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Learning Objectives
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+ To Develop a n Understa nding of the Funda menta l Components 
behind Aqua culture a nd Aqua ponics Systems

+ To Develop a n Understa nding of the Biologica l Components a nd 
needs of Fish a nd Pla nt s in a n Aqua ponics System

+ To Ana lyze the wa ys in which Pla nt s ca n be used to Susta in 
Ecosystems

+ To Understa nd the Chemica l Cha nges tha t  Occur in Aqua ponics 
Systems



Aquaculture
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What is Aquaculture?
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Cult iva t ing fish a nd other ma rine 

life  under cont rolled condit ions.



Types of Aquaculture

8

Recircula t ing Aqua culture Systems 
(a series of tanks and basins)

Flow Through RacewaysOpen Water Systems 
(ocean enclosure cages)Ponds



What Organisms are Raised in Aquaculture?
+ Fish
+ Crusta cea ns
+ Molluscs
+ Aqua t ic Pla nt s
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Types of Fish
+ Tila pia
+ Ca rp
+ Trout
+ Sa lmon
+ Cod
+ Ba ss 
+ Perch
+ Ca t fish
+ Ba rra mundi
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Tila pia

Oreochromis 
niloticus

Trout
Oncorhynchus 
mykiss



Why Tilapia?
Resistant to many 

pa thogens, 
pa ra sit es, a nd st ress
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Tolera nt  to a  wide 
ra nge of wa ter 

condit ions

Omnivorous

Breed quickly, 
ra pid popula t ion 

turnover

Rea ch 1.5 lbs. in 8 
months (get  to 
ma rket  fa ster)

Excellent  Feed Conversion



Life Cycle of a Fish

12

Tila pia

6 - 8 Months

Trout

18 - 20 Months



Aquatic Nurseries
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Commercial Fisheries
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https://www.youtube.com/watch?v=C6s4ufAI4aM

https://www.youtube.com/watch?v=C6s4ufAI4aM


Fish Comparison – Tilapia vs. Trout

Temperature
Ammonia  (mg/ l)
Nit rit e (mg/ l)
Dissolved oxygen (mg/ l)
Protein in Feed

Tila pia
+ 27 – 30ºC
+ < 2
+ < 1
+ > 4
+ 28 – 32 %

Trout
+ 14 – 16ºC
+ < 0 .5
+ < 0 .3 
+ > 6
+ 42 %
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Parameter Control for Fish Survival
+ Wa ter Tempera ture
+ Oxygen
+ pH 
+ Wa ter Composit ion 

(nit ra t e, nit rit e, 
a mmonia )
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Water Temperature
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↑
Tempera ture

↓
Oxygen

↑
Ammonia 
Toxicity

↑
Ba cteria
Activity

↓
Tempera ture

↑
Oxygen

↓
Ammonia
Toxicity

↓
Ba cteria
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Oxygen
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Fish a nd Ba cteria  both need Oxygen!

BUT… 

Oxygen must  be 
a dded to the wa ter 
through biology or 
t echnology!



Temperature – Oxygen Relationship
+ Oxygen solubilit y decrea ses, 

with increa sed wa ter 
t empera tures

+ This mea ns… wa rmer wa ter will 
ha ve less dissolved oxygen 
then cooler wa ter. 
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pH - Acidic or Alkaline?
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Ta p Wa ter (Unt rea ted)
6.5 – 7.8

Aqua ponic Wa ter (Bioa ct ive)
5.5 – 6.8



Ammonia

+ Accumula t ion of cert a in compounds 
ca n be ha za rdous!

+ Cont rolling the wa ter composit ion a nd 
st a bilit y is crit ica l
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Ammonia
NH3

Nit rit e
NO2

-
Nit ra t e

NO3
-



Aquaponics
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What Is 
Aquaponics?
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Decoupled Aquaponics Systems (DAS)
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Aqua culture 
Loop

Biorea ctor 
Loop

Hydroponics 
Loop



Engineering….

What components need to be 
considered?
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Engineering Aquaponics Systems
+ Stocking Density
+ Retent ion Time
+ Feed Ra t io
+ Fish to Pla nt  Ra t io
+ Biofilt ra t ion

+ Cont rolling wa ter 
pa ra meters 

+ Syncing a qua culture 
a nd hydroponic 
component s
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Stocking Density
What factors do we need to consider when determining stocking density?
+ Size of fish a nd growth ca pa city
+ Wa ter qua lit y requirement s of fish 
+ Compet it iveness a nd a ggression of fish
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Retention Time
Water must be moved 
t hrough the system to 
prevent :
+ Build- up of a mmonia
+ Deplet ion of oxygen
+ Filt er pa rt icula te

29



Feed Ratio
What to consider when selecting 
feed a nd crea t ing a  feed 
schedule:
+ Fish qua nt it y a nd size
+ Fish feed composit ion - % 

protein (Is it  nut rit ious enough?)

