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ABSTRACT: The Irish Sea ia a relatively small, enclosed sea area which is subject to a wide range 
of human uses including navigation, oil terminals, dumping of sewage and industrial sludge, 
cooling for nuclear power stations, gravel extraction, gas and oil prospecting and fishing. Commer- 
cial fishing is affected by the other uses and at the same time it provides a means of monitoring their 
effects on a part of the ecosystem. Regular samples taken from fish markets provide a long series of 
age-composition data of the main commercial species - cod, whiting, plaice and sole - from which 
population changes can be assessed. More recently groundfish trawl surveys have been carried out 
to provide more detailed information on the distribution of all demersal fish species seasonally and 
in relation to area, depth and sediment type. Advice on the management of commercial fish species 
is prepared by a working group of the International Council for the Exploration of the Sea (ICES}, 
and is based mainly on analytical single-species models. There are obvious shortcomings of such 
models in an area of mixed fishery and high diversity such as the Irish Sea. The objectives adopted 
in these models and in fisheries management generally are examined critically in relation to the 
possible aims of conservation. 

INTRODUCTION 

The Irish Sea (ICES Divis ion VIIa, see Fig, 1) has an area  of approximate ly  

45 000 km 2 and is a re la t ive ly  enc losed  sea which  is subject  to a w ide  range  of h u m a n  

uses. Its m a x i m u m  depth, in the North Channel ,  is over  200 m but most of the area is less 

than 50 m deep.  In terms of annua l  fish y ie ld  it is one of the least  product ive  areas around 

the British Isles (Brander, 1977) and this may  be  l inked  to the apparent ly  short and late 

product ion cycle (Colebrook, 1979) which  may  in turn be due to strong t idal  mix ing  and 

low solar radia t ion dur ing the spring months (Dickson & Reid, in preparation).  

In severa l  respects  the Irish Sea is the most po l lu ted  sea area around the British Isles. 

The levels  of zinc, copper,  reac t ive  mercury  and m a n g a n e s e  are all h igher  than  those in 

the North Sea or Engl ish  Channe l  (Sheets 50 and 51 of Lee & Ramster, 1979). This is due 

part ly to h igh  natural  levels  and runoff from old mine  workings,  but  main ly  to industr ial  

inputs and s ludge  dumping ,  the scale of which  is documen ted  by the Depar tment  of the 

Envi ronment  (1978) and by Murray & Norton (1979). The major  d ischarge  of radioact ive  
waste  in the UK takes p lace  at Windsca le  in Cumbr ia  and levels  of caesium-137 in the 

Irish Sea are up to three orders of magn i tude  h igher  than those in the North Sea 

(Mitchell,  1977). 
Other  act ivi t ies  affect ing life in the sea are" nav iga t ion  by oil tankers,  cargo vessels  

and ferries - the scale of wh ich  can be j u d g e d  from sheet  7 of Lee & Ramster (1979); oil 
te rminals  - there  are major  terminals  at Milford H a v e n  and Anglesey;  gravel  extract ion 
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by  dredgers  - ma in ly  in Liverpool  Bay (sheet  23 of Lee & Ramster,  1979); oil  and  gas  
p rospec t ing  - a g a i n  ma in ly  in Liverpool  Bay at present .  

Al l  of these  have  caused  concern  about  the  state of the  mar ine  env i ronment  both  
because  of the  d a n g e r  to life in the  sea  and,  in the  case  of pol lutants ,  be c a use  of the  
dange r  of re turn  pa thways  to man.  Moni tor ing  p rog ra mme s  have  b e e n  es tab l i shed ,  
pa r t i cu la r ly  wi th  the la t te r  in mind  (Mitchell ,  1977; Murray,  1979; Portmann,  1979). The 
direct  effect of po l lu tan ts  on life in the  sea  is very  difficult  to es tabl ish,  pa r t i cu la r ly  
outs ide  the  l i t toral ,  s ince so l i t t le  is k n o w n  about  na tu ra l  popu la t ion  levels  and  the i r  
f luctuations.  Even where  l e tha l  effects are  not obse rved  there  m a y  be  less eas i ly  
de t ec t ab le  sub le tha l  ones, a l though  the dis t inct ion is not  a pa r t i cu la r ly  impor tan t  one in 
terms of popu la t i on  dynamics ,  s ince in e i ther  case  a change  is b rought  about  in one or 
more of the  popu la t ion  pa rame te r s  (growth, mortal i ty ,  net  reproduct ion,  migrat ion) .  

