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Decline and fall of the salmon fisheries in the 
Netherlands: is restocking the Rhine a reality?

S. J . D E  G R O O T  Netherlands Institute for-F ish^fy Investigations, IJm uiden, The 
Netherlands

Abstract. T h e  A tlan tic  sa lm on . S a lm o  salar L ., was once o f  m a jo r  im portance  to  th e  fishing 
industry  along the R iver R h in e . T h e  p ap e r discusses the D u tch  and  G erm an  sa lm on  catches 
o v e r th e  years 1863-1950. E ven  up  to  th e  e n d  o f  the last cen tu ry , it w as no t uncom m on for 
D u tch  and  G erm an  fisherm en  to  land  100000 salm on a y ea r . H o w ev er, facto rs such as the 
increased  use o f locks and  w eirs along  th e  R h ine , coupled  w ith g row th in p o llu tio n , soon led  to  a 
rap id  decline in num bers. By 1933, th e  sa lm on  fishing industry  in th e  N eth erlan d s h ad  virtually 
ceased  to exist. A nalysis o f  th e  available catch  statistics suggest th a t the decline in th e  salm on 
p o pu la tion  could have s ta r te d  befo re  official records began.

A lth o u g h  th e  d eg ree  o f  sc a tte r  in th e  d a ta  and  u ncerta in ties in th e  assum ptions p reclude the 
possib ility  o f  draw ing  firm conclusions abou t th e  survivial ra te  o f  sa lm on , these figures illustrate 
how  difficult it will be to  m ain ta in  a stab le  popu la tion  in the R h ine . M oreo v er, a  num ber o f

   changes have tak en  place since th e  heyday  o f  salm on in w estern  E u ro p e , w hich could
V laam s Instituut voor de Zoe com pound  th e  p rob lem . Of p articu la r im p o rtan ce  in th e  c o n tex t o f th e  R h ine  are:
FlandersMinina Institute (1) th e  closure o f tw o  o f  th e  m a jo r  m ig ra tion  rou tes to  th e  sea  (H aringv liet and  Z u ide rzee );

(2) m orphologica l changes in th e  river;
(3) chem ical and  therm al p o llu tion ;
(4) th e  loss o f  accessible spaw ning a n d  nursery  areas o f  th e  req u ired  quality ;
(5) th e  d isappearance  o f  salm on from  o th e r  rivers th a t flow into the N o rth  Sea such as the 

R ivers E lb e , W eser and  E m s. If sa lm on  w ere  only re in tro d u ced  in to  th e  R h in e , a certain  
p ro p o rtio n  w ould p robab ly  s tray  and  infiltra te  these o th e r  rivers.

T h e  fact th a t the im pact o f  these  changes is difficult to  quan tify  increases th e  uncertain ty  
associa ted  w ith m ain ta in ing  a stab le  stock  of salm on in th e  R hine.

History of the salmon fishing industry

T he history of the D utch fishing industry can be traced  back to the o ldest inhabita tns o f the 
N etherlands, although it is difficult to  specify exactly w hen salm on fishing began. T he first 
w ritten  evidence to suggest that salm on w ere being caught in reasonable num bers dates back 
to 1100. H ow ever, p roper statistics describing the  num ber of salm on caught in the 
N etherlands at this tim e are no t available. Sim ilarly, few details are to be found about 
dom estic consum ption rates and the export trade.

The study m ade by Van der W oude (1988) abou t the  history o f the  ‘Noorderkwartier’ of 
the N etherlands provides an insight into the im portance of salm on fishing in our country 
betw een 1650 and  1805. By com paring the taxes levied on the supply and sale o f salm on, Van 
der W oude was able to draw  conclusions abou t the num ber o f salm on landed during this 
period and  concluded th a t the variations in revenues were directly linked to variations in 
supply. H e concluded th a t betw een 1650 and 1679, the num ber o f salm on caught fell by more
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than  one-th ird , with a sim ilar decline in the  period  1680-1699. In  subsequent years, salm on 
catches ap p ear to have rem ained fairly stable, a t abou t one-th ird  o f the level atta ined  in 1650. 
H ow ever, a decline in the annual salm on catch o f 66% over a period  of 50 years m ust be 
regarded  as a fairly dram atic reduction.

