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Why farm RBT?
Consumer recognition

◦ Seafood Watch: “Best Choice” ranking

High market value

◦ ~$8-17 per pound?

◦ Multiple processing/sale options

◦ Fresh, frozen, canned, smoked etc.

Healthy dietary choice

Increasing demand worldwide

Shorter production cycle than ATL salmon



Why farm RBT?
Highly tolerant of culture conditions

◦ Mature industry; resources and info available

Eggs can be purchased year-round
◦ Multiple strains, multiple spawn times

◦ Spring spawning
◦ Summer spawning (Kamloops)
◦ Fall/winter spawning (Steelhead)

◦ ~10 US vendors for eyed RBT eggs (Thompson 2018)
◦ All-triploid and/or all-female eggs available
◦ Certified disease-free
◦ Inexpensive ($40.00 per thousand eggs?)

Traditional pond or raceway culture: 18-24 months 
from egg to US market size (usually 450-600g)

◦ Larger fillets are more lucrative; some producers rear fish 
to several kg



Why in RAS?
“Traditional” RBT culture: Concrete raceways

◦ Majority of US RBT production
◦ BUT: Requires good water and lots of it…

◦ ~100 cubic meters per kg of fish produced? (Labbe et al. 2014)

RBT: Stricter water quality optima vs. warmwater 
fishes…

◦ Optimal growth temperature: 16.5-17.2°C (Jobling
1994)
◦ Can tolerate between 0 and 27°C

◦ D.O.: ≥ 6mg/L at outflow in production raceways 
(Hinshaw 1990a)

◦ NH3: LC50 of 0.6mg/L over 96 hours at 12-14°C 
(Thurston & Russo 1983)

◦ Clear, cool to cold water, usually flowing at a good rate, 
in reliable amounts



Why in RAS?
RBT grow very well in RAS (Summerfelt et al. 
2010, Davidson et al. 2014, Labbe et al. 2014, 
Cleveland & Summerfelt 2017)

◦ 3 kg in 17 months at The Conservation Fund’s 
Freshwater Institute (Cleveland & Summerfelt 2017)

FCR: as low as 1.0 in ideal conditions
◦ RBT are strict carnivores
◦ Feed: ~42% protein, ~20% lipid (Barrows & Hardy 

2001)

Not aggressive or territorial (if fed properly)
◦ Allows rearing at high densities (60-75 kg/m3?)

Potentially excellent biosecurity
◦ No chemicals needed except salt? From Summerfelt et al. (2010). 1.4kg RBT adults 

could be raised in 1 year in a RAS.



Why in RAS?
RAS allows RBT production in places where FTS 

systems aren’t feasible

◦ ~70% of RBT sold in the US comes from Clear 

Springs Farms in Buhl, ID

With water becoming more scarce out West… 

are RAS the next step for the US RBT industry?

◦ Evaqua and other operators switching parts of 

their production to partial or full water reuse 

systems (Idaho Statesman 2017)



Life Cycle: Eggs and Early Rearing
RBT will not naturally spawn in RAS

◦ Eggs must be collected from broodstock in 
artificial spawning

◦ Or ordered from a supplier

◦ RBT eggs, especially, are fairly cheap

◦ Temper and disinfect

Eggs typically incubated in hatching jars, 
troughs, or Heath or California trays

◦ Flow: 4-6gpm

◦ Should upwell; must not entrain air

◦ Trays: need about 0.2 m2 per 10,000 eggs 
(Woynarovich et al. 2011)



Life Cycle: Eggs and Early Rearing
Jars, troughs, and trays

May treat eggs with formalin 
for control of Saprolegnia

◦ 1000-2000μL/L for 15 minutes

Eyed eggs will usually hatch in 
4-7 days (water temp ~55°F)

Empty eggshells should be 
removed



Life Cycle: Eggs and Early Rearing
First feeding: when about 50% of fry swim up

◦ Feeding prior to this is futile; fry cannot eat

◦ Feed 10% BW/day for 3 to 4 weeks

◦ “Starter” formulation of ~50% protein and 15-20% lipid (Hinshaw 

1999b)

◦ Feed at least frequently, and at most continuously, for best results

(belt feeders?)

Morts, uneaten feed, and solid waste should be 

cleaned daily from larval rearing units

Source: Hinshaw (1999b)



Life Cycle: Eggs and Early Rearing
Water exchange rates should be highest in fry 
culture (10-15 gpm?)

◦ Near-zero exchange rates may increase the risk of 
deformities or abnormal swimming behaviors 
(Davidson et al. 2011)

◦ Higher level of deformity in triploid fish?



Fry transfer and growout
Fry are transferred into successively 
larger rearing units

◦ “Growout” usually begins around 2 or 3 
grams (~2” length)

◦ Feed: ~42% protein, ~20% lipid

“Optimal” densities in RAS: 40-50 kg/m3

◦ For RBT, can be sustained as high as 75 
kg/m3



Fry transfer and growout
Diets for larger fish: ~42% protein, ~16% lipid

◦ Floating or slow-sinking pellets
◦ RBT ignore sunken feed

RBT feed aggressively…
◦ Uniform pellet distribution ensures even growth

◦ Regular feeding reduces aggression and fin 
nipping

Consider pigmented feeds?
◦ Fillet color is impacted by pigment content of 

diet

vs.