+ Ra t io cha nges throughout  
t he fish life cycle
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Properly ca lcula ted feed ca n help cont rol:
+ Fish growth ra te
+ Nit rogen levels 
+ pH



Aquaculture and Hydroponic Balance
+ Aqua culture a nd Hydroponic 

syst ems must  be sized to ea ch 
other (Fish to Pla nt  Ra t io)
+ Hydroponics t oo la rge = nut rient  

deficiency
+ Hydroponics t oo sma ll = nit rogen 

a ccumula t ion

+ Economics
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Biofiltration
+ Nit rifying ba ct eria  conversion 

ra t e
+ Biomedia  surfa ce a rea
+ Time for nit rifying ba ct eria  t o 

develop
+ Surfa ce a rea  required for 

a dequa te biofilt ra t ion to 
convert  a mmonia  to nit ra t e
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Mineralization
+ Processing a nd 

meta bolizing of solid 
wa st es by ba ct eria

+ Must  be ha ndled 
different ly by the 
syst em tha n liquid 
wa st e
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St ructures of a  heterot rophic Ba cterium



Rakocy Calculation

University of the Virgin Islands
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+ Extensively Studied
+ 60- 100g per m2 per 

day
+ Deep water culture 

with Tilapia



Equipment & 
Technology…
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Equipment & Technology in Aquaponics
+ Pumps
+ Air Supply
+ Wa ter Filt ra t ion
+ Wa ter Monitoring
+ Wa ter Hea ter/Chiller
+ pH Adjust
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How Can We Move Water?
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Siphon

Gra vity

OR... We ca n use a  Pump!



Water Pumps
Types of Pumps
+ Inline
+ Submersible
+ Ma ny other types of 

pumps!

Select ion Crit eria
+ Flow ra te (ga l/min)
+ Tota l dyna mic hea d
+ Energy efficiency
+ Cont rol (va ria ble 

frequency drive, va lves)

+ Ma intena nce
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Inline

Submersible



How Do We Aerate Water?
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Air Diffusion – Pumping 
a ir t hrough diffuser

Venturi

Mecha nica l 
Agit a t ion

Liquid Oxygen



Air Supply
Regenerative Blower

+ High flow ra t e
+ Low pressure

Air Compressor

+ Low flow ra t e
+ High pressure

Air Pump

+ Fills ga p between 
blowers a nd 
compressors
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Air Diffuser
+ Air Stone
+ Diffuser
+ Diffuser select ion 

a ffect s a ir bubble 
size
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Venturi

Pressure difference creates a vacuum sucking air into the pipe
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How Do We Filter Water?
+ Sa nd
+ Ra dia l
+ Sock
+ Reverse Osmosis
+ Ca rbon 
+ Biorea ctor
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Particulate Filters

44

Sa nd

Sock

Ra dia l



Filters Continued…
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Ca rbon – Chlorine a nd Orga nic Compounds

Reverse Osmosis - Everything



Bioreactor
+ Biofilt er t o cont rol a mmonia
+ Ba cteria  living on biomedia  

perform nit rogen cycle
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Ridges a nd t exture on 
biomedia  increa ses surfa ce 
a rea  a nd a va ila ble spa ce for 

ba ct eria  t o grow!  
More spa ce for ba ct eria  = a  

more ba la nced syst em!



How Do We Control Water Temperature?
Immersion 

Hea ter/ Chiller
Ta nkless – Inline 
Hea ter/ Chiller

Ta nk - Boiler
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How Do We Monitor Water Quality?
+ Ha ndheld Sensors
+ Immersible Sensors
+ Litmus
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Pa ra meters to t est  include: 
Tempera ture, pH, Dissolved Oxygen, 

Ion, TDS, a nd EC



How Do We Adjust pH?
+ pH Up

+ Add more wa ter 
with a  higher pH

+ Buffer (ba se) 
Solut ion

+ pH Down
+ Acid Solut ion
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Ammonia, Nitrite, Nitrate Control
+ Biorea ctor size a nd efficiency
+ Nut rient  upta ke from pla nt s
+ Fish feed, wa ste
+ Accumula t ion or deplet ion will ha ve impa ct  on 

fish a nd pla nt  hea lth
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Components of an 
Aquaponics System
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Fish Tank

Radial Filter

Clarifier

Bioreactor

Sump

Hydroponics
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