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Executive Summary

The research objective of the project was to improve all aspects of methodology
related to the production of Penaeus monodon quality seed. This in turn would make
shrimp culture more sustainable and more environmental friendly. Other targets and
objectives include, 1.establishing a core group specializing in this field, 2. build up of
knowledge in the area of shrimp biotechnology, 3. producing M.S. and Ph.D. graduates
including expertise build up of research colleagues, and 4. creating the linkages

between laboratories nationally and internationally.

The project carried out several research topics. All were related to different
aspects and steps of the improved shrimp quality seed stocks. Overlaping with other
on-going research were avoided. The topics could be grouped into 9 categories, i.e.
1. status of shrimp culture development from past to present, 2. nutritional aspects of
juvenile shrimps, 3. use of bacteria as probiotic, 4. use of DNA marker for shrimp racial
study, 5. application of immunology for checking matuation development and viral
disease diagnosis, 6. application of molecular biology for studying neurohormones in
shrimp eye-stalks, 7. effect of different salinities on the physiology of shrimp, 8.
evelopment of the closed recirculating seawater systems, and 9. innovation of shrimp

pond cultures : the review.

The above researches resulted in strengthening a marine biotechnology
research unit in term of producing research papers and knowledge build—up. Twenty
research papers and 13 thesis were produced. Thirteen M.S. graduates and one Ph.D.
graduate were produced. Two of research colleagues gained more expertise and
received higher promotion. Four post-doctoral research associates gained more
expertise. One linkage was built nationally, and two linkages were built internationally.
Transfer of technology were performed by organizing 2 training courses for 160
graduated un-employs. Besides the project was also involved in organizing an

internationai conference which more than 800 people attended.

Keywords : Penaeus monodon, shrimp biotechnology, shrimp cuiture systems.



LN

d W a v o = : 5w
muwziagsiaasinsiinandaguiududuniavaslanaoud we. 2536 Huduan
' ] a  w g a v ' “ v & vl L XA
agn bifidnandatannmadsifiunlifusemathadulddanidl wea. 2538 silfias
{ L ] & ) ¥ oo o [y 24
nntlgmiludaslsahia mgmsoinariidifedonlwindmmaussgdsznaunts

1 A’ L I dl l‘l =] -] ]
TINTILNIELN mqaa:muqmmwmmnuauumavl:u?

L o ﬂ.: J L L o L o ~ lld [} J
Iﬂﬂﬂﬂﬂﬂ’ﬁﬂ’]ﬂﬂﬂ‘lﬂ*guu ﬂ’]?LW'\:EﬂUGQGﬂ']'*iI:YI’ﬂ‘ﬂﬂT:ﬂ]Jﬂ']’]MmL‘iﬁ]tlﬂtﬂdﬂuﬂ]u

agﬁ'uﬁﬁ]ﬁ'wé’nmuﬂ‘s:msﬁa ﬁubfrfo DI warMITaMINITY NI RUMIBINEIY

wmgmsiiuarmsiamsrhfulddenduilfgw  TwysefimandaiudioludulBanuil

e A P

il wsfulullgminddgfegunmaasgnds Wuififiaunwarsiiquaudfdae

o q 1 q

& W

lilia wigvlad  Shsdumulmgusniuviuifiindeanneuliduiuiinon
(domestication) urzfnIfawuy

[ 1A dl b a 1 =l = AJ el e
NamimnwaLL:uwuﬁmumnmmhﬁwuuwmq Iimsdndgehirduasaienn

a A’ L W 1 1 el QL b I3 b o AI Qs 1 1
E}Nﬁ\ﬁﬂﬂm‘, 25 LLﬂ:L?IE]vL‘Jiﬂ'GI\'IﬂﬂTJmSJ"I'iﬂﬂﬂﬂﬂﬂﬂ1ﬂﬂﬂﬂﬂwuﬂﬂ lAutladaiesda

al

r=) J kg o
nINIINITA uaqﬂuﬁfaﬁ;uu

9 [ ) W ow =2 o = <2 Py =l s
ﬂ?ﬂtﬁ@!ﬂﬂﬂﬁﬂ A1 ﬂﬂﬂ?iﬂﬁl:&lﬂqﬁ'ﬁﬂﬂq'}'ﬂUluﬁElﬂﬂ'ﬁll'ﬂjﬂ?;dﬂizll')uﬂ'ﬁ

& oAa

a o o el & X d . o g v oA
Namwuqqmuqmmwhﬂnnsﬂs:qnﬂﬁtﬂﬂTuIaﬂm1nww mitiarhldmamizifoaded
ANt uuas uliasAuEIIasaY msﬂ%’uﬂ;ans:mumwﬁm‘]’anmn:ﬂsauﬂqnnﬁ
FuuazAaun luranuita e n’rsﬁ'@ﬁun&juﬂmmiﬁuﬁ (Broodstocks) ﬁﬁmsé’ﬂﬁunf
o - o An e o o wel ¥ oda .
ﬂﬁﬂ‘iﬂﬂ;ﬂhﬁﬂﬂﬂﬁﬂﬂﬁ myUTulprzvuildiassiudeliiigunimih ddmaizauun
misganduredts  nRndantealagiflngluledn  mmhieitmimdudululu
e Weldlunieresnwnaaigriutuazmaiiedoliags vy
navaamTidsluidadna g asnandudualinalunidauluGasnseinduiae

o

e & , ot A o o ) ¢ » oA
ﬂuaﬂl-,}mnﬂuﬂu‘lE]llQLI@tﬂ’]iﬂ&lﬂ'ﬂuL"ﬁﬂ'l’ﬁ’lmumW’l:Yl'N ﬂﬁ’ldﬂﬂﬂﬂ'ﬁ’]&lgtLﬁ:LﬂﬂI%Iﬂ 0N

= A g 2 €

WNgnumsndaRuiiiniinanw shasdulesunmsoiszanusrnaliunamansduss

% 9 q

uMdpdszdmiaedifnms lesflanudeulosnuindfiafinu  GraulSaugilnuazion)

s Qs

wazaFauEaulaatunndmnisssmiisnundmeluuazmesenydszing

FEN1TANIBWINH

TwFssmalalsuimdwisanugzainiuniisouw lassmsy  ladufinmssan

o Xoeoe¥ o o A4 X .
nwupuazisainlnmnzimdaiihwdslniunundamdsgnionau  midasieaiasls
zRavdenhmaslniilaZudwdadonunmey we. 2539 usnanidalainmanedou
mifirfaasgnisidmsmsanuszainlunsidsmelueims evfivsw Kesdiiinnisa-
ﬁmﬂmaqa UanNans s:uumguﬁuuﬁ’u.t.uuﬁﬂ MINTINTNWIULL - data-logging



sowlfiRndsnsuiumihelfiamanaluladfanwnimas Saflumiedfianns
huwivgwiiupimnmuannalulaiinmuremntuazanam ol ingds

madiiuna3dn A Faomfiainnivg Sananouds 1w Asniddvinmmand
nnziey i, whiudasas 8, ussdaalfiEnyinenduyn  aninmaaas
unTIngdpeiuaiunsilow

Tassmyy ladufiumsisoaseunaulunansinda f’fm'?wumﬁmﬂ’mﬁ’uudgwme]
°1Jaonwﬂ%’uﬂ‘gan‘s:muﬂﬁuamﬁuﬁ:ﬁ’qﬁﬂqmmw Tasamsy ldwenenasidiumsluide
199 nfisuu LLa:‘nﬁnLﬁmﬂmu‘fiy'vﬁ'auﬁumuﬁiﬂﬁﬁﬁLﬁumiag;uﬁ"a wia ladiiunng
Toudh Iﬂunwsaﬂfnm‘guﬂjamuﬁﬁuﬁm Tusztznan 4 Dddmanlasimsy 1ddudiums

WuntauaguvinTedsy 9 Usufiunan  Msmuelfgateaiudonand  (Penaeus monodon)

s

aIn

—

== A’ @ =l Ger
. @namuznmesamawnassiivluedefisileniu
Tn‘ﬁmmwm@nﬁ’a
mstfuuafSodulwsluladin

M3l DNA marker tRalszlapilunmssuunanoiug 13
9

mydszgndimgduyu aarareunaiadywuiueds uaznitiady

o & LM

IiﬂfjaﬁLﬁﬂmn‘lﬁﬁ

6. m‘n_li:qn@ﬂ’EmﬂﬁﬂmoaHﬁuqma@nﬁﬁaﬁﬂm neurchormones Wi
A

7. WRUBIAMUIANTEAUA 9 dediTinguedf

8. m‘:ﬁ'mmi:uumguﬁﬂulfwLtuuﬂmﬁaﬁrm?\iauﬂﬁuﬁfﬁ'a Way

L3

ar J L L
9. ‘LL'Jﬂﬂ‘ﬁ&l"ﬂElGTﬁUUﬂ’ITL&UGT]GﬂZLR s unanuined

HANITANLIRRITH

1. msﬁnmammmwwaam‘umztﬁmri'a‘luaﬁmﬁaﬂaqﬁ'u
[P} J (" ta’ =1 =
lassmyy  ld@nmsomusniwsaimawizissfa i ludsamalnsanafaouds
e n‘.: .:I’ d.' | 2 A‘ .di - 3 1 J 9 =
Jaaiw mathialdudaysiugu LLa:Lwmm‘mﬁ@'nmnww:mmqamm’[uﬂizmﬂiwuu
o s [} ) J O :’ A = r—u 7 A'-"lJ
unumddgadielsdanamndmdaiihludznalnglassiy - Smansfinslidayad
L 1 J 1 Al L a & o = [ » =t
Al mmwziRsiina T@mmww:amwoqoqmmuuﬂsmnmmmLimﬂuamm i
= .:: J 1 - d‘ Qs A’ Qs z‘:‘ = ] n‘: J
wanAaLRNdReEE  Wasuiisudunmsimnzisidaiiisfiadug nefwazinig
Wiannaluladfinumivainldlunsnda (Menasveta, 1997)
' =l & "N & w o0 & - o VA
atingl3na faniinawnziasaimaeasleauanaudialuGamanie  udil
o o ' & 2 & ey - - ‘
Tgmuassnoufionuan 1o mnm:mmqqﬁmmﬂauumama'l.u wazIHanITNUINn
- 1 la. k2 = i A’ L @ ] [} ‘.: g
tosua lnnrasFanadauinyIriomuds mnwn:mmqﬂ@lqnﬂmamuauawmnnqu



-3 oy L | 7] 9 A ﬂ:n 1 = W o r -J :
asdmiBariuiudumaddngiamothmeoa Tasanmisy FelavinsdnwniZaat lan
) LY 1] ﬂll Ot LN s J T L -]
mahdayadw g Weaiunalfihmoes uszmaiammsiassfmaaluefaiisfagiun

a ¢ - v e, g ™ A J M o
Uszanauaziiamed wamsdnwlansddadn  nawazfssaluainoamedsldldidu
mmﬂqLﬁmﬁﬁﬂﬁﬁﬁmuﬂwmmauﬂ@m Tudre aa 1961 D3 1993 ThT1HLAWIIWIW

[ ]

L ") a '3 A’ A’ ) 1 :i' = -y
203,606 ha ‘1ﬂgnmmuao 'lummuun’mm:mmqmmuﬂs:mm 32% &Iwiilnaaiie
PNRALEURG LTU NIaeaWR UL msiuinia nImilaus MIsT DU
o ' ' ' :il 5 & v a &
N9 WRIMTTENEUaIILa aaulwmmaaﬂ1ﬁ1ULaungnnﬂaﬂuTﬂmnﬁsLWﬂ:LaﬂqqaLnﬂmu
[ ] ol ¢'$ .=I’ A’ [ 1 as 1 ua.dnr . 24 J dl
Tusnaudl a.a. 1987 mmwmm‘nm:mmqa’lmmmnma'l'ﬁ'mwumu FaImsNun
o e a o | & ¥« v v &
nivlngdanza  wszendusTINTId 1w Msuasvasiuilunan muuﬂ’l’mmauﬁogn
L o | Bl A ﬁr .~ h [ A’ d’ L Sl o -
@anlt w9t 1987 "Lﬂuwmnﬁwmmimmqqﬁ”lmaomimaﬂmnun Tafin1minenid
& 9 o . . v & [ ' @ A Adda a
NILREINIUUULTY  (intensive) Valb NIILALITNAINATINBINTAUNNUIZAY  (land
. ] L 1 @ :: o T J d‘ 0 1 = 1
elevation) gIndruTrashmeiau daudslddasnsRuilnusmtmoandnda
o s ¥ = 1 ny.d o =) 2/ = [ L]
agTMIMasthmolaudiaasdadaunnaindtl a.a. 1987  Juduan  Jaiuldinnng
P .=l’ k7 e A’ md.dl = L7 = ' -3 L =4
weumn'mamqﬂm:u:mmﬂ‘s:mﬂ‘l‘ns;"lﬁ‘l'mﬁnmm:ﬁmum FssianugItuuae

Juliaraefunadanunnitluada (Menasveta, 1997)

2. Tnzwainszasgnio

wdfuuazaaiasinasaainagiunduaidlaffianuddydemaaigidolauas
as L o oA At w T 9 -1~ I P R
danvoaadfs lannddGasiiiiaguemddalinmuidleniaassiiadliUjauwus
. . s ] s 1 Y- ' = = n: J t
(interaction) Nuw3alyl usrszabd1sg vasdllaudazriinazinalumafuiunianasiatne
Ldomaetgudulauszdansan laswnsy lédvimmesasiudanaédnindan 3 szo:
NAIABD zoea, mysis, War postlarvae laplfiadfiu 4 szdu fafi 0, 0.5, 1.0 uas 1.5% Va3

L b = d

217 UAZTZAUABLARLNGTERN 3 2R Aaf 0, 0.5, LAz 1.0% PAIDIMIT WANTINARBINL
Tadfiuuazeaiamnataa iU jduiusdenuluynzduuaznnizozrssfs  Wavaaadiv
Turnnazezlidenwiudaindunaismnasea  udfienaslldhamsfmasivseuass
Jindfiuuaznalasnaresludaaiu 1.0%  nwietisdsumaaigifivlauazoas
186 (Paibulkichakul et al., 1998)

luGasdandmnwinlifudandinu lasnmsy Tiagusasdiunmfnmaan
' ' A a P i o A X4 v oa
furzninlisfudendnmiiminzeniigaluemafonmdioiu nalliferdaliians

o ar | = \ a 4 A 2 o w
Urzndaluminanizgamsfiiluundsnaslls@uiifinauwaasluamisis  iline

¥

& v o o | ’ Yo oA w“
sutnauszM A iinadwimaersgmanifidinirluadia  mmasadlddufiumivgs

Fuiu Tagutsmmenasaanidu 3 aau  aewfl 1 Weeneiszdulysdufimanzaudla
WEIMAIT 4 330 keali100 g maudl 2 dwsszdulusAuanaaud 1 sudwnmsiudsiu
seovlutiudaanilulaesafingsnunfl 7 330 keali100 g @aufi 3 uedamsmwludu
damilulaasafimnzauimmmanasluseud 2 yuilwussiopulasudsiulystivua:



WAIU Namw@maawud'\mmﬁﬁm"umsﬁszﬁu{ﬂsﬁu 35% wé’amua;li'lwﬁ’n 223 —
459 kcal/100 g oaTd@wlTAudansINUAMINTaN (P/E ratio) o 150 g/kcal (Chuntapa
et al., 1998)

[ o
3. nslzuuaniZuilulnslulada
s S & 4 = P o v o W v o
lasimsy  AdagUssdidafinmnsvesuafiFerianuonidnndldasaiean
1 ] b *> a s * [ | J = = lﬁl.
unaaeine g uaslanasavlwiasufifnsusrihdngntlumadulnsluladin WHenanaims
%« 4 @ J @ 3 ] L= - ot A3 L2 W
foudlfifasfeidinadannaigdula  danseauazmidumulialdundaoifisgls
mydnfiumsudadu 2 gusoun  duwinléun nuwsnuuaiiGesiiadyg andldfen
1 J @ oA Y 2 ™ & A’ A ¥ sl A
vaiRsauaznze  AMmsnagauifinanuintlulafnniadutasenesauvia lailas3sd
, & . . = - w & oA . el o ad
AW (well diffusion assay) WRNITANKIWUINGY 1 B1UWUD Aig Bacillus S11 NURKANES
= ™ o n: - s rA‘ (Y W o o 5 d'
ldnmafusnsuuefiFomewuiildldfBanauing  ud@bhadinmesslutud
gaeiUfInadiTeiu  Hammeaadwud Bacillus S11  Suarlithlimsddgdvlauas
as ad o L ) i el o . . L ] o e g e
dammssaadauuszlidasnsswmulsauuefifoann Vibrio harveyi ldagnafiibddn
Y380i& (Rengpipat et al., 1998)
, . i LR Y & o ,

AINAY Lactobacillus strain (WW3ad LP) @sldannmsusnigemnandrldlaaslu
pmsiaaiulnslule@nfildnandoiy Bacilus $11 namfie muaiyidula uazdan
soauaagnInad dganinTanivgu (Control) adnfupfdnmisadid (Phianphak et
al., 1999)

=]

o . P a ° o o [ o by 2
M3t Bacillus S11 LﬂuTwﬂuIaﬂn'l.ummimmmamgnqaqa’mnﬂaauﬁimam

'S

B Qe 1

[l =l o e 1 2 . " | o L)
WIS MTNARaININE lALT Artemia naupli Wuamsémsugnnyivdan lasf

q
L 7

Arternia Tz inInyeein Bacillus S11 1@ I lunadnemas \agniafin Artemia i
1650 Bacillus S11 A lddng Namimaaawmﬁ@msamaﬁgjnﬁqﬁ'néauﬁ'lﬁ%'u
YT Y ' ' g aa .
Bacillus S11 TGIU'Jﬁuflam’rsaﬂtzam’l‘qmﬂ’mﬂuamaﬁuﬂﬁ’mmvmmnﬂ (Rengpipat et al.,
1998)
. = - oo Y oA e S v M @ PR a - a
agelafia nadsuuaiiGeadwihilfidsislansflidanuiniugasiniluladn
A A A va - a & [V _ = a 4 = [V

wuafiGofldd 4 ofie  swslewsniduanswuiues Bacilus Snrianiadumoriuivas

Vibrio b aT‘m’lutﬁ"ﬁ

4. N151% DNA marker LA aﬂizTuﬁu“‘lum'ii']tmnﬁmﬁ'%ﬁﬁ’o

A’ ¥ Qo H [ *) L o
Tasaniyy uﬁmqﬂi:mﬁ'luauﬁ'ﬂ:ﬁnmmﬂu‘na’m‘nmquwuljﬂﬁwaoqaqaw\’t
Tuduiing Tavldinafia RAPD-PCR  duaauuasnsdiifinauilssnaudasnisifiuan

aﬂwor}’emnﬁﬁm’f@] Asae W, 809, A3, TUWT, UAZATIA LEIYINNSEAA DNA 970

1 ]
woal ol

Y1380 Imuﬁqan'[ﬁ’mn W37, 798 UAZATI Lﬂummﬂu@mummﬁ'ﬂuﬁammé’umﬁ'u

]



ahurjomnguwma:mmmﬂm}'a@‘ammmzh'fl.'nu HRMTANMINNITIATIE 3 primers
wudwrj’qmnd"n‘lnﬂLﬂuﬂuazmuﬁ’uﬁ:ﬁ’mj’omnﬁaﬂ:mé’umﬁu mwj'eludﬂ'lmmm"lﬁtﬂu
RBYENUWHE fla aTa uszTuWs (Wudthijinda et al., 1999)

5. mslszandlginsrdaynlunisifednlsabiauasnis@nsinisaigiug ln
AINAIA

uaudunfinia Immunoglobulin Hulisdiuluszuunfduiuuasdaiinszanduna
o R o [V a d w . - A o A =
mmiviwielfdaduialandseniidinginme lasueudvedliguan@fiezduiuasi
Ll ] ¥ e b 23 " (] a L k3 J §
nihifiansaiouendued  adwdwnnanza Jewnmadugndliquaui@daiioie
m7itadnlindnag ldududr ferabge  uszsusoliunRswnafiemsitedslugy
wudneeg  inlimsiiedarh ldhsuasiralumsunads dalduSouiismayindszms
A 2B 1 = =l =3 A
wikldun  uaufuefisusonfaldluzy monoclonal antibody (MAb) Banmniwuas

Y d-;d u' =) [} o ﬂl' L] (-3

wanGuafRlanuFINEND FUTITaNES Lo IuSams lisnalume A tiuwaannine lidn
Hudaalduaudianunszduandsy

FvTuuwmamaplunmnds Mab Naldlumsifieaslsaliafinaliiialse
s - | s o [ 8 \4 -3 &= o o s x| 4
dWanlsanazdauaszarnlufmaduueslfuandveddnivianitanaseulasld
Sandwich Dot-Blot Method lapfiaaainuanfivafsoenlmniagInis mlvnisame

v o a g v oa o Y ' A " & = '

souhimniressiiarldwiaunuludadnaudion uszinameluammai uaziienuuin
U] A _ ) 1 o A’ = ] £ s s LT |
fge FauaufvafisuwdahiafiuenaneiivsloniluwimvAtedoudafadiyselomilu
1 = Qe L3 o e = A‘ AJ [ o o L L 7
wimsfinsgUanisoafueslsa Uiitonndade Saaduuwimeddglunsilosiulnli
fuszRnBnwealy (Sithigorngul et al., 1999)

oA

ms‘ﬂi:qnﬂ"l’fmﬂﬁﬂman“ﬁé’unmwamiﬁnmmnﬁtyﬁufmaafj'oqmﬁwLwﬂtﬁmfu
loate MAb Fumzdelinafumiiudendnds Helduandvefnsnilunsarataszdu
Tnalawdulmalufuivesimmdn  Wmumadamamanaigesisldladlaofilisnuiu
ﬁawjmuﬁﬁ’otﬁianﬁﬁnm (Longyant et al., 1999 and Longyant et al., 1999) \falfd sy
mivawiSaresaunsvnuuasssiluniiisdastuwanmmseasitli  ldun  gonad
inhibiting hormone (GIH assay) &miulasamifiszdiiudaluleun n3as MAb da GIH
Lﬁﬂlﬂ%ﬂﬁﬁﬂﬁ’u‘%qﬂf GIH Wafinmlanadi ussfinmuwimimisvnuvaszesluu
WadFuilismsdnimaeiguesists  iRelinslfuiiugiaiiulyeiafiszinsnmw

5 9

[ Y ' L) & o T & v
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6. msﬂ'szqnm“f.ffmﬂﬁﬂmam&ﬁuﬁ.mamﬁﬁaﬁnm Neurchormone lufiwands

Neurchormone 3 ik ﬂ'mﬁ'mmmaarj’a'l.ﬁu.ﬁ crustacean hyperglycemic hormone
(CHH), molt inhibiting hormene (MIH), W&z gonad inhibiting hormone (GIH) Haudagy
fuszyunImugamadgdule misenanuuazmnaiyiutrests  Ssmsdnmniud
muqum‘mﬁcaaﬂuuLﬂdﬂda:Lﬂunuwﬂaﬁﬁ’]'lﬂzjnmﬁuﬂs:'ﬁn“ﬁmwmaqmnwmguaﬁ’a
nale Tuanudsusilavinnsmsuns 3 wieannianaa 2 siie  fanenandn (P. monodon)
uszranaIae (P. semisalcatus) M8inARA RT-PCR uaz conventional PCR lagld mRNA
ﬁaﬁ'ﬂﬁnnu‘%l.'amﬁmmmmrj'ma: genomic DNA ifluduuuy Tassl primers flasnuuuan
nnérduiinnalalnduasiufindaseilawh 3 slenniniaciigg Alirenudide
MIH 310 P. vannamei Rz P. japonicus; CHH 310 P. japonicus; WR: GIH 290 Homarus
americanus WAN1IYI1 RT-PCR 91N mRNA ﬁﬂﬁ’ﬂmnﬁmmmaaﬁa P. monodon &z
P. semisalcatus WuHanaaTlda N primer §n¥UES MIH (MIH 1+11) W% P. monodon
fuwiaszanos 400 bp arhmimdeufiaedlolnduanSouifioudy MIH  Afisnpem
tnngiwadldlitanulndifsstulusduiaedlolndg Wavih POR Tasfl genomicDNA
dlueuiuy  template wunfnanaefiflvmauandetiurals P, monodon usz P,
semisalcatus \ammardaldusdnliimmdduiianaleindusssufiouiy
gaslunfiiinonunuinaninan P. semisalcatus Wseuiinedleindilndifisaty MiH
w P. vannamei (@anuwmilanuaisrauiiiedlolng %) mnﬂfa'mfﬁ"lﬁﬁnnﬂ’ﬁﬁnmﬁ
ol wmsduwmussdnmnanwoemalasieovasiune 3 shaetwauyIalda
W (Puanglarp et al., 1999)

7. HAYDIAMMIANSZAVA 9 AFITINLIWDIN
rj’aqmﬁﬂLﬂuﬁﬂfﬁﬂﬁmmsnmﬁ’uag“lmf'lﬁﬁmnmﬁulwﬂuni‘w (earyhaline) @3
Bussnsinsanmnuauasenudaluizdudeg dadivingruasiy v Endwazasanu
LﬁuLLa:‘s:é’uTﬂ‘s?meian‘rsa’:’mﬂﬁwé’amu'luﬁoqa'\ﬁ'\ navaInsisuulssrainnafude
msﬂ%’uawqa"laaau URZHETBIENTEMNILITRA 15w betaine firasfidaniuaanso
Tumssuanudutumelusalussduanudufisindidng (smoregulation)
Tuisasusnlddnmnsvasnnuduuarszduraslusfuluamisdanistaasndau
POINNAGN Penaeus monodon luszaziviu ohwiin 0.6 - 0.7 N3 ANUE 4.0 = 5.5
wudies) lasldamsdidagdeiioda sanuuunimaasauuy factorial design fifiau
Wi 3 7261 (10, 20 uaz 30 ppt) wazlusliu 3 Sz6y (25, 35, uaL 45% ) INTANINANDS
¥ 3 n fauntimesssihmalfusmwiibilesdutunizresmmeasaiinnm 1 1eu
ramanasasnud  enudnlifiljiuiusiusdureldsfiudomdassinasnuaiiy
nanei WaRasannzHaYaIn LAWY ﬁnadawé’amuﬁgmL%ﬂ'lﬂ'lugﬂwmmm



wansnaasaliideny (p<0.05) lasfinnamdx 10 ppt ﬁwﬁcmuﬁgtytﬁu"lﬂ'lugﬂmaomm
qaqﬂLLazamomuﬂmmﬁuﬁLﬂ'uﬁu weiliifinasadnTTen warwenmLilae Wit
THumaavla wasemildlummels wé’amuﬁgtytﬁﬁ‘lﬂhﬁﬂmmuaaﬂmﬁu WBTWRINY
ﬁg«rgtﬁuiﬂlugﬂmaaq%'m guszaupaslisdwiunudt  Suadendimililunmndula
atnafiddn (p<0.05) lauflszdulyséiv 45% ﬁmwé’amuﬁlﬂumnaﬂ@gaqmamﬂ
aeenuszeuraallsin  waneuzesllsdnliiinadandrnunnmnislng  wdsouiildle
mmala wé’amuﬁgmLﬁu‘lﬂlugﬂmaouaﬂun‘in wé‘amuﬁqmtﬁﬂ"lﬂ'lugﬂmaaqami:ua:
wé’amuﬁgryl,ﬁu"lﬂlugﬁmaamm PNNAM MARIFNNTNO TN TIARTIWRIN BN
IR NUAN (20 ppt) UazsEavUvadlUTiu (35%) ﬁmm:ﬁm\'amngﬁaﬁaqmﬁﬂm:ﬂ:i’u
‘g'u'l.é'fﬁaﬁ THlunadvle 15.39% nmgle 14.88% gaudeolulugUvasuanlainiin 0.98%
sieluluglvosgeane 56.42% goudnlluzivesnnuy 0.65% uazgaela/lutuaou
wpsm13lan 11.68% iidmiuanufuiiste (30 ppt) wIoaaay (10 ppt) WaLTzeU
ls@uluawsaadn  sxlimagmidowdismlllugivesuanladls mamslauazganns:
it mlwndendssudmiumsdivlasans @Awani (IANNE, 2541)

'lm‘%l'mﬁﬁaavlﬁ'ﬁﬂmﬁn%wmaaﬂ’amtﬁmm:mw‘f@ﬁmm@iam‘sﬂ%’uquavl,aaau'l,u
MNA6N Penaeus monodon Tafutorrsdu fnnudin 4 526 (5, 17, 30 usx 42 ppt)
wamsmnmme‘lﬁ’l.ﬁm'wri’aqmw‘hﬁﬂﬂumuﬁinTunwsﬂfuﬁuﬂaiaaau1ﬁaﬂﬂaﬁﬂixﬁﬂ%
mw lmfen, WuasiBoy uszuasidouloasudiye isoionic crossover 7l 19.84, 23.45 uaz
22.18 ppt laailanwaue hyperionic regulation ﬁiﬂ?’lmﬁuﬁﬂn’i’lgﬂ isoionic crossover Wasl
AN hypoionic regulation ﬁﬂ']'lmﬁa\lgaﬂ‘iﬁqﬂ isoionic crossover wunfudaylaaaud
AN hypoionic regulation )nAMaLAX nwsé’mmqﬁ’ﬂaj‘lﬁﬁwaﬁﬂﬂaaauﬁa‘é"'ﬂﬁﬂluﬁdﬁa
fimsufouutlas Lf]aLﬂ%'ﬂmﬁuuﬁ’una:umuqu n3thensan 17 ppt 14 5 ppt uazan
30 ppt 11l 42 ppt rj’oﬂnﬁua:rj’oﬁgné’\'ﬂﬁmmmmmﬂ%'uﬁ'ﬂaaau'lu@'f'ﬂﬁmﬁvl,ﬁ e
ﬂdﬂ':"L@T’i'iﬁ"mm"laiﬁaaﬂuuﬁLﬁﬂ’aﬁaaﬁ'ﬂﬂﬁﬂ"s’ﬂauqa'laaau (31775704 WANT, 2541)

Fosfimuidumidnunnaadiinu (betaine) donadnyifulauszdansaanaas
qmﬁﬂﬁtgmﬁwmmsﬁLmsiﬂﬂ'sﬁumnﬁ'nga ﬁmmﬂumsﬁﬁqmauu"ﬁ'lumimuqu
uvssaladsluidifialunza lummesssnfiiimantiindmwezsislunsyudanes
rj’qqm@‘iﬁm;uﬁLérua'l,uﬂmwsa':’mlﬁuﬁtmr]dnﬁuua:d\ua"‘m‘tﬁﬁaqa’]ﬁﬂﬁmmamnm*ﬁﬁ
mnﬁ‘](u'[@lul"ﬁmmsﬁ'lﬁ'fj’aqaw‘h Tunsnasasiiezfimmaunuunsslusivandailu
awm‘stﬁmrj’oqme‘h Wathn) drsunsslisivaniis  (mndanins) mmﬂaaﬂ'ﬁ'rj'o
na ety 45 u ymadeslutanasas 25 srdatio wim 15 dlandk emrsfildlu
mMinaaadasiisunausImMnaIming 40% nsjuﬂ'mqms"l.aiﬁnﬁl.a‘%uﬁmu LLa:'lunaju
nasasazimusiuiinu 1.5%  lefinmnavesdiinu (betaine) aamaadgiivlaus:
é’@mmﬁamaorjaqm@i']ﬁ'mﬁwﬂﬂadﬁ 2 SEAUAMNAN Aamnulin 8 &nluWn uss 25
fmlunu



] ]
) g

Lﬁaﬁuqmmsmaao ﬁ'aqm@‘i"n‘*'iL‘éruoé’anmmiﬁﬁmunﬁnmaomnmmﬁaa 40% u
nq‘umuquﬁ"l.ajﬁnmﬁuﬁmu Lm:'luna;umaaaﬁﬁnﬂstﬁuﬁmu 15% Raavmaady
dulauazdasimiseagediinamd luflenuuandranesiid (P>0.05) YHRBITERUAMY
dufivnminaaad Lwiwm"nﬁ"aqmﬁﬁﬁtgm'lm:ﬁmﬂuLﬁu 25 d@uluny fimsiasadule
mezé’mﬂmﬁaﬂgamﬁﬁaqm@‘hﬁL‘s’qrm'l,m:ﬁUﬂ'nmﬁm 8 fulunn ﬁga'luﬂs‘iumamu.a:
NHUAILAN (WNT TI87 1 Uazhmiz, 2542)
8. m‘iﬁmmizuuﬂquﬁﬂuﬁqunu’i‘]mﬁa‘lﬂunﬁtﬁmﬁau&iﬁuﬁ:f}'\i

qmmw'lf’ltﬂuﬂ%%’aﬁﬁﬂﬁmuﬁm%'unﬁtguawaLLﬂﬁ’uﬁaqmﬁﬂ mfiasvinlWwous
ﬁuﬁfj’dﬁm'm‘%ngﬁuﬂﬁﬁmfuqmmwﬁwluﬂaa:ﬁaqﬁqmmw'lnélﬁuoﬁuw‘fﬂummﬁn
(oceanic water) msﬁa:ﬂ?uqmmwmfﬂﬁ“lﬁqmmwé’andﬂ%:@'fmag:n'm‘lﬁ*smum'sﬁ'ﬂms
e IﬂﬂfﬁMLi’]a:l'n'l"ﬁ’izuumguﬁﬂuﬁ’luuu‘ﬂﬂ (closed recirculating seawater systems)
oﬂuﬁiﬂﬁtﬁﬁaﬁaaﬁuﬁaﬁai{ﬁag‘jﬁmm’%ao

GoausnillwmaSeufsusnsssuuudinmsosiuy ndnde Tuleady  ussd
nsaa'lv’fmi"\'lm:uuwuﬁslmf"sLmu‘iJﬂT.ﬂﬂ‘l’&'rj'aqmc-‘hLmzﬂa’m‘s:wqwmﬂuﬁ'@ﬁmaao 3
naRadudszaTIlEie 3 1dau Tﬂmzuuﬂamaaaﬂ‘sznauﬁquﬂatgmﬁwﬁmﬂauﬂ?ﬂgﬂ
n3naafififunas 38 au.a. (FurERaNa1 7 ey AnuBnuai 1 waT) usstisthiie
ﬁﬂﬁaﬂﬂaun%mgﬂﬁmﬁ'ﬁuﬁuﬁﬂ (2 x 4.6 LUAY) “fmé’@mmwguﬁmuf:ﬂm:uumsmaaa
Wiy 4 atadatu

o

x . . . v - o ¥
lunmasandyetinatdr  wudissuudansasdinwranuulolaasuussldin

i1
24

b4 P I w4 & - v
MANInALANgUAWINAE wanludiosy, lulasd Lm:'lmmn'lﬂag'lummmﬂnm usiLitas
& & P o o w - ' P
mﬂlum‘mﬂaaqmaumn‘mmwmmqaqmmuﬂ‘%mmnaumnm"lummmtﬂ‘%wmuuﬂ‘s:
%ﬂ‘ﬁmm:ﬂd'm:uumguﬁuuﬂl’)uuu%ﬁﬁ@'hnsaa%amwd’mﬁ'ﬂé’ é’mwmwmﬁ’qqmﬁ'\
FAUYINAY 6.25% War 7.03% uwazlsasmindulaminny 0.056 niurw 'lwqﬂmm@ﬂaa
wuvlulaaduuazuuyldianuddn (Kitimasak et al., 1999)
) l: ] L) . [ *)
FIUNINaasdReslanswiany  wudissuuaanisasiinwuuulilaesuaiunTo
s A - & v & a P
mufuAIWINAa wanlutfiosiw, ulasyt ua:‘lum‘mlmaghmm‘nﬂnﬂ Twamefiszuy
G‘f'm'saﬁan'\wuuu'l.ﬁﬁﬂmmmmu'qugmmwmﬁa nanluifiosin Ll,a:"lum'sﬂ'[ﬁ'ayjlu
inusiUndud limunmugunnlulaniliedhunusiindld  damiaaasanswe
PMAEUNINY 58.42% WAz 57.00% uazdanmadulawvinty 1.273 niuuus: 1.228
niuriu lugantmesssuuvlulaaduuszuuuldihauay (Kitimasak et al., 1999)
FaiFsIsiniraszuumyudswhuuuladldlumamziissfifsnszauuss
IJ = L “s “w XY= ‘IJ g A
ﬂ‘%mmvlumswnoLﬂuwﬂawfmuqﬂmmmns:mun’n'lumwm"nu dalwlamniFunm
' & - y - o o o -~ - v w g &
AXENANNNTY 50 mg/ Aexlinansenuders dmunwistludasiirasosiadaiiiivms
wawzuuwywdswihunuTadalinizuiunisaaluian (Menasveta et al., 1999)



o ¥ - 4 ;
"I.@Tﬁnﬁaanuuus:uuwunuummmuuuﬂm'qﬂmaawoﬂ's:naum”mumamma
NANLTWIAATINY 9 ALLY. YanIaauudiiniw (viological filter) 111 1.98 x 1.88 x 1.70 T
A A 13 as B - nv 1 = o
TafiagiiuluFaamzi BIO-POLYMA Lﬂumm‘%a'l,um"lwamuaﬁL‘%umﬁ;agmu'lu. fidam
mmguﬁuuﬁnﬂi:mm 7 a5datn  uasiszuudintosnuudinwlugntizlfoandion
A‘ . L= o s -9 H :’ ar LT -1 -
ssuulsznaumsaasuiinTuaalSumaandianiiasanein ﬂaauﬁmﬁpa@gﬂ‘%m'lum
Wgduuefss  wazeadusNaRutTnumIacangvadnandian Tﬂﬂi‘lnﬁﬂmﬂué’mﬂ
r ; P s G': o Tur t r-§ s ] A”
Tnavasinlwizuudldsinunasuimasuausgdy Tuse 40-110 ua/wIfn I=uuaInE1It
a £, ' r ) - v ¥
mmmmnuansaaLmu%amwmemqﬂs:mﬁ‘lumsaﬂﬂsmm'lu"lmmam’mmm-s:uu
VOITANARE
”Lé’ﬁmsmaam:uuwuﬁﬂuﬁnmtLtuu‘ilﬂ'q@mmaa@i’anﬁmﬁnﬁuﬁhizuuwu
:‘ ral A 1l 2 -
Gowihmzauunlesaiugu (control)  Telifiszuunissuuudinmluamizliaandiau
; - v o ¥
Lﬁa‘nﬂaau'l.l's:aﬂﬁmw’lumimuquqmmwmuazmimuqumnwmumaq‘lumm'lwq@
J t [Pt 2 [:] | Qs ] ]
NARDI Iﬂumsmmwmmwuﬁ:qaqmmtﬂunm 400 Ju lapwdsnneaaadn 3 199
= 1] L4 1 A A LY H -
fadanu  ludninilldlfduasnawnnihmowuwdusdluszuuntssnnudimwluemie
1eandian  drefi@avind luas WBwuafS oo ldvnduadurzuunsasy Tasass 9
i 13' A ) ﬂi " | ] & 1 e el d.' )
dafinitanastisigadlalfiamuaaiduunsdsasuan  lusnsudnslaouunasves
anfuauwllwuniues
. a4 v o Y - b4 o
NANNINARAIIUT WA 155 T "l@lLtam'lwmuﬂs:uum\;m’mummmenﬂﬂ
NIZANARDILATTANILANEINTAAILAUAIMWIE  nd1da muquuaaﬂmﬁﬂn Tulas
TwiaIn Lm:ﬂ“‘immaan%mulﬁag’l'lmnmeﬁﬂnﬁ‘lﬁ azmvhﬁﬁ'qﬂmamvl,;immmmuqu‘lﬁ
[] o ol L7 1 i d = s =) =3 ﬂ‘l A
'lum'mag'lm:ﬂumvlﬂ Tug19figasdiininaand 150 M AITLGNe lues IWauafGens
luszuunsasy  levandnahbiviinaluamluganesssnassaiefvnsdymeaid
= o - o o - ' A = - [
LLﬂﬂﬂﬂﬂﬂGﬂ%ﬂﬂT\ﬂ‘ﬁ’m’lﬂLLﬂtNﬂ’]‘iﬂi:LWﬂMgd Tuninaasslutef 3 Wuatdn 95 u
] nl ] 5 = o 17 [ 7 [ [
wm'mmﬂaummawaommamﬂummuaamlﬂﬂ’%mm‘lmmnaﬂmvlﬂmmﬂqﬂ‘smeﬂ
fiaalY (Menasveta et al., 1999)
Aaudnd lueT IWdsnuefiFoasdussfmsnmnna lunisastFuimluam  udvsdad
1 & ﬂr [ = “:‘ ﬂ. i 2 o -\ A
agn'm'lﬂnﬂ:ﬂ'luﬁaanfmw mmaaadluaiifindrdasfinsltiulanawnanusowdn
ferlwlasiauiia laandanoanand luas INGsnadust  uwnmsfwdfedun wazanavi
o L » L) o - B Q- A’ = A d‘ “:\ﬂd“ o s
Iliduivelginslunsduiiung fpwgdiknialdfafinzasdlisaulumstiia
o . ' w
WL ATa RIS UERILNLN T LY
@ . o - - b4 al_ s [V ¢
mﬂ'nmmwmwaamﬁmm‘naamﬂ"lulmmu'lm:uuwunﬂwmu.nuﬂ@lmwsmam
ga i dTauandeanszumihvanlduuefiGede mws'wmmmm"lu‘[mﬁmﬁagji'l,uvmmu
¥ r-1 1 AI I [ o oy d
Jluuy 1w LLauTmuuLL@:"Lume"E'\gmaéLwmﬂ‘u.ﬁ’w;mﬂﬁmwmm‘msmﬂﬂﬂma B9
nsAsiRanTiaussaniguasnIIan It at iUtz Antnanazdasdntefeladudn



10

ﬁwﬁcyﬁﬁaé’ﬂﬂm‘sﬁqmmmﬁﬁﬂgmaﬁ (nutrient uptake rate) waImWIIBluEMINLIA
foufimanzan
MsuildmmassadasduioSoufisudanmsdiansiuaiuszdanns
luamdhgaaduasamitvnalngaasiia fa swhadiawinlneg  (Caulerpa sp.)
WRSEWIEWUY  (Acanthophora sp.)  uarlénasasmidanmab luenididioasas
FMILTSIRgIQWIRIARAT (Dunaliella salina) 'luamwﬁgn@ﬁalmﬁ@wmmms‘?muﬁa%mm
namimamwu*jnmvxﬁmﬁaw‘in‘lwﬂLm:mwiwnmuﬁﬁgﬂﬁuﬁwma'l“msﬂmsa%’mﬂﬂzﬁ
Lmay}ﬁmqmﬁuumﬂ's:mm 20,000 lux IﬂﬂLﬁa‘s:ﬁummtifajLLaaLﬁugqﬂ'hi‘fﬁ‘hiv‘h'lﬁ
sarmylanUdassanBawiiosnnmIgnaTsug (photosynthetic oxygen evolution)
Lﬁugq’i‘fuﬁn ﬁ'mé’mﬂmiﬁﬂmmﬂL‘ﬁwzjmaEﬁlmmm"luﬁv’oaawﬁm:ag'lwﬁus:wm
0.006-0.13 mg NO/gfw/hr a’aumm‘mmaﬁtﬁmg}mﬁLaam'tuﬁmwﬁgnm"‘mmuﬁmﬁ
srauaNuduLaIlTzanm 6,000 ux ddanmuhlwasmdhgisadatszning 0.02-0.12 mg
NOygfw/hr duiuanudnturasluaimlui lanfidanmaiidhgge (Vmax) i 673
mgNOymg Chl-ahr  uazamaduduvaslmamivmlidanmaihidh luwammuedmits
VAIDATIMIWUNDFIFA (Km) aggﬁ' 794.6 mg NO4/I (Powtongsook et al., 1999)
fumawﬁwaamsﬁqﬁ’ﬂﬁﬂmzumﬁquﬁnuﬁmuu‘ﬂﬂﬁa m3sinda (disinfection)

L%
(4

A Lo o s ‘: r a4 1 L7 =) a a
Gainasyinwateni ldiumsntasnuudinwuasnisniaslsudaudwnissniats
L ] :i o : F=3 v; o a‘:’ 1 1 AY s o .Y |‘=i.=l
q@munaum:mmmamuvl,ﬂl'mﬁmmm@a’lﬂ gsaiudgey lullagiiuinaesia udnd
anuddnlurzuummdswihuunia Ao lelou
ﬂ' o e J :’ AI :‘ W o Bt &l = Ao A'
mslilalowreidaralsaluhauihlddmivaysdinn fidemw  faen
Iaimuﬁﬂizﬁw‘ﬁqu\u, wwauaaeldiy lufsensandne v laduduanadadiwiaday
A o T 1 A’ [ dl' 1 ) =l =3 5 - & [V
WaSeufsunuasdudedbuainadu easiu wiavefundu luanuniridegiui
A’ [ 1 '3 =S I Y| 9/ dl =
mudsfaleauiygwvssainlse lalewdeadwitudymfivanzan msfinm
d' LT J L3 L] r- 1 - S Qs [ )
Fasmsldlalaudumamzisadondihezliwu  udlunljidndulidesuninans
= L™ r-| 9/ { o 2 n':v ; w
onwnwnzfienvandsadeyafimunsohadegndldld msfinmassiSardums
nasadluransduraslalon 1w mIeTeiFnslaloufndald  anudufwres
1 L d‘ s :’ [} J - -1 v ; @ Qv
laloudary nldlalawfediutngmmmin ussmssinfauuafiGaluiidoeds vhoge
Naﬁnﬂu@iazma‘maaaa:“l.ﬁmmﬂs:mmﬁaﬁgﬂm”‘a%mﬂﬁa‘[wﬁﬁﬂs:ﬁn‘ﬁmwgaqm wae
w & [
Unaanbdanmnasfadaly
nanyiiwuinnaduduyeslalanfivwialush (residue ozone) gogaft laiiluiiy
dognrivivdan ag'lwﬁw 0.20 - 0.40 mgft Naagﬂﬁamm'l@'fmnmimnaauﬁmw'uaq
Y as P ' ™ v oW v A& s
wﬁanqmmmnnaglummlsmaJt'uuwumaoTaTﬂnulus:ﬂuuﬂs:uﬂm 8 Tlyd HAMIAIIT
- a 1 A’ . . ] ll. - :’ [ =
sauUTsansnwlumsainga visrio wuloloufindaluin 0.34 mgn eansnsingesiia
A& 3 wiaw log melu 9 Falus Fsenanadled lolpwhazgnlfidumsialidmiy
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PROGRESS OF AQUACULTURE DEVELOPMENT IN THAILLAND

Piamsak Menasveta

Agquatic Resources Research Institute
Chulalongkorn University
Bangkok 10330
Thailand

The paper reviews progress of aquaculture development in Thailand during the past two
decades. Aquaculture activities could be categorized into three groups, r.¢. freshwater culture,

brackishwater culture, and mariculture. In general,

progress of aquaculture has achieved beyond the

target, especially the brackishwater shrimp culture. Success in shrimp culture is due to the
introduction of a modern farming technology which is more intensive, and more environmental

friendly.

L INDRODUCTION

Aquaculture in Thailand has been developed
for decades. The original objective was set as
livestocks for household consumption in the rural
areas. Nowdays, the fishery production by fishing
could not be increased due to the limitation of the
resources, aquaculture therefore play an important
role in augmenting the overall fishery production.
Thailand gave very high priority to aquaculture in
the Sixth and Seventh National Social and
Economic Development Plans (1988-1996).
Progress of aquaculture during the past decade has
achieved beyond the target. The cumrent paper
reviews progress of aquaculture development
during the past two decades.

II. HISTORY AND STATUS OF
AQUACULTURE

Aquaculture has developed considerably since
the beginning of the century. Freshwater
aquaculture was developed a long time ago, but
coastal aquaculture is much more recent. Prior to
the use of synthetic insecticides, substantial
amounts of fish could be produced as a by-product
of rice cultivation. Aquaculture production during
the past decades in shown in Table 1.

Aquaculture contributed about 10 to 20
percent of the total fishery production of the
country in the past years. Considering the data in
Table 1, we could observe that freshwater and
brackish water cultures have a tendency to increase
constantly while mariculture production fell since
1978. 1t is generally believed that the declining
production of mariculture is due to water quality
degradation of farming areas, particularly in the
The
area is subjected to runoff from ‘the four main
rivers of the Central Plain. Nevertheless,
mariculture problems.

Tabie 1. Aquaculture production in Thailand
{MT)
Year Aquaculture Freshwater Brackishwater Mariculture
(Total production) culture culture

1973 93,274 NA. N.A. N.A.
1874 5,361 N.A. N.A N.A.
1975 139,773 N.A. N.A. N.A.
1976 197,584 NaA NA, NA.
1977 191,344 32,641 10,334 148,369
1978 159,345 39,367 10,049 105,925
1979 152,239 29,465 10,838 111,936
1980 138,153 34,634 11,901 91,618
1981 115,618 48,113 13,759 53,746
1982 82,719 45,829 12,988 23,902
1983 91,727 46,966 14,920 29,841
1984 111,945 50,411 16,346 45,188
1985 135,840 75,234 13,428 42,158
1986 128,417 89,325 20,217 18,875
1687 151,657 89,781 26,017 35,859
1988 211,048 102,128 57,512 51,408

1989
19%0
1991
1992
1993

260,369
296,952
353,124
371,475
457,272

91,680
103,754
122,680
142,105
161,630

95,753
120,216
164,144
183,757
229291

72,935
72,982
66,300
40,613
66,351

Note :N.A_=not available.
Source: Fishery Statistical Bulletin for Scuth China Area, 1976-1995 SEAFDEC."

