on t h e  d e n s i t y - d r i v e n  c i r c u l a t i o n )  of 
t h e  v a r i o u s  c o a s t a l  b a r r a g e  schemes t h a t  have been mooted i n  t h e  p a s t ,  
s i n c e  t h e s e  cou ld  s i g n i f i c a n t l y  lower t h e  f r e s h w a t e r  i n p u t  a t  t h e  c o a s t .  
None of t h e s e  schemes is '  p roceed ing  a t  t h e  p r e s e n t  t ime  and even i f  t h e y  
were ,  i t  i s  u n l i k e l y  t h a t  a l l  would go ahead t o g e t h e r .  

( i i )  B i o l o g i c a l  e f f e c t s  Under t h e  ' g e n e r a l  b i o l o g y '  head ing  t h e  
a n t h r o p o g e n i c  e f f e c t s  may be summarised a s  fo l lows .  For  g e n e r a l  phyto- 
p l a n k t o n  and zooplankton we have no r e a s o n  t o  suppose t h a t  t h e  observed 
f l u c t u a t i o n s  and t r e n d s  a r e  a n y t h i n g  b u t  n a t u r a l .  For  what a r e  c u r r e n t l y  
d e s c r i b e d  a s  'abnormal p l a n k t o n  blooms' a n t h r o p o g e n i c  i n f l u e n c e s  have been 
c la imed from t ime  t o  t ime ,  bu t  we d e s c r i b e  t h e s e  c l a i m s  a s  unconfirmed o r  
s p e c u l a t i v e  a t  p r e s e n t .  When we c o n s i d e r  t h e  ben thos ,  an th ropogen ic  
e f f e c t s  become b o t h  obvious  and s i g n i f i c a n t  b u t  a r e  of r e s t r i c t e d  
d i s t r i b u t i o n ,  c l o s e  t o  u r b a n i s e d  e s t u a r i e s ,  d r e d g i n g  and dumping grounds;  
more widespread changes i n  t h e  benthos  have of c o u r s e  been n o t i c e d ,  and 
a l t h o u g h  r e g i o n a l  v a r i a t i o n s  may i n c l u d e  a n  an th ropogen ic  c o n t r i b u t i o n  
( d i r e c t l y ,  th rough  i n t e n s i v e  f i s h i n g  a c t i v i t y  a t  c e r t a i n  l o c a t i o n s  and 
t imes  f o r  example, o r  i n d i r e c t l y  th rough  t h e  changes i n  t h e  l e v e l  of pre-  
d a t i o n  on ben thos  due t o  f i s h i n g  a c t i v i t y )  t h e r e  i s  no ev idence  t h a t  t h e  
observed v a r i a t i o n s  a r e  due t o  a n y t h i n g  o t h e r  t h a n  n a t u r a l  changes i n  t h e  
environment.  A s  i n  o t h e r  a r e a s  of t h e  s h e l f  t h e  I r i s h  Sea h a s  s u s t a i n e d  
i t s  s h a r e  of s i g n i f i c a n t ,  demonstrable  and widespread an th ropogen ic  
e f f e c t s  on f i s h  s t o c k s  th rough  commercial f i s h i n g .  It can be shown t h a t  
a l t h o u g h  a l l  t h e  major demersal  f i s h  a r e  b e i n g  e x p l o i t e d  a t  l e v e l s  of 
f i s h i n g  m o r t a l i t y  g r e a t e r  t h a n  i s  needed t o  t a k e  t h e  maximum y i e l d  p e r  
r e c r u i t ,  t h e r e  i s  no compel l ing e v i d e n c e  t h a t  t o t a l  y i e l d s  have d imin i shed  
a s  a  r e s u l t  of heavy f i s h i n g .  Due t o  t h e i r  low f e c u n d i t y ,  h i g h  age  a t  
f i r s t  m a t u r i t y  and l a r g e  s i z e  a t  h a t c h i n g ,  s k a t e s  and r a y s  s e r v e  a s  a  
