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Stuff I want you to know:

• Variables that affect feed types, sizes, quanitities
• What fish need to be healthy
• Types of feeds and how they are made
• How feed is dispensed
• How to calculate how much to feed



Nutritional Requirements of 
Salmon
 Nutritional needs are well known
 Cold blooded / seasonal patterns of activity
 Also recall that lifestage affects metabolism – why? 
 Food intake is important to:
◦ Growth
◦ Reproduction 
◦ Maintaining health
◦ Meeting energy needs



 What do you think affects the energy 
requirements in fish? 



Factors Affecting Energy 
Requirements

 Water Temperature
 Fish Size
 Type of Feed
 Species
 Activity
 Light
 Environment



Basic Requirements
 Oxygen
 Water
 Protein
 Lipids (Fat)
 Carbohydrates
 Minerals
 Vitamins



Protein
What is it used for? 



Protein
 Protein is used for growth, essential for 

building and repairing muscle.
 Excess protein is for energy and stored 

as fat.
 Provides essential amino acids that can 

not be synthesized by the fish itself.
 Important in the production of:
◦ Hormones
◦ Digestive enzymes
◦ Antibodies



Too much protein?   
No such thing……



 Protein requirements vary based upon:
◦ Quality and energy content of protein
◦ Fish size and age: generally decreases as fish 
size increases
◦ Water temperature
◦ Feeding rate (of course!)

 Commercial feeds vary significantly
 The primary factor determining the amount of 

protein in a diet is the age of the fish:
◦ Fry 50 – 55%
◦ Smolt 40 – 50%
◦ Brood Fish        40 – 50%



Fish feed ingredients -
Protein sources

Fish Feed fisheries Herring Plant Soya Full-fat soya
Anchovy Extracted soya
Capelin Soy protein concentrate
Norway pout Maize Maize meal
Horse mackerel Maize gluten meal (60%)
Menhaden Wheat Wheat gluten meal
Sand eel Rapeseed Rapeseed meal
Blue whiting Rapeseed concentrate

Food fisheries By-product meals Lupins Lupin seed meal
Fish protein concentrates Peas Pea seed meal

Crustaceans Shrimp by-product meals Pea seed concentrate
Other Krill meal Sunflower Sunflower seed meal

Krill hydrolysates Cotton Cotton seed meal

Animal Poultry Poultry meat meal
Feather meal

Porcine Blood meal
Bio-tec Yeasts

Bacteria
Algae

Marine Terrestrial



Why is fishmeal still the main protein source in 
starter feeds ?

 High protein content in meal

 Ideal amino and profile for fish

 High digestibility of protein

 Supplies essential fatty acids

 High levels of available phosphorous in meal

 Highly palatable

 No anti-nutritional factors

 Excellent processing qualities



Why look for alternatives to fishmeal ?

 Uncertainty over future availability - limited resource 
/
growing need

 Further instability in cost

 Predictability of raw material quality

 Ethical considerations

 Sustainability

 Content of persistent organic pollutants



What are “lipids”?
Why are they necessary? 



Fish feed ingredients –
Lipid and carbohydrate sources

Lipids (fats & oils)

Fish Crude fish oil Herring Plant Rapeseed Plant Wheat Whole wheat
Anchovy Soya Wheat flour
Capelin Linseed Wheat by-products
Menhaden Palm Maize Maize starch
Sand eel Olive Pulses Pea starch

Algae Refined oils Corn Potato Potato starch
Others Krill Ax-rich oils Animal Poultry fat

Lard

Marine Terrestrial
Carbohydrates



Fat sources

 Fish oil
◦ Main source at present
◦ Future use is potentially restricted – same reasons 

as fish meal

 Vegetable oils
◦ Massive potential source

 Animal by-products
◦ Beef tallow, lard, poultry fat

 Biotechnological products
◦ Possible to tailor make oils
◦ Niche products for marine larval feeds (price)



• Less dust and broken pellets
• More water stable, less leaching
• Slower sinking
• Wider range of diet composition
• Higher nutrient & energy density
• Digestible starches 
• Reduces anti-nutritional factors
• Lower FCR
• Easier top-dressing (more 

specialized feeds)
• Sterilization by extrusion
• Less pollution

Benefits of Extruded Feed
Raw fish

Moist

Pelleted

Extruded

Development of Fish Feeds



Fish feed production today

Weigher   Mixer        

Lab: Raw materials database
Supplier, tonnage, test results

Raw material bulk silo

- Product code
- Formulation
- Run no. 

