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Abstract

The paper reviews the past, present and future of eight anadromous fish species inhabiting the Lower Rhine (The
Netherlands), viz. -sturgeon (Acipenser sturio), whitefish and houting (Coregonus lavaretus, C. oxyrinchus), smelt
(Osmerus eperlanus), allis and twaite shad (Alosa alosa, A. fallax), sea trout (Salmo trutta) and salmon (Salmo
salar). All species are under threat or became extinct (e.g. sturgeon, allis shad). It is not possible to single out a
specific factor for the decline or disappearance. A combination of factors is responsible, as the degradation of the
spawning and nursery areas, river correction for shipping, building of sluices and hydropower dams, extraction of
sand and gravel and river pollution. The likelihood that a species will return via natural recovery, or restocking
is assessed. The return of the sturgeon is unlikely. Present observations of sturgeon can be attributed to releases
of unwanted sturgeon hybrids. A natural stock of coregonids in Dutch waters seems not feasible any more due
to irreversible habitat degradation. Present day catches originate from German releases. The anadromous smelt,
heavily reduced in numbers, still inhabits some of our waters, the non-migratory smelt is still very common. The
allis shad is extinct and unlikely to recover. The species never spawned in the Dutch part of the Rhine. Twaite
shad, declining in numbers, are still observed in the lower reaches of Rhine and Meuse. Sea trout is presumably
still present in the same varying numbers as before. Spawning in our waters has not been documented. The
salmon, once fished in large numbers, is now the subject of restocking programmes in Germany. Observations
of individuals can partly be attributed to these programmes but also to straying salmon. Restocking programmes
should be considerably improved before noticeable success is to be met.

Introduction

The anadromous fish species of the Rhine were eco-
nomically valuable species, especially the salmon, the
coregonids (whitefish, houting), allis shad and stur-
geon. However, sea trout, smelt and twaite shad were
also commercially exploited. The life history stages of
anadromous fish require several ecosystems to thrive,
both marine and freshwater habitats. These habit-
ats are severely impacted by humans. A number of
fuctors, alone or in combination, can be held respons-
ible for the decline of anadromous fish populations:
destruction of spawning habitat by deepening the river,
and sand and gravel extraction, habitat fragmentation
and degradation, resulting from the building of locks,
construction of hydropower stations and river pollu-
tion and overfishing. Even if it will be possible to
restore a small stock of salmon in the Rhine system,

the interaction between fish from hatcheries and wild
fish may give rise to other unanticipated problems.

This review summarizes the status of eight
anadromous fish species of the river Rhine-system. All
of them have declined in numbers or became extinct
(allis shad, sturgeon), and likely causes for their de-
cline will be indicated. At present, no successes of
restocking programmes can be recorded, but perhaps
in the case of the salmon there is some light at the ho-
rizon. Potential problems arising from such restoration
projects will be reviewed.

Sturgeon (Acipenser sturio, Linnaeus, 1758)

Sturgeons (Acipenseridae) are confined to the northern
hemisphere on both sides of the Atlantic and Pacific.
There are 27 species, most of them are endangered,
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threatened by extinction or, in case of some species
and populations, already extinct. The European stur-
geon (Acipenser sturio, Linnaeus, 1758) which inhab-
its the Northern European coasts and rivers, is extinct
in large parts of its range primarily due to overfishing
(Lelek, 1987; Rochard et al., 1990; Anonymous, 1994;
Billard, 1995). In north-western Europe, the sturgeon
is only present in the river system of the Gironde—
Garonne, Dordogne (France). Since the mid 1980s, a
restocking programme was initiated in this river sys-
tem (Castelnaud & Trouvery, 1984). It is unlikely that
stocks from the Gironde system will recolonize the
river Rhine system.

Historical distribution

In this paper, sturgeon is only discussed in relation
to the river Rhine system. From the Iron Age (700-
300 BC) and Roman times (57 BC—406 AD), it is
known that the sturgeon inhabited Dutch waters. This
was demonstrated by Prummel (1989), who excavated
fragments of a dermal plate and of spina pectoralis on
the former island of Voorne-Putten, dating back to the
Iron Age. Moreover, Brinkhuizen (1989) described re-
mains of a 1-m long sturgeon found near Velsen (North
Sea coast), and early Middle Ages (600-1200) stur-
geon remains are known from the area near Oldenburg
(Germany) (Prummel, 1991). Kinzelbach (1987) car-
ried out a reconstruction of the now extinct population
of the sturgeon in the river Rhine-system. He based
his study on records from the 15th century. Sturgeon
were common in the Delta and in the Lower Rhine
until about 1910, becoming extinct as a breeding spe-
cies in 1942, Kinzelbach (1987) described in detail
the sturgeon distribution higher up in the river systems
and stated that the species was more common higher
up the river than was formerly assumed. Nevertheless,
about two thirds of the sturgeon population stayed in
the Lower Rhine and Delta and about one third swam
up to the Middle and Upper Rhine (up to 850 km up-
stream) and their tributaries. It is estimated that about
3000-4000 sturgeons lived in the Rhine from perhaps
1440 until 1900. The stock was larger in the middle
and at the end of the 16th century.