It has  b e e n  sugges t ed  that  toxic wastes ,  pa r t i cu la r ly  PCBs, m a y  have  b e e n  a 
contr ibutory  factor in the  inc reased  inc idence  of e p i d e r m a l  les ions  in the  flatfish 
popula t ions  of the  North  East  Irish Sea  in 1971 (Perkins et al., 1972). Shel ton  & Wilson  
(1973) co l lec ted  further da ta  on e p i d e r m a l  les ions  and  conc luded  that  " . . .  of a l l  the 
env i ronmenta l  va r i ab les  which  can  be  i nvoked  to exp la in  these  results,  po l lu t ion  is the 

leas t  l ike ly ."  S inderrnann (1977) quotes  only the  ear l ie r  of these  s tudies  and  adds,  
er roneously ,  that  "Fin  damage ,  u n k n o w n  before  1970 (in the  Irish Sea), was  obse rved  in 
p la ice  and  dab ."  

The role of po l lu t ion  s tudies  is we l l  known,  but  in add re s s ing  the p rob l e m of 
p ro tec t ing  life in the sea  it seems  s t range  that  the  n e e d  for s tudies  of f isher ies  is 
somet imes  ques t ioned.  There  are at leas t  two reasons  for this  s tate of affairs which  have  
recent ly  come to the author ' s  notice.  One is that  f isher ies  b io logis ts  are  r e g a r d e d  as 
hav ing  the in teres ts  of the  f ishing indus t ry  ra ther  than  those of the mar ine  ecosys tem at 
hea r t  and  the other  is the  i dea  that  f isher ies  stat ist ics are  subjec t  to too many  uncer ta in-  
t ies to be  of any  use in  moni tor ing  popu la t ion  changes  due  to pollut ion.  

This p a p e r  seeks  to examine  the  va l id i ty  of these  cri t icisms and  to show that  f ishing 
has  h a d  a very  g rea t  effect on Irish Sea  fish popula t ions .  Studies  of the  f isher ies  are  
therefore  essent ia l  w h e n  cons ider ing  the a ims of mar ine  conservat ion  in the  a rea  and  are  
also necessa ry  w h e n  d rawing  conclusions  about  the  poss ib le  effects of pol lutants .  

STUDIES OF COMMERCIAL FISHERIES 

Records of ca tches  of commerc ia l  fish spec ies  and  s tudies  of the i r  popu la t ion  
dynamics  go back  over  severa l  decades ,  pu t t ing  t hem among  the most  c losely  moni to red  
na tu ra l  an ima l  popula t ions .  The  s tudy of commerc ia l  f isher ies  p rov ides  the  foundat ion  
for m a n a g e m e n t  of f ishing act ivi ty  to ma in ta in  y ie lds  and  it m a y  also p rov ide  a means  of 
moni tor ing  the effects of other  h u m a n  act ivi t ies  on a major  componen t  of the  mar ine  
ecosystem. F ish ing  itself  can  be  shown to have  a very  grea t  effect on the  exp lo i t ed  
popula t ions  and  three  k inds  of s tudy wil l  be  desc r ibed  to g ive  an  i dea  of the i r  scale  and  
resolut ion:  (a) a s t ra ight forward  descr ip t ion  of the  long- te rm catch t rends  and  an  
examina t ion  of the his tor ic  catch and  effort da ta  for demer sa l  spec ies  to p roduce  a y ie ld  
curve; (b) the  ana ly t ica l  a s sessment  of the  state of the  stocks of s ingle  species ,  incorpora-  
t ing  growth,  mor ta l i ty  and  recrui tment ;  (c) an ana lys i s  of par t  of a ser ies  of groundf i sh  
surveys in the  North East  Irish Sea. 
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LONG-TERM CATCH TRENDS AND TOTAL DEMERSAL 
SURPLUS PRODUCTION 