Diseases of cultured RBT
Any circumstance with higher rearing densities may create risk…
Environmental disease

◦ Usually uncommon in RAS

Bacterial disease
◦ Flavobacterium columnare
◦ Flavobacterium psychrophilum
◦ Yersinia ruckeri
◦ Aeromonas salmonicida or A. hydrophila

Fungal disease
◦ Saprolegnia

Viral diseases
◦ IHNV (West Coast only)
◦ IPNV



Cost of RAS
RAS startup tends to be pricey

Where is the cost made up?
◦ Potentially excellent water quality control

◦ Potentially excellent biosecurity

◦ Potentially excellent (and rapid) growth and low 
FCR

Investment prospects for RAS?
◦ Still not great, but getting better

◦ “Return on investment in the low 20s… is now 
an entirely accurate, viable number… we’ve 
absolutely hit an inflection point.” –Jon 
Fitzgerald, Slope Capital Advisers, 2017

Fixed costs Variable costs

Buildings Eggs

Tanks and plumbing Feed

Accessory equipment 
(pumps, filters, etc.)

Supplemental feed and 
energy

Essential labor Non-essential labor

Taxes and overhead

Energy, oxygen, etc.



Is there a difference in RBT growth 
performance in RAS vs. flow-through systems?

d’Orbcastel et al. (2009)

Over a 77-day trial…

Flow-Through 
System

Recirculating 
System

Fish starting weight 658 ± 29g 658 ± 29g
Rearing unit volume 18m3 70m3

Initial stocking density 57 kg/m3 57 kg/m3

Water flow velocity 2.21 ± 0.13 cm/s 6.1 ± 0.8 cm/s
Final stocking density 98 kg/m3 108 kg/m3

FCR (wet weight basis) 1.17 0.97



Growth performance in RAS vs. FTS

From d’Orbcastel et al. (2009). Mean water temperature in both experimental systems was 12°C.



Is there a difference in RBT growth 
performance in RAS vs. flow-through systems?
Labbe et al. (2014)

◦ Two experimental rearing 
periods

◦ First period of 313 days… è
Flow-Through System Recirculating System

Fish starting weight 6.93g 7.94g
Rearing unit volume 1.8m3 /tank (6 tanks) 6m3 /tank (10 tanks)
Initial stocking density 15 kg/m3 15 kg/m3

Water flow velocity 2.5 exchanges/hr 2.5 exchanges/hr
Final stocking density 75 kg/m3 * 75 kg/m3 *
FCR (wet weight basis) 1.01 0.91

*: Reached by day 120 and maintained via culling



Is there a difference in RBT growth 
performance in RAS vs. flow-through systems?
Labbe et al. (2014)

◦ Second period of 297 days… è
Flow-Through System Recirculating System

Fish starting weight ~334g ~340g
Rearing unit volume 1.8m3 /tank (6 tanks) 6m3 /tank (10 tanks)
Initial stocking density 71 kg/m3 71 kg/m3

Water flow velocity 2.5 exchanges/hr 2.5 exchanges/hr
Final stocking density 71 kg/m3 71 kg/m3

FCR (wet weight basis) 1.35 1.16
Stocking density maintained via culling



Growth performance in RAS vs. FTS

CR = RAS, CO = FTS. Period 1 lasted 313 days. Period 2 lasted 297 days. Mean 
temperature was 13.1°C.



Local RBT production in RAS (Freshwater 
Farms of Ohio, Urbana)
Longest continually-operating, RBT-rearing RAS operator 
in the US?

◦ Located in a former poultry farm

Production cycle: ~20-24 months from egg to ~3-4 lb
market size

Subsurface water source
◦ Well on a hill
◦ More-or-less constant 13°C

Simple recirculating systems
◦ Integrated biofiltration
◦ Low-cost aeration

◦ Small to medium-sized tanks, low-horsepower pumps

Multiple uses of effluent flow from RAS tanks prior to 
discharge



Is RAS the way to go?
Some notable pros…

◦ Better growth performance than in comparably-
sized FTS

◦ Greatly reduces water usage
◦ Virtually eliminates effluent issues
◦ Allows excellent control of water quality



Is RAS the way to go?
…and some notable cons

◦ Startup tends to be pricey
◦ Cool water is required

◦ Temperature control for non-subsurface water supplies?
◦ Temperature control if heat accumulation is an issue?

◦ ‘Off-flavors’ can become an issue
◦ More general issue with RAS than with RBT specifically
◦ Can be controlled by cleaning biofilms or depurating fish before 

sale

◦ Is the improvement in growth performance enough 
to make the increased costs feasible?
◦ That depends on your scale and your goals!



Is RAS the way to go?
For your Ohio operation? Maybe.

If you’re considering RAS for RBT, play to your 
strengths…

◦ Good-quality subsurface water?
◦ If you can find it/get access to it
◦ Little need for temperature control

◦ Well-recognized, high-value product
◦ Relatively low operating costs
◦ Good fish growth at relatively fast pace

…and minimize potential weaknesses
◦ Startup costs
◦ Feed costs
◦ Energy costs
◦ System complexity; risk of catastrophic failure
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