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Criteria for the selection of a donor-strain

• Geographic (and genetic) distance to the 
donor stream

• Spawning time of the donor stock

• Length of donor river

• Timing of return of the donor stock

• Availability of the source

• Health status and restrictions

yesterdays environment dictates 

tomorrows adaptations (G. de 

LEANIZ)

In 2003/2004 the strategy of introducing 

mixed stocks in single tributaries was 

abandoned in favour of using the swedish 

Ätran strain (Middle Rhine) and french 

Allier (Upper Rhine) only.



Transplanted strains keep their inherited spawning time in the new environment for many 

generations - spawning time is stock specific. The timing of reproduction ensures optimal timing of 

hatching and initial feeding for the offspring (Heggberget 1988) and is of selective importance

A common garden experiment - spawning period (lines) and peak-spawning (boxes) of five introduced            
(= allochthonous) stocks returning to river Gudenau (Denmark) (n= 443)   => the Ätran strain demonstrates the 
closest consistency with the ancient Sieg strain (Middle Rhine). 

Spawning time of non-native stocks in river Gudenau (Denmark) (G. Holdensgaard, 

DCV, unpublished data) and spawning time of the extirpated Sieg salmon (hist. records)



Performance of the donor strains is 

promising

Survival rates of stocked fish, natural 

reproduction, smolt-ratios, and returning 

salmon are assessed in most river systems 

using the method of electro-fishing.

Results: 

Survival rates, growth and juvenile densities 

are good, sometimes excellent.

Natural reproduction has been successful in 

various river-systems (e.g. 

Dhünn, Sieg, Saynbach, Nette, Ahr 

(Germany), since 13-17 years (!), followed 

by Wieslauter, Murg and Kinzig (5-6 years)



Natural reproduction 

Natural reproduction has been 

recorded in almost all accessible 

tributaries:

- Sieg-system

- Wupper, Dhünn

- Ahr, Nette, Saynbach

- Wisper

- Wieslauter

- Murg, Kinzig

In rivers Sieg (system), Ahr and 

Saynbach densities where 

particular high in some years.

Reproduction is recorded over 

more than 16 years

In the rivers Sieg and Saynbach 

10 - 30% of the returners 

originate from natural 

reproduction (estimation)



In the Middle Rhine a decline of events of natural 

reproduction is experienced since 2008



Statistics by ICPR
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Returners

Genetics and brood-stock (Hesse & Rhineland-Palatinate)

Brood-stock at „Salmon Center Hasper Talsperre“

Genetic analysis at Agri-Food & Biosciences Institute Northern Ireland (AFBINI) in Belfast:

79 YOY generation F1 from brood-stock were analysed. Results:

• Mostly Ätran origin (almost no indication of straying and or former stocking pratice with 

Irish, Scottish and French strains)

• High genetic variability – no bottle-neck

ENSING, D. (2014): Genetics study on Atlantic salmon (Salmo salar) 

from the broodstock in the „Lachszentrum Hasper Talsperre“ hatchery on the River Rhine



1.044 ha

218 ha

= 22%

Known and unknown factors 

responsible for failure
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 barriers confuse / slow down smolts

 physical contact with turbines  high predation in stagnating water

 alteration of flow

The negative human impact in tributaries is often linked with     

hydro-energy plants – politicians want it, salmons don't …

Factors responsible for failure



50% of the smolts were dead or not capable of surviving, due to scale 

loss, haematoma at the basis of caudal fins and internal bleeding.
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Most individuals displayed injuries 

characteristic for contact with the 20 

mm 

bar space trash rack 

Downstream migration: a trial with salmon smolts at Kostheim hydroplant (river Main) in April 2011



Behaviour of salmon smolts encountering a vertical rack equiped with 

10 mm bar space, velocity 0,5 m/s 

Lab study by DIRK 

HÜBNER (BFS-Marburg) 
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Factors responsible for failure

The “cumulative effect”

Downstream migration, smolts

The graph illustrates the cumulative 

mortality of migrating salmon 

smolts in relation to the number of 

hydro plants for mortality rates of 

10% and 20%.

Upstream migration, returners

The rate of failing to find even „well-

designed“ fishpasses“ in large 

rivers is most certainly more than 

10%

The cumulative effect therefore is 

even doubled in a full life-cycle 

of Atlantic salmon

Graph according to IKSR

17



More very large container ships 

operating with some thousands 

horsepower (an under-estimated 

factor ?!)

Factors responsible for failure



Salmon are physically able to enter turbine chutes from the tailwater 

at low head hydro-power plants:

Max. swimming speed indiv. 75 – 85 cm: 4,3 – 6,0 m/s (5,8 – 8,4 body 

length/s) under lab conditions. In the wild up to 10 m/s are suggested !

Factors responsible for failure



Poaching and „by-catch“

seem to be a substantial problem ...

Factors responsible for failure



*

*

Other factors

More predators, such as 

cormorants, asp, catfish, sander inhabiting the 

migration routes;

sculpin and cormorants in the rearing habitats

Climate change, more dry years, like the drought of 

the century in autumn 2011 (picture), hot summers like 

this year or even 2003 with water temperature of 

30°C in the Rhine

Factors responsible for failure



Mortality at sea is very high – the reasons are unknown

Factors responsible for failure



Conclusions 1

The return rate to the spawning rivers is insufficient and most probably 

even decreasing

The documented natural reproduction (some years showed high 

densities of wild YOY) is a clear indicator, that the reintroduction can be 

achieved. The Swedish strain Ätran is doing very well (because of 

spawning time?). Allier salmon so far do not have access to high quality 

spawning grounds, but successful reproduction has been documented.

River-specific problems, like dams, weirs, hydroelectric power 

stations, navigation, habitat quality, temperature, have not improved 

significantly in the past years – some got worse ....

Predator abundance is significantly higher than 10 years ago: 

cormorant, asp, catfish, sculpin …

Poaching and “by-catch” are seen as a new challenge to authorities and 

project managers



Conclusions 2

• Genetic differentiation is based on 
homing to natal rivers (isolation of 
populations)

• Natal rivers vary in size, gradient, 

temperature regime, water 

chemistry, flow, and many other 

environmental factors

• Established populations are 

adapted to these environmental 

factors

We have to give our emerging 
populations time for adaptation 
and stock differentiation ! 

Using wild fish for brood-stocks 
may be beneficial

Reintroduction is a process of 
adaptation – nobody 
knows, how many generations 
it will take …

yesterdays environment dictates tomorrows 

adaptations (G. de Leaniz)
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