The technical level of aquaculture in Thailand
is fairly advanced, particularly in the seed
production system, applying the induced spawning
technique which has become popular in this
country. At present, sced of all cultivated species
could be produced from hatcheries.

In comparing aquaculture production of the
countries in the South China Sea region (Table 2),
it is evident that Thailand ranks the first.
production shows tendency to increase in recent
years, dueing to better control on pollution of the
Central Plain. Nevertheless, mariculture coastal
area of the Upper-Gulf of Thailand. problems.



Table 2.  Comparison of aquaculture production among countries in South China Sea area in 1993

Total Length of A(iuacultﬁré pfoduc-tion
Country land area coastline {ton)

(km?) (km) Freshwater Brackishwater Marine Total
Thailand 513,115 2,614 161,630 229,291 66,351 457,272
Malaysia 332,435 4,405 15,468 10,795 78,973 105,236
Philippines 299,404 17,460 113,663 234,651 423,768 * 772,082
Taiwan 36,000 1,566 185,904 64,267 35,105 285,276
Note :°. mostly seaweed.

Source: Fishery Statistical Bulletin for South China Area, 1995 SEAFDEC.

HIL TYPES OF AQUACULTURE YENTURE

Aquaculture, although it contributes a
relatively small portion, about 10 to 20 percent in
tonnage to total fishery production, it has long term
potential for increasing fishery production for
either local consumption or export earning from
high value shrimps and fish species. Aquaculture
activities in Thailand can be divided into three
categories, i.e., freshwater culture, brackishwater
culture, and mariculture. The numbers of farms
.aquaculture farms, and rearing areas, and total
production in 1993 are given in Table 3. The
present cultured species of the three categories are
listed in Table 4.

Table 3. Number of aquaculture farms, rearing area, and production

in 1993
Category Number of Area Production
e farms (ral) (ton)
Freshwater (Total) 93,965 194,856 161,630
Pond culmure 88,463 178,011 131,186
Paddy field culture 979 1,435 1,227
Ditch culture 9,060 15,323 28,430
Cage culture 463 86 187
Brackishwater (Total) 23,419 451,289 129,291
Gulf of Thailand 19,735 424,783 194,833
Pond culture 18,138 424,700 193,309
Cage culture 1,597 -83 t,524
West coast 3,684 26,506 34,458
Pond culture 2,06 26,462 33,969
Cage culture 1,478 44 489
Mariculture (Total) 2,853 21,127 66,351
Gulf of Thailand 2,747 20,570 62,08!
Bloody cockle culture 476 11,668 20,555
Green mussel culture 358 1,481 24,391
Qpyster culture 1,852 6,965 13,563
Horse mussel culture (3] 456 3,572
West coast 106 557 4270
Bloody cockle culture ! 500 22
COryster culture 105 57 4,248
Total [} 667,272 1}
Note : 625 rai =1 ha.
Source: DOF, 1995.%

As mentioned elscwhere, freshwater fish
culture has long been established and practiced in
Thailand, and more than 20 species of fish and
invertebrates are presently cultured. Freshwater
culture consists of four main practices: pond
culture, paddy ficld culture, ditch culture, and cage
culture, .
culture consists of four main practices: pond

Table 4. List of cultured species and production in 1993
Group and Scientific name Production
common name MT)
Mariculture (Total production)

Oyster Crassostrea spp. 4,00
Mussels Mytilus smaragdinus 20,000
Bloody cockles Anadara granosa 20,131
Brackishwater culture

Sea pearch Lates calcarifer 2,806
Mullet fish® Mugil sp. 171
Grouper Epinephelus spp. 1,600
Banana prawn” Penaeus merguensis 3,500
Tiger prawn® Penaeus monodan 210,000
Marine prawn” Penaeus spp. 100
Marine prawn’ Metpenaeus spp. 1,000
Mud crab Scylla serrata 50
Freshwater calture

Tawes FPuntius gonionotus 24316
Rechu Labeo rohita 1,160
Grass carp Ctenopharyngodon idellus

Bighead carp Aristichthys nobilis

Silver carp Hypopthalmichthys molitrix 1,290
Nile tilapia Tilapia nilotica 44,814
Marble goby Oxyeleotris marmorara 40
River catfish Pangasius pangasius 14,660
Catfish Clarias spp. 24,250
Swarmp eel Flutg alba

Eel Anguilla spp.

Gouramys Trichogaster pectoralis 13,218
Gouramys Trichogaster spp. 200
Snakehead Ophicephalus striatus 4,809
Milkfish Charnos chanos

Small scale mud carp Cirrhinus mrigala 31¢
Common carp Cyprinus carpio 2,433
Jullien's golden-price carp Probarbus jullieni

Tilapia Oreochromis mossambicus 125
Common climbing perch Anabus testudinus 228
Giant snakehead fish Channa micropelies 923
Feathearback Notopterus spp. ]
Giant gourami Osphronemus goramy 8
Giant prawn Muacrobrachium rosenbergii 10,513
Frogs Rana spp. 134
Total 392,383

Note ;* Some are exported.
:® Mainly exported.
Source: Aquaculture Production Statistics 1984-1993, FAQ,

culture, paddy field culture, ditch culture, and cage
culture.
1. Pond Culture ‘

There were 194,856 rai (31,176 ha) of
freshwater culture ponds in 1993, distributed
among 98,965 farms with 88,465 ponds. Total
production from pond culture in 1993 was 131,186
tons. The major production species were nile
tilapia, gouramys, catfishes, carp-like fishes, and
snakeheads.

2. Paddy Field Culture
Fish production from paddy fields totalled



1,227 tons in 1993. The area under production
was recorded at 1,435 rai (229 ha). The species
being cultured in this type of venture are carp-like
fishes, especially tawes.
3. Ditch Culture

A varicty of fish species are cultured in
ditches throughout the country. Culture practices
vary and are generally not a well developed
subsector. Total production in 1993 was 28,430
tons, from a total area of 15,324 rai (245ha).
4. Cage Culture

About 463 cage culture farmers produced
787 tons of fish in 1993. The total production area
was about 86 rai (13 ha). The fishes being cultured
by this type of venture are marble goby and river
catfish.

V. BRACKISHWATER CULTURE

Brackishwater culture is a type of
aquaculture which is operated in the coastal area.
It is the area where there is an interface between
freshwater and seawater. Therefore, salinity in this
area usually ranges from 5 to 25 ppt
Brackishwater culture concentrates on penaeid

-prawn culture. The cage culture of sea bass in the
coastal ar¢a is also becoming popular.
1. Shrimp Culture

In 1994, the number of shrimp farms was
22,198 farms with a total area of 457,793 rai
(73,246 ha, see also Table 5). Total production
from the farms in 1996 was 230,000 tons. The
shrimp farms are mainly concentrated in the
eastern and southern parts of Thailand. During the
past decade shrimp culture development in terms
of production and area cultivated increased
significantly (Table 5).

Table 5. Brackishwater shrimp culture development during 1987-

1994
Year Number of Acreage Production
shrimp farms {rai) {ton)
1587 5,899 279,812 23,566.47
1988 10,246 342,364 55,632.84
1989 12,545 444,785 93,494.50
1990 15,072 403,787 118,227.05
1991 18,958 470,826 162,069.69
1492 19,403 454,975 184,884.32
1993 20,027 449,292 225,514.30
1594 22,158 457,793 263,445.96
1995 23,000 452,000 280,000,00*

1996 26,000 445,000 230,000.00"

Note . World shrimp Farming 1994 and 1995.
Source: DOF, 19957

Shrimp culture systems in Thailand have
three levels of intensity: extensive, semi-intensive,
and intensive. The characteristics of these culture
systems are summarized in Table 6.

1.1. Extensive system ,

Extensive culture systems are characterized
by low stocking densities and, therefore, low
productivity. This system is characteristic of low
income coastal communities. In addition to being

a source of charcoal wood and fire wood, the
mangrove 1s also a source of food and income for
necar shore communities. Through their long
association with the mangrove ecosystem, these
communitiecs know that the mangrove is a
concentration ground for small aquatic animals
such as juvenile fish and crustaceans. The
extensive aquaculture system, therefore, is an
evolved form of hunting and gathering of food for
these communities.

Table 6. Characteristics of shrimp culture at three levels of intensity

Characteristics

Level of intensity

{Total preduction) Semi - intensive Intensive
Land elevation {m) Gto+1.4 MSL* Oto+l.4 MSL >+2.0 MSL
Pond size (ha) >5 1te2 1 or less
Aecration Natural Water exchange Continual mechanical
or mechanical © and flushing
Stocking rate <5 51015 20 or more
(PL m? crop")
Feed Natural Natural + Formulated
{No supplement) Supplement
Production level 16t0 48 96 to 288 >560
(kg rai' yr')

* MSL = Mezn sea level.
Note : 6.25 rai = 1ha.

Early shrimp culture in Thailand was mostly
extensive  culture.  Shrimp  ponds  were
comparatively large, ranging from 31.25 to 62.5
rais, each with a peripheral canal around the inner
dike. They are generally called "Wang Koong".
Farmers may have used water elevators powered by
wind mills for inundating the ponds. Shrimp seed
entrained by the influent water grew in the ponds
for 2 to 3 months before the ponds were drained
and the shrimps, usually of small size, were
harvested. During the culture period, some
fertilizer might be added to the pond, but feed was
not provided. Shrimp production by this extensive
methods was rather low, with an average of only 24
kg rai-1 year-t or less. This method is still used by
some Thai shrimp culturists even today.

Mangrove areas in estuaries have been prime
candidates for such pond construction since they
typically have gentle slopes, adequate tidal range,
abundant wild shrimp seed, and land ownership
vested with the government. Such land was usually
easy to use and constructing extensive culture
ponds. In Thailand, which have a maximum tidal
rage of -0.4 m mean sea level (MSL) to +2.0 m
MSL, the most ideal elevation for the pond is
between 0.0 m and +]1.4 m MSL. Ponds built
within this range can only be filled and drained
twice monthly during ordinary high and low tides.
Ponds with bottoms above +1.8 m MSL will
normally require mechanical pumping to fill, while
those with bottoms below -0.4 m LSL will require
pumping to fully drain. Neither situation is
desirable if the objective is to rely solely on tidal
action for water exchange.

1.2. Semi-intensive systems



In the past, as shrimp demand rose and shrimp
became a valuable commodity, extensive shrimp
farmers started developing techniques to increase
the yields. Developments towards monoculture of
shrimp includes the active harvesting of juvenile
shrimp from the wild for stocking. In 1980, the
semi-intensive system was introduced into
Thailand through the Aquaculture Development
Project, a soft-loan from the Asian Development
Bank. Semi-intensive culture ponds may be
created through intensification of existing
extensive ponds. This may include such things as
clearing and leveling the pond bottom, and/or
digging canals in the ponds bottom; converting
from tidal water exchange to pumped water
exchange; control stocking density; greater use of
fish toxicants to control fish intruders; and
provision of feed.” Menasveta: and nguchl
described a plan of staged intensification and
shrimp postlarvae collection pond, 4 nursery ponds
and 3 growout ponds with inlets and outlets on
separate canals. Shrimp production was about 24
kg rai’ year’ with the traditional conﬁguratlon
but was expected to be 96 to 288 kg rai” year” or
more after intensification due to better use of space,
better intruder control, less time for sediment
removal, and better water quality management.

1.3. Intensive systems

About a decade ago, some shrimp culturists
began developing advance technologies for
intensive culture systems. The Thai intensive
culture system is very similar to the Taiwanese
system. With these new technologies, shrlmp
PI‘OduCthD rate increased to 960-1600 kg rai’ year

taking 4 months per crop. The shrimp species
used almost exclusively with this type of culture is
black tiger shrimp Penaeus monodon. This type of
culture system does not require mangrove anymore,
since this system requires fast water exchange. In
this regard, the pond bottom needs to be at higher
elevation, preferably +2.0 MSL. These areas are
behind the mangrove zone. Intensive farms are also
liberated from harvesting wild caught juveniles as
large numbers of shrimp fry are produced from
hatcheries. Furthermore, certain requirements of
intensive culture systems make mangrove areas
entirely incompatible.  Because of the high
shrimp densities and the use of supplement feeding,
there is large organic accumulation at the pond
bottom after a culture period which requires
complete drying to facilitate sanitation and removal
of waste. Ponds constructed in the mangrove
roots which are impossible to remove during the
construction.  Finally, alkaline water conditions
are required for optimal shrimp culture, but in
mangrove areas the soil is high in organic content
(i.e., humus); therefore, it is acidic in nature and
inappropriate for shrimp growth.
2. Sea Bass Culture '

In Samut Sakhon, and Samut Songkhram,
Lates calcarifers, commonly called sea bass, is
raised in ponds and in small-scale cages in

Songkhla Lake. The net-cage commonly used is
3x5x2 meters and the mesh size can be increased
gradually as the fish grows. The culture period
from fingerlings (approximately 1 centimeter in
total length) to marketable size (0.7 kg in body
weight) is around six months. The stocking
density at harvesting is 300-500 fish/cage.

VI. MARICULTURE

The moliusca which consist mainly of
bivalves are cultivated in inshore and coastal areas
of Thailand. In 1993 Thailand produced a total of
66,351 tons from cultivation, and made up as
follows: approximately 20,577 tons of bloody
cockles, 24,391 tons of green mussels, and 17,811
tons of oyster (Table 3).

1. Bloody Cockle Culture

This species requires harder bottoms with a
good mixture of sand for its habitat and is raised on
the bottom is shallow waters. The culture site can
be air-exposed during low tide, but preferably not
exceeding four hours exposure. Small cockles used
as generally collected from natural cockle grounds
or imported from Malaysia. About 3.5 to 4 million
seeds are used in hectare of cockle farm. Scattered
seeds grow to marketable size within 1 to 1.5 years.
Manual bottom dredges are used for harvesting,
and the full-sized cockles are selected while
undersized ones returned to the growing beds.
Poaching has been a local problem. Although
bloody cockles are presently produced in two
provinces, Petchaburi and Satun, potential areas for
this species are located in Chanthaburi, Rayong,
Phangnga, Samut Songkhram, Chachoengsao,
Chumphon and Trang.

Great demand for this species exists in
domestic markets. The production, however,
cannot satisfy the whole domestic demand and a
certain amount of cockles is imported from
Malaystia.

2. Mussel Culture

Green mussels grow in water of about two to
eight meters in depth. The culture method used in
Thailand is exclusively the stake method. Palm
stakes made from the trunk of the mangrove date
palm (locally called “mai ping”) and bamboo
stakes are commonly used. At present, the use of
the palm stakes is more widely practiced among
farmers, because they are inexpensive and more
durable (three years’ operation) than bamboo (1 to
1.5 years). The only difference is that the farmer
can get longer bamboo stakes (up to 10 meters)
which can be used in deeper waters, while the palm
stakes are generally from 3 to 6 meters in length.
About 5,000 stakes at 0.25 meter intervals are set
in very hectare of farm. The culture period is about
eight months and the mussels grow up to 7 to 8
centimeters in shell length,

Recently, the hanging method of green mussel
culture has been developed experimentally for the
purpose of establishing economical culture



methods.” This technigue should be extended to
the mussel farmers. The major areas where green
mussels are widely cultured are in Chachoengsao,
Chonburi, Samut Sakhon, Samut Songkhram,
Samut Prakan and Phetchaburi. Potential grounds
for. the culture method are extensive in the Gulf of
Thailand, including Nakhon Si Thammarat and
Surat Thani.

3. Oyster Culture

Natural rocks, artificial concrete blocks and
wooden materials are used as a substratum for the
attachment and growth of the oyster. These
substratums are settled in the estuary area with a
500 centimeter interval between substratums which
enables people to walk across for routine
management. Once built, the farm lasts a long time
with minor maintenance.

Spats of oyster occur in two seasons during
the year, one in May to July and the other in
October to November. Harvest is usually made
from October to April, depending on the size of the
meat. Small and medium-sized oysters are
processed as a shell-less meat, and large sized ones,
mainly produced in the Surat Thani bay arca, are
served as oysters on the half shell at restaurants and
hotels.

Oyster farms are generally small-scale, about
0.6 ha on average. Although oyster farmers
cultivate only small areas or a fraction of a hectare,
they can get quite a profit as the price of oysters 1s
comparatively high. Presently oysters are cultured
in the province of Trat, Chonburi, Rayong, Surat
Thani, Chumphon, Pattani, Prachuap Khiri Khan
and Songkhla. Potential areas are still available in
the above mentioned provinces and are newly
found in Chanthaburi, Rayong, Phangnga,
Narathiwat, Trang, Satun, Nakhon Si Thammarat,
Krabi, and Phetchaburi.

VIL FUTURE TRENDS IN AQUACULTURE

Freshwater aquaculture is planned for fishes
which are a staple food for Thai people. These
fishes include pla salid (gouramy), pla nil (nile
tilapia), pla dook (catfish), and pla chon
(snakehead fish). Nile tilapia has a particularly
good potential for future development, on the
account of the availability of technological know-
how and market acceptability. Nile tilapia has
long been researched around the world. It 1s
generally recognized as a fast growing and easﬂy—
propagated species, if properly managed.

The blackishwater culture, especially shrimp,
has reached the maximum sustainable yield.
Shrimp production from farming should be
maintained at this level. Since the advent of
modern shrimp farming techniques in 1986,
intensive shrimp culture began the trend towards
utilizing land away from the unsuitable low lying
mangrove areas. Coupled with technologies such

as formulated feed, water quality management,
selective breeding, disease control and hatchery
techniques, shrimp culture has become more
efficient, producing more shrimp from less culture
area. Farmers gradually have come 1o realize that
intensive shrimp culture system is the sustainable
system and that mangrove destruction for shrimp
pond 1s contradictory to this. While shrimp
farming was admittedly as a factor in destroying
mangroves, the distinction must be made that this
destruction was carried out during unsophisticated
extensive culture system dating ten years ago. Ever
since intensive culture came into practice, circa
1986, mangrove destruction by the shrimp industry
has been minimal.

As for mariculture, future activities will be
focused on the promotion and expansion of
mollusk culture to other productive arcas. As
mentioned elsewhere, water pollution problems
have caused a major setback of mollusk culture in
the inner Gulf. The problem will be persistent
and will not be solved unless wastewater treatment
systems are set up in big citics, towns, and
industrial plants situated above the inner Gulf. This
is likely to be a large, expensive, and time
consuming project. So mollusk should be promoted
in other potential areas. It can be anticipated that
the production from mariculture could easily
achieve the same level recorded in 1977 (148,369
tons) within a short period, because the technology
is already available.
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Mangrove
- Destruction and

Shrin

n our modern, environmentally-

concerned atmosphere, mankind is

becoming increasingly sensitive to
environmental issues. With non-gov-
ernmental organizations bringing issues
to the forefront. the general public is
becoming more receptive to enviren-
ment-related information. One of the
more popular issues is that of mangrove
ecosystems. While socto-economic fac-
tors have always driven man io exploit
natural areas of the earth for develop-
ment, the world's mangroves have ufi-
dergone significant decline in receiit
decades, and shrimp farming has been
wrongfully accused of being the sole
activity leading to the mangrove’s de-
mise,

Mangrove
Destruction

Shrimp production comes from two
principal sources in Thailand: the
ocean-capture fishery and culture in
ponds. In the past. ocean-capture con-
tributed the greatest share, but produc-
tion from pond culture now exceeds the
capture production (Table 1}.

The two most important shrimp fish-
ing grounds in Thatland are the Gulf of
Thatland and the Andaman Sea. In the
past, Thai boats fished at sea beyond the
12 mile territorial sea limit of neigh-
bouring countries. After Thailand rau-
fied the 200-mile Exclusive Economic
Zone (EEZ) in 1981, however, she lost
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about 30% of her historic fishing
grounds. This is the main reason why
shrimp production from the Thai cap-
ture fishery has not increased since
1981. This lunitation on fishing grounds
led Thailand to put special emphasis on
shrimp culture development in coastal
areas. Because of her 2600-km coast-
line, Thailand has many areas which are
suitable for shrimp culture.

Coastal areas of Thailand have several
conditions that are very favorable to
shrimp culture. Thailand is seldom af-
fected by typhoons or cyclones, water
temperatures are ideal with small sea-
sonal variations, and soils and terrain
are often ideal for pond construction.
These unique features give Thailand ad-
vantages over some other countries in
Southeast Asia. Shrimp culiure area in
Thajland has increased steadily sfnce
1980. Satellite imagery indicites that
Thailand currently has about 406 198
rai** devoted to shrimp culture.

Shrimp cultare development during
the past decade has raised a major con-

cern over mangrove destruction since—

many of the shrimp culture ponds were
situated in areas which used to be man-
erove. According to statistics disclosed
by the Royal Forestry Department,
about 34.7% (1 273 534 rai) of man-
grove area was destroyed between 1961
and 1993 (Table 2), and the average
mangrove destruction rate during 1961-
-1993 was 38 910 rai/year. The highest
rate (81 136 raifyear) occurred between
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1979 and 1986. Since 1987, however,
the rate of destruction has steadily de-
clined.

Recently, four national institutions de-
cided to re-analyze the remote-sensing
charts to determine the utifization of
converted mangrove areas. The Joint
Working Committee of the Royal For-
estry Department, the Department of
Fisheries, the Land Development De-
partment and the National Research
Council of Thailand, divided the total
mangrove’ area of Thailind into four
regions: Eastern, Central, Southern-
Gulf of Thailand, and Southern-An-
daman Sea. For each of the regions,
mangrove utilization was categorized
into either “shrimp farms,” “commu-
nity,” or “others.” Of the total 1 272 543
rai of mangrove area that had been de-
gtroyed between 1961 and 1993, com-
munity development accounted for
2.4%, shrimp farms for 32%, and “‘oth-
ers” for 65.6%. The “others™ category
includes agriculture, road development,
ports, salt farms, mining, charcoal fuel,
etc. (Figure 1 and Table 3).

One of the problems with the surveys
is the pature of the remote sensing
charts. There is no way of determining
from the charts whether certain shrimp
ponds were developed from virgin man-
grove area or from abandoned salt
farms. Due to the multiple purpose of
rectangular pond structures, the “ponds”
can easily be converted for use as paddy
fields, fish ponds, salt ponds or shrimp.

0 i,




ponds deperding upen the economic
outlock for that year for that pond
OWREr.

Shrimp
culture systems

Shrimp culture in Thailand is con-
ducted atthree levels of intensity: exten-
sive, semi-intensive, and imensive. The
characteristics of these culture systems
are summarized in Table 4.

Extensive systems

Extensive culture systerns are charac-
terized by low stocking densities and,
therefore, low productivity. This system
is chacacteristic of low income coastal
communities. In addition to being a
source of charccal wood and fire wood,
the mangrove is also a source of food
and income for near-shore communi-
ties. Through their long association with
the mangrove ecosystem, these commau-
nities know that the mangrove is a con-
centration ground for small aquatic ani-
mals such as juvenite fish and crusta-
ceans. The extensive aquaculture sys-
tern, therefore, is an evolved form of
hunting-and-gathering of food for these
communities.

Early shrimp.culture in Thailand was
mostly by extensive culture methods.
Shrimp ponds were comparatively
farge, ranging from 5 10 10 ha each with
a peripherat canal around the inner dike.

QOther uses

836 328 rai T

/

/

s

¥

/

Commynity
31 007 rai

-~

Shrimp farms

406 198 rai

1054 266

Mangrove area before 1961 (2 327 800 rai)”

j Destroyed between 1961 and 1963 (1 273 534 rai)

L

* 8.25rai = 1 heclare
Sources: Roya! Forestry Depariment, Depariment of Fisheries, Land Development Depan-

ment, and National Resgarch Council of Thailand.

__J Remaining mangrove (1 054 266 rai)

Ly

Figure 1. Utilization of mangrove area in Thailand in 1993

Table 1. Shrimp production from ocean capture, pond culture and culture area in Thailand

Remaining
mangrove

rai

Year Production Production Total Shrimp culture
- by capture (mt) by culture (mt) production (mt) area (rai})*
1981 122 706, 10729 . 1331435 171.619
1982 156 523 10 091 166 614 192 453
1983 127 584 13 550 — 139134 222 O
1984 104 394 13 007 117401 229949
' 1985 91 632; 15 840 107472t 1254 805
1986 102 227 17 886 120113 283 548
1987 1281008 55 23566 151 666, 279,812
_ 1988 110 200 55 633 165 833 342 364
Sl 1989 12 . #110°800 93495 + 204895 ik o b A AL BB
_ 1990 107 400 118 227 225827 403 787
N A O Ay 129100 162070 291170 14708260 ks
1992 116 800 184 884 301 684 454 975
P TR 100000 . 225514 | A5 514N aagoan i
Source Royal Thai Depanment of Fisheries o
*6.25ral = 1 hectare
World Aquaculture, December 1997 37



300 000

B Extensive
B intensive
Semi-intensive

250 000

200 000

150 000

100 000

SHRIMP CULTURE AREA (hectares)

50 000

Indonesia
Vielnam
Ghina
Ecuador
Thailand
India §

.'-'='I
w
©
£
cx,
=
E
o

Bangladesh f#

‘ COUNTRW "

. Source: Shrimp News Intemalional, December 1844

They are generally called “"Wang
. Koong."” Farmers may have used water

. . Fi ure svstem and cul- elevators powered by wind mills for fill-
Figure 2. Shrimp culture sy = ing the ponds. Shrimp seed entrained by

ture area of major producing countries, the influent water grew in the ponds for

2 0 3 months before the ponds were

oo drained and the shrimp, usually of small

size, were harvested. During the culture

period, some fertilizer may have been

added to the pond, but feed was not

. provided. Shrimp production by this ex-

Table 2. Destruction of mangrove area between 1961 and 1983 tensive methods was rather Jow, with an

' Year Mangrove Destroyed Destroyed Mean rate average of only 150 kg/ha/year or less,y

area (rai)® area (rai)’ (%) destroyed (raifyr} These methods are still used by some

Pre-1961 2 327 800 Thai shrimp culturists.

28 425 1.23 Mangrove areas in estuaries have been
prime candidates for such pond con-
struction since they typically have gen-

345 000 14.81 24 643 lie slopes, adequate tidal range, abun-
1875 1945 375 dant wild shrimp seed, and land owner-
158 700 6.82 39 675 ship vested with the government. Such
land was usually easy to use and inex- ’
pensive,
567 251 24.38 81136 The tidal pattern, range and wetied
1986 1227 724 . ' area al each stage are particularly impor-
99 230 4.27 33076 tant when siting and constructing exten-
1989 1128 404 sive ponds. For prospective sites ir;
Thailand, which have a maximum tida
42113 182 21056 range of -0.4 m mean sea level (MSL) 10
1991 1086 381 ' +2.0 m MSL; the most ideal klevation for
. - 32 115 1.39 16 057 the ponds is between elevations 0.0 m
1993 1054 266 and 1.4 m MSL. Ponds bujlt within this
Total/mean 1273534 5472 38 910 range can be filled and drained twice
Source: Royal Forestry Deparnment : monthly since water can only enter the
* 6.25 ral = 1 heclare : pond during ordinary high tides, and the 2
ponds can aiso be drained completely .

1961 2299 375

1979 1735675

. : o
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only during ordinary low tides. Ponds
with bottoms above +1.8 m MsL will
normally require mechanical pumping
to fill, while those with bottoms below
-0.4 m msL will require pumping to fully
drain. Neither situation is desirable if
the objective is to rely solely on tidal
action for water exchange. Using pumps
to drain a pond is highly undesirable in

almost all situatjons for the extenswc

culture system.

Semi-intensive systems

In the past, as shrimp demand rose and
shrimp became a valuable commodity,
extensive shrimp farmers started devel-
oping techniques in order to increase
their 'yields. Developments towards a
monaculture of shrimp included the ac-
live harvesting of juvenile shrimp from
the wiid for stocking into culture ponds.

In 1980, the semi-intensive system
was introduced into Thailand through
the Aquaculture Development Project, a
soft-loan from the Asian Development
Bank. Semi-ihtensive culture ponds
may be created through intensification

of existing extensive ponds. This may
inciude such things as clearing and lev-
eling the pond bottom, and digging ca-
nals in the pond botiom,; convertling
from tidal water exchange to pumped
water exchange; control stocking den-
sity, greater use of fertilizers; use of fish
toxicants to control fish intruders; and
provision of feed.!!

. Menasveta and Higuchi'® described a
plan of staged intersification for Thai
extensive shnmp farms towards semi-
intensive culture. This simulation was
conducted as part of an Asian Develop-
ment Bank planning study. While the
original extensive farm consisted of a
single 4.8 ha pond with its inlel and
outlgt on the same canal, the fullyjnten-
sified case consisted of a sedimentation
and shritmp postlarvae collection pond,
four nucsery ponds and three growout
ponds with inlets and cutiets on separate
canals. Shrimp production was about

150 kg/hafyear with the traditional con->""

figuration, but was expected to be 600
to 1800 kg/hafyear or more after inten-
sification due to enhanced use of space,
improved intruder controd, less down
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time for sediment removal, and better
water quality management.

Intensive systems

About a decade ago, some shrimp cul-
turists began developing advanced tech-
nologies for intensive culture systems.
The Thai intensive cultyre system is
similar to the Taiwanese method, With
these new technologies, shrimp produc-
tion rate increased to 6.0-10.0
mt/ha/crop, lasting 4 months per crop.
The shrimp species used almost exclu-
sively with this type of culture is
Penaeus monodon, or black tiger
shrimp. It should be noted that this type
of culture system no longer requires the
mangrove zone. Since this culture sys-
tem requires fast water exchange per
day, rapid draining s very impeortant. In
this regard, the pond bottom needs to be
at a higher elevation, preferably +2.0
MSL. These areas are behind the man-
grove zone. _

Intengive farms are also 11beratcd from
harvesting wild-caught juveniles be-
cause large numbers of shrimp fry are
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Table 3. Utilization of mangrave area in 1993

Region ‘ Sﬁ_rimP_'-Farh : Community _ [Others*: Remaining
‘Rat @ . Rai® % Ralts lies | Rait %
Eastern 162399.00 6977 1553575 067  B3298.50 @58 8154800 , B.51
Central  » BE 48125 1380 1093175 047 28570550 1226  33519.00 1.45
{S(:‘?Ll:[tfhc?fr;hailand :. 130:3.__3?.5':} 561 357275 015 11594200 498 10265400 4.42 ket
Southern 24 680.75 . 1.08 98675 0.06 35138250 1509 83654500 35.90 *y,\umﬁ%‘@,.

{(Andaman Sea)

Total  406198.50 117.46 31007.00 1.35 B36328,50 3591 1054 256.00 45.28 | '2.:327.800.00 .

Scurce: Joirt Working commitiee of Royal Forestry Department, Department of Fisheries, Land Development Department and
Nalional Ressarch Council of Thailand.

* Agricullure, road development, pors, salt farms, mining etc. .
** £.25 rai = 1 heclare

Table 4. Characteristics of shrimp culture at three levels of intensity

‘ tevel of lntgnsity
. Characteristics Exténsive Semi-intensive Intensive

tand elevalion {m) Oto +1.4 MSL® Oto +1.4 MSL >_+2.0 MSL ~

Pond size (ha) =5 1-2 1 orless

Aeration Natural Water exchange or Continual mechanical

mechanica and flushing
(S;i/cr!:]ig%rroapte)a <5 510 15 20 or more , o
Fead - Natural Natural + supplerment  Formulated
{no supptement) :

Production level 100-300 800-1800 >6000

(kg/masyr)

"MSL = iMean Sea Level

. wooo ¥ L]
Table 5. Shrimp culture systems of major producers in 1994
Production Area Culture System (%) Productivity
Country (mt) (hectares) Extensive Semi-intensive Intensive (Uhalyr)

THAILAND 250 000 80 000 5 i0 o 85 3.13
ECUADOR' 100 000 90000 50 45 5 1,11
INDONESIA ' 100 000 300 000 80 10 10 0.33
INDIA 70 000 80 000 65 30 5 0.87
VIETNAM 50 000 225000 - 80 10 0 ' 0.22
BANGLADESH 35000 110 000 60 40 0 0.32 -
CHINA 35 000 150000 10 .80 10 0.23
PHILIPPINES 30 000 50 000 35 50 15 0.60
Source: Shrimp New s International, December 1994
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Before modermzatton

‘¥ Table 6. Shrimp culture modernization® and mangrove destruction in Thailand.

P Y

1961 1986:
_ Eu years:
| Extensive & semi-infensive
F}athér_ primitive
283 548 (1986)
{7 886 (1986)
63 (1986) |
1100076 by
42311, '
47.26

1986

/.
/

Destroyed area = 1 100 0786 rai
Remaining area = 1 227 724 rai

produced from hatcheries. Furthermore.
certain requirements of intensive cul-
ture systems make mangrove areas en-
tirely incompatible. Because of the high
shriinp densities and the use of supple-
mental feeding, there is large organic
accumulation at the pond bottom after a
shromp crop which requires complete
drying to facilitate sanitation and re-
moval. Ponds found in the mangrove are
unsuitable because they do not com-
pletely dry due to their low elevation. In
addition, there is constant seepage from
the pond due to mangrove roots which

line water conditions are required for
optimal shrimp culture, but in mangrove
areas the soil is high in organic content

are impossible to iémove. Finally, alka="

After modermzatlon

Time span
Shrimp culture system
Culture technology
Shr|mp culture area {rai)
Annual shrimp production {mt)
Productivity (kg/raifyear)
Desfroyed mangrove area {rai}

Mangrove destruction rate {raifyear)

%Mangrove destroyed in period**"

. T
" Status of mangrove &t

the end of the period

Mangrove
' destroyed

o

Remaining
mangrove

“Modernization of shrimp cullure technology slarted in 1887
“*Based on mangrove area of 2 327 800 rat in 1961 as 100%

{i.e.. humus) and therefore acidic and
inappropriate for shrimp growth.

The Interaction

Historically, Thailand practiced exten-
sive shrimp culture until the mid-1980s
when intensive culture practices were
introduced. Nearly all of the extensive
farm operators subsequenily convered
to inteasive culture systems. Conse-
quently, iatensive culture practices con-
tinued to improve, making Thailand the
world’s leader in shrimp culture tech-
nology.

At present, 85% of shrimp culture ar-
eas employ the intensive culture system,
while the rest use extensive and semi-in-

World Agquaculture, December 1997
W L

193?+—1993

7 years 4
.ntenswe :
More advanced'j_; ¢

449292 {1993}; i

e 54.71%

Wt

Destroyed area = 1 273 543 rai
Hemaining area = 1 054 2686 rai

el

tensive methods. This corresponds to
shrimp productivity of 3.13 mt/ha/yr,
sigaificantly higher than in -shrimp
farming countries where extensive and
semi-intensive culture system are
mostly used (Table 5 and Figure 2).
While using 80 000 ha, Thailand pro-
duced 250 000 mt in 1994. In contrast,
to produce onty 100 000 mt. Ecuador
needed 90 000 ha while Indonesia re-
quired 300 000 ha. The ultimate differ-
ence in these productivities is the culture
systems employed. " '
In considering the historical develop-
ment and the physical requirement of
the three shrimp culture systems to-
gether with the rate of mangrove de-
struction, it is clear that both extensive
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and semi-intensive shrimp culture sys-
tzms resulted in a higher rate of man-
zrove destruction (Figure 3). It should
he noted that the intensive culture sys-
tem was introduced in 1986. Since then,
shrimp production increased sharply
unt} 'the gresent, while mangrove de-
struction and the total shrimp farming
area leveled off (Table 6 and Figure 3).

Any impact from shrimp farming upon
mangrove destruction in Thailand is
currently minimal and may be ac-
counted for by unscrupulous fly-by-
night farm operators out to capitalize on
a new industry. The majority of shrimp
farmers in Thailand are sertous about
their livelihood and have made sustain-
ability their goal, and sustainability is
incompatible with mangrove utiliza-
tion.

In the near future, the Europzan Unicn
will impose a Generalized System of
Preferences (GsP) for Thailand which
will make shrimp farming in Thailand
Jess competitive with other countries.
This in turn would encourage maore ex-
(ensive-type culture operations in those
countries. For this reason, more man-
eroves warldwide may be potentiatly
destroved !

v LU
he advent of intensive shrimp
farming lechnigques in 1986
shifted land use away from the

unsuitable low lying mangrove areas
and toward higher ground. Coupled
with technologies such as formulated
(ved. water quality management, genet-
ivs. disease control and modern hatch-
¢ry techniques, shrimp culture has be-
coinie more effreient, capable of produc-
ine more shrimp from less culture area.
Farmers have come torealize that inten-
stve shrimp culture systems are sustain-
able systems and that utilization of man-
grove areas is not. While shrimp farm-
ing was admjttedly a factor in destroy-
iz mangroves, the distinction must be
made that this destruction was the resalt
ol the unsophisticated extensive culture
systems of ten years ago. Ever since
intensive culture came into practice,
circu 1986, mangrove destruction by the
sheimp industey has beer minimal.

Many of Thailand’s competitors con-
tinue L0 utilize rpangrove areas by virtue
ol their extensive culture systems. How-
ever, these are mostly poor farmers who
depend on shrimp farming for their live-
lihood, and it ts important not to take
(this away from them. As consumer de-
mend for shrimp increases, se will at-

m . P

templs throughout the world to mest this
demand. For a majority of these at-
tempts, primitive culture systems —
low in efficiency, unsustainable and-dn-
friendly 10 mangroves— will be prac-
tised. If the current global trend contin-
uves, the world’s mangroves will be seri-
ously endangered. Therefore, the inten-
sive shrimp culture system may be the
only means of preventing mangroves
from being destroyed by extensive
shrimp farming. In Thailand's case,
85% of the shrimp farms practice inten-
sive farming, utilizing a relatively small
amount of mangrove land with great
efficiency. This efficiency has benefited
the mangrove ecosystem of Thailand by
eliminating the need for mangrove re-

-gions. Intensive shrimp culture technol-

ogy needs to be promoted by educating
and discouraging new shrimp farmers
from utitizing the mangroves. This tech-
nology should be disseminaied globally
for the purpose of conserving the re-

maining mangrove ecosystems around

the world.

Even though 17% of the historic man-.

grove area has been utilized by shrimp
farming activities in the past (Figure 1
and Table 3), the shrimp industry is
confident that there will be no further
destruction from its sector. Presently,
Thaitechnology requires the use of non-
mangrove areas for the colture of
shrimp. Other shrimp producing coun-

tries should study Thailand, the world’s

largest and most efficient shrimp pro-
ducer. and adopt the intensive culture
leghnology in order ta help préserve the
world’s mangroves.
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Abstract

The effect of lecithin and cholesterol on growth and survival of larval and postlarval Penaeus
monodon was evaluated using semi-purified diets containing four levels of lecithin (0.0, 0.5, 1.0
and 1.5%) and three levels of cholesterol {0.0, 0.5 and 1.0%). Three early stages (zoeal, mysid and
postlarval) of P. monodon were fed the experimental diets. Growth and survival of shrimp fed
diets containing 1.0 and 1.5% lecithin were not significantly different (® > 0.05) but these groups
had significantly greater growth and survival than those fed 0.0 and 0.5% lecithin diets. Shrimp
fed diets containing 1.0% cholesterol had significantly greater (£ < 0.05) growth and survival
than that of shrimp fed diets containing 0.0 and 0.5% cholesterol. There was no interaction
between lecithin and cholesteral on growth and survival of P. monodon. During a low salinily
stress test, PL-15 shrimp fed diets containing 1.0% cholesterol had significantly greater (P < (.05)
tolerance to low salinity exposure. © 1998 Elsevier Science B.V. All rights reserved.

Keywords: Lecithin: Cholesterol: Larval feed: Salinity stress test. Penaeus monodor:, Black tiger prawn,
Marine shrimp
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1. Introduction

Currently, shrimp larviculture primarily depends on live food organisms such as
micro-algae, rotifers, copepods and Artemia sp., all of which are often seasonally
available. Furthermore, the quality of live feed is not consistent and declines after
harvest and storage. A high quality artificial feed that can serve as a replacement for live
feeds is needed. An essential step in the development of artificial feed for larval shrimp
is defining nutrient requirements. Lecithin and cholesterol are two such nutrients.
Phospholipids can be synthesized by shrimp, but the rate of synthesis is too slow to
satisfy metaholic requirements of young crustaceans (D' Abramo et al., 1981; Kanazawa,
1983; Kanazawa et al., 1985). All crustaceans, including marine shrimp, are incapable of
synthesizing steroid ring compounds (Akiyama et al.,, 1992). Lecithin plays important
roles in lipid and carbohydrate metabolism in the liver of fish, and as an emulsifying
agent in biological systems associated with transportation and absorption of fatty acids
within the body. Lecithin is an essential component of biomembrane systems in all
eukaryotic cells. Cholesterol is an essential precursor of bile acids, steroid hormones,
molting hormones, vitamin Dy and prostaglandins (Steffens, 1989; Tacon, 1990; Akiyama
et al., 1992).

Appropriate phospholipid and cholesterol supplementation is known to promote
growth and survival of many marine and freshwater crustaceans {Castell et al., 1975;
D’Abramo et al., 1981, 1984, 1985; Kanazawa et al., 1985; Briggs et al., 1988, Chen
and Jenn, 1991). Most studies of dietary lecithin and cholesterol requirements have
focused on juvenile and larger shrimp rather than early life stages of marine shrimp.
Therefore, our present study was designed to determine optimal dietary levels of lecithin
and cholesterol for growth, survival and low salinity tolerance of postlarval Penaeus
monodon.

2. Materials and methods

P. monodon eggs were obtained from the Andaman Sea broodstock and were hatched
at the Aquaculture Laboratory, Department of Marine Science, Chulalongkorn Univer-
sity in Bangkok, Thailand. After hatching, shrimp larvae were cultured in a static water
hatchery system as described by Wilkenfeld et al. (1983). This system had a 50% water
exchange every two days. Salinity was maintained at 30%c, temperature at 28 + 1°C, pH
at 7.75 + 0.25, dissolved oxygen at 6.5-7.7 mg /1, and ammonia concentration at < 0.5
mg /1. Twelve hours of dim light, and 12 h of darkness were provided. Two larval stages
{zoeal and mysid) and postlarvae were used to evaluate the effects of dietary lecithin and
cholesterol on growth and survival, while 15 day old postlarvae (PL-15) were used in
the low salinity stress tests.

The experiment was 4 X 3 factorials in a completely randomized design with three
replicates per dietary treatment combination. Diets included combinations of four ievels
of lecithin (0.0, 0.5, 1.0 and 1.5%) and three levels of cholesterol {0.0, 0.5 and 1.0%).
Diets were semi-purified with mean protein and lipid levels of 50 and 8%, respectively.
These diets were produced using methods modified from Kanazawa et al. (1985) and
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Table 1

Composition of the test diets before addition of lecithin or cholesterol
Ingredients Dry matter (%)
Casein 55.0

Dextrin 15.5
Semi-refined fish oil 8.0

Mineral mixture® 8.0

Vitanin mixture® 4.0
Lecithin® 0-15
Cholesterol” 0-1.0
Carrageenan 5.0
a-cellulose 2.0-4.5

*Mineral mixfure 100 g contains: K.HPQ, 2.0 g, Ca,(PO,), 2.720 g, MgSO,.7H,0 3.041g, NaH,P0,.2H,0
0.790 g.

" Vitamin mixture 100 g contains: p-aminobenzoic acid, 10.0 mg; biotin, 0.40 mg; inositol, 400.0 mg; nicotinic
acid, 40.0 mg; Ca-pantothenate, 60.0 mg: pyridoxine-HCL, 12.0 mg; riboflavin, 8.0 mg; thiamin-HCl, 4.0 mg;
menadione, 4.0 mg; a-tocopherol, 20.0 mg; cyanocobalamine, (.08 mg; calciferol, 1.20 mg; folic acid, 0.80
mg; choline chloride, 120.0 mg; ascorbic acid, 20 mg; astaxanthin, 10 mg.

°Soy lecithin, feed grade. ’

dNine(y five percent cholesterol, [aboratory grade, Sigma.

ingredient composition is presented in Table 1. All diets were ground and sieve sorted
into three sizes; <53 p for the zoeal diet, 53-125 p for the mysid diet, and
> 125-500 p. for the postlarval diet. All diets were prepared at a temperature < 40°C
and stored in dark containers at —20°C until used.

In preparation for the zoeal trials, stage VI nauplii were separated into 4-1, cylindrical
rearing units at a density of 100 nauplii /1. The trial was terminated after larvae reached
mysis stage L. For the mysid and postlarval trials, mysis stage | and PL-1 were prepared
the same as in the zoeal trial, but densities were 30 and 10 individuals /1, respectively.

During each trial, shrimp were fed four times daily (0800, 1200, 1600 and 2000 h).
Each morning {0900--1000 h) 10 larvae from each replicate of the zoeal and mysid trials
were randomly sampled for growth determination and then returned. Growth index was
calculated using the method of Kanazawa et al. (1985). The total length of postlarvac
was determined 15 days after metamorphosis (at PL-15).

During the low salinity stress tests, ten PL-15 from each dietary feed group were
placed in 500 mi of dilute seawater (2%.). Shrimp mortalities were observed every 5 min
for 2 h. Data were analyzed using a probit analysis to determine median tolerance time
for each treatment group.

3. Results

There was no significant ( £ > 0.05) interaction between dietary lecithin and choles-
terol on growth and survival of larval and postlarval P. monodon. Therefore, the effects
of lecithin and cholesterol on growth and survival are discussed separately,

Mean zoeal growth rate was not significantly different (P > 0.05) for the four levels
of dietary lecithin (Fig. 1). For the mysid stage, the growth rate of shrimp fed the diet
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Fig. 1. Effects of lecithin and cholesterol on growth of P. monodon zoeal, mysid and postlarval stages. Mean
values are shown at the top of each bar. Means with the same superscript are not significantly different.

containing 1.5% lecithin was significantly greater (P < 0.05) than that of shrimp fed
diets containing 0.0 and 0.5% lecithin. Postlarval shrimp fed diets containing 0.5, 1.0
and 1.5% lecithin had a growth rate that was significantly greater (P < 0.05) than that of
postlarvae fed a diet containing no lecithin.
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The growth rates o
of cholesterol were si

f larval and postlarval P. monodon fed diets containing each level
gnificantly different (P < 0.05) (Fig. 1). In all cases, the highest

dietary cholesterol content (1.0%) always resulted in the greatest growth rate.
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Fig. 3. Effects of lecithin and cholesterol on survival of P. monodon PL-15 exposed (o low salinity (2%.)
stress. Median tolerance times (TLs,) in minutes are shown at the top of cach bar. Values with the same
superscript are not significantly different.

The effects of lecithin and cholesterol on survival of larval and postlarval P
monodon followed essentially the same patterns as those for growth rate (Fig. 2). Each
larval stage fed diets containing 1.0 and 1.5% lecithin had significantly greater (P < 0.05)
survival than that for 0.0 and 0.5% lecithin containing diets. Shrimp fed diets containing
1.0% cholesterol had the greatest survival, significantly greater than that of shrimp fed a
diet containing no cholesterol.

As found in survival and growth responses, there was no significant (P > 0.03)
interaction between lecithin and cholestero! content of diets on PL-15 tolerance of P
monodon to low salinity stress tests (Fig. 3). Survival of P. monodon fed diets
containing different levels of lecithin was not significantly different (P > 0.05). How-
ever, regression analysis indicates that shrimp fed diets containing higher levels of
lecithin survived significantly (r = 0.96; P < 0.05) longer than shrimp fed low concen-
trations of lecithin when exposed to low salinity.

Survival of PL-15 shrimp fed diets containing 1.0% of cholesterol was significantly
greater (P < 0.05) than that PL-15 shrimp fed other diets (Fig. 3). Regression analysis
revealed a significant correlation {r = 0.99; P < 0.05) between dietary levels of choles-
terol and median tolerance time of shrimp exposed to low salinity.

4. Discussion

Our findings of no interactions between dietary lecithin and cholesterol relative to
survival, growth and salinity tolerance of larval and postlarval P. monodon agree with
published results for other crustaceans, including; Hemarus americanus (Kean et al.,
1985), Macrobrachiwm rosenbergii (Briggs et al., 1988), Penaeus penicillatus (Chen
and Jenn, 1991) and juvenile P. monedon (Chen, 1993). Although lecithin and
cholesterol are essential nutrients, the nutritional functions of these compounds are
independent.

The dietary phospholipid requirement for P. penicillatus was reported as 1.25% of
the total diet {Chen and Jenn, 1991), and 0.4-2.0% of the total diet for other marine
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shrimp (Akiyama et al., 1992). Reported dietary cholesterol requirements for Penaeus
japonicus vary from 0.5% (Kanazawa el al., 1971) to 2.0% (Deshimaru and Kuroki,
1974), and 0.5% or higher for P. penicillatus (Chen and Jenn, 1991). In our present
study, P. monodon larvae and postlarvae fed a diet containing either 1.0 or 1.5% of
lecithin had significantly better growth and survival, whereas 1.0% cholesterol added to
the diet significantly increased growth and survival of P. monodon. Greater tolerance to
low salinity stress was also associated with higher survival and increased growth of
shrimp.