It is unknown where sturgeon nurseries existed in
the river Rhine. It is assumed that spawning took place
in the deeper parts of the river, mainly between May
and August. Minimum water depth requirements for
spawning are 3 m, although spawning can occur in
depths up to 20 m (Jakob, 1996). The so-called ‘pits’
in which sturgeons were observed (e.g. Mohr, 1952)
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Figure 1. Number of sturgeon (Acipenser sturio) caught in the
Lower Rhine and North Sea; data from Fisheries Inspection (An-
onymous, [920) and Verhey (1961).

in the river Eider, north Germany are in fact refu-
gia for fish to rest for a while during the spawning
process. Deelder & Huussen (1973) and Lobregt &
van Os (1977), indicate that sturgeon spawn in very
shallow water, however, on what grounds this state-
ment is based is unclear. Spawning of sturgeon has
never been observed in Dutch waters. The smallest
sturgeons mentioned in the literature in comparable
German waters (Eider, Elbe-river system) were 40-60
cm, or at least 1-2 years old. Hence, there has been no
indication of a spawning area at all (Hoek, 1910).
After spawning the adults migrate rapidly to the
sea, where they remain before returning to spawn
again. The juveniles leave the freshwater area and
move into the estuary. They may migrate for a while
into the sea and then return to the estuary. The fact that
sturgeon males require about 8 years to reach sexual
maturity, and females even 14 years, makes them espe-
cially vulnerable to fishing. Verhey (1949, 1961, 1963)
analysed the sturgeon fishery of the Lower Rhine, with
an emphasis on the period from 1900 to 1931. In
the year 1749, 8.999 sturgeons were caught in the
Lower Rhine and landed at Dordrecht fish market.
Between 1824 and 1852, an average of 3000 stur-
geons per year were caught. Complete reliable fishery
statistics of sturgeon date from the end of the 19th cen-
tury. Figure | is based on data collected by the Dutch
Fishery-inspectorate (Anonymous, 1920), augmented
with Verhey’s data. Also added to this figure are catch
data of sturgeon by the North Sea fishing fleet (1903—
1919) (Anonymous, 1920). After a strong decline of
river caught sturgeon, sea catches exceeded the river
catches during a short period, but after 1960 no river
catches of sturgeon in the Lower Rhine were reported.
Sturgeons, approximately 1 m in length, were occa-




sionally caught in the North Sea or washed ashore on
the beaches (Nijssen & de Groot, 1987).

After 1992, however, juvenile sturgeons have been
reported from the Lower Rhine and adjacent waters
(Volz & de Groot, 1992). The first individual (8-2-
1992) from the river Merwede (Rhine-estuary) proved
to be a juvenile Acipenser sturio; the body was mu-
tilated, perhaps by a propeller of a ship. Since then,
occasional small sturgeons have been reported (e.g.
Hartgers et al., 1998). After careful examination, they
proved to be hybrids, with many features of the Rus-
sian sturgeon (A. gueldenstaedti, Brandt, 1833) and
stellate sturgeon (A. stellatus, Pallas, 1811). The re-
ported revival of the sturgeon in the Rhine can not be
taken seriously, as the specimen collected are likely
originating from accidental releases of aquarium fish.

Causes of decline

What are the causes of the decline and ultimate ex-
tinction of the sturgeon in the Rhine? Kinzelbach
(1987), assuming that the fisheries took about 30%
of the sturgeons in the Rhine, calculated that around
the turn of the 19th century, the stock of the Middle-
and Upper Rhine was 100-1000 sturgeons. In the
Lower Rhine and Delta, the stock was about 2400 stur-
geons. He concluded that the decline of the sturgeon
started in the mid 19th century and that the species
became extinct in the thirties of the 20th century. The
most likely cause was the overfishing, and the de-
struction of spawning grounds, due to canalisation and
the construction of dams and weirs. For a restoration
endeavour the following requirements are essential: a
gravel bottom (1.7-6.5 cm gravel), with a water ve-
locity of 1 m s! and a water temperature of 15-20
°C, needed for spawning. Oxygen concentrations of
>6 mg |-, water depths of 3-20 m, and a spawning
area per female of about 300 m? are also required for
successful reproduction.

Increased fishing pressure proved to be as destruct-
ive as the deterioration of the spawning areas. The
river fisheries caught far too many adult specimens,
the sea fisheries finished off the immature and re-
maining adults (Steinert, 1951; Mohr, 1952). Birstein
(1993) and Shagaeva et al. (1993) described serious
changes in the structure of gonads of sturgeon and
their larvae in the Volga due to water pollution. As
for most of the world’s sturgeons, the combination
of river pollution, river regulation, and overfishing
brought about the eventual collapse of a once abundant
population (reviewed in Barannikova, 1987).
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Table 1. Dutch coregonid catches 1910-1939 (data in the archive
of RIVO-DLO, IImuiden)

Year Landings Year Landings
(kg) kg)
1910 2769 1925 65
1911 3586 1926 597
1912 16654 1927 534
1913 12414 1928 115
1914 31704 1929 140
1915 14 682¢ 1930 24
1916 3298 1931 109
1917 4737 1932 139
1918 1175 1933 129
1919 1644 1934 53
1920 720 1935 1
1921 972 1936 2
1922 130 1937 46
1923 25 1938
1924 690 1939 3

#Underestimate.

