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SUMMARY BACKGROUND 

Dmatic disease problems have recerall y plagued world 
shrirnp farmers. In Taiwan. for ezample, shrimp production of 
95,000 K i n  1987plummette.d ra30,OOO MT in 1888 as a result 
of mass mortalities thoughout the industry (Lho 1990). Other 
shrirnp culture regions are also being severely impacted by 
disease. In the Philippines, shrimp fanners are reporting increas- 
ing levels of deformed. unmarketable Penaeu nwnodon. In 
]Ecuador, runt-deformity syndrome (RDS) is reducing crop val- 
uesand is widespread (Lightner, in press). A major factor in these 
disease pmblems is infection by shriPlag viruses. R a m  docu- 
mentation in our lab of the relationship of WHN v h s  and RDS 
in cultured P e w u s  wmmmei (Kznlagayan eQ all. 1992) illustmtes 
the impact of viral infection on shrimp production. 

One approach to redurn these problems is prevention of 
infection using stocks that are free of major disease-causing 
microbes (pathogens). Such an approach is practiced in livestack 
systems (poultry, swine and cattle) where the wnwptofSpe@ific 
Pathogen Free (SPn stocks evohvd By wing -ed SPF 
stocks, livestock pmduce~s avoid many diseases that a n  cause 
severe economic loss. To succeed, thk approach requires rapid 
md precise diagnostic tools t~ identify pathogens and improved 
husbandry systems to exclude the pathogens from the mck. 

Building on this concept, the U.S. Marhe Shrimp Fming 
Program initiated a project in 1989 tc &velop and distpibute to 
the US. industry, SPF P, vanslosnei. In 1991. over 1300 SPF 
broodstock were distributed to industry from which more than 
200 million high health wp l i i  and 75 milion high health 
postlawas were produced. These were stocked into commercial 
production system in the ttme regions d the U.S. where shrimp 

Disease is a condition of a living animal that impairs perlor- 
mane of a vital function and can be induced by environmental 
and nutritional factors or infection by pathogenic microbes 
(pathogens) (Gallo 198 1). While antibiotics and 
chemolhempeutants may beeffective treatmentsfor W n  patho- 
genic microorganisms (such as bacteria, fungus and protozoan 
parasites). few compounds are effective in treating virus infec- 
tions. In most cases, recovery from virus disease depends on the 
animal's natural defense systems. Thus the best defense against 
virus disease in mimils is prevention In shrimp, there are no 
chemotherapeutants to trea! virus disease so prevention of infec- 
tion is the only defense against v i m  disease. 

To prevent virus infection, terresuial animal breeders often 
use virus-free stocks and this approzch applied to pigs was the 
origin of the tern Specific Pathogen Free (SPF) stock (Ahlseth 
1862; %iehans and Underdahl 1975). 

Runt Deformity Syndrome and M H N  

The need for SPF Penaeus vmnamei was mostly motivated 
by the increasing incidence of runtdeformity syndrome (RDS) 
in commercial culture throunhout the Western Hemisphere 
(Lighhtx in press). WDS is &nornically significant k&se it 
is characterized by reduced growth rate of up to 30% of a cultured 
population as wells many shrimp with cuticledeformitiesof the 
rostrum and anterior appendages. When fist  described in Ecua- 
dor, it was attributed to a variety of causes such as mhuation 
produced seed, excessive antibiotic exposures srnd poor b e d  or 
environmental quality. 

idam is p&9icd. Production data from the farms using these S hrirnp nursery trkds in Hawaii comparing 1 W - i n f ~ t e d  
high health shrimp indicate increased survival, pmducti~n and histologicalcriteria)andIm-negativeR 
feed conversion elfciency, and more uniform size distribution 8t cdPlrrd under identiall conditions wen the fmt 
hmest compand to nm-high health sMmp. In each m. these e ~ d e n c e  that was ihe major etiological facasior in RDS 
improvements in stock performance radted in increased crop (Kalagayan et al. 1991). The infected populations had increased 
v due and profitability. individual size variation, reduced population gr~wth,  and high 

W y b a  J.. editor. 1992 Proceedings of the Special Session on Shrimp Fanning. World Aquaculture Society, Baton Rouge, LA USA. 
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1 Figure I .  Rovshan of shrimp movement to cs~bl ish  SPF s t ~ ~ k  and 
produce high health postlarvae. 

grown to broodstock size (described below) and were st~cked 
into the maturation system in the quarantine. Postlarvae (PLIO) 
produced from these "tentative" SPF broodstock were subjected 
ro histopathology which confirmed the stock's SPF stam. 