Mamimals synthesize phospholipids from 1,2-diglycerides with the aid of CDP-choline
(Imai and Sakagami, 1966, cited by Kanazawa et al., 1985). Larvae of P. japonicus,
however, are believed to have a limited ability to biosynthesize phospholipid because of
the inefficacy of CDP-choline (Kanazawa et al., 1985). Our study indicates that P.
monodon larvae are similar to P. japonicus larvae in their ability to biosynthesize
phospholipids, based on our observed growth and survival of P. monodon. This
indicates that dietary phospholipids such as phosphatidylcholine and phesphatidylinosi-
tol improved growth and survival of P. monodon larvae and PL by effects other than
enhancement of dietary lipid emulsification in the digestive tract. Previous work has
shown that the hemolymph of juveniles of P. japonicus contains high-density lipopro-
teins rich in phospholipids as the major lipoproteins (Teshima and Kanazawa, 1980a),
and also that the high-density lipoproteins were involved in the transport of lipids
through the hemolymph (Teshima and Kanazawa, 1980b). We, therefore, suspect that
phosphatidylcholine and phosphatidylinositol containing high levels of n-3 and n-6 fatty
acids serve as the lipid moieties of high-density lipoproteins in P. japonicus larvae.

Conklin et al. (1980) and D' Abramo et al. (1981) demonstrated a positive effect of
phospholipid on survival of juvenile Homarus americanus. Kanazawa et al. (1985)
demonstrated the relative efficacy of different sources of phospholipids in improving
growth and survival of P. japonicus. The relative nutritional value of phospholipids on
growth and survival of crustaceans seems to vary with the quality of esterified fatty
acids, in addition to the kinds of compounds esterified with phosphoric acid at the C-3
position.

Studies of the effects of lecithin and cholesterol on juvenile, Macrobrachium
rosenbergii (Briggs et al., 1988) and lobster H. americanus (Kean et al., 1985) have
found that there is no interaction between lecithin and cholesterol in influencing growth
or survival. They used semi-purified diets such as crab protein rather than purified diet
such as casein as the primary protein source. D’ Abramo et al. (1982) indicated that the
absence of soy lecithin in purified diets fed to juvenile lobsters caused a significant
decrease in the concentration of total cholesterol and phospholipid in the serum, possibly
owing to insufficient levels of certain dietary amino acids when casein was the main
source of protein.

Kanazawa et al. (1971) demonstrated that diets containing 0.5% cholesterol signifi-
cantly improved the growth and survival of P. japonicus. Teshima et al. (1983} reported
that diets containing 1.0% cholesterol improved growth and survival of P. japonicus
larvae, At these cholesterol levels, larval shrimp grew as well as those fed natural diets,
Sheen et al. (1994) reported that diets containing 0.2-0.8% cholesterol improved growih
and survival of shrimp.
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During our trials, we observed greater mortality of zoea during the first three days of
this stage, compared with that for the last three days. This higher mortality was
associated with incomplete ecdysis and feed residue in the digestive tract. This mortality
syndrome has been previously observed and may be related to problems with sterol
metabolism (Conklin et al., 1980; Bowser and Rosemark, 1981). Additional amounts of
dietary cholesterol may overcome this problem. In our study survival, growth and
salinity tolerance continued to increase even at the highest cholesterol levels used (1.0%)
(Figs. 1-3); therefore optimal dietary cholesterol levels may well exceed 1.0%.
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Abstract

This study was aimed at determining the optimal lipid:carbohydrate and protein:energy
ratios for growth and survival of juvenile Penaeus monodon. Two experiments were
performed using completely randomized designs in semi-closed recirculating water
systems. Juveniles of 0.4-0.8 g in weight and 4.0-5.5 cm in length stocked at a density
of 80 individuals/m® were fed semi-purified diets. The first experiment determined
optimal lipid:carbohydrate using isonitrogenous (35%) and isocaloric (330 kcal/100g)
diets with five lipid:carbohydrate ratios; 4:39, 7:32, 9:25, 14:18 and 16:12 (% W/W):
The lipid:carbohydrate ratio of 7:32 gave the highest growth rate (P<0.05), while
survival rates of shrimp in all other diet groups were similar but less. Thus optimal
lipid to carbohydrate ratio for the juvenile black tiger shrimp was approximately 1:4.6.
In the second experiment, optimal protein:energy (P.FE) ratio was studied using 5
protein levels (25, 30, 35, 40 and 45%) with a fixed lipid:carbohydrate ratio of 1:4.6.
Nine diets containing energy content (203-459 kcal/100g) with protein:energy ratio (63-
171 mg protein/kcal) were formulated. Shrimp fed the diet containing 33-44% protein
and energy content of 223-371 kcal/100g had a significantly higher growth rate than the
other diets (P<0.05). A regression analysis indicated that an optimal P:E ratio for the
optimal growth and survival of juvenile black tiger shrimp was 150 and 146 mg
protein/kcal, respectively, which diet containing 33-44% protein and optimal energy
was 263-331 kcal/100g.

Introduction

Because of the black tiger shrimp’s (Penaeus monodon Fabricius) high growth rate,
adaptability to various culture systems (Alava & Lim 1983), high market value, and
excellent response to compounded feed (Lee 1971; Forster 1972; AQUACOP 1977),
this species become very popular for commercial farming in Asia. This has led to the
development of more intensive culture systems, which in-turn created the need for more
nutritionally complete and well balanced prepared feeds. Currently, feed costs in
intensive shrimp culture are 50-60% of total production costs; protein is the single most
expensive component in shrimp feed.



Lower feed costs can be achieved by optimizing the rations between expensive
protein and lower cost energy sources in feed. If protein is in excess over energy,
protein will be used for metabolic energy maintenance rather than growth, thus
reducing growth (Phillips 1972). If the energy component of feed is in excess relative
to protein, growth will also be reduced due to decreased feed consumption consistent
with the protein limitation (Maynard & Loosli 1969; Page & Andrews 1973; Takeda et
al. 1975).

Protein and energy relationships in shrimp nutrition are not well documented
(Sedgwick 1979; Cuzon & Guillaume 1997). AQUACOP (1977) estimated that a total
dietary energy content of 330 kcal/100g was required for optimal P. mornodon growth.
In their review, Cuzon & Guillaume (1997) found that energy levels in crustacean diets
generally ranged from 310 to 410 kcal/100 g. Both Bautista (1986) and Shiau & Peng
(1991) concluded that a protein:energy ratio of 125 mg protein/kcal is optimal for P.
monodon growth. Since protein and energy relationships in shrimp feed are so poorly
understood, but important, these need better definition.

In addition to the relationship between feed protein and energy, the source of energy
is also very important. As lipids and carbohydrates are the two energy sources, we first
established optimal ratios of lipid:carbohydrate for P. monodon juveniles, followed by a
determination of an optimal ratio between protein:energy, and lipid:carbohydrate.

Materials and methods

Two experiments were conducted using a completely randomized design with three
replications per treatment. Semi-closed recirculating water systems were used in both
experiments with 50% water exchange every three days. Prior to each experiment,
shrimp were acclimated in the systems for two weeks. Experiments I and II lasted 30
and 45 days respectively.

Diet formulations in both experiments were modified from those of Kanazawa ef al.
(1977) and Shiau & Chou (1991), and are shown in Tables 1 and 2 respectively. Diets
were pelletized with 1-2 mm diameters, while proximate composition was determined
according to AOAC (1984). Gross energy values of diets were determined by ballistic
bomb calorimeter. Energy levels were adjusted by varying ratios of lipid, carbohydrate
and protein in diets. Standard physiological values used for calculating energy levels
were; 4 kcal/g protein, 4 kcal/g carbohydrate, and 9 kcal/g lipid (Halver 1976). In both
experiments, shrimp were fed four times daily (0800, 1200, 1600 and 2000 hr) at 5% of
body weight in glass aquaria (0.3x0.6x0.3 m) at 15 shrimp/aquarium (80 shrimp/m?).
All diets were conducted with 3 replicates. Water quality was monitored weekly during
both experiments for; temperature, salinity, pH, and dissolved oxygen. The
photoperiod was 12:12 hr light:dark cycle.

In experiment I, five iso-nitrogenous (35% protein; Colvin 1976; New 1976; Colvin
& Brand 1977) and iso-caloric (330 kcal/100g; AQUACOP 1977; Bautista 1986) diets
were formulated with five lipid to carbohydrate ratios by % w/w (4:39, 7:32, 9:25,
14:18 and 16:12; Sick & Andrews 1973; Deshimaru & Kuroki 1974; Tacon 1990;
Akiyama et al. 1992; Cuzon et al. 1994; Table 1). The effects of these diets on shrimp
survival and growth were evaluated. Two hundred and twenty five juvenile P. monodon
with initial sizes of 0.4-0.5 g and 4-5 cm were used in this experiment.

In experiment II, nine diets with constant lipid to carbohydrate ratio (1:4.6), with
five protein levels (25, 30, 35, 40 and 45%), and with nine energy levels (203-459
kcal/100g), and with corresponding proteinienergy (P:E) ratios (63-171 mg



protein/kcal) were formulated to determine optimal protein:energy ratio for juvenile
shrimp (Table 2). Four hundred and five juvenile P. monodon with initial size of 0.4-
0.8 and 4.0-5.5 cm were used to evaluate eflfects of diets on shrimp survival and
growth.

Shrimp survival and weight in each tank were recorded every 15 days in both
experiments. Shrimp growth and survival were evaluated using ANOVA and Duncan’s
New Multiple Range Test (Ott 1977). Optimal P:E ratio for juvenile shrimp weight
gained and survival was evaluated by regression analysis in experiment II.

Results

Water quality in both experiments was quite similar in all experimental units, and
within acceptable ranges for aquatic life with; water temperature 26.5 to 28.5 °C,
salinity 23 to 25 ppt, pH 7.5 to 8.0, and dissolved oxygen 6.4 to 7.8 mg/1.

Experiment I: Optimal lipid and carbohydrate Ievel for weight gained and
survival.

There was a significant difference (P<0.05) in growth rate of juvenile shrimp with
different ratios of lipid:carbohydrate, with iso-nitrogenous (35% protein) and iso-
caloric (330 kcal/100g) prepared diets. The greatest weight gained occurred in shrimp
fed diet with a 7:32 (% by weight) lipid:carbohydrate ratio (Fig. 1). There was no
significant growth difference in shrimp fed other diets. Optimal shrimp growth
therefore occurred with a lipid:carbohydrate ratio of 1:4.6, and when 39% of the diet
consisted of lipid and carbohydrate (i.e. 7% lipid, 32% carbohydrate). Mean surviva! of
shrimp ranged from 78% to 84% (Fig. 2) with no significant differences (P>0.05).

Experiment I1: Optimal protein energy ratio for weight gained and survival.

Mean growth rates of shrimp fed diets containing 25-45% protein with 203-459
kcal/100g energy levels were non-uniform and could be separated into two groups.
First, shrimp fed diets < 33% protein with energy contents of 399, 291 and 203
kcal/100g diet had reduced growth rates. Other shrimp fed diets containing greater
protein (33-44%) and energy content (223, 263, 331, 371, 439, and 459 kcal/100g) had
greater growth rates. Shrimp fed diets containing 23.5% and 26.1% protein with 291
and 399 kcal/100g energy, and 29.1% protein with 203 kcal/100g had growth rates
which were not significantly different (P>0.05). Shrimp fed a diet containing 34.1%
protein and 223 kcal/100g showed a growth rate similar to shrimp fed a diet containing
34.0% protein and 331 kcal/100g, but for shrimp fed a diet containing 33.1% protein
with energy increased to 439 kcal/100g the growth rate tended to decrease. Shrimp fed
diet containing 36.1% protein and 459 kcal/100g showed a growth rate similar to
shrimp fed a diet containing 33-34% protein at all energy levels. Shrimp fed diet
containing 44.0% protein and 263-371 kcal/100g exhibited a growth rate similar to
shrimp fed the diet containing protein in range of 34.0-36.1%. Thus the diets
containing 35-45% protein, all supported -similar growth in the shrimp. The optimal
protein:energy ratio for growth was determined for shrimp fed 33-44% protein diets by
regression analysis. The following equation provided best fit (Fig. 3).

Y, = -9.054 + 1.436X - 0.005X>
(*=0.73)



Where: Y, = growth rate (% weight gained), and X = P:E ratio in diet (mg
protein/kcal). The equation indicated that the optimal P:E ratio of diet containing 33-
44% protein for shrimp growth was 150 mg protein/kcal.

Using survival rate and protein:energy ratio data, the regression analysis (Fig. 4)
indicated the best fit for the relationship between survival rate and P:F ratio as,
Y =10.016 +0.993X - 0.003X?
(=0.53)
Where: Y = survival rate (%), and X = P:E ratio in diet (mg protein/kcal). The
equation determined that the optimal P:F ratio for the best survival of shrimp juvenile
was 146 mg protein/kcal

Discussion

Experiment I. In our lipid:carbohydrate trials we used corn starch, a relatively pure
carbohydrate as available data indicated that shrimp are best able to use starch
carbohydrates (polysaccharides) rather than dextrin or glucose (Andrews et al. 1972).
Forster & Gabbott (1971) found that corn starch permitted a better performance than
did many other carbohydrate sources. Qur results demonstrated that shrimp fed a diet
containing lipid:carbohydrate ratio of 1:4.6 {or 7:32% by weight) gave the best growth
rate. Andrews ef al. (1972) and Akiyama, Dominy & Lawrence (1992) reported that
marine shrimp required optimal dietary lipids in the range of 6-7.5%, while Sick &
Andrews (1973) and Cuzon, Guillaume & Cahu (1994) reported optimal dietary
carbohydrate in the range of 20-40% for most aquatic animals.

In our studies, shrimp fed diet containing high lipid and low carbohydrate (9:25%,
14:18% and 16:12% by weight) had low growth rates compared with other diets.
Excess dietary lipids are known to adversely affect normal metabolic functions,
decrease growth or/and survival of shrimp. Shrimp consuming excess lipids reduce
their feed consumption because of excessive food energy. Excess dietary lipids also
affect nutritional balance. Shrimp fed diet containing low lipid and high carbohydrate
(4:39% by weight) had a lower growth rate than shrimp fed a diet containing more lipid
and less carbohydrate, 7:32% by weight. Excess dietary carbohydrates are known to
cause degenerative change of the digestive gland resulting in poor growth (Pascual er
al. 1983). Mean survival of shrimp with no significant differences in this study,
indicated that all diets had adequate energy for life maintenance. AQUACOP (1977)
estimated that a total dietary energy content of 330 kcal/100g was required for optimal
growth of P. monodon.

Experiment II. Our results demonstrated that shrimp fed diets with protein ranging
from 23.5-29.1% at all energy levels showed a lower growth rate compared with shrimp
fed higher protein levels; protein levels below 30% appear insufficient for optimal
growth. Bautista (1986) reported that P. monodon (0.60 to 0.80 g) fed diets with 30%
protein and energy ranging from 205-335 kcal/100g had lower growth rates compared
with shrimp fed diets containing 35-45% protein at all energy levels.

Shrimp fed 36.1% protein and 459 kcal/100g diet showed a similar growth rate
compared with shrimp receiving 33.1-34.1% and 44.0% protein in all energy levels.
Bautista (1986) observed that shrimp growth rates declined when energy level reached
400 kcal/100g. In our case, shrimp fed diets with protein in the range of 33-44%
exhibited better growth rates when the dietary energy was close to 263-331 kcal/100g.



Our optimal protein:energy ratios (146-150 mg protein/kcal) differ from those
reported in earlier studies. Bautista (1986) found that P. monodon fed a 40% protein
diet required a P:E ratio of 121 mg protein/kcal for optimal growth. Sedgwick (1979)
found that P. merguiensis fed dicts with a 34-42% protein range needed a P:F ratio of
72.7 mg protein/kcal for optimal growth. In their review, Cuzon & Guillaume (1997)
found P:E requirements for P. mornodon growth ranged from 83-209 mg protein/kcal.
Lee & Lawrence (1997) demonstrated that P:E ratios in crustaceans ranged from 142 to
167 mg protein/kcal. These differences may be explained in the past by nutrient quality
difference in protein, lipid and carbohydrate (Cuzon & Guillaume 1997), shrimp
species, size, and feeding habit (Deshimaru & Yone 1978; Teshima & Kanazawa
1984), protein quality and quantity (Bautista 1986; Alava & Pascual 1987; Shiau &
Chou 1991), salinity (Hajra et al. 1988) and perhaps other differences in feed
ingredients.
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Table 1 Prepared diets compositions in experiment I. (values are in % dry weight).

L:C Ratio 1:9.8 1:4.6 1:2.8 1:1.3 1:0.8
L:C (% weight) 4:39 7:32 9:25 14:18 16:12
Percent dry weight
Ingredients
Casein 35.0 35.0 35.0 35.0 35.0
corn starch 38.5 318 25.0 18.3 11.6
Semi-refined fish oil 40 7.0 10.0 13.0 16.0
Cellulose 16.2 199 23.7 274 31.1
Others’ 6.3 6.3 6.3 6.3 6.3
Nutrients
Moisture 25 2.5 24 39 33
Crude protein 34.0 34.1 35.2 353 34.6
Crude lipid 3.5 7.1 9.2 13.7 16.3
Caloriet (kcal 100g™") 3307 330.5 330.1 3302 330.1

“others : vitamin ¢ 0.02%, astaxanthin 0.02%, lecithin 0.5%, cholesterol 0.5%, aquabind 1.5%,
mineral mixture 2% (mineral mixture 100 g containing K,;HPO, 2.0 g; Caz(POy); 2.720 g;
MgS0,.7H,O 3.041g; NaH-PO,.2H,0 0.790 g); and vitamin mixture 1.76% (vitamin mixture 100 g
containing p-Aminobenzoic acid 10.0 mng; Biotin 0.40 mg; inositol 400.0 mg; Nicotinic acid 40.0 mg:
Ca-Pantothenate 60.0 mg; Pyridoxing-HCI 12.0 mg; Riboflavin 8.0 mg; Thiamine-HCI 4.0 mg;
Menadione 4.0 mg; a-Tocopherol 20.0 mg, Cyanocobalamine 0.08 mg; Calciferol 1.20 mg: Folic acid
0.80 mg: Choline chioride 120.0 mng)

“Total caloric (gross energy) was measured by ballistic bomb calorimeter.



Table 2 Prepared diets compositions in experiment 1I.

Protein:Energy Ratio 148 157 171 86 108 121 63 80 87
(mg of protein kcal™)

Percent dry weight
Ingredients
Casein 30,0 350 450 250 350 450 250 339 369
Corn starch 136 136 136 317 317 317 499 483 400
Semi-refined fishoil 30 30 3.0 70 70 70 110 106 101
Cellulose 471 421 321 300 200 100 78 09 07
Others* 63 63 6.3 6.3 6.3 63 63 63 63
Nutrients
Moisture 37 37 35 29 35 38 34 3.1 3.0
Crude protein 291 341 440 235 340 441 261 331 361
Crude lipid 32 35 41 74 70 82 115 110 112
Calorie (kcal 100g™) 203 223 263 291 331 371 399 439 459

" Asin experiment I {Table 1).
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Figure I Mean growth rates + S.D. of juvenile Penaens monodon fed diets with
different lipid:carbohydrate ratios for 30 days in experiment I (based upon 15 animals
per aquarium; three aquaria per diet). Mean growth values with the same superscripts
were not significantly different (£>0.05).
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Abstract

Bacillus S11 bacterium isolated from black tiger shrimp habitats was added to shrimp feed as a
probiotic in three forms: fresh cells, fresh cells in normal saline solution, and a lyophilized form.
After a 100-day feeding trial with probiotic supplemented and non-supplemented (control) feeds,
Penaeus monodon (from PL30) exhibited no significant difference ( p > 0.05) in growth, survival
nor external appearance between all three probiotic treatments, but significant differences (p <
0.05) occurred between probiotic and control groups. After challenging shrimps with a shrimp
pathogen, Vibrio harveyi, by immersion for 10 days, all probiotic treatment groups had 100%
survival; whereas the conirol group had only 26% survival. In addition, the control group had an
unhealthy external appearance, and deformed texture of the hepatopancreas and intestine, while
treatment group shrimp appeared healthy and normal. © 1998 Elsevier Science B.V. All rights
reserved.

Kevwords: Probiotics; Penaeus monodon; Black tiger shrimp; Bacilles sp., Immersion; Vibrio harveyi,
Shrimp health

1. Introduction
During the past 50 years, numerous trials were conducted with microorganisms
known as probiotics in efforts to improve culturability of food species, and to improve
" Corresponding author. Tel.; +66 2 2185089; fax: +66 2 2530337; e-mail: sirirat@mail.sc.chula.ac th
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human health and welfare. Appropriate probiotic applications were shown to improve
intestinal microbial balance, thus leading 1o improved food absorption (Parker, 1974;
Fuller, 1989}, and reduced pathogenic problems in the gastrointestinal tract (Lloyd et al.,
1977, Snoeyenbos et al., 1978; Pivnick et al., 1981; Cole and Fuller, 1984; Goren et al.,
1984). Several probiotic species were used, including Lactobacillus spp. (Muralidhara
et al., 1977; Pollman et al., 1980; Jonsson, 1986}, Saccharomyces sp. (Bumett and Neil,
1977; Surawicz et al., 1989), Bacillus spp. (Ozawa et al., 1981; Ogle and Inborr, 1987;
Spriet et al., 1987), and mixed cultures (Pollman et al., 1980; Lessard and Brisson,
1987). With some trials, growth promotion was clearly demonstrated in poultry (Alder
and Damassa, 1980) and pigs (Pollman et al., 1980) compared with control groups.
Those results were most promising and gave confidence that further improvements in
probiotic applications were possible (Fuller, 1992).

Austin et al. (1995) recently found that the probiont Vibrio alginolyticus applied to
salmon could reduce diseases caused by Aeromonas salmonicids, V. anguillarum and V.
ordalii. Other published reference to probiotic application have been scarce, however,
especially for shrimp culture application (Douillet and Langdon, 1994; Sugita et al.,
1996).

Black tiger shrimp (Penaeus monodon) culture has considerable economic impor-
tance in Thailand. During 1992~1995, P. monodon exports from Thailand were valued
at US$1.5-2.0 billion per year (Thai Department of Business Economics, 1996).
Unfortunately, yields declined beginning in 1996 due to epidermic outbreaks of infec-
tious diseases, including; yeliow-head baculovirus, systemic ectodermal and mesodermal
baculovirus and luminous bacterium (V. harveyi, Wendy and Kevan, 1992). Probiotics
were considered a possible solution to some of these disease problems, but no informa-
tion existed on such applications. Therefore, the aim of our current research was to
evaluate probiotic potentials of selected bacterial strains on growth and survival of P.
monodon.

2. Materials and methods
2.1. Bacteria strain

Several samples of mud, water and black tiger shrimp from shrimp ponds along the
Gulf of Thailand were collected and homogenized, serially diluted with sterilized normal
saline solution (NSS, NaCl 0.85% w/v), then plated on Tryptic soy agar (Difco) with
1% (w/v) NaCl. Serial dilution ranged from 10™' to 10™* with triplicate plate counts.
Isolated colonies were selected and checked for antimicrobial properties against V.
harveyi D311 and V. parahaemolyticus using an agar diffusion technique described in
detail by Naclerio et al. (1993). Of 377 isolates, one strain produced the greatest
antimicrobial performance. This strain was identified as Bacillus sp. and designated
Bacillus §11, a Gram-positive, rod shape, catalase positive and spore former (Phianphak,
1996). Bacillus $11 was cultured in Tryptic soy broth {Difco) with 1% (w /v) NaCl and
stocked on Tryptic soy agar (included 1% (w /v) NaCl). Culture conditions were at 37°C
in 2-1 flasks for 24 h, afterward Bacillus S11 cells were centrifuged and washed in
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sterile normal saline solution three times, then stored at —20°C until further use. We
routinely checked its purity during this investigation. We included three forms of
Bacillus 811 in three shrimp feed formulations, including Bacillus S11 as; fresh cells,
fresh cells in normal saline solution, and with lyophilized cells. Fresh cells aged 24 h
(~ 10" colony forming units (CFU} per 1 g of cells wet weight) were harvested and
maintained at —20°C prior to use. Cell aliquots were freeze-dried using a Lyophilizer
FD-1 as prescribed by the manufacturer (Eyela, Tokyo Rikakikai} and kept in a
sterilized container (1 1) at —20°C before use. Bacillus S11 cells brought to room
temperature from —20°C were used as fresh cells (3.0 X 10" CFU g '). Some of these
cell aliquots were suspended in NSS (1 g of cell wet weight suspended in 100 ml of
NSS). They were designated fresh cells in NSS (3.4 X 10'" CFU ml™'). Lyophilized
cells were used at 5 X 10'> CFU g~ ',

Formulated shrimp feed consisted of 32% fish meal, 25% soy bean, 10% shrimp head
meal, 1% lecithin, 20% wheat flour, 5% wheat gluten, 2% vitamin complex, 3% mineral
complex, and 5% fish oil by weight. These ingredients were mixed and extruded, heated
at 110°C for 10 min, then kept at 80°C overnight. After returning to room temperature,
this diet was kept at — 20°C until used.

Total bacterial count in unaltered diet was 2 X 10* CFU g~', of which ~ 100% was
Bacillus spp. The ratio of formulated shrimp feed to Bacillus S11 form was 3:1 (except
the control). After mixing, feed was kept at —20°C until used. Final Bacillus S11

concentrations in treatment feeds was ~ 10'° CFU g™,

2.2. Preparation of experimental animals and experimental design

Healthy, black tiger shrimp aged PL-15 were acclimatised in 12 concrete test tanks
(each measuring 80 X 74 X 87 ¢m) until PL-30 (0.7-0.8 g), and were fed unaltered,
formulated feed three times daily. The PL-15 were obtained from a hatchery located
near Chachoengsao, Thailand, using broodstock captured from the Andaman sea. A
closed, recirculating water systern was used. This system and culture procedures are
described by Menasveta et al. (1991).

The experiment was conducted as a completely randomized design with four treat-
ments: (a) shrimp fed unaltered diet (control); (b) shrimp fed diet mixed with fresh cells
of Bacillus S11; {¢) shrimp fed diet mixed with Bacillus S11 cell suspension in NSS;
and (d) shrimp fed diet mixed with lyophilized Bacilius S11 cells. Each treatment had
three replicates of 40 shrimp each. Shrimp were fed three times daily at 800, 1200 and
1600 h. Daily feeding rate was ~ 10% of total body weight.

Lengths and weights of 10 randomly collected shrimp from each pond were deter-
mined every 3 weeks. At the same time, shrimp survival was also determined in each
tank.

Weekly water samples of 120 ml were collected from the center of each tank, along
with shrimp feces {~ 200 mg), and one live shrimp once every 3 weeks for bacterial
determination starting from the first day of the feeding trials. Water quality was
monitored weekly, including; pH, disscolved oxygen, temperature, salinity, ammonium,
nitrate, nitrite and phosphate as described by Strickland and Parsons {1972). Shrimp
were dissected using sterilized surgical scissors where the hepatopancreas and intestines
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were removed for microbial enumeration and identification. Bacterial determinations
were made using serial dilution in NSS, followed by plating on Nutrient agar {with 1%
w /v NaCl), Tryptic soy agar (with 1% w,/v NaCl), and Thiosulphatc citrate bile salt
agar (TCBS, Difco). After 24—48 h of incubation at 37°C, plate colonies were counted
and recorded. Microbial strains were re-examined using Gram staining, spore staining
and selected biochemical tests as described by Sneath (1986). The effects of Bacillus
S11 on shrimp growth and survival, and on V. harveyi D331 resistance were evaluated
using analysis of variance and Duncan’s multiple range tests (Statistical Analysis
System, 1983). '

2.3. Pathogen challenge test

After feeding for 100 days, shrimp in each treatment were challenged with the
luminous bacteria V. harveyi D331 which had been cultured and maintained using
TCBS broth and agar. Shrimp in all replicated immersed in a suspension of V. harveyi
D331 at ~ 10° CFU ml™ ' according to Austin et al. (1995). This was followed by a
second immersion of ~ 107 CFU ml™' after 7 days. During the immersion test, water
and shrimp were collected and checked every 2 days from each tank for microbial
examination and shnimp survival. After 10 days of the challenge test, shrimp in each
treatment group were dissected by sterile surgical scissors and examined microscopically
as described above. Shrimp survival was determined for each replicate. V. harveyi
culture isolated from shrimp hepatopancreas and intestines were purified and identified
using Gram staining, oxidase test, and motility test, and were compared with the original
V. harveyi D331 cultures. V. harveyi D331 and V. parahaemolyticus cultures were
kindly provided by the Shrimp Culture Research Center, Charoen Pokphand Feedmill,
Samutsakorn, Thailand. We reconfirmed the identity of V. harveyi and V. para-
haemolyticus by following procedures described by Holt et al. (1986).

3. Results and discussion

There were no obvious effects of Bacillus S11 on the water quality in the three feed
treatments. Dissolved oxygen (5-6 mg 17 '), pH (7.9-8.2), temperature (26-27°C) and
salinity (20 mg 17') values were stable and within acceptable ranges. Likewise,
ammonium (0-0.5 mg 17'), nitrate (0—1.2 mg 17'), nitrite (0-2.5 mg 1°'), and
phosphate (2-3 mg 17'} were unremarkable and considered safe for shrimp culture
(Menasveta et al., 1989; Boyd, 1990; Menasveta et al., 1991). During the first week,
however, nitrite increased to 2.5 mg 17" but later decreased to near zero.

After 100 days, mean shrimp weights of all probiont treatment groups averaged
7.06 + 0.48 g with no significant difference ( p > 0.05) between these groups. Probiont
treatment group mean weights were significantly greater ( p < 0.03) than control shrimp
mean weight (3.99 + 0.38 g; Fig. 1). Shrimp survival after 100 days was significantly
greater { p < 0.05) in the treatment groups (33.3 + 4.4%) compared with the control
group (15.8 + 5.2%, Fig. 1). Cannibalism associated with clear water and concrete tanks
apparently caused low survival rate. Treatment group P. monodon appeared healthier
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Survival (%)

Time (days)

Control M Fresh cells B Fresh ceils in NSS Lyophilized cells

Fig. 1. Live weights (g) and surviva) (%) of P. monodaen cullured for 100 days in four feed treatments,

and were active than those of the control group. Clearly, probiotic treatment with
Bacillus S11 appeared to enhance both growth and survival of P. monodon. Bacillus
S11 preparations with fresh cells, fresh cells in NSS and lyophilized forms gave similar
results without any significant differences between Bacillis S11 forms.
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Fig. 2. Bacterial counts in rearing tank water during 100 days of feeding with: (A) Control; (B} Fresh cells; {C)
Fresh cells in NSS; and (D) Lyophilized cells. All values are means of three replicates per treatment,
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After 42 days culture, total bacterial counts of water from each culture tank was
~ 10" CFU ml ' regardless of treatment (Fig. 2). These concentrations were generally
greater than those normally found in earthen ponds used for commercial shrimp culture
(e.g., 107 to 10°® CFU ml™'; Colomi, 1985). Higher values in our culture system was
probably due to low algal density and lack of grazer organisms. Our tanks were turbid,
grey coloured waler. Vibrio spp. concentrations in control tanks (Fig. 2A) were greater
than those of treatment groups (Fig. 2B,C and D). Bacillus $11 concentrations increased
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Fig. 3. Bacterial counts in shrimp guts (hepatopancreas and intestine) during 100 days of feeding with: (A)
Control; (B) Fresh cells; (C) Fresh cells in NSS; and (D) Lyophilized cells. All values are means of three
replicates per treatment.
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Fig. 4. Bacterial counts in shrimp feces during 100 days of feeding with: (A) Centrol; (B) Fresh cells; (C)
Fresh cells in NSS; and (D) Lyophilized cells, All values are means of three replicates per treatment.
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to 105-10'° CFU ml ' in all treatment tanks through the first 42 days, but were not
found in the control tanks. Bacillus spp. concentrations were ~ 2 X 10* CFU ml™! in
the control tanks, but were nearly absent in the treatment tanks. Bacillus spp. presence
may have been due to non-compelitive, saprophytic growth (Yasuda and Kitao, 1980).
These results indicate that the probiont Bacillus $11 replaced both Vibrie spp. and other

bacterial in the culture water,
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Fig. 5. Bacterial counts in tank water of probiotic treatments and centrol during 10 days challenge with V.
harveyi D331 where: (A) Control; (B} Fresh cells; (C) Fresh cells in NSS; and (D) Lyophilized cells. (1
second booster of V. harveyi D331 107 CFU ml™ ' by immersion.) All values are means of three replicates per

treatment.
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Total bacterial flora, both Gram-positive and Gram-negative rods, found in shrimp
hepatopancreas and intestines (mid- to hind gut) in all treatments and controls on day
100 were in a range of 10°—10% CFU g~' (Fig. 3); the same values as reported by
Dempsey et al. (1989). The main flora in contro! group shrimp guts were Vibrio spp.
(10® CFU g=') and a few Bacillus spp. (<10 CFU g '), while those in all the
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Fig. 6. Bacterial counts in shrimp guts (hepatopancreas and intestine} of probiotic treatments and control
during 10 days challenge with V. harvevi D331 where: (A} Control;, (B) Fresh ceMs; (C) Fresh cells in NSS;
and (D) Lyophilized cells. (1 second booster of V. harvevi D331 107 CFU mi™' by immersion.) All values
are means of three replicates per treatment.
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treatment groups were mostly Bacillus $11 (10°~10" CFU ml™") and a few Vibrio spp.
(~10? CFU g™'). Clearly, Vibrio spp. in treatment shrimp guts was replaced by
Bacillus S11. This same pattern of bacterial replacement occurred in shrimp feces of
both control and treatment groups (Fig. 4), where Vibrio spp. was replaced by Bacillus
S11. These results re-confirm the agreement in bacterial type and concentration between
shrimp guts and feces (Yasuda and Kitao, 1980). More importantly, these results are an
indirect indication that the probiont Bacilius S11 viably colonize shrimp guts and
proliferate in a manner that benefited the host.

During the challenge test, Vibrio spp. concentrations in both tank water and shrimp
guts of the contro} group increased from 10% 10 107 CFU m1™" or g~', white only 10?
CFU of Bacillus spp. were detected (Figs. 5 and 6). Conversely, with all treatment
groups, the probiont Bacillus S11 was the principal bacteria (107-10% CFU ml™! or
g~ 1), with lower concentration of Virio spp. in water (10 CFU ml™') and in the guts
(10 CFU g~ "). The main Vibrio spp. found in all challenge tanks was identified as V.
harveyi D331. After 10 days challenge with V. harveyi D331, survival of probiotic
treatment groups {100%) was significantly greater (p < 0.05) than.with the control
group (26%; Fig. 7).

Even after the second high dose of V. harveyi D331, healthy shrimps in the
treatment survived well. Moreover, no external pathology was observed in treatment
groups. They locked normal in size, colour and texture. On the contrary, guts from the
control group had pale colour and deformed texture, and survival continued to decrease
following the second challenge (Fig. 7). Although treatment groups were also immersed
in V. harveyi D331, they resisted both external and intemal infection by V. harveyi
D311. Bacillus S11 colonization of shrimp guts apparently acted as an interferer or
competitor against V. harveyl D311 infection. Bacillus S11 may produce some anti-mi-
crobial substances, or some unknown by-products negatively effected V. harveyi D331
{(Hastings and Nealson, 1981).

=
s
2
>
[75]
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fE Control M Fresh cells B Fresh cells in N§S Lyophilized cells

Fig. 7. P. monodon survival in three probiotic treatment groups and control with V. harveyi D331 for 10 days.
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Our findings still leave open questions regarding the effects of probionts on shrimp
immune response. Our data suggests competitive exclusion by non-pathogenic Bacillus
511 was the main source of benefits in our case, but we did not measure possible
immunities. We can conclude, however, that use of Bacillus S11 in shrimp feeds can
reduce P. monodon mortalities during culture. Our findings should be confimed in
outdoor, earthen pond trials before they are applied commercially.
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Probiotic Use of Lactobacillus spp. for
Black Tiger Shrimp, Penaeus monodon
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A mixture of Lactobacillus species and strains (designated L-P) was isolated from
chicken gastrointestinal tracts and mixed with a formulated shrimp diet. Growth and
survival of Penaeus monodon juveniles fed the L-P diet for 100 days was significantly
greater (p<0.05) than those shrimp fed a control diet without L-P added. A 10-day
immersion challenge test with Vibrio harveyi D331 resulted in 74% mortality in the control
group, while none of the treatment group shrimp died.

Key words: Probiotics, shrimp health, Lactobacillus spp., Penaeus monodon, Vibrio harveyi
D331.
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INTRODUCTION
Metchnikoff first used the term

“probiotics” in 1907, where it was defined as a
microorganism feed supplement which is non-
pathogenic but which propagates in the host
animals, gastrointestinal (GI) tract thus serving
as a growth promotor and/or providing
resistance to infectious disease.). TProbiotic
bacteria and other microbes include
Lactobacillus spp., Bifidobacterium sp.,
Clostridium sp., Enterococcus sp., Escherichia coli,
Bacillus sp., Streptococcus sp., yeast, and mixed
cultures. Probiotics are widely used
commercially as feed supplements for terrestial
animals such as pigs@® and chickens.®?
Probiotic growth promotion, health
enhancement, and infectious disease inhibition
greatly reduce investment risks and costs. At
the same time, probiotics have not yet been
used widely in aquaculture, although a
*substantial market currently exists in the agro-
industry for these products.®) However, some
successful probiotics trials have been reported
with Vibrio alginolyticus in salmon.®® Recently,
Sugita et al. (1996)19 isolated bacterial flora
from the GI tract of marine crabs and fish
which have potential uses as probiotics.
Futhermore, Rengpipat et al. (1998)@1) clearly
demonstrated that Bacillus 511 could be used as
a probiotic for Penaeus monodon.

Lactobacillus, a group of lactic acid
bacteria, has long been used as starter culture
for several milk products,(213) and other
fermented foods.¥) The end product of this
fermentation is lactic acid which is a safe food
preservative and flavor enhancer.1® Several
Lactobacillus spp. strains are used as probiotics
for terrestial animals, including, Lactobacillus
Inctis, L. bulgaricus, L. fermentum, L. acidophilus
and L. reuteri?4516) These Lactobacillus spp.
reduced Escherichia coli in feces,® guts® and
stomachs® of small pigs, and they suppressed
and neutralized E. coli toxin in calves.(1)
Lactobacillus spp. feed additives also benefited
host metabolism, including reduced serum
cholesterol? and amine® in pigs, and they
produced hydrolytic enzymes which improved
digestion in rats,08 chicks®” and pigs.1® The
main purpose of our study was to evaluate
potential benefits of Lactobacillus spp. mixed
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cultures with black tiger shrimp, Penaeus
monodon.

MATERIALS AND METHODS

Five strains of Lactobacillus spp.,
including Lactobacillus acidophilus TISTR 1338, L.
bulgaricus TISTR 1339, L. casei TISTR 1340, L.
casei subsp. tolerans TISTR 1341, and L. jensenii
TISTR 1342 were used in this study. They were
provided by Bangkok MIRCEN, Thailand
Institute of Scientific and Technological
Research (TISTR), Bangkok, Thailand. They
were originally isolated from intestines of
healthy chickens obtained from local markets in
Bangkok. Prior studies by Thanaruttikannont
(1996)0 confirmed that they possessed good
probiotic properties for rearing chickens. Each
Lactobacillus spp. was grown in MRS broth
(DIFCO) at 37°C for 24 h and then harvested by
centrifuging at 5,000 rpm for 30 min. Cells
were immediately washed twice with sterile
normal saline solution. Cells of each strain were
mixed in equal amounts to achieve final
concentration of ~101° cells g1 wet weight. This
Lactobacillus spp. mixture was designated L-P.
Lactobacillus spp. confirmations were
performed on MRS agar by picking isolated
colonies for examination, using Gram staining,
a catalase test, and a biochemical test.
Confirmation was by standard techniques.®)

The shrimp diet was prepared consisting
of 32% fish meal, 25% soybean, 10% shrimp
head meal, 1% lecithin, 20% wheat flour, 5%
wheat gluten, 1% vitamin complex, 1% mineral
complex, and 5% fish oil, all by weight. These
ingredients were mixed, extruded, heated at
100°C for 10 min, and then dried at 80°C
overnight. After cooling to room temperature,
feed was kept at -20°C until used. Total
bacterial count revealed mostly Bacillus spp.
(102 CFU g1). Prior to use, L-P was added to
feed in a 1:3 ratio, thoroughly mixed, and
kept at -20°C until use. L-P in this aliquot was
at approximately 1019 CFU g1. Feed without
any addition (non-treated feed) was used as a
control diet.

Healthy black tiger shrimp aged PL-15
were acclimatized in six concrete test tanks
(each measuring 80x74x87 cm) until PL-30
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(0.7-0.8 g), and were fed non-treated feed three
times daily. The shrimp culture procedure was
as described by Menasveta et al. (1991),®
including a closed, recirculating water system.
The experiment was conducted in a completely
randomized design with two treatments: a
treatment group (shrimp fed L-P diet); and a
control group (shrimp fed non-treated diet).
Three replications with 40 shrimps per replicate
were used in each treatment. Feeding was
conducted three times daily at 0800, 1200 and
1600 h. Total daily feed was ~10% of total body
weight. Total shrimp weights and the number
of shrimp in each tank were measured every
three weeks.

Water samples (120 ml) were collected
weekly from the center of each tank, along with
shrimp feces (~200 mg), and one live shrimp
once every three weeks for bacterial
determination starting from the first day of the
féeding trials. Water quality was monitored
weekly, including pH, dissolved oxygen,
temperature, salinity, ammonium, nitrate,
nitrite and phosphate as described by
Strickland and Parsons (1972).) Shrimp were
dissected using sterile surgical scissors to
remove the hepatopancreas and intestines for
microbial enumeration and identification. All
samples for bacterial determination were
serially diluted in NSS and plated on nutrient
agar, tryptic soy agar, MRS agar, and
thiosulfate citrate bile salt agar (TCBS). All
agar media included NaCl at 1% w/v.
Reagents were from DIFCO Laboratories, USA.
Colonies formed on plates after 24-48 h of
incubation at 37°C were counted and recorded.
Confirmation of each strain was
microbiologically re-examined by Gram
staining, spore staining, and selected
biochemical tests using standard techniques.?)

After feeding for 100 days, shrimp in
each treatment were challenged with Vibrio
harveyi D331, kindly provided by the Shrimp
Culture Research Center, Charoen Pokphand
Feedmill Co. Ltd., Thailand. Vibrio harveyi D331
is a pathogenic bacterium causing luminescent
disease in P. monodon. Both TCBS broth and
agar were used as culturing and maintaining
media for V. harveyi D331. Immersion
techniques® (Austin ef al, 1995) were used
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with V. harveyi D331 suspension and final
concentrations of ~10° CFU ml! in tank waters
at Day 0, with a second booster of 107 CFU ml-
1 on Day 7. Water and shrimp samples were
taken every two days from each tank for
bacterial determination as described above,
along with measurements of shrimp survival.
After 10 days of the challenge test, shrimp in
each treatment group were dissected and their
internal organs were observed microscopically.
Final survival was measured.

V. harveyi isolated from shrimp guts was
purified and identified by examining their
microbiological and biochemical characteristics,
including. Gram staining, on oxidase test, and
a motility test. These results were compared
with the results from tests with V. harveyi D331.
The identity of V. harveyi and Vibrio spp. were
reconfirmed by following procedures described
by Holt et al. (1986).24

The effects of L-P on shrimp growth and
survival and V. harveyi D331 resistance, were
analysed using analysis of variance and
Duncan’s multiple range tests.(%)

RESULTS AND DISCUSSION

All water quality values were within
acceptable and safe ranges for shrimp culture
(Table 1).@ After 100 days, shrimp survival
was quite low, averaging 34% in the treatment
group and 16% in the control group (Fig. 1).
Percent of shrimp survival calculated from the
average of survival at each time point without
subtacting the number of shrimp removed for
microbiological study, in terms of percent.
Cannibalism in clear water may have caused
low survival. Furthermore, from our
observations survival of shrimp in cement tank
is generally quite low. No infection was found
and shrimp were very healthy. Average
shrimp weights of the the treatment group
were significantly greater than those of the
controls after 100 days (Fig. 2, P<0.05). It
appears that L-P contributed to both increased
yields and growth. This finding supports our
earlier finding with other probiotics for the
same purposes.(i1.27)

The most useful probiotic micro-
organisms for shrimp are those that grow and
propagate well in the shrimp gastrointestinal
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tract, producing useful end products for their
host is benefit. Until now, Lactobacilius spp.
was not known to inhabit shrimp GI tracts. @2
We have demonstrated, however, that
Lactobacillus spp. (L-P) isolated from chicken
intestines can colonize P. monodon GI tracts and
function as probiotics to increase survival and
growth of P. monodon (Fig. 1). Interestingly,
only L. casei subsp. tolerans was the
predominant strain in the GI tract, while other
species disappeared (data not shown).

Lactobacillus spp. were found in both tank water
and shrimp guts and tank water in our control
group (Figs. 3 and 4). This might be due to
cross-contamination from using the same
utensil for handling the diet on the first day.
However, Lactobacillus spp. concentrations in
the control group were insignificant compared
with those of the treated groups. It is possible
that L. casei subsp. tolerans can adapt and
survive once introduced into a culture system.

Survival (%)

Time (days)

Figure 1. Average Penaeus monodon survival during 100 days of feeding trial. Shrimp
fed non-treated diet ( M) are compared with a treatment group fed a L-P diet
(O). All values are means of three replicates per treatment.

Table 1. Range of water quality values in shrimp rearing tanks during 100 days of L-P diet

applications.
nH 7.9-8.2
Dissolved oxygen 5-6 mg L1
Temperature 26-27 °C
Salinity 20 ppt
Ammonium 0-0.05 mg L1
Nitrite 0-2.5mg L1
Nitrate 0-12 mg 17
2-3 mglt

Phosphate

J. Sci. Res. Chula. Univ.,, Vol. 24. No. 1 (1999)
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Weight (g)

0 21

Figure 2. Average Penaeus monodon weights during 100 days of feeding trial. Shrimp
fed non-treated diet ( M) are compared with a treatment group fed a L-P diet
(03). All values are means of three replicates per treatment.
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Time (days)

It is possible that L-P could colonize and
adhere to shrimp GI tract surface, leadmg to
nearly compete exclusion of other microbes.
Evidence for this conclusion includes the
presence of Vibrio harveyi D331 (majority
among Vibrio detection) in water and guts of
the control group in much greater
concentration than those of the treated group
during challenge with V. harveyi D331 in the
last 10 days (Figs. 3B and 4B). Futhermore, L-P
was detected in both the guts (Fig. 3A) and
feces (Fig. 6) of treatment group shrimp after
feeding with the L-P diet. In addition, their
end products of lactic acid (Gilliland, 1985), or
some other anti-microbial substances(-2% could
tentatively interfere with or suppress the
growth of V. harveyi D331 and lead to the
indirect eradication of V. harveyi D331 infection.
That could explain the lower numbers of V.
harveyi D331 in guts and feces of treated shrimp
compared with the controls. Obviously, V.
harveyi D331 of 102 CFU g1 in shrimp guts did
not result in detectable disease symptoms.

During the 10 day chalienge test with V.
harveyi D331, no mortality occurred in the

46

treattnent group, but survival in the control
group was only 26% (Fig. 5). Surviving shrimp
in the control group looked unhealthy. These
survival rates were significantly different
(p< 0.05).

We still do not have a clear idea about
exactly how probiotics protect shrimp and
improve their survival and growth. We have
demonstrated these benefits here and in our
other findings, but we are uncertain whether
the protective mechanism involves competitive
exclusion of harmful microbes, or immune
response by the shrimp.

We also need to evaluate Lactobacillus
spp- applications during the entire culture cycle
in ponds. Application times and dosages, shelf
life of the probiotics, and other factors an in
open cycle system need to be evaluated before
large scale commercial applications are made.
However, our work clearly demonstrates
potential probiotic benefits of Lactobacillus spp.
for control of certain serious diseases in P.
monodon.

J. Sci. Res. Chula. Univ., Vol. 24, No. I (1999)
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Log total counts

0 21 42 63 A 100

Time (days)

Log total counts
(CFU g)

Time {days)

Figure 3. Average bacterial counts in shrimp guts (hepatopancreas and intestine) for:
(A) shrimp cultured for the first 100 days on feeding trial and (B) shrimp
cultured for the last 10 days during challenge with V. harveyi D331 ( [ 2~d
booster with V. harveyi D331). Total bacteria ( o ), Lactebacillus spp. (O ),
Vibrio spp. ( A ), and Vibrio harveyi D331 ( ¢ ). Closed symbols represent
mean values for controls whereas open symbols represent mean values for
the treatment group. Each value is the mean of three replicates per treatment.
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Figure 4. Bacterial counts in rearing tank water for: (A) shrimp cultured for the first
100 days on feeding trial; and (B) shrimp cultured for last 10 days during
challenge with V. harveyi D331 ( T 22 booster with V. harveyi D331). Total
bacteria ( 0 ) , Lactobacillus spp. ( U ) , Vibrio spp. ( A ) and Vibrio harveyi
D331 ( ¢ ). Closed symbols represent mean values for controls whereas open
symbols represent mean values for the treatment group. Each value is the

mean of three replicates per treatment.
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Time (days)

Figure 5. Average Penaeus monodon survival during 10-day challenge with Vibrio
harveyi D331. Shrimp fed non-treated diet ( M ) are compared with a
treatment group fed a L-P diet { 00 }. All values are means of three

replicates per treatment.

