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Reduce

Photo, Matre Aquaculture
Research Station, IMR

Predictive enough ?
Photo, Unknown



Refine - Simulate

Photo, Matre Aquaculture
Research Station, IMR



Sub sample or the individual.

Two complementary designs.

Average

By Prof. Eva Brännes, SLU, Sweden



Refine 1. Feed intake
(Optimisation model design and geometrical analysis)

Protein intake or growth (kJ per fish)
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Reduced protein growth but high 
nitrogen retention, excess body 
lipid

High nitrogen waste, low body lipid, no improvement in protein 
growth

Optimal fish 
performance

Kari Ruohonen, David Raubeinheimer  & Stephen Simpson, in press



Refine 2. Gene - Environment interaction 

Feeding in a novel environment



Feeding in a new environment 
(adult F1 generation)
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A higher frequency of LR than HR fish had regained feed intake one 
week after transfer to rearing in isolation (40% vs 0%, p=0.008)

Øverli, Pottinger et al. 



Refine 3. Physiological 
measurements

By M.Jobbling



“Recycle”

Photo: Jan Sunde
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Kiessling et al. 1995
Aquaculture Nutrition



y = -0,0003x2 + 0,0348x
R2 = 0,995

y = -0,0002x2 + 0,0266x
R2 = 0,9535
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A.Kiessling, HI, R-E. Olsen, HI & Louise Buttle, Ewos
Aquaculture Nutrition, 2004



Added value with use of 
individual fish

• Individual variation can be utilised to create 
more robust prediction models.

• Gene –environment component can be 
registered.

• Feed intake can be detailed
• Repeated physiological measurement
• Health and health history can be registered in 

the animal sampled



The problem of handling

• Handling
• Sedation
• Recovery
• Viability

Photo: Jan Sunde

Photo: A.Kiessling



Stress/anaesthesia Benzocain Aqui-S No Anaesthesia

- 15 min. 5 ±4 

15 min. 263 ±21 a 337 ±20 b 431 ±20 c

60 min. 396 ±24 a 404 ±23 a 276 ±24 b

360 min 131 ±24 a 128 ±21 a 139 ±22 a

Kiessling et al.
Fisken og Havet 3-2001



Hyper activation

Respiration depression

Cytotoxic



What is: Anesthesia viz Sedation or
curariform immobilization

• Anesthesia is a state of unconsciousness 
Often obtained by combination of drugs and consists of:

1. Analgesia (pain relief) CNS Peripheral
2. Amnesia (loss of memory) CNS
3. Immobilization CNS Peripheral

– Sedation
– Tranquilizer CNS
– Induced sleep CNS

– Curariform - Peripheral

skeletal muscle relaxants (neuromuscular blockers as succinylcholine, 
decamethonium, curare, gallamine, pancuronium).

– no anesthetic or analgesic effect -



I.v. injections of local anesthetics 
like lidocain do not abolish nerve 
response from mechanic 
stimulation of nociseptors but 
merely increase the threshold in 
cat and rat. 

From Smärta, Neurogen
Vol 5, 1999, Glenn Haegerstam
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Growth after vaccination
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We postulate that the use of pre 
anaesthesia sedation and local 

anaesthetics has enabled 
reduced anaesthetic depth and 

risk of wind up leading to a 
much faster recovery and a 

more viable preparation.



Recovery after surgery, salmon
(with pre anaesthetic sedation and local anaesthetics)
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Hct in Salmon after surgery
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