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The Need for a New Normal

Putting the Fish First
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PART I
Nutritional demands are driven 
by fundamental biology
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Trophic levels can be used to predict nutrient demands

Some images created by Laymik, Uswa KDT, Abigail Kowalczyk, 4urbrand, Lars Meiertoberens, and Yu Luck, CC BY 3.0, courtesy of the Noun Project
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Carnivory predicts protein demand

Data from Hardy, R.W., and S. J. Kaushik.  2021.  Fish Nutrition, 4th edition.  Academic Press, San Diego, USA / Froese, R., and D. Pauly.  2022.  FishBase.  Available:  fishbase.org
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PART II
The biology of 
carnivores is different
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Effects of diabetes or glucose intolerance

Image adapted from snaq.io

0

100

200

300

400

2 4 6 8
Hours After Meal

Blood Glucose (mg/dL)

SAFE 

GLUCOSE 

RANGE

L O N G - T E R M  

E F F E C T S  O F  

G L U C O S E  

I N T O L E R A N C E  

I N C L U D E  H E A R T ,  

K I D N E Y ,  A N D  

L I V E R  F A I L U R E ,  

S L O W  W O U N D  

H E A L I N G  A N D  

O T H E R  S K I N  

P R O B L E M S



7

Diet determines the severity of diabetic effects
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Carnivorous animals are functionally ‘diabetic’

Image adapted from Guilaume, J., S. Kaushik, P. Bergot, and R. Métailler. 1999. Nutrition and Feeding of Fish and Crustaceans. Springer – Praxis, Chichester, UK 
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Feed formulations have changed
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PART III
Remembering what we have 
forgotten about nutrition
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Nutritional demands and tolerances vary with life stage

Small fish expend more energy, 

have higher resting metabolic rates

Small fish must be fed more to 

meet bioenergetic demand for 

maintenance and growth

If properly fed, small fish can 

achieve much greater growth rates 

Large fish typically accept a wider 

range of raw materials, are more 

robust to dietary imbalance

Smaller life stages Larger life stages

Large fish consume more feed, 

so the cost of inferior growth 

and conversion is much greater
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Determinate vs. indeterminate growth
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Determinate vs. indeterminate growth
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Too much of a good thing—fat can limit feeding and growth

Gélineau, A., G. Corraze, T. Boujard, L. Larroquet, and S. Kaushik.  2001.  Relation between dietary lipid level and voluntary feed intake, 

growth, nutrient gain, lipid deposition, and hepatic lipogenesis in rainbow trout.  Reproduction Nutrition Development 41:487-503.
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A few words about protein sparing

Beamish, F.W.H., and T.E. Medland.  1986.  Protein sparing effects in large rainbow trout, Salmo gairdneri.  Aquaculture 55:35-42.
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PART IV
Sustainability is a concept, 
not an ingredient
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Aas, T.S., T. Åsgård, and T. Ytrestøyl.  2022.  Utilization of feed resources in the production of Atlantic salmon (Salmo salar) in Norway:  an update for 2020.  Aquaculture Reports 26:101316
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Countries vary in their approach to filling the gap

Pelletier, N., P. Tyedmers, A. Scholz, F. Ziegler, A. Flysjo, S. Kruse, B. Cancino, and H. Silverman.  2009.  Not all salmon are created equal:  life cycle assessment (LCA) of global salmon farming systems. 

Environmental Science and Technology 43:8730-8736.  
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There are no perfect ingredients

▪ Cost, limited opportunities for increased volume

▪ Antinutritional factors, digestibility

▪ Customer perceptions, marketing opportunities

▪ Excess microbial content, marketing opportunities

▪ Cost, availability
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Not all ingredients are what they seem

Global Feed LCA Institute (GFLI).  2022.  Global Metrics for Sustainable Feed.  Database.  Available at:  www.globalfeedlca.org.   

Glencross, B., et al. 2023.  Harvesting the benefits of nutritional research to address global challenges in the 21st century.  Journal of the World Aquaculture Society, DOI: 10.1111/jwas.12948
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SUMMARY
The need for a 
new normal

▪ If we expect peak performance, we must put the fish first

▪ We must remember the basics of nutritional science, but 

recognize that fish are fundamentally different

▪ If we feed fish based on the assumption that they will grow 

more slowly, they certainly will!

▪ Sustainability is about using all of the resources that are 

available and considering both inputs and outputs

▪ Although we were the first, we are not the only ones calling 

for a reset in how we feed salmon and trout
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