s e n s i t i v e  i n d i c a t o r  of o v e r f i s h i n g ;  though t h e  common s k a t e  h a s  been 
f i s h e d  t o  l o c a l  e x t i n c t i o n  i n  t h e  I r i s h  Sea ,  t h e  ray  s p e c i e s  have ,  
e n c o u r a g i n g l y ,  main ta ined  a  h i g h ,  s t e a d y  c a t c h  r a t e .  F i s h  d i s e a s e  preva- 
l e n c e  i s  o f t e n  h e l d  t o  be a n  i n d i c a t o r  of env i ronmenta l  s t r e s s .  I n  mul t i -  
aim c r u i s e s  up t o  1985 t h e  p reva lence  oE d i s e a s e  appeared t o  be no h i g h e r  
i n  t h e  I r i s h  Sea t h a n  i n  t h e  North S e a ,  bu t  t h e s e  o p p o r t u n i s t i c  c r u i s e s  
were not  s u f f i c i e n t l y  s t a n d a r d i s e d  t o  comment u s e f u l l y  on t r e n d .  The 
f i r s t  d e d i c a t e d  f i s h  d i s e a s e  c r u i s e  i n  t h e  a r e a  i n  1986 d i d  deploy a  s u f -  
f i c i e n t l y  focussed  o b s e r v i n g  e f f o r t  t o  r e s o l v e  t h e  p r e v a l e n c e  of a  l i m i t e d  
range of ep idermal  d i s e a s e s  i n  a  l i m i t e d  range  of s p e c i e s  unambiguously. 
However, even i f  and when a  s e r i e s  of such  c r u i s e s  have been mounted, i t  
w i l l  he ex t remely  d i f f i c u l t  t o  d i s t i n g u i s h  n a t u r a l  temporal  and s p a c i a l  
changes from t h e  pe rcen tage  i n c i d e n c e  t h a t  may be due t o  p o l l u t i o n .  The 
a n t h r o p o g e n i c  c o n t r i b u t i o n  t o  f i s h  d i s e a s e  i n  t h e  I r i s h  Sea i s  t h e r e f o r e  
b e s t  d e s c r i b e d  a s  unknown a t  p r e s e n t  and may be unknowable. The few 
a v a i l a b l e  a n a l y s e s  of s e a l  c a r c a s s e s  ( found dead)  s u g g e s t  t h a t  t h e  I r i s h  
Sea s e a l  p o p u l a t i o n s  a r e  accumula t ing  heavy m e t a l s  and o t h e r  p e r s i s t e n t  
con taminan ts  bu t  no t  a t  c o n c e n t r a t i o n s  l i k e l y  t o  c a u s e  dea th .  S e a l  c u l l s  
do n o t  t a k e  p l a c e .  F i n a l l y ,  t h e  t e x t  d e s c r i b e s  a  range of p o t e n t i a l  o r  
a c t u a l  a n t h r o p o g e n i c  e f f e c t s  s u f f e r e d  by v a r i o u s  components of t h e  b i r d  
p o p u l a t i o n  a t  v a r i o u s  p l a c e s  and t i m e s ,  r a n g i n g  from f a t a l i t i e s  a t t r i b u t e d  
t o  l e a d  p o l l u t i o n ,  e g g s h e l l  t h i n n i n g  p o s s i b l y  due t o  PCB's, mass m o r t a l i -  
t i es  oE auks due t o  o i l  s p i l l s ,  b o t u l i s m  a t t r i b u t e d  t o  r e f u s e - f e e d i n g ,  and 
t h e  p o t e n t i a l  r e s t r i c t i o n  of h a b i t a t  i f  any of t h e  b a r r a g e  schemes go 
ahead.  Though many of t h e s e  i n c i d e n t s  have been b o t h  d r a m a t i c  and alarm- 
i n g ,  t h e y  have s o  f a r  p r e s e n t e d  a  temporary r a t h e r  t h a n  a  permanent t h r e a t  
t o  t h e  a f f e c t e d  b i r d  p o p u l a t i o n s .  



