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The dominant Paradigm for Net-pens

3.7:1



…Salmon remain 
carnivores, and raising 
them in captivity 
inevitably shrinks the 
world’s supply of 
edible fish…”
Seth Zuckerman
Bellingham Weekly
Sept 29 - Oct 5, 2005

“…It takes about 
three  pounds of 
anchovies, mackerel
and the like to raise 
a single pound of 
farmed salmon.”
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Nutrients: what do they do for 
Organisms?

1. Protein (actually specific Amino acids - some 
essential) - used for building blocks, tools, and 
energy

2. Fat (aka - lipids or fatty acids - some essential) 
used mostly for energy but a few for building 
blocks and tools (n-6 and n-3 FA)

3. Carbohydrates - (none essential) energy
4. Vitamins, minerals and the like (all essential but 

very small amounts needed) - mostly tools, but 
some building blocks (choline)



What is really in that diet?
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Bioenergetics 101

•Salmon in the wild require 15-20 Kg of prey
per Kg of gain.
•Salmon raised on a farm, if fed only fresh fish 
would take about 8-12 Kg of feed to produce 1 
Kg of gain.
•Why the difference?
•Why do we hear about 3-4 Kg fish to 1 Kg 
gain in farmed salmon?
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•Growth (G) represents a 
very small part of the 
energy budget of wild 
animals.
• Respiration (R) and 
Waste (F+U+SDA) 
represents a large portion 
of the energy budget



Diversity in Fish Guts

Trout, halibut, sablefish etc

Tilapia, Catfish

Carp, Goldfish

Milkfish

(Smith 1989)

Acid

W/Wo Acid

Mono-gastric

Agastric



Pacific Halibut



Atlantic Salmon



Lingcod



Channel Catfish



Tilapia



Carp



Ecological Definitions and Physiological 
adaptation of the gut

Herbivore - eats plants and decaying material (Carp).

Carnivore - eats animals (Salmon, RBT, Halibut…)

Niche - eats a lot of a relatively low nutritional value diet 
that is easy to catch. Eats all the time.
Result - Little energy or physiology devoted to being 
efficient with it’s diet. (agastric digestion)

Niche - eats a little of a relatively high nutritional value 
diet that is hard to catch. Eats infrequently.
Result - A lot of energy and physiology devoted to being 
efficient with it’s diet. (mono-gastric digestion)



Do Carnivorous Fish Require 
Fishmeal?

Mono-gastric (aka Carnivore) fish need protein and fat 
with a minimum of carbohydrates.
Agastric (aka Herbivore) fish would do better with 
protein and fat only but can tolerate high levels of 
carbohydrates.
All fish, carnivore, herbivore or omnivore, require 
about 40-45 nutrients in the correct ratios and need to 
avoid anti-nutrients.  
It does not matter where the nutrients come from.  
There is no requirement for fishmeal for farmed 
Salmon or any other fish.



Growth in sablefish juveniles feed diets with 
Soybean Protein Concentrate as a 

replacement for fish meal
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Caveat # 1 - Flavor is important



But there are 
ways around 
the taste 
issue, and in 
fact some 
plant meals 
have very 
little 
palatability 
problem with 
mono-gastric 
fish



Caveat # 2 Anti-nutritional factors

SBM = soybean meal; SPC = soy protein concentrate;SPI = Soy protein isolate

Source: Hanson (2003) and Peisker (2001)

      
Product type 
 
 

Soybean 
seeds 

 

Defatted 
SBM 

 

Enzyme 
treated  

SPC 

Alcohol 
extracted 

SPC 

SPI 
 
 

      
      