A lthough  th e re  is evidence to  suggest th a t freshw ater fish fo rm ed  a m ajor food source in 
the  first ha lf o f  the  19th cen tury , detailed  in form ation  about river fisheries is generally scarce. 
In  the second half of the 19th cen tury , the  effects o f industrialization becam e increasingly 
apparen t. P rosperity  increased and  im provem ents w ere observed in fishing techniques. 
H ow ever, the  grow ing industrial im portance of the  m ajo r rivers changed the character of 
these w aterw ays. A s a result, salm on fishing steadily  declined. In  the  N etherlands, the drop in 
catches was initially obscured by m ore efficient fishing m ethods, which gave the im pression 
th a t the ‘golden e ra ’ would continue fo r a considerable period  o f tim e. H ow ever, increases in 
D utch  salm on catches at the end o f the  19th cen tu ry  m erely m irrored  the  tem porary  revival in 
the  to ta l n u m b er o f salm on caught in the  R hine basin. T he effectiveness o f seine nets used in 
the low er reaches o f the  R hine p layed a significant role in this contex t, to the  detrim ent of 
o th e r fishing techniques practised  upstream .

A t the  tim e , p ressure  was brought to  bea r, both  nationally  and internationally , to arrange 
a fairer d istribu tion  of the salm on found in the  R h ine. H ow ever, the Salm on C onvention 
d rafted  by the  R hine riparian  states under the  term s o f the M annheim  C onvention was 
narrow ly re jec ted  by the D utch Parliam ent in 1870 bu t la ter ratified in 1886, the year in which 
recording of reliable national salm on statistics started . By th a t tim e, it had becom e 
increasingly clear th a t there  were structural reasons for the decline in the  salm on population.

A t a na tional level, anxiety grew about m aintain ing salm on num bers, or in any event 
p reventing  fu rth e r  declines, resulting in a rep o rt which is still the most authoritative 
publication  on the D utch salm on fisheries (A non  1916).

A m ong the  im portan t recom m endations m ade by the  commission w ere the suggestions 
‘to coopera te  w ith the riparian  countries upstream  from  the D utch border; to preserve 
existing spaw ning beds and to rehabilitate  fo rm er spaw ning grounds, w herever possible, in 
consultation  w ith o th e r riparian  states; and to  p rom ote  restocking of the R hine to  m ake good 
the dam age likely to  be caused by hydraulic engineering w orks and similar operations’.

T he decision o f the governm ent in 1987 to  lend its support to the proposed  p ro ject entitled  
‘Ecological R ehab ilita tion  of the R iver R hine: a Proposal for a N etherlands R esearch 
P rog ram m e’ following on from  the 7th M inisterial C onference regarding the  Pollution of the 
R iver R h ine , should  be seen as a positive developm ent, which underlines the renew ed 
in terest being show n in the fate o f the salm on. P reventing  the decline of salm on num bers is no 
longer an issue, as the main em phasis has shifted  tow ards re-establishing the salm on in parts 
of the R iver R h ine.

S ize  o f  the sa lm on population in the Rhine

D ue to  the  lack o f  d a ta , it is im possible to give precise estim ates o f the num bers of salm on 
caught in the  D u tch , G erm an , French and Swiss sections o f the R hine basin on an annual 
basis. T h e  m ost de ta iled  historical records th a t w ere kep t concern the salm on caught in the 
D utch part o f the  R hine. T hese data , which cover the period 1863-1957, have been 
sum m arized in Fig. 1. K uhn (1976) p repared  a sim ilar overview for G erm an salm on catches 
betw een 1875 and  1950. Com bining both  sets of da ta  allows the to tal num ber of salm on 
caught in the  N etherlands and G erm any over this period  to be calculated (Fig. 2).
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F igu re  1. D u tch  salm on ca tches 1863-1957 (source: R IV O  d a ta ).

From  the tu rn  o f the  century  onw ards, D utch  salm on catches began to drop significantly, a 
trend  which is also m irrored  in G erm an statistics for the  sam e period. A s a  result, seine nets, 
which w ere show n to be so successful in the  past, were no t used afte r 1932.