Statist ics of annua l  l and ings  of fish and  shel l f ish  by  country  have  b e e n  r eco rded  in 
the  Bul le t in  S ta t i s t ique  of the  In te rna t iona l  Counci l  for the  Explora t ion  of the  Sea  (ICES) 
s ince 1909. Throughou t  most  of this  pe r iod  l and ings  were  r epor t ed  for the  Irish Sea  and  
Bristol C h a n n e l  c o m b i n e d  (ICES Divis ions VIIa and  VIIf, see  Fig. 1) and  it has  therefore  
b e e n  necessa ry  to k e e p  t hem c o m b i n e d  in  e x a m i n i n g  the long- te rm catch t rends  and  in  
ca lcu la t ing  total  d e m e r s a l  product ion.  The 1977 Bul le t in  records  l and ings  of 30 demer sa l  
fish species ,  5 pe l ag i c  fish spec ies  and  15 shel l f ish spec ies  from the Irish Sea. The  
countr ies  t ak ing  par t  in  the  f ishery are  UK, Ireland,  France,  Be lg ium and  the Ne ther -  
lands.  The  p r inc ipa l  d e m e r s a l  spec ies  are  cod, whi t ing,  p la ice ,  sole and  the ray  species .  
Her r ing  m a k e  up  the b u l k  of the  p e l a g i c  catch and  the  ma in  shel l f ish spec ies  a re  Norway  
lobster ,  q u e e n  scal lops,  sca l lops  and  mussels .  In 1977 in te rna t iona l  l a n d i n g s  of d e m e r s a l  
fish in ICES Divis ion  VIIa to ta l l ed  abou t  34 000 tonnes,  p e l a g i c  fish about  22 000 tonnes  
and  shel l f ish about  21 000 tonnes.  The h igh  propor t ion  of shellf ish,  over  27 % of the  total  
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Fig. 1. ICES Division VIIa (Irish Sea) and Bristol Channel (VIIf) with depth contours and place 
names used in the text 
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we igh t  l anded ,  is a no tewor thy  fea ture  of the  Irish Sea  f isheries,  pa r t i cu la r ly  s ince 
severa l  of the  spec ies  are of h igh  value .  

F igure  2 shows the t rends  in  total  demersa l ,  total  p e l a g i c  and  shel lf ish l and ings  from 
Divisions VIIa p lus  VIIf s ince 1922. Shel l f ish l and ings  pr ior  to 1950 were  smal l  and  have  
not  b e e n  i n c l u d e d  because  the  units  are  incompat ib le .  Al l  th ree  ca tegor ies  have  shown 
grea t  increases  over  the  per iod,  bu t  the  reasons  for the  increase  are var ied.  Pe lag ic  
l and ings  rose sharp ly  from 1970 onwards  due  par t ly  to good  her r ing  recru i tment  in  the  
Irish Sea  and  inc reased  explo i ta t ion  of the  Cel t ic  Sea  stock, bu t  ma in ly  because  catches 
of m a c k e r e l  from the  Wes te r ly  s tock a round  Cornwal l  are  somet imes  t a k e n  in  Divis ion 
VIIf. There  is no ind ica t ion  that  pe l ag i c  ca tches  in Divis ion VIIa could  be  m a i n t a i n e d  
above  20 000 tounes  on a sus ta ined  basis.  F i sh ing  on the Mourne  her r ing  stock has  b e e n  
b a n n e d  and  the Manx  stock could  eas i ly  follow the same  d o w n w a r d  pa th  if t ight  controls 

are not  enforced.  
The  inc reased  shel l f ish l and ings  are  p r o b a b l y  due  to inc reased  f ishing effort on 

them as the  marke t  for shel l f ish has  improved.  F ish ing  effort on Nephrops is too h igh  
{Brander, 1977), b u t  the  mesh  size has  r ecen t ly  b e e n  inc reased  and  the stocks seem to 
s tand  up to the  f ishing pressure  r e m a r k a b l y  well .  

The demer sa l  l and ings  have  r isen cons ide rab ly  too over  the pas t  thir ty  years  and  
r eached  by  far the  h ighes t  leve l  of the  century  in 1973, s ince w h e n  there  has  b e e n  a 
s l ight  decl ine .  On thei r  own these  statist ics cannot  be  t aken  as an ind ica t ion  of 
popu la t ion  size s ince the  f luctuat ions  in  catch may  be  a resul t  of va ry ing  f ishing in tens i ty  
ra ther  than  popu la t ion  changes .  Stat ist ics of f ishing effort (fishing in tens i ty  
= f ishing effort /area) are  less comple te  than  those  of in te rna t iona l  catch and there  are 
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Fig. 2. Total international landings of demersal and pelagic fish and shellfish from ICES Divisions 

