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ABSTRACT: Marine fish and shellfish constitute important natural resources. Provided they are 
wisely exploited, they are not liable to exhaustion but continue to renew themselves. Wise 
exploitation requires sound management ,  and for such management  one should be well  informed 
about the factors governing the fluctuations in the stocks and about the costs of exploitation. A 
century of scientific fisheries research provided a weal th  of information on reproduction, migration 
and growth of commercially important species of fish and shellfish and about the losses the stocks 
suffer through natural causes such as predation, diseases and parasites, and through the fishery 
itself. Such information is available for areas which are intensively fished. In fertile waters, the 
approximate growth increase of fish stocks is some 15 % by weight  year -1. If one were to harvest this 
15 % only, to be considered as interest on this natural capital, and to leave the capital itself 
untouched, one could go on fishing for ever. There would be no overfishing or stock depletion. For 
sound management  we need  not only ecological data but also information on economic fishery 
aspects, e. g. on size and power of the fleet, type of fish-finding apparatus installed, costs of net t ing 
and wages,  fuel required per  fishing trip, and on the capital invested. Further we need  statistical 
information on the landings and on the proceeds. Such information is available in countries which 
participate intensively in fishing. Therefore, one would assume that governments which are well 
informed by their fishery biologists about fluctuations in stocks of fish and shellfish and by their 
economists on various aspects of the exploitation would apply sound management  to ensure that 
fishing may continue for many years to come without depletion. A number  of examples related to 
the North East Atlantic area, where  intensive fishing is carried out and from where  a wealth of 
scientific information is available, makes clear that cases of sound management  are hard to trace. 

Editorial note: Professor Dr. Pieter Korringa died shortly before the symposium. In his last 
letter he requested that his paper  be read to the auditorium. After paying tribute to this disting- 
uished colleague, Professor Dr. Otto Kinne read his paper. The texts of tribute and paper  follow 
below. 

TRIBUTE TO PROFESSOR PIETER KORRINGA 

Dear Mrs Korringa ! 
Ladies and Gent lemen!  
Colleagues and Friends! 

It is with great sorrow and sadness that I stand here instead of  a man dist inguished 
by a long and successful career as a fisheries biologist: Pieter Korringa. He and I had 
agreed that he  would present,  at this symposium, an Introductory Paper, based largely on 
his own experience and concerned with the m a n a g e m e n t  of marine species. In spite of 
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the fact that Pieter  had  been  ser ious ly  ill  for some  time, he  promised  to do his  bes t  to 
comple te  the paper  and to p resen t  i t  here  personally ,  i f  at all possible.  Pieter  Korringa 
spen t  the last  days o f  his  l i fe  dictat ing the manuscr ip t  for this paper.  H e  died on Ju ly  13, 
1979. 

Born on February 16, I913, at Heems tede ,  The Netherlands ,  Pieter  Korringa became  
a h i g h l y  regarded,  in ternat ional ly  p rominen t  shel l f ish biologist  and a d is t inguished 
teacher. For m a n y  years  h e  served  as Director o f  the Ne ther lands  Inst i tute for Fishery  
Invest igat ions  at  IJmuiden.  His  major  sc ient i f ic  accompl i shments  inc lude  research on 
shel l f ish cult ivation and s tock  m a n a g e m e n t  of  commercia l  fishes. Pieter  Korringa was 
Extraordinary Professor at the Universi ty  of  Amsterdam.  On numerous  occasions he  
served  his  country  as a de legate  to international  organizations. 

His  last  major  accompl i shmen t  was a four-volume treatise on the farming  o f  marine  
organisms. Fishery  sc iences  and mar ine  eco logy  have  suf fered a great  loss. We  shall  miss  
Pieter  Korringa's leadership,  advice and criticism. 

Ladies and Gent lemen ,  I would  l i ke  you n o w  to rise and s tand for a m i n u t e  in 
m e m o r y  of  Professor Dr. Pieter  Korringa. 

Thank  you. Pie ter  Korringa, w e  shall  a lways  r e m e m b e r  you in our hearts!  

INTRODUCTION 

The stocks of fish and  shellfish constitute one of the natura l  resources ma n  has 
exploited since t ime immemorial .  It is always wise to keep an  eye on the future and  
therefore to avoid wasteful  exploitat ion of na tura l  resources which might, in  due course, 
lead to complete deplet ion.  The great advantage  of a l iv ing resource l ike a stock of fish 
or shellfish is that it can re juvenate  itself w h e n  carefully exploited so that sus ta ined 
profitabili ty is a realistic aim. Sound m a n a g e m e n t  is therefore a prerequisi te  just  as in  
other industr ia l  enterprises of our time. Por such m a n a g e m e n t  one should have insights 
into the various factors which determine cost and  magn i tude  of product ion and  be able to 
identify l imi t ing factors so that adequate  measures  can be taken  to prevent  s tagnat ion in  
the deve lopment  of the industry  concerned.  Poresight is required,  expecial ly in our time, 
since the economic and  social parameters  are l iable  to change  almost overnight.  

The productivi ty of the sea, based  on the carbon-dioxide assimilat ion by the phyto- 
plankton,  is not affected by the f ishing industry,  and  in  the more fertile waters one may 
count on an  annua l  inc rement  in  weight  of the fish stock of some 15 %, an  increment  
simply due to growth of the fish. Were we to harvest  this 15 % - to be considered as the 
interest  of this natura l  capital  - and  leave the capital  itself untouched,  we could expect to 
go on f ishing for many  years without  observing signs of deple t ion or overfishing. 

In most of the western  countries facing the sea we nowadays  have ample  scientific 
information on growth and  reproduct ion of commercial ly  important  species of fish, on 
the losses brought  about  by predation,  diseases and parasites, and  by the fishing 
industry  itself. Purther, we know the size of the f ishing fleet, the power of the uni ts  and 
the gear used, so that we can draw conclusions about  the fishing effort. Furthermore,  
there is as a rule reasonably  re l iable  statistical information on the catches l anded  and on 
the proceeds made.  We are also well  informed about  f inance invested in  the fleet, about  
the n u m b e r  of workers in  the fishing industry  and  about  the r u n n i n g  expenses for fuel, 
net t ing,  and  wages. By combin ing  the biological  information on the fish stocks with the 
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economic and  social aspects of the fishing industry  it should be possible to find a basis  
for sound fishery managemen t .  We could a im at the so-called "max imum sus ta inable  

yield,"  expressed in  tons of fish, or lead the m a n a g e m e n t  to the ma x i mum sus ta inable  
profit, expressed in  monetary  units.  

Theoretically,  sound m a n a g e m e n t  of the fishing industry  must  be  possible, even  in  
waters  where  more than  one country operates. Whether  such is the case can be 
concluded from the examples  presen ted  in  this paper,  dea l ing  with the fisheries in  the 
nor th-eas tern  Atlant ic  area, as wel l  as fisheries in  streams and  lakes, estuaries and  
coastal waters, and  the h igh seas. 

I shall  document  here past  deve lopments  and  activities, as well  as refer to the 
present  state-of-the-art  of the m a n a g e m e n t  of mar ine  species by presen t ing  7 examples  - 
the oyster Ostrea edulls, the b lue  mussel  Mytilus edulls, the b rown shrimp Crangon 
crangon, the sole Solea solea, the her r ing  C1upea harengus, the s a l m o n  of the River 
Rhine and  the bowhead  whale  Balaena mysticetus - and  a brief review of the develop- 
men t  from Zuyder  Sea to Lake IJssel. The major  conclusions drawn are then  presented  in  
the f inal  section. 

THE OYSTER 

There  was a t ime w h e n  oysters Ostrea edulls a b o u n d e d  in  the shallower parts of the 
North Sea. Very rich na tura l  beds  were found in  the Firth of Forth, in  the Dutch W a d d e n  
Sea, and  in  the waters of Schleswig-Holste in  know n  as the "Fiskalische Austernb~inke." 
Mill ions of oysters were fished there annua l l y  to be  shipped to the cities where  they were 
sold for what  is now considered as a r idiculously low price. Entire shiploads of oysters 
were dispatched from the Firth of Forth to Zealand,  where  oyster dealers graded them 
and  stored them in  large sea-water  bas ins  prior to sh ipment  to cities in  Belg ium and  
Germany.  When  a real net  of rai lways spread all over Europe the market  for such a 
per ishable  product  as the oyster w idened  considerably  and  the d e m a n d  increased 
rapidly. The oyster fishers gladly responded by increas ing  the in tensi ty  of fishing, and  
for a whi le  bus iness  was good. 