The end  of the  1920s w itness a m ajo r decline in salm on catches in the R hine. In 
subsequent years, the num ber of salm on landed in the  D utch section was stabilized at about 
1000-2000 fish a year, up to 1944. H ow ever, these figures w ould probably have been higher 
had  organized salm on fishing not ceased in D utch w aters in 1933. This also explains why 
salm on catches along the  G erm an  section of the R hine increased in r/ative term s, which 
enabled  the G erm an  salm on fishing industry  to continue m uch longer. In  1945, the num ber of 
salm on caught in the N etherlands declined even fu rther, to only a few hundred a year on 
average.
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F igu re  2. D u tch  an d  G erm an  salm on catches 1875-1950 (source: R IV O  d a ta , K uhn. 1976).
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In o rd er to  rehabilita te  the  R hine salm on popu lation , experim ents began as early as 1861 
by releasing salm on fry which had  been rea red  under controlled conditions. These activities 
assum ed g rea te r im portance after the ratification of the Salm on C onvention in 1886. 
E norm ous num bers o f fry and p arr w ere released  in to  the R hine at the end  of the  19th and the 
beginning of the 20th centuries. R estocking opera tions in Sw itzerland and G erm any betw een 
1879 and  1912, to  which the  N etherlands con tribu ted , involved about 160 million young 
salm on. In  add ition , about 13 m illion young salm on w ere released in to  the  R hine in the 
N etherlands over the period  1861-1897.

T hroughou t the period  that restocking operations were carried  ou t in earnest, m ost 
observers w ere convinced o f the positive effect o f this policy. It was felt th a t w ithout such 
action the decline in salm on num bers w ould have been  even m ore rapid. H ow ever, in 1947, a 
repo rt on the effect of restocking opera tions on  salm on catches concluded that no clear 
statistical evidence could be found to  support such a link from  the available data.

Variations in the num ber o f  salm on caught

T he fluctuations in annual salm on catches clearly show th a t certain years w ere m ore 
successful th an  o thers. In fact, data  in term s o f sm olt production are lacking, hence it is not 
possible to  co rre la te  the catch of R hine salm on w ith the stocks. In  addition , the introduction 
o f im proved fishing techniques could have led  to tem porary  increases in the  num ber of 
salm on caught.

The overall p icture  could also have been  d isto rted  by fisherm en deciding to stop fishing 
once they realized th a t the size of th e ir  catches was decreasing rapidly. This could have led to 
too  drastic a reduction  in the fishing effort. O n the  o ther hand, before fisherm en decided to 
discontinue the ir opera tions, m any w ould have tried  to  maximize their catch by all available 
m eans. T he skill o f the individual fisherm an m ay also have to be taken  in to  account.

A com parison betw een the weight and  num ber of salm on caught over the period 
1893-1918 is show n in Fig. 3. If a subdivision is m ade on the basis of w h eth er the salm on 
caught ascending the river w ere grilse, small sum m er salm on, or large w in ter or sum m er 
salm on, it becom es far easier to distinguish a particularly productive year. T he grilse (or 
‘Jacob’s sa lm o n ', St Jacob ’s day —  25 July) re tu rned  in the spring and  sum m er (length 
61 -6 7 cm ). T h e ir num bers decreased tow ards the  autum n. The 2-sea-w inter salm on (length 
83-91 cm) re tu rn ed  in M ay-July. They w ere re fe rred  to as ‘small sum m er sa lm on’. These fish 
were no t sexually m ature  when en tering  the  R hine, but they generally reached  this stage by 
the tim e they arrived  in G erm an w aters. M ulti-sea-w inter salm on ascended the R hine in 
Sep tem ber and  O ctober, and w ere re fe rred  to as ‘w inter salm on’ till 1 April (length 
103-115 cm ). F rom  May onw ards, fish of this size were referred  to as ‘large sum m er salm on’. 
W hen, for instance, large num bers of grilse w ere caught, fishermen could generally expect a 
ready supply of small sum m er salm on. A s an exam ple. Fig. 4 is given, in which the relative 
proportions o f the different categories o f salm on caught are given in re la tion  to the total 
num ber o f salm on landed that year fo r the perio d  1903-1919. Specific in form ation  about the 
num ber o f grilse and  small sum m er salm on caught betw een 1989 and 1919 is given in Fig. 5. In 
addition  to  annual variations in salm on catches, a m arked difference can be seen within a 
particu lar year. F igure 6 shows the average m onthly  catch over the period  1911-1918. In the 
N etherlands, the m ost im portant m onths for th e  salm on fisherm en were M arch to A ugust.
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F igu re  3. T h e  w eight and  n u m b er o f salm on caugh t o v e r th e  p erio d  1893-1919 (source: R IV O  d a ta ).
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Figure 6. M onthly supply  o f  sa lm on , 1911-1918 (source: RIVO d a ta ).