VIIa + VIIf. (Source: ICES Bulletin Statistique 1922-1978) 
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diff icul t ies  in de f in ing  the uni ts  of effort and  in s t anda rd i s ing  them b e t w e e n  different  
countr ies  and  me thods  of f ishing.  Never the less ,  an  index  of the  f i shing effort on 
d e m e r s a l  fish has  b e e n  p r o d u c e d  for the  pe r iod  s ince 1954, which  is de r ived  from 
English,  We l sh  and  Be lg ian  t rawl  data,  cor rec ted  for increases  in ho r sepower  (Brander,  
1977). The  r i s ing  t rend  in  the  total  in te rna t iona l  f ishing effort thus  de r ived  is shown in 
F igure  3 which  also shows the resu l t ing  dec l ine  in total  demer sa l  ca tch pe r  effort. Ca tch  
pe r  effort is t a k e n  as an  ind ica tor  of ava i l ab l e  stock b iomass  and from these  f igures  it  
therefore  appea r s  that  the  total  demer sa l  fish b iomass  in  the  Irish Sea  and  Bristol 
Channe l  has  fa l len  to l i t t le  more  than  a th i rd  of its 1954 level  as a resul t  of f ishing. Before 
go ing  on to look further  into these  f igures  it is pe rhaps  wor th  g iv ing  more  de ta i l  about  
f ishing in tens i ty  and  its d is t r ibut ion.  A rough  ca lcula t ion  ind ica tes  that  the  total  a r ea  
swept  b y  t rawls  in 1978 was  abou t  147 000 km 2 which  is about  2'/2 t imes  the  total  a r ea  of 
Divis ions VIIa and  VIIf. Since f ishing effort is not  even ly  d i s t r ibu ted  this means  that  
popu l a r  g rounds  and  tows m a y  have  b e e n  t r awled  over  many  more  t imes  than  this, 
whe rea s  l a rge  a reas  a re  not  f i shed  at all. 

The d is t r ibu t ion  of in te rna t iona l  f ishing effort wi th in  the  Irish Sea  can  only be  g iven  
app rox ima te ly  b e c a u s e  not  a l l  countr ies  col lect  the  information,  but  F igure  4 shows the 
English,  Welsh  and  Be lg ian  contr ibut ions  in 1976, wi th  most  f i shing t ak ing  p lace  in the  
Eas tern  Irish Sea. The  r e m a i n i n g  countries,  Eire, Nor thern  I r e l a n d  and  France  fish 
ma in ly  in the  cent ra l  and  wes te rn  parts ,  pa r t i cu la r ly  in the  areas  wes t  and  southwes t  of 
the  Isle of Man.  

A y ie ld  curve for the  demer sa l  spec ies  can  be  de r ived  from F igure  3 us ing  the 
me thods  desc r ibed  b y  Brander  (1977} and  Anonymous  (1978, 1979}, and  this is shown in 
F igure  5. Bear ing  in mind  the l imi ta t ions  of the  method,  it  p rov ides  some useful  first 
approximat ions .  The  m a x i m u m  sus ta inab le  y ie ld  (MSY) from the d e m e r s a l  f ishery of 
VIIa and  VIIf is just  u n d e r  50 000 tonnes  (nominal  weight} and  the b iomass  of demer sa l  
fish (of ca tchab le  size) at  MSY is about  100 000 tonnes,  s ince  f ishing is r emov ing  about  
half  of the  b iomass  each  year.  In the  absence  of f ishing the b iomass  wou ld  be  a round  
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Fig. 3. Relationship between total demersal catch rate and fishing effort for ICES Divisions VIIa + 
VIIf 
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200 000 tonnes.  The  current  l eve l  of f i shing is g rea te r  than  that  n e e d e d  to t ake  the  MSY 
and  d e m e r s a l  s tock b iomass ,  as i n d i c a t e d  by  catch p e r  effort, is just  over  a th i rd  of the  
v i rg in  s tock biomass .  The m o d e l  is l i t t le  more  than  a summa ry  of the  changes  which  have  
t a k e n  p l ace  in the  demer sa l  stocks over  the  last  thi r ty  years ,  but  it  does  fit the  da ta  we l l  
and  is consis tent  wi th  the  more  de t a i l ed  s ingle  spec ies  ana ly t i ca l  models .  As such it 
forms par t  of the  m a n a g e m e n t  case  for res t ra in ing  and  r educ ing  the in te rna t iona l  f ishing 
effort. 