CONCLUSIONS
Lactobacillus spp. and especially L. casei  Lactobacillus spp. demonsirates potential of

ubsp. forelans can be used as probiotics for control Vibrio harveyi in the shrimp GI tract and
feeding black tiger shrimp, Penaeus monodon, provides highly healthy shrimp protected
leading to higher growth and survival. againstsuch diseases.

g R — — —
£ |
o "o ///ﬁl—'/
g 5 4 ,D,_///,’97
g g
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oF— —— » - - — - =
0 +——F——————
0 21 42 63 e 100

Time (days)

Figure 6. Bacterial counts in shrimp feces during 100 days of feeding trial. Total bacteria
( 0), Lactobacillus spp. ( O ), and Vibrio spp. ( A }. Closed symbols represent
mean values for controls whereas open symbols represent mean values for the
treatment group. Each valueis the mean of three replicates per freatment.
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ABSTRACT: The trend of using probiotics in aquaculture is increasing due to research results indicating their
ability to increase production and prevent disease in farm animals. The development of suitable probiotics for
biocontrol in aquaculture wonld result in less reliance on chemicals and antibiotics and result in a better envi-
ronment. In this investigation, a Thai Bacillus isolate (strain S$11) was used as a probiotic bacterium by passage
through Artemia sp. fed to the black tiger shrimp (Penaeus monodon). It was found that black tiger shrimp
larvae reared using the Bacillus-fortified Artemia probiotic as a feed had significantly shorter development
times and fewer disease problems than larvae reared without the probiotic.

Key words: Penaeus monodon, black tiger shrimp larvae, probiotics

INTRODUCTION

Microbes and aquaculture

Microbes play both direct and indirect roles in
aquaculture. They are important causes of discases which
may readily spread through water to aquatic animal hosts.
As flora in soil and walter, they also influence the aquatic
environment by involvement in C, N, S and P cycles impor-
tant for ecological balances. Other microbes live in and on
aquatic plants and animals. These may be specific for indi-
vidual organisms and important to their health. Aninbalance
in the microbiat flora in the water or in these organisms of-
ten leads to pathogenesis. For example, an inbalance in Vi-
brio species in the rearing water or in the GI tracts of shrimp
and fish can lead to pathogenesis (Rengpipat 1996).

Marine culture of shrimp, crabs, fish, oysters and mus-
sels in Thailand provides good income for producers and
products that are popular because of their good taste and
reasonable price. The diminishing seafood from capture fish-
eries has paved the way to industrial scale aquacuiture, In
Thailand, particularly for the black tiger shrimp (Penaeus
monodon), most farmers build large ponds and raise shrimp
intensively. Even though the production has been good for
the past 10 years (Thai Department of Business Economics
1996}, the trend for the last 2-3 years has been diminished
production due to viral diseases such as yellow head virus
and white spot syndrome virus (WSSV) (also called systemic
dctodermal and mesodermal baculovirus or SEMBV) and to
luminescent bacterial disease (Rengpipat 1996). These agents
can cause sudden death on a massive scale.

Probiotic microbes in aquaculture

For more than 50 years, beneficial microbes defined as
probiotics (Futler, 1989, 1992 and 1997) have been used
successfully for raising healthy and disease-tolerant farm ani-
mals like swine ( Baird 1977; Pollman et al. 1980) and chick-
ens (Dilworth & Day 1978; Miles et al.1981). These
probiotics are now widely used for enhancing production of
land animals and they have gained acceptance as being bet-
ter, cheaper and more effective in promoting animal health

than administration of antibiotics or chemical substances.

More recently (within the past 10 years) researchers have
sought beneficial microbes for aquaculture by attempting to
isolate from seawater, sediments and GI tracts those capable
of producing antibiotics and/or antimnicrobial substances that
can inhibit pathogens in vitre (Table 1). Bacteria and unicel-
lular algae capable of inhibiting pathogenic bacteria have
been found (Munro et al. 1995; Austin and Day 1990). In
setting ctiteria for the most suitable probiotics in aquaculture,
one must be concemed with indirect effects on ecosystem

cycles and food chains.

Douillet and Langdon (1994) used a commercial probiotic
bacterium (CA2) as alarval feed supplement to increase pro-
duction in oysters. Other researchers have found that
probiotics prevent diseases in salmon (Austin et al. 1992
and 1995}, larvae of scallop (Requelme et at. 1997) and black
tiger shrimp (Rengpipat et al. 1998 and unpublished data).
Austin et al. (1992) stressed that probiotics control discases
by prophylaxis, and that they are not meant to be used as

Rengpipat S, Rukpratanpom S, Piyatiratitivorakul S, Menasveta P (1998) Probiotics in Aquaculrure:
A Case Study of Probiotics for Larvae of the Black Tiger Shrimp (Penaeus monodon). In Flegel TW
(ed) Advances in shrimp biotechnology. National Center for Genetic Engineering and Biotechnology,
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*g-mail: sirirat @ mail.sc.chula.ac.th

-



178

Rengpipat et al.

Table 1. Reduction of pathogens by microorganisms that possess probiotic properties at in vitro.

Aquatic animal Microorganisms Pathogens References

Fish Antibiotic-producing Aeromaonas hydrophila B-32 Daopazo et al. (1988)
marine bacteria (Obligate A. salmonicida ATCC 14174
halophilic bacteria)
Prawns Tetraselmis Vibrio alginolyticus Austin and Day (1990)
suecica(ficroalgae) V. anguillarum
V. parahaemolyticus
V. vulnificus
Fish Planococcus Serratia liguefaciens Austin and Billaud (1990}
Fish Gram -ve rod V. anguillarum HI Westerdahl et al.
Gram +ve rod 11345 ’ (1991)
A. salmonicida
A. hydrophila -
Fish Flavohacteriwm sp. Pavlova lutheri Muanro et al. (1995)
(Turbot larvae) V. fluvialis (unicellular algae)
V. natvigens
Vibrio spp.

Table 2. Probiotics and feed supplements used in aguaculture,

Agquatic animal

Probiotic strain

Challenge test with

Results

References

Salmon Tetraselmis A. salmonicida ~good control Austin et al. (1992)
suecica A. hydrophila of diseases by
Lactobacillus spp. Prophylaxis
S. liquefaciens
V. anguillarum
V. salmaonicida
Yersinia ruckeri
type I
Oyster CA2 N.D. -better yield Doujllet and Langdon
{larval culture) (1994)
Salmon V. alginolyticus A. salmonicida ~good contral Austin et al. (1995)
V. anguillarum of disease
V. ordalii
Salmon L. plantarum A. salmonicida -Lactobacillus Gildberg et al. (1995)
(lyophilized form) colonized
could inhibit intestinal wall
V. anguillarum -could not control
disease
Scallop Vibrio spp. V. anguillarum - good control Riquelme et al. (1997)
{larval stage) Pseudomonas sp. related (VAR) of disease
Black tiger Bacillus strain V. harveyi - better yield Rengpipat et al.
shrimp S11 - good control (1998)
of disease
Black tiger Lactobacilius spp. V. harveyi - better yield Rengpipat et al.
shrimp ~ good control {unpublished data)
of disease

therapeutics. For example, Lactobacillus plantariun inhibi-
toty to the salmon pathogen Vibrio anguillarum could not
be used to treat fish infected with the lethal pathogen, A.
salmonicida. However, lyophilized Lactobaciflus plantarum
fed to salmon was shown to be able to survive in the Gl tract
(Gildberg et al, 1995).

Probioetics and black tiger shrimp culture
Rengpipat et al. {1998} isolated Bacillus strain S11 from
the GI tract of Penaeus monodon broodstock caught in the
Gulf of Thailand. It inhibited the luminescent disease bacte-
rium, Vibrio harveyi, 100% and could promote better yields
of black tiger shrimp. Mixed Lactobacillus species isolated
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from the GI tract of local Thai chickens was also used as a
feed supplement to black tiger shrimp (Rengpipat et al., un-
published data) and also resulted in higher shrimp produc-

tion (Tahle 2).

Probiotics can be freshly prepared and mixed with the
shrimp diet as described by Rengpipat et al. (1998). How-
ever, this study was carried out to determine the effective-
ness of feeding the Artermia encapsulated probiotic Bacillus
strain S11 for enhancing growth and survival of shrimp lar-

vae,

MATERIALS AND METHODS

The present study was conducted at the aquaculiure labo-
ratory, Department of Marine Science and at the Department
of Microbiology, Faculty of Science, Chulalongkom Uni-

versity, Bangkok, Thailand.

Bacterial culture

Bacillus strain S11 (Rengpipat et al. 1998) was stocked
on tryplic soy agar (TSA) (Difco) and cultured in tryptic soy
broth (TSB}) (Difco). Culture conditions were at 37°C in 2-L
flasks for 24 h, after which the cells were centrifuged and
washed in sterile normal saline soludon (NSS) three times

immediately before use.

Preparation of encapsulated probiotic

Artemia sp.

Artemia cysts (Great Lake Artemia, Salt Lake City, Utah,
U.S.A.) were hatched (1 g of cysts per liter gently aerated 30
ppt seawater) and harvested at 24 h. During harvesting the
cysts and nauplii were seperated. The nauplii were then fed
directly to the shrimp postlarvae or kept at 4°C for further
use. For probiotic encapsulation, freshly prepared cell cul-
tures of Bacillus strain S11 were added to Artemia cultures
at the begining of the hatching process at a concentration of
10* cells/ml. The Artemia were subsequently harvested at

24 i and fed immediately to the shrimp postlarvae.

Experimental design

Penaeus monodon postlarvae-10 were bought from a
backyard hatchery in Chonburi Province, Thailand. The
postlarvae were {rom a single parent. After acclimatization
at the laboratory for 5 days, uniform size posilarvae were
selected for probiotic testing.

Experimental units for postlarvae rearing comprised 10-
L cylindrical fiber glass tanks containing 7.5-L of 25 ppt
seawater and an inititial stocking of 50 postlarvae. Three
replicates were used for a total of 150 postlarvae per treat-
ment. Each rearing unit was a closed recirculating system
with self-contained filtering unit consisting of sand and oys-
tkr shells. Water was continuously pumped through the fil-
tering unit by an air lift system. A small amount of dechlo-
rinated tap water was added every two days to compensate

for evaporation and maintain a constant salinity.

Statistical comparisons of the control group (fed Artemia
only) and the treated group (fed probiotic Ariemia) were
carried out using a student t-test. The experiment was moni-
tored for two weeks. Shrimp were fed three times daily at
9:00, 13:00 and 18:00 h with an excess of Artemia nauplii.

All materials used for each experimental unit were sepa-
rated to avoid any cross contamination.

Lengths and weights of 15 randomly sclected shrimp
from each tank were recorded weekly., Shrimp survival was
also determined in each tank at the end of the first and sec-
ond weeks. Weekly water samples of 100 ml were collected
from the center of each tank for two weeks. Water (iuality
was monitored weekly and included the parameters of tem-
perature, pH, salinity, dissolved oxygen, ammonium ion and
phosphate ion measured using techniques described by
Strickland and Parsons (1972).

Pathogen challenge test

After feeding for two weeks, shrimp were challenged with
the luminous bacterium V. harveyi D331 which had been
cultured and maintained using thiosulphate citrate bile salt
TCBS broth and agar (Difco). Shrimp in the control and
treated groups (85 shrimp per treatment) were immersed in
a suspension of V. harveyi D 331 at ~ 107 CFUml"* accord-
ing to Austin et al. (1995). Shrimp survival was determined
after 4 days of challenge. At the same time, three shrimp
from each weatment were randomly sampled. Each whole
shrimp was cut into small pieces using sterile surgical sciccors
and transferred to a sterile tube. Bacterial determinations
were then made using serial dilutions in NSS, followed by
plating on TSA and TCBS agar. After 24-48 h of incubation
at 37°C, colonies were counted and recorded. Microbial
strains from TSA were re-examined using Gram staining,
spore staining and selected biochemical tests as described
by Sneath (1986). V. harveyi cultures isolated from shrimp
were purified and identified using Gram staining, an oxi-
dase test and motility test and they were compared with the
original V harveyi D331 culture. V. harveyi D331 culture
was kindly provided by the Shrimp Culture Research Center,
Charoen Pokphand Feedmill Co. Ltd., Samutsakorn, Thai-
land. We reconfirmed the identity of V. harveyi by follow-
ing procedures described by Holt et al. (1986). Shrimp sus-
vival was determined for each treatment after 4 days of the
challenge test.

RESULTS AND DISCUSSION

Bacillus strain S11 showed no inhibitory effect on
Artemia hatching when compared to Arfemia alone or
Artemia fed with Saccharomyces cerevisiae. Artemia nauplii
at ~1.84x10° g"! were counted after hatching for 24 h. Bacil-
{us strain 811 on Artemia nauplii were found 1o be ~2x10?, ~
6.4x10* and ~1x10? CFU g (wet weight) at 0, 4 and 8 h,

respectively, after hatching.

The raising of black tiger shrimp postlarvae using
Artemia encapsulated Bacillus strain S11 showed an increase
in body weight and length (Table 3). No obvious effects of
Bacillus strain S11 on water quality were found (Table 4).
During the first week, however, ammonium increased to 1.67
mgL! in one control group, but later decreased to near zero.
At two weeks, Penaeus monodon survival was significantly
different between the control group (85%) and the treaied

group (89%)(Figure 1).
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Table 3. Average live weight and length of
Penaeus monodon cullured for 2
weeks in two feed Lreatments

Paramelers Control Probiotics
Weight {mg) 20.0% 43.8*
Length (em)  1.71°+0.20 1.83"+0.31

Contrel: shrimp with arternin; Probiotics: shrimp with
Bacilius strain S11- fed artemia; *Tolal weight divided by a
number of shrimp (85 shrimp); ™ Diflerent superscripts io the
same row signiticantly difterent

‘T'able 4. Range of water quality values ip shrimp culture
water during 2 weeks of probiotic trial.

Range of water quality

values
Parameter Control Probiotics
Temperature (°C) 295 295
pH 7.79 -8.23 7.78-8.22
Salinity (ppt) 25 25
Dissolved oxygen (mg L) 7.9-8.1 8.0-8.1
Ammooium (mg L™ 0-1.67 0-05

Phosphate (ing LY 3 3
Control : shrimp with artemiz
o Probivlics : shrimp with Bacillus strain §11- fed artemia

When challenged with the lumninous disease bacterium
Vibrio harveyi, the shrimp wreated with probiotics showed a
higher survival (13%) when compared to the control group
(4%) (Figure 2). Vibrin harveyi was more virulent lo younger
stages of shrimp. High numbers of Vibrio harveyi were
present in both the rearing water and the shrimp themselves
on the fourth day of this experiment {Table 5). However,
Bacillus strain S11 was also detected in signilicant numbers
(10°-10° CFU ml"' or g'') in the rearing water and the shrimp,
clearly showing that Arfemnia was an effective probiotic car-
rier,
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Figure 1. Penaeus monodon survival after culture for 2
weeks ot control and probiotic feeds.
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Figure 2. Percentage survival of Penaeus
monaodon after challenge with
Vibrio harveyi D331,

Bacillus strain S11 is considered a saprophytic strain
which is environmental-friendly and has been proven be-
fore as a probiotic bacterium for black tiger shrimp
(Rengpipat et al., 1998) when mixed with shrimp feed. There-
fore, this investigation supported the previous work and also
showed that probiotics could be passed through Artemia
which are routinely used to feed shrimp larvae. Qur method
may prove beneficial as an enhancement for hatchery
postlarvae or for improvement of young shrimp survival at
the initial stages of earthen pond culture.

Mechanisms of probiotic action in the host are not fully
understood. However, a user may select sirains that are suit-
able or specific for a particular host and environmentally
safe. The purpose of their use in aquaculture is to reduce the
dependence on antbiotics and chemicals, thus improving
environmental safety. Use of local isolates is recommended
for biosafety reasons and to avoid sudden changes in the

microbial flora of the ecosystem.
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TNTC : Too numerous te count
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Running title: Genetic population structure in Penaeus monodon
Abstract

Genetic diversity of giant tiger shrimp (Penaeus monodon) was examined by
randomly amplified polymorphic DNA (RAPD) analysis in shrimp collected from
five areas: Chumphon and Trat (Gulf of Thailand); and Phangnga, Satun and Trang
(Andaman Sea). A total of 53 polymorphic fragments from three selected primers
{(UBC 268, UBC 273, and UBC 299) were scored across all shrimp samples. Twenty-
six, thirty and thirty-two genotypes were generated from the respective primers, while
average number of scorable bands was 13.7 to 15.3 per primer. Percentage of
polymorphic fragments within a sample ranged from 46.7% (Trang) to 61.4% (Trat).
A 260 bp RAPD fragment generated by the primer UBC 268 was observed in 92.3%
and 5.0% of Trat and Chumphon P. monodon, respectively. Population differentiation
of P. monodon between the Andaman Sea and Gulf of Thailand was clearly
demonstrated (P < 0.0001). Based on our genetic analyses, P. monodon from our five
sampling locations are from three different stocks: A (Trat); B (Chumphon); and C
(Phangnga, Satun and Trang).



Introduction

Giant tiger shrimp (Penaeus monodon ) is one of the world’s most economically
important, cultured crustaceans. Annual production of farmed P. monodon in
Thailand alone equaled or exceeded 200,000 metric tons since 1993 (Asian Shrimp
Culture Council, 1996). Still, P. monodon farming relies almost entirely on ocean
caught females for farm seed supply. This open reproductive cycle and reliance on
wild stocks of P. monodon results in heavy exploitation of female broodstock from
wild populations (Klinbunga, 1996). Perhaps as importantly, at least for the shrimp
culture industry, selective breeding for improved culture performance, disease
resistance, and other desirable traits cannot be achieved until this species is
domesticated and seed are mass produced using closed life-cycle, captive populations
(Jarayabhand et al., 1998). This will require use of high quality, pond reared
broodstock rather than ocean caught broodstock (Benzie et al., 1994).

Throughout Thailand, almost all female P. monodon broodstock used in hatcheries
are taken from the Andaman Sea, especially from Phuket, Satun and Trang provinces.
This situation resulted from farmer demands, since farmers believe that progeny of
Andaman Sea P. monodon exhibit greater survival and possibly greater growth rates
than do progeny from broodstock shrimp caught elsewhere in Thailand (Sodsuk,
1996). As a result, broodstock prices for female P. monodon from the Andaman Sea
are 3 to 5 times greater than for those from the Gulf of Thailand (Klinbunga, 1996).

There could be sound genetic bases for farmer preference of seed stocks.
Klinbunga et al. (1999} measured genetic diversity in P. monodon from Satun
{(Andaman Sea), and from Surat and Trat (Gulf of Thailand) using mtDNA-RFLP
analysis. They found large genetic differences between paired samples from each
coast (Satun-Surat and Satun-Trat). Geographic heterogeneity analysis clearly
illustrated isolated, genetic population structures between P. monodon from the
Andaman Sea and from the Gulf of Thailand (P < 0.0001). However, comparative
culture performance evaluations of these different stocks has not yet been conducted.

Identification of different shrimp stocks, followed by comparative growout
performance evaluations of these stocks in commercial settings are important first
steps in selecting shrimp stocks for domestication and selective breeding. Ideally,
these comparisons should include co-culture of different stocks in the same ponds.
These comparisons require identification and use of population markers such that the
population origin of each shrimp can be readily determined.

Objectives of our current study include selecting a genetic population marker, and
then using the marker to identify genetic population structure of conspecific P.
monodon in Thailand. Thereafter, we intend to use these markers to compare growth
and survival of different population groups in commercial culture settings. We chose
randomly amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) for
genetic marker identification because it is a simple and rapid method for generating
genetic markers, and it has the added advantage that no prior knowledge is required of
the genome under study (William et al., 1990; Hadrys et al., 1992). We will also



apply these techniques and findings to our recently established, closed life-cycle
breeding program for P. monodon (Jarayabhand et al., 1998).

Materials and Methods

Sampling. One hundred and thirty-seven P. monodon were captured live from five
locations: Satun (N = 26), Trang (N = 18), and Phangnga (N = 27) in the Andaman
Sea; and Chumphon ( N = 40), and Trat (¥ = 26) in the Gulf of Thailand (Fig. 1).
Pleopods were removed from each shrimp and immediately placed on dry ice before
storage at -80°C.

DNA extraction. Genomic DNA was extracted from frozen pleopods using the SDS-
phenol/chloroform method (Klinbunga et al., 1996). Extracted DNA concentrations
were spectrophotometrically determined using a SPECTRONIC® Genesys™ 5
spectrophotometer (MILTON ROY).

PCR amplification and agarose gel electrophoresis. Three decanucleotide primers
(UBC 268, 5-“AGGCCGCTTA-3"; UBC 273, 5'-AATGTCGCCA-3'; and UBC 299,
5-TGTCAGCGGA-3"), were used for intra-specific genetic structure analysis (Fritsch
et al., 1993). PCR reactions were carried out in a 25 pl reaction volume containing 10
mM Tris-HCl, pH 8.3, 50 mM KCI, 2 mM MgCl3p, 0.0001% gelatine, 100 uM of each
dNTPs, 0.2 pM arbitrary primer, 25 ng DNA template and 1 unit of Tag DNA
polymerase (William et al., 1990, Tassanakajon et al., 1997). Reactions were carried
out in a Hybaid thermocycler for 35 cycles consisting of: 94°C for 15s; 36°C for 60s;
and 72°C for 90s, followed by the final extension cycle at 72°C for 7 min. Resulting
products were electrophoretically analyzed in 1.6% gels and viewed using a UV
transluminator and ethidium bromide staining (Maniatis et al., 1982).

Data analysis. Each RAPD fragment was assigned a molecular length using a 100 bp
ladder as the DNA standard and recorded in a binary matrix (0/1 where 0 = absent and
1 = present of a given band), for each individual. Similarity index values were
calculated for each geographic area according to Nei and Li (1979). Indices of
similarity between paired samples, corrected for within sample similarity were
calculated (Lynch, 1990). Average geneticudistance (Djj) across all investigated

primers was then converted using: Dy =1-5y ; where IS_U is the average similarity
index between samples for which the effects of within sample similarity has been
subtracted.

A UPGMA dendrogram based on the genetic distance between samples was
constructed (Sneath and Sokal, 1973), using Neighbor in Phylip 3.56¢ (Felsenstein,
1993). Geographic heterogeneity analysis was analyzed using a Monte Carlo
simulation (Roff and Bentzen, 1989), implemented in REAP 4.0 (McElroy et al.,
1991). An analysis of molecular variance (AMOVA; Excoffier et al., 1992), and F-
statistics {Weir and Cocockerham, 1984), were carried out using Arlequin 1.1
(Schneider et al., 1997).



Results

Amplification of P. monodon DNA. A total of 53 RAPD fragments with molecular
sizes of 200 to 1600 bp were consistently scored (Table 1). Average number of
scorable bands per primer (13.7 to 15.3) was nearly identical in all samples.
Percentage of polymorphic fragments within a geographic sample ranged from 46.7%
(Trang) to 61.4% (Trat). Average similarity within Trat was lower than its proximal
samples, Chumphon. Likewise, this index in Trang was also lower than that in
Phangnga and Satun.

Numbers of RAPD genotypes generated from each primer were comparable (26,
30 and 32 genotypes from primers UBC 299, UBC 268 and UBC 273, respectively).
Interestingly, UBC 268 gave a RAPD-amplified fragment of 260 bp found in 92.3%
of the Trat sample (Fig. 2). This fragment was not observed in any Andaman Sca
samples (Phangnga, Satun and Trang), but it was found in two P. monodon (5.0%)
from Chumphon.

Genetic distance and geographic heterogeneity. Large genetic differences (d) were
observed between Trat and other locations, including Chumphon (d = 0.034; Table 2).
Surprisingly, paired comparisons of distances between Chumphon and each of the
Andaman Sea populations indicated closer genetic relationships than between
Chumphon and Trat. Genetic distances between samples within the Andaman Sea
samples were much lower (d < 0.005). A UPGMA dendrogram divided the P.
monodon populations into two groups, consisting of Trat and all other populations.
Chumphon also grouped with the latter populations, and unexpectedly clustered most
closely with Phangnga, located in the Andaman Sea (Fig. 3).

Overall comparisons of RAPD genotype frequencies revealed significant
geographic heterogeneity among Thai P. monodon (P < 0.0001), and between regions
(P < 0.0001). All primers used in our present study indicated geographic homology
for all possible comparisons between Chumphon and each of the Andaman Sea
samples (P > 0.05), but also indicated highly significant heterogeneity between
Chumphon and Trat (P < 0.001). Accordingly, these five P. monodon populations can
be regarded as three different stocks consisting of Trat (stock A), Chumphon (stock
B), and Andaman Sea (stock C).

An AMOVA (treating Chumphon as a separated group from Trat), gave non-
significant difference estimates of variance components among samples within groups
(Fyc = 0.009, P = 0.2687), and among groups (F_ = 0.079, P = 0.1000); but
significant differences among sample within the total (£ = 0.088, P < 0.0001; Table
3).

Discussion

Stock domestication and closed life-cycle culture should be established using wild
stock with high genetic diversity, including desirable culture traits (Klinbunga, 1999).
Our RAPD-PCR results indicated high genetic diversity with Thai P. monodon. We



observed 78 RAPD genotypes using three octanucleotide primers. Inbreeding with
Thai P. monodon is therefore not a major concern.

Garcia and Benzie (1995) identified three polymorphic RAPD markers from
parents and offspring of six families using 14 different primers. Those markers were
family-specific, and are useful markers for selective breeding programs at the family
level. Identification of large numbers of genotypes and possible genetic markers by
RAPD techniques demonstrates the value of this approach for monitoring genetic
polymorphism with closed life-cycle propagation of P. monodon.

Tassanakajon et al. (1997) found that the primer UBC 428 yielded a population
specific RAPD marker with Satun P. monodon. We intend to now verify growth and
survival performance among different P. mornodon stocks using the UBC 428 marker
coupled with the 260 bp marker generated by UBC 268 from our present study. We
are presently culturing two separated full-sib groups of P. monodon from Trat (40
families) and Satun (37 families) in our laboratory (Jarayabhand, 1998).

Population subdivisions in Penaeidae inferred from allozyme analyses were
reported for: Metapenaeus bennettae, M. macleayi, M. endeavouri, P. latisulcatus
(Mulley and Latter, 1981a and 1981b); P. keraturus (Mattoccia et al., 1987); P.
merguiensis (Daud, 1995); and P. monodon (Benzie et al., 1992). Daud (1995)
studied genetic variation and population structure of P. monodon collected from six
locations in Malaysia using allozyme analysis, including: Kedah, Kumpung Pulau
Sayak from the Andaman Sea (west); and Dungun, Kemaman, Pengareng and Sabah
from the South China Sea (east). His results indicated genetic differentiation of P.
monodon populations between the South China Sea and Straits of Malacca, but not
within each region.

Klinbunga et al. (1999) determine genetic variation and population structure in P.
monodon collected from Surat (a few hundred kilometers further south from
Chumphon), Satun, and Trat using mtDNA-RFLP with 11 restriction endonucleases.
They found high genetic diversity and significant geographic heterogeneity between
the Andaman Sea and the Gulf of Thailand samples (mean nucleotide divergence
between pairs of population = 0.26%, P <0.0001). Nevertheless, they did not observe
significant geographic heterogeneity between Surat and Trat (P > 0.05).

In our present study, we clearly demonstrated large genetic differences between P.
monodon populations from different areas of Thailand. This finding agrees with
Tassanakajon et al. (1997) who used RAPD analysis to examine genetic variation in
three P. monodon populations. Geographic heterogeneity analysis showed significant
genetic differences between Trat and Andaman Sea populations. P. monodon from
these areas should therefore be regarded as separated stocks. Chumphon P. monodon
showed closer relationships to all Andaman Sea populations, compared with Trat P.
monodon. This could be the result of P. monodon farming and stock enhancement
programs in this area. Accordingly, we regard Chumphon P. monodon as a different
stock. Although sample sizes and number of primers used in our present study were
small, overall results were in accord when respective populations were analyzed by



three homospecific microsatellites loci: CUPmoil8, Di 25 and Di 27 (A.
Tassanakajon, per. com.).

An ability to differentiate Chumphon P. monodon populations from Trat (both
located in the Gulf of Thailand), using RAPD and microsatellite loci, but not mtDNA-
RFLP suggests introgression of nuclear DNA from the Andaman Sea into Chumphon
P. monodon through intra-specific hybridization. Currently, PCR-RFLP analysis of
mitochondrial genes including cytochrome oxidase subunits I-II (COI-COII), 168
ribosomal DNA (165 rDNA) and NADH dehydrogenase subunit 5 (NDS) of the same
sample set used in the present study is being carried out to clarify contradictory results
from different genetic markers (S. Klinbunga, per. com.). It is premature at this time
to conclude how much hybridization has occurred until additional investigation of
mitochondrial genes based on PCR-RFLP is done covering larger areas of the Gulf of
Thailand.

Massive numbers of P. monodon postlarvae (typically at PL ) have been released

annually at several locations in the Gulf of Thailand for stock enhancement purpose.
Most of these PL were produced from Andaman Sea female broodstock (Klinbunga,
1996; Sodsuk. 1996). Fishery managers and shrimp culturists have traditionally
shown little or no concern about effects of escapees, either accidental or intentional,
from their facilities. Management practices include immediate terminate of culture
stocks and release of infected P. monodon larvae or PL directly into the sea if
hatchery stock show any serious symptoms of infection (Flegel et al., 1995).
Undoubtedly, the anomalous gene pool found in Chumphon P. monodon resulted
from these transplants and escapements .

Another explanation for intra-specific population differences between Chumphon
and Trat P. monodon could be genetic isolation caused by prevailing surface currents
in the Gulf of Thailand. Water currents flow counter-clockwise during the northeast
monsoon, then completely reverse during the southwest monsoon (Dale, 1956).

QOur present study indicates that RAPD-PCR is one potential technique for
determining population structure and genetic markers in P. monodon. An inability to
disassociate homozygous and heterozygous status by RAPD is compromised by its
cost-effective and less time consuming to generate useful genetic markers in species
that their genomes have not been well studied (Weising et al., 1995)

Acknowledgments

The authors thank Siriporn Pongsomboon for her crucial assistance with RAPD-
PCR standardizations for our analyses. This research was subsidized by the National
Center for Genetic Engineering and Biotechnology (BIOTEC) Grant No. BT-39-06-
ATI-06-05, Thailand. A student grant was supported by the Thailand Research Fund
{TRF) through Prof. Dr. P. Menasveta.



References
Asian Shrimp Culture Council (1996). Asian Shrimp News 1st quarter,

Benzie, JJA.H. (1994). Genetic and reproduction research on giant tiger prawns
(Penaeus monodon ). pond reared spawners achieved in Australia. Aust. Biotech. 4:
222-224,

Benzie, J.A.H., Frusher, S. and Ballment, E. (1992). Geographical variation in
allozyme frequencies of populations of Penaeus monodon Crustacea: Decapoda)} in
Australia. Aust. J. Mar. Freshwater Res. 43: 715-725.

Benzie, J.A.H., Kenway, M. and Bechkenbach, A.T. (1997). Estimates for the
heritability of size in juvenile Penaeus monodon prawn from half-sib mating.
Aquaculture. 152: 49-53.

Dale, W.L. (1956). Wind and Drift currents in the South China Sea. The Malaysian J.
Trop. Geography. 8: 1-31.

Daud, S.K. (1995). Population Genetics of Penaeus monodon Fabricius and Penaeus
merguiensis de Man in Malaysia. PhD. thesis. University of Stirling, Scotland. 327

PP-

Excoffier, L., Smouse, P.E. and Quatto, J.M. (1992). Analysis of molecular variance
inferred from metric distances among DNA haplotypes: application in human
mitochondrial DNA data. Genetics. 131: 479-491

Felsenstein, J. (1993). Phviip  (Phylogenetic inference Package) version 3.5c.
Distributed by the author. Department of Genetics, University of Washington, Seattle.

Flegel, T., Fegan, D.F. and Sriurairatana, S. (1995).Environmental control of
infectious shrimp diseases in Thailand, pp.65-79. In: Diseases in Asian Aquaculture II
(M. Shariff, J.R. Arthur and R.P. Subasinghe, eds.) Fish Health Section, Asian
Fisheries Society.

Fritsch. P., Hanson, ML.A., Spore, C.D., Pack, P.E. and Reisenberg, 1.H. (1993).
Constancy of RAPD primer amplification strength among distantly related taxa of
flowering plants. Plant Mol. Biol. Rep. 11:10-20.

Garcia, D. and Benzie, J.A.H. (1995) RAPD markers of potential use in penaeid
prawn (Penaeus monodon). Aquaculture. 130: 137-144.

Hadrys, H., Balick, M. and Schierwater, B. (1992). Applications of random amplified
polymorphic DNA (RAPD) in molecular ecology. Mol Ecol. 1: 55-63.

Jarayabhand, P., Uraiwan, S., Klinbunga, S., Tassanakajon, A., Srimukda, P.,
Pattanachan, P., Panakulchaiwit, R. and Menasveta, P. (1998). Estimated heritability



for early growth rate of the black tiger prawn, Penaeus monodon, Fabricius, pp. 67-
70. In Advances in shrimp biotechnology (T.W. Flegel, ed). National Center for
Genetic Engineering and Biotechnology.

Klinbunga, S. (1996). Genetic variation and population structure of the giant tiger
shrimp (Penaeus monodon Fabricius). Ph.D thesis, University of Stirling, Scotland.

Klinbunga, S. , Penman, D.J. and McAndrew, B.J. (1996). An tmprove protocol for
total DNA isolation and visualisation of mtDNA RFLP (s) in tiger prawn, Penaeus
monodon. Thai J Aquat Sci., 3, 36-41 (1996)

Klinbunga, S. , Penman, D.J. and McAndrew, B.J. and Tassanakajon, A. (1999).
Mitochondrial DNA diversity in three populations of the giant tiger shrimp Pernaeus
monodon. Mar. Biotechnol., 1 (in press).

Lynch, M. (1990). The similarity index and DNA fingerprinting. Mol. Biol. Evol. 7.
478-484

Maniatis, T., Fritsch, E.F. and Sambrook, J. (1982). Molecular cloning: A laboratory
manual, Cold Spring Harbor Laboratory Press, Cold Spring Habor.

Mattoccia, M, Rosa, G.L., Matthaeis, E.D., Sbordoni, M.C. and Sbordoni, V. (1987).
Patterns of genetic variability and differentiation in Mediterranean populations of
Penaeus kerathurus (Crustacea, Decapoda), pp. 131-141. In: Proceeding of the world
symposium on selection, hybridization and genetic engineering in aquaculture vol. 2
(K. Tiews, ed.). H. Heenemann GmbH & Co., Berlin.

McElroy, D., Moran, P., Bermingham, E. and Kornfield, 1. (1991). REAP; The
Restriction Enzyme Analysis Package, Version 4.0.

Mulley, J.C. and Latter, B.D.H. (1981a). Geographic differentiation of Eastern
Australian penaeid prawn populations. Aust. J. Mar. Freshwater. Res. 32: 889-895.

Mulley, J.C. and Latter, B.D.H. (1981b). Geographic differentiation of tropical
Australian penaeid prawn populations. Aust. J. Mar. Freshwater. Res. 32: 897-906.

Nei, M. and Li, W.H. (1979). Mathematical model for studying genetic variation in
terms of restriction endonuclease. Proc. Natl. Acad. Sci. USA. 76: 5269-5273.

Roff, D.A. and Bentzen, P. (1989). The statistical analysis of mitochondrial DNA
polymorphisms: X 2 and the problems of small samples. Mol. Biol. Evol. 6: 539-545.

Schneider, S., Kueffer, J-M, Roessli, D. and Excoffier, L. (1997). Arlequin 1.1: A
software for population genetic data analysis. Geneva: Genetics and Biometry
Laboratory, University of Geneva, Switzerland.

Sneath, P.H.A. and Sokal, R.R. (1973). Numerical taxonomy. W.H. Freeman and Co.,
San Francisco.



Sodsuk, S. (1996). Genetic Population Structure of Penaeus monodon Fabricius
using Allozyme and Mitochondrial DNA Analysis. PhD thesis. University of Stirling,
Scotland. 277 pp.

Tassanakajon, A., Pongsomboon, S., Rimphanitchayakit, V., Jarayabhand, P. and
Boonsaeng, V. (1997). Random amplified polymorphic DNA (RAPD) markers for
determination of genetic variation in wild populations of the black tiger prawn
(Penaeus monodon) in Thailand. Mol Mar. Biol. Biotechnol. 6: 110-115,

Weir, B.S. and Cockerham, C.C. (1984). Estimation F-statistics for the analysis of
population structure. Evolution. 38: 1358-1370.

Weising, K., Nybom, H., Wolff, K. and Meyer, W. (1995). DNA fingerprinting in
plants and fungi. CRC Press, Boca Raton, FL.

William, G.K., Kubilik, A.R., Livak, K.L., Rafaski, J.A. and Tingey, S.V. (1990).
DNA polymorphisms amplified by arbitrary primers are useful as genetic markers.
Nucleic Acids Res. 18: 6531-6535.



10

Table 1. Total number of scored bands, percentage of polymorphic bands, and

average similarity index for Penaeus monodon populations within each geographical
area.

Sample site Average scored Polymorphic Similarity within
bands per primer bands (%) samples (5 )
Chumphon 153 56.5 0.912
Trat 14.7 61.4 0.888
Phangnga 15.0 60.0 0.901
Satun 15.0 53.3 0.902

Trang 13.7 46.7 0.852
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Table 2. Paired comparisons of genetic distance (below diagonal) for five,
conspecific Penaeus monodon populations.

Chumphon Trat Phangnga Satun Trang
Chumphon -
Trat 0.034 -
Phangnga -0.002 0.037 -
Satun 0.017 0.039 -0.001 -

Trang 0.001 0.038 0.003 0. 005
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Table 3. Analysis of molecular variance (AMOVA) results when Penaeus monodon
samples from Trat, Chumphon and the Gulf of Thailand (Phangnga, Satun and Trang)
were treated as hierarchical groups.

Component Variance  Percentage F-statiatics Probability
of variation )
Among groups 0.0355 7.89 0.0789 0.1000
Among samples 0.0039 0.87 0.0094 0.2687

within groups

Within samples 0.4105 91.24 - -
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FIGURE LEGENDS

Figure 1. Map of Thailand showing sampling sites for five conspecific samples of
Penaeus monodon used in this study.

Figure 2. An example of RAPD patterns for Penaeus monodon using UBC268
primer. A 100 bp ladder was used as a DNA marker (lane M). Lanes 1 and 2: P.
monodon individuals from Satun. Lanes 3 and 4: P. monodon from Trang. Lanes 5-
8: P. monodon from Trat. Lanes 9 and 10: P. monodon from Chumphon. Lanes 11
and 12: P. monodon from Phangnga. An arrow head indicates a 260 bp RAPD marker
observed in almost all of the specimens from Trat, but not present with Andaman Sea
P. monodon.

Figure 3. A UPGMA dendrogram illustration indicating relationships between
Penaeus monodon from five locations in Thailand, based on genetic marker analyses.
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Summary

Monoclonal antibodies specific to Penaeus monodon vitellin and vitellogenin were produced

using crude ovarian extract from gravid P. monodon ovaries. After immunization and fusion of
mouse spleen cells with P3X myeloma, hybridomas were selected by indirect immunoperoxidase
ELISA against P. monodon ovarian extract, followed by dot-blotting against native and
denatured proteins from ovarian extract, female haemolymph, and male haemolymph. Four
hybridoma clones producing antibodies (PMV-11, 15, 22 and 64) were identified. They bound
with ovarian extract proteins and with female haemolymph, but not with male haemolymph. One
antibody (PMV-64)} bound with both native and denatured proteins. Using Western Blot analysis
of ovarian extract separated by PAGE, all four monoclonal antibodies bound with the same
lipoglycoprotein band. Using Western Blot analysis of proteins separated by SDS-PAGE,

PMV-64 antibody bound with Mw 80 and 83 kD proteins in ovarian extract, and with Mw 83

and 200 kD proteins in female haemolymph. All four monoclonal antibedies belong to the IgG1
subclass.

Key words: Crustacean, monoclonal antibodies, Penaeus monodon, vitellin, vitellogenin

Introduction
Ovarian maturation in crustaceans leading to
mature oocyte formation involves several complex
processes. Yolk accumulation, or vitellogenesis, is one
such process. Vitellin, or lipoglycoprotein, is a major
component of yolk (Wallace et al., 1967), and typically

*Corresponding author.

has two to eight subunits depending on Penaeid shrimp
species (Table 1). With some species, however, such as
Penaeus monodon, the molecular nature of this protein
is still not well documented with respect to either size
or subunit number (Quinitio et al., 1990; Chang et al.,
1993; Chen and Chen, 1993). These differences in



10 S. Longyant et al. / IRD 35 (1999) 9-17

Table 1. Molecular weights of vitellin and vitellogenin subunits for six penaeid shrimp species

Species Molecular weight, kD References
Vitellin Vitellin subunits
P. monodon 540 74, 83, 90, 104, 168 Quinitio et al., 1990
ND 74, 83,104, 168 Chen and Chen, 1993
492 35, 45, 49, 58, 64, 68, 82, 91 Chang et al., 1993
ND 45,58,74,83, 104 This study
P. semisulcatus 283 86, 95 Tom et al., 1992
ND 50, 63, 80, 90 Browdy et al., 1990
P, vannamei 289 61, 69 Tom et al., 1992
ND 76,97, 158 Quackenbush, 1989a
P. chinensis 380 40, 58, 78, 85, 105 Chang et al., 1996
500 78, 85,155
Parapenaeus longirostris ND 45, 66 Tom et al., 1987
Metapenaeus ensis 350 76, 102 Qiu et al,, 1997

ND, not determined.

vitellin characterization may relate to differences in
ovarian maturity and/or methodologies for vitellin
purification used by different researchers (Qiu et al.,
1997).

With crustaceans, vitellin is synthesized by ovaries
(Eastman-Reks and Fingerman, 1985; Yano and
Chinzei, 1987; Quackenbush, 198%a, 1989b; Browdy
et al,, 1990; Sagi et al., 1995). With vitellogenic
crustaceans, a female-specific protein, vitellogenin,
occurred in the haemolymph of all species studied
(Wolin et al., 1973; Tom et al., 1987; Quackenbush
and Keeley, 1988; Quackenbush, 1989a; Chang et al.,
1994). Changes in vitellogenin concentrations in
haemolymph were correlated with ovarian morpho-
logical changes where vitellogenin concentrations
increased during ovarian development and reached
their greatest concentration prior to maximum yolk
accurnulation in the oocytes (Quackenbush, 1989a).
Vitellogenin then decreased markedly prior to
ovulation and spawning (Byard and Aiken, 1984;
Quinitio et al., 1989; Chang and Shih, 1995). The
hepatopancreas has been shown to be partially
involved as an extra-ovarian source of vitellogenin
synthesis (Fainzilber et al.,, 1992, Shafir et al., 1992a,
1992b).

Vitellogenesis and ovarian maturation are under
hormonal control (Hasegawa and Hirose, 1993), and
thus vitellogenin concentrations in haemolymph may
be used as an indirect indicator of regulating hormone
activities, Hormonal control of crustacean vitello-
genesis has been described, as follows, Vitellogenesis

inhibiting hormone (VIH) has been isolated from
eyestalks of American lobster Homarus americanus
(Soyezetal., 1987), with a primary peptide structure of
77 residues. VIH is homologous with crustacean
hyperglycemic and molt-inhibiting hormones (Soyez et
al,, 1991). Vitellogenesis stimulating hormone (VSH)
has also been found in brain and thoracic ganglia of
some crustaceans, including Uca pugilator (Eastman-
Reks and Fingerman, 1985), and Paratva compressa
(Takayanaki et al., 1986); however, the precise
chemical nature of VSH and its mode of action remain
unknown.

The objective of our present study was to develop
monoclonal antibodies specific to vitellin and vitello-
genin. This immunological tool could then be used to
determine the haemolymph vitellogenin levels for
studying the hormonat control of ovarian development
in P. monodon, an economically important shrimp
widely cultivated in Thailand. A monoclonal antibody
approach was selected since this method has several
advantages over alternatives such as use of antiserum.
Monoclonal antibody production does not require high-
purity antigens. A complex mixture of antigens can be
used; and hybridoma clones which produce
monoclonal antibodies against desired antigen can be
selected during screening processes (Sithigorngul et
al., 1989). Once established cell lines are obtained,
homogeneous monospecific antibodies can be
produced in virtually unlimited amounts. Due to its
monospecificity, this diagnostic tool can be used to
clarify the molecular nature of vitellin in P. monodon.
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Materials and Methods

Source animal handling and initial preparations

Adult female P. monodon (80—120 g) were obtained
from local fishermen in Cholburi Province, Gulf of
Thailand. They were held in 1x5x1m deep, rectangular
concrete tanks with full-strength seawater (30%o) and
ambient photoperiod. Commercial shrimp pellet diet
was presented during the moming and evening. Water
temperature was 26-28°C and was changed every
morning. After acclimatizing for 3 days, prawns were
bilaterally, eye ablated to induce ovarian development.
Five to seven days after eye ablation, prawns with
gravid ovaries were anesthetized using cold water
(4°C), and haemolymph was collected via the
arthrodial membrane of the fourth walking leg. Ovaries
were removed by dissection and washed in cold,
0.15M phosphate buffered saline pH 7.4 (PBS).
Haemolymph was also collected from adult male P.
monodon (60—80g). Haemolymph and ovaries were
frozen on dry ice and stored at -70°C.

Ovarian extract preparation

Individual ovaries were homogenized for 5 min in
0.5mM EDTA in PBS (0.5 g/ml). The pellet arid lipid
layer were eliminated after centrifugation at 10,000g
and 4°C for 30 min. The protein content of the extract
was determined by Bradford reagent {Bradford, 1976),
adjusted to 10 mg/m| with PBS, then divided into 1 ml
aliquots and stored at -70°C.

Immunization

Five BALB/c mice were injected with 0.5mg
ovarian extract 1:1 mixed with complete Freund’s
adjuvant. At 2-week intervals they were re-injected
with ovarian extract mixed with incomplete Freund’s
adjuvant for the second injection, or with the extract
without adjuvant for the following injections. One
week after the fourth injection, mouse anti-vitellin
antisera were collected and tested against ovarian
extract, and female and male haemolymph by double
immodiffusion. The best performing mouse was
boosted 1 week before hybridoma production. BALB/c
mice were kindly supplied by the Animal House of the
Armed Forces Research Institute of Medical Sciences
(AFRIMS), Bangkok, Thailand.

Hybridoma production

A cell fusion procedure was adapted from the
method developed by K&hler and Milstein (1976), with

modification described by Mosmann et al. (1979). A
P3X myeloma celi line was used as the fusion partner.
The P3X myeloma cell line was obtained from the
Department of Virology, AFRIMS, Bangkok,
Thailand. Fusion products from one mouse were plated
on 16 microculture plates (96 wells). After identifying
wells containing desired clones by the screening
methods described below, cells were re-cloned at least
twice by the limiting dilution method (Eshhar, 1985).

Sereening methods
ELIS4

Hybridoma cell lines were first screened by ELISA
against ovarian extract. The ovarian extract (1 ug/well
protein) was plated on Maxisorb microtiter plates
(NUNC). Blotto (5% or 0.5% nonfat dry milk in PBS,
Johnson et al., 1984) was used as blocking solution,
antibody diluent, and washing solution. Antibody
binding to plates was detected using horseradish
peroxidase labeled goat anti-mouse IgG heavy and
light chain specific (GAM-HRP; Biorad) at 1:1000
dilution. Positive wells were further screened by dot-
blotting,

Daot-blotting

Selected antigens, ovarian extract (1 mg/ml), female
and male haemolymph in native forms, and SDS-
mercaptoethanol treated forms were used for the
second step of screening. All antigens (1 ul/spot) were
applied to pieces of nitrocellulose membrane. After the
membrane was baked at 60°C for 10 min, each piece
was incubated in hybridoma conditioned media from
each clone (1:20 in 5% Blotto) for 2 h. After extensive
washing in diluted Blotto, the membrane was
incubated in GAM-HRP (1:1000 in 5% Blotto with
40% male prawn haemolymph) for 2h. The membrane
was then washed as before and applied to substrate
mixture (0.03% diaminobenzidine, 0.006% hydrogen
peroxide, 0.05% cobalt chloride in PBS) for 5 min.

Selected hybridoma clones that bound with ovarian
extract and with female haemolymph, but not binding
with male haemolymph, were re-cloned and cryo-
preserved for further characterization. Some hybridoma
clones were injected into pristane primed mice for
ascites fluid production.

Monoclonal antibodies characterization

Polyacrylamide gel electrophoresis and immuno-
blotting

Polyacrylamide gel electrophoresis (PAGE) or
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sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) was performed inslab gels ina
mini-PROTEIN 11 electrophoresis apparatus (Bio-Rad)
to identify wvitellin and vitellogenin in the extract.
Ovarian extract or haemolymph was applied to 5% gel
for PAGE or 7.5% gel for SDS-PAGE according to
the Bio-Rad Manual. Parts of the gel were cut off and
visualized by staining with 0.1% Coomassie brilliant
blue R250 for proteins, with Sudan black B for
lipoproteins, or with periodic acid Schiff reagent (PAS)
for glycoprotein (modified from Humason, 1979).
Proteins in other parts of the gel were fransferred to
nitrocellulose sheet using Transblot apparatus (Bio-
Rad) at 50V for 2h. The nitrocellulose sheet was then
separated from the gel and quenched in 5% Blotto, cut
into strips and assayed for antibody binding as
described for dot-blotting assay.