The effect of human intervention

H oek (1901) displayed insight w hen sum m arizing the  effects hum an in tervention  had had on 
the R hine in his rep o rt entitled ‘T he S ta te  of the  D utch Sea Fisheries in 1900’:

‘The deline in the fishing industry  over recent years has been brought ab o u t by a num ber 
of factors such as hydraulic engineering p ro jects required  for regulating the w ater discharge 
and  im proving navigability, the pollu tion . . . M an, in his efforts to control na tu re , must 
accept responsibility  for allowing the  R hine to degenera te  . . . into som ething approaching a 
discharge channel closed in betw een steep  straight banks and dredged  to the required  depth 
for shipping p u rp o ses .’

Channelization and  flo o d  control

Since the R hine is basically a glacier stream  the river receives an im portan t supply of w ater 
during the sum m er m onths. A s a consequence, the difference betw een high and  low w ater 
levels in the R hine is less m arked than  in a river fed by rainw ater such as the  M aas. This 
feature m akes the R hine particularly  attractive to  shipping. T he move tow ards greater 
industrialization  in the  19th centory  led to  extensive hydraulic engineering works. This 
involved deepening  the navigation channel and , w here necessary, constructing  weirs and 
locks. T he fact th a t canalization of the  R hine proceeded at a m ore rapid  pace than , for 
instance, th a t o f the M aas, re inforced the natural superiority  of the  R hine as a m ajo r inland 
shipping rou te . In o rd e r to  comply w ith increasing dem ands atten tion  was also focused on the 
tribu taries o f the R hine. In the repo rt of the  G overnm ent Com m ission on Salm on, H oek 
(1916a) review ed the  condition of the main tribu taries of the R hine in Sw itzerland and 
G erm any w ith particu lar reference to the salm on fisheries.

A lthough efforts to im prove the  flow of the R hine are often associated with the last 
hundred  years, a considerable am ount of w ork had been carried ou t before this tim e, 
prim arily to  safeguard  towns and villages from  flooding (V an der V en 1976). In the M iddle 
A ges, for instance, rerouting  the course of the river caused several villages along the upper 
reaches o f the  R hine that were originally on the left bank to ‘shift’ to the right bank o r vice 
versa.
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Im proving the  navigability of the river involved dredging ou t excess deposits in shallow 
areas and system atically reducing the  w idth o f the  river bed. A long the W aal, fo r instance, 
the 18 shallows and islands th a t existed in 1850 were linked with the bank and  the  river w ater 
redirected  along the main flow channel. A long the upper reaches of the  R hine (‘A lt- 
R h e in e '), m any o f the side branches w ere rem oved  to  im prove the flow conditions.

A fter 1940, m any of the sandbanks in the  R iver R hine d isappeared as a result of 
deepening and  m aintenance w ork on the  river. Sand extraction was also p ractised  at this 
tim e. A lthough the use of large seine nets was no longer allowed on D utch rivers, sm aller nets 
o f this type and  bag nets w ere still em ployed . In  spite of the fact that G erm an  fisherm en had 
modified the ir bag nets to catch eels ra th e r th an  salm on a large num ber o f juvenile salm on 
w ere still caught and  destroyed. T he m ovem ents o f salm on in the  G erm an and  Swiss parts of 
the  Rhine becam e m ore restricted  due to the  construction of locks and  w eirs in the upper 
reaches o f the  river.