In the course of the 19th century the catch per day d imin ished  a la rmingly  on the 
na tura l  oyster beds of the North Sea, and compensat ion  by put t ing  more ships to work 
there seemed  hardly possible. Apparent ly ,  the beds  were overfished and  some govern- 
ments  in t roduced a m i n i m u m  legal  size for oysters; they even  closed the Schleswig- 
Hols te in  beds for several  years. Apparen t ly  these measures  came too late, for revival  of 
the formerly rich na tura l  beds did not occur. At that t ime it was not unders tood why a 
na tura l  bed  could not restore its former r ichness w h e n  left alone. Today we realize what  
happened:  a smal ler  n u m b e r  of adult  oysters on the beds automatical ly  means  a smaller  
n u m b e r  of larvae produced in  summer.  Since only a very small  percentage  of the larvae 
reaches sett l ing size, the n u m b e r  of larvae ready for set t l ing must  have b e e n  smaller  still 
w h e n  the stocks of adult  oysters became depleted.  The larvae settle on hard and  c lean  
objects, a rare commodity on the sea bottom. The ne w  shoots of the shells of adul t  oysters 

offer by far the best  possibil i ty for set t l ing on na tura l  beds. But, if there are fewer adult  
oysters, the chances of f ind ing  a na tura l  collector are seriously reduced.  Small  oysters 
at tached to the shells of adult  oysters should be removed and  scattered on the na tura l  
beds  to reach marke tab le  size in  due course. But few f ishermen will  take the trouble to 
detach the young  oysters from the shells of marke tab le  oysters, for most probably,  others 
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might  benef i t  from this extra work. Hence,  many  young  oysters are lost, and  from the 
moment  adult  oysters become so scarce that ferti l ization of all the eggs on the gills of the 
mother oysters is no longer  ensured,  the na tura l  bed  will  collapse. 

No l iving oysters can nowadays  be found on the former natura l  beds  in  the Firth of 
Forth and  in  the W a d d e n  Sea, though env i ronmenta l  condit ions have hardly changed  at 
all. This is the more deplorable  since these populat ions  of Ostrea edulis showed good 
larval deve lopment  at water  temperatures  as low as 15 ~ to 16 ~ whereas  the popula-  
tions from Brittany and  the Oosterschelde require 18 ~ at least, and  the Wadden  Sea 
oyster evident ly  cou ld -s tand  severe winter  weather  for a prolonged period. It was 
assumed for a long t ime that the popula t ions  showing such in teres t ing qual i t ies  were 
irretr ievably lost, bu t  now there is some hope. Some years ago in  the cadre of the Delta 
project, the Greve l ingen  - a body of salt water  be t w e e n  the isles of Goeree-Overf lakkee 
and  Schouwen-Duive land  in  the S. W. of The Nether lands  - became cut off from the sea 
and  from fresh water  bodies  further east. Oysters have occurred there since t ime 

immemorial ,  but  reproduct ion was always very scanty. It was a surprise, therefore, that 
reproduct ion showed a sharp increase after communica t ion  with the sea was severed, 
though the n u m b e r  of mother  oysters r ema ined  low. Evident ly  larval  survival is much 
better  unde r  the new  conditions, p resumably  because  predators such as anchovies,  
ctenophores and  the like, which devour  mil l ions of pelagic  oyster larvae, can no longer  

enter  the Greve l ingen  body of sea water. 
Recent evidence  gives hope for the future: the unusua l ly  low water  temperatures  in  

the cool summer  of 1978 led to a complete failure of spaffall in  the Oosterschelde, but  in  
the Greve l ingen  good number s  of spat could be observed on the exper imenta l  collectors, 
despite the fact that water  temperatures  stayed wel l  under  18 ~ (the critical level  for the 
Oosterschelde oysters). Moreover, the winter  of 1978-1979 was very long and  cold with 
ice on the water  for many  weeks  in  succession. Despite these unfavourable  conditions, 
the young  oysters in  the Greve l ingen  did not suffer appreciable  losses. One may surmise 
that the wild Greve l ingen  stock shows the same excel lent  quali t ies  as the former 
W a d d e n  Sea and  Firth of Forth oysters: larval  deve lopment  at low water  temperatures  
and hardiness  in  severe winters.  The Dutch Government ,  in  cooperation with the oyster 
farmers of Yerseke, is a t tempt ing to protect this stock of oysters, and  to avoid its 
becoming  mixed with the Oosterschelde stock, in  an  effort to develop the salt Gre- 
ve l i ngen  bas in  into a nursery ground for oysters from which the juveni le  oysters can later 
be  transferred to the Oosterschelde plots for further growth and  fattening.  Cool summers  
and severe winters,  which repeatedly  interfere with the deve lopment  of the oyster 
stocks, will  then, hopefully, no longer  e n d a n g e r  the Dutch oyster industry. It is here, in 
the cooperat ion be tween  the government  and  the oyster farmers that real m a n a g e m e n t  
begins,  after hundreds  of years of m i s m a n a g e m e n t  of the na tura l  oyster beds. Oyster 
farming on the plots of the Oosterschelde is quite a different thing, a case of private 
enterprise by oyster farmers operat ing on plots leased from the government .  

THE BLUE MUSSEL 

Natural  beds of the b lue  mussel  Mytilus edulis occur on m a n y  a site in the shallower 
parts of the North Sea. They are, as a rule, only of l imi ted interest  to the fishing industry. 
Mussels may settle on various levels, but  only in  the inter t idal  zone is the survival  rate 
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good,  s ince  the i r  m a i n  enemy,  the  seas ta r  Asterias rubens, cannot  a t tack  them there  as it  
is l i ab le  to p r eda t i on  by  sea-gul ls .  Musse l  s eed  wh ich  se t t led  in d e e p e r  wa te r  often 
d i s appea r s  in a ra ther  short  t ime.  The  t ida l  zone is, however ,  not the  bes t  p lace  for r ap id  
growth  and  fat tening,  s ince wa te r  r ich in p l ank ton  reaches  the  musse ls  he re  only 
in termi t tent ly .  The musse ls  on the beds  in the  in te r t ida l  zone - those a t t ached  to 
b r e a k w a t e r s  i n c l u d e d  - a re  g e n e r a l l y  of i r r egu la r  size and  age  and  ra ther  poor  in the  
qua l i ty  of thei r  ed ib l e  par ts  and,  therefore,  of l i t t le  impor tance  as h u m a n  food. 

Still, a na tu ra l  musse l  b e d  const i tutes  a b io log ica l ly  very  rich resource.  Here  one 
f inds up  to 10 kg  of musse l s  pe r  square  metre ,  a dens i ty  of an imals  one wil l  ra re ly  f ind 
e l sewhere .  We should,  however ,  b e w a r e  of m a k i n g  compar i sons  wi th  the  s i tuat ion on 
the land,  for example ,  wi th  the  n u m b e r  of cows on a g iven  pas ture .  This not  only  be c a use  
musse l s  consist  of only  about  25 % of meat ,  wet  weight ,  but  also be c a use  they  do not  l ive 
from the food p r o d u c e d  on the ac reage  they  are  ac tua l ly  g rowing  on, but  ra ther  from the 
phy top l ank ton  p r o d u c e d  in a far l a rge r  a rea  and  c a r d e d  to them by the t ida l  currents.  A 
compar i son  wi th  a mode rn  b io - indus t ry  of ch ickens  or wi th  an  apa r tmen t  house  full of 
p e o p l e  is more  real is t ic .  

Wha t  use  have  w e  m a d e  of this  r ich resource? Long ago f i she rmen  from Z e a l a n d  
found that  t ransfer  of musse ls  from na tu ra l  beds  to si tes wi th  both  sufficient  she l te r  and  
p l en ty  of food - but  whe re  they  wou ld  not  set t le  na tu ra l ly  - could  l e ad  to r ap id  growth  
and  fa t t en ing  and  thus, in much  shorter  t ime than  is obse rved  in oysters,  to a p roduc t  fit 
for the  m a r k e t  and  for the  h u m a n  table.  It took, however ,  a long t ime before  this prac t ica l  
expe r i ence  could  be  a p p l i e d  on l a rge r  scale.  One had  first of al l  to be  sure that  one could  
harves t  the  musse l s  t ransfer red  to the  fa t t en ing  grounds,  oneself ,  that  is, that  o ther  
f i she rmen  w o u l d  not benef i t  from the work. Therefore,  rea l  d e v e l o p m e n t  of a musse l  
indus t ry  b e c a m e  only poss ib le  w h e n  the gove rnmen t  l e a sed  plots  to p rospec t ive  musse l  
farmers  and  o rgan i sed  p rope r  po l ice  pat rol  to ensure  that  nobody  w o u l d  t respass  on 
other  p e o p l e ' s  grounds.  This h a p p e n e d  abou t  100 years  ago,  and  s ince  then  the  Dutch 
musse l  indus t ry  has  d e v e l o p e d  proper ly .  Some m a n a g e m e n t  by  the gove rnmen t  took 
p lace :  to avo id  was tefu l  exploi ta t ion,  the  na tu ra l  musse l  beds  were  c losed  and  only 
o p e n e d  for a l imi ted  n u m b e r  of days  or w e e k s  w h e n  the gove rnmen ta l  advisors  thought  
it  wise  to do so. Then  the musse l  farmers  from Z e a l a n d  could  ge t  the i r  boa t - loads  of 
musse l  s eed  from the na tu ra l  beds  in the  W a d d e n  Sea  to p l an t  t hem on thei r  plots  in the  
Z e a l a n d  waters ;  after 1950 they  also used  n e w l y  ins ta l l ed  plots  in  the  wes te rn  sect ion of 

the  Dutch W a d d e n  Sea,  from where  one n o w a d a y s  harves ts  70 % of the  total  p roduc t ion  
of m a r k e t a b l e  mussels ,  wh ich  amounts  to some 100 000 000 k g  pe r  year.  