Vitellin isolation from PAGE

To confirm the number of subunits of vitellin,
glycolipoprotein bands from PAGE were cut off and
homogenized in equal volume of 0.01% SDS, allowing
the protein to dissolve for 12h. The dissolved protein
was separated from the gel by centrifugation and the
gel pellet was re-extracted with the same solution for
12 h. Both supernatants were combined and concen-
trated by vacuum concentrator (Savants) and reapplied
in SDS-PAGE as described above.

Vitellin and vitellogenin immunoprecipitation

Due to very high haemocyanin content and low
proportion of vitellogenin in the haemolymph, the
proportion of vitellogenin in the sample was increased
by (immunoprecipitation) using female haemolymph
mixed with pooled mouse anti-vitellin antiserum (4:1)
collected previously before the fusion. After incubation
at 4°C overnight, the precipitate of antibody antigen
complex was collected by centrifugation (5000 g) and
washed twice with PBS, The ovarian extract was
prepared in the same manner as a control. Precipitates
were then dissolved in treatment buffer and subjected
to SDS-PAGE as described above.

Detectability of vitellin and vitellogenin by
menoclonal  antibodies specific to vitellin and
vitellogenin

The range of vitellin concentrations that could be
measured by these monoclonal antibodies was
determined by competitive ELISA using the lowest
concentration of each monoclonal antibody that gave
maximal absorbance mixed with various dilutions of

ovarian extract (initial concentration is 10 mg/ml) or
female haemolymph, or male haemolymph, then
processed as described in ELISA.

Class and subclass determination

The class and subclass of the mouse immuno-
globulin preduced by hybridomas were determined by
sandwich ELISA using a subisotyping kit, mouse
{Calbiochem).

Results

After four immunizations with P. monodon ovarian
extract, mouse sera from five mice produced strong
precipitation band reactions to antigens in P. monodon
ovarian extracts and to female haemolymph, but not to
antigens in male haemolymph (Fig. 1). Precipitation
bands from both antigens showed reaction of identity
with all mouse anti-vitellin antisera (not shown).
Antiserum from mouse No. 3 seemed to have the
fewest numbers of weak precipitation bands with other
antigens, so this mouse was used as the spleen cell
donor for hybridoma preduction.

From one fusion, about 700 wells contained
hybridoma cells from 16 microculture plates. The first
screening on ELISA against ovarian extract yielded 73
positive wells with varying intensities. However, after
screening with dot-blotting against ovarian extract, and
female and male haemolymph in both native and SDS-
treated antigens, only four hybridoma clones were
identified (PMV-11, 15, 22 and 64). These clones
produce antibodies that bound both ovarian extract and
female haemolymph, but did not bind with male
haemolymph. One antibedy (PMV-64) bound with
both native and denatured antigens (Fig. 2, Table 2).
These four clones and a few other clones that showed
different binding were re-cloned and used for further

Fig. 1. Double immunodiffusion of five mouse anti-vitellin
antisera {1-3) against P. monodon ovarian extract (O) and
male (M) and female (F) haemolymph. The most dense
precipitation bands occur between all mouse antisera with
ovarian extract and with female haemolymph, but not with
male haemolymph,
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Fig. 2. Screening results of monoclonal antibodies by dot-
blot. Each nitrocellulose sheet was treated with various
monoclonal antibodies (PMV-...). Antigens in the vertical
columns are P. monodon: ovarian extract (O), female (F)
haemolymph and male (M) haemolymph. Antigens in the
upper horizontal rows are unireated proteins, while antigens
in the lower rows are SDS and mercaptoethanol treated
proteins. Nonspecific binding of goat anti-mouse lgG-
horseradish peroxidase conjugate (GAM-HRP) to haemo-
lymph is substantial and cannot be blocked with normal goat
serum (GAM-HRP + goat serum), but can be reduced by
40% male haemolymph (GAM-HRP+M). When nitro-
cellulose sheets were directly incubated with horseradish
peroxidase (HRP), the enzyme bound strongly to proteins in
all dots.
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Fig. 3. PAGE and immunoblot analysis of P. monodon
ovarian extract. Crude ovarian extract was separated by
PAGE and visualized by staining with Coomassie blue (a),
periodic acid Schiff (PAS) reagent (b), or Sudan black B (c);
or it was transferred to nitrocellulose membrane and treated
separately with mouse anti-vitellin antiserum (d), or with
monoclonal antibodies; PMV-3 (e), PMV-10.(f), PMV-11
{(g), PMV-15 (h), PMV-22, (i), PMV-60 (j), PMV-64 (k).
The glycoprotein band (arrow head) was also recognized by
PMV-11, 15, 22 and 64 monoclonal antibodies. Mouse anti-
vitellin antiserum and other monoclonal antibodies recog-
nized different proteins (asterisk) in the ovarian extract.
About 20 pg/lane was used for glycolipoprotein staining and
about 2 pg/lane was used for immunoblotting.

characterization and comparison of monoclonal
antibodies by Western blot analysis of native protein
(Figs. 2 and 3). All four monoclonal antibodies specific
to vitellin and vitellogenin belonged to IgG1 subclass
(Table 2).

During screening with dot-blotting, we observed
substantial nonspecific staining of haemolymph spots
with GAM-HRP (Fig. 2). This nonspecific staining
was, however, considerably reduced by adding male
haemolymph to GAM-HRP (40%), but nonspecific
staining was not reduced by adding normal goat serum
(Fig. 2). This background staining is due to nonspecific
binding of haemolymph companents to HRP, as shown
by incubation of samples directly with HRP solution
(0.01 mg/ml in Blotto; Sigma). To reduce nonspecific
stajning, GAM-HRP mixed with male haemolymph
was used in the following tests.

Further characterization of native ovarian extract
separated by PAGE using Western blot analysis
showed that all four hybridoma clones (PMV-11, 15,
22 and 64) produced antibodies that bound with the
same single band of glycolipoprotein (Fig. 3: g,h,i,k)
and was also identified by PAS and Sudan black
staining (Fig. 3: a,b,c). Since this is the primary
constituent of ovarian extracts. It can be presumed to
be vitellin. Mouse antiserum and other antibodies from
other clones show different staining patterns, PMV-3
antibody and mouse anti-vitellin antiserum bound with
the expected vitellin band, but also bound with other
proteins as well (Fig. 3: d,e). PMV-10 and PMV-60
antibodies bound with high molecular weight protein
(Fig. 3: f,j), while PMV-65 did not bind with any
proteins (not shown). Western blot analysis of native
female haemolymph was not conducted due to
interference caused by excessive amounts of
haemocyanin which interfered with movement of other
proteins.

Further separation of the glycolipoprotein isolated
from PAGE by SDS-PAGE revealed two major
subunits with Mw 74 and 83 kD (band No. 2 and 3;
Fig. 5: Aa), and three light staining subunits with
Mw 45, 58 and 104 kD (band No. 5, 4, 1; Fig. 5: Aa).
Characterization of SDS-treated vitellin by Western
Blot was done only with PMV-64 monoclonal antibody
since only this antibody can bind with SDS-treated
antigens. PMV-64, monoclonal antibody interaction
with ovarian extract, revealed a strong reaction at Mw
83 kD, and a lighter band with a smaller Mw 80 kD
protein (Fig. 4: Ca). It produced only one band at Mw
83 kD with female haemolymph, and did not bind with
any proteins in male haemolymph (Fig. 4: Cb,c).
Mouse anti-vitellin antiserum revealed six strong
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Table 2. Characterization of monoclonal antibodies specific to vitellin and vitellogenin, and range of vitellin concentrations
that can be detected by the monoclonal antibodies on competitive ELISA

Hybridoma Class and Dot-blot test Range of vitellin
clone subclass concentration (rg/ml)
Ovary extract Female haemolymph
Native Denatured Native Denatured
PMV-3 IgM + + - - ND
PMV-10 IgM + + - - ND
PMV-11 IgGl + - + - 4-200
PMV-15 1gG1 + - + - 0.25-20
PMV-22 1gG1 + - + - 4-200
PMV-60 1gG1 + - - - ND
PMV-64 IgG] + + + + 4-200
PVM-65 IgM + + - - ND

+, antibody can bind to the proteins.

i-f* P
.9,‘# h E,j.; L=

Fig. 4. SDS-PAGE and immunoblot analysis of P. monodon
ovarian extract (a) female haemolymph (b) and male
haemolymph (c). Preparations were stained with Coomassie
blue (A), Western blotting with mouse anti-vitellin antiserum
(B), or PMV-64 monoclonal antibody (C). The numbers on
the left side are molecular weight of marker proteins. The
numbers 1-5 are presumptive vitellin subunits, h is the
haemocyanin subunits, Protein content was about 20 g/lane
(a) and 50 ugflane (b,c) for Coomassie blue staining, and
about 2 pgflane (a) and 5 pgflane (b,c} for Western blotting.

immunoreactive bands Mw 45, 58, 74, 83, 104 and
215kD in ovarian extract, but did not produce any
bands in either male or female haemolymph (Fig. 4B),
which indicated that the proportion of vitellogenin in
female haemolymph is very low beyond the binding
capacity of mouse anti-vitellin antiserum produced
from injection of native vitellin. The Mw 215 kD
protein is not a vitellin subunit since we did not
observe this protein with the SDS-PAGE of
glycolipoprotein isolated from PAGE (Fig. 5: Aa, Ba).

-, antibody cannof bind to the proteins.

ND, not determined.

Fig. 5. SDS-PAGE and immunoblot analysis of isolated
proteins from PAGE-glycolipoprotein band (a), immuno-
precipitation of ovarian extract (b), and immunoprecipitation
of female haemolymph (c). Preparations were stained with
Coomassie blue (A), Western blotting with mouse anti-
vitellin antiserum (B), or PMV-64 monoclonal antibody (C).
The numbers on the left side are molecular weight of marker
proteins. The numbers 1-5 are presumptive vitellin subunits,
h is haemocyanin subunits, H and L are heavy and light
chains of the mouse immunoglobulin. * indicates the extra
vitellin immunoreactive protein which was not found in
ovarian extract. Protein content was about 20 ug/lane (a) and
50 pgflane (b,c) for Coomassie blue staining, and about
2 ugf/lane (a) and 5 pg/lane (b,c) for Western blotting.

Immunoprecipitated ovarian proteins had similar
patterns of protein staining as ovarian extract (Fig. 5:
Bb). However, with immunoprecipitated female
haemolymph, Mw 74, 83 and 200 kD proteins were
revealed by mouse anti-vitellin antiserum, and Mw 83
and 200 kD proteins were recognized by PMV-64
antibody (Fig. 5: Be, Cc).
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Fig. 6. Competitive ELISA of PMV-11 (1), 15 (2), 22 (3) and 64 (4) monoclonal antibodies with varicus antigens; ovarian
extract (O, initial protein concentration 10 mg/ml), female haemolymph (F), and male haemolymph (M), The antigens were
diluted and evaluated for binding inhibiticn of antibodies to ovarian extract fixed on the wells. The concentration of the
ascites fluids of PMV-11, 15 and 64 monoclonal antibodies are 1:100,000, 1:45,000 and 1:50,000, consecutively. The
concentration of culture fluid of PMV-22 monoclonal antibody is 1:500.

Competitive ELISA demonstrated that vitellogenin
in female haemolymph can completely inhibit binding
of all monoclonal antibodies to fixed vitellin similar to
vitellin itself, whereas male haemolymph did not show
any affects. The range of vitellin that can be measured
by this method is 0.25-200g/ml (Table 2, Fig. 6).

Discussion

We isolated four hybridoma clones which produced
antibodies that bound with both vitellin and vitello-
geain, from fusion of P3X myeloma and spleen cells of
a mice immunized with native, P, monodon ovarian
extract. Only one antibody (PMV-64), however, bound
with both native and SDS-treated proteins. This
antibody bound with Mw 83 kD protein in ovarian
extract and in female haemolymph. A smaller protein
(80 kD) in ovarian extract was also recognized by the
antibody. This latter protein was not previously
reported from P. monodon, and it is possible that it
may be a degradation product of the Mw 83 kD protein
since it was present in minute amounts. With

precipitated female haemolymph, PMV-64 antibody
recognized an extra protein at Mw 200 kD, but no
similar Mw protein in the ovary. This is evidence that
this Mw 200 kD protein is a precursor that underwent
hydrolysis to Mw 83 kD (Chang et al., 1994) and Mw
74 kD vitellogenin subunits before incorporation into
cocytes, since it showed immunological reaction
similarity to Mw 83 and 74 kD proteins in female
haemolymph and ovarian extract.

SDS-PAGE analysis of glycolipoprotein isolated
from PAGE revealed that this protein consisted of two
major subunits of Mw 74 and 83 kD, and three minor
subunits Mw 45, 58 and 104 kD. The 168 kD protein
was not detected with this preparation. Even though
this Mw protein can be visualized slightly in crude
ovarian extract, it was not immunoreactive with mouse
antiserum (Fig. 4). Mouse anti-vitellin antiserum
revealed six immunoreactive bands with Mw 215, 104,
83, 74, 58 and 45 kD, but no protein in female and
male haemolymph. This occurred because crude
ovarian exftract in native form was used for
immunization, antibody against another cell component
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(Mw 215 kD protein) was also present, and antibody
specific to the denatured form of 83 kD protein was
very weak in mouse anti-vitellin antiserum. Conse-
quently, binding of antibodies in mouse anti-vitellin
antiserum to denatured protein was much less
pronounced than binding of PMV-64 antibody. With
female haemolymph, the vitellogenin content was very
low and could not be increased by loading more
sample. Vitellogenin detection could, however, be
improved by immuno-precipitation of vitellogenin with
mouse anti-vitellin antiserum. This result revealed 83
and 200kD with PMV-64 antibody, and 74, 83 and
200kD with mouse anti-vitellin antiserum. It is
possible that the 83 and 74 KD vitellin subunits may be
derived from 200kD vitellogenin in haemolymph.
Neither monoclonal antibodies nor mouse anti-vitellin
recognized a 168 kD vitellin subunit (Quinitio et al.,
1990; Chen and Chen, 1993), nor did the SDS-PAGE
of protein isolated from lipoglycoprotein of PAGE
detect a 168 kD protein. We found vitellin consisting
of only five major subunits, 45, 58, 74, 83 and 104 kD,
in the isolated glycolipoprotein separated by PAGE.
Our findings agree in part with other studies (Quinitio
et al. 1990; Chen and Chen, 1993; Chang et al., 1993;
Table 1). With some penaeid species, two subunits of
vitellin were found (Tom et al.,1987, 1992; Qiu et al.,
1997), as well as three or four subunits (Quackenbush,
1989a; Browdy et al, 1990; Chang et al., 1996;
Table 1). Monoclonal antibodies specific to other
subunits may help resolve this issue and reveal the
production site of each vitellin subunit.

Most monoclonal antibodies specific to vitellin and
vitellogenin that we produced bound with native forms
of antigens, which was not surprising since the antigen
used in this study was a native form. Immunization of
SDS-treated antigens is an alternative way of obtaining
antibodies which can bind with both native and
denatured antigens, and can be used in broader aspects.
PMV-64 monoclonal antibody can bind with both
native and denatured forms of vitellin and vitellogenin,
thus it was more desirable choice for determining
vitellogenin concentration by competitive ELISA in
our study.

It is noteworthy that native haemocyanin bound
with various proteins such as HRP and mouse
antibody. This causes substantial, nonspecific staining
with the dot-blotting assay. It also occurred with
immunoprecipitate of vitellin and vitellogenin antibody
complexes (Fig. 5: Ab), and the precipitate in double
immunodiffusion (not shown). Possibly, this abundant
protein is not only an oxygen carrier, but also plays a
major role in immunity since it can bind to a broad
spectrum of alien, organic molecules.
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Characterization of vitellin and vitellogenin of giant tiger
prawn Penaeus monodon using monoclonal antibodies specific to
vitellin subunits

Summary

Monoclonal antibodies specific to Pemaesus monodon vitellin subunits were
produced from mouse immunized with sodium dodecyl sulfate (SDS} treated
ovarian extract prepared from gravid ovaries. After fusion of mouse spleen
cells with P3X myelcma, hybridomas were selected by indirect immunoperoxidase
ELISA against P. monodon ovarian extract. This was followed by dot-blotting
against native and denatured proteins from ovarian extract, female haemolymph,
and male haemolymph then by dot-blotting against each vitellin subunit.
Hybridoma clones producing antibodies specific to each of vitellin subunits,
molecular mass of 83, 74 , 104 and 58, 104 and 45 kD, antibodies spscific to
the 215 kD protein - an oocyte specific protein, and one monoclonal antibody
specific to haemocyanin were isolated. A1l monoclonal antibodies can bind to
both native and denatured proteins. Western blot analysis of ovarian extract
and female haemolymph from gravid ovary prawns separated by PAGE and SDS-PAGE
revealed five vitellin subunits, mcolecular mass of 104, 83, 74, 58 and 45 kD
in covarian extract, and four wvitellogenin related polypeptides, molecular mass
of 200, 104, 83 and 74 kD in the female haemolymph. From the immunoreactiwve
relationships among these proteins it could be assumed that vitellogenin may
be released into the haemclymph in two forms, 200 and 74 kD, then the 200 kD
peclypeptide was either processed into the 104 and 83 kD polypeptides, or
directly taken up into the oocyte. In the oocyte. the 104 kD protein would be
further cleaved into 58 and 45 kD polypeptides while the 74 kD protein would
undergo slight modification or remained unchanged. Western blot analysis of
vitellin subunits at various stages of ovarian development revealed that the
200 kD protein appeared in the gocyte during early ovarian development and the
45 and 58 kD proteins appeared during the late development.

Key words: Crustacean, monoclconal antibodies, Penaeus monodon,
vitellin, wvitellogenin, subunits, characterization.



Introduction

vitellin, or lipoglycoprotein, is a major component of yolk protein in the
cocyte (Wallace et al., 1967), and typically consists of two to eight subunits
depending on the authors and penaeid shrimp species (Table 1). With scme
species, however, namely Penaeus monodon, the molecular nature of vitellin and
its precursor-vitellogenin is still not well documented with respect to either
size or subunit number (Quinitio et al., 1990; Chang et al., 1993, 19%4; Chen
and Chen, 1993, 1994}, These differences in vitellin characterization may
relate to differences in ovarian maturity and/or methodologies for vitellin
purification used by different researchers {(Qiu et al.,1997). Recently, the
monoclonal antibodies against vitellin were generated from mouse immunized
with ovarian extract and 5 wvitellin subunits which are slightly different from
those in previous studies were described (Longyant et al., 1999): however,
most monoclonal antibodies obtained in that study can bind to native proteins
and therefore can not be used for characterization of all of the wvitellin and
vitellegenin subunits. In order to obtain antibodies that can bind to all
denatured vitellin subunits, in the present study, the ovarian extract was
denatured with sodium dodecyl sulfate before immunization. We were able to
isolate moncclonal antibodies specific to each subunit of vitellin as well as
ancther oocyte specific protein and haemocyanin. These antibodies were used

for characterization of wvitellin and vitellogenin subunits.



Materials and Methods

Source animal bandling and initial preparaticns: Adult female P. monodon (80-
120 g) were obtained from local farms around Bangkok. They were held in 5000
liter round tanks with sea water (30 °/.) at 26-28 °C and ambient photoperiod.
The prawns were fed with squid or small mussels twice daily. Three days after
molting, female prawns were bilaterally eye-ablated to induce ovarian
development. Seven to ten days after eye-ablation, 5 prawns with gravid
ovaries (gonadeoscomatic index > 4% with dark grayish green color) were

" anesthetized using cold sea water (4 °C) and haewolymph was collected via the
arthrodial membrane of the fourth walking leg. Ovaries were removed by
digsection and washed in cold, 0.15 M phosphate buffered saiine (PBS) pH 7.4.
Haemolymph was also collected, in the same manner, from normal adult male P.
monodon (60-80 g) . Haemolymph and ovaries were frozen on dry ice and stored at
-70 °C.

In order to determine the presence of various vitellin subunits at
different stages of ovarian development, ovaries and haemolymph from
individual prawn with ovaries at different developmental stages were alsc
coliected for SDS-PAGE and Western blot analysis of vitellin subunits as
described below, and the haemclymph vitellogenin levels were determined by
competitive ELISA as described previcusly (Longyant et al., 1959).

Ovarian extract preparation: Pooled ovaries from 5 prawns were homogenized
for 5 min in 0.5 mM EDTA in PBS (0.5 g/ml). The pellet and lipid layer were
eliminated after centrifugation at‘l0,000g and 4 °C for 30 min. The protein
concentration of the extract was determined by Bradford assay (Bradford,
1976}, adjusted to 10 mg/ml with PBS, then the extract was divided into 1 ml
aliquots and stored at -70 °C.

Immunization: Ovarian extract was denatured by mixing 1:1 with 2X treatment
buffer (for SDS-PAGE), boiled for 1 minute and dialysed against 4 changes of
PBS for 48 hrs. Four Swiss mice were injected with 0.5 mg SDS-treated ovarian

extract 1:1 (V:V) mixed with complete Freund’s adjuvant. At two week



intervals, they were re-injected with ovarian extract mixed with incomplete
Freund’s adjuvant for the second injection, or with the extract without
adjuvant for the following injections. One week after the fourth injectiomn,
mouse anti-vitellin antisera were collected and tested against ovarian
extract, and female and male haemolymph by double immunodiffusion. The best
performing mouse was boosted one week before hybridoma production.

Hybridoma production: A cell fusion procedure was adapted from the method
developed by Kéhler and Milstein (1976), with modification described by
Mosmann et al. (1979). A P3X myeloma cell line was used as the fusion
partner. The P3X myeloma cell line was obtained from Department of Virology,
AFRIMS, Bangkok, Thailand. Fusion products from one mouse were plated on 23
microculture plates (96 wells, NUNC). After identifying wells containing
desired clones by the screening methods described below, cells were re-cloned
at least twice by the limiting dilution method (Eshnar, 1985).

Screening methods

ELISA: Hybridoma cell lines were first screened by ELISA against cvarian
extract. The ovarian extract (1 ug/well protein} was plated on Maxisorb
microtiter plates (NUNC;. Blottoe (5% or 0.5% nonfat d;y milk in PBS) (Johnson
et al., 1984) was used as blocking solution, antibody diluent, and washing
solurion. Antibody binding to plates was detected using horseradish
peroxidase labeled goat anti-mouse IgG heavy and light chain specific (GAM-
HRP: Biorad} at 1:1000 dilution. Positive wells were further screened by dot-
blotting.

Dot-blotting: Selected antigens, covarian extract (1 mg/ml), female and
male haemolymph in native forms, and SDS-mercaptoethancl treated forms were
used for the second step of screening. All antigens {1 ul/spot) were applied
to the same piece of nitrocellulose membrane. After the membrane was baked at
60°C for 10 min, each piece was incubated in hybridoma conditioned media from
each clone (1:20 in 5% blptto) for 2 hr. After extensive washing in diluted

blotto, the membrane was incubated in GAM-HRP (1:1000 in 5% blotto with 40%



male prawn haemolymph) for 2 hr. The membrane was then washed as before and
exposed to the substrate mixture (0.03% diamincbenzidine, 0.006% hydrogen
peroxide, 0.05% cobalt chloride in PBS) for 5 min.

Selected hybridoma clones were further screened by dot-blotting against 5
vitellin subunits and the 215 kD protein eluted from ovarian extract separated
by SDS-PAGE (as described below} then processed in the same manner (dot-
blotting) as described above.

Selected hybridoma clones were re-cloned and cryopreserved. Some
hybridoma clones were injected intqo pristane primed mice for ascites fluid
production.

Monoclonal antibody characterization

Polyacrylamide gel electrophoresis and immuncoblotting: Polvacrylamide gel
electrophaoresis (PAGE) or sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was performed in slab gels in a mini-PROTEIN II
electrophoresis apparatus {(Bio-Rad) to identify wvitellin and vitelliogenin in
the extract. Ovarian extract and hzemclymph were applied to 5% gel for PAGE
or 7.5% gel for SDS-PAGE according to the Bio-Rad Manual. Parts of the gel
were cut off and visualized by staining with 0.1% Coomassie brilliant blue
R250 for proteins, with Sudan black B for iipoproteins, or with periodic acid
Schiff reagent (PAS) for glycoproteinsg (modified from Humason, 1979).

Proteins in other parts of the gel were transferred to nitrocellulose sheet
using Transblot apparatus (Bio-Rad) at 50 V for 3 hr. The nitrocellulose
sheet was then separated from the gel and quenched in 5% blotto, cut into
strips and assayed for antibody binding as described for the dot-blotting
assay.

Isolation of ovarian proteins from SDS-PAGE: After ovarian extracts were
separated by SDS-PAGE and stained with Coomassie blue, the desired protein
bands were cut off, destained and then homogenized in an equal volume of 0.01%
8DbS, allowing the protein‘to be dissolved for 12 hr. The dissolved protein

was separated from the gel by centrifugation and the gel pellet was re-



extracted with the same sclution for 12 hr. Both supernatants were combined
and concentrated in a vacuum concentrator (Savant). The vitellin subunits and
oocyte specific protein from SDS-PAGE were used for screening hybridoma clones
using dot-blotting as described above.

Class and subclass determination: The class and subclass of the mouse
immunoglobulin produced by hybridomas were determined by sandwich ELISA using

a subisotyping kit for mouse (Zymed Laboratories).



Results

After the fourth immunization with P. monodon ovarian extract treated with
SpS, the mouse anti-vitellin antisera from four mice produced strong
precipitation bands to antigens in P. monodon ovarian extracts and to female
haemolymph, but not to antigens in male haemolymph. All antisera bound to the
denatured ovarian extract better than to the normal ovarian extract.
Precipitation bands from ovarian extract and female haemolymph showed reaction
of identity with all mouse anti-vitellin antisera (not shown). All mice
showed similar responses; one of these mice was used as the spleen cell donor
for hybridoma production.

From one fusion, every well containing hybridoma colonies ranged from 1-8
calonies/well in 23 microculture plates. The first screening on ELISA against
ovarian extract yielded over 300 positive wells with varying immunoreactive
intensities. S8ince there were so many positive wells containing several
colonies, only about 200 wells containing a few hybridoma cclonies were
further screened by dot-blotting against ovarian extract, and female and male
haemolymph using both native and SDS-treated antigens (Fig. 1). The wells
showing strong immunoreactivities (70 wells) were further screened by dot-
blotting against vitellin subunits and reclened. Twenty hybridoma clones were
re-cloned successfully and grouped into 6 categories according to their
binding capabilities (Fig. 2; Tabkle 2). All monoclonal antibodies obtained
from this experiment bound to both native and denatured antigens (Fig. 1,
Table 2). In Western blot analysis of ovarian extract separated by PAGE (Fig.
3), all four groups of monoclonal antibodies specific to wvitellin and
vitellogenin bound to the same lipoglycoprotein band while the other
monaclonal antibodies (PMVS-106 and other clones}) bound to an ococyte specific
protein, and PMVS5-22 monoclonal antibody showed light staining to a smear of
highly negative charged protein.

In Western blot analysis of ovarian extract separated by SDS-PAGE, all

four groups of monoclonal antibodies specific to vitellin bound to each



vitellin subunit (Fig. 4A-E lane a), 83 kD (PMVS$-93), 74 kD (PMVS-140), 104
and 58 kD (PMVS$-109), and 104 and 45 kD {(PMVS-158) . The other monoclonal
antibodies (PMVS-106 and other clones; Fig. 4F lane a) bound to the oocyte
specific protein molecular mass of 215 kD, and another monoclonal antibody
(PMVS-22) bound to both haemocyanin subunits (Fig. 4G lane a).

In Western blot analysis of female haemolymph separated by SDS-PAGE (Fig.
4 lane b}, a high molecular weight vitellogenin subunit (200 kD), was
recognized by PMVS-93, 109 and 158 monoclonal antibodies. These antibodies
also recognized the wvitellogenin subunits of molecular mass of 83 or 104 kD.
The 58 and 45 kD wvitellin related proteins were not observed in haemolymph
(Fig. 4B, D and E lane b). The BMVS5-140 antibody recognized only the
vitellogenin of molecular mass of 74 kD (Fig. 4C lane b). The PMVS-106
antibody did not show specific binding to any haemolymph proteins (Fig. 4F
lane k) and PMVS-22 antibody bound to both subunits cof haemocyanin (Fig. 4G
lane b).

Western blot analysis of ovarian extracts prepared from individual prawn
at different stages of ovarian development {(Fig. 5, Table 3) revealed that
none of the proteins in resting stage ovary reacted with monoclonal antibodies
specific to vitellin and oocyte specific protein (Fig. 5B-F lane a). In
developing stages, the major vitellin subunits, molecular mass of 200, 104,
83, and 74 kD were recognized while in the ripening stage the 200 kD tended to
disappear with the gradual appearance of the 58 and 45 kD subunits. The
presence of the 200 kD protein in the ovarian extract seemed to be unrelated
toc the haemolymph vitellogenin levels but, rather, related tc the early
development stage of the ovary (Fig. 5A-E lane b-e, Table 3.

Isotypes and subisotypes of the monoclonal antibodies mostly (15 out of 20
clones} belonged to the IgGl isotype (PMVS-10, 11, 18, 43, 50, 52, 53, 72, 93,
97, 122, 137, 140, 157 and 158), only four of them (PMVS-22, 106, 109 and 121)
belonged to the IgG2a subisotype and only one {(PMVS-42) belonged to the IgG2b

subisotype.
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Discussion

From one fusion of P3X myeloma and spleen cells of a mouse immunized with
the denatured ovarian extract of Penaeug monodon, we isolated a complete set
of monoclonal antibodies specific to vitellin subunits. Cne group of hybridoma
clones produced antibodies that bound to oocyte specific protein and one
hybridoma clone produced antibedy that bound to both subunits of haemocyanin.
All of the monoclonal antibodies could bind to both native and denatured
proteins which was not surprising since the immunogens used were denatured
proteins; therefore, the production of monoclonal antibodies by immunizaticon
with denatured immunogens yields more broadly useful monoclonal antibodies
than using native proteins as reported previously (Longyant et al., 1999;
Table 2).

The monoclonal antibodies specific to wvarious wvitellin subunits obtained
from this study are comparable to the antisera made against purified vitellin
subunits in another previous study (Chen and Chen, 1993}. Two groups of
monoclonal antibodies (PMVS-93 and 140) recognize each single subunit of
vitellin, the 83 and 74 kD subunits respectively. They are equivalent teo anti-
Ep3 and anti-Ep4 antisera (Chen and Chen, 1993}. The other two groups of
monoclonal antibodies (PMVS-109 and 158) recognize the same subunit (104 kD)
which is equivalent to anti-EpZ2 antiserum. However, PMVS5-109 and 158
monoclonal antibodies receognize different small subunits (58 and 45 kD),
indicating that the two monoclonal antibodies are specific to different
epitopes on the 104 kD protein and that the S8 and 45 kD proteins may be
derived from the 104 kD protein. The EpZ and Ep3 antisera crossreact with the
168 kD protein in haemolymph in the same manner as PMVS-93, 109 and 158
monoclonal antibodies in this study crossreact with the 200 kD haemolymph
protein. Therefore, it is quite cartain that the 168 or 170 kD polypeptides
described in other studies (Quinitio et al., 1990; Chen and Chen, 1993, 1994:
Chang et al., 1994) are the same as the 200 kD polypeptide in our study. The

difference in size is due to variationsg in calculation since their studies
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used a wide range of molecular weight standard proteins (170 and 340 kD).
Also, the SDS-PAGE results (Chen and Chen, 1993) clearly shown that the 168 kD
polypeptide migrated more slowly than the 170 kD standard protein; therefore,
this protein must be bigger than 170 kD. In our study, this protein migrated
slightly faster than the 205 kD standard protein (Fig 4A & 5A). From the
immunoreactive crossreactivity (Chen and Chen, 1993}, an;i—Epz (104 kD) and
anti-Ep3 (83 kD) antigera crossreact with the 168 kD protein which indicates
that the 104 and 83 kD proteins derived from the cleavage of the 168 kD
protein (which is unlikely); thus, this polypeptide must pe larger than 168
kD.

In haemolymph from female prawn with gravid ovaries, the vitellogenin
subunits (vitellin related proteinsg), moclecular mass of 200, 104, 83 and 74 kD
(the 104 and 83 kD are slightly larger than the counterpart vitellin subunits)
were recognized by PMVS-923, PMVS-140, PMVS-109 and PMVS-158 monoclonal
antibodies (Fig. 4) which is similar to a previous report on P. monodon that
haemolymph contained four egg yolk peptides of 168, 104, 83 and 74 kD {Chen
and Chen, 1994). The immunoreactive relationships among those vitellin
subunits suggest that the 200 kD protein is the precursor and either cleaved
to yield the 104 and 83 kD proteins in the haemolymph before or directly after
being taken up into the oocyte. Then, in the oocyte, the 104 kD subunit may
be further cleaved to yield two smaller 58 and 45 kD subunits which share the
same epitopes with the 104 kD subunit., This result shows the superior
characteristics of the monoclonal antibodies that can be used to differentiate
between different epitopes on the same molecule.

The 74 kD subunit does not share any epitope with the 200 kD protein, in
commont with the anti-Ep4 antiserum which does not crossreact with the 168 kD
polypeptide (Chen and Chen, 1993). This protein may be synthesized, released,
and then taken up without or with minor modification {(Fig. 3). This
vitellogenin subunit (74 kD) was not reported in the isolation of haemolymph

vitellogenin by Sudan black staining and sucrose density gradient in P.
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monodon (Chang et al., 1994) and P. chinensis (Chang and Jeng, 1995). It is
possible that, in haemolymph, this subunit may be not associated with the 200
(168), 104 and 83 (93} kD proteins. Moreover, the size of the 74 kD protein
is also very close tc the size of the high abundant small subunit of
haemocyanin, and the co-migration of these two proteins in SDS-PAGE may cause
difficulty in identification of this subunit.

This study confirms previous findings from SDS-PAGE analysis of the
glycolipoprotein isolated from PAGE, revealing that, in gravid P. monodon
ovary, vitellin consists of 5 major subunits molecular mass of 45, 58, 74, 83
and 104 kD (Longyant et al., 1999) which is similar to the vitellin of P.
chinensis consisting of 5 major subunits molecular mass of 40, 58, 78, BS, and
105 kD (Chang et al., 1996). The 168 kD protein in the ovarian extracts of
other studies {Quinitic et al., 1990; Chang et al., 1993) was not detected in
this and the previous studies (Longyant et al., 1%999) on P. monodon. As
discussed above the 168 kD protein may be the same as the 200 kD protein found
in the haemolymph in our study and was found during early developmental stages
of the covaries. In studies of vitellogenin synthesis in ovarian tissue in
vitro, the 168 and 74 kD proteins were secreted into the medium (Chen and
Chen, 1994). It is possible that during this highly active stage of ovarian
develcopment the 168 (200) kD protein may be taken up directly and slowly
undergo processing to the 104 and 83 kD with maturation progress. The
accumulation of the 58 and 45 kD hydrolysis products increased with the
reduction of the high molecular weight forms. The other possibilicty is thac
the 200 kD protein was a contaminant from the haemolymph surrounding the
oocyte follicles in the ovary; this is unlikely since in the gravid ovary with
high haemolymph vitellogenin levels the 200 kD protein was not observed in
ovarian extract (Fig. 5B, D and E lane d & e, Table 3). The immunoreactivity
of the PMVS-106 revealed that the 215 kD protein is synthesized in ovary only
during oocyte maturation,.not in resting ovary, and that this protein may

undergo processing to smaller molecular forms as well since different
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immunoreactive small molecular forms were also detected in all stagés of
ovarian development (Fig. S5F). Thus, interpretations of the incorporation of
radioactive amino acid using anti-vitellin antiserum must be made with
caution, since this protein is synthesized during ovarian development and most
antisera against purified vitellin may contain considerable amounts of the
antibodies specific to other proteins as shown in previous experiments
(Quinitio et al., 1930).

Eight small subunits of wvitellin including the 45 and 58 kD polypeptides
were observed in another study of this species (Chang et al., 1993). In this
case, it is possible that these small subunits may have been generated during
sample preparation, since in thisg preparation the ovaries were homogenized in
Tris buffer without EDTA or other protease inhibitors. Then, after
homogenization, the ovarian extract was alsco dialysed without protease
inhibitors. Similar confusicon in the identification of wvitellin subunits has
also occurred in other species such as P. semisulcatus (Browdy et al., 1990;
Tom et al., 1992; Khayat et al., 1994; Lubzen et al., 1997: Table 1}; however,
only 2-3 subunits of wvitellin has been reported for most penaeid shrimp
species (Table 1).

From the immunoreactive equivalent of the vitellogenin and vitellin
subunits, our results suggested that vitellogenin may be synthesized and
released into the haemolymph in two different molecular forms, the 200 and 74
kD proteins, then the 200 kD protein is processed intc either the 104 and 83
kD before or after being taken up into the oocyte. Finally, as maturation
progresses, the 104 kD fragment is further processed intc the 58 and 45 kD
subunits. The 74 kD protein was taken up and remained in the oocyte with
little or no further modification. However, the relationship between the stage
of ovarian development and haemolymph vitellogenin level in the samples shown
here seem to be uncorrelated. In the freshwater prawn Macrobrachium
rosenbergii, the wvitellogenin level increased during ovarian maturation and

then sharply dropped in the ripe ovary (Derelle et al., 1986}, however, the
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haemolymph vitellogenin levels at each gonadosomatic index are highly variated
in this species (Lee and Chang, 1%97}. Moxe de;ailed investigations of the
relationship between vitellegenin levels and stage of ovarian development are
in progress.

The site of vitellogenin synthesis is still in guestion. If vitellogenin
was synthesized in the ovaries then secreted into haemolymph before being
taken up by the developing ococytes as proposed by several authors (Yano and
Chinzéi, 1987; Lubzens et al., 1997}, there are still questions about which
cells in the ovary (the ococyte or follicular cell, or other cell) synthesize
vitellogenin. Another question is why vitellogenin has to be secreted into
the haemolymph before being taken into the cocytes which are in close
proximity and are in a very active stage for vitellogenin uptake. In
preliminary experiments using varicus monoclonal antibodies against esach
subunit for immunocytochemical localization, we were not able to observe any
vitellin immunoreactive substance in either follicular cell or hepatopancreas
of vitellogenic prawn.

This study showed that the monoclonal antiboby technigue can generate
highly and monospecific antibodies to each of vitellin subunits without the
requirement for purification of the antigens. Antibodies with different
specificity can be used for characterization of the molecular nature of the
molecule while making antisera to each subunit would be a very tedious task
{(since a slight impurity in the immunogen would cause mis-segregation of the
the molecules). Monocleonal antibedies specific to each subunit can be used as
a tool to investigate the production site of vitellegenin subunits and to
follow molecular processing of the vitellin during ovarian development as well

as larval development.
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Table 1. Molecular mass of vitellin and vitellogenin subunits reported in six penaeid shrimp species.
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Species Molecular mass (kD) References
Holo
protein Subunits
P. monodon Vitellin 540 74, 83? 90, 104, 168*  Quinitio et al.. 1990.
ND 74°, 837,104, 168* Chen and Chen. 1993.
492 35. 45°, 49 58%, Chang et al., 1993,
64. 68, 827, 91
ND 45°, 58" 74° 837 104'  Longyant et al.. 1999.
Vitellogenin ND 74, 83% 1047, 168* Chen and Chen. 1994,
ND 827, 170* Chang et al.. 1994,
ND 74, 837 104!, 200* This study.
P. chinensis Vitellin 380 40, 58. 78, 85. 105 Chang et al.. 1996.
500 78. 85, 155
Vitellogenin ND 85, 191 Chang and Jeng, 1995,
P. semisulcatus Vitellin 283 50. 63, 80, 90 Browdy et al.. 1990.
283 86,95 Tomet al.. 1992.
ND 80. 96, 158 Khayat et al., 1994
ND 80. 120, 200 Lubzens et al., 1997.
Vitellogenin ND 80, 120, 200 Lubzens et al.. 1997.
P. vannamei Vitellin 289 61.69 Tom et al., 1992
ND 76, 95,97, 103 Quackenbush. 1989,
Parapenaeus longirosiris  Vitellin ND 45, 66 Tom et al.. 1987.
Metapenaeus ensis Viteltin 350 76, 102 Qiuetal.. 1997.

ND = Not determined

The superscripts indicated the equivalent vitellin or vitellogenin subunits found by other studies.
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Table 2 Specificity of monoclonal antibodies tested by dot-blot and Western blot obtained from this study (b)

compared to the previous study (a) (Longyant et al.. 1999)

Dot-blot test

Monoclonal antibodies
obtained from Ovarian extract Female Vitellin subunits
mice immunized with haemolymph D)

Native  Denatured Native Depatuwred 104 83 74 58 45

a. Native vitellin
PMV-11, 15, 22 + - + - 7 7?7 2 72 9
PMV-64 ;

+
-+
+
+
]
+
)
1

b. Denatured vitellin

PMVS-10, 18, 50. 53, 93, 97 + + + + -+ e .-
PMVS-11, 43, 72, 121, 137, 140 + + + + - -+ - .
PMVS-52, 109 + + + + + - -+ -
PMVS-158 + + + + + - - -+
PMVS-42. m 122, 157 + + - - OOC_YtC Speciﬁc
protein
PMVS-22 - - + + Haemocyanin

The underlined clones are the represeniative antibodies from each group that vsed for further analysis.

+=bind, -= nothind and ?= not known.

Table 3. Vitellin subunits found in various stages of ovarian development

GSI Vitellogenin Oocyte specific protein and
Stage of development levels vitellin subunits (kD)

% (mg/ml) 215 200 104 83 74 58 45
a. Resting 0.54 0 - - - - - - -
b. Early Developing 2.84 5.06 + + + + ++ - -
¢, Developing 3.23 0.37 o+ ++ — ++ +++ - -
d. Ripe 5.78 0.87 + + —+ —+ +4++ + +
e. Ripe 5.59 4.54 +t - + 4+ A+t ++ A+t

The intensity of the immunoreactivity was scored :

- = undetectable, + = slightly detectable, and + = cleary detectable with three levels of intensity.
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Figure 1. Screening results of 20 monoclonal antibodies by dot-blot against
native and denatured antigens. Each nitrocellulose sheet was treated with
various monoclonal antibodies (PMVS-...). Antigens in the vertical columns
are P. monodon: ovarian extract (0); female (F) and male (M) haemolymgh.
Proteins in the upper horizontal rows were untreated, while proteins in the

lower rows were SDS and mercaptoethanol treated.

Figure 2. Screening results of monoclonal antibodies by dot-blot against each
vitellin subunit (i1 = 104 kD, 2 = 83 kb, 3 = 74 kD, 4 = 58 kD and 5 = 45 kD
subunits) and the vocyte specific protein (0 = 215 kD). The illustrations show

only one representacive from each group of monoclonal antibodies.

Figure 3. PAGE and immunoblot analysis of P. monodon ovarian extract. Crude
ovarian extract was separated by PAGE and visualized by staining with
Coomassie blue (a), periodic acid Schiff (PAS) reagent (b), or Sudan black B
(c); or it was transferred to nitrocellulose membrane and treated separacely
with moncclonal antibodies; PMVS-93 (d), PMVS-140 {e), PMVS-109 (f), PMVS-158
(g}, PMVS-106 {h}) and PMVS5-22 (i). About 20 ug protein/lane was used for
glycolipoprotein staining (a-c¢} and about 2 ug protein/lane was used for

immunoblotting {d-i}.

Figure 4. SDS-PAGE and immunoblot analysis of P. monodon ovarian extract (a)
and female haemolymph (b}. Preparations were stained with Coomassie blue (A);
the far left lane contained molecular standard proteins {s). The proteins were
cransferred to a nitrocellulose membrane and immuncblotted with wvarious
mcnoclional antibodies, PMVS-$3 (B), PMVS-140 (C), PMVS-109 (D), PMVS-1i58 (E),
PMVS-106 (F), PMV5-22 (G). The numbers on the left side are the molecular
weights of the marker proteins. The numbers (0-5) between lane a and b are
ovarian specific protein and wvitellin subunits {(molecular mass of 215, 104,

83, 74, 58, 45 kD respectively), h is haemocyanin subunits, and * indicates
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the 200 kD vitellogenin precursor. Protein content was about 20 ug/lane {a)
and 50 ug/lane (b) for Coomassie blue staining, and about 2 ug/lane (a) and 5

ug/lane (b; except in G lane b =1 ug/lane) for immunoblotting.

Figure 5. SDS-PAGE and immunoblot analysis of P. monodon ovarian extract
prepared from different stages of development: (a) resting stage, (b) early
developing, (¢} developing, {d) ripe ovary with a low haemolymph vitellogenin
level, (e) ripe ovary with a high vitellogenin level. The preparation was
stained with Coomassie blue (A), the far left lane (s} are standard marker
proteins. The proteins were transferred and immunoblotted with wvarious
monocicnal antibodies: PMVS-93 (B}, PMVS-140 {(C), PMVS-109 (D), PMVS-158 (E)
and PMVS-106 (F}. The legends in the figure are the same as in figure 4.
Protein content was about 25 ug/lane for Coomassie blue staining, and about 1

ug/lane for immunobloting.
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Development of a monoecleonal antibody specifiec to yellow head virus:
Establishing an immunclogical-basis for specific diagnosis of wviral
infection in Penaeus monodon

Abstract

A monoclonal antibody specific for viral antigen was produced
from a mouse immunized with Penaeus monodon gill extract prepared
from SEMBV artificially infected shrimps. ©One clone designated SEM-
3-2B szpecifically bound to native and SDS treated viral antigens.
Immunocytochemical studies of infected gills revealed viral
immunoreactivities ir epithelial cell cytoplasm and in haemocytes.

Ne antibody binding was observed in gills from non-infected shrimg.
However, immunocytcchemical examination of tissues from single viral
infected shrimps revealed that the antibody reacted to tissues from
YHV infected shrimps but did not bind to the tissues from SEMBV
infected shrimps. Western blot analysis indicated that the antikody
reacted with a 135 kD glycoprotein of YHV. These results suggested
that viral preparations utilized in this study were obtained from
shrimps infected with both viruses. Preliminary work with dot-
blotting using indirect immunoperoxidase assay revealed that the
antibody was able to detect viral antigen in diluted haemolymph up to
1:50 dilutions as well as in ammonium sulfate precipitated haemolymph
up to 1:1000 dilutions. In addition, viral immunoreactivities were
observed in a few cells of gill muscles, ovaries, hepatopancreas and
lymphoid organs of asymptomatic shrimps using immunocytochemical
technigques. This evidence suggested that this antibody can be used to
identify mild wviral infection in shrimp and therefore provides a
promising and effective tool for routine viral diagnosis.

Key words: Dot-blot, immuncecytochemistry, monoclonal antibodies,
SEMBV, Penaeus monodon, viral infection, YHV.



Introduction

Shrimp diseases, especially wviral infections have caused major
economic disasters in Thail shrimp farming during the past decade.
Yellow-head wvirus (YHV) and systemic ectodermal and mesodermal
baculovirus (SEMBV), two highly pathogenic viruses have caused
massive mortality of Penaeus monodon, the principal penaeid species

cultured commercially in Thailand {Flegel et al., 1887). Recent
attempts to prevent and control these two diseases relied primarily
on detection and diagnosis of infected animals. PCR is now widely

used to detect SEMBV, while a RT-PCR test is under development for
YHV detection (Wongteerasupaya et al., 19%7, Lightner and Redman,
1998). Even though both PCR techniques are highly sensitive for
virus detection, there are practical limitations for their widespread
commercial application. These limitations include needs fcr special
equipment and highly trained personnel. Consequently, assay costs are
expensive, which limits PCR use.

An alternative method to PCR is histopathological examination and
symptomatic diagnosis (Wongteerasupaya et al., 1995; Lightner and
Redman 1998; Mohan et al., 1998; Park et al., 19%8), but this also
requires experienced personnel. In addition, early infection
diagnosis is difficult and unreliable with this approach. Morecver,
field samples of shrimp are usually not well preserved and pathogenic
symptoms may be incorrectly assigned toc other causes such as
bacterial infection. These limitations are the main reasons for
incomplete epidemiclogical data for SEMBV and YHV infections.

Immunclogical technigques are widely used for diagnosis of many
viral diseases with both human medicine and agricultural
applications. Beside high sensitivity and accuracy, immunological
metheds can be simplified to obtain results gquickly at relatively low
costs. Pregnancy strip test for HCG 1s cne such application of this
technique.

Several attempts to preduce antisera against YHV and SEMBV have
been reported recently (Nadala et al., 1997 and 1998; Loh et al.,
1998). However, the antisera assay (Western blot analysis) is not
highly sensitive and is not easily applied during field examinations.
Several laboratcries have been trying to produce moncclonal
antibedies (MAbs), but successful development of MAbs with sufficient
specificity for diagnosis applications has not yet been reported.
Moreover, problems with MAbs specificity have been reported with both
IHHNV (Lightner and Redman, 1898} and YHV (Kasornchandra-personal
communications). In both cases, specificity problems were related to
obtaining IgM during production of MAbs.

Our work presented herein describes our successful development of
highly specific MAbs against YHV from preparations made from shrimps
artificially infected with SEMBV and preliminary detection of YHV by
dot-ELISA and immunocytochemistry.

