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

Samuel Butler

Shrimp production numbers based on GOAL 2017 estimates -~
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510,000,000,000

- .
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Assumes 50% survival of PLs to harvest and average harvest weight of 60/kg

The season of failure is the | ¢
best time for sowing the TS To see things in the
seeds of success. | | seed, that is genius.

Paramahansa Yogananda Lao Tzu



Genetics
Health

Nutrition

Larval
Quality

Win / Win

Hatchery
Profits

Farm
Profits

Production
Results
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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

100 F  —==27°C -27°C

> Can not detect in PL ¢ | =3
> Control vectors
> Pond preparation £ ¥
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Time (hours post inoculation)

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
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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
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Biosecurity in Aquaculture Production Systems: ] . Application O_f o
Exclusion of Pathogens and Hazard Analysis Critical Control Point (HACCP) Principles

Other Undesirables as a Risk Management Tool
to Control Viral Pathogens at Shrimp Production Facilities
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They must be certified SPF or free of known disease-causing pathogens by
a qualified third party. This technology was developed in the USA in the
early 1990s (Wyban et al., 1992). Subsequent commercial production of SPF
white shrimp broodstock in Hawaii led to worldwide availability of SPF

broodstock which led to the introduction, successful production and wide-
spread adoption of SPF P. vannamei in Asia from 1999, Widespread use of

for the poor i of biosecurity . The baseline
Information generated in this study exposes the challenges in implementation
of biosecurity in shrimp hatcheries. The collected data can be used to further
refine and implement biosecurity practices.

Edited by Geoff Allan and Cav




e 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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Hazard Analysis
Incoming Stocks

nutrition through innovation

ID Potential | Signif- Justify Preventive
Hazard icant Measures CCP

Shrimp Yes |Shrimp may be |SPF certification with every | Yes

receipt infective shipment. Quarantine
procedures and periodic

testing for LSP

De v or AQUACULTURE PATHOLOGY LABORATORY
ARIZONA.
o L o A e o st
T
Christopher A. Mains Janvary 29,2018

Zeigler Bros, Inc.
400 Gardeners Station Rd.

Gandeners, PA 17324

USA Case: 18-035-A

E-mailed: christopher. mains@zeiglerfeed.com

Dear Mr. Mains:

The PCR test you requested for the detection of WSSV, IHHNV, TSV, YHY, IMNV, PYNV, MANV,
APHND/EMS, EHP and NHP-B have been completed. One bag of feed (EZ Artemia | Lot #5599006066-
17263) arrived on January 16, 2018 in good condition. The sample collection location was Zeigler Bros., Inc.
The sample collection date was not stated. A representative sample (approx. 30mg) was collected for DNA and
RNA extraction. WSSV, IHHNY, TSV, YHY, IMNV, ANV, MNV, APHND/EMS, EHP and NHP-B were
not detected in the sample tested. The testing was completed on January 29, 2018, A summary of the tests and
results is provided on the following page.

-4

- We hope that this information will be helpful 1o you. The hard copy will be mailed to you. If there are i
- any questions regarding this case, please feel free to contact us. For Research ﬁu'ﬁz"s'ﬁg
wz [ — o esmitin, { ora oo e
o cur However. thes report m 00 way coastitiutes & stock oF facility “centificanion” oe & “vertificate” of health pathogen stanus for the samphe(s) tested o for |
e mocks, o fclty, o ich e sl wee derved
POR: tasmer s o cur Wby o Tt PR iy o the
oty a n

by acragive ansay. This report in b0 way consttuies 8 siock or fciiy “certification” or & “cenficate” of et pathogen sate o the samples) ted or ox the
stocks, o iy, fven which the sample() were derived
The UA:

o Wi Spet_ Dvncase, Taurs Sysdroame, infcerus Hypodermal and Homsipowtic Nocrosh, Sphencal Baculovirs. {crahedral Haculovinis ané infectos
Myomscrosi, and 8 USIDA. APALLS. Approved Laboeaory o cxport tsing for Whi Spo Disase, Towes Syndrone, nfections Hypodermul mnd Hemsseporetic
Necrosis. Seherical Bacubovins, Tetrahedral Racuboviru, Infectoss Myovecrosts, Yelowbead Deactse. Acuie hepsinpancrestic necrass discme. Crasfih plagec