( i i i )  Chemical con tamina t ion  and i n p u t s  While a n t h r o p o g e n i c  e f f e c t s  
and i n f l u e n c e s  of v a r i o u s  k i n d s  have been i d e n t i f i e d  i n  ( i )  and ( i i )  
above,  t h e y  have ,  by and l a r g e ,  been of  r e l a t i v e l y  minor impor tance  o r  i f  
more s e r i o u s ,  t h e i r  e f f e c t s  have been e i t h e r  l o c a l i s e d  a n d / o r  temporary.  
S e c t i o n  B d e s c r i b e s  a  f u r t h e r  r ange  of a n t h r o p o g e n i c  e f f e c t s  i n  l i s t i n g  a  
wide range  of p o l l u t a n t  i n p u t s  t o  t h e  I r i s h  Sea. Accept ing t h a t  any s e a  
a r e a  h a s  a n  a s s i m i l a t i v e  c a p a c i t y  f o r  a l m o s t  any p o t e n t i a l l y  harmful  sub- 
s t a n c e ,  many of t h e s e  i n p u t s  a r e  more p r o p e r l y  d e s c r i b e d  a s  con taminan t s  
r a t h e r  t h a n  p o l l u t a n t s  and f a l l  i n t o  much t h e  same n o n - s e r i o u s / l o c a l i s e d /  
temporary  c a t e g o r y  a s  o t h e r s  l i s t e d  above. 

However, S e c t i o n  B a l s o  i n c l u d e s  t h e  c a s e  of L i v e r p o o l  Bay where t h e  
e f f e c t s  of contaminant  i n p u t s  a r e  a n y t h i n g  b u t  l o c a l i s e d  and temporary.  
There  a r e  two grounds  f o r  concern  t h e r e :  f i r s t  t h e  g e n e r a l  concern  t h a t  
m u l t i p l e - l o a d i n g  by i n d i v i d u a l l y  - ' h a r m l e s s '  con taminan t s  may s t i l l  
r e s u l t  i n  t h e  t y p e  of environment t h a t  we r a t h e r  vaguely  d e s c r i b e  a s  
' under  s t r e s s ' .  Second, and more p a r t i c u l a r l y ,  L i v e r p o o l  Bay does  s u p p o r t  
c o n c e n t r a t i o n s  of mercury i n  f i s h  which a r e  c l o s e  t o  t h e  Environmental  
Q u a l i t y  S t a n d a r d  l a i d  down under  EEC D i r e c t i v e  82/176/EEC which s t a t e s  
t h a t  " t h e  c o n c e n t r a t i o n  of mercury i n  a  r e p r e s e n t a t i v e  sample of f i s h  
f l e s h  chosen a s  a n  i n d i c a t o r  must no t  exceed 0.3 mg kg-' wet f l e s h " .  

The v a r i o u s  components of ' t h e  mercury problem' a r e  a s  f o l l o w s .  

F i r s t ,  t h i s  G r e a t e r  L i v e r p o o l  Bay a r e a  i s  a  r e l a t i v e l y  s h a l l o w ,  
r e l a t i v e l y  non-d i spe rs ive  ' backwate r '  of t h e  I r i s h  Sea ,  t h e  a r e a  
w i t h  t h e  l o n g e s t  f l u s h i n g  t i m e ,  f l o o r e d  i n  p l a c e s  by muddy 
s e d i m e n t s  w i t h  a  h i g h  a d s o r p t i v e  c a p a c i t y  f o r  con taminan t s  and w i t h  
a n  e s t u a r i n e  (coas tward)  deep  mean c i r c u l a t i o n  t e n d i n g  t o  r e t u r n  
dumped m a t e r i a l  t o  i t s  s o u r c e  r a t h e r  t h a n  e x p o r t  i t  o u t  of t h e  
r e g i o n .  

A t  t h e  c o a s t  t h e  most h e a v i l y  u r b a n i s e d  and i n d u s t r i a l i s e d  s e c t o r  
of t h e  I r i s h  Sea  c o a s t l i n e  c o n t r i b u t e s  mercury th rough  i n d u s t r i a l  
and sewage d i s c h a r g e s  t o  t h e  e s t u a r y  (where t h e y  a d s o r b  o n t o  
s e d i m e n t s ) ,  th rough  r i v e r  d i s c h a r g e  and dumping of  d redge  s p o i l  
(which,  t r a n s f e r s  t h e s e  sed iments  t o  t h e  Bay),  and th rough  d i r e c t  
o f f s h o r e  dumping of sewage s l u d g e ,  which s h o r t - c i r c u i t s  t h e  
r i v e r - r o u t e .  

S i n c e  t h e s e  i n d u s t r i a l  and u rban  p r a c t i c e s  have been i n  o p e r a t i o n  
f o r  d e c a d e s ,  t h e  ' f l y w h e e l '  e f f e c t  of t h e  accumulated mercury 
' r e s e r v o i r '  i n  sed iments  oE t h e  Bay must r e p r e s e n t  a  f u r t h e r  s o u r c e  
of exposure  t o  f i s h  t h a t  would p e r s i s t  even i E  t h e  p r e s e n t  c o a s t a l  
i n p u t s  were s topped  comple te ly .  

