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Skeletal deformities in A. salmon
Temperatures, water quality and nutrition as
causative factors, what's new?
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Production of Atlantic salmon

A Norway, Chile, Scotland, Ilreland
A Cold waters!

A Freshwater production: Smolts for seawater transfer, 50-150g

I Yearlings: Transfer to sea in spring, 12-15 months post hatch
I Underyearlings: Transfer in autumn, 8-9 months post hatch

I 30-40% of smolts are currently underyearlings

A Smoltification induced by natural light signals or by
photomanipulation

A Norwegian production: 200 mill (++) per year, increasing

A Ongrowing in sea water cages, 12-18 months to market-size fish
of 3-5 kg
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Salmon malformations:
Problem description and history

Do o To Do Do Do

Malformations were recognized as a significant and increasing
problem in mid 1990-ies

Malformations not really identified until approaching harvest size
(1-2 kg)

Skeletal malformations (shorttails) and some soft tissue
abnormalities

Linked to development of more intensive rearing methods

In 2003, downgrading of 3-5% of fish at harvest a common
result, in some fish groups 25-50%

Temperatures were identified as the number one causative
factor early on
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Deformities in farmed salmon

A Skeletal deformities
i OHumpbackso and
T Jaw deformities
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Deformities In farmed salmon

A Soft tissue

malformations

I Missing and
malformed organs

I Most important:
Missing septum
transversum,
l.e. no separation

between heart and
abdominal cavity

I More recently:
Small and abnormally
shaped hearts

pv >
9D

~ Nofima

marin



Temperature as a causative factor
for malformations

A Temperature is the most potent factor for inducing malformations

I Teratogenesis, malformations induced during embryonic
development

I Vertebral pathology induced post first feeding
A Atlantic salmon, rainbow trout, cod, halibut, sea bass, sea bream
A Predictable effects, comparative to mammalian pathology
A Studies on mechanisms in progress!

ﬂNofima

marin



%

18
16
14
12
10

o N A O

Missing septum transversum
Effect of egg incubation
temperature

7.90°C 10.4 °C

Embryonic origin of
some of the malformations
was identified through
experiments on
salmon eggs

Egg incubation
temperature (10.4 °C
vs. control groups at 7.9°C)
induced a range of
deformities, including
those seen in practical
fish farming
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Vertebral deformities induced by
egg incubation temperature
ldentified by X -ray at size 60 -80g

8 °C 10 °C
Stable temperatures
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Egg incubation temperature> 8- ~°C in Atlantic salmon
can induce:
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Malformations in/Atlantic' salmon

Effect of temperature from fertilisation to first feeding

Deformed upper jaw o, at E’O'U&j’d
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