Coregonids

Depending upon the taxonomic system selected, either
two or three anadromous coregonid species inhabit, or
have inhabited the Rhine: Coregonus lavaretus (Lin-
naeus, 1758) (whitefish); C. oxyrinchus (Linnaeus,
1758) (houting); and C. albula (Linnaeus, 1758) (ven-
dace). Vendace have been caught only a few times
in the Rhine (the last time in 1927), but it is most
likely that the fish were simply incorrectly identified
when caught. At the turn of the century, whitefish were
caught in all large rivers such as the Rhine, IJssel and
Meuse, houting was very common in the Wadden Sea
(Redeke,1934). At present only a small original pop-
ulation of houting still exists in the Danish Wadden
Sea, with a proven spawning ground in the river Vida
near Tgnder. Since the discovery of the existence of
this spawning ground, houting has been released in the
Baltic Sea, in German and Danish waters, and also in
the German river Eider (Grgn, 1987; Grgn et al., 1988;
Jager, 1999; Scheffel, 1999).

Coregonid fishing occurs from August to Novem-
ber. Prior to 1910, catch data are difficult to trace
because fish were sold directly by the fishermen at
local markets. However, it was possible to obtain data
for 1910-1939 (Table 1). Although the fishery was
never large, the obvious decline between 1916 and
1920 is remarkable. In 1917, the catch was still around




208

Table 2. Overview of releases of fry and juvenile coregonids in The
Netherlands. (Reuter, 1966; Nijssen & de Groot, 1987)

Year  Numbers Age Location
1907 50000 fry Meuse/IJssel
1908 400000 4 weeks Meuse/IJssel
1922 60000 6 weeks ?

1923 22000  Afry Meuse

1924 - -

1925 500000 fry Meuse/1Issel
1926 2121000 4 weeks Meuse/1Jssel
1927 2442000 fry Meuse/IJssel

1000 6 months Reeuwijkse plassen
1000 6 months Amstel

1928 50000 3-4weeks Meuse
175000 3-4 weeks Meuse
400000 fry Gelderse 1Jssel
1625000 1 year Meuse
900 000 1 year Gelderse 1Jssel
9220 1 year Meuse
1929 500000 . fry Meuse
500000 fry 1Jssel
150000 fry Meuse
749  1year Meuse/Reeuwijkse plassen
1930 5150 1 year Meuse
1931 1000000 fry Meuse
1937 50000 fry Reeuwijkse plassen
50000 fry Bergumermeer
50000 fry Binnen Maas
50000 fry Alkmaardermeer
50000 fry Beulakerwijde
700000 fry Lake IJsselmeer
1800 6 months Reeuwijkse plassen/Binnen
1938 failed -~ Meuse/Alkmaardermeer
1939 - - -

5000 kg: the decline was therefore far quicker than that
observed for salmon (de Groot, 1992). The dramatic
downward trend and near-extinction of the species was
reason for great concern by government authorities.
Artificial rearing was tried, for the first time in 1907,
and a restocking programme with eggs, 1-month and
1-year-old whitefish, imported from Peipus Lake, Rus-
sia, was initiated. In Dutch inland waters, a total of
nearly 119 million larval or juvenile whitefish were
released between 1907 and 1939 (Table 2); however,
there were no increases in abundance.

There is a growing concern in Germany for the
preservation of coregonids. Non-migratory stock in
German alpine lakes are threatened by pollution,
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Figure 2. Smelt (Osmerus eperlanus) catches in Hollands Diep and
Haringvliet between 1946 and 1988.

hence, extensive annual restocking operations are car-
ried out in large lakes created by barrages (so called
‘Talsperre’). Coregonids are released mainly in the
States of Nordrhein-Westfalia and Hessen. It is as-
sumed that the present increase in the Rhine, as well
as in the Dutch Lake IJsselmeer, must originate from
these Danish/German restocking attempts (de Groot &
Nijssen, 1997; Hartgers et al., 1998).

Coregonid populations have not recovered in
Dutch inland waters. Migratory forms of coregonids
are unable to enter the inland waters owing to the
disappearance of suitable tidal inlets. The houting
spawned in the Netherlands, very likely in the north-
ern province of Groningen, adjacent to the Wadden
Sea, up to the beginning of the 20th century. How-
ever, the rivers and waterways of Groningen have been
changed from 1870 to 1977, and the tidal movement
still observed in the harbour of the town of Groningen
disappeared. Channels were deepened, the surround-
ing land was better irrigated and exploited, and sluice
systems were built to prevent the inlet of seawater
during flood tide. At present, plans to regulate the wa-
ter level in Lake Lauwersmeer, a former inlet of the
Waddensea, will definitely close off the entry of the
houting into inland waters in the northern part of the
Netherlands. This blockade between the small rivers
and the sea is exacerbated owing to subsidence of the
land mass caused by the exploitation of natural gas,
disturbing the natural run off of water from land to
sea. All these factors make the return of houting for
spawning in Dutch inland rivers a remote possibility.

