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Specific Pathogen Free Concept

DEVELOPMENT AND COMMERCIAL PERFORMANCE OF HIGH HEALTH
SHRIMP USING SPECIFIC PATHOGEN FREE (SPF) BROODSTOCK PENAEUS
VANNAMEI
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The Oceanic Institute
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SUMMARY

Dramatic disease problems have recently plagued world
shrimp farmers. In Taiwan, for example, shrimp production of
95,000 MT in 1987 plummetted to 30,000 MT in 1988 as aresult
of mass mortalities thoughout the industry (Liao 1990). Other
shrimp culture regions are also being severely impacted by
disease. In the Philippines, shrimp farmers are reporting increas-
ing levels of deformed, unmarketable Penaeus monodon. In
Ecuador, runt-deformity syndrome (RDS) is reducing crop val-
uesandis widespread (Lightner, in press). Amajor factor in these
disease problems is infection by shrimp viruses. Recent docu-
mentation in our 1ab of the relationship of IHHN virus and RDS
in cultured Penaeus vannamei (Kalagayan et al. 1992) illustrates
the impact of viral infection on shrimp production.

One approach to reduce these problems is prevention of
infection using stocks that are free of major discase-causing
microbes (pathogens). Suchan approach is practiced in livestock
systems (poultry, swine and cattle) where the concept of Specific
Pathogen Free (SPF) stocks evolved. By using certified SPF
stocks, livestock producers avoid many diseases that can cause
severe economic loss. To succeed, this approach requires rapid
and precise diagnostic tools to identify pathogens and improved
husbandry systems to exclude the pathogens from the stock.

Building on this concept, the U.S. Marine Shrimp Farming
Program initiated a project in 1989 to develop and distribute to
the U.S. industry, SPF P. vannamei. In 1991, over 1300 SPF
broodstock were distributed to industry from which more than
200 million high health nauplii and 75 million high health
postlarvae were produced. These were stocked into commercial
production systems in the three regions of the U.S, where shrimp
culture is practiced. Production data from the farms using these
high health shrimp indicate increased survival, production and
feed conversion efficiency, and more uniform size distribution at
harvest compared to non-high health shrimp. Ineach case, these
improvements in stock performance sesulted in increased crop
value and profitability.

BACKGROUND

Discase is a condition of a living animal that impairs perfor-
mance of a vital function and can be induced by environmental
and nutritional factors or infection by pathogenic microbes
(pathogens) (Gallo 1991), While antibiotics and
chemotherapeutants may be effective treatments for certain patho-
genic microorganisms (such as bacteria, fungus and protozoan
parasites), few compounds are effective in treating virus infec-
tions. Inmost cases, recovery from virus discase depends on the
animal’s natural defense systems. Thus the best defense against
virus disease in animals is prevention. In shrimp, there are no
chemotherapeutants to treat virus disease so prevention of infec-
tion is the only defense against virus disease.

To prevent virus infection, terrestrial animal breeders often
use virus-free stocks and this approach applied 1o pigs was the
origin of the term Specific Pathogen Free (SPF) stock (Abelseth
1962; Twichans and Underdahl 1975).

Runt Deformity Syndrome and IHHN

The need for SPF Penaeus vannamei was mostly motivated
by the increasing incidence of runt-deformity syndrome (RDS)
in commercial culture throughout the Western Hemisphere
(Lighiner in press). RDS is economically significant because it
ischaracterized by reduced growth rate of up 10 30% of a cultured
population as well as many shrimp with cuticle deformities of the
rostrum and anterior appendages. When first described inEcua-
dor, it was attributed o a variety of causes such as maturation
produced seed, excessive antibiotic exposures and poor feed or
environmental quality.

Shrimp nursery trials in Hawaii comparing IHHNV-infected
(basedon histological criteria) and IHHNV-negative P, vannamei
cultured under identical conditions were the first experimental
evidence that IHHN was the major etiological factor in RDS
(Kalagayan et al, 1991). The infected populations had increased
individual size variation, reduced population growth, and high
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Figure 1. Flowchart of shrimp movement to establish SPF stock and
produce high health postlarvae,

grown to broodstock size (described below) and were stocked
into the maturation system in the quarantine. Postlarvae (PL10)
produced from these “tentative” SPF broodstock were subjected
10 histopathology which confirmed the stock’s SPF status.

Numerous subsequent attempts toacquire further samples of
SPF postlarvae from the wild to expand the gene pool of the SPF
stock have been unsuccessful. As reported by Lotz etal, (1991}
and Lightner etal. (1990), IHHN virus is now widespread in wild
stocks of P. vannamei through its range.