The spin-down t i m e  f o r  t h i s  f l y w h e e l  e f f e c t  i s  unknown, though 
major  r e d u c t i o n s  i n  a l l  c o n t r o l l a b l e  mercury i n p u t s  t o  t h e  Bay 
s i n c e  t h e  e a r l y  1970 ' s  have been accompanied by a  r e d u c t i o n  i n  t h e  
mercury body-burdens of f i s h .  So o v e r  t h i s  p e r i o d  t h e  r e s e r v o i r  
h a s  c o n t r i b u t e d  t o ,  b u t  does  n o t  a p p e a r  t o  have dominated,  mercury 
up take .  

The r e d u c t i o n  of Hg i n  f i s h  f l e s h  from t h e  v i c i n i t y  of t h e  dumpsi te  
f o l l o w s  t h e  d e c l i n e  i n  t h e  t o t a l i t y  of Hg i n p u t s  t o  L i v e r p o o l  Bay. 
Mercury body-burdens a r e ,  t h e r e f o r e ,  assumed t o  r e f l e c t  exposure  
from t h e  t o t a l i t y  of i n p u t s  t o  t h e  Bay p l u s  t h e  r e s e r v o i r  e f f e c t  of 
Bay sed iments .  However, we do no t  know how t h e  observed f i s h  body 
burdens  a r e  p a r t i t i o n e d  i n  terms oE t h e  v a r i o u s  s o u r c e s  and i f  we 



reduce  a  p a r t i c u l a r  i n p u t  o r  s o u r c e  we do n o t  know how much of t h e  
problem we a r e  d e a l i n g  wi th .  

To some e x t e n t  t h i s  i s  academic s i n c e  ( a )  mercury body-burdens a r e  
c l o s e  t o  t h e  EQS and ( b )  t h e r e  i s  l i m i t e d  scope  f o r  f u r t h e r  
r e d u c t i o n s  i n  i n p u t s  i n  t h e  s h o r t  term i f  p o r t  and i n d u s t r i a l  
f a c i l i t i e s  a r e  t o  be mainta ined.  I n  such  a  s i t u a t i o n  you reduce 
where you can. 

S u c c e s s i v e  s t e p w i s e  r e d u c t i o n  of 0.8, 1.4 and u l t i m a t e l y  4.2 kg d-l 
i n  t h e  long-term (10  ears) o u t l o o k  p e r i o d  a r e  bo th  p o s s i b l e  and 
d e s i r a b l e  t o  i n c r e a s e  t h e  margin of s a f e t y  between t h e  l e v e l s  i n  
f i s h  and t h e  EQS l i m i t ,  and even i f  r e d u c t i o n s  i n  i n p u t s  a r e  
maximised t h e  r e s e r v o i r  a l r e a d y  p r e s e n t  w i l l  e n s u r e  t h a t  t h e  
d e c l i n e  of Hg l e v e l s  i n  f i s h  w i l l  be slow. 

I f  i n  f a c t  i n d u s t r i a l  o r  u rban  expans ion  p r e v e n t s  t h e  achievement 
of maximal r e d u c t i o n s  i n  i n p u t s ,  some r e l o c a t i o n  of p a r t  of t h e s e  
i n p u t s  may be n e c e s s a r y  t o  a  s i t e  which l ies  o u t s i d e  t h e  p r e s e n t  
contaminated zone,  whose own c h a r a c t e r i s t i c s  would n e i t h e r  pe rmi t  
t h e  p h y s i c a l  o r  b i o l o g i c a l  t r a n s f e r  of mercury back t o  L i v e r p o o l  
Bay n o r  pe rmi t  mercury l e v e l s  t o  approach t h e  EQS a t  t h e  second 
s i t e  i t s e l f .  