(Osmerus eperlanus Linnaeus, 1758)

Smelt (Osmerus eperlanus) in Dutch waters are
present in both migratory (anadromous) and land-




Table 3. Lake IJsselmeer smelt catches 1980-1998 (data Fisher-
ies Directorate, The Hague)

Landings (kg)
1980 157 000
1981 160 000
1982 2309 000
1983 1235 000
1984 1305 000
1985 1357 000
1986 1881 000
1987 2317 000
1988 3319 000
1989 1982 000
1990 1481 000
1991 2504 000
1992 1517 000
1993 586 000
1994 1402 000
1995 2345 000
1996 856 000
1997 1032 000
1998 327 000

Table 4. Smelt catches in Holland’s Diep and Haringvliet
1914-1919 (data Fisheries Directorate, The Hague)

Year Total (kg)
1914 140 771
1915 109 366
1916 225955
1917 101 097
1918 176 055
1919 146 275

locked (non-migratory) forms. The migratory form is
known in the estuaries, the Wadden Sea and the lower
reaches of the large rivers. Migratory smelt have es-
sentially vanished from Dutch coastal waters (Fig. 3)
owing to the construction of the large Delta works
project, the Haringvlietdam, a safety scheme against
flooding, completed in 1970, and virtually sealing off
the estuary from the sea. The non-migratory form is
found in large quantities in the Lake IJsselmeer (Table
3), the Frisian lakes and in the provinces of North and
South Holland (Table 4, Fig. 2).

Migratory smelt reach a length of up to 30 cm in
8 years (Mohr, 1941). Non-migratory smelt of the IJs-
sel Lake, a large freshwater body, reach lengths of 19
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Figure 3. Smelt (Osmerus eperlanus) catches in the Dutch Wadden
Sea between 1946 and 1988.

cm in their fourth year (first year: 6 cm, second year:
12 cm; third year: 14 cm), but these large individuals
are, however, uncommon (Redeke, 1907, 1914, 1922;
Havinga, 1928, 1954). Redeke (1914) indicated that
migratory smelt spawned in the lower reaches of the
Rhine and in the freshwater tidal areas of Hollands
Diep, between Moerdijk-bridges and Willemstad. The
migratory smelt was always rare near Arnhem and
Nijmegen in the upper Rhine reaches of the Neth-
erlands (van den Ende, 1847). The non-migratory
smelt spawn in both lakes and rivers from Febru-
ary to April when water temperatures are between
4 and 12 °C. The eggs are ellipsoidal and average
fecundity is 40 000 eggs. The eggs adhere to stones,
gravel, or water plants, but never to silt bottoms. Aver-
age egg density is 6 eggs cm™2, but sometimes eggs
are also found in layers. The larvae hatch between
temperatures of 18-20 °C.

One reason for the decline of the river Rhine
smelt is the building of extensive coastal defence con-
structions, which prevent migration of fish to their
spawning habitats. An additional cause of the decline
is the deposition of enormous amounts of river borne
silt, following the closure of the Haringvliet estuary
(Anonymous, 1987). Silt-covered and heavily polluted
river bottoms are unsuitable for egg survival.

Allis shad (Alosa alosa Linnaeus, 1758) and twaite
shad (A. fallax Lacépede, 1803)

The allis shad and the twaite shad both belong to the
riverine Clupeidae, and supported considerable com-
mercial fisheries in the past. Historically, the catches
of the allis shad were rather important, but the twaite
shad has gained some importance concurrently with
the disappearance of allis shad.
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Table 5. Allis shad (Alosa alosa) landings at Kralingseveer, Rot-
terdam (1869-1894) (after Hoek, 1894)

Year Number Year Number
1869 42217 1882 141 542
1870 79 184 1883 103 746
1871 94 786 1884 84 170
1872 79322 1885 184 209
1873 69 851 1836 179 439
1874 116 033 1887 167 966
1875 85 181 1888 148 846
1876 71431 1889 128 837
1877 67 495 1890 123 233
1878 91998 1891 53 568
1879 91232 1892 43915
1880 65 707 1893 34289
1881 122 398 1894 35 500
Allis shad

In the past, adult fish were caught by the Dutch
river fisheries between the third week of March and
the first week of June. In good years, the catch
made up about 20% of the annual income for the
local fishermen, and salmon comprised the remain-
ing 80%. The decline in allis shad over the years
is striking (Fig. 4, Table 5). Landings averaged
207423 (1881-1890), 54685 (1891-1900), 39701
(1901-1910), 1249 (1911-1920) and finally 13 (1931~
1936) individuals (Redeke, 1938). Nationally as well
as internationally, protective fishery measures were
difficult to agree upon. The reasons were simple: re-
stricting allis shad fishing from March to June would
also have had repercussions on salmon fishing. Hence,
the main reason for the sharp decline in stocks was
probably overfishing.