Formerly ,  musse l  s eed  was  also f i shed  on the na tu ra l  beds  in the  W a d d e n  Sea  and  in 
the  nor thern  par t  of the  Zuyde r  Sea  as feed  for duck  farms in the  centre  of the  country  
and,  at  the  t e rmina t ion  of Wor ld  War  I, also la rge  cons ignments  of w i ld  musse ls  were  
sh ipped ,  from the na tu ra l  beds  in the  W a d d e n  Sea  to the hung ry  peop l e  in de fea t ed  
Germany ,  bu t  it  was  c lear  that  this marke t  w o u l d  only be  a t empora ry  one cons ide r ing  
the poor  qua l i ty  of the  product .  

In conclusion,  a cer ta in  amount  of m a n a g e m e n t  is a p p l i e d  to the  na tu ra l  musse l  
resources  in The Nether lands :  k e e p i n g  the na tu ra l  beds  c losed  and  we l l  guarded ,  
i n spec t ing  the beds  for d e v e l o p m e n t  of musse l  seed,  and  adv i s ing  the gove rnmen t  to 
open  the beds  for the  f ishery of musse ls  d e s i g n e d  for the  fa rming  p rocedure  only dur ing  
w e l l - d e f i n e d  per iods .  
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THE BROWN SHRIMP 

The b rown shr imp Crangon crangon abounds  in the  coas ta l  waters  of the  eas te rn  
shore of the North  Sea, from the Straits  of Dover  to 3utland.  It is ra ther  small ,  up to 6 cm 
long,  bu t  of an  exquis i te  flavour. A f ishery for b rown shr imp d e v e l o p e d  in due  course 
a long  the usua l  empi r i ca l  l ines,  not  g u i d e d  by  scientif ic  advice  or official regula t ions ;  
once it had  b e e n  es tab l i shed ,  the  f i shermen  c l a imed  that  it  was  the i r  lawful  r ight  to m a k e  
a l iv ing that  way.  First  one f i shed from the beaches ,  and  horses  were  often used  on the 
Be lg ian  sect ion of the  coast; la te r  boats  came  into use  s tar t ing wi th  sa i l ing  vessels ,  then  
boats  e q u i p p e d  wi th  engines .  These  ope ra t ed  a long t ime wi th  t rawls  kep t  open  by  
doors, bu t  in due  course the  f i she rmen  found the b e a m t r a w l  more efficient.  It is only 
log ica l  w h e n  f ishing for c rea tures  as smal l  as b rown  shr imp that  one uses  f i ne -meshed  
nets  a l though  a by-ca tch  cannot  be  avoided .  However ,  it  took a long t ime before  one 
l e a rned  more  about  the  prac t ica l  impor tance  of the  discards,  and  of the impac t  of the  
des t ruct ion  of c rea tures  o ther  than  shr imp on the  f ishery e l sewhere .  Sets of shak ing  
s ieves  were  in use  on the shr impers  to p roduce  a m a r k e t a b l e  produc t  free of a l i en  
objects ,  and  la rger  f ishes were  t aken  out b y  h a n d  before  one p r o c e e d e d  to boi l  the  
shr imp on board .  It was  not  unt i l  a b io logis t  of the  "Ne the r l ands  Inst i tute  for F ishery  
Inves t iga t ions"  unde r took  a more  de t a i l ed  s tudy on the b rown shr imp and its f ishery that  
we  r ea l i zed  how many  young  flatfishes,  e spec ia l ly  p la ice  and sole, could  be  encoun te red  
in the  catches  at  cer ta in  t imes  of the  year ,  e spec ia l ly  in the W a d d e n  Sea and  in the 
Z e a l a n d  estuar ies ,  the  most  impor tan t  nursery  grounds  for North  Sea flatfish. Of course,  
the  f i she rmen  must  have  seen  this, but  d id  not  worry  about  it, s ince they  f i shed  
exc lus ive ly  for shr imps,  whe rea s  other  f ishermen,  often from other  sect ions of the  
country were  after  flatfish. The  f latf ishes in  the  by-ca tches  were  small ,  bu t  often 
ex t r eme ly  numerous.  Sufficient  informat ion  was  ava i l ab le  on growth  and  na tu ra l  morta l -  
i ty of these  smal l  f latf ishes to a l low ca lcu la t ion  of the  de le te r ious  effect the  b rown shr imp 
f ishery exe r t ed  on the flatfish f ishery e l s ewhe re  in  the  Nor th  Sea. It tu rned  out that  the  
d a m a g e  done  to the  rec ru i tment  of sole and  plaice ,  expres sed  in terms of money,  
e x c e e d e d  by  far the  p roceeds  of the  shr imp fishery.  

For a f ishery adminis t ra tor  such informat ion is unwe lcome  news,  for one cannot  
p rohib i t  a f ishery which  for centur ies  has  p r o v i d e d  a l iv ing  to many  f ishermen.  Were  the 
causa l  re la t ion  b e t w e e n  the  ga the r ing  of b rown  shr imps  and  flatf ish k n o w n  prior  to the  
d e v e l o p m e n t  of a profess iona l  shr imp fishery, then  it wou ld  have  b e e n  wise  to dec ide  to 
protect  the  flatfish in an  effort to exploi t  the  na tura l  resources  as ra t iona l ly  as poss ib le ,  
bu t  it  is - for a f isher ies  admin i s t ra t ion  - a lmost  imposs ib le  to cut short  an  a l r eady  
exis t ing  f ishery wi th  a long tradi t ion.  This wou ld  not only  l e a d  to f ierce protes t  from 
those who m a k e  a l iv ing  that  way,  but  wou ld  also upse t  pub l i c  op in ion  and  wou ld  l e a d  to 
s trong oppos i t ion  in Par l iament ,  desp i t e  the  economic  logic  of such a decision.  

What  h a p p e n e d  in this  case? One could  not s imply  ignore  the  scientif ic  ev idence ,  
e spec ia l ly  not  s ince  the  sole f ishery had  become  the major  m o n e y m a k e r  in the  Dutch 
f ishing industry.  Biologists  and  spec ia l i s t s  in f ishery techniques  concen t ra ted  the i r  
efforts on this p rob l em and  found in due  course two ways  to reduce  the  drast ic  losses 
suffered by  the young  flatfishes. The  first was  in t roduct ion  and  adap ta t i on  of a so-ca l led  
s ieve-net ,  first d e v e l o p e d  in  France,  wh ich  l ed  u n d e r  cer ta in  condi t ions  to l a rge - sca le  
e scape  of f latf ishes wi thout  any reduc t ion  in the  shr imp catches.  But more  impor tan t  stil l  
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was  the d e v e l o p m e n t  of an  ingen ious  appa ra tus  to be  ins ta l l ed  aboa rd  which  could  s ieve 
the  catch in  wa te r  in such a w a y  that  both  young  f latf ishes ahd  juven i l e  shr imp re turn  
u n d a m a g e d ,  a l ive  and  k ick ing ,  to thei r  na tu ra l  envi ronment .  The  Dutch Gove rnmen t  
d e c i d e d  to p romote  the  in t roduct ion  of this  appa ra tus  on the shr impers  of the  Dutch f leet  
and  subs id i sed  its purchase .  It could,  however ,  not  compel  a l l  shr imp fishers to buy  this 
spec ia l  e q u i p m e n t  and  to use  it, bu t  s ince the  f i shermen  obse rved  that  it  is also a l abour -  
sav ing  device ,  there  has  b e e n  a gene ra l  t e n d e n c y  to in t roduce  it on those ships  wh ich  
l end  themse lves  to it. This w a y  the de le te r ious  effect of the  shr imp f i sher , /on  the  f latf ish 
f ishery e l s ewhe re  in the  North  Sea  can be  r e d u c e d  to such an  extent  that  both  f i sher ies  
can r ea sonab ly  co-exist .  

THE SOLE 

Of al l  the  f ishes caugh t  in the  North  Sea  the  sole Solea solea br ings  by  far the  
h ighes t  pr ice  pe r  kg.  Cont rary  to the  events  in most o ther  spec ies  of a p p r e c i a b l e  
commerc ia l  va lue  the  sole ca tches  m a d e  in our t ime are  def in i te ly  h ighe r  than  those  
m a d e  ea r l i e r  in  the  century.  One would  suppose  that  the  la rger  and  faster  ships  and  the 
more  eff icient  gea r  w o u l d  exp l a in  the  g rea te r  sole l and ings  in  pos t -war  years ,  but  there  
is scient i f ic  ev idence ,  b a s e d  on egg-coun t s  in the  p lankton ,  which  ind ica tes  that  the  
s tock of Nor th  Sea  sole must  r ea l ly  have  b e e n  of lesser  m a g n i t u d e  ea r l i e r  in the  century.  

