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Norwegian salmon farming

1.5 million tonnes
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Wild salmon is outnumbered 3000-fold: Small proportions of escaping from fish farms 
give large numbers of escapees  
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Escapees – In the Rivers

Monitoring program since 1989. 

Fig 1b in Diserud et al. 2022. Natural and anthropogenic drivers 
of escaped farmed salmon occurrence and introgression into 
wild Norwegian Atlantic salmon populations. ICES Journal of
Marine Science, 2022, 79, 1363–1379
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Genetic introgression – The method
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Genetic introgression –in Norway

§ 16 407 adult salmon
§ 5155 juveniles
§ 109 populations
§ Significant introgression in 51 (47%)
§ Average introgression 6.4%, 
Range 0 – 42%
Highest introgression in farming 
intensive regions

No genetic changes observed

Weak genetic changes indicated

Moderate genetic changes shown (4-10 %)

Large genetic changes shown (> 10 %)
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239 populations evaluated in Norway – only 1/3 unaffected
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Genetic introgression outside farming range
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Genetic introgression from escaped farmed 
to wild salmon found outside of fish farming 
range
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Genetic introgression in trout creeks

Pulg et al. 2022. Laks i sjøørretbekker – villaks eller 
oppdrettslaks? NORCE LFI rapport 376. Norwegian Research 
Center, Bergen

Juveniles N=44
Fjell watercourse
95.4 % Genetic introgression
Effective number of breeders = 7

Escaped farmed salmon may enter and spawn in small
creeks typically used sea-run brown trout (Salmo trutta)  
à this can potentially amplify the magnitude of genetic
introgression



www.nina.no

Genetic introgression – Changes in life history and 
growth rate

4 101 adult individuals, 62 populations, sex, 
sea age, length, weight, P(wild)

Sea age at maturity reduced in South 
Norway (East Atlantic Ocean) while 
mixed results in Northeast (Barents 
White Sea)

6 926 adult individuals, 105 populations, sex, 
smolt age, sea age, length, weight, P(wild)

Faster pace of life in South Norway. 
Younger smolt and sea age, and faster 
growth in freshwater and seawater life 
stages 
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Natural selection against genetic introgression

Level of introgression decreases 
with age within cohort
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Genetic introgression – mitochondrial gene dispersal 

Farmed escapees from the East 
Atlantic phylogenetic group 
introduce new mitochondrial 
genes to the Barents-White Sea 
group 

Wacker et al. MS

BWS_Historical

East Atlantic historical

Farmed Escapees

BWS_Introgressed

Farmed kernels
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Genetic introgression – whole river experiments

The Imsa experiment
Lifetime success of farmed spawners 16% of native 
spawners
Smolt production reduced compared with stock-
recruitment curve

Burishoole Experiments
Lifetime survival of farmedXfarmed offspring 2% of 
wildXwild offspring
Hybrid groups intermediate and increasing with wild 
ancestry

Fitness reduction and lower 
productivity in admixed populations
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Genetic introgression – whole river experiments

Farmed and Hybrids have lower survival from eggs to smolt and migrate to sea earlier in the
season than wild salmon
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Genetic introgression – Consequences, 
observations from experiments

Su
rv

iv
al

%

Wild alone Wild competing
with hybrids               

● food in excess
○ food limited

Wild salmon outcompeted by hybrids, 
both at high and low food availability

Wild 
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Concluding remarks – Genetic introgression
Genetic introgression 

• Threatens wild populations – we do not know when or if it will stop

• Is widespread and elevated in farming intensive regions

• Increases individual growth and alters life history

• Reduced fitness and productivity

• Reduced genetic variation and viability

What is the tipping point?
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Lessons learned from Atlantic salmon
76 Aquatic species listed by FAO, many hundred potential species -Atlantic salmon a 
model species

• Basic knowledge
} Ecology
} Genetic structure

• Documentation and monitoring programs 
} Origin of wild population used in breeding programs
} Genetic changes from selective breeding
} Breeding lines used where and when
} Monitoring escapees
} Monitoring genetic introgression

..Foremost prevent escapes 
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Cooperation and expertise 
for a sustainable future