Numerous subsequent attempts toacquue further samples of 
SPF postlarvae from the wild to expand the gene poolof the SPF 
stock have been unsuccessful. As reported by Lotz etaL (1991) 
and Lighmw et al. (199Q), IHKN virus is now widespread in wild 
stocks of P. vannamei through its range. 

QUARANTINE OPERATION AND SPF 
BROODSTOCK PRODUCTION 

01-Keahuolu is a remote site on the Big Island with no 
shrimp culture activity nearby. The broodstock ponds at OI- 
Kez!uolu are enclosed in a fenced-off area and ate completely 
covered with bud netting to prevent bird predation or contamina- 
tion (Fig. 2). Entry into the area is restricted to SPF staff. Upon 
enming the area, staff change their shoes and immerse their feet 
LT a basin of 200 ppm iodine solution (ifepicline) located at the 
gae to prevent pathogen introduction. No equipment or supplies 
Pat were previously used are allowed on the site and only new 
fced. supplies and equipment are used. Every effort to restrict 
tzEi and exclude any contact with outside shrimp materials are 
made. 

The earthen ponds were stocked at 2.7im2 and were man- 
aged according to standard 01  broodstock pond procedures 
Wybm and S weeney 199 1). Shrimp growlh, monitored every 
:wo weeks, to broodstock size was excellent. In producing our 
m n d  crop of SPF broodstock, which were offsming of the 

Specific Pathogen Free Concept 
- 

Ol-Keahuolu 
SPF Shrimp Facility 

Figure 2. Plan view of 01-KeahuoIu, the SPF shrimp facilityonthe Big 
Island. 

founder popuktion, the SPF shrimp grew from 0.9 g to 40 g in 18 
weeks (Fig. 3). 

In August 1990, about 300 brmdstock were shipped to 01's 
facility on OaRu and stocked into maturation. Females were 
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Figure 3. SPF broodstock growth in earthen pond at 01-Keahuolu. 
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-I::=: and standard techniques were applied (Wyban and 
___> , I  I - -*..-, ,199 1). Reproductivepcrfomanceof theSPFbroodsmk 

;:s -x:ellent with 10% of thefemdesspawning nigkUy,produc- 
- 1 :'?out 76,000 nauplii per spawn and over 0.5 million naupliil 
- - - .. ,?tion tank/sourcing day. These were the most productive 

c..':u producing broodstock we had ever used and even ex- 
: ~ t ; d  performance of a population that had been selected for 
- ;' rzproductive output (Griseldim. Table 2). It is interesting 
; - :;s that individual variation among female broodstock was 
E,:!I lower in rhe SPF broodstock than previously obsmed 
';i :, La and Sweeney 1991). This may havebeendue to the SPF 
~ d s t o c k  being fully o u t c r o d ,  wild genotype while the 
4=; iausl y observed high individual variation was obtained with 
i t d t o c k  that may have been severely inbred. 

TrYe 2. Average muplii production of shrimp stocks at OI 
, : ;S- 1991). 

Yiaaii commercial 26,800 30% 
.---a 
;A ~ l 3 i t a s  55,308 47% 
S3-K) 76,176 56% 

Following completion af the first larval rearing run, PLSs 
rere tmnsferred to ssn outdoor nursery trial. Growth me and - -amity v were excellent with a narrow size distPibubion as 

(CV a 30%) (Table 3). ZPistologicd examination of the 
-dtingjuvenilescMfirrnedthat they r d n e d  SPFthroughthe 

:& 3. SPF nursery @&mance in 30-mn aanks at 01 (n-6). 