The Dutch f ishing industry,  spec i a l i zed  in expor t  of f lesh  tab le  fish, has  concen t ra t ed  
its efforts more  and  more  on ca tch ing  sole. Spec i a l i zed  units  were  bui l t  for this purpose .  
The bes t  ca tches  could  be  m a d e  short ly after  sunse t  w h e n  the sole beg ins  to forage,  and  
a g a i n  just  before  sunr ise  w h e n  it gets  hung ry  again~ however ,  s ince one has  l e a rne d  to 
use whole  ser ies  of t i ck le r  chains,  wh ich  chase  the  sole out of the sand  any  t ime of the  
day, the  sole ca tches  are  no longer  l imi t ed  to the  dark  hours of the  night.  

More and  more  units  were  bui l t  spec ia l ly  for the  sole f ishery and  in  the  mid-1950s 
the  day  came w h e n  the f inancia l  p roceeds  of the sole f ishery su rpassed  those of the 
he r r ing  fishery,  which  had  long  p r e d o m i n a t e d  in  the Dutch f ishing industry.  The North  
Sea  sole f ishery b e c a m e  more  and  more  a Dutch bus iness ,  and  now 80 to 85 % of the  sole 
caught  is t a k e n  by  Dutch vessels .  This  w o u l d  m a k e  it poss ib le  to deve lop  a sound  
m a n a g e m e n t  for this fishery. In te rna t iona l  a g r e e m e n t  wou ld  ha rd ly  be  necessary ,  for al l  
measu re s  t a k e n  wou ld  opera te  p rac t i ca l ly  exc lus ive ly  on beha l f  of the  Dutch fishery. 

What  h a p p e n e d ?  Scient if ic  inves t iga t ions  m a d e  c lear  that  r eproduc t ion  shows sharp  
f luctuat ions  in  the  sole, sha rpe r  than  in  m a n y  other  fish species .  Though  the n u m b e r  of 
eggs  p r o d u c e d  dur ing  the s p a w n i n g  season wi l l  not  show major  dev ia t ions  from the 
average ,  the  success  of r eproduc t ion  var ies  largely .  Poor years ,  in due  course l e a d i n g  to 
at  most  a modes t  recrui tment ,  a l t e rna te  wi th  good  years  p roduc ing  exce l l en t  catches  a 
few yea r s  later.  Unfor tuna te ly  rea l ly  r ich yea r  c lasses  seem to occur only about  once in  
ten  years.  Very  grea t  number s  of j uven i l e  soles were,  for instance,  p r o d u c e d  in the  years  
1947, 1958, and  pa r t i cu la r ly  1963, and  1969 gave  a r ea sonab ly  good  bi r th  rate.  Abou t  21/2 
years  l a te r  the  first " recrui ts"  m a k e  the i r  a p p e a r a n c e  in the  catches.  The  ques t ion  of 
wh ich  factors are  to be  he ld  r e spons ib le  for success  or fa i lure  in reproduc t ion  is st i l l  far 
from b e i n g  answered ,  bu t  even  if one k n e w  one wou ld  stil l  have  to wai t  and  see  wha t  
na tu re  has  in mind.  

If a r ea l ly  good  yea r  class has  g rown to rec ru i tment  size the f i shermen  wi l l  not ice  
this by  a sharp  inc remen t  in the pe r cen t age  of juven i l e  soles in the  catches.  Since  the  
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market  for soles is excel lent  in  many  European countries b ig  money  will  be made w h e n  
the catches are good. Thered:ore a rich year  class incites the f ishermen to enlarge  their 
fleet, which shows consequent ly  neat  peaks  roughly 4V2 years after the birth of each rich 
year  class. The 1973-1974 peak  in  the n u m b e r  of fishery uni ts  is, however,  h igher  than  
could be expected on the basis  of the size of the 1969 year  class only, but  easy terms for 
get t ing money  from the banks  worked out that way. The money  made is not only 
invested in  more ships, bu t  also in  b igger  and  stronger ships for this same type of fishery. 
A b igger  ship with a stronger eng ine  makes  better  catches, though it also requires 
greater  inves tment  and  h igher  costs for fuel and  gear. F i shermen are above all keen  on 
great catches and  therefore tend to bu i ld  ships which are b igger  and  stronger than  those 
of their colleagues. This would  not matter  if at the same time one reduced the n u m b e r  of 
uni ts  in  the sole fishery, bu t  ne i ther  the f ishing industry  itself, nor the government  has 
the power  to achieve this. The final  result  is a fleet too big  and  too strong for the sole 
there is to catch. Surely, the stock of soles does not keep pace with the size of the fleet. 
The f i shermen saw the catches made  per  hour f ishing decl ine  a la rmingly  and  tr ied to 
compensate  this by bu i ld ing  still b igger  and  stronger ships. For an  ind iv idua l  f isherman 
this may seem to help, but  the total catches wil l  not go up. On  the contrary. Now the 
banks  which offered money  on too easy terms be g i n  to realize that b r a n d - n e w  ships 
special ized for the sole fishery are not such a good guaran tee  for their money  w h e n  there 
is not enough  fish to be  caught  to cover the r u n n i n g  expenses.  

Scientific evidence  shows that b igger  catches could be made  by a further increase in 
the mesh size of the trawl nets, though this would  ini t ia l ly lead to a reduct ion in  the 
catches, but  also that the Dutch cutter fleet special ized for the sole fishery is much  too 
strong. With a fleet about  one third of the present  size one could catch the same total 
tonnage  of sole as today. But the quest ion arises, who is going to give way and how one 
can prohibit  the bu i ld ing  of yet another  ship for the sole fishery. A smaller  fleet l and ing  
the same a n n u a l  catches as today would  greatly increase the r emune ra t i on  of each 
ind iv idua l  ship, bu t  how could one reach this goal on the basis  of the present  fishery laws 
and  regulat ions? The scientists know that even  a fleet as large as today will  not 
exterminate  the North Sea sole and  that a deple ted  stock may in due course recover 
w h e n  the fishing in tensi ty  is f inally reduced because  one loses too much money  
operat ing in the present  way. But they are not too sure that na ture  wil l  readi ly  produce a 
good stock of soles once the fishing in tensi ty  would  be drastically reduced. There is such 
a th ing  as the "stock-recrui tment  relat ion" which means  that recovery of a stock will  
take a long time once the total n u m b e r  of eggs produced dur ing  the spawning  season has 
dropped below a critical level. The biologists s tudying the North Sea sole are afraid that 
this critical level  is a l ready operating, and  therefore dare no longer  prophesy that a good 
year  class wil l  occur at least once in  ten  years. 

What m a n a g e m e n t  would  be conceivable  to safeguard the future of the Dutch sole 
fishery in  which so much money  has b e e n  inves ted  and  for which there is not enough  
fish? 

THE HERRING 

The herr ing fishery p redomina ted  in  the North Sea for many  years. Several countries 
part ic ipated in  it, the usual  gear be ing  the drift ne t  set out at sunset. The mesh size was 
such that only adult  herr ing Clupea harengus, r is ing to h igher  water  layers in  search of 
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food in the  da rk  hours  of the  night ,  wou ld  ge t  e n t a n g l e d  by  its g i l l  covers. In the  pe r iod  
b e t w e e n  Wor ld  War  I and  Wor ld  War  II one obse rved  symptoms  of ser ious  overf ish ing in  
demer sa l  spec ies  such as f latf ishes and  gado ids  in the  North  Sea, bu t  not in the  he r r ing  
fishery. Samples  of he r r ing  caugh t  in the  drift  nets  a p p e a r e d  to consist  of severa l  yea r  
classes,  somet imes  up  to ten. Thus the  exis t ing f luctuat ion in the  s t rength  of the  
i nd iv idua l  yea r  c lasses  was  ha rd ly  re f lec ted  in the  size of the  catches.  W h e n  it was  
d e c i d e d  in 1946 to in t roduce  in te rna t iona l  r egu la t ions  to p reven t  overf ish ing in the  
Nor th  Sea,  p e l a g i c  f ishes such as he r r ing  a n d  m a c k e r e l  were  cons ide red  to b e  so 
p len t i fu l  that  they  n e e d e d  no pro tec t ion  at  all. No l ega l  m i n i m u m  size was  cons ide red  
necessa ry  for the  herr ing.  

Drift ne t t ing  r ev ived  after Wor ld  War  II, but  in add i t ion  f i she rmen  b e g a n  more  and  
more  to use  f i ne -meshed  t rawl  nets  to catch the  he r r ing  close to the  bo t tom dur ing  
day l igh t  hours. This b e c a m e  poss ib le  by  use  of boats  wi th  s t ronger  eng ines  wh ich  could  
move  the ne t  wi th  a s p e e d  faster  than  that  of he r r ing  t ry ing  to e scape  by  swimming .  
Gradua l l y  the  t rawls  caught  more  and  more  her r ing  and f inal ly  drift  nets  b e c a m e  
obsole te  in the  Dutch fishery.  This d e v e l o p m e n t  was  fur thered  by  the in t roduct ion  of 
e lec t ronic  f i sh- f inding  e q u i p m e n t  wh ich  m a d e  it poss ib le  to locate  the  he r r ing  schools 
wi th  cons ide rab le  precis ion.  Since  her r ing  schools are  somet imes  obse rved  in midwate r ,  
a p e l a g i c  t rawl  was  d e v e l o p e d  to chase  the  he r r ing  w h e r e v e r  it  occurred.  