QUARANTINE OPERATION AND SPF
BROODSTOCK PRODUCTION

OI-Keahuolu is a remote site on the Big Island with no
shrimp culture activity nearby, The broodstock ponds at Ol-
Keahuolu are enclosed in a fenced-off area and are completely
covered with bird netting to prevent bird predation or contamina-
tion (Fig. 2). Entry into the area is restricted to SPF staff. Upon
entering the area, staff change their shoes and immerse their feet
in a basin of 200 ppm iodine solution (Zepidine) located at the
gate to prevent pathogen intraduction. No equipmentor supplies
that were previously used are allowed on the site and only new
feed, supplies and equipment are used. Every effort to restrict
traffic and exclude any contact with outside shrimp materials are
made.

The earthen ponds were stocked at 2.7/m2 and were man-
aged according to standard Ol broodstock pond procedures
Wyban and Sweeney 1991). Shrimp growth, monitored every
w0 weeks, to broodstock size was excellent. In producing our
seconad crop of SPF broodstock, which were offspring of the
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Figure 2. Plan view of OI-Keahuolu, the SPF shrimp facility onthe Big
Island.

founder population, the SPF shrimp grew from 0.9 gto40gin 18
weeks (Fig. 3).

In August 1990, about 300 broodstock were shipped to OI’s
facility on Oahu and stocked into maturation. Females were
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Figure 3. SPF broodstock growth in earthen pond at OI-Keahuolu,
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;- =23 and standard techniques were applied (Wyban and
I . :zn2y, 1991), Reproductive performance of the SPF broodstock
w23 2xcellent with 10% of the females spawning nighly, produc-
- 2 zhout 76,000 nauplii per spawn and over 0.5 million nauplii/
—=zration tank/sourcing day. These were the most productive
z=-7'ii producing broodstock we had ever used and even ex-
:2=2:d performance of a population that had been selected for
-: 2% reproductive output (Griselditas, Table 2). It is interesting
> ~=ie that individual variation among female broodstock was
=zoh lower in the SPF broodstock than previously abserved
% >znand Sweeney 1991). This may have been due to the SPF
Toodstock being fully outcrossed, wild genotype while the
-re~iously observed high individual variation was obtained with
z roodstock that may have been severely inbred.

Tzhla 2, Aﬁerage nauplii production of shrimp stocks at Ol

. 1785-199D).

Sik Nauplii/Spawn  Mean Hatch
=awaii commercial 26,800 30%
Criszlditas 55,308 47%
SPF-PO 76,176 56%

Following completion of the first larval rearing run, PL5s
were transferred to an outdoor nursery trial. Growth rate and
=:formity were excellent with a narrow size distribution at
z==vest (CV < 30%) (Table 3). Histological examination of the
~=sulting juveniles confirmed that they remained SPF throughthe

Tzble 3, SPF nursery performance in 30-ton tanks at OI (n-6).

Suxcking

Censity Duration Harvest cv Survival
#,m?) @ wi(g) (%) %)
1,196 40 051 28 84

=xire outdoor nursery cycle. At O, nauplii have been reared to
nestlarvae and subjected to histological diagnosis more than 25
zmés since 1990 confirming the stock's SPF status (ICES 1988).
These trials were conducted in the same tanks and using the same
xocedures as our previous studies where RDS was observed in
HHNV-positive shrimp (Kalagayan et al 1991). Thus, SPF P.
rannamei produced from pond-reared, maturation-spawned,
z>ated, SPF broodstock exhibited no signs of RDS further
supporting the proposal that IHHNV is the major ctiological
fxciorin RDS.

InDecember 1990 and January 1991, 1310 broodstock were
shipped to three hatcheries in Hawaii, Texas and South Carolina
with 88% transfer survival (Table 4), Each of these hatcheries
operated their facilities following specific quarantine guidelines
Zzsigned to prevent disease contamination of the stocks and
reoduce high health postlarvae (Wyban and Sweeney 1991).

Table 4. SPF broodstock shipments (1990) from OI-Keahuolu.

Destination Amorient  Harlingen  Waddell
Hawaii Shrimp  Mariculture
Farm Center
Texas South
Carolina

Shipping time

(hours) 6 28 24

Packing temp

*C) 18.5 17 14

Packing density

(#/101 bag) 5 5 5

Number shipped 550 250 230

Alive on

arrival 542 221 229

24 hour

survival (%) o5 82 88

COMMERCIAL GROWOUT PERFOR-
MANCE OF HIGH HEALTH SHRIMP

More than 50 million high health postlarvae were produced
by two commercial hatcheries in 1991. Both hatcheries reported
excellent nauplii production, similar to that at O], from the high
healthbroodstock. These postlarvae were stocked into numerous
commercial ponds in the three shrimp culture regions of the U.S.
Hawaii, Texas and South Carolina. In each case, high health
shrimp were stocked into ponds that had been prepared using
standard pond preparation procedures (Boyd 1992). Ineachcase,
the farms had previously cultured IHHN-positive shrimp and
experienced significant RDS problems. While complete produc-
tion data for these trials cannot be reported, several data sets
illustrate the performance of the high health shrimp in the
previously contaminated commercial systems.