Follows the mixture through
the plant to the bag

Pre mix 
& pig.

Grinder

Raw material 
intake

Bagging    

Extruder 

Dryer      

Sieve     

Cooler     Coater 

Oil tanks

Sieve     

- Bag number





Fat
 The primary function of fat is to provide energy 

for use by the body.
 Primary sources are fish and vegetable oils
 Insulates and cushions organs.
 The most concentrated energy food source, more 

than double that of protein or carbohydrate.
 Fish that do not get enough energy from fat will 

use protein and carbohydrate to form fat.
 Fat aids in the absorption of fat soluble vitamins.
 Fat content in the diet of salmon should be 5 –

20%. 



What are carbohydrates used for? 



Carbohydrates
 Carbohydrates are a source of energy in 

the form of glucose (sugar) and 
glycogen

 Range in diet from 9 – 12% and do not 
provide a major source of energy.

 Excess carbs go to fat eventually



Fatty liver Normal liver



How about minerals?   Which 
ones? 



Minerals & Vitamins
 Two main minerals important to fish are 

Calcium and Phosphorous.
 Iron is considered an essential mineral
 Minerals are important for:
◦ Bone formation 
◦ Growth
◦ Osmo-regulation

 Vitamins – essential for overall bodily function
 Commercial feeds provide overall good 

nutrition



Clear labeling - if it’s in the feed it’s on the label
Pdt#: A2960 Lot#: 32188

Pdn Date: Oct 31, 2006

BioVita Starter #1

COMPLETE FEED FOR SALMON & TROUT

GUARANTEED ANALYSIS
Crude Protein (min)  52% Crude Fiber (max) 1.0%
Crude Fat (min) 20% Phosphorus (min) 1.7%

INGREDIENTS:Fish Meal, Wheat Flour, Fish Oil, Krill Meal, Gelatin, Brewer’s Yeast, 
Betaine, Astaxanthin, Ethoxyquin (Antioxidant), Vitamin/Mineral Premix Containing 
Vitamin A, Vitamin D3, Ascorbyl Polyphosphate (C), Vitamin E, Inositol, Zinc Sulphate, 
Nicotinic Acid, Calcium D Pantothenate, Manganese Sulphate, Riboflavin, Pyridoxine 
Hydrochloride (B6), Thiamine Mononitrate, Vitamin K, Copper Sulphate, Folic Acid, 
Calcium Iodate, D-Biotin, Sodium Selenite and Vitamin B12.

Manufactured for:
Bio-Oregon

1935 NW Warrenton Drive, Warrenton OR 97146
800-962-2001 Phone 503-861-3701 Fax

Net Wt. 20kg / 44lb

Product name & size

Production date

Proximate 
composition

Ingredients in 
descending order

Lot #



Feed Labels – Important to read





Modern Feeds
 There are essentially two types of feed 

manufactured today for Pacific Salmon
◦ Dry
◦ Semi-Moist – a thing of the past!

 Dry feeds usually have a moisture content of 8-10% 
and are the most commonly used. 
◦ They are convenient to store, freezing is not 

required and have a long shelf life.
◦ Shelf life varies between diet and moisture 

content but generally 6 months is easily attained 
with all except high moisture content feeds .

 Semi-Moist will be as high as 15-20% yet will not 
require freezing for storage (up to 90 days).

 Truly moist feeds are not commonly used in Pacific 
salmon culture, they need to be frozen – a thing of 
the past for Pacific Salmon.



The Players -









Moist Feeds – a thing of the past
 Up to 35% water – do we need to ship 

water to AK?
 The more “fluff” in food, the less 

digestible nutrition
 Had to keep frozen 



 Feeds are formulated to:
◦ Be nutritionally complete
◦ Provide optimum growth
◦ Produce healthy fish fit to 
compete in the wild
◦ Minimize unusable fines that 
degrade water quality 
◦ Minimize excess nutrients
released to the environment
◦ Stable during storage to prevent 
rancidity from oxidation of oils 
in the feed.
◦ To sink at varying rates of speed 
(or float!)





Feed Storage and Handling

 Minimize handling
 Cool, dry, up off the ground – mold!
 Protect from rain, moisture during the day
 Do not exceed the manufacturers 

recommended shelf life (check labels!)
 In the old days: moist and semi-moist diets 

had limited shelf life



Feed Sizes
 As fish increase in size, pellet size increases.
 Pellet size can ace out smaller fish
 Follow mfgr guidelines but observation by fish culturists 

is the key
 Starter feeds or crumbles are crushed and sifted
 Starter feeds are usually fed to fish 1.0 gram or smaller. 