Sincerely yours,

Py

Michelle Garfias Arun K. Dhar, Ph.D.
Research Specialist Associate Professor
Aquaculture Pathology Laboratory Director




New Diagnostic Options

Sample <5 mm? tissue

Shrimp MultiPath

13 Quality Controlled
Pathogen Assays

: ' Wssv LSNV

/ IMNV  YHV
d IHHNV GAV
MBV  EHP

TSV NHP

70% Lab o AHPND MoV

Grade :— HPV
Ethanol

3 days
48 hours Shrimp MultiPath
info@genics.com Report
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Hazard Analysis

Human and Animal vectors

ID Potential | Signific Justify Preventive
Hazard ant Measures CCP
Humans Yes | Human vectors may Controlled by SOPs No
transfer pathogens
Pests Yes | Pests may transfer Controlled by SOPs No
pathogens




Outsource Any life stage
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Hazard Analysis

Water Facilities Equipment

ID Potential | Signific Justify Preventive
Hazard ant Measures CCP
Incoming Yes | Water or waterborne Periodic testing for Yes
water particles may be pathogens, sentinel
infective system, disinfection
Facilities and Yes | Facilities and Controlled by SOPs No

equipment

equipment may

become

contaminated
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Hazard Analysis '

4 ID Potential | Signifi Justify Preventive
Hazard cant Measures CCP

Live feeds Yes |Water or Certificate of compliance | Yes
waterborne (COC) ensuring virus
particles with | free feed with every
live feeds may | shipment. Periodic

be infective testing of feeds for LSP

Fresh frozen | Yes |Feeds, Certificate of compliance | Yes
feeds, Artemia, and | (COC) ensuring virus

prepared fertilizers may | free feed with every

feeds, and be infective shipment. Periodic

Artemia cysts testing of feeds for LSP
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Broodstock Contamination
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EMS testing

PCR results from AP2 PCR detection with enrichment specimens

Province (Positive/Total tested)
Sources 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 - 2 /2 (100%)

Flegel et al. TARS 2014




=== Fresh Feed and PL Diagnostics

Bloodworm samples - PCR RESULTS in 2018 Oyster samples - PCR RESULTS in 2018
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EMS/AHPND: Early Mortality Syndrome/Acute Hepatopancreatic Necrosis Disease
EHP: Enterocytozoon hepatopenaei WSSV: White Spot Syndrome Virus
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> Critical limits - No detectable LSP

> Monitoring
What How Frequency Who

No LSPs in Batch testing Continuous | Third Party Lab
feed
Supplier Periodic site visits | Yearly Facility manager
acquisition and or review of
and handling protocols
protocols
Certificate of Documentation | Every Facility manager
compliance shipment
LSP free




Replacement of Live and Fresh
Frozen Maturation Feeds

nutrition through innovation

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

Harbor Branch Oceanographic Institute at FAU
Ft. Pierce FL 34946

@ Aquatic Animal Health Laboratory

CERTIFICATE OF ANALYSIS

To Whom It May Concern:

This is to certify that __fourteen (14) _ samples of __Shrimp Diet _ were received from _ Zeigler Bros., Inc.
on __11/17/2017 _to be tested for the presence of the following OIE invertebrate pathogens of concern: EHP,

Semi-Moist Maturation Diet IHHNV, WSSV, NHP, EMS, TSV, YHV, IMNV, WTD and crayfish plague.

Semi-Moist Pellet - 3/32" (2.4mm) Let it be known that the samples tested and identified below was negative for the aforementioned pathogens by the
Polymerase Chain Reaction (PCR) test (viruses) and by isolation on mycological media (crayfish plague).

