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Hatchery effects
-not a new problem…

“These fish (Atlantic salmon) have become so tame that they are unsuitable
to persist in the struggle for survival as it is manifested in nature, 

including the water”…”their innate natural caution is completely gone. 
If you hold a net just below the water surface and throw some food over it, 
the fish gather in a school around the food.”…”this as an example of how 
the shyness of the fish, by which it avoids many dangers, disappears during 
regular feeding”
(J. Sörensen, Stockholm 1919)



Features of the hatchery that likely contributes to the low survival of 
hatchery-reared trout released for angling (Schuck 1948)

1. High percentages of fats and carbohydrates in food

2. Overfeeding - which leads to detrimentally high growth rates

3. Lack of exercise

4. Artificial conditions where little foraging for food is necessary

5. Freedom from predators

6. Stable water temperatures

7. Continued domestication of hatchery breeder

8.   Intentional and unintentional selection of brood fish for good hatchery performance, 
i.e. rapid growth, high egg production

9. Absence of live natural food

10. Suboptimal transport and release procedures



• Physical enrichment (Näslund & Johnsson 2015)

• Density reduction (Brockmark et al. 2010) 

• Improved feeding regimes and nutrition (Larsson et al. 2012)

• Life-skills training (Brown & Laland 2001)

• Pond-rearing (Ahlbeck & Holliland 2012)

• Improved transport and release procedures (Jonsson et al. 1999)

• Exercise (McDonald et al. 1998; Ward & Hilwig 2004)

• Combined approaches (Hyvärinen & Rodewald 2013). 

Imitating nature: Does it work?
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Density effects
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Reduced density increases post-release 
survival of brown trout parr

Brockmark & Johnsson 2010 (   )  

Brockmark et al. 2010 (structure ; no structure )





Reduced rearing density enhances seaward

migration in one-year old Atlantic salmon smolts
Hage-Larsen et al. In rev CJFAS
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Migration is a general biological response to harsh 
conditions

“If an animal’s needs are being met, it stays where it is: 
if they are not, it moves until they are”



In laboratory conditions, we have shown that:

1. It is possible to produce a hatchery smolt that is 
physiologically similar to wild smolt in terms of body 
size and energy reserves

2. Small and lean hatchery smolt migrate faster than 
normal hatchery fish in a semi-natural stream channel. 
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What happens in the wild?



Map of river Umeälven
From Norrfors power station to the coast

28 km from release site



N tagged Weight (g)

Mortality 

(%)

Nominal logistic 

test

2011

Sorted out as small 25 63 52,0%
P=0,014*

Sorted out as large 25 121 84,0%

2012

Extra feed reduced 50 35 20,0%

P=0,549Feed reduced 100 61 22,0%

Control 100 117 16,0%

2013

Feed reduced 50 59 12,0%

P=0,463Control 50 115 16,0%

Control sorted out large 50 182 8,0%

Mortality during downstream migration of two-year 
old salmon smolt in the river Umeälven
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Data from three out of five years
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Relative survival rate based on body size at sea migration

Hatchery smolt - control Hatchery smolt – feed reduced Wild salmon - Vindelälven

*



The influence of hatchery treatment on life history patterns in Atlantic salmon



Summarizing thoughts on supplementary rearing

• Rearing methods should be adapted to species- and life stage specific conditions

• To survive in nature hatchery fish need to develop learning skills to compete, forage and 
avoid predators, minimizing stress is not sufficient

• It is important that rearing methods target the first sensitive period after release

• Wild smolt have about 3 times higher sea survival than hatchery smolt

• Smaller and leaner hatchery smolt do not seem to have better sea survival, but the 
nutritional status at release seem to influence the life history pattern

• Effects of physical enrichment are dependent on rearing density

• In general, our results suggest that an increased focus on quality rather than quantity is 
critical for sustainable supplementary smolt production

• The ethical aspect: the goal of supplementary smolt production must be to minimize stress 
and allow natural behaviour to be expressed

• Realize the limitations of hatchery supplementation: 

– conventional rearing methods can be improved considerably, but hatchery and wild fish 
will never be ecologically exchangeable



Funktionella metoder för odling av fysiologiskt naturanpassad laxsmolt
http://www.elforsk.se/Rapporter/?rid=14_02_

Contact: anders.alanara@slu.se

SMOLTPRO 
http://www.smoltpro.science.gu.se/

Contact: jorgen.johnsson@bioenv.gu.se

Projects

http://www.elforsk.se/Rapporter/?rid=14_02_
http://www.smoltpro.science.gu.se/
http://www.elforsk.se/
http://www.elforsk.se/


Additional reading



Thank you for listening!