SINGLE SPECIES ANALYTICAL MODELS OF FISH POPULATIONS 

Whereas  the  total  demer sa l  m o d e l  a l l owed  only ra ther  b road  genera l i sa t ions  about  
the  current  s ta te  of Irish Sea  fish stocks, the  s ingle  spec ies  mode l s  are  b a s e d  on quar te r ly  
or annua l  age  composi t ions  of the  l and ings  ob t a ined  from rout ine  s a m p l i n g  on fish 
marke t s  and  on la rge  number s  of age  de te rmina t ions  from otoliths.  For cod, p la ice ,  sole 
and  whi t ing  w e  know the  age  s t ructure  of the  l and ings  for a n u m b e r  of years  and  are  ab le  
to reconst ruct  the  age  structure of the  popu la t ions  us ing  vi r tual  popu la t ion  ana lys i s  
{Pope, 1972). 

Thus w e  have  informat ion  on the ra tes  of growth,  mor ta l i ty  and  recru i tment  for these  
spec ies  e x t e n d i n g  back  over  10 to 15 yea r s  and  u p d a t e d  annua l ly  by  a work ing  group  of 
ICES (Anonymous,  1979). Wi th  the  excep t ion  of f i shing mortal i ty ,  the  changes  wh ich  
have  t a k e n  p l ace  in these  ra tes  are  for the  most  par t  smal l  and  wi thout  trend.  For  
example ,  F igure  6 shows the dev ia t ion  in p la ice  growth  about  the  long- t e rm m e a n  for the  
pe r iod  1964-78. Recru i tment  too has  a r a n d o m  scat ter  (Fig. 7) in spi te  of a m a r k e d  
dec l ine  in the  s tock b iomass  of cod, p la ice  and  sole. On the other  h a n d  f ishing mor ta l i ty  
has  i nc reased  s t ead i ly  on p la ice  and  cod, as one wou ld  expec t  from the t rend  in total  
in te rna t iona l  effort {Fig. 3). Sole,  wh ich  is t a k e n  ma in ly  in  a d i rec ted  seasona l  fishery, 
has  not  appa ren t l y  b e e n  sub jec t ed  to i nc reased  f ishing mor ta l i ty  and  the whi t ing  
assessment  is compl i ca t ed  by  h igh  mor ta l i ty  in smal l  mesh  f isher ies  for Nephrops and  
indus t r ia l  species .  
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Fig. 7. Deviations in annual recruitment of plaice, sole, whiting and cod from the geometric long- 
term mean for ICES Division VIIa (data from Anonymous, 1979) 

The current  f ishing mortali ty rates m e a n  that f ishing removes a large proport ion of 
the adult  popula t ions  of fish from the Irish Sea each year; the proport ion r ang ing  from 
about  25 % for sole to 65 % for cod. As a result  of the s ingle  species analyt ical  models, 
which are in  good agreement  with the total demersal  model, a total a l lowable  catch 
(TAC) is set each year  in  order to prevent  f ishing effort from rising further and  indeed  to 
reduce it to a level  close to that g iving the ma x i mum sus ta inable  yie ld  (MSY). The 
practical and  inst i tut ional  difficulties in  enforcing these TACs are still considerable,  bu t  
in  pr inciple  they should serve to protect the four species for which they are set. The effect 
of these TACs on other species is difficult to forecast since they may either result  in  a 
genera l  decrease in  f ishing effort in  the area or in  diversion of effort onto unprotected 
species, such as occurred in  the North West Atlant ic  in  the early 1970s. Even if f ishing 
effort does decl ine this may not be sufficient to protect commercial  species such as rays 
which, because  of their low fecundity,  are part icularly sensit ive to fishing pressure. One 
species, the common skate Raia batis, has already become extremely rare if not  extinct in 
the Irish Sea, probably  as a result  of fishing. In 1902 Herdman  & Dawson wrote of its 
occurrence in  the Irish Sea: " a b u n d a n t  in all  parts, and  t aken  by l ine and  by t rawling all 
the year round on near ly  all our f ishing grounds. The young  are f requent ly  t aken  in  
shrimp nets in  shallow water." Not a s ingle specimen has b e e n  t aken  in  several  hundred  
research trawl hauls  over the past  decade and  only occasional fish appear  in  commercial  
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l and ings  from the North Channel .  Its d isappearance  seems to have been  unno t i ced  or at 
least unrecorded,  and  it is doubtful  whether  a m a n a g e m e n t  policy to protect it from 
fishing could have b e e n  devised in  any case. The same is probably  true for the other ray 
species and  this is a clear example  of the l imitat ions of the protection afforded by 
fisheries managemen t .  