Redi-Mate is a complete maturation feed for spawning penaeid shrimp to support

enhanced production rates of high quality nauplii while offering full product Photographs of the gel electrophoresis patterns made from the PCR tests may be obtained from the Aquatic Animal
biosecurity. Vpak added to support animal health and disease resistance. Health Lab, upon written request.
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Frozen Polychaete Replacement

Percent Contribution to Maturation Diet
Control Treatment

Dry Diet,
26.4%

Squid,
31.6%

Percent Contribution to Maturation Diet
100% Replacement of Polychaetes

Squid,
25.3%

Redi-Mate,
59.0% Mussels,
10.0%
Polychaetes,
14.7%
Artemia Biomass,
Mussels, 5.7%
Artemia Biomass, 17.2%
10.1%
. L . H Squid Mussels ® Artemia Biomass B Redi-Mate
M Squid ™ Mussels B Artemia Biomass M Polychaetes M Dry Diet
Feed % BW/day | gdrywtper| %BW /day | Percentage Feed % BW/day | gdrywtper | % BW /day | Percentage
(wet weight)| gwetwt |(dryweight)| of Dry Diet (wet weight)| gwetwt |(dryweight) | of Dry Diet
Squid 11.0% 20% 2.20% 31.6% Squid 8.8% 20% 1.76% 25.3%
Mussels 6.0% 20% 1.20% 17.2% Mussels 3.5% 20% 0.70% 10.0%
Artemia Biomass 7.0% 10% 0.70% 10.1% Artemia Biomass 4.0% 10% 0.40% 5.7%
Polychaetes 6.0% 17% 1.02% 14.7% Polychaetes 0.0% 17% 0.00% 0.0%
Dry Diet 2.0% 92% 1.84% 26.4% Redi-Mate 5.6% 73% 4.10% 59.0%
Total per day 32.0% 6.96% 100.0% Total per day 21.9% 6.96% 100.0%
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Maturation Trial 1 Results

Percent Spawning/Night Nauplii Production Index
Nauplii/female - night ( x 10°)
14% 16,000
12% 14,000
10% . 12,000
— 10,000
. 8,000
6%
. 6,000
4%
. 4,000
4 . 2,000
0% 0
M Control M Redi-Mate H Control H Redi-Mate
Broodstock Surviving to . .
. : Total Nauplii Production (x 10°)
End of Production Cycle 175
100% 150
80% 125
100
60%
75
40% 50
20% 25
0% 0
® Control M Redi-Mate M Control M Redi-Mate




> More nauplii produced Initial 35 Days

Replacement of Polychaetes

> Improved nauplii quality Diet Total

o More yolk

o More active phototactic

Nauplii/ Total
Treatment Spawns Spawn Nauplii
Replacement 1,389 116,882 158.2 M
Control 1,327 114,271 147.6 M

o Better larval survival

" RediMate no [ Contfal with
polychaetes A\ poly@haetes
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Frozen Mussel Replacement

Fresh Diet Treatment

EZ-Mate

Mussels \.

Percent Contribution to Maturation Diet

Squid

Percent Contribution to Maturation Diet
100% Replacement of Mussels

Redi-Mate

] %BW / day (Wet | gdrywt pergwet | %BW /day(Dry | Percentage of Dry Feed %BW / day (Wet | gdrywt pergwet | %BW / day (Dry | Percentage of Dry
weight) wt weight) Diet weight) wt weight) Diet
Squid 17% 20% 3.4% 54.8% Squid 13.50% 20% 2.7% 43.5%
Mussels 9% 20% 1.8% 29.0% Mussels 0%
EZ-Mate 2% 50% 1.0% 16.1% Redi-Mate 5.00% 70% 3.5% 56.5%
Total per day 28% 6.2% 100.0% Total per day 18.50% 6.2% 100.0%
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Maturation Trial 2 Results