The allis shad entered rivers to spawn when the
water was about 11-12 °C. Males arrived in small
schools a few weeks earlier in the season than females.
Allis shad was commonly caught in the Rhine from
March to June, and the spawning period was May
to June. Actual spawning never took place in Dutch
waters, but rather in the higher reaches of the Rhine,
near Koblenz; the Mosel, near Trier; and the Neckar,
between Neckarsteinach and Hirschhorn. Spawning
took place mainly at night in the upper water column,
and over a gravely bottom. During spawning the fishes
could be heard splashing through the surface waters, a
sound described by the late Roman Ausonius in his
poem ‘Moselia’. The best known description of this

spawning was given by Vincent (1894). Parental fish
leave the river after spawning. The eggs are fertilized
in mid-water and then sink to the bottom, where they
enter the interstices of the gravel. A female produces
about 50000 eggs per kg body weight. Depending
on the water temperature, larvae emerge within 4-8
days (2224 °C). Larvae and juveniles are transported
downriver into the tidal zone. Vertical diurnal activity,
rhythmically synchronized with water ebb and flow,
permits them to remain in the estuary for over 1 year.

River alterations (e.g. deepening, barrages, etc.)
have negatively effected the spawning areas of allis
shad. Nevertheless, Lelek (1987) stated that “poor
water quality is probably chiefly responsible for the
decline and extinction in many European rivers”. This
seems less true for the Rhine, where overfishing and
destruction of spawning habitat can be considered as
the main factors leading to extinction. Pollution com-
bined with physical difficulties for anadromous fish
species to enter into the Rhine-Scheldt estuary will
certainly hamper future reintroduction efforts. In the
past the lower reaches of the river Rhine acted as a
nursery. Due to the construction of large flood defence
works (Delta works), juvenile fish of both allis and
twaite shad can no longer thrive throughout the year in
the lower river reaches, because the complex system of
vertical migration combined with the tidal movement
for species maintenance no longer exists.

The theory presented by Redeke (1938), based on
earlier observations of Hoek (1894, 1899) that the hy-
bridisation of allis and twaite shad played an important
role in their disappearance, is supported by recent
electrophoretic work (Boisnean et al., 1992); this
would explain the disappearance of the allis shad from
the relatively clean Rhone river (Rameye et al., 1976).
As far as the river Rhine population is concerned, even
if this process had occurred, the effect would have
been insignificant because the spawning areas of both
species were geographically well separated.

Twaite shad

Twaite shad spawned under conditions similar to those
of the allis shad. However, the twaite shad stayed
in the freshwater tidal zone, spawning mainly in the
Dutch part of the Rhine river, whereas the allis shad
moved further upstream. Because the twaite shad
had a shorter distance to move upstream, the entry
period and the length of the stay of the adult fish
in the area were much shorter than that of the al-
lis shad. April and May were the months of river
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Figure 4. Allis shad (Alosa alosa) landings in the Netherlands between 1880 and 1934.

entry and spawning, with actual spawning occurring
over 3 weeks. Well known spawning areas were in
the Merwede (near Woudrichem) and in the Bergse
Maas (near Genderen), but actual spawning sites were
never identified. After spawning, the adult twaite
shad left the river but the juveniles remained in the
lower reaches together with young allis shad. The fish
reached maturity within 3 years (Hoek, 1899).

As twaite shad were considered inferior during the
days when allis shad were plentiful, no catch data
were kept. Only when allis shad catches were de-
clining did this fish become of interest, leading to
a fishery between 1933 and 1944 (Figs 5 and 6).
Records in early years certainly underestimate true
catches; however, it is obvious that catches peaked
in 1934-1939. Although the statistics during World
War II (1940-1945) underestimate catches, the decline
in landings are obvious. In 1950, catches increased
to some extent, but since 1966 when Hollands Diep
and Haringvliet were virtually cut off from the sea
by the Delta works, catches dropped to zero in the
lower Rhine river reaches. Twaite shad are currently
found in very small numbers in several locations close
to the coast of the Netherlands. Observations in Lake
IJsselmeer do not coincide with the spawning period,
and justified the assumption that the fish enter Lake
Hsselmeer unintentionally or only for a short period
of time (Hartgers et al., 1998).

Decline of the twaite shad in the Rhine was prob-
ably caused by several factors, not only overfishing.
River regulation works destroyed several spawning
habitats, and pollution and silting up may also have
played a role in the stock depletion. Closing off of
the river, thereby changing the freshwater tidal system
in the estuary into a river with a one-way flow, has

likely been the fatal blow for the population. However,
the introduction of a new sluicing regime in the Har-
ingvliet (Delta works) is being reconsidered, to allow
part of the former tidal movement (Anonyous, 1998),
and this may lead to a partial recovery of the twaite
shad population in the south-west of the Netherlands.

Sea trout (Salmo trutta Linnaeus, 1758)

The life cycle of the sea trout resembles that of other
anadromous fish such as the salmon. However, an
important difference is that both sexually mature and
immature trout ascend the river together in autumn on
their return from the sea (Shearer, 1955). Trout can
reproduce several times over their life-span, with the
eggs being laid in gravel beds in the upper reaches of
the river (Stuart, 1953; Frost & Brown, 1967). Sea
trout hybridise with brown trout, and are rarely found
in rivers with currents in excess of 60 cm s~ !,

In contrast to salmon, sea trout generally remain
closer to the coast; most of the trout leaving Dutch wa-
ters head northwards (Svirdson & Fagerstrom, 1982)
and stay within 100-350 km of the coast. Compared
with salmon catches, the numbers of sea trout caught
in the river Rhine were relatively small and had an
average length of 50 cm and weighed approximately
1kg.