S z k i n g  
X u i t y  M o n  Harvest CV Survival 
' 9 ~ ~ 3  (dl ?Jt 6) (a) a) 

szks outdoor nufiery cycle. At 01, nauplii have been reared to 
m a e  anQ subjected to hisaol~gicd diagnosis mon than 25 
-3es since 1990 c o n f i g  the stock's SPF status (ICES 1988). 
lbese trials were conducted in the same tanks and using the same 
p c e d m s  as our previous studies whue RDS was observed in 
~~W-psitive shrimp (Kahgaym et a1 1991). Thus, SPF P. 
wnnamei produced from jmnd-reared, rnatmtion-spawned, 
&&xi, SPF broodstock exhibited no signs of U S  fmher 
,;oprting the proposal rhat IHHNV is the major etiological 
k ; o r  in RDS. 

In December 1990 and January 199 1,13 10 broodstock were 
r-lpped to three hatcheries in Hawaii, Texas and South Carolina 
l i w f i  88% transfer survival (Table 4). Each of these hatcheries 
cpzrated their facilities following specific quarantine guidelines 
k g n e d  to prevent disease contamination of the stocks and 
rraduce high health p s s w a e  (Wyban and Sweeney 1991). 
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Table 4. SPF broodstock shipmenls (1990) from 01-Keahuolu. 

Destination Amorient Karlingen Waddell 
Hawaii Stuimp Mariculture 

Farm Center 
Texas South 

Carolina 

Shipping time 
(hours) 6 28 24 

Packing temp 
('c) 18.5 17 14 

Packing density 
(#I101 bag) 5 5 5 

Number shipped 550 250 230 

Alive on 
arrival 542 221 229 

24 hour 
survival (%) 95 82 88 

COMMERCUL GROWOUT PEWFOR- 
MANCE OF HIGH HEALTH SHRIMP 

Morn ohan 50 m u o n  high health pstlarvac were ?produced 
by two commercial hatcheries in 199 1. Both hatcheries repmi 
excellent nauplii production, similar to tAat at 01, from the high 
health broodstock. These posPlarvae werestocked into numerous 
commercial ponds in the three s M p  culture regions of theU.S.: 
Hawaii, Texas and South Carolina. In each case, high health 
shrimp were stocked into p n &  thaa had been prepared using 
standard pond preparation prosedures(Boyd 1992). Ineachcase, 
the farms had previously cultured IHHN-positive shrimp and 
experienced significant RDS problems. While complete padluc- 
tion data for these trials cannot be reported. several data sees 
illustrate the performance of the high health shrimp in the 
previously contaminated commercial systems. 

In November 1990, about 10 million nauglii from SPF 
b d t o c k  at 01 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 pndson the fm. At the 
m e  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 ban the non-high heal& 
shrimp (Table 5). 

In January 199 1, an intensive commerial pond was stocked 
with high heal~h posllarvae produced in 01's hatchery. C o m p  
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Table 5.  Commercial pond trials corn rering high health 
c a r ~ l q a e  wirh non-h~gh hwlth shrlrnp in 8.4 earlhen ponds in 
b w a i  (n-10). 

Non- 
High High 

Health Health 

H m e s t  size (g) 9.9 7 
CV (%I * 18 50 
Survival (%) 77 50 
Bduction @@a) 858 395 
FCR 1.9 2.6 

:ng 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. 
c m . )  (Table6). While survival was similar, harvest weight, size 
miformity, feed conversion, total crop and crop value were dl 
grater in the high health crop. Subtracting feed costs from crop 
d u e  in both trials, the high health m p  was more than twice as 
profitable as the non-higb M t h  crop. 

TABLE 6. Comrnerc~ mund pond comparison of high health 
\s non-high health M m p  irn Hawaii. 
- -- - -- - 

m e t e r  - 1  crop2 GAJN 

S m ~ k  NON- WGM 
HIGH I-lE.MTH 

HEALTH 

seasxl Fall VT1naep 

Sxcking Density 
-n (days) 
Srwival(%) 
-Mean Weight (g) 
C v  

T=JCrop(kg) 
Gq Value 
C q  kss feed costs 

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. At harvest the 
size distribution in the two ponds was dramatically different (Fig. 
4) Jaenike, pers. corn.). Over 88% of the tails produced in the 
high healrh pond were in two sizecbasses while the tails produced 
in thenon-high health pond werespread over nine sizeclases. In 
the most specracular result of the 1901 program, 4 million high 
health postlarvae were stocked into a 10.8 ha pond in Texas and 
yielded 53,266 kg (4932 k g h )  of 18.9 g shrimp with 72% 
swival. 