This d e v e l o p m e n t  l ed  to a no tewor thy  inc remen t  of the  f ishing in tens i ty  for herr ing,  
and  t he r eby  to a r educ t ion  of the  n u m b e r  of yea r  classes  found in the  catches.  The 
in tens ive  f ishery m a d e  it v i r tua l ly  imposs ib le  for the  he r r ing  to r each  an  age  of 10 to 15 
years ,  as it could  wi th  some good  luck  in ea r l i e r  t imes.  In rea l i ty  the ca tches  m a d e  in the 
las t  few yea r s  consist  v i r tua l ly  exc lus ive ly  of the  yea r  class wh ich  is b e i n g  recrui ted ,  
he r r ing  of th ree  years  old, w h e r e a s  he r r ing  of ea r l i e r  yea r  c lasses  r ep resen t  only  a 
minor i ty  in the  catches.  The stock which  spawns  in  the  Channe l  la te  in the  yea r  and  
congrega te s  a long  the  eas tcoas t  of Eng l and  in la te  summer  and  ear ly  au tumn suffered 
more  from in tens ive  t r awl ing  than  any o ther  stock of North  Sea her r ing  and  lost t he reby  
much  of its former impor tance .  

But pe rhaps  the  prol if ic  Nor th  Sea he r r ing  could  have  coped  with  this  d e v e l o p m e n t  if 
it  h a d  not  b e e n  a t t acked  from two s ides  by  an  indus t r ia l  fishery. First  the  so -ca l l ed  
Bloden fishery, t ak ing  juven i l e  her r ings  in  the G e r m a n  Bight  to be  r e d u c e d  to fish mea l  
in Dan ish  and  G e r m a n  plants ,  and  next  the  power fu l  a t tack  by  the newly  d e v e l o p e d  
N o r w e g i a n  f i sh -mea l  indus t ry  in the 1960s. Techn ica l  improvemen t  m a d e  it then  
poss ib le  to hau l  huge  purse  se ines  wi th  the a id  of a p o w e r  b lock  and  thus ent i re  schools 
of herr ing,  t r aced  by  e lec t ronic  f i sh- f inding  equ ipment ,  could  be  caught .  The so-ca l led  
A t l a n t o - S c a n d i a n  herr ing,  the  nor thernmos t  stock, consis t ing  of l a rge - s i zed  ind iv idua ls ,  
migra tes  in win te r  to some sect ions of the  N o r w e g i a n  coast  to spawn.  N o r w e g i a n  
f i she rmen  used  to l and  a p p r e c i a b l e  quant i t ies  of this  he r r ing  of which  the grea tes t  share  
was  r e d u c e d  to fish meal ,  the  m a r k e t  for d i rec t  h u m a n  consumpt ion  b e i n g  very  l imi t ed  in  
Norway.  Now the in t roduct ion  of the  p o w e r  b lock  m a d e  it poss ib le  to e x p a n d  the f ishery 
on this he r r ing  stock, thought  to be  inexhaus t ib le .  The N o r w e g i a n  Gove rnmen t  b a c k e d  
the expans ion  of the  f i sh -mea l  indus t ry  and  soon huge  quant i t i es  of he r r ing  were  l anded .  
However ,  the  stock was  not  i nexhaus t ib l e  at all, and  d w i n d l e d  to ins igni f icanc  e wi th in  a 
few years  towards  1970 (Fig. 1). Too much  m o n e y  had  b e e n  inves ted  in ships  and  fish- 
mea l  p lan ts  to stop the i l l - p l a n n e d  N o r w e g i a n  indus t r ia l  fishery. Therefore,  one wen t  
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Fig. 1. Dramatic events in the stocks of North Sea herring under the influence of drastically 
increased fishing intensity 

with all force after the mackere l  and  after the North Sea herr ing proper. It was especial ly  
this latter deve lopment  which brought  the North Sea stock of herr ing down to a 
part icular ly low ebb. The In ternat ional  Counci l  for the Exploration of the Sea warned  the 
North-East Atlant ic  Fisheries Commission that too heavy a toll was levied of the North 
Sea herr ing and that only drastic measures  could safeguard the future of the herr ing 
fishery. The Counci l  noted that the 1973 year class was of reasonable  magni tude ,  able to 
secure a good offspring, but  that later year  classes were poor or even  extremely poor. 
Therefore, the Counci l  advised that f ishing 1973 year  class be  abs ta ined  from in  an  effort 
to offer the North Sea herr ing an  opportuni ty  to revive its stocks. The North-East Atlant ic  
Fisheries Commission discussed this advice seriously, bu t  the fishing industry  refused to 
follow it because  the herr ing were urgent ly  needed.  All one did at this very late moment  
was to introduce a m i n i m u m  legal  size for herring,  which mean t  that the Danish fish- 
meal  industry  would  no longer  be  al lowed to fish purposely for juveni le  herr ing in  the 
North Sea. It could, however,  fish for sprat, and  among  the sprat one often finds juveni le  
herr ings as a by-catch. 

A quota system was in t roduced by the North-East Atlant ic  Fisheries Commission for 
all  species of commercial  importance inc lud ing  herring. However, the countries which 
tradi t ional ly fished for herr ing des t ined  for direct h u m a n  consumpt ion  saw with dismay 
that the b reakdown of the overall  herr ing quotum over the various nat ions  led to by far 
the greatest  share for Norway, based  on the magn i tude  of its catches in  recent  years. 
Many  countries, among  them The Netherlands,  c la imed that h igh priority should be 
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g iven  to f ishing for direct h u m a n  consumption,  but  on what  basis could one compel a 

g iven  country to eat  the fish it catches ins tead of feeding  it to pigs and  chickens after 
reduc ing  it to fish meal? 

The future seems very gloomy for the North Sea herr ing fishery. The advice of the 
scientists to give the 1973 year  class a chance to produce offspring was f lung to the winds  
and  hence  this year  class was wiped  out by the 1976 fishery. Later year  classes are so 
poor that one can hardly expect a revival  of the stocks, even  w h e n  they are completely 
left in  peace. The danger  is then  that sprat takes over from the her r ing  in  the North Sea, 
in  the same way the anchovy took the place of the over-fished sardine in  the coastal 
waters of California. Stocks of demersal  fishes such as flatfishes and  gadoids will  not run  
the risk of be ing  fished down to such a low ebb as schooling pe lagic  fishes such as 
herr ing and  mackerel .  With modern  f ish-f inding equ ipmen t  and m o d e m  gear  one could 
trace and  catch the very last school of these pelagic  fishes, whereas  the demersal  fishes, 
which do not concentrate  to such an  extent, will  be left a lone w h e n  the catch per  un i t  of 
effort drops be low a g iven level. 

Though all countries f ishing for herr ing in  the North Sea are seriously concerned  
about  the present  state of the stocks, it seems hardly  possible to reach ag reemen t  l ead ing  
to sound managemen t .  There is no sound legal  basis to stop the industr ia l  fishery and  
there are no in te rna t iona l  funds to buy  it out. Every ton of juveni le  herr ing t aken  as a by- 
catch reduces the future stock of adul t  herr ing by four tons - the na tura l  mortali ty t aken  
into account  - but  only a strict control could enforce obedience  to l imi t ing  the by-catch of 
the indust r ia l  fishery to the tonnage  agreed upon.  Countr ies  t radi t ional ly  f ishing for 
her r ing  des t ined for direct h u m a n  consumpt ion  are very hesi tant  to accept regula t ions  
restricting their  catches, as long as the real  cause of all the trouble in  the her r ing  world, 
the industr ia l  fishery, has not d isappeared  and  as long as the quotas are not based  on the 
former catches for h u m a n  consumpt ion  only. 

THE SALMON OF THE RIVER RHINE 

Once the River Rhine t eemed  with sa lmon Salmo salar. In the years fol lowing 1869, 
for which  re l iable  statistics are avai lable,  50 000 to 60 000 salmon per  year were caught  
in  its downriver  section. Almost all were b ig  fishes we igh ing  some 10 kg each. Only  
14 % of the catches consisted of males  par t ic ipat ing for the first t ime in  the run, we igh ing  
some 2 kg each. The Kral ingse Veer nea r  Rotterdam was then  the b ig  market  for salmon. 
Huge  nets were used to catch the migra t ing  salmon; they were operated ei ther  from 
some type of raft or from a fixed insta l la t ion on the river bank.  Originally,  the nets  were 
d rawn in  by hand,  but  in  the shore instal lat ions one could make  use of a horse-mil l  for 
this heavy work. In due course, it was dec ided to make  use of s team power to draw in  the 
nets. This made  it possible to use still larger nets, b locking off the river hermetical ly.  
Since then, three such large nets  were operated in  turns, but  few of the migra t ing  sa lmon 
got a chance to escape. The catches increased sharply with the introduct ion of s team 
power  and  in  the years fol lowing 1880 one could often br ing  more than  100 000 sa lmon 
to the market.  But this could not last. Too few sa lmon could reach the spawning  grounds 
in  the upr iver  tributaries.  First the percentage  of small  sa lmon went  up, next  the total 
catches dropped alarmingly.  