Crude protein (%) 33 - 37 42  - 50 55 - 60 63 - 67 >85 
Oligosaccharides (%) 14 15 <1 <4 <0.4 
Stachyose (%) 4 - 4.5 4.5 - 5.5 <0.3 1 - 3 <0.2 
Raffinose (%) 0.8 - 1 1 - 1.2 <0.2 <0.2 <0.1 
Trypsin inhibitor (TIA mg/g CP) 45 - 60 4 - 8 1 - 2 2 - 3 <1 
Glycinin (mg/g) 150 - 200 40 - 70 <0.1 <0.1 <0.01 
β-conglycinin (mg/g) 50 - 100 10 - 40 <0.1 <0.1 <0.005 
Lectins (mg/kg) 50 - 200 50 - 200 <1 <1 <1 
Saponins  (%) 0.5 0.6 0 0 0 
Phytic acid bound-P (%) 0.6 0.6 0.6 0.6 - 
      
 



Digestibility of Protein in fish fed 
the same diets

75.5 ± 6.7Da66.8 ± 8.5Da
Defatted
Soy

85.7 ± 1.0Aa85.3 ± 1.5Aa86.0 ± 1.1Ca82.5 ± 4.0Ca
PBM

87.3 ± 1.5Ab87.0 ± 3.6Ab87.2 ± 0.7Cb83.4 ± 1.6Ca
Sardine 
Meal

LingcodRockfishSablefishAtlantic 
Salmon

Diet



Where does the protein and fat 
come from?

•Salmon/trout diets in the 1800-mid 1900’s
• 1/3 Ground fish, viscera, and/or eggs, 2/3 beef or pork liver and 2% salt

•Salmon/trout diets in the 1940’s
•Cortland Dry # 6 - slaughterhouse by-products, dry skim milk, 
cottonseed meal, whitefish meal, wheat middlings, hog liver or spleen 
and 4% salt

•Salmon/trout diets in the 1950’s-90’s
•OMP - Fishmeal, Fish hydrolosate, Fish oil, wheat germ, cottonseed 
meal concentrate, Dried whey, Corn distillers dried solids, bentonite, 
Choline chloride, Vitamin premix, Mineral premix

•Salmon/trout diets currently
•Extruded diets least cost formulated from 30-40 feedstuffs of animal and 
vegetable origin.  Many formulas.  Typically 30% fish meal and the rest 
from products and by-products of agriculture.

•Salmon/Trout/Marine Fish diets of the future???? Depends on what is 
available, nutritious  and cheap per unit of nutrition.



WORLD PRODUCTION OF FISHMEAL, FISH OIL, 
SOYBEAN MEAL & SOYBEAN OIL 1961 - 1998
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Bioenergy



Bioenergy

Mostly from corn…



Bio-Plastics

…A durable plastic product 
made from corn…biodegrades in 
less than two months using 
conventional composting 
techniques…

Guess what part of the 
corn it uses?



What’s a plant made of?

Protein

Fat

Carbohydrate

Other (Vitmins,
Minerals etc)



Air-classified Plant Proteins
Currently Available

• Rice 13-14%           70 or 80%

• Barley 12% 25%

• Field Peas 28% 56%

Ingredient Before After



Alternative methods for production of 
Bio-diesel

Raw soybeans

Hexane extraction

Soybean meal Soy oil

Bio-diesel

Raw soybeans

Trans-esterfication/extraction
NaOH & methanol

Alternative
Soybean meal

Bio-dieselTrans-esterfication



Crops that have shown to be fish 
meal replacement feedstuffs for 

mono-gastric fish
• Soy
• Peas
• Flax
• Sunflowers
• Canola
• Rape

•Barley

•Lupine

•Corn

•Wheat

•Cottonseed

•And so on….



Weight Gain in Rainbow Trout
(% Increase)
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Some thoughts on Sustainability
• Technologies or Practices are not sustainable or 

unsustainable.  They may have the ability to 
change and may have different ecological 
footprints.

• Technologies or Practices must be taken into 
context to determine sustainability. (population, 
local environmental conditions and so on…)

• The ability to change (adapt) is the hallmark of 
technologies that persist, and can evolve to have a 
smaller and smaller ecological footprint.



Question the dominate Paradigm
“The world is flat..”

“If man were meant to fly 

he would have wings”

“Jazz is the devils’ music”

“the worlds fisheries are 

immune from biological 

overfishing…”

“Salmon are carnivores and 

must eat fish…”