I n  t h i s  c o n t e x t  i t  i s  i n s t r u c t i v e  t o  n o t e  t h a t  t h e  ' p r e s e n t  
contaminated z o n e ' ,  a s  d e f i n e d  by t h e  most impor tan t  s i n g l e  
c r i t e r i o n  (mercury l e v e l s  i n  f i s h ) ,  i s  n o t  r e s t r i c t e d  t o  t h e  
v i c i n i t y  of t h e  dumpsi tes  b u t  o c c u p i e s  t h e  whole of t h e  a r e a  s o u t h  
and e a s t  of t h e  I s l e  of Man, presumably because  t h e  f i s h  a f f e c t e d  
range f r e e l y  o v e r  t h i s  a r e a ,  though c o n c e n t r a t i o n s  d e c r e a s e  some- 
what towards  t h e  nor th .  

T h i s  summary has  emphasised t h e  L i v e r p o o l  Bay mercury problem s imply  
because  - w i t h i n  o u r  r e s t r i c t e d  terms of r e f e r e n c e  - i t  i s  a rguab ly  t h e  
most impor tan t  s i n g l e  problem i n  t h e  I r i s h  Sea under  any of t h e  t h r e e  
s u b j e c t  a r e a s  c o n s i d e r e d  h e r e .  Evidence f o r  t h e  secondary concern t h a t  
L i v e r p o o l  Bay i s  showing more g e n e r a l  s i g n s  of env i ronmenta l  s t r e s s  i s  of 
c o u r s e  much less t a n g i b l e  and t h e  c o n c l u s i o n  i t s e l f  much more s u b j e c t i v e .  
The p o i n t  worth  making h e r e  i s  t h a t  any measure of what c o n s t i t u t e s  
' env i ronmenta l  stress' shou ld  i n c l u d e  c o n s i d e r a t i o n  of r a d i o a c t i v e  a s  w e l l  
a s  non- rad ioac t ive  contaminants .  While t h e  r e a s o n s  f o r  o u r  p r e s e n t ,  more 
r e s t r i c t e d ,  b r i e f  a r e  unders tood  and a c c e p t e d  by t h e  group,  i t  never the -  
l e s s  recommends t h a t  due c o n s i d e r a t i o n  be g i v e n  t o  o r g a n i s i n g  t h i s  comple- 
mentary  s tudy .  
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1. General d e s c r i p t i o n  

1.1 Volume and bathymetry 

For t h e  purpose of t h e  p re sen t  s t udy ,  t h e  term ' I r i s h  Sea' i s  taken  
t o  mean t h e  semi-enclosed s e a  a r e a  bounded by l a t i t u d e s  52" and 55"N o r  
from S t  Davids Head t o  t h e  Mull of Galloway (F igu re  1 ) .  West of - 4 . 5 ' ~  
t h i s  s e a  a r e a  forms a deep channel 300 km i n  l e n g t h  and 30-50 km i n  width,  
w i th  a minimum depth  of 80 m and a maximum of > 275 m a t  Beauforts  Dyke i n  
t h e  North Channel (F igure  1).  The deep t rough  of t h e  western I r i s h  Sea i s  
open-ended, connected t o  t h e  C e l t i c  Sea v i a  S t  George's Channel i n  t h e  
South and t h e  Malin Shelf v i a  t h e  North Channel i n  t h e  nor th ;  i t  r ece ives  
A t l a n t i c  water  i n f luences  and i n p u t s  through both en t rances .  To t h e  e a s t ,  
t h e  deep channel i s  f r i nged  by two r e l a t i v e l y  shal low embayments of depth 
< 50 m - Cardigan Bay i n  t h e  south  and t h e  E a s t e r n  I r i s h  Sea i n  t h e  north.  
The width of t h e  I r i s h  Sea v a r i e s  between 75 and 200 km but  decreases  t o  
30 km i n  t h e  North Channel. The t o t a l  volume of t h e  I r i s h  Sea, t hus  
de f ined ,  i s  2 430 km3 equ iva l en t  t o  only 6% of t h e  volume of t h e  North 
Sea; 80% of t h i s  volume l i e s  west of t h e  I s l e  of Man. 

1.2 I n p u t s  and ou tpu t s  

'Oceanic '  in f low t o  t h e  I r i s h  Sea v i a  S t  George's Channel i s  v a r i a b l e  
i n  t ime; our  f i r s t  e s t ima te  of t h i s  i s  due t o  Bowden (1950) who deduced a 
n e t  northward t r a n s p o r t  of 2.2 km3 d-l from t h e  s a l i n i t y  d i s t r i b u t i o n  i n  
t h e  wes te rn  I r i s h  Sea (F igure  2) .  