The ex ten t of the hydraulic engineering  w orks carried ou t along the tribu taries of the 
R hine con tinued  to gather pace a round  this tim e. As a consequence, the N eckar, M ain and 
R uhr becam e practically inaccessible to salm on. T he construction of locks and weirs along 
the M osel, which sta rted  after W orld  W ar II , effectively elim inated an o th e r im portan t 
spaw ning a rea  fo r salm on. T he pro lifera tion  o f structures of this type along the R hine has 
m eant th a t, even under the m ost favourable  circum stances, salm on w ould only be able to 
ascend the river as far as K arlsruhe.

N ow adays, it is not only the presence of locks and weirs along the R hine th a t are 
preventing the re tu rn  of salm on. T he condition  of the m any stream s and  rivulets that 
traditionally  fo rm ed  the  spaw ning grounds fo r these fish has also changes. M oreover, simply 
restoring a few tribu taries o f the R hine —  which is suggested by certain  parties as a potential 
solution —  w ould not guaran tee the re tu rn  of the  salm on on a perm anent basis, as a variety  of 
habita ts will be requ ired .

A n alternative  m ethod  that has been  put forw ard fo r restoring salm on stocks in the main 
rivers in the N etherlands is to release young fish into the upper reaches of the M aas. 
H ow ever, the  practicality  of such a schem e can also be questioned since the  M aas has even 
m ore locks and  weirs than the R hine (van D rim m elen 1987).

Closing o f f  the delta and  the cosntruction o f  weirs

A lthough fish ladders and passes have been  incorporated  in all the weirs (often linked to 
hydro-electric pow er stations) and sills in the  R hine from  Basel to S trasbourg, these have had 
little effect. Fish experience g rea t difficulty in negotiating weirs even if they  are equipped 
with such aids. T he g rea te r the num ber o f w eirs th a t are constructed along a stre tch  o f river, 
the m ore restric ted  the  w aterw ay becom es for fish. Since the natural spaw ning grounds of the 
salm on are located  in the  upper reaches o f the R hine tributaries and the connected  stream s, 
the positioning o f w eirs dow nstream  o f this a rea  has had  a m ajor effect on the decline and  the 
ultim ate dem ise of the salmon.

T he closure o f the sea inlets in the south-w estern  part of the N etherlands rep resen ts a new 
hazard  for salm on and o ther m igratory freshw ater fish. A t p resen t, fish en te ring  the W estern 
and E astern  Scheldt from  the sea canno t reach the R hine directly. N ot only is Lake 
G revelingen closed off, but the H aringvliet locks represen t a further im pedim ent to  the free 
m ovem ent of fish.
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A t p resen t, the N ieuw e W aterw eg offers the only open link with the sea in the 
N etherlands. H ow ever, the intensity  of shipping along this rou te  could prove to be 
d isadvantageous to  salm on. Since the  construction o f the  ‘A fslu itd ijk ’ (B arrier D am ), which 
closed off the  Z uiderzee, salm on have been p reven ted  from  using their traditional rou te  to 
re -en te r the R hine via the  R iver IJssel. M oreover, access to the  N orth Sea C anal via the 
IJm uiden  locks cannot be regarded  as a viable a lternative for salm on and salm onids.

Sand and  gravel extraction

Sand and  gravel extraction  activities in D utch  rivers are  no t thought to  have had  a serious 
im pact on salm on stocks, m ainly because salm on only passed through the N etherlands e ither 
en  rojtite to  the sea as sm olts o r kelts, or in ascending the  river as grisje, 2- or m ulti-sea-w inter 
salm on. H ow ever, on such journeys, salm on w ould have had  to swim through tu rb id  w aters, 
carrying considerable am ounts of suspended sed im ent when in the vicinity of extraction  
w orks. In  con trast, the  salm on fishing industry  encoun tered  serious difficulties because of 
such activities. F isherm en using large seine nets (e ith e r from  the  bank , pivots in the  flow or 
rafts anchored  above sand banks) experienced  particu lar problem s in attaching their nets to 
the  river bed  due to  rem oval o f sand.

Sand and  gravel extraction operations in the sm aller G erm an rivers and stream s will have 
had a m uch m ore dram atic effect on the salm on population  since these areas w ere used as 
spaw ning grounds. T he gravel beds w ould no longer have been suitable fo r spawning 
purposes due to an increase in silt levels in the river and  sedim entation of the redds.