A shortcoming of the analyt ical  models  based  on commercial  market  sampl ing  is 
that for most purposes it is impossible  to work on a f iner scale than  the whole area (in this 
case Division VIIa) by quarters of the year. In the case of plaice and  cod it is know n  that 
there are different spawning  areas and  consistent  growth rate differences b e t w e e n  the 
eastern and  western  Irish Sea, but  because  it is impossible  to divide the total catch 
be tween  these areas the assessment  cannot  be split. W h e n  more deta i led information on 
a part icular  small  area is needed,  it is usual ly  necessary to use special  research surveys 
and  the k ind  of information which can be ob ta ined  with these is descr ibed in  the next  

section. 

RESEARCH SURVEYS OF FISH POPULATIONS 

A series of groundfish trawl surveys in  the North East Irish Sea has b e e n  carried out 
over the last 5 years. The surveys take place every 4 months  us ing  a small  (16.7 m length) 
chartered f ishing vessel. Details of the method and some of the results are g iven  by 
Brander & Wallace (1976). The advantages  of this k ind  of survey are that f ishing 
posit ions can be selected and  methods kept  s tandard;  small  mesh covers are used and  all 
fish whether  commercial  or not are recorded; supp lementa ry  biological  informat ion on 
feeding,  condition, etc. can be collected. 

A major  problem which has always confronted studies of fish popula t ions  is how to 
sample them and  in  part icular  whether  the inheren t  var iabi l i ty  in  catches taken  by gear 
such as trawls is so large as to obscure any fine differences in  distribution. Our surveys 
have a t tempted to demonstra te  consistent  differences in  fish dis t r ibut ion due to depth, 
distance from the coast, season and  sed iment  type and  in this they have met  with some 
S u c c e s s .  

As an example,  the dis t r ibut ion of twelve species in  re la t ion to sed iment  and  month  
is g iven  in Table  i, which shows the geometric m e a n  of the n u m b e r  per haul,  the overall  
coefficient of variation, the proport ion of the total sum of squares due to haul - to-haul  
(within stratum) var iabi l i ty  and  the s ignif icance levels for the effects of sed iment  type 
and  month. The whole analysis  was carried out on log t ransformed number s  per  haul  
(log e (I -bN)) because  the f requency distr ibutions are highly  skewed. Even  so, many  of 
the coefficients of var iat ion are above 100 % and, because  this may lead to excessive 
number s  of s ignif icant  F ratios in  the analysis  of variance,  the month  x sediment  
in teract ion term has b e e n  inc luded  in  the "error" sum of squares and  only the ma in  
effects have b e e n  tested. 

In Table  1 the species have b e e n  grouped according to the sed iment  on which they 
occurred most abundan t ly  and  the 4 species which occur most commonly on muddy  sand 
(dab, small  plaice, sprat and  flounder) all show signif icant  differences in  their  distr ibu- 
t ion due to sed iment  type. Three of them (small plaice, sprat and flounder) also show 
signif icant  seasonal  differences. The sprat dis t r ibut ion is par t icular ly in teres t ing  since it 
is a pelagic  species, which might  not be expected to be in f luenced  by bottom type. The 
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overal l  va r i ab i l i ty  among  the ca tches  of spra t  in the  30 hau ls  ana lysed  is very high,  as 
i nd i ca t ed  b y  the coeff icient  Of var ia f ion  of 1~8 o/0 for the  t ransformed dis tr ibut ion,  but  the  
hau l - to -hau l  va r i ab i l i t y  wi th in  s trata  is low, accoun t ing  for only 17 % of the  total  sum of 
squares .  As can  be  seen  from the m e a n  values ,  spra t  are  far more a b u n d a n t  over  m u d d y  
sand than  over  the  other  sediments ,  a ra ther  surpr i s ing  resul t  wh ich  is howeve r  confir- 
m e d  by  others  s tudy ing  the spec ies  e l s ewhe re  (Johnson, pe r sona l  communicat ion) .  

