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Look before you leap for as you 
sow, ye are like to reap. 

Samuel Butler

The season of failure is the 

best time for sowing the 

seeds of success. 

Paramahansa Yogananda

To see things in the 
seed, that is genius.

Lao Tzu
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Excludable Pathogens

 Control vertical transmission screening 
broodstock and washing eggs

With no host, WSSV is  viable in pond water for 
up to 3–4 days

 Can not detect in PL

 Control vectors

 Pond preparation

 Tolerant stocks

Rahman et al. 2006



Non Viral Pathogens
More difficult to exclude

 Vibrio parahemolyticus - AHPND
o Bacteria with plasmids coding for virulent toxins

o Nonobligate, survives and spreads in environment

 Enterocytozoon hepatopenaei – EHP
o Transmitted by cannibalism and cohabitation

o Spores persist in environment

Thitamadee et al. 2016 



Rethinking Hygiene and Biosecurity

More important than ever to control 
design,  practices and standards to maintain 
cleanliness and reduce opportunities for 
bacteria and spores to build up 

More important than ever to revisit 
biosecurity protocols and adapt them to 
diverse hatchery operational philosophies

More important than ever to focus on sources 
of contamination and conditions which favor 
pathogen numbers and virulence



Hatchery Biosecurity Literature



HACCP Principles

 Perform systematic hazards analysis

 Determine critical control points

 Establish critical limits

 Establish monitoring procedures

 Establish record keeping systems

 Establish verification procedures 

 Determine appropriate corrective actions
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ID Potential 

Hazard

Signif-
icant

Justify Preventive

Measures CCP

Shrimp  
receipt

Yes Shrimp may be 
infective

SPF certification with every 
shipment.  Quarantine 
procedures and periodic 
testing for LSP

Yes

Hazard Analysis
Incoming Stocks



13 Quality Controlled 
Pathogen Assays

70% Lab
Grade 

Ethanol

Sample <5 mm2 tissue

WSSV
IMNV
IHHNV
MBV
TSV

AHPND

LSNV
YHV
GAV
EHP
NHP
MoV
HPV

3 days 48 hours

info@genics.com

Shrimp MultiPath
Report

New Diagnostic Options



Breeding Facilities

Maturation

Larval Culture

Broodstock

Nauplii

Postlarvae

Outsource

Outsource

Outsource

Facilities and equipment
Water

Fresh frozen, prepared & live feeds

Human and animal vectors

Facilities and equipment
Water
Human and animal vectors

Facilities and equipment
Water

Prepared & live feeds, Artemia

Human and animal vectors

Effluent

Effluent

Effluent

Product

Product

Product

Fresh frozen, prepared & live feeds

Any life stage



Hazard Analysis
Human and Animal vectors

ID Potential 

Hazard

Signific
ant

Justify Preventive

Measures CCP

Humans Yes Human vectors may 
transfer pathogens

Controlled by SOPs No

Pests Yes Pests may transfer 
pathogens

Controlled by SOPs No
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Hazard Analysis
Water Facilities Equipment

ID Potential 

Hazard

Signific
ant

Justify Preventive

Measures CCP

Incoming 
water

Yes Water or waterborne 
particles may be 
infective

Periodic testing for 
pathogens, sentinel 
system, disinfection

Yes

Facilities and 
equipment

Yes Facilities and 
equipment may 
become contaminated

Controlled by SOPs No



Breeding Facilities

Maturation

Larval Culture

Broodstock

Nauplii

Postlarvae

Outsource

Outsource

Outsource

Water

Fresh frozen, prepared & live feeds

Human and animal vectors

Water
Human and animal vectors

Water

Prepared & live feeds, Artemia

Human and animal vectors

Effluent

Effluent

Effluent

Product

Product

Product

Fresh frozen, prepared & live feeds

Any life stage

Facilities and equipment

Facilities and equipment

Facilities and equipment



Hazard Analysis

ID Potential 

Hazard

Signifi

cant

Justify Preventive

Measures CCP

Live feeds Yes Water or 

waterborne 

particles with 

live feeds may 

be infective

Certificate of compliance 

(COC) ensuring virus 

free feed with every 

shipment. Periodic 

testing of feeds for LSP

Yes

Fresh frozen 

feeds, 

prepared 

feeds, and 

Artemia cysts

Yes Feeds, 

Artemia, and 

fertilizers may 

be infective

Certificate of compliance 

(COC) ensuring virus 

free feed with every 

shipment. Periodic 

testing of feeds for LSP

Yes



Broodstock Contamination

Broodstock Pond

Quarantine



EMS testing

Sources
Province (Positive/Total tested)