In November 1990, about 10 million nauplii from SPF
broodstock at O were supplied to a Hawaii hatchery and were
reared to postlarvae. These high health postlarvae were direct-
stocked into ten 0.4 ha earthen growout pondson the farm. Atthe
same time, ten ponds were stocked with non-high health shrimp
produced in the same hatchery, Following a 105 day growout,
growth, survival, feed conversion and production of the high
health shrimp was significantly better than the non-high health
shrimp (Table 5).

InJanuary 1991, an intensive commeria! pond was stocked
with high health postlarvae produced in Ol’s hatchery. Compar-
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Table 5. Commercial pond trials comparing high health
postlarvae with non-high health shrimp in 0.4 earthen ponds in
Hawaii (n-10).

Non-
High High
Health Health
Harvest size (g) 99 7
CV (%) * 18 50
Survival (%) 77 S0
Production (kg/ha) 858 395
FCR 1.9 2.6

ing production results of the high health crop to the preceding
crop in the same pond that used non-high health shrimp indicated
a significant improvement in performance (Carpenter, pers.
com.) (Table 6). While survival was similar, harvest weight, size
uniformity, feed conversion, total crop and crop value were all
greater in the high health crop. Subtracting feed casts from crop
value in both trials, the high health crop was more than twice as
profitable as the non-high health crop.

TABLE 6. Commercial round pond comparison of high health

vs non-high health shrimp in Hawaii,
Parameter Crop 1 Crop 2 GAIN
Stock NON- HIGH
HIGH HEALTH

HEALTH
Season Fall Winter
Swmxcking Density 97/m2 90/m2
Dxrration (days) 101 104
Sarvival (%) 86 2 5%
Mean Weight (g) 8.5 118 39%
Y (%) 38 9 76%
FCR 3.37:1 2.1:1 38%
Toxal Crop (kg) 1,424 1,937 36%
Crop Value $12,507 $20,326 63%
Crop less feed costs $7,228 $15852 119%

In the Spring of 1991, a commercial shrimp farm in South
Caxolina stocked five 2 ha earthen ponds with high health
~ostiarvae and 18 ponds with non-high health postlarvae. At
zarvest in October, survival in the high health ponds averaged
~$2% while survival in the non-high health ponds averaged 48%
opidns, pers. comm.). This grower stated that the high health
gromyp significantly outperformed the non-high health shrimp
xoss his farm,

In the summer of 1991 in Texas, two 5 ha carthen growout
ponds were run side-by-side with high health postlarvae in one
pond and non-high health postlarvae in the second. Atharvestthe
size distribution in the two ponds was dramatically different (Fig.
4) Jaenike, pers. com.). Over 88% of the tails produced in the
high health pond were in two size classes while the tails produced
inthe non-high health pond were spread over nine size classes. In
the most spectacular result of the 1991 program, 4 million high
health postlarvae were stocked into a 10.8 ha pond in Texas and
yielded 53,266 kg (4932 kg/ha) of 18.9 g shrimp with 72%
survival,
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Figure 4. Comparison of high health vs non-high health shrimp
t;il s:zfe distribution at harvest from two commercial ponds on
exas farm.

In sum, these commercial trials documented that high health
shrimp derived from the SPF stock dramatically outperformed
non-high health shrimp across all three shrimp-production re-
gions of the U.S. and across four different commercial technolo-
gies (Table 7). These data illustrate that facilities that were
previously contaminated with IHHN realized significant produc-
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Sir—= 5. High health shrimp preduction pyramid. Shrimp only move
ez 52 pyramid towards the market,

—#- 7. Summary of U.S. commercial growout production
= xance of high health vs non-high health shrimp in 1991,

BN SYSTEM VARIABLE HICH HEALTH NON-HIGH
HEALTH
= AL 0.4 ha
earthen  kg/ha/crop 857 395
ponds
TAWAL 0.2 ha kg/ha 9,685 7,120
intensive
pond cropvalue  $20,326  $12,507
:-w pac 2ha
CTAZOLINA  earthen  Survival 75% 483%
ponds
Sha Size Uniform  Spread
T=XAS earthen Distribution 44% 31/35 9 size

ponds Size 44% 36/40 classes

wm rzrs by stocking high health seed. The shrimp produced
#om :-gh health seed on contaminated farms should not be
smesadered candidates for broodstock development. Visualizing
&= myg= hea!th program as a production pyramid (Fig. 5), shrimp
mms move down the pyramid, never back up 0 a higher level.

It is likely that for the time being, the only ccrtain way of
reducing production impacts of shrimp virus disease is throngh
avoidance of the viruses. To avoid shrimp viruses, hatcheries
should use nauplii from certified high health brocdstock from
known suppliers maintained in quarantine maturation facilities
and foilow specific guidelines to avoid discase introduction. The
resulting high health postlarvae stocked into previousty contami-
nated ponds should improve yields, reduce discase risks and
uitimately reduce shrimp production costs.
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