Of the  other  spec ies  only poor  cod and  pout  wh i t ing  can be  shown to be  in f luenced  
by  s ed imen t  type  and  only cod and  whi t ing  show s ta t i s t ica l ly  s ignif icant  seasona l  
f luctuat ions.  

Using  informat ion of this k ind  one can pred ic t  the  spec ies  composi t ion  and  abun-  
dance  wh ich  might  be  expec t ed  in pa r t i cu la r  a reas  and  seasons  and  hence  de tec t  
s igni f icant  devia t ions  from expec ta t ion  wh ich  might  ind ica te  some other  factor at work.  
However ,  they  are  only the  first s tep in  u n d e r s t a n d i n g  the  structure of the  fish commu-  
ni ty  and  the i r  ma in  use  at p resen t  seems to l ie  in ins t i l l ing  caut ion w h e n  asc r ib ing  a 
cause  to a par t i cu la r  dec l ine  or absence.  For example ,  Corle t t  & O 'Su l l ivan  (1972) 
t en ta t ive ly  conc luded  on the bas is  of two t rawl  hauls  that  the  s l ight ly  r e d u c e d  n u m b e r  of 
spec ies  southeas t  of the  Liverpool  Bay s ludge  d u m p i n g  a rea  migh t  be  an ind ica t ion  of 
de t r imen ta l  condi t ions,  bu t  our more de t a i l ed  s ampl ing  in  comparab l e  dep ths  and  the 
same bot tom type  on a reas  15 mi les  wes t  of the  dump si te showed  s imi lar  numbers  of 
spec ies  to those nea r  the  d u m p i n g  g round  and  comparab l e  s trata  off the Isle of Man  
showed  consis tent ly  lower  numbers .  In the  la t ter  case  the  r e d u c e d  n u m b e r  of spec ies  
m a y  be  due  to g rea te r  t ida l  currents,  but  this  factor is ex t r eme ly  difficult  to inc lude  in the  
s a m p l i n g  des ign .  

The p r o b l e m  of s ampl ing  fish popula t ions  in order  to s tudy the factors in f luenc ing  
thei r  d i s t r ibu t ion  and  a b u n d a n c e  is not  an  i n supe rab l e  one, bu t  the n u m b e r  of factors 
involved  is l a rge  and  therefore  the  u n e x p l a i n e d  res idua l  va r iance  is also l ike ly  to r e m a i n  
fair ly b i g  for most  species .  The  analys is  of va r i ance  desc r ibed  here  m a y  a l low one to 
select  spec ies  whose  d is t r ibut ion  appea r s  to be  wel l  e x p l a i n e d  by  the factors i nc luded  
and  smal l  p la ice  are  a good  example .  A further  ana lys is  has  looked  at  thei r  number s  in  
re la t ion  to depth ,  d i s tance  from the coast, season  and  year ,  bu t  k e e p i n g  s ed imen t  type  
constant .  Not surpr i s ing ly  thei r  d is t r ibut ion  can be  shown to d e p e n d  s igni f icant ly  on al l  
of these  and  one is left  w i t h  a fa i r ly  c lear  p ic ture  of how the i r  number s  w o u l d  be  
expec t ed  to vary.  

DISCUSSION 

In commerc ia l  f isher ies  m a n a g e m e n t  the  pro tec t ion  of l ife in  the  sea  is not  a ma t te r  
of al truism, bu t  of self interest ,  b ecause  by  m a i n t a i n i n g  stocks the future l ive l ihood  of the  
f ishing indus t ry  is protec ted .  There  is b road  ge ne ra l  a g r e e m e n t  over  the  measu res  wh ich  
are n e e d e d  to do this, bu t  g rea t  diff icul t ies  r ema in  in  i m p l e m e n t i n g  a r eg ime  which  
ensures  that  the  long- te rm common benef i t  p reva i l s  over  shor t - term ind iv idua l  advan-  
tage.  To a f i sherman  any  fish wh ich  he  does  not catch today  is l i ab le  to be  caught  by  
someone  e lse  tomorrow and res t ra in t  is therefore  a hard  doct r ine  to accept .  The inst i tu-  
t ional  f r amework  for car ry ing  out the  assessment ,  r egu la t ion  and  control  in an  equ i t ab l e  
and  effect ive m a n n e r  is only in  its infancy,  but  a l r e a dy  the se t t ing of annua l  catch quotas  
is b e c o m i n g  a r egu l a r  procedure .  There  is every  expec ta t ion  that  the  dange r  to stocks in 
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the Irish Sea and  elsewhere,  which current  excessive f ishing pressure represents,  wil l  be 
curbed wi th in  the next  few years. If this desirable  state is achieved it will  be a notable  
success for fisheries management ,  but  will  be  regarded by most Of those concerned about  
mar ine  life as only the first step on a long road. 

