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Minimal‐Exchange Super‐Intensive (MESI) 
Systems

• Lined ponds/raceways

• Controlled nutrient inputs

• High stocking density

• Flocculated particles (Biofloc)

• Intense aeration and/or oxygenation



The Microbial Community

• Algae, bacteria, zooplankton

• Partially contained within biofloc

• Water quality maintenance

• Nutritional benefits
• Leber and Pruder 1988, 

Moss 1995, Moss and Pruder
1995, Moss et al. 2006, 
Wasielsky et al. 2006



Water Quality
• Nitrification

– Chemoautotrophic Bacteria
• NH4

+ NO2
‐ NO3

‐

• Nutrient Assimilation
– Heterotrophic Bacteria

• NH4
+ 

– Algae
• NH4

+ 

• NO3
‐

• PO4
‐
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Important Bacterial Groups
• Nitrifying

– Constant function
– Results in nitrate
– Can be slow to establish

• Heterotrophic
– Rapid growth
– Efficient nutrient assimilation
– Carbohydrate stimulation!

• Drawbacks
– Oxygen consumption
– Alkalinity consumption, 

pH decrease
– Pathogenic bacteria

http://www.hydra-aqua.com/ekmps/shops/kawakoi/resources/image/2_PondBacteria.jpg

0

5

10

15

20

25

30

35

40

45

0.0

0.5

1.0

1.5

2.0

2.5

3.0

1 2 3 4 5 6 7 8 9 10

N
it
ra
te
‐n
it
ro
ge
n 
(m

g/
L)

A
m
m
on

ia
/N

it
ri
te
‐n
it
ro
ge
n 
(m

g/
L)

Week

Ammonia‐
nitrogen

Nitrite‐
nitrogen

Nitrate‐
nitrogen



Algae

• Assimilate Ammonia, Potentially Nitrate and 
Phosphate

• Daylight 
– Net oxygen production

• The time it is most needed

– pH increase 

• Potential Nutrition
• Drawbacks

– Diurnal function
– Can bloom and crash
– Harmful Algae Blooms (HABs)



Zooplankton
• Groups

– Small protists such as heterotrophic ciliates, 
flagellates, and dinoflagellates

– Micro‐zooplankton such as 
rotifers

– Macro‐zooplankton such as 
copepods and nematodes

• Continue Nutrient Cycle

• Potential Food Source for Shrimp



Microbial Monitoring

• Microscopy
– Light microscope
– Epifluorescence

• Pigments or stains
• Subsequent quantification using image analysis

• Pigment Probes
– Chlorophyll
– Cyanobacteria Pigments
– Real‐time
– No taxonomy

• Fatty Acid Bacterial Indicators
– Abundance of branched and odd chain FAs



System Management = Microbial 
Management

• Shrimp Density

• Light Availability

• Solids Concentration



Shrimp Density

• Nutrient Input

• Potential Grazing Pressure

• Increased Density May Push Systems Towards 
Bacterial Domination
– Brune et al. 2003

– Algae can process up to aprox. 56 g/m/day of 35% 
protein feed

– Bacterial processes have increasing responsibility 
for water quality



Shrimp Density Experiment
– 13 Week Long Experiment

– 32, 3.5 m diameter, outdoor, zero‐exchange tanks

– Shrimp stocked at approximately 100 m‐2 and 

300 m‐2

– Characterized the microbial community
• Light microscopy with categorical ranking

• Epifluorescence microscopy with quantitative image analysis

• Bacterial indicator fatty acid quantification

• Results of Increased Density (Ray 2008)

– ↑ bacteria

– ↑ rotifers

– ↓ cyanobacteria



Light Availability

• Photosynthetically Active Radiation (PAR)
– Wavelengths important for photosynthesis

– 400 – 700 nm

– Algal productivity

• PAR Extinction Coefficient
– Probe with data recorder

• Solids 
– Contribute to shading



Solids (Biofloc) Concentration
• Monitoring Techniques

– Total Suspended Solids (TSS)
– Volatile Suspended Solids (VSS)
– Turbidity (NTU)
– Imhoff Cones

• Management
– Settling Chambers

• Inexpensive
• Low Energy

• Experiments 
– Same Tank System

As Previously 
Described



Solids Management

• ↑ shrimp production (41%)
• ↑ PAR availability
• ↑ net photosynthetic oxygen 

production
• ↓ algal biomass
• ↓ bacteria
• ↓ cyanobacteria
• ↓ rotifers
• ↓ nematodes
• ↓ nutrient concentrations



Summary
• The Microbial Community

– Water quality
• Bacteria 
• Algae

– Potential supplemental nutrition
• Simple Monitoring Program

– Light microscopy
– Turbidity
– Nutrient concentrations

• Management
– Carbohydrate addition 

• To compensate for nitrification 
• Early system establishment

– Solids management
• Low turbidity (~20‐35 NTU)
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