Materials and Methods

Viral infection and preparation. Juvenile P. monodon (25-30 g) from
farms near Bangkok were held in 300-1 fiberglass tanks with 20-ppt
seawater and ambient photoperiod. SEMBV (kindly provided by Aguatic
Animal Health Research Institute, Royal Thai Department of Fisheries,
Bangkok} was injected via the arthrodial membrane cf the second
walking leg as a diluted viral suspension (1:10) at 50-ul/shrimp.



When infected shrimp showed signs of heavy infection such as feeding
cessation and slow movement, haemolymph was drawn from the arthrodial
membrane of the fourth walking leg using a syringe with 22G needle.
Haemolymph was diluted to double volume with modified Alsever
sclution, centrifuged at 3,000 g to eliminate haemocyte and stored at
-20°C.

Gills from meribund shrimp were also collected, fixed in Bouin or
Davidson’s fixative solution for immunocytechemical study, or frozen
for viral preparation. Approximately 5 g of gills from infected
shrimp were homogenized in 40-ml of 2X PBS (0.3M phosphate buffered
zaline pH 7.2 modified from Hudson and Hay, 1976) using a homogenizer
(IKA lab Technik). Cell debris was removed by centrifugation at
10,000 g for 1l-hr at 4°C. The supernatant was subsequently
centrifuged at 100,000 g for l-hr at 4°C using an ultra-centrifuge
(Sorvall Pro 80). The pellet was resuspended in 2-ml of 2X PBS,
divided into small aliquots and stored at -80°C. Haemolymph and gill
preparations from non~infected shrimp were prepared in the same
manner.

Immunization. Three Swiss mice were intraperitoneally injected with
viral infscted gill extract mixed with complete Freund’s adjuvant in
a 1:1 ratio. They were subseqguently injected with virus infected
gill extract mixed with incomplete Freund’s adjuvant 3 times at 2-
week intervals. One week after the third injection, mouse antiserum
was collected and tested against non-infected and infected gill
extracts by dot-blot. The best performing mecuse was boosted three
days before hybridoma precduction.

Hybridoma productien. A cell fusion procedure was adapted from the
method developed by Kohler and Milstein (1976), with modifications

described by Mosmann et al. {1979). A P3X myeloma cell line was used
as a fusion partner. Fusion products from one mouse weres plated on
30 microculiture plates (%6 wells). After identification of the

positive clones by screening methods described below, cells were
recloned by limited dilution method.

Screening methods

a. Dot-blotting. Gill extracts {10 mg/ml) from non-infected and
infected shrimp in both untreated (native) and SDS-mercaptc-ethanol
treated forms were used for screening. Gill extract antigens (l-
ul/spot) were applied to nitrocellulose membrane. The membrane was
baked at &0°C for 10-min and subsequently incubated in hybridoma
conditioned media from each clone {1:20 in 5% Blottec) for 8-hr.

After extensive washing in diluted Blotto, the membrane was incubated
in horseradish peroxidase labelled goat anti-mouse IgG heavy and
light chain specific (GAM-HRP; Bicrad) at 1:1000 dilution for 8-hr.
The membrane was washed in Blotte and incubated in & substrate
mixture containing 0.03% diaminobenzidine, 0.006% hydrogen peroxide,
0.05% cobalt chleride in PBS for 5-min. Hybridcma clones that
displayed immunoreactiwvity against infected gill extract, but did not
react with gill extract from non-infected shrimp were confirmed for
the viral specificity by immunocytochemistry, recloned and
cryopreserved for further investigation.

b. Immunocytochemistry. Gills from infected and non-infected live
shrimp were dissected, and fixed in Bouin fixative solution for 24-
hr, and processed for paraffin sectioning. Serial sections (B-um
thickness) were prepared and processed for indirect immunoperoxidase



staining using various MAbs and GAM-HRP diluted to 1:1000 with 10%
calf serum in PBS. Peroxidase activity was revealed by incubatiocn
with 0.03% DAB-and 0.006% H.0-. in PBS. Preparations were counter-
stained with haematoxylin and ecsin Y, dehydrated in graded ethanol
series, cleared in xylene and mounted in permount. Viral localization
in varicus tissues from non-infected and infected shrimp was also
determined in the same manner.

To confirm the specificity of the MAb, tissue sections from
shrimps infected with single virus (YHV or SEMBV) confirmed by PCR
(kindly provided by Dr. Tim Flegel) were alsc determined by
immunocytochemistry as described above. ’

c. Detectability of wviral antigen by monoclenal antibodies,
Haemolymph from infected shrimp were serially diluted with haemolymph
from non-infected shrimp. Approximately 1-ul of each dilution was
applied con nitrocellulose strip and processed for dot-ELISA as
described abeove. Final dilutions observed by this method were
determined by comparing with negative controls, which were
haemolymphs from non-infected shrimp.

d. Viral isolation by ammonium sulfate precipitation. Viral
particles in varicus dilutions of haemolymph were precipitated with
33% ammonium sulfate for 2-hr at 4°C to concentrate viral particles
and eliminate some protein contamination from haemolymph. The
precipitant was separated by centrifugation at 3000 rpm with a
clinical centrifuge, washed once with 33% ammonium sulfate and then
resuspended in PBS. The supernatants, both prior to and after
washing were combined. Saturated ammonium sulfate was added to the
supernatant for the final cecncentration of 40% and incubated for 1-
hr. The precipitant was c¢ollected as described above. Viral
presence in the pellet was determined by dot-blotting and Western
blot.

e, SDS-PAGE and Western blot analysis. Haemolymph and gill extract
from non-infected and infected shrimps were separated by 7.5% S5DS-
PAGE according to the method described by BioRad manual. Samples were
electrophoresed for & hr at 30 V and gels were stained using
Cocomassie Brilliant Blue R-250.

For Western blotting, the samples separated by SDS-PAGE were
blotted onto nitrocellulose membranes (BioRad). The nitrocellulose
memorane was incubated in 5% Blotto for 10 min, treated with 1:200
SEM 3-2B conditioned media fcr 4 hr and then processed as described
above in Dot-blectting.

For lecating the relative position of the SEM-3-2B immunoresactive
bands, the same nitrocellulose membrane was reprobed with MADb
specific to haemocyanin subunits PMV5-22 (Longyant et al., in press}
and developed in the substrate without cobalt choride.

f. Class and subclass determination. Class and subclass of mouse
immunoglobulin produced by hybridomas were determined by sandwich
ELISA using Zymed’s Mocuse MonoAb ID Kit (HRP).

Results

Fusion trials preoduced about 600 wells containing hybridoma
cells, frem 30 micro-culture plates. The first screening by dot-
blotting against extracts from non-infected and infected gills in
both native and SDS treated forms revealed two positive hybridema
clenes. These two clones, namely SEM-3-2B and SEM-219 produced



antibecdies that reacted with infected gill extracts in both native
and denatured forms, and showed low cross-reactivity with gill
extracts from non-infected shrimp (Fig. 1). Using immunccytochemical
screening, both antibodies showed cytoplasm immune-staining in a
large numbers of cells of infected gill tissues. However, in some
cases the antibody reacted with a few cells in gill tissue from
normal appearing shrimp (Fig. 5}. These results suggested that scme
normal appearing shrimps used in cur trials had mild viral
infections. Antibodies produced from many other clones that showed
reactivity against gill extracts from both non-infected and infected
shrimp were discarded, '

Two hybridoma clones, SEM-3-2B and SEM-21% were re-cloned,
expanded, and cryopreserved. SEM-3-2B antibody produced more intense
staining on dot-blotting than SEM-219% (Fig. 1); we thus used SEM-3-2B
antibedy for further study.

In dot-blotting of serially diluted haemolymph from infected
shrimp using indirect immunoperoxidase method, the SEM-3-2B
antibodies detected the antigen with strong reactivity up to 1:50
dilutions. When infected haemolymph was diluted by haemolymph from
non-infected shrimp, concentrated by ammonium sulfate precipitation,
viral presence was detected up to 1:1000-1:1500 dilutions (Fig. 2}.
However, precise quantitative analysis of haemolymph virus used in
this experiment is still in progress.

Immunccytochemical studies of gill tissues from infected shrimp
clearly revealed that viral immunoreactivities were found in the
cytoplasm of the infected epithelial cells and haemoccytes with
condensed or pycnotic nuclei which are the typical characteristics of
YHY infection (Fig. 4A, Chantanachookin et al., 1893; Flegel et al.,
1897). The hypertrophied nuclei and Cowdry A-type nuclear inclusions,
typical for SEMBV infecticn (Flegel et al., 1997; Tapay et al., 1997)
ware also observed but were not immunoreacted with the SEM-3-2B
antibody (Fig. 4A}.

Immunocytochemical studies of various tissues from shrimps with
single infecticn of YHV or SEMBV (PCR and histopathological confirmed
by Dr. Tim Flegel) revealed that only tissues from YHV infected
snrimps but not SEMBV infected shrimps were immunoreacted with the
antibedy {data not shown).

Western blot analysis of haemolymph, 33+ ammenium sulfate
precipitated haemolymph and gill extract from infected shrimps
exhibited a single band at 135 kD (Fig. 3} corresponded to the
molecular mass of YHV enveloped glycoprotein (Nadala et al., 1937).
Therefore, it 1s guite certain that the SEM3~2B is indeed specific to
YHY not 3EMBV.

As shown in figure 3, SEM-3-2B antibedy had a high specificity to
viral antigen and showed exceptionally low cross-reactivity to
varicus proteins from shrimp tissues. Even though Coomassie blue
staining of SD3-PAGE and Western blotf analysis using MAb specific to
haemocyanin—-PMV5-22 revealed that various proteins were present in
the mixture utilized in this analysis and immunization (Fig. 3).

No SEM 3-2B immunoreactivity was observed in either haemolymph
from non-infected shrimps or 40% ammonium sulfated precipitated
haemolymph (after 33% precipitation) from infected shrimps (Fig. 3).
This evidence indicated that most of the viral particles were readily



separated by 33% ammonium sulfate treatment. The similar results also
obtained with dot-bletting experiments (Fig.2ZB)

In gill tissues from asymptomatic shrimps, a few infected cells
were observed using immunocytochemistry. In the same preparations,
intensive infections in some muscle cells were found and some of
these muscle cells had atrophied as a result of infection (Fig. 5A).

Various tissues from normal appearing adult female shrimps (age
8-12 months]) from different sources were examined for the presence of
viral infection. We found that adult female shrimps from many ponds
without any previous history of disease had a mild viral infection at
different levels. Viral immunoreactivities were found in
interstitial cells, hemocytes between ovarian fellicle and between
hepatopancreatic tubules and in several cell types of the lymphoid
organ (Fig. 5B, C&D).

Both SEM-3-2B and SEM-219 antibodies belonged to IgGZa subclass.

Discussion

Even though our trials produced relatively low fusion yielids
{typical yields in the previous experiment are >3,000 clones/fusicn
with other antigens; Longyant et al., in press), we did obtain cone
hybridoma clone, namely SEM3-2B. This clone produced MAb with high
specificity to wviral antigen. Improved hybridoma yields should
produce greater numbers of specific antibodies.

Immunocytochemical studies using MAbs SEM-3-2B against gill
preparations revealed that the immunoreactivities were observed in
epithelial cells and haemocytes with the typical characteristics of
YHV infection rather than those of SEMBV infection (Chantanachookin
et al., 1993, Flegel et al., 19297, Tapay et al., 1987}.
Immunocytochemistry and Western blot analysis of shrimp tissues
infected with single virus indicated that the SEM 3-2B antibcedy was
specifically against YHV enveloped glycoprotein. Therefore, the YHV
antigens in cur preparation may derived from naturally YHV infected
shrimps used for artificial SEMBV infection. The dual infection of
these two viruses were previocusly reported (Mchan et al., 1998; Park
et al., 1998).

Using indirect ELISA combined with ammonium sulfate precipitation
of virus in haemolymph, ocur observed sensitivity for haemolymph viral
detection was at 1:1000 dilutions. However, precise viral
quantification is in progress. Modified methods using sandwich ELISA
combined with two or three amglification steps should increase
sensitvivity several folds.

Western blot analysis data strongly suggested that this antibody
can be used to detect small amount of viral antigen in a mixture
containing a large amcunt of various proteins. This indicated that a
highly specific monoclonal antibody can be obtained, even though a
tiny amcunt of desired antigen is present in a partlally purified
protein mixture utilized for immunization.

In naturally infected asymptomatic shrimps, viral
immunoreactivities were observed in gill muscle cells, interstitial
cells, hemocytes between hepatopancreatic tubules, and in ovarian
follicle. However, in artificially acute viral infected shrimps, it
is quite interesting that we did not observe viral immunoreactivity



in the muscle fiber. Heavy infection was detected only in
interstitial cells between muscle fibers. It is possible that in the
naturally infected asymptomatic shrimps, the virus may present in
muscle cells as a mild latent infection.

Using irmmunocytochemical technigques, we were able to demonstrate
a lew level of viral infecticons in shrimps from ponds without any
previous history of infection. We found viral immunoreactivities in
shrimp tissues that have never been identified for wviral infections.
Therefore, this technique is superior to typical histology
examination. The antibody can detect wviral infection at the early
stages, and may at least partially replaced PCR screening for
infected shrimp.

The SEM-3-2B MAb frem our study belcnged to a subclass IgGZa
which was different from IgM obtained by other laboratcries working
cn crustacean viruses. The IgM antibodies non-specifically reacted
with components of non-infected shrimp, resulting in false positive
reactions with non-infected shrimp tissue samples in ELISA-based
assay {Lightner and Redman, 1998). It is promising that monoclonal
antibodies use will become much more common in shrimp disease
diagnosis because of its high sensitivity, rapid results,
versatility, low costs, and simplicity. Further development and
application of monoclonal antibody-based tests will greatly benefit
commercial shrimp culture by providing routine diagnosis for modestly
equipped labcratories in the field.
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Figure Legends

Figure 1. Monocleonal antibodies (MAbs) screening with Dot-blotting.
Samples of three MAbs obtained during this study.

Figure 2. Dot-blotting of infected haemolymph serially diluted with
haemolymph from nen-infected shrimp treated with SEM-3-2B antibody.
Diluted haemolymphs were applied directly (A}, or concentrated by 33%
ammonium sulfate precipitatien (B}. Only the supernatant of the first
dilution was further precipitated with 40% ammonium sulfate. Numbers
on the left columns are dilution factors and the “0” represents the
haemolymph from non-infected shrimp used as a diluent.

Figure 3. SDS-PAGE and Western blot analysis of haemolymphs and gili
extract from P. monodon, haemolymph from infected shrimp (a}, 33%
ammonium sulfate precipitate haemolymphs from non infected (b) and
infected (c¢) shrimps, 40% ammonium sulfate precipitated haemclymph
after 33% precipitaticn (d) and gill extract from infected shrimps

{e}. Preparations were stained with Coomassie blue (A) or Western
blotting with SEM-3-2B MAb (gray stalning) and reprobed with PMVS-22
MAb, the antibody specific to haemocyanin (brown staining). The

numbers on the left side are molecular weight of marker proteins (s).

Figurs 4. Immunocytochemistry of gill tissues from infected {(A) and
non-infected (B} shrimps treated with SEM-3-2B antibody. Both
epithelial cells and hemocytes were severely infected with the YHV
{(Y) and SEMBV (S8). The YHV infected cells were immunoreactive (brown
staining) and showed condensed chromatin and pycnotic nuclei. The
SEMBV infected cells were not immunoreactive and showed Cowdry A-type
nuclear inclusions. Viral immunoreactivities were alsc demonstrated
in hemclymph and in some parts of the gills. Immunoreactivity in
gills from non-infected shrimps was not observed with this antibody
in this preparation.

Figure 5. Immunocytochemical localizations of viral
immunoreactivities cbhbserved in variocus tissues from asymptomatic
naturally infected shrimp. {A} Gill muscle: infected muscle fibers
{m} and in atrophied muscle fibers {arrow;. (B) Hepatopancreas: viral
immunoreactivities in cells between tubules (arrow) and a hemocyte.
{C} Ovary: viral immunoreactivities in an interfollicular cell
{arrow} and a hemocyte (h), but not in oocyte (o). (D) Other: Viral
immunoreactivities in lymphoid organ cords with some parts of the
ground substance {arrow), and other cells (arrow head).




Figure 2.
A. Direct Spot B. Ammonium Sulphate
= : Precipitation
Dilutions 20X 40X €0X Dilutions
1: 1:

3 100

10 100

25




Figure 3.

c

Coomassie Blue SEM-3-2B and PMVS-22






g 2anbrtg



cDNA cloning of neurohormones from the eyestalk of
Penaeus monodon, Fabricius

. 1 . . . i
Narongsak Puanglarp'. Sirawut Klinbunga' and Piamsak Menasveta'”

" Marine Biotechnology Research Unit, National Center for Genetic Engineering and
Biotechnology. Rama V1 Road, Bangkok 10400, Thailand

* Aquatic Resources Research Institute, Chulalongkorn University, Phayathai Road,
Bangkok 10330, Thailand

Abstract

Three neurohormones, crustacean hyperglycemic hormone (CHH), molt-
inhibiting hormone (MIH), and gonad-inhibiting hormone (GIH) play important roles in
growth, molting and reproduction of crustaceans. Cloning and characterization of these
hormones will be useful for a further study on the manipulation of functions and
mechanisms of these neurchormone in economically important species like Penaens
monodon.  Furthermore, the application of these will improve efficiency of shrimp
aquaculture.

RT-PCR was conducted from mRNA templates extracted from eyestalk of
Panonodon and P.semisalcatis. The primers used in this study were designed from the
published sequences ot those three hormone genes as follow. MIH primers were designed
from that of /. vannamer and P, japonicus , CHH primers were designed from that of
I japonicus, and GIH primers were designed from that of Homarus americanus. Only
one band was obtained trom the RT-PCR of P.monodon with MIH primers designed from
Povanmamei. The size was approximately 400 bp. After comparing the sequences of the
resulting product with those of previously reports of MIH genes, the product should not
be MIH coding gene. In addition, the PCR using genomic DNA as templates has been
conducted The results revealed a few products from both P.monodon and P
semisalcatus have been amphified. Some of the appropriate size products have been
sequenced and compared to previously reported sequences. A product from PCR of
P.yenusalcatey genomic DNA showed relatively high similarity to that of MIH gene from
Povannamer.



Introduction

Black tiger prawn (Penaens monodon, Fabricius) culture is one of the most important
agricultural industries in Thailand. For the last few decades, new cultural technologies
have been adopted and consistently developed from extensive to semi-extensive and now
intensive systems. Nevertheless, P.monodon culture 1s encountering a reduction of
quality seed supply. Currently, F. monodon seeds are obtained through the mature
females caught in the open sea. The ovarian development of wild females can be further
stimulated by unilateral eyestalk ablation (Chen and Chen, 1994). By doing that, the
productions of 3 important neurochormones in the eyestalk are sufficiently eliminated.
These neurohormones are Crustacean hyperglycemic hormone (CHH), Molt-inhibiting
hormone (MIH), and Gonad-inhibiting hormone (GIH) which play the important role in
the regulation of blood sugar level, molting cycle and reproductive organ, respectively
(Keller, R 1992 and De Kleijn and Van Herp, 1995). To prevent over-exploitation of the
wild P. monodon females, pond-reared females without well-developed ovaries are an
alternative source to be used for culture activity. In order to gain the improvement on the
seed production tfrom the captive . monodon, the research on the molecular mechanisms
of these 3 hormones is essentiatly required. In order to obtain some basic knowledge on
molecular biology of these hormones in the eyestalk of giant tiger prawn, P. monodon,
the pilot study was conducted to identify the genes of CHH, MIH and GIH using RT-
PCR and PCR techniques.

Materials and Methods

Animals

Specimens of black tiger prawn (P. monodon) were purchased from local fishermen in
southern and eastern coasts of Thailand and some were obtained from prawn culture farm
in Ratchaburi province The animals were kept at laboratory condition (26-28 ppt aerated
seawater and the ambient temperature) and fed with artificial feeds twice a day.

RNA isolation

Prawns 1n the intermolt stage were collected and subjected to the RNA isolation. Ten
eyestalks were ablated from the animals with sharp scissors and the optic ganglia were
removed. The eyestalks were rinsed briefly in 70% cold ethanol and then ground to a fine
power in liquid nitrogen using mortar and pestle. Total RNA from eyestalks was prepared
using TRIzol Reagent (Life Technologies). Briefly, the eyestalk power was added to 10
ml of TRlzol Reagent, followed by the addition of chloroform (0.2 mi/Iml TRlzol
reagent). The sample was mixed wvigorously and incubated for 10 min at room
temperature. The mixture was centrifuged at 12,000xg for 10 min and the aqueous phase
contaming total RNA was obtained. Total RNA was recovered after ethanol precipitation.
The purified mRNA was either extracted directly from eyestalk tissues or 1solated from
total RN A using PolyATTtract System 1000 kit (Promega).



PCR amplification of MIH, CHH, and GIH

Genomic DNA purified from each individual of P.monodon, P.semisalcatus, P,
vermamed, and Pjaponicus was used as DNA template for PCR reaction. Each reaction
was performed in a final concentration of Ix PCR bufter (10mM Tris-HCI, pH 8.3 and
S0mM KCl). 1.5-3 0 mM MgCl, 0.8 uM dNTP, 0.4-1.0 pmol downstream and upstream
primers, and 0.5-1.0 U Taq Polymerase. The PCR conditions included 35 cycles with
denaturing temperature at 94°C for 1 min, annealing temperature at 45-50°C for 1 min,
and extending temperature at 72°C for | min. The final extension step was further
incubated at 72°C for {0 min. PCR products were monitored by running on 0.8% agarose
gel containing ethidium bromide.

DNA cloning and sequencing

The PCR products were purified either by phenol/chloroform extraction or Wizard PCR
Preps DNA Purification System (Promega). Each DNA fragment was then ligated into
pGEM-T vectors (Promega) and transformed to E.coli JM 109 competent cells
Transformed cells were cultured on LB plate containing 50 pg/ml ampicilin, 40 ng/ml x-
gal, and 0.5 mM IPTG. The recombinant plasmid containing DNA target was punified by
alkali mini-prep method and sequenced using an automated sequencer ABlL 373
(Biosystems)

Results

RT-PCR amplification of MIH, CHH, and GIH

The RT-PCR reactions was conducted to amplify MIH, CHH and GIH from total RNA
and mRNA extracted from £. monodon using primers CHH 1 & 1I, MIH 1 & 1, GIH-HO-
FI1&R1, GIH-HO-F2&RI1, GIH-HO-F1&R2, and GIH-HO-F2&R2, respectively. The
results of all RT-PCR using total RNA as templates showed no specific DNA product
(smear) on 0.8% agarose gel (picture not shown}. Similarly, the product of RT-PCR from
mRNA also revealed no clear bands, except the product of MIH 1 & Il shown at the size
of 400 bp on 0.8% agarose gel (Figure 1) The DNA fragment was then cloned and
sequenced After the sequenced DNA was compared (BLAST) to the known genes in
gene database (SwissProt) (Altschul. Stephen F.. Warren Gish, Webb Miller, Eugene W.
Myers. and David 1 Lipman, 1990), the result showed no similarity to any of known
MIH genes.



Primer construction
Primers used in this experiment were designed based on the reported DNA and amino

acid sequences of CHH, MIH and GIH from a number of crustacean species (Table 1).

Table 1. Primers used in PCR and RT-PCR reaction tor amplitying CHH, MIH and GIH
genes from . monodon.

Primer Sequence Source
MIH | 3" CACCTTCGACCACTCCTGCA 3’ Pvannamei (Sun, P.S., 1994)
MIH II 5" GGATAGCGCAGAATTAGCCA 3" Poyannamer (Sun, P.S.. 1994)
CHH | 5 CTTCGCATGTTGTCAGCGCT 3° P japonicus (Ohira et al., 1997a)
CHH 11 5" CTTCCCGACTGTCTGCATGG 37 P japonicus (Ohira et al . 1997a)

MIH-PJ-F1 3 GAAAGTAGTGCGAGTGTGTGAGGAT 37 [P japonicus (Ohira et al.. 1997b)

MIH-PJ-R1 5 TCAGGAACCATTCGTTGTAGAAGCA 3 |Pjaponicus (Ohira et al., 1997b)

GIH-HO-FI |5 GGITTYWSIGTCARMGIGTITGGYT 3 H.americanus (Sovez,D. et al 1991)
GIH-HO-R] |5'GTRTGRAARCARTCYTTYTTRCACAT 3"  |H.americapus (Soyez.D. et al.1991)
GIH-HO-F2 |5 TGGTTYACIAAYGAYGARTGYCC 37 fH.americanus (Soyez.D. et al.1991)
GIH-HO-R2 |5 ACCCAYTTICKRAAYTGATCRATYTC 3" |H americanus (Sovez.D. et al 1991)

DNA isolation

DNA was prepared from pleopod muscles of the prawn using the Phenol/Chloroform
extraction method described by Klinbunga et al. {1996)

Pleopods were dissected and homogenized in digestion buffer (100 mM Tris-OH, 200
mM EDTA 250 mM NaCl, 200 pg/ml Protemnase-K, pH 8.0, and 1% SDS) prior to
incubation at 55°C for 2 h. Sample was then extracted 3 times with phenol and 2 times
with chloroform/isoamylalcohol. Genomic DNA was recovered by ethanol precipitation.

RT-PCR amplification of MIH, CHH, and GIH

Purified total RNA or mRNA was subjected to the RT-PCR amplification using Access
RT-PCR Svstem (Promega). The reaction was performed in a 50ul reaction mixture
containing. 1x AM\/Ttl Reaction Buffer, 0.2 mM dNTP, | pmol (1uM) each of
downstream and upstream primers, 1 mM MgSO. 5 U AMV Reverse Transcriptase, 5 U
Tl DNA polymerase. 10 ng — Iug of RNA sample. To create the first strand ¢cDNA, the
mixture was first incubated at 48°C for 45 min, followed by denaturing step at 94°C for 2
min. For second strand ¢cDNA synthesis and PCR amplification, forty cycle of PCR
amplitication was carried out in a HYBAID OMNIGENE DNA thermal cycler as
follows: denaturation at 94°C, 30 s, annealing at 60°C, 1 min; extension at 68°C, 2 min,
final extension at 72°C for 10 min. The amplified cDNA was recovered and concentrated
with Wizard PCR'Preps DNA Purification System (Promega).



Figure 1 RT-PCR of MIH gene from P. monodor using total RNA (lane 4 and 5) and
mRNA (lane 2 and 3) extracted from the eyestalks as the template and MIH ] + 1f (Jane 2
and 4) and MIH-PJ-F1 + MIH-PJ-R1 (lane 3 nad 5) as primers. A 100 bp DNA ladder
(lane 1) and a positive control (lane 7) are included.

PCR amplification of CHH, MTH and GIH using genomicDNA as templates

Sixteen DNA fragments were isolated from PCR products using 7 separated pairs of
primers.  Eight of these DNA fragments were cloned and sequenced. After comparing
with the known DNA sequences from gene database (BLAST), none of these showed
acceptable similarity to the reported sequences of CHH, MUH, and GIH genes. Figure 2
shows examples of the PCR products electrophoresed through 0.8% Agarose gel. The
results of all PCR amplifications on the genomic DNA of P.monodon are shown in table
7



Figure 2. PCR amplification of CHH (CHH ] + 11, lane 3), MIH (MIH I + 1, lane 4 and
MIH-PJ-F1 + MJH-PJ-R1, lane 5) and GIH (GIH-HO-FI + GIH-HO-RI1, fane 6) using
sencmic DNA of P.mionodon as template. Lane | and 2 are a 100 bp ladder and negative
control, respectively.



Table 2. Products of DNA ampiification from . monodon using various primers.

i Expected RT-PCR PCR
‘ Primers size (bp) |
? Total RNA mRNA Genomic DNA
CHH 1+ CHH 11 360 smear - -
CMIH T+ MIH U 213 smear *Band | (400bp) | *Band 1 (400bp)
*Band 2 (200bp)
MIH-PJ-F1 + MIH-PJ-R1 100 smear - Band 1 (800bp)
l Band 2 (500bp)
Band 3 (400bp)
*Band 4 (250bp)
" GIH-HO-F1 + GIH-HO-R1 221 smear - Band | (700bp)
- , , *Band 2 (400bp)
i GIH-HO-F1 + GIH-HO-R2 290 smear - Band 1 (600bp)
*Band 2 (500bp)
*Band 3 (400bp)
*Band 4 (300bp)
] 7 Band 5 (200bp)
I GIH-HO-F2+ GIH-HO-R 140 smear - Band 1 {1000bp)
Band 2 (900bp)
Band 3 (700bp)
. Band 4 (600bp)
| GIH-HO-F2 + GIH-HO-R2 | 209 Smear - -

Asterisks (%) indicate DNA fragments which have been

(BLAST) to DNA sequence database (SWISSPROT).

sequenced and compared

PCR products of P. vannumei and P. semisulcatus genomic DNA using MIH | and

MIH 11 primers

In order to make DNA probe for the MIH gene. MIH [ and 11 primers designed from
known sequence of /. vannamei MIH gene, together with the genomic DNA from P
venmamer were used for PCR amplification. Genomic DNA from other species of penaeid
shrimps, such as . semisulcatus, was also used as DNA template. The result (Figure 3)
of PCR reaction shows an amplified product of about 400 bp in the reaction of P
vaniamei and three bands of PCR products (200, 400, and 750 bp) in the reaction of P.
semisulcatus. The 400 bp fragment from P.vannamei was cloned and sequenced. The




DNA sequence of FPovannainei showed complete similarity with the reported cDNA of
MIH gene Moreover, the DNA fragment was interrupted by 236 bp of untranslated DNA
sequence. This reveals the existence of intron in MIH gene of P. varmamei (Figure 4)

The 200 bp and 500 bp fragments from P.semisulcatus were also cloned and sequenced
(Figure 5). After comparing with gene database, the sequence of 200 bp fragment
contained high similarity to the reported MIH gene from most crustaceans. There was
also an untranslated region at the 37 of the fragment (Figure 5), locating at the same
position as the intron in 2. vannamei. The sequence of 500 bp fragment shows perfect
match with the 200 bp fragment at the 3’ terminal and also contains precusor region
similar to the precusoer generally found in CHH/MIH/GIH family genes (Figure 5) The
MIH sequence obtained from P.semisulcatus shows high similarity to the reported MI1H

gene from /. vannamei and that of other crustacean species (Figure 6).

Figure 3. PCR products resulted from MIH 1 and MIH Il primers when F.  vannamei
(lane 3 and 4) and P. semisulcatus (lane 5) genomic DNA was used as templates. A 200
bp fragment (lane 5) was reamplified using the same primers (lane 6). Lane 1 and 7 are A-
Hind 111 DNA marker and a 100 bp tadder, respectively.



Thr Phe Asp His Ser Cys Lys Gly Ile Tyr Asp Arg Glu Leu
‘ GAC CAC TCC TGC AAG GGC ATT TAC GAC CGG GAG TTG

4
’}4
O
@
-3
—
O

Phe Arg Lys Leu Asp Arg Val Cys Glu Asp Cys Tyr Asn Val
TTC AGA AAG CTG GAC CGC GTC TGC GAG GAC TGT TAC AAC GTG

Phe Arg Glu Asp Lys Val Ala Thr Glu Cys Lys ***#**xdsxex
TTC CGC GAG GAT AAG GTG GCC ACC GAG TGC AAG TAAGAGCCGCG

IR R R EE R E R EREEEEEEEESEEEERERES BRI EESEEES SNSRI SRR R R

GATTCTGGCACTTTGTTCTCCTGTCTCTCTCTCAGTTTGTCTCACCATTTAAGTTGA

kxhk kT rFhwxkkwhk kA r ok dF kA kb dohkkkhh Ak ok ok ok ok kb ok kokhok ko k ok kk kb ko ox

TTCTTATATAAGACGGGTTATTTTGTTTGACTTATTTTCTGTTATGTTCTTTTTTTT

Ak Rk kA ETxkErE IR A A bk b bk rhk Ak xxhkhkkhkhkhkhkhkhkhhbddkhkdhhkhrxkhhkhhkhkxdxkdkrn

ACGTTTTAGTTGTTTTTATTTCTTCTTTTATTTATAATGATAATTTGTACATTACAT

R R AR A AR R AR R LR RS EREEEEEEEEEE SRR EEREREEEREREEEES

TGTTCTTATTTTTTTCYCTTTTTCCCATTCCTTCTCCCTTTACGAAAARAACAGG

Ser Asn Cys Phe Val Asn Lys Arg Phe Asn Val Cys Val Ala Asp
TCC AAT TGC TTC GTG AAT AAG AGG TTC AAT GIC TGT GTG GCT GAT

Leu Arg His Asp Val Ser Arg Phe Leu Lys Met Ala Asn Ser Ala
CTC AGRE CAT GAT GTC AGC CGC TTT CTG AAA ATG GCT AAT TCT GCG

Figure 4 DNA sequence of MIH amplified by primer MIH-I and MIH-1{ using 7.
vanamed genomic DNA as template.



a) >200 bp

Thr Phe Asp His Ser Cys Lys Gly Ile Tyr Asp Arg Glu Leu
C ACC TTC GAC CAC TCC TGC AAG GGC ATC TAC GAC CGG GAG CTC
Phe Arg Lys Leu Asp Arg Val Cys Glu Asp Cys Tyr Asn Leu
TTC AGA ARG CTG GAC CGC GTC TGT GAG GAC TGC TAC AAC CTG
Tyr Arg Lys Pro Tyr Val Ala Thr Glu Cys Lys ****xxidiss
TAC CGC AAG CCN TAC GTC GCC ACC GAG TGC AAG TAAGGGCGTCG

EEE R A R A R S R R I R R R R R I S

CCCAGTCTCTCTTTGTGCATGTCGTCATTTAAGTTGGAATTTTACAAGTGACAGTTT

* ok k ok ok dokh*® ohkok ok kb kokk ok k bk ok okk ok x ok

ATCTCGTGTGGCTAATTCTGCGCTATCC

b) > 400 bp

His Phe 7 ? ? Leu Gln Val Cys Ser Ala Ala Leu Val Ser
CAC TTT NGA CNA NTC CTG CAG GTG TGC TCC GCC GCC CTG GTG TCG
Leu Leu Val Leu Ala Leu Ser Ser Arg Ser Ala Phe Ala Arg Ser
CTG CTG GTG CTG GCT TTG TCG TCC CGC AGC GCT TTC GCC CGC TCC
val Asp Gly Val Gly Arg Leu Glu Lys Leu Leu Ser Ser Ser Ser
GTG GAC GGC GTG GGG CGC CTT GAG ARG CTG TTG TCG TCC TCG TCT
Ser Ser Ser Ser Gly Ser Ser Ser Pro Leu Leu Ala Phe Gly Asp
TCG TCT TCG TCL GGC TCT TCC TCT CZC CTG CTT GCC TTC GGT GAC
Asp His Ser Val Asn Lys Arg Asp Thr Phe Asp His Ser Cys Lys
GAC CAC AGC GTG AAC AAG CGC GAC ACC TTC GAC CAC TIC TGU ARG
Gly Ile Tyr Asp Arg Glu Leu Phe Arg Lys Leu Asp Arg Val Cys
GGEC ATC TAC GAC CGG GAG CTC TTC AGA AAG CTG GAC CGC GTC TGT
Glu Asp Cys Tyr Asn Leu Tyr Arg Lys Pro Tyr Val Ala Thr Glu
GAG GAC TGC TAC AAC CTG TAC CGC AAG CCN TAC GTC GCC ACC GAG

CYS LYS khkhkkhkdrr b xrxhhkkrhkdkhdrrkrrhk kb hrhkhkhhkhkhtdbhbhhrddrdxrrxdrdtdkdsx*x

TGC AAG TAAGGGCUTCGCCGAGTCTCTCTTTGTGCATGTCGTCATTITAAGTTGGAAT

AR R RS SRS S ESEEEEEEESEEEEEREEREREEEEE RS RS SRS RS R

TTTACAAGTGACAGTTTATCTCGTGTGGCTAATTCTGCGCTATCC

Figure 5. Two DNA sequences of PCR products amplified by primer MIH-1 and MIH-11
using P semisulcatns genomic DNA as template. a) shows the 200 bp band and b) 500
bp band Underline indicates the transiated region of MIH gene and astertsk (*} indicates
the un-translated region.



Pse
Pev
Paj
Hoa
Cam
Cap
Cas

Pse
Pev
Pej
Hoa
Cam
Cap
Cas

Figure 6. Alignment of the deduced amino acid sequence for P. semisulcats MIH with that
of other crustaceans Abbliviations: Pev,
Fed,
americanus
Cancer

crab}

10
DTFDH YDREL
DTFDH YDREL
SFIDN MGNRD
EVEDQ YDRNL
EIYDT YDRAIT,
RVIND IGNRD
RVIND IGNRD

50

Penaeus
{Lobster);

pagurus

Cam,

(Crab);

20

FRKLD
FRKLD
YNKKV
FKKLD
FNDLE
LYKKV
LYKKV

60

DLRHD
AANRE
DLLLS
DLLMM
ATERT
ATERS

japonicus

VSRFL
DEIEK
DVIDE
DEFDQ
EEMSQ
EDLAQ

Penaeus
(Kuruma
Carcinus maehus

and Cas,

70

KMANS ALS
FRVWI SILNA GQ
YVSNV OM
YARKV QMV
LROWV GILGA GRE
LKOWV TILGA GRI

vannamei

shrimp) ;

Callinectes

(White shrimp);
Hoa, Homarus
(Shore crab):;

sapidus



Discussion

The use of RT-PCR with primers derived from partial amino acid sequences has failed to
perform the amplification of CHH, MIH and GIH c¢cDNA from P.monodon. Only a single
DNA product {400 bp) has been obtained from the RT-PCR with MIH I and I1 primers.
- The sequence showed no identity to the known MIH gene. This could be explained that
either the conserved sequences of the hormone genes using for primer design were not
specific enough or the total RNA and mRNA used in the reaction did not contain the
target RNA. Further trial on improving more specific primers and the condition of
reaction are required

A number of PCR products, amplified from genomic DNA of P.monodon, were
determined {17 fragments), some which were close to the expected sizes were cloned
and partiafly sequenced (7 fragments). So far, none of those sequences were identity to
the known sequences of CHH, MIH and GIH. There are ten more DNA fragments to be
further sequenced. However, the possibility of finding the target sequences among these
fragment was uncertain. Therefore, an addition expertment was conducted on the basis of
using DNA probe amphfied from the oniginal species from which the specific primers
were designed. In the initial attempt, the F.vannamei genomic DNA together with MIH |
& 11 primers, which were also designed from Fovannamei MIH gene, were applied to the
PCR reaction The PCR reaction yielded an unexpected product of 450 bp instead of
213bp. After cloning and sequencing, the result revealed that the genomic DNA sequence
of Pvannamei MIH gene were interrupted by the 236 bp of un-translated DNA region.
The existence of intron m MIH gene of Povannamei and P.semisulcatus 1s similar to the
MIH gene of the crab, Charybdis feratus (Chan, et al., 1998). However, the complete
genomic DNA sequence 1s needed to clarify the number of intron in £.vannamei and .
semisuleaius MIH gene.

Further study

The result reported here is an initial study on the molecular structures of three important
neurohormones which control the growth and reproduction system in penaid shrimps.
The project has not reached the aim of the experiment. Therefore, further study need to
be conducted in the following objectives:

-improve the specific primers and the right contion of PCR and RT-PCR reaction
-determine the specificity of DNA probe by performing Northern and Southern blotting
-create cDNA and genomic DNA libraries from the specific tissues of P.monodon.
-sequence and determine the gene structure and expression of these hormone genes.



-study on the neurohormones from other species
-apply the knowledge to improve the aquaculture techniques which concern the growth
rate and maturation in the commercial shrimp

Once the primary structure of CHH, MIH and GIH genes have been identified, the
function and the role of these hormones will be revealed. This knowledge will be much
valuable to the shrimp aquaculture industry. 1n the future, the eye ablation technique to
increase the maturation rate in shrimp may no longer needed. This will be helpful for the
shrimp culture industry and the preservation of shrimp broodstock in natural habitat.
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Appendix 1. Partial sequences of DNA fragments obtained from PCR and RT-PCR

using cDNA and genomic DNA from P.monodon as templates

I. The sequence of genomic DNA obtained from PCR using primer MIH-PJ-F1 and

MIH-J-R]

I 1 Band I: (250 bp)
TGTAGAAGCA TGAGGTGAGG GAAATAGACC

CTTTGGTATG

GGCTACGATGA

TGCTTGTAGT

CTTTCTGRAG GCAAAGATTA TAAMCTAgAA
TTCTANAgAA gACAGRgAAT GGAGTATGTG ATTCCATCCT CACACACTC

2. The sequence of genomic DNA obtained from PCR using primer MIH | and M{H 11

2.1 Band 1: (400 bp)

GAATTCGATT
ATGTCCGTTA
ARGTGCATCA
TCCGTAGRAY
ATAGTATCAA
BRRTGGCACAT
TCTACCCTAG
GTTTGGCCAG
CTCCCTTGTG
CCAGCACCTG
TRCCTGCTAYG
CCGTAAGTAC
TCTGCCTA

CACCTTCGAC
CCTATGGGTG
AGTACCTGGA
LCCAGTCGAT
CUGUCTCATG
GCTACAARTC
CARATTACGA
BTCAAGCAAT
TCAGCTATCT
CTRGCGZCTT

2.2 Band 2 : {550 bp)

GAATTCGATT
TGTCTARGCA
TGCCTTATCT
TOGAGCTTET
TGAGETAENAG
GERCAGAGTA
CCCACGTGAT
TCATCATCAG
ACTGCTGCCA
ACTATAAGAT
ECCTTCATCT
CCCTTCTTCa
CNTTTGG

GGATAGCGCA
TGACACTCTC
TCGICRGGRG
aTGCRGGATG
CTGTaZAGEG
BACRRLATAR
GCGRTTGATC
TAACTGCAGC
TTATCGTTAC

ATATTAATA
TERCAGCACA
CTGCCTCaGA

CACTCCTGCA
GAGGTTCTCA
CACTATCACT
GTCACCCCGC
AAGCAGCGGA
ACTCTGAAAT
CACCTCaAGG
TATATTGCAT
TTCCAGCCAA
CACCGCCTTG
TGTGCCAACC
TTCTARARANG

GAATTAGCCA
AGACACCACA
TGCATGACAT
CGGTGACGCG
GGARCGGAGG
TATTGATAAT
AARACATGAA
AATCGTGAGA
CACTGTAACA
ATGTaGCARA
GTANGRCAYT
AGBACCATGA

GGAACTTGTT
CCACACCTGA
GCARGGGATT

TCCTCCACTT
CCGAGACGGA
ATCGCCTACC
CGACCCGCCC
LCCGCGCCCA
AARGCATGCA
GACARGGACT
TAACCAAGRR
GCAGCCACAG
LocATCACCTC
ECCCATGTaC
TCNGTTACCC

GCACAGGCCA
SACGCCATAT
TACTCTCGCC
STTTCGCAAG
LGGCAGAgAG
LTTGCTATTA
GTAAATCATA
LGTTATARTG
CTAATGACGA
AGTTGTCCCA
LAATGTgCTT
CGTCCCNGAN

CAGTGCTAGG
GGTATGCATC
GCCAGGGACC

TGGTABATGG
CGTCGATGCC
ACRACTTCTT
TGGATCACGG
CCACTCACAT
AAGAAGAATT
CCRACAAACA
NGCTAGCAGC
AGCTGGTGAA
CCTGCRAGCT
ACCARGTCTG
ACTGGCTAAT

GAGGACACGA
AGTGTTAGTG
GAGCTGTTCT
GGCTAGTGTG
CGGCGARGAT
GTTATAGTGA
TCARACARAAAR
ACATAgAQTA
TGGTTGARRA
ATAAGCATTC
ACCCCTTACC
ACAGGARATT



3. The sequence of ¢cDNA obtained from RT-PCR using primer MIH I and MIH 11

3 1 Band 1: (405 bp)
TACCTTCGACCACTCCTGCACAGACACACCCACCCCCAAGAATGGGAACGTGTTCACTAT
TTTGAGGACCAGACTCTTTARGCACTCTGAATTCTCTCGTGTGATTGTTGAGCATGAAC
TTGAACCTCZCTCALAGTTTCACTAGTTTACGCACACTTATTGTAACTTGATGGABAGGTC
TGACAAAAGTGTTAGAGTTCGAGTCAARATCTGCTCACAGTGGCCCCAGTACTTTCARA
CTTAGTGATGATTTTTCTCACAAACACAGCCAACACCATAGATTCATCATTCAGCCCARL
GTATCTCTGATAGGCGGCGATAGAACTTAGAGGTTTTGTGAACCTGATCACCTACATAG
ATCTTGCGGARCTGCTCARAAARARMAGAGATGGGGGCTAATTCTGCCCTATCC

4 The sequence of genomic DNA obtained from PCR using primer GIH-HO-F1 and
GIH-HO-R

4.1 Band 2 : (400 bp)
GGGTTCTCGGTGCAGCGGGTGTGGTTCTGTCACGGGCTAAATATGGCTTTTATATCGCT
GGCARACATGGACATGCTCACAGCTTCTAGTGATCTGTGGAGGAAAGTCAAACAGGATCT
CGTCARAGGGGAATCGTTAGGGAATGCCCTAGTCCTCAAGTGTGAGAACCATCCCCAAR
ACCTGCAGTCTGTGAAGTGTTATGAAGATTTCTTGGCTAAAAGTCCCCAAGGAGGTTGC
CTCTTGCREATCTGACCARRAAACTGCCTGACTGTGATCATCTCTGTGAGTGGAGGTGCCA
TGTGAARGACATGCRATCACACGAAGTACAAGTGCAGTAAACCTTGTTCTAAGGTGAGGT
GTGATTTAAACCATCCCTGTCCARAATTATGCTGGGARAAARATGTGGGCCCCTGTGGAAC
CATCATAACCAAGACCTTTCCGTGTGGCCACACACCTACACTGGCTTGTARAGAGARAG
CTTGCCAACATTAGTAGAAAGAGTGATGGCACATTGCAGCACAGAGTACTGNACCTTGE
aCTACAGGAARCTATATCTTGECCAGTgAGTCAAAGTCGCTTGCTGGGCTATGTGNAGC
TTAATGCCgCCCARRGACCgACATAAACTCTGTCAAAGGTATCCTALCGCARACGCTCA
CTTGTCATARAGGATTCCgAGgATGTG

5. The sequence of genomic DNA obtained from PCR using primer GIH-HO-F] and
GIH-HO-R2

5.0 Band 2 : 500 bp
ACCCACTTGCTAAACUYGATCGATCTCCACCATCOTGATTGACTCAACGTTTTTATGTCG
CCTTACT T CACGCAGTATGGUACCGTCGCCGCCHECCGATAATCAGCACATGTTTCGEGT
GACCATGGGCCAGTAGCGGAACATGGEGTCATCATCTCATGATAGATARACTCGTCGCGC
TCGGTGGTTTGTACTACGCCATCCAGCGCCATTACGCGACCAAGTGCAGCGTTCTCARA
ELTGATCAGATCCTGGTGATCGGTCTTTTCATGATACAGAACGTTATCTACCGCARAGT
ACTGCCCAAACTGGTCGTGTAGCGTTTCATGCCACTGTTTTTTTTCGGCCATGGGTTGA
TACCTCCTTTGTTAACACCCGTAAAARAAGGGCCCAACATAATAGCTAACATTGACCGC
GGATGCACGGTCAATATTTCTACAAAAAGGTATCAGCGATTAT T TGACGTAGGCAAGCA
GCCTTAAGGAATCGCGGGUCAAGGCTTTGCATTTTTTRACGACGGGAATGCCARTGCCG
CTGAAATCGCGGTAACTGTCTTCCCGAAGGCTTTCATGTCARAGGTGTTCGTAATTACT
GANGTCCNCTGGTTTTGCTGAA



52 Band 3 - 400 bp
GGGETTCTGGEETGCARCGGGTGTGGCTGTTGGTACAACGGCTCCTGAGCGGLUTGGCTGLT
GATAAGTTTGCTCAGTCTGGTATGTAGACTGTGGAGCARARAGTGGATTGCTGCTCTTICG
GCTTGCCAGGCGTTACCTGCCACCGGTTGTTCTGGCGCAGGGGCATAATACGGCTGTTG
CGCAGGTTGSTTCAGCTGCAGGTGCATAATACGGCTGCTCGCGGCTGTACTGGTTGTTGCA
GCGGCTCATTATATTGCACTGCAGGUTGCGCATATTGTGACTGCTGTGGGTAACCTTCC
GGTGCAGGAGCAATARCCGGCTCTCCCGTTTGTGGACCCGGTACAGGCTGCCAGGCTAT
TGTAGGTTGCGCAGGTGGAACATCAACAGAAGCAACAGGCGGCGTCTGAATCACAGGTT
CRACCGGCGCAACCCARCTTTGTGTCGCCGTGGTAACAACAACTGCTACAGCGACAGGT
TCNGTAATTGGCGCACZCGTTTAATAATGGATCGTATTCGTCATATTCTGECTGCCTTTN
CACNAATGCCCCAALAATARGAACTTCTTCCGCGGTCGGCARACCACACCCTCTTGCCAL
CCAARARCCCAR

53 Band 4 : 300 bp
GGGTTTTCGGETGCAGCGGGTGTGGCTTCGATCCTGCAAAAAGGGCGTCAGGATGTGGTC
GATTGTCGAAGTAAAATTGACCTCTGAACGCCGUGAAGAGGCACCACGCCTGTTTACGCA
CATTAATCTGCATTTTATCGTCACCGETCGCCGACCTGAAAGACGCACCGGTTGCGLGTG
CGGTTGATCTCTCTGICGAGAAATATTGTTCAGTGCCGTTGATGCTGGARARARGCGGTG
AATATTACTCACTCGTATGAAGTGGTTGCCGCGTGACTTAACTATCCCGTTGTGAAGCC
GGATAGCATTTTATCCGGCGTTAATAGCAGAGTTACTCGTTCTCTTTCCCTCCNTCAAT
CGTTGCACCAGCGGCAGCATAATTAATTCCATTGCCARACCCATTTTTGCCGCCCGGTA
CCACTAACNTNTTGATNTTGGGARATGARATGAACCTTGCAACATCCCCANCANCCAGGS
GAMAMNTTGN
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Abstract

Culture performance and system performances were compared in
closed, recirculating seawater systems using two types of biofilters (bio-
drum and submerged) and two culture organisms (black tiger shrimp and
sea bass). Each culture trial lasted three months. With black tiger shrimp
culture, ammonia and nitrite were within normal and acceptable ranges.
However, low shrimp survival and biomass compromised comparisons
between the two biofilters. With sea bass culture, the bio-drum biofilter
gave superior performance since it maintained ammonia and nitrite at
very low concentrations. The submerged biofilter maintained low
ammonia but not low nitrate concentrations. With the submerged
biofilter, ammonia and nitrite approached 0.8 and 1.4 mg/! respectively,
while with the bio-drum these values were less than 0.5 and 0.6 mg/1
respectively. " ‘

Keywords: Rotating bio-drum biofilter; Submerged biofilter; Black tiger shrimp;
Sea bass
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1. Introduction

Water treatment and re-use in aquaculture js commonly used where source
water quantity or quality are limited, where high health conditions are
necessary, and/or where energy needs for water temperature maintenance are
potentially large. Water recirculation systems typically include several essential
and optional sub-components. An essential sub-component with closed or semi-
closed recirculation systems includes biofilters, which convert potentially toxic
ammonia and nitrite into relatively non-toxic nitrate.