In add ition , fish fry are known to be m ore sensitive than  adult fish to pollu ted  silt (fine 
sed im ent). It is therefo re  recom m ended th a t sand  and gravel extraction activities be 
proh ib ited  in stream s th a t are identified as po ten tia l spaw ning grounds for salm onids o r which 
already  contain  such fish (e.g. trou t).

Waste water discharges

A s early  as the beginning o f this cen tury , discharges of pollu ted  waste w ater were identified as 
one of the possible reasons for the decline in the salm on population in the R h ine  (H oek 
1916b). H oek  was convinced th a t the R hine as a large fast-flowing river would have had  an 
inheren t capacity  to  ‘clean itse lf . A lthough large quantities of waste w ater w ere discharged 
into the R h ine , he po in ted  out that after relatively short distances, the effects w ere hardly 
no ticeable due to  am ple dilution in the flow stream , rapidly restoring the clarity of the  w ater. 
H oek  concluded: ‘A lthough the effects o f local pollu tion  on the salm on population of the 
R hine should no t be ignored, care should be taken  not to overestim ate the ex ten t o f the 
dam age cau sed .’

Som e 10 years la te r, R edeke (1927) was requested  by the In ternational Council fo r the 
E xp lo ra tion  o f the  Sea to sum m arize the im pact of river pollution on fisheries. In general, it 
can be said th a t by 1927 dom estic and industrial w aste w aters were considered to pose a far 
g rea te r th re a t to the fish population than  had been though t possible less than  25 years before. 
T h e  num ber o f incidents w here large num bers o f fish were found to be dead had  increased 
dram atically . H ow ever, it was often difficult or even im possible to give precise explanations 
for such events, in spite of the fact that a large num ber of potential causes could be identified.
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D etergen ts can affect salm onids and  o th e r fish in several ways, such as reducing their 
ability to ex trac t oxygen and  destroying the ir sense of smell (B ardach&  Case 1965; Holl 1965; 
B ardach , Fujiya & Holl 1965, 1967; H oll, Schulte & M einel 1970).

In view o f the  fact th a t salm on depend  on th e ir  olfactory sense to  find th e ir  natal stream s, 
any dete rio ra tio n  o f their sensory organs can have disastrous consequences fo r this group of 
fish. Should the  sensory organs o f salm on be affected  in this w ay, re turn ing  fish will tend  to 
take the w idest branch of the river w here it divides. This could pose special problem s if rivers 
such as the  rivers Sieg and A gger, in the  cen tre  o f G erm any, w ere to be restocked , as the 
presence o f de te rgen ts could cause the  fish to trave l in the w rong direction . Im pairm ent or 
com plete loss o f the sense of smell in sm olts may seriously endanger their chances of surviving 
at sea as well as affecting their ability to find th e ir  natal stream s when they re tu rn  as adult 
salm on. T he large quantities o f de tergen ts th a t are re leased  into the  R hine with dom estic 
w aste w ater m ean  th a t research is urgently  n eed ed  to investigate m ore specifically w hether o r 
not these chem icals affect the sense o f smell of salm on and trou t.

The im pact o f  the fish ing  industry on salm on stocks

W ith the advantage of hindsight it can clearly be said th a t the fishing industry  has had  a 
negative effect on salm on stocks in the R hine. H ow ever, in the final analysis, econom ic forces 
dictate th a t the  fishing industry canno t fish a particu lar species to extinction. The loss of 
incom e as th e  size of the catch declines brings such activities to a natural end , as was the case 
w ith the R h ine . T he D utch salm on fishing industry  effectively ceased to exist after 1933 and 
that of the  G erm ans after 1950.

C atching salm on below the m inim um  legal size was prevalent in the en tire  R hine basin. 
This was m ainly a ttrib u ted  to the w idespread use o f ‘fram ed bag nets’ in the  N etherlands and 
in the dow nstream  areas of the R hine in G erm any . T he in troduction of set tim es for the use of 
fram ed bag nets and prohibiting the use of seine nets a t night and on Sundays d id, however, 
prove to be effective in lim iting the dam age caused. In o rd er to com pensate for the lack of 
sexually m atu re  fish in the river, and hence the  decline in the num ber of young salm on, 
restocking o p era tions were undertaken , particularly  after 1892 (H oek 1898).