6W0 1Um S119S UIL6 1BNI 9/U 

S U E  CLASS (taildpund) 

In the Spring of 1991, a commercid shrimp fann in South Fig= 4. Comparison of high health vs --high health shrimp 
w k d  five 2 ha ponds with high health tail site distribution at harvest from two comacia1 ponds on 

and 18 ponds with non-high health ~ostlarvae. At farm* 

in 0cmber*-mivat in the high health ponds averaged In sum, thesecommercial erialsQcumented that high health 
5LL while survival in the nan-high health ponds averaged 48% Shrimp derived from the SPF stock dramaidly oulmOrmcd 
Y p h n s ,  pes* comrn.)- lhis wwustssed that high health non-high heal* shrimp aaoss all b w  shrimppdu~oa re- 
*=? signifiun'y ou~e'o*ed & non-high gions of be U.S. s m s s  fourdiIfsrentmmecial tehnolo- his farm. gies (Table 7). These data illustrate that facilities that were 

previously contaminated with IHHN reaIized significantpduc- 



G E.LI'ETICALL)'DnTRSE 
CERTIFIED SPF STOCK 

1 

/ , .~c-us 
BREEDING CENTER 

HIGH H W T H  BROOD / : Y j \  mLz~~::ON 
COMMERClAL 
HATCHERIES 

COMMERClAL 
FARMS 
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-- . Summary of U.S. comercia1 growout production 
p i r i z  of high health vs non-high health shrimp in 1991. 

, zzz?ZS SYS'IEM VARIABLE HIGHHE4LTH NON-HIGH 
HEALTH 

54W.U 0 2  ha &/ha 9,685 7,120 
intensive 

pond cmp value $20.326 $12.507 

sX7 2ha 
L 4 X U T A  &en Survival 75% 48% 

pon& 

5 ha Size Uniform Spread 
=EXAS d e n  Distribution 44% 31/35 9 size 

ponds Size 44% 36/40 classes 

-ps by stocking high health &. The shrimp produced 
M t h  seed on contaminated farms should not be 
candidates for broodstock development. Visualizing 

mg$ Wth program as a production pyramid (Fig. S), shrimp 
r&?.vt &wn the pyramid, never back up to a higher level. 
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It is likely that fur the time being, the only certain way of 
reducing production impacts of shrimp virus disease is through 
avoidance of the viruses. To avoid shrimp viruses, hatcheries 
should use nauplii from certified high health broodstock from 
known suppliers maintained in quarantine maturation facilities 
and follow specific guidelines to avoid disease introduction. The 
resulting high health postlarvae stocked intopreviously contami- 
nated ponds should improve yields, reduce disease risks and 
ultimately reduce shrimp production costs. 

ACKNOWLEDGEMENTS 

The success of this program is a result of collaboration with 
several people. Drs. Don Lightner, James Brock and Jeff Lou 
provided many helpful inputs. Buddy Keala and Robert Kanna 
provided technical support and Mrs. Betty Sonoda provided 
office support. Funding for this project was from CSRS of the 
U.S. Department of Agriculture to the U.S. Marine Shrimp 
Fanning Program Grant No. 91-38808-5851. 

LITERATURE CITED 

Abdseth, M. K. 1962. The application of specific pahogen free 
animals to research and production. Corn. Vet J. 3:48- 
56: 

Bel1,T. a and D. V. Lighmer. 1984. IHHN v h s :  infectivity and 
pathogenecity studies in Penaeid styIiroshand Pemem 
vanruunei. Aquaculture 3EI: 185-194. 

Boyd, C. 1992. Shrimp pond bottom soil and sediment manage- 
ment pages 166-181 in J.Wyban, editor. Pmcedings 
ofthe Special Sessionon ShximpFamnting, WorldAquac- 
ulture Society, Baton Rouge, LA. 