Totals %
Songkhla Trad Rayong

Broodstock feces 2 / 5 8 / 15 14 / 24 24 / 44 (55%)

Nauplii 1 / 1 0 / 5 3 / 8 4 / 14 (29%)

Polychaetes 1 / 2 2 / 3 2 / 3 5 / 7 (71%)

Squid 1 / 1 0 / 3 3 / 5 4 / 9 (44%)

Artemia 1 / 1 - 0 / 1 1 / 2 (50%)

Oysters 0 / 1 - 0 / 2 0 / 3 (0%)

Clams 1 / 1 1 / 1 - 2 / 2 (100%)

PCR results from AP2 PCR detection with enrichment specimens

Flegel et al. TARS 2014



Fresh Feed and PL Diagnostics

Loc Tran - ShrimpVet (2018)

EMS/AHPND: Early Mortality Syndrome/Acute Hepatopancreatic Necrosis Disease
EHP: Enterocytozoon hepatopenaei                        WSSV: White Spot Syndrome Virus



Feed

 Critical limits - No detectable LSP

 Monitoring

What How Frequency Who

No LSPs in 

feed

Batch testing Continuous Third Party Lab

Supplier 

acquisition 

and handling 

protocols

Periodic site visits 

and or review of 

protocols

Yearly Facility manager

Certificate of 

compliance 

LSP free

Documentation Every 

shipment

Facility manager



Replacement of Live and Fresh 
Frozen Maturation Feeds

 Improving technologies 

 100% pathogen free 

 Nutritionally complete, optimal HUFA 
levels, pigments, antioxidants, attract
ants, health supplements

 Easier storage

 No need to freeze

 Long shelf-life



Frozen Polychaete Replacement

Feed 
% BW/day 

(wet weight)

g dry wt per      

g wet wt

% BW /day 

(dry weight)

Percentage 

of Dry Diet

Squid 11.0% 20% 2.20% 31.6%

Mussels 6.0% 20% 1.20% 17.2%

Artemia Biomass 7.0% 10% 0.70% 10.1%

Polychaetes 6.0% 17% 1.02% 14.7%

Dry Diet 2.0% 92% 1.84% 26.4%

Total per day 32.0% 6.96% 100.0%

Feed 
% BW/day 

(wet weight)

g dry wt per      

g wet wt

% BW /day 

(dry weight)

Percentage 

of Dry Diet

Squid 8.8% 20% 1.76% 25.3%

Mussels 3.5% 20% 0.70% 10.0%

Artemia Biomass 4.0% 10% 0.40% 5.7%

Polychaetes 0.0% 17% 0.00% 0.0%

Redi-Mate 5.6% 73% 4.10% 59.0%

Total per day 21.9% 6.96% 100.0%



Maturation Trial 1 Results



Replacement of Polychaetes

 More nauplii produced
 Improved nauplii quality

o More yolk
o More active phototactic
o Better larval survival

Initial 35 Days 

Diet  
Treatment

Total 
Spawns

Nauplii/      
Spawn

Total  
Nauplii

Replacement 1,389 116,882 158.2 M

Control 1,327 114,271 147.6 M



Frozen Mussel Replacement

Squid 17% 20% 3.4% 54.8%

Mussels 9% 20% 1.8% 29.0%

EZ-Mate 2% 50% 1.0% 16.1%

Total per day 28% 6.2% 100.0%

Percentage of Dry 

Diet

g dry wt per g wet 

wt

% BW / day (Wet 

weight)

% BW / day (Dry 

weight)
Feed

Squid 13.50% 20% 2.7% 43.5%

Mussels 0%

Redi-Mate 5.00% 70% 3.5% 56.5%

Total per day 18.50% 6.2% 100.0%

% BW / day (Wet 

weight)

g dry wt per g wet 

wt

% BW / day (Dry 

weight)

Percentage of Dry 

Diet
Feed



Maturation Trial 2 Results
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From Hatchery to Farm



PL Quality Assurance

The farmer should be responsible for carrying out: 

 Verification of PL counts

 Determination of the average weight and coefficient of 
variation of the PLs stocked

