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Freshwater – highly disturbed

• Habitat destruction
• Habitat degradation
• Habitat fragmentation
• Invasive species
• Global climate change



1. Rehabilitated rivers



Habitat degradation
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Fish passage solutions

VattenkraftverkSwedish 
hydroelectric
plants (HEPs)

Swedish fish
passage solutions 

(FPS)



Dam removal
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Re-meandering



Habitat restoration 



Improved water quality and fish



Dam removal



2. Unionoid mussels



Threatened Unionoids

Lopes Lima et al (2016)



Habitat restoration and trout

Palm et al. Can J Fish Aquat Sci (2007)



Fish passage – Sea trout / Atlantic salmon



Acidification and Atlantic salmon

Larsen (2018)



Acidification and mussel recruitment

Larsen (2018)



Re-meandering, mussels and  fish



Riparian forest and mussel recruitment



Rehabilitation – knowledge

Host fish
(relatively tolerant) Adult mussels

(reproduction in most cases)

Juvenile mussels

(sensitive, high knowledge of
environmeltal requirements)

Mussel / host fish
interactions? 

+



3. ”Suitability” 



”Suitability” 

Österling & Larsen (2013) 
and see Taeubert et.al. (2010)
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Suitability – wild and introduced strains



Suitability – fish age (Bratteforsån River)



Suitability – age of fish (Lärjeån river)
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Local adaptation

Schneider et al (2016). 



Schneider et al (2016). 

Local adaptation



4. Effects on trout



Filipsson et al (2016)

Effects on trout

Österling et al (2014)

See also Taeubert & Geist (2013)



5. Importance of density



Adult mussels

Österling et al (2008); Arvidsson, Karlsson & Österling (2012); 
Österling (2015)



Trout

Arvidsson, Karlsson & Österling (2012)

Fig. YOY  trout



Recruitment potential (”Glochidia density”) - autumn

Österling et al (2008)



Recruitment potential and fragmentation

Österling & Söderberg, (2015)

Swedish fish
passage 

solutions (FPS)



Movement



6. Reintroduction



Reintroduction FPM (Sweden)

• Action program – FPM 2019!
– ”Develop methodologies for artificial 

propagation”
– ”Develop national re-introduction strategy”



Reintroduction / infested fish



Reintroduction / survival of juveniles



7. Non-destructive methods

Gravid mussels

Electrofishing

Photo method

Larvae development Fish experiments



Photo-method

y = 0,96x + 2,45
R2 = 0,94
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Thank you for your attention!
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