The objectives of fisheries m a n a g e m e n t  are l imited to ma in t a in ing  yields of com- 
mercial  species and  practical considerat ions m e a n  that only a very few of these are 
properly s tudied and  protected. The paral le l  with agriculture,  which husbands  a l imited 
n u m b e r  of species to the detr iment  of m a n y  others is inescapable .  One of the ma in  aims 
of conservat ion is to ma in ta in  the diversity of species, but  on land  the conservat ion 
movement  owes much of its force to aesthetic and  ameni ty  considerations,  which may be 
hard to apply beyond  littoral areas. As on land,  there may be some conflict be tween  the 
objectives of m a n a g e m e n t  to obta in  a yie ld  and those of genera l  conservation, bu t  
studies of the fisheries wil l  p lay  a major part in  ident i fy ing and  resolving these and  are 
in  any case essent ial  to an  unde r s t and ing  of the mar ine  ecosystem and of the dangers  to 
it. 

Tu rn ing  to the quest ion whether  fisheries data such as those used in  the analyt ical  
model  could be used to detect changes  due to pollution, the first point, which is obvious 
but  needs  to be  made  again,  is that one certainly cannot  interpret  any changes  in the 
mar ine  ecosystem without  t ak ing  account  of the massive effects of f ishing on fish 
popula t ions  and, directly or indirectly, on other life in  the sea. For example,  the 
increased inc idence  of lesions in  Irish Sea flatfish reported by Perkins et al. (1972) might  
be  expla ined  by fishery induced  stress, part icularly since the inc idence  was higher  
among adult  fish l iv ing in  less pol lu ted  offshore areas than  among  young  fish on inshore 
areas which are more polluted, but  less heavi ly  fished. There is no evidence  that f ishing 
changed  at that t ime in  a way which might  have brought  this about, but  ne i ther  is there 
any direct ev idence  that po l lu t an t s  did either. The effects of f ishing are so great and  
widespread  that it is i ndeed  doubtful  whether  pol lu t ion induced  changes  in  growth, 
na tura l  mortality, recrui tment  or migra t ion could be detected against  them, unless  the 
changes  are part icularly disastrous or persist for a long enough  period. 

CONCLUSIONS 

(1) The Irish Sea is heavi ly  pol luted in  several  respects and  is also subject  to many  
other h u m a n  activities inc lud ing  navigat ion,  recreation, gravel, oil and  gas prospect ing 
and  extraction and  fishing. To date only fishing can be shown to have a widespread  
effect on the mar ine  ecosystem; it removes over half of the adult  populat ions  of several 
commercial  species each year. 

(2) In general ,  the demersal  fisheries are producing yields which are as high as or 
h igher  than  ever before, bu t  there is little doubt  that  most species are overfished. Fishing 
has probably  led to the d isappearance  of Raia batis from the Irish Sea and  other species 
of Raiidae are also in  danger.  

{3) The fisheries are b e g i n n i n g  to be m a n a g e d  by catch quotas and  other means,  in  
order to produce high sus ta ined yields, but  it is doubtful  whether  such m a n a g e m e n t  will  
lead to the protection of more than  a few commercial  species. If a more comprehensive  
conservat ion policy is to be considered then  the objectives need  to be formulated to 
allow this. 
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(4) S t u d i e s  of t h e  f i s h e r i e s  c a n  g i v e  i n f o r m a t i o n  o n  l o n g - t e r m  c h a n g e s  i n  p o p u l a t i o n  

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

d i s t r i b u t i o n  i n  r e l a t i o n  to e a c h  o t h e r  a n d  to e n v i r o n m e n t a l  fac tors .  S u c h  s t u d i e s  a r e  

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

a n  i m p o r t a n t  p a r t  of ou r  u n d e r s t a n d i n g  of t h e  m a r i n e  e c o s y s t e m .  
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