Submerged biofilters have been widely used with marine shrimp culture in
recirculation systems (Menasveta et al. 1989, 1991; Tseng et al. 1998), while
rotating, partially submerged bio-drums have been successfully used with trout
culture in Denmark (Anonymous 1980). In our present study we compared
performance of a partially submerged bio-drum biofilter and a submerged
biofilter using black tiger shrimp (Penaeus monodon) and sea bass (Lates
calcarifer) in two closed, recirculating seawater systems.

2. Materials and Methods
2.1.  Recirculation Systems

Two sets of nearly identical closed, recirculating systems were used (Fig.’s |
& 2). Each indoor system consisted of a 38 m® (7-m dia. by 1 m deep), round,
concrete culture tank (CT), and a 4.6x3x1 m rectangular, concrete biofilter tank
(BT). The first system used a conventional, submerged-type biofilter consisting
of oyster shell and PVC pipe rings (1 cm dia. and 1.5 cm long) with total
surface area of 368 m”. The second system used a partially submerged (40%)
bio-drum (1 m dia.) containing hollow plastic bioballs (4 ¢cm dia.) with total
surface area of 241 m”. The bio-drum rotated at 3 rpm and was driven by a 0.75-
kw electric motor. Each system was aerated by 1.5-kw rotary blower through 10
air-diffusers in each CT and BT.

With each recirculation system, water in the CT overflowed through a 15-cm
dia. central standpipe into compartment (A) of the BT, which contained either a
bio-drum or a submerged biofilter (Fig.’s 1 & 2). Suspended solids settled here
and were removed daily by manual siphon. Water then flowed by gravity into
the second compartment (B) which contained activated charcoal and oyster
shells. Lastly, water flowed by gravity into the third BT compartment (C) and
was pumped to the CT at 100-1 min™, which yielded water volume recirculation
of 4 exchanges day.



2.2 Black Tiger ShrimpTrials

One thousand black tiger shrimp (average 14 g) from a commercial shrimp
farm in Chon Buri Province, Thailand were acclimated in a rectangular,
concrete tank for two weeks prior to stocking in the recirculation system. With
each system, four shrimp of total weight 50 g were stocked in each of 32 net
cages in each CT. Total initial weight of these shrimp was 1.6 kg in each
system. Each cage consisted of a PVC pipe frame on which nylon net was
attached. The net had a 1-cm square mesh. Shrimp were fed 3 times daily,
including commercial pellets at 0800 and 2100 hrs and fresh sliced squid at
1500 hrs. Feed was applied using feeding trays. Feeding rates were adjusted
weekly according to feed consumption. Each shrimp in each cage was weighed
and measured monthly for growth and survival.

Total ammonia, nitrite and nitrate were analyzed according to Parsons et al.
(1984). Salinity was measured by refractometer (Atago Co.), while pH was
measured by pH meter (Hanna Instrument). Dissolved oxygen (DO) and water
temperature were measured using a Yellow Spring Instrument DO meter (model
YSI-52). These water quality parameters were measured three times weekly on
Monday, Wednesday and Friday throughout the 89-day trial. Freshwater was
added to each system periodically to compensate for evaporative water loss.
Dolomite (CaMg(COs);) was added to the CT to maintain pH values at 7.0 or
greater.

Unless otherwise noted, means *1 standard error (SE) are shown.
Differences among the treatment means were detected by linear regression,
while analysis of co-variance was used to differentiate between treatment
means.

2.3 Sea bass Culture Trials

Twenty thousand, 15 days old sea bass fry were obtained from a commercial
hatchery in Rayong Province, Thailand and acclimated in a 2-ton, fiberglass
tank. These fry were fed Artemia nauplii to satiation until they were 30 days
old, then fed minced fresh fish for another 2 weeks. Moist pellets (Table 1) were
then fed to these fingerlings until they were stocked in the recirculation systems
after another 30 days. Twelve hundred fish were stocked into each system and
fed moist pellets to satiation twice daily at 0900 and 1500 hrs. Total initial fish
weights in the two systems were 1.92 and 1.98 kg respectively (Table 5).

Water quality parameters, and fish growth and survival were measured and
analyzed in the same manner as with tiger shrimp during the 92-day trial. Water
losses were compensated for by fresh water additions.



3. Results
3.1. Black Tiger Shrimp Trials

Ammonia and nitrite in both biofilter systems fluctuated during the first
month of the trial and then declined (Fig.’s 3 & 4). They were stable thereafter.
Nitrate increased during the first month and then leveled off. Mean ammonia,
nitrite and nitrate respectively in each biofilter system were not significantly
different (P<0.05). Temperatures, DO’s and salinities of each biofilter system
were stable and not significantly different (P<0.05), while pH values declining
with time (Table 2).

Growth and survival rates of shrimp in both systems were similar throughout
the trial (Table 3). Shrimp growth in both systems was poor during the first
month, normal during the second month, and poor again during the last month.
Shrimp survival in both systems declined throughout the trial. Shrimp mean
growth and survival in both systems were not significantly different (P<0.05).

3.2 Sea bass Culture Trials

Ammonia and nitrite in the bio-drum biofilter system remained stable and
Jess than 0.5 mg 1" throughout the trial (Fig. 5), while ammonia and nitrite in
the submerged biofilter system fluctuated during the first two months and
increased dramatically during the last month, reaching maxima of 1.4 and 0.8
mg 1" respectively at trial completion (Fig. 6). Nitrate in both systems showed
the same pattern of gradual increase during the first two months with a dramatic
increase and maxima of 60 mg I"' at trial completion. Mean ammonia and
nitrite, but not nitrate of each biofilter system were significantly different (P
<0.05). Temperatures, DO’s and salinities of each biofilter system were stable,
and were not significantly different (P<0.05), while pH declined with time
(Table 4).

Sea bass growth and survival in both systems were similar throughout the
trial (Table 5). There was no significant difference (P<0.5) in sea bass growth
between the two biofilter systems. Survival in the bio-drum and submerged
biofilter systems were 58% and 57% respectively. Total biomasses in the bio-
drum and submerged biofilter systems were 86 kg and 77 kg respectively. Feed
conversion ratio (FCR) in the bio-drum and submerged biofilter systems were
1.71 and 1.96 respectively.

4, Discussion

4.1 Black Tiger Shrimp Culture Trials



Total ammonia in both biofilter systems fluctuated within an acceptable
range for aquaculture of less than 1.0 mg "' (Lawson 1995). These
concentrations were also well below those recommended for black tiger shrimp
culture by Chen et al. (1990) of 4.26 mg I'' NH,-N with salinity, pH and
temperature of 20 ppt, 7.57 and 24.5°C, respectively. Ammonia changes in both
systems during the trial were also lower than those reported by Tseng et al.
(1998). Nitrites in both systems were below the limit recommended by Chen et
al. (1990) of 10.6 mg 1" NO,-N with salinity, pH and temperature of 20 ppt,
7.57 and 24.5°C, respectively.

Nitrate in both systems increased with time since the final product of
biofiltration is nitrate through bacterial oxidation of ammonia and nitrite
respectively (Rijn 1996). With our recirculation systems, there was no provision
for removing nitrate through either water exchange or denitrification. However,
the greatest nitrate-N concentration of each biofilter system was well below the
recommended level of 200 mg 1" NO;-N (Wickins 1976).

Seawater salinity in both systems was stable, which benefited nitrifying
bacterial growth. Lawson (1995) reported that salinity change of more than 5
ppt inhibited growth of nitrifying bacteria.

The pH of both systems decreased with time, but were maintained above 7.0
by dolomite addition. Lawson (1995) reported an optimal pH range of 6-9 for
biofiltration, while Boyd (1989) reported an optimal pH range of 7-9 for shrimp
culture.

DO in the bio-drum system was slightly greater than that of the submerged
biofilter system (Table 2). These greater DO values were presumably due to
aeration caused by rotation of the partially submerged bio-drum.

Shrimp survivals in both systems after 3 months culture were poor (6% and
7%) compared survival {76-89%) reported by Tseng et al. (1998), but were
more comparable to those (8-28%) reported by Panritdam (1998). Shrimp
growth in both systems after 3 months culture were.also poor (0.056 and 0.051
g day™) compared with 0.17 g day reported by Tseng et al. (1998), and to 0.14
g day™' reported by Panritdam (1998). ’

The cause of high shrimp mortality in both systems was not likely due to
poor water quality, since water quality in our systems was considered high
quality for shrimp culture. Excessive shrimp mortalities in our systems were
most likely caused by keeping four shrimp confined in the same cage, which
increased the likelihood of cannibalism during molting. In addition, shrimp
sometimes also injured themselves during molting in such confinement (0.49
m?/cage).

In conclusion, both systems maintained adequate water quality for black tiger
shrimp with respect to ammonia, nitrite and nitrate at shrimp biomass and feed
application rates used herein. However, slow shrimp growth and low survival
resulted in low shrimp biomass and feed applications. These limitations
compromised our comparisons between the two biofilters.



4.2 Sea bass Culture Trials

Ammonia concentrations in the bio-drum system were more stable compared
with the submerged system which increased dramatically during the last month
of the trial. However, both systems maintained total ammonia within acceptable
limits of less than 1.0 mg I (Lawson 1995). Un-ionized ammonia in the bio-
drum and submerged biofilter systems were 0.010 and 0.017 mg 1" NH;-N
respectively. Again, these values were well below a recommended maximum
concentration of 0.0396 mg 1" NH;-N for sea bass fiy (Tookwinas 1984).

Nitrite in the bio-drum system was below the recommended upper limit of
0.615 mg I NO,-N throughout the trial, but nitrite in the submerged biofilter
system was greater than this limit during the last month.

Nitrate in both systems increased with time. However, the greatest nitrate
concentration in either system was well below the recommended limit of 400
mg 1" NOs-N (Muir 1982).

DO, pH and salinity were similar to those for the black tiger shrimp trial
which were also within the optimal range for fish culture.

Sea bass survival in both systems {58% and 57%) were much lower than
those (72-85%) reported by Danaksumah and Ismail (1986). Lower survivals in
our trials were probably due to the small size of our fish at stocking size (1.6 g)
and to the wide size range of our fish (0.5-4.0 g), compared with 80 g fish at
stocking used in the study of Danaksumah and Ismail (1986). Cannibalism in
sea bass was reportedly greatest in the size range of 1-20 g (Khamis and Hanafi
1986; Kungvankij and Pudadera 1986).

Sea bass growth in both systems (1.228 and 1.273 g day-') were greater than
that 0.272 g day-' reported by Lawanyawuth (1983) who conducted a study
starting with 2.5 g sea bass in a closed system with submerged biofilter for 84
days However, growth rates in our study were lower than those of 1.33-3.58 g
day— reported by Danaksumah and Ismail (1986) who conducted their study
starting with 80 g sea bass in an open culture system.

Sea bass feed conversion ratios with 35% crude protein in both of our
systems (1.711 and 1.963) were much better than the 4.92 FCR reported by
Lawanyawuth (1983) using dry pellet, and also better than 2.93 and 3.03 FCR
reported by Danaksumah and Ismail (1986) using moist pellet with 42% crude
protein. '

In conclusion, both biofilter systems maintained most water quality values
within optimal ranges for sea bass culture. However, nitrite concentrations in
the submerged biofilter system exceeded recommended limits for sea bass
during the last month of our trials, while nitrites were below the limit with the
bio-drum system. With either biofilter, nitrite could exceed a safe limit at high
fish densities and high feed apphcatlon rates, which typically occur during final
growout just before reaching market size.
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Table 1. Composition and proximate analysis of moist pellets fed

to sea bass.
Ingredient %
Fish meal 35
Soybean meal 35
Wheat starch 14
Rice bran 10
Crude Tuna oil 4
Vitamin premix 1
Betaine 1
Total 100
Proximate analysis %
Crude Protein 34
Fat 3
Total Carbohydrate : 27
Fiber . 3
Ash 10

Moisture 25
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Table 2. Water quality parameters in closed, recirculating
systems with bio-drum and submerged biofilter during
black tiger shrimp culture trial.

Mean + S.E.
_ (Min.-Max.)

Water quality parameter

bd=below detection limit

Bio-drum biofilter Submerged biofilter
Total ammonia-N 0.019+0.025 0.018+0.019
(mg I NH;-N) (bd-0.149) (0.002-0.0068)
Nitrite-N 0.019+0.011 0.019+0.025
(mg I'' NO,-N) (0.005-0.050) (bd-0.149)
Nitrate-N 7.611+2.344 7.607+2.510
(mg ' NO3-N (1.317-9.958) (1.410-9.862)
Salinity 3040 30+0
(ppt)
‘Water temperature 27.9+0.444 28.9+0.403
o) (27.3-28.8) (28.2-29.7)
Dissolved oxygen 5.8+0.158 5.5+0.211 ¢
(mg I (5.6-6.3) (5.0-5.8)
pH 7.5+0.282 7.6+0.276
(7.0-7.9) (7.0-7.8)
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Table 3. Growth and survival of black tiger shrimp cultured

in closed, recirculating systems with bio-drum and
submerged biofilter.

Time (Days) /Treatment  Mean weight+S.E, Growth rate Total Feed Applied Survival rate
(8 (g/day) (%)
Pellet Fresh

Day 0  Biodrum 14.4242.45 - -
Submerged 14.51+2.68

Day 30 Biodrum 14.93+2 88 0.017 942 1212 65.63
Submerged 15.04+3.10 0.017 811 1238 58.89

Day 60 Biodrum 18.40£4.53 0.116 528 644 22.66

v Submerged 17.8943.44 0.095 520 630 18.95

Day 89 Biodrum 19.40+4.15 0.033 161 245 6.25

Submerged 19.09+£3.10 0.640 152 260 7.03




Table 4. Water quality parameters in closed recirculating
systems with bio-drum and submerged bloﬁlter during
sea bass culture trial.

Mean + S.E.
) (Min.-Max.)
Water quality parameter
Bio-drum biofilter Submerged biofilter
Total ammonia-N 0.214+0.110 0.283+0.179
(mg I'" NH,-N) {0.003-0.430) (0.008-0.758)
Nitrite-N 0.216+0.167 0.372+0.441
(mg I NO,-N) (0.002-0.546) (0.002-1.376)
Nitrate-N 18.954+16.890 17.780+15.127
(mg 1" NO3-N) (1.655-58.894) (1.410-59.862)
Salinity 3240 3240
(ppt)
‘Water temperature 29.6+0.606 28.9+0.403
(°C) (28.5-30.8) (28.9-31.0)
Dissolved oxygen 5.4+0.253 5.0+0.241
(mg I') (5.0-6.0) (4.2-5.5)
pH 7.5+0.288 7.6+0.263
(7.1-8.0) (7.2-8.0)

bd=below detection limit
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Table 5. Growth and survival of sea bass in closed,
recirculating systems with bio-drum and
submerged biofilters. -

Time (Days)/ Treatment  Mean weight+S.E, Growth rate  Total Feed Applied

(8) (g/day) (kg)
Day(0  Biodrum 1.60£0.76 -
Submerged 1.65+0.73
Day 30 Biodrum 18.31+6.30 0.557 17.16
Submerged 16.35+6.16 0.490 16.42
Day 60 Biodrum 55.60+22.30 1.243 43.79
Submerged 59.11+22.86 1.426 43.58
Day 92  Biodrum 118.68+33.72 2.103 88.61
Submerged 114.674+39.21 1.852 97.75
Average Biodrum 1.273

Submerged 1.228
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Figure captions

Figure 1. Closed, recirculating system with submerged biofilter: (BT) biofilter
tank; (CT) culture tank; (A) first compartment of BT; (B) second
compartment of BT; (C) pump intake compartment; (P) recirculation

pump.

Figure 2. Closed, recirculating system with bio-drum biofilter: (BT) biofilter
tank; (CT) culture tank; (A) first compartment of BT; (B) second
compartment of BT; (C) pump intake compartment; (D) bio-drum; (M)
bio-drum motor; (P) recirculation pump.

Figure 3. Total ammeonia, nitrite and nitrate concentrations with the submerged
biofilter and black tiger shrimp culture trial.

Figure 4. Total ammonia, nitrite and nitrate concentrations with the bio-drum
biofilter and black tiger shrimp culture trial.

Figure 5. Total ammonia, nitrite and nitrate concentrations with the submerged
biofilter and sea bass culture trial.

Figure 6. Total ammonia, nitrite and nitrate concentrations with the bio-drum
biofilter and sea bass culture trial.
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Abstract

A closed, recirculating seawater system with a denitrification process
was designed for a long-term culture of black tiger shrimp broodstock. The
system comprised of a circular rearing tank with the loading capacity of 9 m3.
Used seawater form the rearing tank was treated by a stationary filaments
biofilter “BIO-POLYMA™” situated in a tank of a dimension of 2.00 x 2.00 x
1.70 m3. The recalculating rate was controlled at approximately 7 times per
day. A denitrification process which comprised of a deoxygenated column, a
bacterial substrate column, and an aerated column, was connected to the
biofilter tank. The flow rate in the denitrification columns was controlled at 40
- 110 ml/min.

This closed system was run to evaluate its efficiency in controlling the
water quality by comparing this system with another system of the same design
but without the denitrification columns (control). The experimental period was
81 weeks, consisting of 3 consecutively periods. In the first period porous
plastic balls were used in the substrate column and mangrove surface soil was
used as a source of denitrifying bacteria. In the second period, crushed oyster
shell was used instead of the plastic balls and a strain of laboratory cultured
denitrifying bacteria was innoculated into the substrate column. FEthanol was
used as a carbon source in these two periods. In the third period, methanol was
used as a carbon source.

* Coresponding author. e-mail : mpiamsak(@chula.ac.th



The result of the first period showed that both recirculating seawater
systems could control water quality parameters namely ammonium-N, nitrite-
N, and nitrate-N within the normal ranges. The nitrate-N of both systems,
however, elevated to a certain point. In the second period, modification of
bacterial substrates and the inoculation of denitrifying bacteria showed the
ability to reduce nitrate-N in denitrification column and the rearing and bio-
filter tanks (P<0.05), but at slow rates. In the third period, changing carbon
source to methanol resulted in significant and satisfactory reduction of nitrate-N
in the system.

Keywords : Closed system, Penaeus monodon, Denitrification

1. Introduction

Water quality is one of the important factors affecting gonad maturation
success of marine shrimps. Because of this reason most shrimp matuation
operators prefer to set up their facilities in the coastal areas where water is
naturally clean like oceanic water. Nevertheless, such areas could not be easily
found now except in the remote areas. These areas usually have much problem
with logistics. Besides the areas may sometimes be influenced by the run off
containing agricultural chemicals which may affect the well being of shrimp
broodstocks. With respect to the above impediments, the closed, recirculating
seawater system have been developed. Menasveta et al.(1989) and Menasveta
et al. (1991) reported the development of the closed seawater systems for black
tiger shrimp maturation. These systems, however, have some limitations. One
of the limitations is the build up of nitrate-N in the systems.

The present paper describes a new design of the closed seawater system
with denitrification process. The system is similar to the one reported by
Whitson et al. (1993) used for culturing loliginid squids. Success of this new
design will make the shrimp maturation facilities be located in any area where
seawater could be transported to, i.e. inland and the seawater in such a system
could be re-used for more than a year before discarding.

2. Materials and methods
2.1 Design of the Closed, Recirculating Seawater System

The system comprised of a circular rearing tank, a bio-filter tank, and a
series of denitrification columns (Fiqure 1). The circular rearing tank had a

diameter of 3.5 m and a height 0of 0.9 m. It was made of a plywood frame lined
with black polyethylene sheet of the thickness of 0.75 mm. The plywood frame



was re-enforced by fasten three stainless steel slings around the frame. The
rearing tank was central drained to a bio-filter tank though a 2.5 cm diameter
PVC pipe by a magnet sealess pump. The bio-filter tank was made of steel re-
enforced concrete with a size of 2.00 x 2.00 x 1.70 m3. Stationary filament
bio-filter “BIO-POLYMA™” was placed inside the bio-filter tank.
Denitrification process comprised of three 30 cm diameter PVC columns. The
first column was attached to the bio-filter tank for receiving a continuously
partial drain from the bio-filter tank. The column was purged by nitrogen gas
to reduce the dissolved oxygen to the level less than 0.5 mg/l. Deoxygenated
seawater from this column was pumped to the second column at the bottom part
at the rate of 40 - 110 ml/min. Bacterial substrate was packed in this column,
Overflow from the second column was continuously drained to the third
column situated inside the bio-filter tank. Seawater in this column was re-
aerated by air before leaving through the bottom.

Another set of identical closed, recirculating system, but without
denitrification process was used as the control. It was so called the control
closed system.

Overflow from each bio-filter tank was drained by gravity to its circular
rearing tank through a 3.75 cm diameter PVC pipe. The recirculating rate was
controlled at approximately 7 times per day.

The bio-filter tank was conditioned for two weeks before starting the
experiment. Ammonium chloride was added to both closed systems at the
concentration of 2 mg/l and let the seawater recirculated until ammonium-N
and nitrite-N reduced to 0.2 mg/l. It was taken about a week to reach this point.

2.2 Experimental Design

Both treatment and control closed systems were run to evaluate their
efficiency in controlling water quality. Black tiger shrimps of the average size
of 20 gm were stocked and maintained in the circular rearing tanks at 10
shrimps/m2. The shrimps were fed with both fresh and compound diets at
satiation everyday. Un-eaten foods and feces were siphoned out everyday.

Water quality parameters namely dissolved oxygen, pH, water
temperature, and salinity were monitored using electrical probes (Metler
Toledo™) connected with a computer data logging system. Ammonium-N,
nitrite-N, and nitrate-N in seawater were analyzed weekly by the method
described in Strickland and Parson (1972).



The experiment was run for 81 weeks and it could be divided into three
consecutive periods. In the first period of 22 weeks ( week 0 - 22), plastic balls
with high porosity were used as substrate in the denitrification column.
Besides, a small amount of mangrove soil was used as a source of denitrifying
bacteria in the column. In the second period of 20 weeks (week 23 - 43),
crushed oyster shells were used as the bacterial substrates in the denitrification
column. Besides a strain of laboratory cultured denitrifying bacteria (Bacillus
sp.) was inoculated into the column at the amount of 10.6 - 11.7 x 10" cells for
several occasions. Ethanol was used as a carbon source for the first and second
periods. The feeding rate was controlled by a peristaltic pump at the rate of 6.6
ml/hr.

Between the second and the third period, denitrification process was shut
down for a period of 29 weeks. It was resumed again at the start of the third
period.

The third period started at week 72 and the systems were run for 9
weeks. Methanol was used as a carbon source instead of ethanol, at the feeding
rate of 25.8 ml/hr.

3. Results

The result of the first period of experiment showed that both closed
systems could control water quality parameters namely ammonium-N, nitrite-
N, and nitrate-N within the normal ranges (Figure 2, 3 and 4). Nevertheless,
the closed system with denitrification process did not show the ability to control
nitrate-N in the level lower than that of the control closed system.

In the second period of experiment, the inoculation of cultured
denitrifying bacteria together with the change of packed column from the
plastic balls to crushed oyster shells showed the ability to reduce nitrate-N to
the level significantly lower than that of the control closed system ( p < 0.05).
However, bacterial inoculation had to be carried out in several occasions
(Figure 4). The nitrate-N reduction rate in the treatment closed system was
comparatively slow and fluctuating. Nitrate-N fluctuation in the packed
column was quite noticeable (Figure 4). Nitrate-N would reduce abruptly right
after the bacterial inoculation, then it started to level up again.

Changing the carbon sources from ethanol to methanol with higher
feeding rate in the third period of the experiment resulted in significant and
satisfactory reduction of nitrate-N (Figure 5), Nitrate-N in the treatment closed
system reduced from 165 mg/l to 50 mg/l within a period of 9 weeks. Nitrate-N
in the circular rearing tank, bio-filter tank, and the denitrification column of the



treatment closed system all showed similar rates of reduction (Figure 6). It
should be noted however that nitrate-N concentration in the denitrification
column was almost always lower than that of the circular rearing tank and the
bio-filter tank (Figure 6). Besides nitrate-N always showed a vis versa
concentration with nitrite-N in the denitrification column (Figure 7).

Other water quality parameters i.e. dissolved oxygen, pH, temperature,
and salinity varied within the normal ranges.

4, Discussion

BIO-POLYMATM, a synthetic fiber, used in our biofilter tank could
provide a good nitrification rate for most of the experimental periods. As
shown in Fig 2-4, ammonium and nitrite in both experimental ponds were
regulated within the safety levels. The advantage of using BIO-POLYMATM
was that the bundles of thin fiber provided large surface area for bacterial
attachment and the arrangement of biofilter filaments in the tank separated
nitrifying area from settled sludge. This gave us an effective nitrification
system compared with our previous describes (Menasveta et -al., 1989;
Menasveta et al.,, 1991). Nitrification in our system worked well so it could
maintain ammonium and nitrite concentrations within the safety level even after
week 72 when nitrate was accumulated to more than 200 ppm.

Accumulation of nitrate was found in most of aquaculture systems, even
in a low stocking density aquarium with no significant primary productivity and
low water changes. For example, nitrate in closed marine aquarium with low
stocking fishes could reach 9700 pM (135.8 mg NO3-N L-1) after 5 years
operation (Grguric & Coston, 1998). In intensive aquaculture ponds,
accumulation of nitrate can occur more rapidly and must be reduced by
changing water or by denitrification. Denitrification, however, is a complicate
step to closed recirculation system. The efficiency of denitrification depended
on several factors but the most important were that dissolved oxygen must be
kept close to zero level and the external carbon source must be added. In
contrast with industrial wastewater treatment, using denitrifying bacteria to
remove nitrate from water in aquaculture system is usually a difficult process
and may require close monitoring to prevent release of toxic intermediate
oxides of nitrogen such as nitrite or even hydrogen sulfide. Therefore,
anaerobic sludge treatment process used in conventional wastewater treatment
is not recommended because nitrite or hydrogen sulfide from incomplete
denitrification can possibly harm the animals. Turk et al. (1997) suggested that
the parameters to be closely monitored during denitrification were dissolved
oxygen (DO), oxidation-reduction potential (ORP) and pH. Those retrieved
parameters from an online monitoring system incorporated with automatic



control of water flow rate and methanol (or other carbon sources) feeding rate
could provided the optimized regulation of denitrification process.

In our study, denitrification process in the denitrification column during
the second period of the experiment (Fig 4) occurred only in short time after
additions of bacteria. In general, as suggested by Turk et al. (1997), who
produced the specific pathogen free shrimps in the remote area with the an
extra clean facility, denitrifying bacteria could grown naturally and worked
effectively in the system without any addition of bacteria from outside. These
indicated that the condition in our denitrification column during the second
period was not suitable for bacteria to used nitrate as an electron acceptor in the
clectron transport chains although dissolved oxygen was kept low by nitrogen
bubbling and ethanol was continuously added as a sole carbon source.

After the second period, both tanks were maintained by stocking shrimp
for 28 weeks without denitrification so nitrate was found accumulate to
approximately 200 ppm. This nitrate concentration was two times higher than
that recommended limit for some species of fish but crustacea usually tolerate
in greater concentration. For example, as described by Hart and O’Sullivan
(1993), black tiger shrimp (P. monodor) could still grow in nitrate up to 200
ppm but this concentration is not recommended for normal operator and water
exchange is generally neceded. We were then perform the third period
experiment by starting up denitrification process with methanol as a carbon
source instead of ethanol. The result (Fig 5) illustrated the success of
denitrification process in our system that could reduce nitrate in the culture tank
down to below 50 ppm.

Our denitrification column was designed for easy maintenance. Unlike
other systems such as a serics of nitrification and denitrification filters
described by Abeysinghe et al. (1996), our system connected a denitrification
unit to nitrification biofilter tank as a separate loop. Therefore, the system
could still run uninterruptedly even when the denitrification unit did not worked
properly. However, as suggested by Lee (1995), methanol addition rate must
be controlled not to exceed the demand of denitrifying bacteria. In this
experiment, we did control the methanol addition manually by adjusting the
peristatic pump at the carbon to nitrogen ratio of approximately 1:1. Bacterial
activity in the column produced the correlated peaks of nitrite, which is the
intermediate substance of denitrification (Fig 7). As no accumulation of nitrite
was found, it could be assumed that the denitrification process occurred
completely. However, the fluctuating of nitrate concentrations had occurred
several times because of the methanol pump failure especially in week 76 and
77. 1t could be noted that if there was no failure of the methanol pump, nitrate
concentrations would have been reduced from 110 ppm to less than 20 ppm
within two weeks.

The only disadvantage of denitrification unit described here is that the
running cost was considerably high for normal aquaculture operators. Liquid



nitrogen used for nitrogen purging in the oxygen reduction column seemed to
be the most expensive operating cost. We believed that an automatic control
for optimizing denitrification in the column, if there was, might have improved
the efficiency but it must also be carefully thought about the expense.
Therefore, a low cost, simple automatic methanol pump controller, and the
improvement of oxygen reducing column without using nitrogen gas should be
a further step of a more economical system development.
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Figure captions

Figure 1 Diagrams illustrate the closed, recirculating seawater systems used in this experiment.

1 circular rearing tank {treatmant) 2 circular rearing tank (control)
3 bio-filter tank (treatment) 4 bio-filter tank (control)

5 oxygen reduction column & denitrification column

7 re-aerated column 8 bio-filter (BIO-POLYMAT™)

Figure 2 Ammonium-N concentration in control {#) and treatment (O) rearing tanks.

'Figure 3 Nitrite-N concentration in control (4) and treatment {(O) rearing tanks.

Figure 4 Nitrate-N concentration in control rearing tank (@), treatment rearing tank () and
denitrification column (A). Arrows indicate innoculation of Bacilus sp. (10.6 - 11.7x10"

cells) into the denitrification column.

Figure 5 Nitrate-N concentration in control rearing tank (4} and treatment rearing tank (O), during
the third period of experiment.

Figure 6 Nitrate-N in rearing tank (#), biofilter tank (OO) and denitrification column { ) of the
treatment {top) and control (bottom) closed systems during the third period of experiment.

Figure 7 Nitrate-N (@) and nitrite-N ([J) concentration in the denitrification column during the third
. period of experiment.
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ABSTRACT

Caulerpa lentillifera and Acanthophora sp. are two aquatic macrophytes
often used in shrimp wastewater treatment ponds in Thailand. These algae
rapidly assimilate ammonia and nitrate during growth. As part of our research,
‘we evaluated these algae for use with small, recirculating seawater systems. A
primary consideration for this application is light intensity at which
photosynthetic activity is maximum (P,,,,). We measured photosynthesis by
oxygen evolution method and found P, at light intensities of 15,000-20,000
lux (200-270 w mol m™ s photon flux density) with both algae. We did not
observe photoinhabition at light intensities up to 60,000 lux. With small,
indoor recirculating seawater systems, 4 to 5 fluorescent lights provide
sufficient illumination for P, .

INTRODUCTION

In Thailand, two macrophytes, a green alga (Caulerpa) and a red alga
(Acanthophora) have been used recently for nitrogen waste removal with
commercial shrimp culture in ponds, using recirculating seawater systems.
These algae were grown in outdoor ponds of about 0.5-ha with 50-cm water
depth. Algal ponds were part of the water treatment systems, following
sedimentation ponds. These algae removed nutrients and iron from seawater.
Caulerpa has also been used for water treatment with indoor aquariums, such as
the invertebrate aquarium at Bangsaen Institute of Marine Science, Chonburi,
Thailand. Algae reduced nitrate, which can harm invertebrates such as corals
and sea anemones, even at low concentration (V. Muthuwan, personal
communication, 1999). Algae growing in indoor aquariums received much
lower light intensity than in outdoor ponds, but still showed high nutrient
uptake.



There are many published research articles describing wastewater treatment
with algae in shrimp culture systems. For example, Chaiyakam and Tunvilai
(1992) used the red macrophyte Gracilaria sp. in combination with green
mussel for biological wastewater treatment in shrimp culture ponds, and
Tunsutapanich et al. (1998) integrated macrophytes species with fishes as the
biological filter in reservoir and treatment ponds. However, physiological
optimization studies with Caulerpa and Acanthophora have not been
conducted.

Algae take up nitrogen and phosphorus for cellular metabolism and during
growth. Maximum nutrient uptake rate is achieved by optimizing growth, and
therefore by optimizing photosynthetic rate.

Photosynthesis is usually measured by two techniques, oxygen evolution or
chlorophyll fluorescence. Although a modulated chlorophyll fluorescence
technique provides quick response and accurate evaluation of algal

* photosynthesis, it also requires sophisticate and expensive instrument
(Rodrigues et al., 1993). Oxygen evolution, on the other hand, is a classical but
less sophisticated technique. Since oxygen is produced during algal
photosynthesis, changes in dissolved oxygen are used to measure
photosynthetic activity of algae. During our study, we evaluated optimum light
intensities for two algae, Acanthophora sp. and Caulerpa lentillifera using light
saturation curves determined by photosynthetic oxygen evolution.

MATERIALS AND METHODS
Algae and stock culture condition

Caulerpa lentillifera and Acanthophora sp. were collected from seawater
treatment ponds of Bunchong Farm, Chachoengsao Province, Thailand {(Figure
1). Algae were kept in 50-1 fiberglass tanks with 25-1 of 30-ppt seawater
supplemented with nutrients (F/2 medium) under ambient light and
temperatures (27-34°C).



Figure 1. Photographs of the red alga Acanthophora sp. (left) and the green
alga Caulerpa lentillifera (right). Both algae are used for wastewater
treatment of shrimp farm effluents in Thailand.

Photosynthesis oxygen measurements in laboratory

Oxygen evolution was measured in a custom built Plexiglas chamber. The

. chamber was 10-cm diameter by 14 cm high, and contained 20-g of algal
sample in 700-ml of sterile seawater. Water movement in the chamber was
achieved using a magnetic stirrer to prevent oxygen depletion on the oxygen
probe’s membrane surface. [llumination was provided by 500 W or 1000 W
halogen lamps in conjunction with heat reduction using a water jacket. Sodium
bicarbonate (0.5 g/l) was added to the chamber to prevent carbon deficiency.
Before each measurement, algae were kept in the chamber, in darkness for 10
min to equilibrate. Oxygen concentrations were measured using a Hanna
964400 dissolved oxygen (DO) meter with automatic temperature
compensation, which was connected to a computer for data acquisition. Light
intensity was measured inside the chamber using a Digicon LX-50 lux meter.
Temperature was controlled at 29+1°C, Light intensity was adjusted by
changing light sources (500 W or 1000 W halogen lamps), and using neutral
density filters.

Oxygen evolution in ambient, outdoor light condition

Algae (100-g) were placed in a 10-1 transparent jar with 4-1 of seawater
under ambient, outdoor light. Nitrogen gas was bubbling into the water to
reduce DO to 1 mg/l. Nitrogen gas injection was terminated and measurements
began. Oxygen evolution was monitored continuously for 1-hr, together with
light intensity. Oxygen evolution from algae was always measured in parallel
with controls (seawater in jars without algae). Net oxygen evolution rate was
calculated by subtracting oxygen increase in the control from evolution rate



with algae. Finally, net oxygen evolution rate was plotted against average light
intensity for each data set.

RESULTS

Figure 2 illustrates the effect of light intensity on oxygen evolution rate with
- Acanthophora sp. during five independent trials. Oxygen evolution rate
increased with light intensity until approximately 15,000 lux (photo flux density
(PFD) = 200 wu mol photon m? s™"). No further increase in oxygen evolution rate
occurred after 15,000 lux.
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Figure 2. Photosynthetic oxygen evolution by Acanthophora sp. in laboratory
conditions. Data were combined from five independent trials.

Caulerpa lentillifera had the same oxygen evolution pattern as
Acanthophora, but was lower magnitude. Light saturation also occurred at
about 15,000 lux (Fig. 3). However, at the highest light intensity of 45,000 lux
(600 p mol photon m? s PFD), oxygen evolution appeared to decline. Since
we could not provide light intensities greater than 45,000 lux with our indoor
equipment, we measure oxygen evolution outdoors with natural light at higher
intensities. The results are shown in Figure 4.
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Figure 3. Photosynthetic oxygen evolution by Caulerpa lentillifera in
laboratory conditions. Data were from three independent trials.
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Figure 4. Photosynthetic oxygen evolution from Caulerpa lentillifera in
outdoor conditions. Data were from nine independent trials.

Caulerpa photosynthetic DO production patterns were the same under both
outdoors and laboratory conditions. There was no difference between oxygen
evolution rates at 20,000 lux (270 p mol m™ s PFD) and 65,000 lux (870 pn mol
m™ s”' PFD). However, oxygen evolution was lower with the outdoor trials.
This was probably due to atmospheric oxygen losses since the outdoor
containers were open to the atmosphere.

DISCUSSION



With both laboratory and outdoor trials, Acanthophora sp. and Caularpa
lentillifera had the same photosynthetic (P_,,) light saturation intensities of
15,000-20,000 lux (200-270 p mol photon m* s PFD). This was similar to
reported P_ . values for other algae, such as brown algae Feldmannia spp.
(Robledo et al., 1994) and Laminaria abyssalis (Rodrigues et al., 1993).
Normally, P, values correlate with an algae’s preferred habitat. For example,
P, for intertidal species are in the range of 400-600 p mol photon m? s,

. while upper and mid-sublittoral species saturate at 150-250 p mol photon m? s’
(Lobban & Harrison, 1994). In Thailand, Caulerpa spp. is usually found
attached to rocks or sand in shallow water, below low-tide level, close to coral
reef (Lewmanomont and Ogawa, 1995). Light saturation of 200 u mol photon
m” s”! PFD is expected. However, Acanthophora spp., especially on the Eastern
Coast of the Gulf of Thailand, is normally found in the intertidal zone, 30-50 m
from shore (Supowkit e/ al., 1991). In our trials, Acanthophora sp. exhibited
lower light saturation than other common, intertidal algae. One explanation for
this is that Acanthophora used in our experiment were obtained from shrimp
wastewater treatment ponds. Algae in these ponds were submerged at all times.

*Einav et al. (1995) found that Acanthophora najadiformis had much higher
photosynthetic rates in air (during desiccation) than in water. This is an
advantage for species growing in the mid-intertidal zone, since they are often
exposed to air during low tides. In our case, Caulerpa may have adapted to
lower light intensities while submerged in the ponds, and therefore had higher
P ... values.

1

Very high light intensity can cause non-permanent damage to a plant’s
photosynthesis mechanism. This is called photoinhibition. Photoinhibition is
the main factor affecting algal growth and metabolism when algae are exposed
to strong light. With a blue-green alga (Spirulina), photoinhibition after
midday caused a 30% decrease in growth (Richmond et al., 1990). Normally,
photoinhibition occurs with intertidal seaweed during desiccation stress during
low tide (Herbert, 1990). In our trials, photoinhibition in Caulerpa was not
clearly observed since our maximum light intensity was only 65,000 lux.
However, photoinhibition can occur in seaweeds. For example, photoinhibition
in Mediterranean species of Caulerpa (C. prolifera) was observed in the field
(Hader et al., 1997), and with a brown alga (Fucus serratus) when submerge
(Huppertz ef al., 1990).

Algal photosynthesis and growth are highly correlated since energy and
organic compounds used for cellular metabolism are all derived from
photosynthesis. Light intensities that maximize photosynthesis therefore
maximize growth rate. This was shown with Laminaria gametophyte cell



culture in 2 photobloreactor, whete specific growih vete temained wadhanged 3
Tight intensities Migher than 100 1 mol photon m™ 7 (Q1 & Rorrer, 1995).
Normally, with optimum photosynthesis and maximum growth rate, maximum
nutrient uptake occurs. Nutrient uptake in algae is an active process involving
transport proteins and specific enzymes, such as nitrate reductase and nitrite
reductase. Nitrate transport and assimilation processes require energy. Oxygen
evolution by blue-green alga (Phormidium laminosum) declined when nitrate

* starvation occurred. When nitrate was later be added, algal photosynthesis
increased in response to nitrate uptake (Ochoa de Alda et al., 1996). Energy
requirements for nutrient uptake also depend on nutrient types. Ammonium-
nitrogen uptake occurs at lower light intensity (requires less energy) than
nitrate-nitrogen uptake, because nitrate needs eight additional reductant
molecules to reduce nitrate (NOy’) to ammonium (NH,") during assimilation.
This was confirmed by Lomas et al. (1996).

In summary, optimum light intensity for growing Acanthophora and
Caulerpa is 15,000 to 20,000 lux. Direct outdoor light is not necessary for
photosynthesis and can cause lethal water temperatures. Temperatures greater
than 40°C sometimes occur in the treatment ponds and cause massive algal
deaths. Plastic shade netting (30-40%) over algal wastewater treatment ponds
could solve this problem. With indoor aquariums, 4 to 5 white daylight
fluorescence lamps are enough to provide maximum photosynthesis efficiency
for both Caulerpa lentillifera and Acanthophora sp.
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Abstract

Impacts of ozone on bacterial growth, shrimp (Penaeus monodon) postlarvae (PL)
survival, and water quality were investigated in laboratory systems. Maximum safe ozone
“concentration (when continuously administered) for shrimp PL was 97.49 mg O,/] soluble
ozone (0.42 mg O,/1 residual ozone) produced from a 100 mg O,//hr Ozoniser, and 154.27
mg O,/ soluble ozone (0.28 mg O,/ residual ozone) produced from a 2 g O,/1/hr Ozone
Generator. There were no negative effects on PL respiratory rate, but histological gill
damage occurred after 8-hrs exposure (2 g O,/l/hr, Ozone Generator). At 25.6 mg O,/1
soluble ozone (0.34 residual ozone), 3 log units of Vibrio harveyi D331 were inactivated,
however, most of the bacteria recovered within 9 hrs. Greater bacterial reductions (24-hr
bacteria inactivation) were achieved at 128 mg O,/] soluble ozone (2.5 mg O,/I residual
ozone). Ozone inhibition of Bacillus growth was slightly less. Higher ozone concentration
(420-mg O,/1 soluble ozone or 0.09 mg O,/1 residual ozone) with shrimp pond wastewater
improved water quality better than aeration, although the differences were not statistically
different. Ozone can be used at high concentrations to successfully eliminate bacteria and

improve water quality prior to stocking shrimp.

Introduction

Disease is the major cause of cultured shrimp losses in Thailand. Efforts have been made
to control or lessen this problem, including use of recirculation closed-water systems to

prevent disease spread, and use of disinfectants to eliminate pathogens. Well-known



disinfectants like formalin or chlorine can suppress disease outbreak (Majumdar and Sproul,
1974; Rosenthal, 1980), but their residuals create potential environmental problem
(Rosenthal, 1980; Matsumura et al., 1998; Strong et al, nd). Ozone has been used routinely
for water treatment for human consumption (Tate, 1991). Comparing the effects of
chlorination and ozonation on E. coli, ozone destroyed this bacteria 600-3000 more quickly
(Majumdar and Sproul, 1974). Ozone possess strong oxidising properties, but it is unstable
(Rosenthal, 1980). Ozone’s strong oxidising capacity destroys organic and inorganic
compounds in water (Rosenthal, 1980). Ozone is therefore considered a good candidate for
shrimp culture to solve disease problems, and at the same time improve water quality
(Rosenthal, 1980; Menasveta, 1980; Honn and Chavin, 1976; Colberg and Lingg, 1978;
Matsumura et al, 1998). Despite ozone’s potentials, few shrimp culturists embrace its use
(Matsumura ¢t al, 1998), perhaps because practical details are often lacking, and because of

inconsistent results from prior investigations.

The aims of our study included measurements of; total ozone production, ozone toxicity to
shrimp, effects of ozone on water quality, and ozone’s bactericidal properties. The results of
our experiments will be used to design effective dosages and appropriate applications for
killing pathogens, reducing harmful water quality conditions; while at the same time not

injuring shrimp. The possibility of using ozone in growout ponds is also discussed.

Material and Methods

Experiment 1. Ozone measurement
We tested two ozone generator models: Ozoniser (100 mg O,/l/hr), and Ozone Generator
(2 g Oy/l/hr). Their respective ozone concentrations when ozone outputs were injected into

seawater was measured. This information was used for subsequent experiments.

Ozone gas produced from either the Ozoniser (100 mg O,/l/hr) or the Ozone Generator
(model OZ 3050, EBASE CORP, Ltd.; 2 g O,/1/hr) was trapped in 200 ml of 20% potassium
iodide solution for 1,5, 10, 20, 30, 40, 50 and 60 min. The potassium bi-iodate compound
was tifrated against 0.005 N sodium thiosulfate until end point. The data were analyzed using

regression analysis.



Experiment 2. Ozone toxicity to shrimp postlarvae

2.1 Effect of residual ozone on shrimp postlarvae

Two thousand Penaeus monodon postlarvae (PL,;) from Chachoengsao Province were
stocked and acclimatised in 6 ppt seawater for one week prior to the trials. PL were fed twice

daily with postlarval feed pellets. Water was changed as needed.

Five litres of seawater (6 ppt) were ozonated respectively with the Ozoniser (100-mg
Q,/1/hr) and the Ozone Generator (2-g O,/1/hr) for 1, 5, 10, 30 min and 1 hr. Fifty PL were
placed in each container. During the experiments, PL were fed live Artemia nauplii.
Container water was static with no air added. Water temperature was 25°C, and pH was 7.4-
7.6. Observations were made every 2 hrs for 24 hrs. Death was assumed when PL were
immobile and showed no response when touched with a glass rod. Dead PL were removed

immediately to prevent water pollution,

2.2 Effects of continuous ozone exposure on shrimp postlarvae

A 22-] glass container was divided into the sections (represented three replications), with
each receiving 100 shrimp PL. Each ozonator was operated separately at maximum capacity
(100 mg O,/hr or 2 g O,/l/hr) for 24 hr. Shrimp survival and ozone concentrations were
checked every 2 hrs. Residual ozone concentrations were measured using a Spectroquant test

kit (Merck).

2.3 Phystological aspects of ozone toxicity to shrimp postlarvac
Shrimp PL (PL,;-PL,,) were exposed to direct ozonation for 4, 6, 8, 10, 12, 14 and 16 hrs.

At designated times, each PL was transferred into a 5 ml respiratory chamber with 25 ppt
sterilised seawater, which was already acclimatised at 25°C for 1 hr. Shrimp were allowed to
acclimate in these chambers for one hr, after which oxygen consumption rates were recorded
every 10-min for 1 hr. Upon termination of the trials, PL. were fixed in Davidson’s fixative,
transferred into wax, and 5-pum sections were cut and stained with haematoxylin and eosin.
Histology examination of shrimp gill tissue, at different ozone exposure times was conducted

using light microscopy at Srinakarintaravirot University.



Experiment 3. Bacteria inhibition by ozone

3.1 Inactivation of Vibrio harvevi D331

Seawater with 25-ppt salinity was autoclaved, and each separate 500-ml container of
scawater was exposed to ozone for 0, 1, 5, 10, and 20 min at standard output (2 g/h/l Ozone
Generator). Ten ml of Vibrio harveyi D331 culture at approximately 10° CFU/ml were
immediately placed in the ozonated seawater to achieve a final concentration of S
approximately 10° CFU/ml, then exposed for 0, 30 sec, 15 min, 30 min and 1, 2, 4, 6,9 12, 24,
36 and 48 hr. Samples were withdrawn and placed into sterile 10 ml test tubes containing 0.1
m} 10% Na,S,0, to neutralize any remaining ozone and to stop bactericidal action of residual

oxidant during sample transit (APHA, 1985)

Seawater samples were serially diluted with 0.85% NaCl and inoculated to obtain CFU for
V. harveyi. The spread plate method on TCBS was used for viable bacteria count prior to,
-and during exposure to the disinfectants. Numbers of V. harveyi were enumerated using two

tubes.