Castille. FL, T.M. Samacha, AL. Lawence, H. He, P. Frelier 
and F. Jaenike. 1992. Variability in growthand s'mival 
of early postlarval Penaeus vmnamei Boone, 1931. 
unpublished manuscript 

G d o ,  R. 199 1. Vims Hunting: AIDS. Cgncer and the Human 
Retrovirus: A Story of Scientific Discovery. Basicbooks. 
New York, N.Y. 352 p. 

Holloway, J.D., C.L. Browdy, I&. Richwon,  C.O. I6ng.A.D. 
Stokes. J.S. Hopkins and P.S. Sandifer. 1990. IMMd 
virus and intensive culture of Penaeur vannomei: ef- 
fects of stocking density and water exchange rate on 
productionand harvest sizcdisuibutions. World Aquac- 
ulture 90 Abseracts p. 73. 



Page 260 

ICES. 1988. Code of practice to reduce the risks of adverse 
effects arising frorn introduction of non-indigenous 
marine species. Proceedings of the 1979 Slatutwy 
Meeting of the international Council for the Explora- 
tion of the Sea (ICES). In Sinderman, C. J. and D. V. 
Lighmer, editors. Disease Diagnosis and Control in 
Marine Aquaculture in the Americas. Elsevier Scien- 
tific Publishing Co., New York, N. Y. 

Kalagayan, H., D. Godin, R. Kanw, G. Hagino, J. Sweeney* I. 
Wyban and J. Brock 1991. IHHN virus as an etiologi- 
cal factor ofmmtdeformity syndrome @DS) in juvenile 
Penueur vansrcuptei cultured in Hawaii. Journal d ?he 
World Aquac Jture Society 22(4):235-2413. 

Liao, I. C. 1990. The world's marine prawn culture induslries: 
today and tomorrow. pages 11-29 in Erano, R. and I. 
Hanya, editors. The Second Asian Fisheries forum. 
Asian Fisheries Society, Manila, Philippines. 

Lighmer, D. V. h press Diseaxs of cultured penacid shrimp. in 
J.P. McVey, editor. CRC Handbook of Mculture: 
Cnrstacea Aquaculture. CRC Press, Boa Raton, Fla 

Lighmer,D.V.,R.R.Wilbiagns,T.a.BeU,R.M.Redman,~andL. 
A Perez. 1990. A collection of case hismries &xu- 
mating she inoduc tion and spread of the virus disease 
iHMN inpaaaeid*p d t m  facilitiesin Northwest- 

, em Mexico. p. xx-xx in 6. J. Sindenolan, dm. 
d n g s  of the Intemtional Symposium on the Effects 
of htrsductian~ ad Transfers of Aquatic Species on 
Rtsourcts and Ecosystems. Special Publiarion of the 
World Aqlfacultupe Society. 

Specific Pathogen Free Concept 

Lotz. J .  M., R. M. Overstrect, D. V. Lightner. and Rim M. 
Redman. 1991. Occurrence of IHHN virus in pcnacid 
shrimp from wild populations of the eastern Pacific 
Ocean. 22nd Annual Meeting of World Aquaculture 
Society (Abstract). 

Pantoja-Morales, 6. and D. V. Lighmer. 1991. Status of the 
presence of IHHN virus in wild penaeid shrimp frorn the 
coast of Somera Mexico. Society for Invertebrate 
Pathology. (Abstract) 

Rosenberry. R. 199 1. World Shrihnp Farming, 1990. Aquacui- 
ture Digest, San Diego, CA. 55 pp. 

S i n d e m ,  C. S. 199Q. Principal diseases of marine fish and 
shellfish. Vol. 2, Second Edition. Academic Press,New 
York 5 16 pp. 

Twiehans, M. J. and N. 8. Underdahl. 1975. Control and 
elimination of swine disease through repopulation with 
specific pathogen-free (SPF) stock. In Diseases d 
Swine, 4tR Ed. Ed. H.W. D w a e  and A. D. Lehen.  
Ames, Iowa, Iowa State U. Pess pp 11 63- 1 179. 


