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|. The River Rhine

e Catchment area 185,000 km?2

* Length 1,320 km
 Mean flow 2,230 m3/sec
e Peak flow 11,000 m3/sec

» Main tributaries:

Ruhr, Moselle, Main, Neckar



|. The River Rhine
Original status
12 diadromous fish species

~ 35 potamodromous spec.



|. The River Rhine

Salmon fisheries  « unknown proportion of total run
 natural potential was much higher

Salmon Catches (Netherlands & Germany)
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|. The River Rhine

Main reasons for the decline (19th century)

* river channel correction (Upper Rhine)
* isolation of tributaries (weirs / dams)
 water pollution

e intense fisheries

,Climax“ 1960°‘s —1970's

» disastrous water pollution

* most diadromous species lost



|. The River Rhine

International Commission for the Protection of the Rhine
(ICPR, founded 1950)

 First improvements (1975-1985)
* Enormous fish kill 1986 (Sandoz)

|

« Rhine action program (1987)
Salmon as flagship species
Re-introduction program

* Prolongation to 2020



ll. Re-introduction program for the Atlantic Salmon



ll. Re-introduction program for the Atlantic Salmon

Assessment of Habitats

Kartierung von Lachsbesatzhabitaten
im Einzugsgebiet der Brol
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Registrated habitats (Sieg catchment):
e juvenile habitat 190 hectare

» Sspawning habitat 30 hectare

(only small part of the natural potential)




Il. Re-introduction program for the Atlantic Salmon
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Smolt Equivalents

« > 20 million juveniles (unfed fry — parr) from 1988-2008

» smolt release 2003-09 (North Rhine-Westphalia)




ll. Re-introduction program for the Atlantic Salmon
Parr survival

(from released fry) e survival mostly 5 — 20 % (September)

e 15 — 35 parr per 100 m? in small streams

channel width
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ll. Re-introduction program for the Atlantic Salmon

Registration of returning adult salmon
More than 5.000 adult salmon registrated since 1990
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ll. Re-introduction program for the
Atlantic Salmon

Registration of natural reproduction

 search for redds, fry sampling in June

e parrs (3 — 100 fry / unit), low mean densities (3-18 fry / unit)
 one river with high mean densities: 145 fry / unit

* low proportion of total smolt output by natural reproduction
(~ 5 - 20 %), not self-sustaining



[1l. Main bottlenecks

Reproductive Phase

Oxygen concentration in the gravel bed (20cm depth)
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« water quality and morphological quality
of stream beds and catchment area

* fine sediments & organic matter (incl. phosphates)

clogging of gravel, O, depletion, eutrophication




l1l. Main bottlenecks

Juvenile phase — Quality of habitats

 ideal habitats limited
» degradation:
uniform channel

lost dynamics



[Il. Main bottlenecks

Smolt phase — Migration routes

sequence of hydroelectric stations

« mortality per station ~5 —-10%
» mortality > 25% after 6 to 3 stations

e large tributaries & Upper Rhine affected



l1l. Main bottlenecks

Returner phase — Migration routes

Lake ljsselmeer

dam \

Haringvliet dam

\ Netherlands

 only open passage
(,new waterway")

e Immigration is restricted,

indications from
dutch transponder study

Belgium

Germ

Rhir



V. Restoration measures

Spawning areas

* improvement of sewage water
treatment (gauging water from
combined systems)

* protection of the catchment area
(fencing off, buffer zones)

* bring back dynamism
(channel form, movement of bed load)

new guideline for restoration of Salmon
rivers in North Rhine-Westphalia




V. Restoration measures
Juvenile habitats

removal of weirs

bringing in woody debris

re-meandering, dynamics

restoration plans & projects on selected
spawning rivers in Northrhine-Westphalia




V. Restoration measures

Downstream migration routes

Surface bypass

» deflection, bypasses

Bottom bypass

concepts for river systems
(Upper Rhine, large tributaries)

wedge wire

screen (10mm)



V. Restoration measures

Migration routes - Delta  pyich transponder

project (Sea trout /

: : : : Salmon)
e re-opening of Haringvliet sluices

o fish passages in Lek/Nederrijn
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V. Conclusions

Enormous ecological improvements by the River
Rhine Action Program (water quality, species)

e Salmon is an essential promoter for restoration
on a systematic catchment scale

» Re-establishing of salmon populations requires
further extensive action steps:

development of spawning areas

Improvement of downstream
migration routes (hydropower)

partly re-opening of the delta
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