Percent Spawning/Night Nauplii Production Index
6% 600.000 (Nauplii per 100 females /night x 1000)

500.000
400.000
300.000
200.000
100.000
0

February March Total February March Total

M Fresh Diet W Redi-Mate H Fresh Diet H Redi-Mate

Average Daily Mortality Total Nauplii Production (x 1000)
1,4% 140.000
1,2% 120.000
1,0% 100.000
0,8% 80.000
0,6% 60.000
0,4% 40.000
0,2% 20.000
0,0% 0

Female Male February March Total

H Fresh Diet  H Redimate M Fresh Diet [ Redi-Mate
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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

Figure 8. Postlarval blue shrimp (Penaeus stylirostris) with vibriosis. Necrosis of several appendages (pleopods and
pereiopods) is indicated by melanized foci or tips. A dark oral region is indicative of bacterial colonization of the
cuticle of the oesophagus and mouth appendages. Wet-mount; no stain. Magnification S0X. Photo courtesy of DV
Lightner, University of Arizona, Aquaculture Pathology Laboratory.



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

Juarez and Fegan in GAA global shrimp ops 2002
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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.
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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

e Stock animals on a tray or in a small net cage in tank

* Eliminate batches of PL with poor survivability




Biofloc Technology

Biofloc technology is an intensive approach to
aguaculture production that relies on elevated
suspended solids concentration to provide
water treatment and supplementary nutrition
for cultured animals.

Nursery
Systems

Intensive
ponds
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Feed Drives the System

M Organic matter suspended

in water or deposited on

¢ \-/ bottom
Uneaten
Culture \
species Faces Microbial )
decomposition
¢ (uses oxygen) A‘,

Absorbed ]

Death

across intestine Ammonia, carbon dioxide,

phosphate, etc.
¢ wdj in water
across gills \

Ll (produce and use oxygen)

Harvested in J Planktonic and benthic algae

The fate of feed applied to aquaculture ponds. -Boyd 2009
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Feed Drives the System

Organic matter suspended
in water or deposited on

b(‘tom

s

:

[ Absorbed ]
across intestine Ammonia, carbon dioxide,

phosphate, etc.
e ¢ wdj in water
across gills \

[ Harvested in ] ~ Planktonic and benthic algae

- Microbial
decomposition
(uses oxygen)

Ll (produce and use oxygen)

The fate of feed applied to aquaculture ponds. -Boyd 2009




Feed Drives the System

Microbial Community and Shrimp Metabolism

Feeding Rate vs. Total System Respiration

HEH N @ N

00 OyOooo oo

7
6|
0

Respiration

Feed drives the microbial community
metabolism as well as the shrimp



Solids Management and
Microbial Communities
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> Effects of settling chambers — 28% 1 growth rate
— 41% 1 biomass

o 47% { photosynthetically active radiation _ 26% 4 FCR

extinction coefficient
o 200% 1 photosynthetic oxygen production
o 65% { final chlorophyll-a
o 80% | fatty acid bacterial indicators

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”



Biofloc Influence on Shrimp Growth

* No food, 25% protein diet, 35% protein diet
* UV filtered water, heterotrophic biofloc water, 50:50 mix
* 300 shrimp/m?; stocked at 1.82+0.71 g
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Significantly higher weight gain in biofloc water than clear water with good diet.

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



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
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FCR
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Feed Drives the System

Up to 18.7% higher feed conversion efficiency
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The Past * The Future
> PL price and hatchery costs . »~ A mature industry that

prioritized over biosecurity * anésetzéz harﬁg?i?cirziiens and
and sustainability : biuosecuri:cyf) 5
> Attachment to traditional  * 3 Adoption of new approaches

approach to feedingwith  ~ ¢ hatchery nutrition based
live and natural feeds on biosecure prepared feeds

> Billions of dollars lost due to = » A new era of sustainability
diseases resulting from - and profitability for the
these practices " industry
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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