We have a wider range of e s t i m a t e s  oE ne t  outf low v i a  t h e  North 
Channel. Based on Bowden and Hughes' 1961 s tudy ,  telephone-cable e s t i -  
mates f o r  t h e  per iod  1970-81 sugges t  t h a t  t h e  n e t  flow through t h e  North 
Channel was a s  o f t e n  inward a s  outward. More modern e s t i m a t e s  a r e  based 
on ana lyses  of CS d i s t r i b u t i o n s  and t h e i r  changes wi th  time. J e f f e r i e s ,  
S t e e l e  and P re s ton  (1982) deduce a ne t  northward f l u x  of 2.7 km3 d-l from 
November, 1974-January  1976 b u t  r i s i n g  t h e r e a f t e r  3 - f o l d  t o  t h e  - 8 km3 d-l i n  1977-78, which i s  s i m i l a r  t o  t h e  7.8 km3 d-l suggested by 
McKay and Baxter  (1985) f o r  t h e  per iod  1978-81. 

While t he se  CS-based e s t i m a t e s  and t h e  broadsca le  d i s t r i b u t i o n  of CS 
t o  t h e  west of t h e  B r i t i s h  Isles g ive  confidence t h a t  t h e  long-term ne t  
t r a n s p o r t  through t h e  North Channel i s  unambiguously 'outward' ,  they  can- 
no t  provide in format ion  on t h e  s e p a r a t e  outward and inward components of 



f low which e x i s t  s i d e  by s i d e  w i t h i n  t h e  North Channel. C r a i g  (1959) 
s u g g e s t s  5  km3 d-l outward compared w i t h  0.5 km3 d-l inward a l o n g  t h e  
I r i s h  c o a s t ,  bu t  t h e  f i r s t  a c t u a l  measurements were t h o s e  by MAFF i n  
1984-85. The s u c c e s s i v e  11- and 6-mooring deployments o v e r  45 days  i n  
March-June 1985 ( F i g u r e  3 )  p rov ided  f i g u r e s  of ' o u t '  = 10.3 km3 d- l ;  ' i n '  
= 3.0 km3 d - l ;  ' n e t  outward'  = 7.3 km3 d-l .  While t h e s e  a r e  i n  good 
agreement w i t h  t h e  CS-based e s t i m a t e s  quoted above,  i t  must be s t r e s s e d  
t h a t  t h e s e  are r e l a t i v e l y  s h o r t - t e r m  measurements and t h a t  a  99-day 
s ingle-mooring deployment i n  July-November 1984 showed a  predominant ly  
southward f l o w  th rough  t h e  deep Beaufor t  Dyke i n  t h e  e a s t - c e n t r a l  p a r t  of 
t h e  Channel s u g g e s t i n g  a  l a rge-ampl i tude ,  s h o r t - t e r m  v a r i a b i l i t y  i n  
a d d i t i o n  t o  t h e  long-term i n t e r - a n n u a l  v a r i a b i l i t y  d e s c r i b e d  above. 

I n  t h e  absence of s u f f i c i . e n t  long-term measurements, i t  i s  t e n t a -  
t i v e l y  concluded t h a t  t h e  n e t  t r a n s p o r t  th rough  t h e  North Channel i s  of 
t h e  o r d e r  of 2-8 km3 d-l i n  t h e  long-term mean bu t  t h a t  much of t h e  
th roughput  may occur  i n  s h o r t - p e r i o d i c  b u r s t s  of o u t f l o w  peaking 
e s p e c i a l l y  d u r i n g  w i n t e r ;  i . e .  a  v a r i a b l e  o u t f l o w  th rough  t h e  deep e a s t  
s i d e  of t h e  Channel i s  p a r t i a l l y  ba lanced  by a  more s t e a d y  and 
d i r e c t i o n a l l y  v e r y  s t a b l e  ( b u t  l e s s e r )  i n f l o w  a l o n g  t h e  I r i s h  Coast .  

I n  t h e  mode l l ing  of r e s i d e n c e  t i m e  t o  be d e s c r i b e d  below t h e  v a l u e s  
f o r  t h e  northward w a t e r  f l u x  th rough  t h e  I r i s h  Sea a r e  assumed t o  be 3.0 
km3 d- l  pre-1976 and 6.6 km3 d-l post-1976. 