 PCR testing for excludable pathogens

 Hatchery source evaluation

 Microscopic observations

 Stress tests



Selecting PL – Evaluating quality

 Level 1

o Behavioral - activity

o Culture performance, yields, size/age

 Level 2

o Physical observations –
size, gills,  fouling, muscle/gut 
ratio,  uniformity

o Stress test survivability

 Level 3

o Disease diagnostics

Q
u
al

it
y

In
d
ex

Juarez and Fegan in GAA global shrimp ops 2002



Intensive Nursery Systems

 High biosecurity systems for post-larvae grown at 
high densities from 2 mg to sizes as large as 3 
g, resulting in healthy, strong and uniform juveniles 
with significant potential for compensatory growth 
after transfer to the growout system.



Quarantine and Stocking

 Water should be held for at least 3 days and free of carriers 
to assure no WSSV

 Water prepared with a stable bloom before stocking

 Acclimation for temperature and salinity

 Feed should be in the system as the animals are added

 Overfeed 5x the first two days from proven feeding tables

 Feeds used in hatchery should make up at least half of the 
daily feed requirements of transferred animals for at least 
the first three days.

 Quantify transport and acclimation mortality
• Stock animals on a tray or in a small net cage in tank

• Eliminate batches of PL with poor survivability



Nursery 

Systems

Super-intensive 

Systems

Intensive 

ponds

Biofloc technology is an intensive approach to 

aquaculture production that relies on elevated 

suspended solids concentration to provide 

water treatment and supplementary nutrition 

for cultured animals.

Biofloc Technology



Feed Drives the System



Feed Drives the System

Disease



Microbial Community and Shrimp Metabolism

Feed drives the microbial community  
metabolism as well as the shrimp

Feeding Rate

Feeding Rate vs. Total System Respiration
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Feed Drives the System



Solids Management and 
Microbial Communities

 Effects of settling chambers

o 47% ↓photosynthetically active radiation      
extinction coefficient

o 200% ↑ photosynthetic oxygen production

o 65% ↓ final chlorophyll-a

o 80% ↓ fatty acid bacterial indicators
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• Shrimp Production
– No difference in survival
– 28% ↑ growth rate
– 41% ↑ biomass
– 26% ↓ FCR

Ray et al 2012 - Aquaculture



Precision Feeding

Precision Feeding Concept:

Provide each Animal with:

 the exact quantity of feed that it can consume,

 when the animal is ready to consume it,

 the exact nutrition that the animal requires,

 the correct feed particle sizes and optimum texture,

 In the location where the animal is located

“With the objective to optimize the desired results”



• No food, 25% protein diet, 35% protein diet

• UV filtered water, heterotrophic biofloc water, 50:50 mix

• 300 shrimp/m2; stocked at 1.82±0.71 g

Significantly higher weight gain in biofloc water than clear water with good diet.

Wasielesky, W., et al., 2006. Aquaculture 258:396-403.

Biofloc Influence on Shrimp Growth



Feed Programs

 Feeds should be designed for shrimp not for Biofloc.
 Feeds are the driver of nutrient inputs into the 

system 
o Physical characteristics, leaching
o Nutrient quality, digestibility
o Nutrient density, formulations
o Ingredient costs
o Feeding timing, frequency, amounts

 Design feeds to efficiently meet shrimp requirements
o High protein nutrient dense formulations
o Tight control of feeding rates
o Supplemental carbon addition as necessary
o Avoid waste nutrient buildup, Phosphorus, Minerals etc.



Feed Performance 

Comparison of 5 nursery feeds available in Brazil from 
well respected internationally recognized suppliers



Feed Drives the System

Up to 18.7% higher feed conversion efficiency



A More Biosecure Future

The Past
 PL price and hatchery costs  

prioritized over biosecurity 
and sustainability

 Attachment to traditional 
approach to feeding with 
live and natural feeds

 Billions of dollars lost due to 
diseases resulting from 
these practices

The Future
 A mature industry that 

invests in hatcheries and 
nurseries, prioritizing 
biosecurity

 Adoption of new approaches 
to hatchery nutrition based 
on biosecure prepared feeds

 A new era of sustainability 
and profitability for the 
industry



The law of harvest is to reap more than you sow. 

Sow an act, and you reap a habit. 

Sow a habit and you reap a character. 

Sow a character and you reap a destiny. 
James Allen

To
Success!

Thank
You