A lthough deta iled  statistics about the precise num ber of salm on caught at sea are not 
available, it is know n that in relative term s the catches were no t large. The num ber of salmon 
caught at sea was generally though t to increase in July, reaching a peak in A ugust before 
declining to practically zero in the following m onths.

Feasibility o f restocking operations

A t p resen t, salm on catches in the en tire  eastern  A tlan tic  are declining, even though a num ber 
of excellent salm on rivers are still to be found in countries around or near the  N orth Sea such 
as F rance , N orw ay, Scotland and Ire land . T he salm on population  in Spain is rapidly 
d isappearing  and  even if attem pts to halt the decline are successful, the  purity  of the original 
species will have been affected by in terb reed ing  w ith ‘foreign’ salm on. Experience from 
France and  Spain has shown th a t eggs recovered  from  indigenous fish are m ore suitable for 
rearing  and even tual release than  im ported  eggs from  Scotland and N orw ay. It is therefore 
clear th a t restocking  the tribu taries of the R hine will be a slow and arduous process.
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At the tu rn  o f the cen tury , the nursery  grounds fo r salm on in the R hine ex tended  over 
159540km (excluding the N etherlands). C urren t estim ates suggest th a t a t best about 9000km  
or about 5%  o f the original a rea  could be used for such purposes in G erm any in the near 
future. This includes those parts of the river already inhabited  by trou t. In 1900, 100000 
salm on were caught in the R h ine , which w ould translate to a m axim um  of about 5000 salm on 
on the basis o f the  po ten tia l a rea  now available. A ssum ing th a t one-th ird  of the salm on 
produced w ere caught by fisherm en, this w ould suggest th a t the  R hine could support a 
m axim um  of 15000 adult fish. H ow ever, this estim ate does no t tak e  account of the changes 
th a t have taken  place since 1900 in the w ater quality o f the R h ine, fishing practices and  the 
increase in the  num ber of w eirs and  dam s.

Using the m ethod  p roposed  by M ilner (1983), it is possible to calculate the required  
nursery area  fo r 0 +  salm on assum ing a m ortality  ra te  of 6%  at th e  transition  from  fertilized 
eggs to larvae (M ills 1989). It transpires th a t for a  population of 15000 salm on, an area of 
760km 2 of the low est category o f biom ass (=Sl30g/100m2 biom ass) w ould be sufficient or 
190km of the highest category (5=841 g/100m 2 biom ass). W hether these conditions can be 
achieved in the  u p p er reaches of the R hine rem ains to be seen.

N otw ithstanding, it is sheer speculation th a t the  likely survival ra te  o f salm on in the R hine 
can be estim ated on  the basis o f in form ation  found in the literatu re  (H arden  Jones 1968;^ 
F oerster in N etboy  1980; H ansen  & Bielby 1988; Lassen, M oller & H ansen 1988). 
F urtherm ore , it is difficult to  predict the precise num ber of salm on that will be able to 
negotiate slu ices, w eirs and fish passes during the ir run upstream . A ssum ing th a t 1050 salm on 
ascend the river to spaw n (one-fifteenth  o f the num ber of salm on that the R hine is likely to 
support) and  th a t the m ortality  rate on the journey  is 5%  then 1000 sexually m ature  fish 
w ould be expected  to reach the spaw ning grounds. M oreover, if 75%  are grilse or 
one-sea-w inter salm on (m ale:fem ale ratio  2:1, average weight 3 kg and capable o f producing 
1600 eggs/kg), w hereas the rem aining 25% are 2-sea-w inter salm on (m ale:fem ale ra tio  1:3. 
average weight 7-5 kg and capable of producing 1600 eggs/kg), the 250 fem ale grilse w ould be 
expected to produce 1200000 eggs, while the 188 2-winter salm on w ould be expected  to 
produce 2256000 eggs. This w ould am ount to a grand to tal of 3456000 eggs.