In the year  1885 Germany,  The Nether lands  and  Switzer land concluded the so- 
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called "Salmon Treaty," which led to in terrupt ion of f ishing for sa lmon dur ing  the week-  
ends and  dur ing  a close season late in  summer,  but  the expected and  forecasted re turn of 
large catches of sa lmon from the River Rhine did not occur. In fact, the measures  t aken  
came too late and, moreover, overfishing was followed by the construction of more and  
more weirs and  barrages  for shipping and  hydro-electric stations, which made  it 
impossible  for the sa lmon to reach their spawning  grounds in  the tributaries.  Here and 
there fish passes were constructed, but  they were evident ly  not of a des ign  apprecia ted 
by the salmon, and  those fishes which did manage  to bypass the barrages  found their 
habi ta t  deteriorated: ins tead of water  r u n n i n g  swiftly over gravel beds, the sa lmon found 
above the barrages  almost s tagnant  water  with a muddy  bottom, totally unsu i tab le  as 
spawning  ground.  Then  came the rapid industr ia l  pol lut ion of the water  of the River 
Rhine which gave the last few sa lmon caught  a nausea t ing  phenol  flavour (Fig. 2). 

Was there no proper  m a n a g e m e n t  at all? Evident ly  not. It is incredible  that the 
disastrous results of hermetical ly  b locking off the river by a series of nets  hau led  with 
steam power were not foreseen and  forestalled. Towards the end  of the n ine t een th  
century it was dec ided to release hatchery-reared sa lmon in  an  effort to revive the once 
so prosperous stock, bu t  though much money  was spent  this way the goal was not 
realised. A combina t ion  of overfishing, barrages and water  pol lut ion had deteriorated 
the si tuat ion for the sa lmon so drastically that a revival  of the stock had become 
impossible.  Of course, one can conceive of in te rna t ional  measures  to check the serious 
industr ia l  pol lut ion of the River Rhine, now vir tual ly an  open  sewer. Such measures  
would be costly a l though benef ic ia l  for other interests too, but  who would  suggest  tak ing  
away the weirs and  barrages  to restore the salmon's  spawning  grounds in  the upriver  
areas? For economic reasons it seems much wiser to rely on purchas ing  fresh sa lmon 
from Norway, where  sa lmon are reared to consumpt ion  size in ne t t ing  pens  p laced  in  
wel l -shel tered  fjords. 
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THE BOWHEAD WHALE 

Between the years /594-1597 three now famous voyages were unde r t aken  by 
Wil lem Barents, Jacob van  Heemskerkck  and  Jan  Cornelisz. Rijp. They were ordered to 
seek a new  route to Japan,  China  and  the Indies, since the t radi t ional  route via the Cape 
of Good Hope was rather  dangerous  because  of the war with Spain. It was on the third 
voyage that they came as far as the Isle of Nova Zembla  where  they stayed dur ing  the 
Arctic winter  in  a hut  made  from the ship's timber, The survivors re turned  the next  
spr ing in  open  boats to the inhab i t ed  world, They had not found an  al ternate  route to the 
Indies, bu t  they reported on large schools of whales  they had  observed in  the nor thern  
waters, especial ly  a round the Isle of Spi tsbergen (Svalbard), It was a type of whale  which 
differed somewhat  from the Atlant ic  Right Whale, for which the Basques and the British 
had b e e n  hun t i ng  for many  years. Its head was very high, and  the ba leens  or whale-  
bones  were correspondingly  long. 

It took some t ime before practical  use was made  of this information, but  in  due 
course ships sai led north to catch whales.  British and  Dutch ships arrived almost 
s imul taneously ,  in  later  years followed by ships from other nations.  After some dispute 
and  quar re l l ing  each country made  use of its own bay  to operate a land  station for 
whal ing.  The Dutch se t t lement  was appropriately cal led "Smeerenburg" .  

The d e m a n d  for whale  oil and  ba leens  was great at that t ime and  soon prosperi ty 
spread among  those directly or indirect ly engaged  in  wha l ing  in  the arctic waters. But it 
would  not and  could not last, because  fishing was so in tense  that na ture  could not 
compete with these losses through reproduct ion and  growth. One  did not th ink  in  such 
terms at that t ime but  it was noted  that the n u m b e r  of whales  in  Spi tsbergen waters 
dec l ined  dramatical ly  and  that it became difficult to operate from a land  station. At that 
time, the Dutch used a land  station on the Isle of Jan  Mayen.  But here too whales  
d isappeared  in  due course. The f ishing pat tern  had to be changed  from us ing  a l and  
station to pelagic  wha l ing  though the latter method was more cumbersome and  pro- 
duced a whale  oil of inferior qual i ty  since boi l ing  operations had to be carried out after 
re turn to the home country. The whalers  did not bel ieve  that they were to b lame  for the 
decl ine of the stocks. They assumed that wha l ing  just  scared the whales  which then  
wi thdrew to inaccessible  ice fields further north. 

The reali ty was, however,  that bowhead  whales  Balaena mysticetus became more 
and more scarce, even  in  the waters west of Greenland,  and  arctic wha l ing  came to an  
end  late in  the 18th century  w h e n  it was no longer  remunera t ive  to hun t  for bowhead  
whales.  Narratives l ike that of the whales '  "Frankendaa l "  give a good impress ion of the 
s i tuat ion in  the years 1786-1787. Wha l ing  was stopped because  it had become an  
impossible  enterprise from the economic point  of view, caused by dropping prices for 
whale  oil and  baleens ,  and  by  the great scarcity of whales.  

For a t ime it was thought  that the bowhead  whale  was extinct or would  soon become 
so as it must  have b e e n  hard for the whales  to find each other in  the mat ing  season w h e n  
the popula t ion  was so very scanty. But that did not happen.  There are still some bowhead  
whales  in  the Arctic Ocean.  On advice of the In terna t ional  Whal ing  Commiss ion it was 
decided to protect the bowhead  whale.  This was an  easy decision to make  since 
exploi tat ion of this stock was a l ready completely impossible  from the economic point  of 
view. An except ion was made  for the Eskimos with their long tradi t ion of whale  hunt ing .  
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They still catch a bowhead  whale  occasionally but, unfortunately,  nowadays  switch over 
from their  old primit ive gear to more m o d e r n e q u i p m e n t .  This will  make  it all the more 
difficult for the reduced  stock of bowhead  whales  to recover. 

A similar sad story, based  on lack of management ,  could be told about  antarctic 
wha l ing  in  our  time. When  the d e m a n d  for whale  oil was great after the Second World 
War, several  countries sent large factory ships to the Antarctic Ocean  to hun t  for b lue  
whales  and fin whales.  In due course the catch per day diminished,  bu t  the whalers  
found quite a few explanat ions  for this fact other than  that it could have b e e n  caused by 
their own activities. There was an  In terna t ional  Whal ing  Commission,  advis ing the 
governments  involved on the best way of operat ing in  antarctic waters. The scientists in  
this commission had the duty to demonstrate  as accurately as possible what  effect f ishing 
had on the whale  stocks. Ideal  m a n a g e m e n t  would  be harvest ing the rent  of this na tura l  
capital  alone, t ak ing  the tonnage  added to the stocks each year by growth and  reproduc- 
tion. But the scientists could not agree on the best  way to determine the age of the 
whales,  and  thus could not produce rel iable  figures on growth and  reproduction. In such 
cases governmenta l  authorit ies are inc l ined  to l is ten to industry  rather than  to quarrel-  
l ing scientists. The wha l ing  industry was not wi l l ing  to reduce its catches in  such a way 
that it could be considered as an  economic sacrifice and thus hun t ing  wen t  on indiscrimi-  
nately.  The result  is wel l  known:  the stocks showed signs of deple t ion which made 
economic exploitat ion more and  more difficult, especial ly w h e n  the price of whale  oil 
dropped dramatical ly by an increas ing product ion of vege tab le  fats in  tropical countries. 
Several  countries stopped antarctic wha l ing  for economic reasons, but  the USSR and  
J apan  cont inued.  True m a n a g e m e n t  is at present  out of the question. 