The fact that a significant proportion of sea trout
that are landed, never appear in the fisheries statist-
ics is not new. As early as 1920, officials noted that
many of the sea trout caught were not sold at market
and therefore not included in the catch statistics. Nev-
ertheless, using information from Hoek (1893) and
catch figures from the Fisheries Inspectorate, which
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Figure 5. Twaite shad (Alosa fallax) landings in the Netherlands between 1893 and 1950.
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Figure 6. Twaite shad (Alosa fallax) landings in the Netherlands (Hollands Diep and Haringvliet) between 1925 and 1970.

later became known as the Fisheries Division and the
Department of Fisheries, estimates can be made of
the number of trout landed between 1886 and 1986
(Fig. 7). Annual trout catches over this period varied
considerably, but no evidence can be found to suggest
that there has been a systematic decline in numbers
(de Groot, 1989b). Reports from professional fisher-
men are too infrequent to allow firm conclusions to be
drawn about trout stocks, but do provide an indication
of the continuing presence of trout in the river.

The action that has most affected the sea trout and
other migratory fish in the Rhine is the closure of the
sea inlets in the south-west of the Netherlands. The
presence of sea trout in the IJsselmeer could be due to
trout entering via the rivers Rhine and IJssel. However,
it is also plausible that sea trout enter via the sluices in
the Barrier Dam at Kornwerderzand and Den Oever.
The fact that trout are mainly caught in the lake and
not in the rivers is not sufficient justification for as-
suming that trout are only present in large numbers
in Lake IJsseimeer and that this serves as a catch-
ment area for trout. Thorpe’s (1990) hypothesis about

the archetypal life history strategy comprising specific
physiological and morphological adaptations of trout
to the freshwater environment, places the occurrence
of sea trout in the Rhine and Meuse in a different
light. Sightings of silver-coloured trout in Nordrhein-
Westfalen or in the Meuse can no longer be taken as
proof that trout have swum upstream from the sea.
These fish could equally well originate from brown
trout populations and have been forced to leave their
environment because of insufficient food supplies or
inadequate conditions. Similarly, the presence of sea
trout in the lower reaches of the rivers Meuse, Lek,
Merwede or in the Rhine-Meuse-Scheldt estuary can
not be viewed as conclusive evidence that these fish
are intending to ascend the river. In contrast to the be-
haviour of the salmon, young sea trout often undertake
what are known as ‘dummy runs’. Sexually immature
trout that inhabit coastal waters often accompany their
sexually mature counterparts a short distance up the
river before returning to the sea. Although it is gener-
ally agreed that trout enter Dutch rivers from the sea, it
is difficult to establish to what extent this occurs. The
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Figure 7. Catches of sea trout (Salmo trutta) over the period
1886-1986; data not available for 1892-1901 (source RIVO-data).
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Figure 8. Dutch salmon (Salmo salar) catches 1863—1957 (source
RIVO-data).

irregular catch statistics merely provide an indication
of such movements.

Salmon (Salmo salar Linnaeus, 1758)

The history of the Dutch fishing industry can be traced
back to the oldest inhabitants of the Netherlands, al-
though it is difficult to specify exactly when salmon
fishing began. The first written evidence to suggest
that salmon were being caught in reasonable numbers
dates back to 1100. However, proper statistics describ-
ing the number of salmon caught in the Netherlands at
that time are not available. Similarly, few details are to
be found about domestic consumption or export. Due
to the lack of data, it is impossible to give precise es-
timates of the number of salmon caught in the Dutch,
German, French and Swiss sections of the Rhine basin
on an annual basis. The most detailed historical re-
cords (1863-1957) that were kept concern the salmon
caught in the Dutch part of the Rhine (Fig. 8).

The end of the 1920s witnessed a major decline
in salmon catches in the Rhine. In subsequent years,
the numbers of salmon landed in the Dutch section
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was stabilised at about 1000-2000 fish per year, up
to 1944. However, these figures would probably have
been higher, had organised salmon fishing not ceased
in Dutch waters in 1933. To rehabilitate the Rhine sal-
mon population, experiments began as early as 1861
releasing salmon fry which had been reared under con-
trolled conditions. These activities assumed greater
importance after the ratification of the Salmon Con-
vention in 1886. Enormous numbers of fry and parr
were released into the Rhine at the end of the 19th and
the beginning of the 20th centuries. Restocking oper-
ations in Switzerland and Germany between 1879 and
1912, to which the Netherlands contributed, involved
about 160 million young salmon. In addition, about 13
million young salmon were released into the Rhine in
the Netherlands over the period 1861-1897. Through-
out the period that serious restocking operations were
carried out, most observers were convinced of the
positive effect of this policy. It was felt that without
such action the decline in salmon numbers would have
been even more rapid. However, in 1947, a report on
the effect of restocking operations on salmon catches
concluded that no clear statistical evidence could be
found to support such a link from the available data
(de Groot, 1989a, 1992).