Bio-Oregon Starter Feed
• Sizing and density are carefully controlled to promote maximum feed intake.
• Each particle size is designed to have an overlap in distribution



Crumbles – a range of sizes



Tour of feed 
brochures –
watch the 
YouTube videos –
they’re 
awesome!!

 Watch for
◦ Feed sizing
◦ Feed types – there are 
many!
◦ Feed guidelines



Feeding Methods
 Hand

◦ No equipment required
◦ Easy to observe response
◦ Little waste if done properly

 Labor intensive
 Workday only

 Auto
◦ Saves labor, unmanned
◦ Feed often and longer
◦ Can be used to supplement hand feeding

 No observed response
 Can be wasteful if not properly managed

 Demand
◦ Little wasted food
◦ Longer feeding day
◦ Can be used to supplement hand feeding
◦ Easier on oxygen demand and does not disturb fish

 Promotes size variation in the raceway
 No observed response







http://www.youtube.com/watch?v=BDxNQUYSOhI















http://www.akvagroup.com/index.cfm?id=202635





Feed Rates and 
Calculations

Feed The Gain!



Coho 240,000 @ 13 gram RV = 150m3
Previous period sample data  DSGR=1.5%  FCR=1.5:1

Fish Amt to Feed Fish Amt to Feed
Date Size gm  Feed  Size Temp. C Date Size  Feed  Size Temp. C
1-Apr 13.0 7.2 23-Apr 7.8
2-Apr 7.2 24-Apr 7.8
3-Apr 7.2 25-Apr 7.8
4-Apr 7.2 26-Apr 11
5-Apr 7.2 27-Apr 11
6-Apr 7.2 28-Apr 11
7-Apr 7.2 29-Apr 11
8-Apr 7.2 30-Apr 11
9-Apr 7.2 1-May 12
10-Apr 7.2 2-May 12
11-Apr 7.2 3-May 12
12-Apr 7.2 4-May 12
13-Apr 7.2 5-May 12
14-Apr 7.2 6-May 12
15-Apr 7.2 7-May 12
16-Apr 7.2 8-May 12
17-Apr 7.2 9-May 12
18-Apr 7.8 10-May 13
19-Apr 7.8 11-May 13
20-Apr 7.8 12-May 13
21-Apr 7.8 13-May 13
22-Apr 7.8 14-May 13

Notes - 4/26 transferred to Saltwater Net pen
Calculated amt to based on manufacturers chart plus past experience. Or other parameters.
Feed size - manufacturer recommendation


Class Exercise

		

		Coho		240,000 @ 13 grams				RV = 150m3

		Previous period sample data  DSGR=1.5%  FCR=1.5:1

				Fish		Amt to		Feed						Fish		Amt to		Feed

		Date		Size gm		Feed		Size		Temp. C		Date		Size		Feed		Size		Temp. C

		1-Apr		13.0						7.2		23-Apr								7.8

		2-Apr								7.2		24-Apr								7.8

		3-Apr								7.2		25-Apr								7.8

		4-Apr								7.2		26-Apr								11

		5-Apr								7.2		27-Apr								11

		6-Apr								7.2		28-Apr								11

		7-Apr								7.2		29-Apr								11

		8-Apr								7.2		30-Apr								11

		9-Apr								7.2		1-May								12

		10-Apr								7.2		2-May								12

		11-Apr								7.2		3-May								12

		12-Apr								7.2		4-May								12

		13-Apr								7.2		5-May								12

		14-Apr								7.2		6-May								12

		15-Apr								7.2		7-May								12

		16-Apr								7.2		8-May								12

		17-Apr								7.2		9-May								12

		18-Apr								7.8		10-May								13

		19-Apr								7.8		11-May								13

		20-Apr								7.8		12-May								13

		21-Apr								7.8		13-May								13

		22-Apr								7.8		14-May								13

		Notes - 4/26 transferred to Saltwater Net pen

		Calculated amt to based on manufacturers chart plus past experience. Or other parameters.

		Feed size - manufacturer recommendation





Home work

		





Sheet3

		











Let’s do some calculations!!!!!

• Fish avg wt = 2g
• 3,000,000 fish
• Biomass = ?
• Feed rate = 1% body weight per day
• How much to feed each day? 

• Fish avg wt = 12g
• 220,000 fish
• Biomass = ?
• Feed rate = 2.25%
• How much to feed per day? 
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