Experts from FAO informed us some years ago that the fin whale  would  require 40 
years, the b lue  whale  at least 80 years to recover their stocks to a level  of economic 
importance,  provided we stopped wha l ing  completely now. This is not an  effort of 
m a n a g e m e n t  but  just  a kick in  the air. No government  is wi l l ing  to impose severe 
restrictions on its industr ies  on behalf  of such a long- term possible benefit .  Government  
officials and  polit ical  leaders are rather th ink ing  in  terms of benef ic ia l  developments  
wi th in  their terms of office. Therefore we cannot  hope for sound m a n a g e m e n t  of whale  
stocks. On the other hand,  complete exterminat ion is not to be  expected. Long before 
that t ime it will  become economical ly  impossible  to cont inue  whal ing,  in  any case where  
large factory ships are used. 

FROM ZUYDER SEA TO LAKE IJSSEL 

In the year  1932 the communica t ion  be tw e e n  the North Sea and  the Zuyder  Sea 
became cut off by the complet ion of a huge  enclos ing dam. Henceforth, it would be 
impossible  for the stock of sp r ing-spawning  herr ing to reach its low-sal ini ty  spawning  
grounds in  the southern part of the old Zuyder  Sea, and  for the anchovy, the money  
maker  among the Zuyder  Sea fishes, to find the warmer  waters prevai l ing  there in  fine 
summers.  The entire pat tern  of the fishery would  change.  The River IJssel, a t r ibutary of 
the Rhine, discharged so much fresh water  that it took only a few years to transfer the old 
brackish Zuyder  Sea into a lake conta in ing  low-sal ini ty  water, practically fresh enough  
to drink. At the same time it brought  ample  nut r ients  from the h in te r land  to which were 
added the discharges of sewers from the cities around the old Zuyder  Sea, Amsterdam 
included.  As could be expected from this pat tern  the water  of Lake IJssel soon revealed  a 
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rich p lank ton  and  bottom fauna  on which fishes adapted  to low salini t ies could thrive. It 
could be expected that cyprinids such as the b ream (Abramis brama) would  thrive there, 
together  with the ruff (Acerina cernua), a small  m e m b e r  of the perch family, and  that the 
smelt  (Osmerus eperlanus], be ing  very euryhal ine ,  would  survive here, possibly as stock 
of rather small  individuals ,  but  all these would  hardly be of any direct va lue  for the 
fishery. It would  be of considerable  interest  if the common perch (Perca fluviatilis) and  
the p ike-perch  (Lucioperca lucioperca) would  thrive in  the ne w  Lake IJssel, for these 
fishes are welcome on the market.  One felt qui te  sure that perch stock would  soon 
increase,  bu t  for the pike-perch,  or iginal ly a non - ind igenous  species, some doubt  
seemed  justified. Above all one hoped for the deve lopment  of a rich stock of eels, the 
most va luable  of the fresh water  fishes occurring in  the waters of The Nether lands.  The 
elvers, born  in  the Sargasso Sea, had to make their entry from the north and  would  f ind 
the enclos ing dam in  their  way. How would  they tackle this obstacle? It is true that two 
groups of locks had b e e n  constructed in  the enclos ing dam which would  facilitate their  
passages  if they could find them, bu t  the engineers  in charge insisted on keep ing  the 
sal ine waters from the open  sea away from Lake IJssel. Ini t ial ly the elvers passed the 
locks in  the same way as the ships for which they had  b e e n  constructed, but  on the basis 
of scientific invest igat ions  an  ingen ious  system of nocturna l  manipu la t ions  with the 
doors of the locks was developed in  due course; this led to large-scale passage of elvers 
into Lake IJssel without  any int rus ion of salt water. Would  the elvers stay in Lake IJssel 
or would  they make  their way  into the h in ter land?  Fortunately,  many  juven i le  eels 
stayed in  Lake IJssel, which was richer in  food than  most of the waters further upstream. 

The t ransi t ion from Zuyder  Sea to Lake IJssel would  offer an excel lent  opportuni ty  to 
change  the pat tern  of the fishery in  such a way that one could speak of a rat ional  
exploi tat ion of the na tura l  resources. A bil l  had b e e n  passed which facili tated f inancia l  
compensa t ion  for those of the old Zuyder  Sea f i shermen who would  lose their  l iving. 
Therefore, there was a good opportuni ty  to set up an  ent i rely new pat tern  for the fishery 
in Lake IJssel. If the eel  was to become the l ead ing  species, it would  be wise to catch 
silver eels p repar ing  for migra t ion to their  spawning  grounds, for then  they reach their  
highest  market  value.  This is the system so effectively used in  the Lagoon of Comacchio 
in  Italy. For a variety of reasons the p l a n n i n g  turned  out differently. Catching eels 
exclusively as silver eels would  not only reduce the f ishing sesason to a few months  a 
year, whereas  there was a good demand  for eels throughout  the summer  season, but  
would  also be exclusively benefic ia l  for those f ishermen who operated in  the migra t ion  
routes of the eels, depr iv ing  f i shermen elsewhere  a round the Zuyder  Sea from catching 
eels. Moreover all this h a p p e n e d  dur ing  the i l l - famed depression years and  the Ministry 
insisted on keep ing  a large n u m b e r  of small  f i shermen in  the fishery rather than  to 
operate with a smaller  n u m b e r  of stronger units.  It was even  suggested mak ing  use of 
sai l ing vessels only, and  to abs ta in  from us ing  eng ine  power  for reasons of economy. 

What happened?  The eels found enough  food in  Lake IJssel. Some were caught  in  
the immature  state with a variety of gear, among  which was the t radi t ional  f ine-meshed  
eel-trawl, used dur ing  the dark hours of the night. The eels which could escape from the 
various gears of the f i shermen metamorphosed  and  tried to make  their way to the ocean 
a long certain migra t ion routes. At that t ime only fyke nets with long leaders could be 
used to catch the swiftly t ravel l ing  silver eels. Scientific research revealed  that there 
existed a certain re la t ion be tween  the magn i tude  of the immigra t ion  of elvers in  a g iven  
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year and  the success of the silver eel fishery some seven years later. This made  it even  
possible to forecast the results of the silver eel fishery. To prevent  the immature  eels from 
be ing  caught  at too small  a size, a m i n i m u m  legal  size of 28 cm was introduced;  to 
prevent  too high a f ishing in tensi ty  for immature  eels no eng ines  stronger than  25 hp 
were a l lowed in  the fishing boats operat ing in  Lake IJssel. The advice to stick to sa i l ing 
vessels only was not accepted by the fishermen, for they soon found out that eng ines  
would  allow them to operate in  almost any type of weather  and  would  lead to bet ter  
economic results. 

It was no easy matter  to enforce the m i n i m u m  legal  size for immature  eels, but  the 
25 hp rule seemed to work quite  well.  Around 1960 the eel  fishery in  Lake IJssel did not 
seem to flourish as wel l  as before; in  particular,  the fishery for silver eels showed much 
poorer  results than  forecast on the basis  of the immigra t ion  of elvers. Scientific research 
carried out by the Nether lands  Insti tute for Fishery Invest igat ions revealed  the cause of 
the decline.  The lack of silver eels had to be ascribed to an  increased fishery with the eel 
trawls, this not because  more ships part ic ipated in  the fishery, but  rather because  clever 
f ishermen had l ea rned  to abuse the 25 hp rule in  several  ways. A faster boat  appeared  to 
lead to greater  catches and  better  proceeds. Other f ishermen saw this h a p p e n  and  soon 
followed the example,  though dangerous  and  illegal.  It soon turned  out that some of the 
boats worked in  reality with a horse power of 60 to 80 ins tead 25. No small  wonder  that 
the silver eel  catches had decl ined  so drastically! The scientific report also made  clear 
that the in tens ive  trawl fishery for immature  eels made  it vir tual ly impossible  for the 
stocks of perch and p ike-perch  to develop, since too many  juveni le  specimens found an 
un t imely  death in  the f ine-meshed nets. 

The report led to a serious clash in  the Ministry and  even  to dismissal  of its Director 
of Pisheries. A special  commission was set up in  which both professional f i shermen and  
sport-f ishermen were duly represented.  It could only corroborate the al legat ions of the 
biologists that the f ishing in tensi ty  had gone up a la rmingly  since the 25 hp limit became 
grossly abused  and  the 28-cm m i n i m u m  legal  size for eels was not always observed. The 
professional f ishermen even  admit ted  that they often fished for eels in  the forbidden 
coastal zone, the spawning  and  nursery grounds for perch and  pike-perch,  though duly 
del imi ted  by lights, and  that the ins ta l la t ion of radiote lephones  on their vessels made  it 
possible to keep each other informed on the whereabouts  of the patrol l ing police- 
vessels. No small  wonder  that many  pike-perch  nests were destroyed and  that the trawls 
made a terrible s laughter  of the juveni le  perch and  pike-perch.  Something  had to be 
done to restore the former productivi ty of Lake IJssel. Reduction of the fishing intensity,  
especial ly of the trawl fishery, seemed imperative,  but  one hesi ta ted to take such a 
drastic measure  and  considered for the t ime be ing  a step-by-step reduct ion of this 
fishery. 