A number of factors is hold responsible for the
disappearance of the salmon from the Dutch coastal
area and the large rivers. De Jonge & de Jong (2002)
and Nienhuis et al. (2002) devote an extensive discus-
sion to the anthropogenic disturbances that have led
the deterioration of surface waters in the Netherlands.
In the following paragraphs, a brief survey will be
given of the main factors behind the decline of the
once important salmon fishery in the Netherlands.

Canalisation and flood control

The Rhine is basically a glacier stream that receives an
important supply of water during the summer months.
As a consequence, the difference between seasonal
high and low water levels in the Rhine is less marked
than in a river fed by rainwater, such as the Meuse.
This feature makes the Rhine particularly attractive to
shipping. The move towards greater industrialization
in the 19th century led to deepening of the naviga-
tion channel and, where necessary, the construction of
weirs and locks. The fact that canalisation of the Rhine
proceeded at a more rapid pace than, for instance, that
of the Meuse, reinforced the natural superiority of the
Rhine as a major inland shipping route. It is not only
the presence of locks and weirs along the Rhine that
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are preventing the return of salmon. The condition of
the many streams and rivulets that traditionally formed
the spawning grounds for these fish has also changed
by human intervention (van de Ven, 1976). Moreover,
simply restoring a few tributaries of the Rhine — which
is suggested by certain parties as a potential solution
— would not guarantee the return of the salmon on
a permanent basis, as a variety of habitats will be
required.

At present, the Nieuwe Waterweg offers the only
open link with the sea in the Netherlands. However,
the intensity of shipping along this route could dis-
courage salmon migration. Since the construction of
the ‘Afsluitdijk’ (Barrier Dam), which closed off the
Zuiderzee, salmon have been hampered from using
their once traditional route to re-enter the Rhine via
the river IJssel. Sluices are not forming an absolute
barrier, and a few salmon entered the freshwater via
the sluices in the Afsluitdijk and those of the North
Sea Canal (IImuiden) (Larsson, 1984). This was re-
cently demonstrated by the first record of an Arctic
charr (Salvelinus alpinus Linnaeus, 1758) in the Neth-
erlands. The fish was caught (6-7-1999) in a fykenet
near Breezand. The total length was 26.7 cm, the
weight: 90 g.

Sand and gravel extraction

Sand and gravel extraction activities in Dutch rivers
are not thought to have had a serious impact on salmon
stocks, mainly because salmon only pass through the
Netherlands, either on their way to the sea as smolts
or kelts, or in ascending the river as grilse, 2-sea-
winter, or multi-sea-winter salmon. Sand and gravel
extraction operations in the smaller German rivers and
streams will have had a much more dramatic effect
on the salmon population since these areas were his-
torically used as spawning grounds. The increase in
silt levels in the river and subsequent sedimentation
on the spawning grounds make these spots unsuitable
for reproduction purposes.

Waste water discharges

As early as the beginning of this century, discharges of
polluted waste water were identified as one of the pos-
sible reasons for the decline in the salmon population
in the Rhine (Hoek, 1916b). Hoek was convinced that
the Rhine, as a large fast-flowing river, would have

had an inherent capacity to ‘clean itself’. Although
large quantities of waste water were discharged into
the Rhine, he pointed out that after relatively short
distances, the effects were hardy noticeable due to
ample dilution. Hoek concluded that: “Although the
effects of local pollution on the salmon population of
the Rhine should not be ignored, care should be taken
not to overestimate the extent of the damage caused”.
Some 10 years later, Redeke (1927) was requested by
the International Council for the Exploration of the
Sea to summarize the impact of river pollution on fish-
eries. In general, it can be said that by 1927 domestic
and industrial waste waters were considered to pose a
far greater threat to the fish population than had been
thought possible less than 25 years before. The num-
ber of fish kills had increased dramatically. However,
it was often difficult or even impossible to give precise
explanations for such events, in spite of the fact that
a large number of potential causes could be identified
(van Brummelen, 1989).

An exception is the effect of acidity on smolt de-
velopment. It has been shown that acid (and acid plus
aluminium) exposures that have little effect on survival
and growth of parr or smolts in freshwater, completely
destroy the function of the gill in saltwater (Staurnes
et al., 1996). The smolt inhabit the main stream of
rivers and estuaries, which are more heavily impacted
by pollutants then high elevation tributaries where fry
and parr live. Pollutants may also, intervene with the
development of olfactory imprinting (Bardach & Case,
1965; Holl, 1965; Bardach, et al., 1965, 1967; Holl et
al., 1970).

The impact of the fishing industry on salmon stocks

With the advantage of hindsight, it can clearly be said
that the fishing industry has had a negative effect on
salmon stocks in the Rhine. However, in the final ana-
lysis, economic forces dictate that the fishing industry
often can not fish a particular species to extinction.
The loss of income as the size of the catch declines can
bring such activities to a natural end, as was the case
with the Rhine. The Dutch salmon fishing industry
effectively ceased to exist after 1933 and that of the
Germans after 1950.