For  a n  e s t i m a t e  of c o a s t a l  f r e s h w a t e r  i n p u t ,  Bowden (1955) s u g g e s t s  a 
t o t a l  r i v e r  d i s c h a r g e  of 6.2 km3 yr-l and 24.9 km3 yr-l a l o n g  t h e  w e s t e r n  
aud e a s t e r n  margins of t h e  I r i s h  Sea r e s p e c t i v e l y ,  coupled w i t h  a  d i r e c t  
a d d i t i o n  ( p r e c i p i t a t i o n  minus e v a p o r a t i o n )  of 10.6 km3 yr-l t o  g i v e  a  n e t  
f r e s h w a t e r  i n p u t  of 41.7 km3 yr-l. S i n c e  t h e  main r i v e r  d i s c h a r g e s  a r e  
grouped a l o n g  t h e  E n g l i s h  c o a s t  (Dee, Mersey, R i b b l e  and Solway F i r t h )  t h e  
l o w e s t  s a l i n i t i e s  (- 32-32.5'100) a r e  found a l o n g  t h e  e a s t e r n  I r i s h  Sea 
( F i g u r e  2 ) .  More r e c e n t  v a l u e s  of a n n u a l  d i s c h a r g e  f o r  t h e  main r i v e r  
i n p u t s  a r e  p rov ided  i n  ICES Coopera t ive  Research Report  No. 77 (Anon., 
1978) f o r  e a c h  s e c t o r  of t h e  I r i s h  Sea c o a s t l i n e  and a r e  a n n o t a t e d  i n  
F i g u r e  2.  These more r e c e n t  e s t i m a t e s  a r e  i n  broad agreement w i t h  
Bowden's (1955)  f i g u r e s  bu t  s u g g e s t  a  s m a l l e r  r e l a t i v e  i n f l u x  a l o n g  t h e  
E n g l i s h  and Welsh c o a s t s  and a  l a r g e r  r e l a t i v e  i n f l u x  a l o n g  t h e  I r i s h  
c o a s t .  A s  a  r e s u l t ,  t h e  r a t i o  of E n g l i s h  and Welsh t o  I r i s h  i n p u t s  f a l l s  
from 4 : l  (Bowden) t o  2 : l .   b able 12 c o n t a i n s  t h e  most r e c e n t  d i s c h a r g e  
f i g u r e s  a v a i l a b l e  bu t  f o r  on ly  a  p a r t  of t h e  c o a s t l i n e  (England and 
Wales).  While t h e s e  f i g u r e s  d i f f e r  i n  d e t a i l  from t h o s e  l i s t e d  i n  t h e  
ICES r e p o r t ,  t h e  t o t a l  England and Wales d i s c h a r g e  d i f f e r s  by o n l y  abou t  
2% from t h a t  quo ted  by ICES, (Anon., 1978) s o  t h a t  t h e  above s t a t e m e n t  
remains  v a l i d ] .  

No c o n s i s t e n t  r e p r e s e n t a t i o n  of s u r f i c i a l  sediment- type i s  y e t  a v a i l -  
a b l e  f o r  t h e  whole a r e a  covered by t h i s  s t u d y .  However t h e  I n s t i t u t e  of 
G e o l o g i c a l  S c i e n c e s  ( I G S ) ,  C o n t i n e n t a l  S h e l f  D i v i s i o n ,  K e y w o r t h ,  
Nott ingham have k i n d l y  provided p u b l i s h e d  maps f o r  t h r e e  a r e a s  of t h e  
I r i s h  Sea ,  a n  unpubl i shed  d r a f t  of a  f o u r t h  a r e a  and t h e  raw survey  d a t a  
f o r  t h e  f i f t h .  I n  F i g u r e  4 ,  t h i s  d e t a i l e d  i n f o r m a t i o n  has  been s i m p l i f i e d  
i n t o  6  b r o a d e r  c a t e g o r i e s  of sediment-type t o  p r o v i d e  a  p r e l i m i n a r y  
d e s c r i p t i o n  of t h e  whole a r e a  under  review. These c a t e g o r i e s  comprise  t h e  
t h r e e  end-members mud, sand ,  and g r a v e l  p l u s  'muddy' (SM, ( g ) ~ ,  (g)sM and 
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