Assum ing a fertilization  ra te  of 78% (2695680 fertilized eggs) and a m ortality  rate up to 
the smolt stage of 99% , 26957 sm olt could be produced. As 80% of the post-sm olts die during 
the first 9 m onths at sea, 5391 young salm on w ould be expected to reach G reenland. 
Assum ing the  m ortality  ra te  a fte r the first m onths at sea to be 0-1% and  losses of 25%  and 
50%  to occur due to fishing n ear the Faroe Islands and in the N orth  Sea (assum ption) 
respectively then  of the 75% of the fish that are expected to re turn  after one w inter at sea 
(4043 grilse), 1478 w ould be successful (2565 lost), w hereas of the rem aining 25%  th a t stay at 
sea for ano ther year (1348 2-sea-w inter fish) 442 would be expected to  reach the m outh  o f the 
river (906 are lost). T o g eth er this w ould am ount to  a to tal of 1920.

A lthough the m ortality  ra te  in the river will probably be of the o rd er of 5% , it is 
im possible to p red ict how  m any fish will be de te rred  by the presence of hydraulic engineering 
structures in the H aringvliet and H ollands D ^ip. T he im portance of such assum ptions is 
further underlined  w hen considering the sensitivity of the analysis to the survival ra te  of fish 
reaching the sm olt phase. A  figu re^  of 1% has been included in the calculation presen ted  
above, which results in a balanced system , w hereas a value of 0-5% as repo rted  for the River 
N orth Esk (D unklev  1988) w ould m ean th a t the system w ould be ou t of balance.

An alternative calculation m ethod  could also be applied, based on the assum ption that a
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m axim um  o f 3-5% o f the young salm on th a t descend the river eventually  find they r way back /  i 
to th e ir  natal stream s. The rem aining fish w ould e ither be lost o r  en ter o ther rivers. If 1050 
salm on ascended the river to spaw n, this w ould m ean that 943 grilse and 2-w inter salm on 
would re tu rn , all of which p resupposes th a t the  hydraulic engineering structures in the 
H aringvliet and the H ollands D iep  do not affect the salm on en terin  the  river system .

It is clear from  these figures th a t for this scenario to  succeed the deficiency in salm on 
num bers m ust be m ade up by fish th a t stray or infiltrate from  o th e r rivers. In  p ractice, the 
discrepancy is likely to be even larger because of the effects of pollu tion .

It is no t clear w hether certa in  smells th a t a re  characteristic o f  the spaw ning grounds are 
still discernible as such by salm on th a t have passed through rivers rich in detergen ts.

A  fu rth e r com plication in the  contex t of the R hine is that none of the rivers in the  vicinity 
can serve as alternative entry po in ts fo r salm on return ing  from  sea . R ivers such as the Em s,
W eser and  E lbe, which once used to  have relatively small salm on populations com pared  with 
the  R h ine, cannot yet be regarded  as true  salm on rivers.

T he la tter also applies to the  M aas and R iver Scheldt. C onsequently , factors such as 
straying and infiltration, which play  an  im portan t role in population  o ther rivers, are likely to 
be o f little significance in the R hine basin.

It should be possible, how ever, fo r river system s on both sides of the m ain stream  to be 
recolonized by salm on and hence increase the size of the spawning grounds. I t  is therefo re  
essential th a t a wealth of spaw ning stream s be m ade available fo r salm on in the R hine. 
H ow ever, creating the right conditions is no guaran tee of success.

If  it is finally decided to release young fish in to  the R hine, it is recom m ended th a t p arr be 
used  as these fish leave the river of th e ir  own accord , depending on the ir physiological state. 
R eleasing  sm olts is not considered to be a tenable  op tion  in view of the length of the river and 
the reduced opportunities that w ould exist fo r the characteristics of the su rrounding  river to 
be im prin ted  on the fish. The eggs and  larvae th a t are to  be used should be taken  from  wild 
fish and  no t from  fish farm s th a t are principally concerned w ith the com m ercial aspects of 
salm on production.

If the  R hine is to be rehabilita ted  as a salm on river, it is essential th a t the w ater quality of 
the river should m eet the requirem ents for salm on rivers as laid down in the  relevant EC 
D irectives.

Finally , it can be concluded th a t establishing a natural population  o f salm on in the R hine 
w ithout outside help  will certainly no t be realized within the foreseeable fu ture (10-20 years).
A fte r all, the R hine is one of the m ost po llu ted  rivers in E urope and it suffers from  the added 
disadvantage that it has a large num ber of locks and  weirs th a t restrict the access to fish.
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