It was a political move, set going by the Organiza t ion  of the Sport Fishery, which led 
to a break-through.  Based on a passage of the report of the commission, ind ica t ing  that 
measures  to protect the young pike-perch would  be especial ly effective w h e n  a rich year 
class would  be forthcoming, they used the information that the juveni les  born  in  the year 
1969 would  be numerous  to take action. This move led to a complete prohibi t ion of the 
nocturnal  trawl fishery with f ine-meshed nets, b e g i n n i n g  with the 1970 season. Fierce 
protest on the part  of fishermen, eel  smokers and dealers, who c la imed to lose their  
l iving, did not lead to al terat ion of this Minis ter ia l  decision. 
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Wha t  has  b e e n  the  result? It took a few yea r s  of adap ta t i on  to the  n e w  si tuat ion.  The 
f i she rmen  soon l e a rned  to catch immatu re  eels  wi th  other  gea r  than  t rawl  nets:  hooks  
and  l ine,  in use  long since,  b a i t e d  w o o d e n  ee l  boxes  and  ser ies  of spec ia l  fyke-ne ts  set on 
the  bottom. After  some yea r s  the  s i lver  ee l  ca tches  showed  a spec tacu la r  recovery  wh ich  
soon l ed  to g rea t  p rosper i ty  among  the  f i she rmen  ope ra t ing  wi th  fyke-ne t s  on the 
mig ra t ion  routes.  Full  p ro tec t ion  of j uven i l e  spec imens  of pe rch  and  p i k e - p e r c h  l ed  to a 
spec tacu la r  inc rease  in the  ca tches  of these  species ,  w e l c ome  on the m a r k e t  in  severa l  
countries.  A n  exp los ive  reproduc t ion  of the  ruff, f ea red  by  the f ishermen,  d id  not  occur. 
The  whole  f ishery of Lake  IJssel  p ro spe red  again ,  even  d e c i d e d l y  be t t e r  than  ever  
before,  and  the f i she rmen  soon forgot the i r  f ierce pro tes ta t ion  aga ins t  the  drast ic  
changes  in  the  f ishery pat tern .  A n  u n e x p e c t e d  resul t  was  much  faster  g rowth  of the  
immatu re  eels,  wh ich  now reach  the s tage  of s i lver  eels  in fewer  yea r s  than  before.  It is 
su rmised  that  r emova l  of the  d i s tu rbance  p r o d u c e d  b y  the t rawl  nets  must  have  l ed  to 
more  peace fu l  condi t ions  on the bo t tom of the  l ake  and  therefore  to be t t e r  g rowth  of the  
eels;  bu t  for the  t ime b e i n g  this exp lana t ion  is only  a w ork ing  hypothes is .  Lake  IJssel  
now br ings  h ighe r  p roceeds  than  ever  before,  the  only worry  left  b e i n g  the inf lux of 
h e a v y  meta ls ,  pheno ls  and  ch lo r ina ted  hydrocarbons  v ia  the  River IJssel,  bu t  the  faster  
the  growth  of the  fish, the  shorter  the  t ime ava i l ab l e  for accumula t ion  of those  obnoxious  
pol lu tan ts  in thei r  flesh. 

Many  th ings  h a p p e n e d  s ince the  yea r  1932 in the  Lake  IJssel  f ishery,  and  f inal ly  a l l  
tu rned  out wel l ,  bu t  is there  any  reason  to c la im that  this favourable  outcome is due  to 
wise  f i shery  m a n a g e m e n t ?  

CONCLUSIONS 

The e x a m p l e s  d i scussed  can  only l e ad  to the  conclus ion that  the  type  of m a n a g e -  
men t  obse rved  in indus t r ia l  en te rpr i ses  ashore  does  not  f ind its equ iva l en t  in  the  f i shing 
industry,  though  al l  the  i ng red ien t s  for sound  m a n a g e m e n t  seem to be  ava i lab le .  In 
rea l i ty  the  p resen t  s i tua t ion  is ra ther  chaot ic  in the  nor th -eas te rn  At lant ic  area,  desp i t e  
the  efforts by  the  "Pe rmanen t  Commiss ion  for the  Overf i sh ing  of the  North  Sea,"  
fo l lowed by  the "Nor th-Eas t  At lant ic  F isher ies  Commiss ion" ,  ope ra t ing  in  a l a rge r  area.  
The  p roc lama t ion  of a 200-mile  zone by  countr ies  or groups  of countr ies  has  thus far not  
l ed  to a rea l  improvemen t  of the  si tuat ion,  that  is, to a be t te r  app roach  of ra t iona l  
exp lo i t a t ion  of na tu ra l  ma r ine  resources .  

Why  is it  so very  difficult  to p e r s u a d e  the f i shing indus t ry  to accep t  sound  m a n a g e -  
ment?  Most  p robab ly ,  the  gene ra l  men ta l i t y  of those e n g a g e d  in it, wh ich  differs 
cons ide rab ly  from that  p r eva i l i ng  in indus t r ia l  en te rpr i ses  ashore,  has  a role to play.  In 
b r o a d  terms,  one could  say  that  the  f ishery is not  t h ink ing  in terms of conso l ida t ing  its 
en te rpr i ses  on a long- t e rm basis ,  but  is more  in t e res t ed  in qu ick  profit.  F i she rmen  are  not  
investors,  but  adven tu re r s  c h a l l e n g e d  b y  the p re sence  of fish in the  sea, in  the  l akes  and  
in  the  s t r eams ,  t ak ing  app rop r i a t e  ac t ions  to catch at  short  not ice  as much  of it  as they  
poss ib ly  can. Good  m a n a g e m e n t ,  on the  other  hand,  w o u l d  requ i re  fores ight  and  long-  
te rm p l a n n i n g  of the  exp lo i ta t ion  of the  na tu ra l  resources.  The  scient is ts  in  the  w ork ing  
groups  of the  " In te rna t iona l  Counci l  for the  Explora t ion  of the Sea"  assess  the  f luctua-  
t ions in  the stocks of fish of commerc ia l  impor tance  and warn  the Nor th-Eas t  At lan t ic  
F i sher ies  Commiss ion  w h e n  overf i sh ing  th rea tens  or is a l r e a d y  evident .  They  then  know 
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that the best  remedy would  be to stop f ishing on the stock concemed  to offer it a chance 
to revive, bu t  realize that such will  be hard to accept by the f ishing industry  which has 
invested so much  money  in  its fleet, and  wishes to supply its market  without  interrup-  
tion. Therefore, they advise as next  best  measure  a less drastic reduct ion in the f ishing 
intensity,  which may also lead to revival  of the stock, but  then  of course in  the longer  
tenn.  The crucial point  is that the f ishing industry is interested in  what  happens  in  the 
present,  bu t  cannot  accept a really drastic reduct ion of its activities, whereas  a slow 
revival  would  require many  years and  hence  they have hardly any  interest  in  so remote 
an  improvement .  The f ishing industry  is very wel l  aware of the advice of the fishery 
scientists, bu t  just hopes that they may have b e e n  too pessimistic in  their assessments.  It 

has even  b e e n  said that the quotas computed by the scientists of the Counci l  have 
purposely b e e n  set too low since one real ized that the various in terna t ional  fishery 
industr ies  would  not be satisfied with the quota suggested and  would  insist  on add ing  an 
appreciable  tonnage  to it! It is easy to appreciate  how much frustration such an  
unreal is t ic  and  r idiculous assumpt ion will  catfse in  the world of scientists. 

Still, there is no need  for despair. The fertility of the aquat ic  envi ronment ,  and  above 
all of the North Sea, is hardly affected by the fishery. In spite of all the activities of the 
f ishing industry  the North Sea can yie ld  year after year  some two to three mil l ion tons of 
fish. If the fishing industry  cont inues  to overfish the commercial ly  most va luab le  species 
one wil l  observe an  almost automatic  inc rement  in  the stocks of species of lesser 
commercial  value such as sand-eels  (Ammodytes sp.), sprat (Clupea sprattus) and  
Norway pout  (Gadus esmark11). Such low-grade species, r ightly cal led the opportunists  
among the fishes, can be used by the industr ia l  fishery. The total tonnage  l anded  from a 
fertile sea l ike the North Sea wil l  not decl ine as a consequence  of too in tens ive  fishing, 
but  the proceeds will drop considerably  if the fishing industry  is not real ly wi l l ing  to 
accept sound m a n a g e m e n t  of the na tura l  resources. We have two choices: to strive for 
good m a n a g e m e n t  to approach as closely as possible the op t imum sus ta inable  profit, or 
to lose the h igh-grade  fish and  to exploit  the low-grade species for the f ish-meal  
,_'ndustry. It is up to the in terna t ional  f ishing industry to make  this choice, for coexistence 
of the t radi t ional  fishery for h u m a n  consumpt ion  with a large-scale industr ia l  fishery in  
the very same area seems hardly possible, unless  one manages  to develop f ishing 
techniques  which ensure  a really "c lean"  catch, devoid of by-catches.  We should realize, 
however,  that - should the choice be in  favour of industr ia l  fishery - considerably  less 
an imal  protein  will  come from the aquat ic  env i ronment  to man ' s  tables than  in  the case 
of a decision to fish for direct h u m a n  consumption.  
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