Feasibility of restocking operations for salmon

At present, salmon catches in the entire North At-




lantic are declining. (1970— 10735 ton; 1980 — 10127
ton; 1990 — 4943 ton; 1995 — 3625 ton; 1996 -
3132 ton; 1997 ~ 2377 ton; 1998 — 2401 ton; ICES,
1999). Many fisheries, both commercial and recre-
ational, have already been closed. Fishing seasons
are shortened, and more and more anglers are re-
turning their caught fish to the river. The situation is
quite serious. This is particularly true at the south-
ern limit of the salmon distribution range in Portugal,
Spain and the United States e.g. the American Gov-
ernment has decided to list the wild salmon in eight
rivers as ‘endangered’ under the Endangered Species
Act (Information NASCO, Edinburgh). The effects of
Global Warming become manifest, just as with the
¢od (Gadus morhua Linnaeus, 1758) in the North Sea.
Even though a number of excellent salmon rivers are
still to be found in countries around or near the North
Sea, salmon catches (rod catches) in these rivers are
on the decline as well. Salmon culture on the contrary
flourishes. In 1998, the production of Norway was
360536 tons and in Scotland 110917 tons. If attempts
to halt the decline are successful, the purity of the
original species will have been affected by interbreed-
ing with non-indigenous or cultivated salmon (Gross,
1998) Experience from France and Spain has shown
that eggs recovered from indigenous fish are more suit-
able for rearing and eventual release than imported
eggs from Scotland and Norway. It is, therefore, clear
that restocking the tributaries of the Rhine will be a
slow and arduous process.

Migration behaviour of stocked fish may also be
impaired. Tt is not clear whether certain smells that
are characteristic of the spawning grounds are still
discernible to salmon that have passed through rivers
rich in detergents (Holl, 1965; Holl et al., 1970). A
further complication is that none of the rivers in the
vicinity of the Rhine can serve as alternative entry
points for salmon returning from sea. Rivers such as
the Ems, Weser and Elbe, which once had relatively
small salmon populations, now can not be regarded
as true salmon rivers. The latter also applies to the
Meuse and river Scheldt. Consequently, factors such
as straying and infiltration, which play an important
role in populating remote rivers, are likely to be of
little significance in the Rhine basin.

It should be possible, however, for river systems
along the main stream of the Rhine to be recolonized
by salmon, and hence to increase the size of the spawn-
ing grounds. It is, therefore, essential that a wealth
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of spawning streams be made available for salmon in
the Rhine. However, creating the right conditions is
no guarantee of success. Salmon interbreed with trout
(Refstie & Gjedrem, 1975), and this may endanger re-
stocking programmes. In 1992, 43% of the salmonid
fry in the German river Sieg (Rhine — river system),
where a restocking programme was conducted, con-
sisted of hybrids of salmon and trout (Schreiber et al.,
1994). A natural hesitation exists to kill the trout in a
river system before carrying out restocking with sal-
mon. However this would be the best solution, as trout
also prey on salmon. Only when a salmon stock has
established itself, trout should be allowed to return.

The limited success of establishing spawning
stocks in German tributaries of the river Rhine system
by simply releasing fry obtained from all over Europe
(Norway, Scotland) might be explained by the work
by Youngson & McLaren (1998), who concluded that
restocking a river with naturally spawned salmonid
ova resulted in a far better survival ratio then using
fry from hatchery reared salmonids. If the Rhine is to
be rehabilitated as a salmon river, it is essential that the
water quality of the river should meet the requirements
for salmon rivers as laid down in the relevant EC Dir-
ectives. Finally, it can be concluded that establishing
a natural population of salmon in the Rhine without
outside help will certainly not be realized within the
foreseeable future (1020 years). After all, the Rhine
is still one of the most polluted rivers in Europe and it
suffers from the added disadvantages that it contains a
large number of locks and weirs that restrict fish access
to traditional habitats.

To conclude

At the end of the 19th century, the once important
freshwater fisheries, mostly those on the large rivers
forming the Rhine-Meuse estuary, were declining rap-
idly. The decline in catches of salmon and allis shad
became the reason for great concern, but so did the
declining catches of far less important species such as
sea trout, and the coregonids (houting and whitefish),
sturgeon, twaite shad and smelt. The reason for the
decline of these species must be found in the rapidly
changing abiotic conditions resulting from river reg-
ulation works, the construction of numerous barrages
and sluice systems to improve shipping on the rivers,
dredging away the gravel of the spawning beds, in-
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creasing turbidity, and the impact of various chemical
pollutants, and changes in oxygen content and tem-
perature. In the early days of the 20th century, it was
thought that mass releases of fertilized eggs or juvenile
stages would counteract the negative effects of river
development. This was unsuccessful in all cases for
the salmonids. Restocking the waters with eggs of the
allis shad was abandoned after a few experiments. It
was never tried to restock the sturgeon in the river
Rhine. Hybridisation might also explain anadromous
fish disappearance from clean rivers, for example in
France. The mixing of salmon escaped from hatcheries
with wild salmon, will lead to genetic, behavioural and
ecological interactions. As a rule, these interactions
are likely to be negative in their effect on the viability
of wild populations (Youngson & Verspoor, 1998).

To place much emphasis on recent observations of
an odd salmon, houting, whitefish is, in fact, mis-
leading. Many of the declines of anadromous species
mentioned above can not be attributed to a single
factors, such as the construction of dams, pollution,
dewatering of streams or sand and gravel extraction.
It is better not to single out a culprit as the reason of
decline, as most factors do not act singly, but rather in
concert.
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