3.2 The inactivation of Bacillus S11
Bacillus S11 were cultured in BHI media at 37°C for 18 hrs, after which about 10°

CFU/ml were inoculated into 500 mti of 25 ppt sterilized seawater and exposed to ozone for 0,
1, 5, 10, and 20 min at a standard output (2 g/h/l Ozone Generator). Bacillus was sampled at
0,0.5,15,and 30 min, and at 1, 2, 4, 6, 9, 12, 24, 36 and 48 hrs in the same manner as with
Vibrio.

Experiment 4. Water quality treatment by ozone

Shrimp pond waste waters were collected and analysed for total ammonia-nitrogen,
nitrate-nitrogen, nitrite-nitrogen, BOC, total suspended solids, total-phosphate and alkalinity
(APHA, 1985). A 1-1 water sample was ozonated for 1-hr while the control was aerated with
compressed air. All parameters were measured after the designated time, except BOD, which

was analysed after five days incubation.



Results

Experiment 1. Ozone production

Ozone concentrations in water increased linearly with increased ozonation time for each
ozonator; with [y = 2.2341x] for the Ozoniser (100 mg O,/l/hr; Fig. 1), and [y = 7.0707x] for
the Ozone Generator (2g O,/l/hr; Fig. 2). With pure oxygen gas, ozone production from the
Ozone Generator increased greatly [y = 25.616x] (Fig. 3). Not all of the ozone gas produced
by the ozonation machines dissolved in water. Ozone which did dissolve in water dissipated

quickly, and after 24 hrs residual ozone was almost non-detectable.

Experiment 2. Toxicity of ozone to shrimp
2.1 Effect of residual ozone on shrimp postlarvae

No shrimp mortality occurred with residual ozone concentrations of 26.8 mg total soluble
0,/1 (0.45mg/1 residual ozone, from 100 mg O,/1/hr running for one hr); nor with 84.8 mg
stotal soluble O/l (0.06 mg/] residual ozone, from 2 g O3/ht/l running for one hr), compared

with controls. Shrimp losses were mostly from cannibalism.

2.2 Effect of continuous ozone exposure on shritnp postlarvae

With the Ozoniser (100 mg/h/1) operating up to 12 hrs, all shrimp showed normal
behaviour until 14 hrs (Table 1; total soluble ozone concentration = 97.49 mg O,/1, 0.42 mg
0,/1 residual ozone). Initial signs of shrimp weakness appeared from 14 hrs onward. Most
shrimp PI. were badly damaged after 24hrs exposure to direct ozonation (total soluble ozone

concentration = 146.2 mg O,/1, 0.16 mg O,/ residual ozone).

With the Ozone Generator (2 g/h/1), effect of continuous ozonation on shrimp PL were
more prominent (Table 2). At 8 hrs, signs of shrimp weakness were evident (total soluble
ozone concentration = 154.27 mg O/1, 0.28 mg O,/1 residual ozone). After that, 50% of the
shrimp lost balance, became immobile, and were carried around by water currents. They
exhibited occasional, feeble and spasmodic movements of pleopods and swimmerets.

Eventually, some shrimp recovered their equilibrium, but remained lethargic.

We concluded that if direct ozone is used in the water system with shrimp, total ozone

concentrations should not exceed 97.49 mg total soluble O,/1.



2.3 Physiological aspects of ozone toxicity to shrimp postlarvae

There were no significantly differences in oxygen consumption rates (p<0.05) of shrimp
exposed to ozonation (100 mg O,/1/hr) from 4 to16 hrs (residual ozone between 0.12 to 2.00
mg O,/1), compared with control. However, histology studies revealed increased gill
degeneration of ozone treated shrimp with time, although swelling of gill lameliae were also
observed in all treatments including controls (Fig. 4). Gills had increased hypertrophy at 10-
hrs exposure. At advance stages, pycnotic nuclei of gill nucleus occurred. Finally, after 16

hrs of ozonation, the gills were severely deteriorated (Fig. 5).

Experiment 3. Bacteria inactivation

Figure 6 shows the logarithmic number of colony forming units (CFU) versus contact time
for Vibrio harveyi D331 when microbial suspensions were treated with residual ozone
produced from pure dry oxygen with the same flow rates. A 3-fold, log reduction within 60
sec occurred with all four treatments. The rate of CFU reduction was fastest during the first
60 sec, but then leveled off. This suggests reduced bactericidal activity after initial ozone
exposure. Residual ozone might have been too low to damage bacterial cells. This was
confirmed by a decline in residual ozone concentrations in the waters, which dropped from

0.34 to 0.1 mg O,/1 during 1 hr.

Comparing all treatments, 1 min ozonation (25.6 mg total soluble O,/1; 0.34 mg residual
O,/1) was the least effective. Within 9 hrs, Vibrio recovered to its original values. Other
treatments (5, 10, and 20 min ozonation) also strongly affected Vibrio concentrations.
However, there were no significant difference between 5 min treatments (128 mg total
soluble O4/1; 2.5015 mg O4/1 residual ozone)} and 10 or 20 min ozonation. Therefore, we
included that 5 min ozonation was sufficient to inactivate 4 log units of the Vibrio compared
to control after 24 hrs. It is worth noting that although ozone exposed Vibrio recovered after

being initially inhibited, their colony sizes were reduced.

In a separate study, where the source of oxygen changed from pure oxygen gas to
compressed air, ozone production capacity from the same machine was reduced greatly. The

Ozone Generator coupled with pure oxygen gas gave 25.6 mg total soluble O,//min,



compared with only 7.0 mg total soluble O,/l/min with compressed air. It was inconsistent
that 2 min ozonation {4.47 mg O,/1 total soluble ozone; 0.14 mg O/l residual ozone) was
more effective in Vibrio inactivation than 5 (11.17 ppm) and 10 min ozonation (22.3 ppm;
Fig. 7). A 1.75 log units reduction was achieved from 2 min ozonation. Vibrio recovered
faster than in the first experiment. CFU values returned to the initial values within 6 hrs.

Oxygen source was the main factor effecting ozone concentrations.

Bacillus tolerated ozone slightly better than Vibrio. A maximum of 2.2 log units reduction
was achieved at 30 sec with 25.6 mg O,/1 (Fig. 8), while a 3-log unit reduction occurred with
Vibrio at the same ozone concentration. Bacillus also recovered after first inactivation, but at
a slower rate than Vibrio. This may be due to a slower growth rate of Bacillus compared to
Vibrio. However, the effects of each treatment did not differ greatly. A reduction in
measured residual ozone concentration was observed in all four treatments during bacterial

exposure. The reduction in ozone ranged from 0.26 to 0.04 mg/! in 24hr.

Experiment 4. Water quality

At an ozone concentration of 424.2 mg O4/1 (2 g O,/hr/l running for 1 hr; residual ozone
0.09 ppm) NH,-N was reduced 12%, NO,-N increased 933%, and BOD was reduced 18%
(Table 4). Aeration reduced NH,-N by 6%, increased NO,-N by 422%, and reduced BOD by
11%. Ozonation improved water quality more than aeration, although the data were not

statistically different.

Discussion

Ozone (O,) is produced from oxygen (O,) with energy input either from an electric
discharge or by ultraviolet radiation (Yanco Industries, 1999). Different commercial, ozone
generation machines are available in the market place. Their ozone production capacities, as
stated by the manufacturer is based on measurements of ozone gas generated by each
machine, which is much less than ozone concentrations dissolved in water. Seawater
contains various minerals and impurities, which can reduce ozone potency (Liltved et al.,

1995). Effective ozone concentrations measured in one situation may not apply to another



situation because of differences in respective water qualities. Accordingly, actual ozone

concentrations produced from an ozone generator must be measured during each trial.

From our results based on seawater of 25-ppt salinity, which is common for shrimp culture,
resultant ozone in water was much less than might be expected. Ozone solubility depends on
various factors such as the salinity, hardness, pH, temperature, source of oxygen, and the
ozone application technique (Colberg and Lingg, 1978; Liltved et al., 1995; Wongchrinda,
1994). Ozone is lost from water by three main processes (Liltved et al., 1995); reaction with
water impurities, decomposition to O,, and ozone loss to the atmosphere. These losses are
rapid and make ozone determinations in water problematic (Rosenthal, 1980). Residual
ozone concentrations are not always related to ozoniser operating time, and therefore the term
“residual ozone” is inappropriate. We therefore considered ozone dosage as the amount of O,
added to water per unit time, which agrees with conventions used by other researchers

(Liltved et al., 1995).

Although ozone has widely proven benefits for potable and waste water treatments
(Majumdar and Spoul, 1974; Colberg and Lingg, 1978; Rosenthal, 1980}, caution is
necessary with aquaculture applications due to its potential harmful effects on cultured
animals. Ozone toxicity in seawater is due in part to hypobromous acid formed when ozone
gas combines with bromine, similar to its reaction with chlorine in seawater (Blogoslawski et
al., 1976). The oxidation residual of ozone gradually decreases with time (Majumdar and
Sproul, 1974). Ozone concentrations for aquaculture applications should be sufficient to
inhibit pathogens of concern, and/or otherwise improving water quality with minimum risk to
animal safety. Optimum ozone dosages vary according to species and age of animals, For
example, concentrations of more than 0.5 mg/] residual ozone can damage oyster larvae
(Maclean et al., 1973; Blogoslawski et al., 1978). With fish, lethal thresholds are lower than
those for crustaceans. The 96-hr L.C50, using 10-13 c¢m rainbow trout (Salmo gairdneri) was
9.3 ng/l residual ozone. Ozone causes massive destruction of the gill lamellae epithelium
together with severe hydro-mineral imbalance in juvenile rainbow trout. At lower ozone
concentrations, but longer exposure times (2 pg O,/1, 96hr), hyperplasia of the lamella

epithelium was noticed (Wedemeyer et al., 1979).



Our findings suggest that shrimp PL had higher tolerance to residual ozone exposure than
oyster larvae or rainbow trout. Shrimp PL were able to live normally in direct ozonation with

ozone concentrations of up to 97.49 mg total soluble O,/l (0.42 mg/] residual ozone).

Physiological disturbance of animals can be evaluated by calculating their oxygen
consumption rate. Often, detrimental treatments cause increased oxygen consumption, as
determined by a Gilson differential respirometer (Cebrian et al., 1990). This method is also
capable of verifying metabolic rate changes of eggs, such as with egg pore respiration of
Callosobruchus maculatus (Daniel and Smith, 1994). With our experiments, ozone had no
effect on oxygen consumption of P. monodon PL at the maximum total soluble ozone

concentration of 154.27 mg/l.

We observed that at 25.2 mg/l total soluble ozone (0.34 mg/l residual ozone), 3 log units
of Vibrio harveyi D331 were suppressed for 9 hrs, and 128 mg/l of total soluble ozone (2.5
.mg/I residual ozone) inhibited the same amount of Vibrio for longer time (24 hrs). Therefore,
for disinfecting purposes, ozone at 128 ppm should be used in order to achieve greater
disinfecting power. With shrimp present, however, lower ozone concentrations (i.e. 97.49 mg
total soluble O,/1) should be used. Bacteria inactivation can be achieved with both proper
time of contact and ozone concentration (Majumdar and Sproul, 1974). Ozone can inactivate
both Vibrio and Bacillus, although at slightly different rates. Therefore, it is important to

apply ozone well before stocking shrimp, or adding probiotics.

Biocide action of ozone is the result of membrane component disruption leading to loss of
their barrier function (Trukhacheva et al., 1993). Bactericidal effects of ozone after an
appropriate dosage is reached are sudden and total, and no further inactivation is achieved
(Yang and Chen, 1979). This might be because of a reduction of residual ozone (Yang and
Chen, 1979). which occurs from oxidation of the most reactive organic groups on the cells’
surfaces, and on decreased O, absorbed after ozone interacts with these organic compounds

(Trukhacheva et al., 1993).

Sodium chloride concentrations affect microorganism destruction by ozone. At lower

salinity (NaCl below 2.5%), the bactericidal effect of ozone was enhanced, while 5% NaCl
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showed a slight protective effect (Yang and Chen, 1978). These results were similar to
Wongchrinda’s (1994) studies, which showed higher solubility of ozone in lower salinity.
However, Liltved et al. (1995) stated that salinity differences did not cause any substantial

differences in bactericidal activity of ozone.

A number of researchers have reported on the efficacy of ozone for water treatment. For
example, ozone can reduce total suspended solids (Rueter and Johnson, 1995), reduce colour
(Otte et al., 1977), reduce odor ((Millamena, 1992), improve nitrification in hatcheries
(Colberg and Lingg, 1978; Menasveta, 1980), and improve water quality in growout ponds
(Mutsumnura et al., 1998; Honn and Chavin, 1976). However, ozone’s effectiveness depends
on various factors, including raw water hardness, initial suspended solids concentration

{Rueter and Johnson, 1995), temperature, and pH (Colberg and Lingg, 1978)

Millamena (1992) reported that low ozone concentrations (0.11 g/hr) did not effectively
remove most organic matter in slaughterhouse wastewater. Higher ozone concentrations
were recommended. This agrees with our findings where ozone concentration of 424.2 mg
total soluble O4/1 resulted in only a 12% reduction in total ammonia-nitrogen. Nevertheless,
when compared to controls (air only), water quality was improved more with ozone. In
particular, ozonation enhanced conversion of ammonia-nitrogen to nitrite-nitrogen, although
the final step of nitrification to NO; was not observed. Millamena (1992} explained that the
highly polluted slaughterhouse waste prevented complete oxidation of organic matter by
ozone. However, with wastewater pretreatment, overall ozonation performances was
improved with 42% reduction in BOD, total suspended solids reduction of 34%, and reduced
COD by 57.5%. Majumdar and Sproul (1974) noted a similar range of water quality
improvements when a high residual ozone concentration (2.17 mg/l) was used with secondary

wastewater (34% reduction of total suspended solids and 54% reduction of COD).

In conclusion, we found that with shrimp PL culture, ozone is most applicable for
disinfecting pufposes, especially in hatchery, recirculating water systems (Menasveta, 1980;
Colberg and Lingg, 1978; Rueter and Johnson, 1995). When PL are present, ozonation
should be combined with carbon filtration to remove offending substances, or to ensure their

dissipation (Colberg and Lingg, 1978). Ozone can be routinely used to disinfect water
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supplies and hatchery effluents to prevent spread of diseases, and to reduce virus or bacteria
infection of fertilized eggs (Arimoto et al., 1996). Moreover, ozone application in shrimp
growout ponds has not been ruled out (Matsumura et al., 1998; Strong et al., nd). Ozone
generator capability of 15 kg/hr is recommended with a water recirculation system on a 550
ha farm to prevent outbreaks of infectious disease, blooms of blue-green algae, to reduce

inorganic nutrient concentrations, and to improve effluent water quality (Strong et al., nd.).
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Figure | Regression of ozone concentrations in water produced from operating a 100 mg
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Figure 2.Regression of ozone concentrations in water produced from operating a 2 g O,/1/hr

ozone generator up to one hour using compressed air.
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Figure 3. Regression of ozone concentrations in water produced from operating a 2 g O,/l/hr

ozone generator up to one hour using pure oxygen gas.
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Figure 4. Gill histology of unexposed, control shrimp in ozone. Haematoxylin and eosin

stain. Magnification at x1700.

Figure 5. Histopathological changes of shrimp gills after 16 hrs exposure to ozone. Notice

the pycnotic nucleoi and gill deterioration. Magnification at x1700.
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Figure 6.Vibrio activity after ozone exposure of up to 24 hours. Ozone was generated by

using a 2 g O,/l’hr Ozone Generator with pure oxygen gas. The Ozone Generator

was operated from 0 to 20 min before contact time = 0.
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Figure 7 Vibrio activity after ozone exposure of up to 24 hours. Ozone was generated by
using a 2 g O,/l/hr Ozone Generator with compressed air. The Ozone Generator was

operated from 0 to 20 min before contact time = 0.
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Figure 8 Bacillus S11 activity after ozone exposure of up to 24 hours. Ozone was generated
by using a 2 g O,/l/hr Ozone Generator with pure oxygen gas. The Ozone Generator

was operated from 0 to 20 min before contact time = 0.
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Table 1. Number of shrimp PL affected by ozonation from 100 mg O,/l/hr Ozone Generator
using compressed air. Number of dead PL observed, and total residual ozone (TRO)

for different exposure times are shown.

TRO [0.154 | 0.408 | 0.454 | 0.408 [ 0.388 [ 0.392 | 0.413 [ 0417 | 0.354 | 0.4 0.167 | 0.158
(ppm)

Rep 2 hr 4 hr 6 hr 8hr | 10hr | 12hr | 14hr | 16hr | 18hr | 20hr | 22hr | 24 hr

1 0 0 0 0 0 0 0 0 ¢ 2 4 24
2 0 0 0 0 0 0 0 0 0 3 4 72
3 0 0 0 0 0 0 0 1 0 2 4 73

Table 2. Number of shrimp PL affected by ozonation from 2 g O,/1/hr Ozone Generator
using compressed air. Number of dead PL observed, and total residual ozone (TRO) for

different exposure times are shown.

TRO [0.173 [ 0382 [ 0.556 | 0.278 | 0.382 | 0.573 [ 0.382 | 0.486 | 0.434 [ 0.503 | 0.503 | 0.313
(ppm)

Rep 2hr 4 hr 6 hr 8hr | 10hr | 12hr | 14hr | 16hr | 18hr | 20hr | 22hr | 24 hr

1 0 0 0 1 26 11 6 1 6 - - -
2 0 0 0 1 20 5 4 4 11 1 2 -
3 0 0 0 1 24 0 5 1 6 2 3 -

Table 3. Total residual ozone (TRO) in respiratory rate trials with 2 g O,/1/hr Ozone

Generator using compressed air compressor.

Hours TRO (ppm)
4 0.354
6 0.265
t 0.375
10 0.386
12 0.306




Table 4. Shrimp pond waste water treatment by ozonation (2 g/h/l running for one hour)

compared to aeration. Data are average value of three trials.

NH4 NO2 PO4 BOD
before 59.5 0.27 1.3 4.1
ozone 52.2 2.79 1.3 33
air 56.0 1.41 1.3 3.7

%difference from control
ozone -12.2 +932 +1.2 -18.6
air -5.86 +422 +5.6 -10.5
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Table 5. Review of effective ozone dosages with different pathogens.

Pathogens TRO Time Amount Reference
(ppm) reduction
V. harveyi 1 30s 1.5 log units | Matsumura et al,
1998
V. Cholera 0.95 17 min | Total Chen et al, 1992
V. parahaemolyticus 0.81 13 Total Chen et al, 1992
V. vulnificus 1.0 2 min Total Wongchinda, 1994
0.98 >2min | Total Wongchinda, 1994
Bacteria 0.56 2-3 log units
4 bacteria: 0.15-02 180 s 4 log units Liltved et al, 1995
Aeromonas salmonicida
V. anguillarum
V. salmonicida
Yersini ruckeri
Pseudomonas 0.56 2-3 log units | Blogoslawski et al,
Flavobacterium 1978
Achomobacter
A salmonicida 1 1 min Total Colberg and Lingg,
1978
3 bacteria: 0.1 4 min Austin, 1983 (cited
Aeromonas salmonicida after Liltved et al,
Renibacterium salmoninarum 1995)
V. anguillarum
Marine bacteria 0.56 Total Blogolawski and
Marine phytoplankton 0.08-1 Stewart, 1977
Arthropods
Fish
SINNV 0.1 ug/ml | 2.5 min Arimoto et al, 1996
IPNV 0.1-0.2 60s Total Liltved et al, 1995
IPNV 0.01-0.02 | 60s Total Wedemeyer and
Nelson, 1977
JHNV 0.01 30s
V. harveyi 0.34 30s 3 log for 9 hr | This study
2.5 3 log for 24
0.14 hr
1.75 log for
Bacillus 0.26 6 hr
22 logfor2

hr
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ABSTRACT

World cultured shrimp production increased from 0.4 million MT in
1990 to about 0.8 million MT in 1999, or about 25% of total shrimp supply.
Increased production was well below 1.2 million MT predicted 10 years
earlier. The primary reason for this shortfall was shrimp disease, which
effected shrimp yields worldwide. The most serious diseases were viral, for
which there are still few solutions. As a result of shrimp disease problems,
pond culture practices changed to reduce disease incidence. These changes
included: use of specific pathogen free (SPF) and specific pathogen
resistant (SPR) shrimp seed; reduced or zero water exchange during pond
growout; shrimp culture at iniand locations away from coastal influences;
use of water recycling and reuse growout systems; development of
biosecure systems to prevent disease access during shrimp’s entire culture
cycle; development of probiotics to reduce disease susceptibility; and
genetic selection and improvements through closed, life-cycle culture. In
addition, environmental awareness and concerns about shrimp culture
sustainability became increasingly important with the informed public
during the 1990s. This included concerns about habitat degradation and
destruction, reduced biodiversity, and exotic shrimp introductions. We
review herein developments with these culture innovations and
environmental issues that have occurred during the past 10 years.

Key words : marine shrimp aquaculture, ponds, genetics, probiotics,
environmental protection, best management plan, re-circulation aquaculture



I. INTRODUCTION

Before abundant marine shrimp seed availability from hatcheries and
from wild caught seed, shrimp pond growout techniques changed very little
over the centuries. Shrimp were mostly cultured incidentally with fish and
other crustaceans in large, extensive pond systems characterized by low
productivity (Table 1; Fast 1991, 1992a). These polyculture systems were
basically catch, hold and harvest systems with little or no energy (other than
tidal), feed, or material inputs. Shrimp yields were at best perhaps a few
hundred kg/ha/yr. Growout was low-tech by any standards.

After breakthroughs in large-scale, shrimp larviculture technologies
during the 1970’s, all aspects of shrimp culture underwent rapid and
innovative changes. These changes were motivated by abundant shrimp
seed available for pond culture, static supplies of ocean caught shrimp, and
high profits from pond cultured shrimp. Abundant, low-cost seed
availability resulted in numerous growout innovations and intensification.
Pond yields with the more intensive systems increased to >10,000 kg/ha/yr
during the mid-1980s.

These innovations in all aspects of marine shrimp culture led to
dramatic and substantial increases in pond cultured shrimp production
during the 1980s. During 1980, only 2% of the world’s shrimp production
came from ponds, but by 1989 pond cultured shrimp accounted for 26% of
total world production (Rosenberry 1990). Marine shrimp harvest from the
world’s oceans increased only slightly from 1.3 million metric tons (MT)
during 1975 to 1.9 million MT in 1985 (Csavas 1988). Since 1985, ocean
harvest of shrimp has been relatively stable at about 2 million MT, and has
most likely reached or exceeded maximum sustainable yield (National
Research Council 1992). Exponential increases in cultured shrimp
production between 1970 and 1990 led to speculations and projections that
by the year 2000 perhaps 45% or more of the world shrimp harvest would
be from ponds (Fast and Lester 1992; Fig. 1). Estimated total culture
shrimp production by the year 2000 was almost 1.2 million (MT). However
realistic these estimates seemed 10 years ago, they were soon proven
inaccurate. A combination of disease and pollution, mostly the former led
to a series of cultured shrimp industry collapses in leading shrimp culture
countries, including Taiwan, China, Thailand and Ecuador. During 1997
and 1998, total culture shrimp production was 0.66 and 0.75 million MT
respectively (Jory 1998, 1999; Table 2), up from 0.4 million MT in 1990,



but well below the 1.2 million MT forecast earlier. During 1997, cultured
shrimp were about 25% of total world shrimp supplies (New 1999).

The single most important factor limiting continued expansion of the
cultured shrimp industry during the 1990’s was shrimp diseases (Lightner et
al. 1997). While shrimp diseases have always been present, they became
epidemic during large-scale, intensive shrimp monoculture. Viral diseases
are the most devastating since they are often difficult to detect and
impossible to treat in ponds (Brock et al. 1997). Although more than 20
known penaeid viruses, five viral species have caused greatest economic
losses. These five are; yellow head virus (YHV), white spot syndrome
virus (WSSV) and monodon baculovirus (MB) with black tiger shrimp
(Penaeus monodon) in Asia, and infectious hypodermal and hematopoietic
necrosis virus (IHHNV) and taura syndrome virus (TSV) with Mexican
white shrimp (P. vannameri) and Pacific blue shrimp (P. stylirostris) in the
Americas. In most cases, the only viable solution to viral diseases is to
keep diseases from entering the culture system, and if infected, to clean up
and disinfect.

Shrimp diseases can easily enter a shrimp pond by one or more means,
including:

a. Seed. Both wild-caught and hatchery produced seed are primary sources
of infection (Lightner et al. 1997). High density, intensive culture and
stress amplify viral infections and can lead to infection of all shrimp
within a short time (Lightner 1999). Hatchery produced seed are
especially susceptible to infection since viruses can be introduced
through infected broodstock, and cross contaminated within the
hatchery. Seed from a given infected hatchery may be shipped to many
farms with further spread of disease between farms.

b. Source Waters. Shrimp disease can be introduced to a farm through
source water inflows, especially if these waters are from surface sources
(Browdy and Bratvold 1998). Diseases may be carried in with source
waters on organic and/or inorganic particles, in shrimp larvae or PL, or
with other crustaceans. Diseases are often spread throughout a farm, and
between farms with effluent and influent waters.

¢. Pond Intruders. Pond intruders such as crabs and small shrimp species,
or insects such as water boatmen are possible sources of viral disease
introductions into shrimp ponds. Perhaps 40 or more crustacean species
can harbor WSSV (Jory 1999a). Crabs come in through influent waters
or by crawling over the dikes, while insects enter with water or by



flying. Small shrimp species such as Acetes sp. And Palaemon styliferus
can easily enter the pond with surface, source waters (Flegel et al. 1995).

d. Birds and Mammals. Garza et al. (1997) have shown that viable Taura
syndrome virus (TSV) can pass through the gastrointestinal tract of
seagulls, thus providing a probable transport vector between ponds and
between farms. In Thailand, shrimp farmers are often first aware of
disease problems in a pond by the presence of large numbers of seagulls
and other birds feeding on dead and dying shrimp. These gulls could
easily fly to other ponds and spread disease. Although not verified, it is
likely that mammals such as rodents or mongoose could also serve as
similar vectors.

e. Feeds. Fresh feeds probably pose a potentially greater threat than
prepared, pelletized feeds. Fresh feed, especially frozen or fresh “trash
fish”, bi-catch could contain or be contaminated by shrimp. Ogle and
Lotz (1998) caution that, “Feed that is devoid of shrimp meal will be less
likely to carry contamination than feeds that employ shrimp meal.” The
dangers of shrimp viral contamination from pelleted feeds has not been
confirmed, and Chamberlain (1998) doubts that virus would survive
shrimp feed manufacturing processes.

f. People and Equipment. People and equipment, especially those that
move between farms and/or between farms and shrimp processing plants
could spread disease.

g. Frozen and Fresh Shrimp. 1mported, frozen shrimp can contain shrimp
viruses (Nunam et al., unpublished). If these are used as bait by sport
fisher-persons or others, exotic shrimp diseases could be introduced
locally. Food processors that import contarinated, raw shrimp and then
reprocess the shrimp are another source of disease transmittal (Jory
1999a). Likewise, infected live shrimp used as bait can spread diseases.

All of the above sources undoubtedly contributed to disease problems,
magnified by widespread distributions of broodstock and seed, and by the
tendency to site farms in clusters. Clustered farms often recycle each
other’s waste effluents, including disease organisms.

Shrimp disease problems are far from over. Many of the most recent
innovations in shrimp pond culture, and many of those innovations still in
progress are direct responses to this threat. We will attempt to draw this to
your attention during our review as we discuss different pond culture
innovations.



In our present paper, we will describe some innovations that mostly
occurred during the past 10 years. Fast (1991, 1992b,c,d) described many
innovations in pond growout techniques that occurred during the 1980s,
1970s, and earlier. Additionally, we will also speculate on certain other
technologies that have not yet been widely recognized, but which we feel
hold special promise and potential for further improvements in pond culture
of marine shrimp.

II. ENVIRONMENTAL CONCERNS AND SUSTAINABILITY

Before the 1990’s, the main concern or emphasis of shrimp culture was
on technological advancements, production increases, and profitability.
There was relatively little awareness or concern by the industry of
environmental issues and sustainability. That all changed during the 1990s,
What had formerly been a murmur of concern about environmental issues
became a roar as environmental and other non-government organizations
(NGOs) became increasingly vocal about environmental and social impacts
of aquaculture in general, and marine shrimp culture in particular. These
growing concerns were highlighted in what is known as the Choluteca
Declaration by 21 NGOs in Choluteca, Honduras during October 1996
(Accion Ecologica et al. 1997).

The Choluteca Declaration clearly stated the NGOs’ concerns and listed
18 demands. Their concerns centered on what the NGOs perceived of as
increasing environmental destruction by unsustainable shrimp farming.
This destruction included: mangrove forest and wetland losses;
eutrophication and sedimentation of receiving waters; salination of soils
and aquifers; disease transfers to wild stocks; exotic species introductions;
discharge of toxic and/or bioreactive substances; reduced biodiversity in
shrimp cultured areas; and creation of social inequities and problems. They
called for, “...a global moratorium on any further expansion of shrimp
aquaculture in coastal areas until the criteria for sustainable shrimp
aquaculture are put into practice.” They also demanded, “...the formation
of an independent body of national, regional and international
organizations, including non-government organizations, to monitor the
implementation of this process at the global level.”

The Choluteca Declaration and what followed awakened deep and
searching interests in the shrimp culture industry about all aspects of shrimp
culture (Hargreaves 1997). This interest was further stimulated by treats of



consumer boycotts by NGOs. Lockwood (1997) cautioned the industry to
take these threats seriously since, “Historically, actions by environmental
groups directed at consumers have been successfully employed in
environmental disputes. In Europe, the consumer boycott led by
Greenpeace against Shell over the Brent-Spar issue realized the desired
objective. In the U.S., boycotts and protests at retail stores against
irradiated foods have succeeded. Laws regulating seafood harvests now
protect turtle and mammal populations. Organized environmental protests
arc a proven tool for change.” Lookwood also correctly stated that a
successful marine shrimp boycott in the U.S., Europe and Japan would have
devastating economic effects on the lives of perhaps millions of people
around the world, and, “...would result in great social and economic harm
to some of the most impoverished people in the world, causing more
poverty, more pollution, and increased pressure on the harvest of wild
shrimp from the ocean, a resource which has its own set of environmental
problems.”

A centerpiece of the NGOs’ goals was to develop a certification
program aimed at identifying farmed shrimp which complied with their
ideals of environmentally safe and socially just shrimp culture. This was
presumably modeled on earlier successes with “dolphin-safe” and “turtle-
safe” tuna certifications. However well meaning, such a certification
program for cultured marine shrimp is essentially unworkable. The first
hurdle is distinguishing ocean-trawler caught shrimp (75% of world
production), from farmed shrimp (25%). It should be kept in mind that
trawler catches are perhaps even more ecologically destructive than farms
in terms of by-catch wastes and under-utilization (Fast et al. 1995).
Secondly, and more importantly is rating of individual farms as either
“safe” or “unsafe” and tracking production from each farm through
processing and world wide distribution. Presumably, certification would
not distinguish farm production that was only partially safe. It would
require safe or unsafe rating. In the vast majority of farms, there will be no
clear-cut distinction between safe and unsafe. Who would fund this
certification program? Who would do the rating and certification? What
criteria would be used? Most recent estimates are that almost 200,000
shrimp farms exist worldwide (Table 2). Will each farm be visited and
rated on some regular basis? Who would check to see if a given farm had
upgraded or decreased its rating? Who will trace farm harvests from farm
to consumer? Will there be an appeals process? This thicket of
certification problems essentially renders any fair certification process



unworkable. However, unfair certification could happen and is the most
likely outcome if NGOs or others attempt to institute such a program.

The concerns raised by NGOs have not gone unheeded. One result has
been the formation of another international NGO supported by aquaculture
businesses and organizations. This NGO, the Global Aquaculture Alliance
(GAA) has a stated mission of furthering, “...environmentally responsible
aquaculture to meet world food needs”, (Boyd 1999a). The GAA has
drafted a Code of Practice for Responsible Shrimp Farming. This code of
practice is founded on an earlier Code of Conduct for Responsible Fisheries
adapted by the 28" Session of FAO during October 1995 (FAO 1995a,
Anonymous 1997). GAA’s and FAQO’s codes of practice clearly addresses
most, if not all of the concerns listed in the Choluteca Declaration.

Implementation of any code, best management plan, or other set of rules
for the world aquaculture industry is problematic. Almost certainly, most
large shrimp farms will adhere to these practices. It makes good business
sense in almost all cases. However, the industry is mostly composed of
relatively small farms, especially in Asia with 73% of total shrimp farm,
culture area (Table 2). Average farm size in Asia was 3.8 ha. In Thailand,
the world leading producer of farmed shrimp, 70% to 80% of all intensive
farms had one or two ponds ranging from 0.16 to 1.6 ha (Lin 1995,
Anonymous 1996d). Small farms and farmers often lack sufficient land
and/or capital to adopt all of the most desirable culture practices.

II.1. The mangrove issue. Mangrove forest destruction is a core issue
with environmental NGOs. There is deep concern about widespread
mangrove forest destruction. Shrimp farms are often blamed as the major
culprit for this destruction.

There is no question about the value of mangroves as important sources
of: biodiversity; nursery grounds for a wide variety of aquatic species;
lumber, charcoal, tannin, dyes, food and income for artisanal communities;
and as protection against storm damage (Macintosh and Phillips 1992,
Hambrey 1996). There is also no question about significant mangrove
losses, especially during the past 50 years. The question then is how much
of these losses are due to shrimp farm construction, and what if anything
can be done.



Shrimp farms have been built on mangrove areas. In some cases, these
shrimp farms directly converted mangroves to their use. In other cases,
perhaps the majority in recent times, shrimp farms were converted from
existing fish ponds, salt evaporation operations, or from agricultural farms
that were themselves built many years ago on former mangrove or other
lands. In some cases such as Indonesia and the Philippines, these original
conversions occurred many years or even centuries ago, mostly for
extensive fish culture operations (Ling 1977).

Mangrove lands are some of the poorest sites for shrimp farms for a
number of important reasons, including:

a. Mangrove soils typically have high organic content, which is not
suitable for shrimp well being. Ideal soils for shrimp farming are
mineral with at most 5-10% organic matter (Boyd 1995). Highly
organic soils also provide poor dike construction.

b. Mangrove soils often contain jelocite (sulfur containing substances),
which oxidizes in ponds when exposed to oxygen and forms strongly
acid conditions. This is a major cause of new shrimp farm failures in
acid soil locations.

¢. Mangrove lands near the ocean often do not have adequate elevation to
allow complete and rapid draining of shrimp ponds. This greatly
hampers shrimp harvest and water exchange.

d. In mangrove areas, numerous fish and crustaceans enter shrimp ponds
with influent waters, or by crawling over dikes. This leads to shrimp
crop losses due to disease introductions, competition for food and other
pond resources, and predation on shrimp.

e. In mangrove areas, shrimp pond source waters and pond effluents often
co-mingle due to inefficient water circulation. This results in
wastewater recycling and deteriorated water quality in ponds.

For the above and other reasons, including social-economic, shrimp
farms are better sited outside the inter-tidal mangrove area. If they are sited
close to, but not in mangroves, both the shrimp farms and the mangroves
can benefit from farm effluent discharges into the mangroves. These
discharges provide nutrients and settleable solids, which benefit mangroves
(Robertson and Phillips 1995).

The contention that shrimp farms are the main cause of mangrove forest
destruction is unsupported (Hambrey 1996). While shrimp farms have
destroyed a high percentage of mangroves in some areas, worldwide less



than 6% of total mangrove resources have been converted to shrimp farms
(Macintosh and Phillips 1992).

Mangrove conversion was documented in Thailand, the world’s leading
cultured shrimp producer for the past seven years, by a joint working
committee of the Thai government departments of forestry, fishing, land
development, and the National Research Council. They found that 47% of
total mangrove land existing before 1961 was destroyed between 1961 and
1986, before large increases occurred in marine shrimp production in
Thailand (Menasveta 1997). From 1986 to 1993, Thai cultured shrimp
production increased from 17,886 MT to 225,514 MT, while total
mangrove reserves decreased by only another 7% during this period. Only
a portion of this 7% decrease was due to shrimp farm construction. Overall,
shrimp farms in 1993 accounted for 17.5% of total mangrove areas that
existed before 1961 (Table 3). This means that about one-third the
mangrove areas converted to other uses since 1961 were eventually used for
shrimp farm construction by 1993, while two-thirds of the converted
mangroves were used for other purposes.

Most mangrove destruction in Thailand occurred before 1986, and that
destruction attributed to shrimp farms during this time was mostly for
extensive farm types. These farms typically have large ponds, tidal water
exchange, and very low yields (Table 1). During 1986, average yields were
<400 kg/ha/yr (Menasveta 1997). Most new farms constructed after 1986
were intensive types with much greater yields. Average shrimp farm
production increased to >3,100 kg/ha/yr by 1993, Intensive culture, shrimp
farms in Thailand now account for about 85% of total shrimp culture area.
The implications of this statistic are important. Since much greater yields
are achieved on relatively small land areas with intensive culture, total land
area devoted to shrimp culture can be reduced by conversion to intensive
culture systems. Proper farm siting should reduce pressures on land use and
reduce environmental impacts. With proper farm management, water and
effluent use, and other environmentally acceptable practices, impacts of
these farms should be greatly reduced compared with more extensive farm
operations. Conversion to intensive farms may be not only desirable but
necessary if we wish to reduce environmental impacts. Marsh (1998)
cautioned that, “If farming on the existing area does not become more
intensive, environmental degradation will be unstoppable.”



Thai farmers soon learned that intensive farms sited in mangrove areas
produced poor results, and most of these new farms were thus sited on
higher ground, or in areas without mangroves (Menasveta and Fast 1998).
Many older, unprofitable farms in mangrove areas have even reverted to
mangroves, a trend, which could continue as marine shrimp culture
intensifies and culture techniques improve.

Governments, farmers, and the general public in most shrimp growing
areas are now aware of the mangrove destruction issue. There is strong
public concern about further mangrove forest destruction, regardless of the
reason. The shrimp culture industry is on record as opposing any further
use of mangroves for shrimp farms (Boyd 1999a).

I1.2. Sustainability. Current concepts of sustainable shrimp culture were
not widely held 10 years ago. Although most of the elements associated
with sustainability were understood and accepted by the industry, there was
not as much interest focused on trying to understand all the ramifications
and meanings of the term as there is now.

Shrimp culture sustainability is perhaps an outgrowth of the even larger
issue of human society sustainability. Sustainability has at Jeast partial
origins in the environmental movement which gathered considerable
momentum about 30 years ago. Bardach (1997) describes formulation of
sustainable development concepts by a special United Nations commission
beginning in 1983 and concluded that what sustainability really means
depends, “...on whether one sees the world through ecological or economic
glasses. As long as populations grow and economic conditions improve for
many, the most sustainable development will be one that attains the best
possible relationship of the forces active in local and regional dynamic
cultural and economic systems as well as in larger dynamic, but normally
slower-changing, ecological systems. To be sustainable these systems must
allow (a) human life to continue indefinately, (b) human individuals to
flourish, and (c¢) human cultures to develop; at the same time the effects of
human activities must remain within bounds so as not to destroy the
diversity, complexity, and function of the ecological life support system”,
(Costanza 1991, Bardach 1997). FAO (1991) further defined sustainable
development as, “...the management and conservation of the natural
resource base, and the orientation of technological and institutional change
in such a manner as to ensure the attainment and continued satisfaction of
human needs for present and future generations. Such sustainable



development conserves land, water, plant and animal genetic resources, is
environmentally non-degrading, technically appropriate, economically
viable and socially acceptable.”

These definitions of sustainable, with appropriate modifications could
be adopted to marine shrimp culture sustainability. In particular,
sustainability must encompass, “...the broad, overlapping dimensions or
systems associated with sustainability: economic, environmental and social.
Each of these broad domains provides unique perspective, or partial “truth”,
regarding sustainable aquaculture”, (Hargreaves 1997).

However, if you are looking for a concise, completely unambiguous and
encompassing definition of shrimp culture sustainability, you could be
disappointed. “Sustainability is a worthless word in the environmental
context for no one knows what it means. We should work hard to replace it
with the term environmental management, What we need for aquaculture is
sound systems of environmental management to prevent or reduce negative
environmental effects”, (Boyd 1999b). “It is currently popular to talk about
sustainability of agricultural, industrial, and other activities that utilize the
world’s resources. In fact, sustainability is used so often and in such varied
contexts that it is essentially meaningless unless defined in relation to a
particular activity. In the most literal sense, nothing is sustainable forever,
but through wise use of resources, most activities can be sustained for a
long time and until an alternative activity or resource is found to be
appropriate”, (Boyd 1999a).

Shrimp culture sustainability perhaps does not need a precise definition.
Rather, it should include the concepts of: best available, non-polluting
shrimp culture practices; financial profitability; and social justice. These
concepts and ideals have been discussed more fully by signers of the
Choluteca Declaration (Accion Ecologica et al. 1997), the Global
Aquaculture Alliance (Boyd 199a), and FAO (1995a, Anonymous 1997).

It is also relevant to mention the role of government in all of this.
Declarations and statements by environmental and industry NGOs, and
others are appropriate and necessary, but in the end it is government’s role
to sort out a clear legal path that protects the public’s best interests, and
which includes providing acceptable means of food production (New 1999).
“There are so many diverse opinions and special interests and so much
greed that without government intervention anarchy would exist. There are



those who want to use all the resources without regard to environmental
effects, and there are those who want to limit resource use beyond the point
of reason or necessity. Governments can, if they will, encourage a middle
ground so that human needs can be supplied, producers can profit, and the
environment can be protected’, (Boyd 1999b).

I1.3. Human population pressures. Food demand and production,
whether by aquaculture or terrestrial agriculture are driven by the world’s
human population size. The world’s population recently exceeded 6 billion
people, doubling from 3 billion less than 40 years ago. Population
expansion continues with at least 12 billion predicted before the end of the
21% century {Bailey 1997). These human population increases put demands
on food production systems, and on the environment. So far, humanity has
been able to meet food demands through increased production, as a result of
increased yields per land area and through culture area increases. These
increases were possible only through continued improvements in culture
stocks, culture techniques, and through continued reliance on fossil fuels
and other items produced with fossil fuels. Within about 40 years, the
world’s supply of petroleum fossil fuel will be exhausted. It is now unclear
what alternative energies will take the place of petroleum, and at what
economic, environmental and social cost.

Human population increases have put extra-ordinary demands on
aquatic animals for food. The world’s fishery production has increased
from 4 million MT (MMT) in 1900 (Borgstrom 1962) to about 100 MMT in
1995 (FAO 1995b) or more than 20 times increase. At the same time,
human population increased from 1.6 to about 6 billion people, a 4 times
increase. Capture fishery products from the world’s oceans and freshwaters
have reached, or in some cases exceeded sustainable supplies (FAO
1995b,c). Any further net increase in fisheries products must therefore
come from aquaculture production. Indeed, aquaculture production has
increased in response to this need. Between 1987 and 1996, capture
fisheries production increased from 85 MMT to 95 MMT, while
aquaculture production increased from 10.6 MMT to 26,4 MMT (New
1999). This represents a 249% increase in total aquaculture production, and
an increase in aquaculture production from 11.1% to 21.8% of total fishery
production. Aquaculture production is likely to continue its increase, while
captive fisheries should at best remain nearly static.



Along with increased aquaculture production, production costs of some
high valued species have also increased relative to agricultural products
such as poultry and pork. This trend is likely to continue since many
aquaculture feeds require higher levels of animal protein, mostly from
fishmeal. By 1992, about 15% of the worlds fishmeal was used for
aquaculture feed (Tacon 1994); including feeds for salmonids, marine
shrimp and most other fishes that will accept pelleted feed. Fishmeal and
fish oil consumption for aqua-feeds continues to increase along with
aquaculture production, but at a greater rate than production. Fishmeal and
fish oil consumption for aqua-feeds is are projected to be 25% and 80% of
world production respectively for these commodities by the year 2010 {Pike
1997/8). Tacon (1997/8) forecasts even greater usage, and predicts 25% of
the worlds fishmeal will be used in aqua-feeds by the vyear 2000.
Aquaculture must compete against other agricultural animal crops for
fishmeal and fish oil. This competition, plus periodic collapses of the
forage fish stocks (Glantz and Thompson 1981) could not only reduce
agquaculture growth, but it could also drastically alter economics and
sustainability of high valued crops such as marine shrimp that rely on
fishmeal and oil (Bailey 1997). Unless alternatives are developed to these
high cost protein ingredients, aquaculture is more and more likely to
provide food mostly for middle and upper income people. Aquaculture
products are likely to become less and less a source of protein for the poor.
Marine shrimp exemplify this trend.

II.4. Summary: Substantial, rapid and visible aquaculture expansion in
many areas of the world during the past 10 to 20 years resulted in certain
real and perceived deleterious environmental impacts. This has drawn the
attention of a number of environmental NGOs, which pose threats to the
aquaculture industry. The threats include forced certification programs and
other restrictive legislation. The industry has responded by developing sets
of best management plans, codes of conduct, and other guidelines intended
to foster environmentally and socially conscientious aquaculture production
methods, while at the same time promoting profitability. The marine
shrimp culture industry was a primary target of thee environmental groups,
and one that has responded most forcefully to the threats. So far, this forced
scrutiny has been intense but rewarding. While the process is still on going,
thee most likely outcome at this time seems to be a more environmentally
and socially aware industry, especially by large corporate entities. It should
also result in social and regulatory pressures towards more cost efficient
and sustainable production systems. Intensive culture systems could benefit



from this scrutiny since they require relatively small land areas, and their
environmental impacts are more easily managed and mitigated by proper
siting and operation. Ultimately, thee source of these problems relate to
human world population growth which continues largely unabated. Planet
earth’s human population has increased from 1.6 to 6 billion people during
thee last century, and is forecast to exceed 12 billion sometime during the
21% century. This population increase will put major stress on all aspects of
food production, environmental quality, and on other societal functions.

HI. NOWATER EXCHANGE

Intensive monoculture of marine shrimp is potentially unstable and
risky. It requires large applications of organic feed and mechanical energy
per unit water volume. These applications focus productivity from much
larger land and oceanic areas within a smaller area of shrimp growout pond
(Folke and Kautsky 1992). The pond becomes the “tip of the funnel.” Asa
result, large amounts of uneaten feed, feces and metabolic wastes
accumulate in pond waters and pond soils. These wastes are further
degraded through microbial and other decomposition processes to produce
among other things; ammonia, nitrite, nitrate and phosphate. These
mineralized nutrients stimulate algal growth and lead to dense blooms in the
pond. In addition to toxicity from some of these degradation products, algal
population collapses can also cause shrimp stress and mortality through
disease, oxygen depletion and increased metabolic toxicities. A
conventional solution to this situation has been increased water exchange.
Excess metabolites, suspended solids and algae are thus removed from the
pond and replaced with water of lesser metabolite and algal concentrations
and greater oxygen content. This water exchange or flushing solution is,
however, not without potential perils of its own. In many cases, source
waters for flushing contain disease organisms which infect the shrimp crop
and cause massive mortalities, Industrial, domestic and agricultural
pollution of source waters can likewise cause massive shrimp mortalities.
In addition, source waters often contain high concentrations of suspended
sediments which settle in the pond and cause shoaling of pond water depths
which requires time consuming removal and disposal between crops. An
alternative to high rates of water exchange includes systems with minimal,
or no water exchange during crop culture.

Ten years ago water exchange rates of 10-20% or more per day were
common with semi-intensive and intensive shrimp pond culture (Clifford



1985, Colvin 1985, Fast 1991). Semi-intensive culture ponds in Latin
America typically pumped large volumes of estuarine water through very
large ponds on a daily basis as a means of maintaining adequate dissolved
oxygen (DO) concentrations in the ponds. Much smaller, intensive culture
ponds in Asia combined high water exchange rates with electric
paddiewheel aerators to achieve desirable DO and water quality (Fast et al.
1989). Water exchange and aeration also kept settleable solids in
suspension where these materials could be flushed from the pond rather
than accumulate on pond bottoms and contribute to toxic sediment
conditions.

We now know that high water exchange rates through shrimp ponds are
not always environmentally friendly, and do not always benefit shrimp
culture. Water intakes can entrain and/or impinge biota, which are then
lost. Pond influent/effluent waters also carry shrimp diseases into ponds,
and discharge diseases from ponds into the environment. Nutrients and
suspended solids in effluents can cause eutrophication and sedimentation in
receiving waters. High sediment loads in source waters can lead to pond
depth shoaling, increased operating costs, and lost culture time to remove
sediments. Exotic shrimp species can also escape to the environment with
waste waters and potentially become established, and/or cause disease
transmittals. When genetic improvements occur in shrimp culture stocks
and these stocks are more widely used, “improved” shrimp stocks could
jeopardize population genetics of wild stocks through escapement and inter-
breeding.

Water discharges from ponds occur for a variety of reasons. The most
common reason is for water exchange as noted above, followed by drain
harvest at the end of each shrimp crop cycle. Drain harvest typically
contribute the highest concentrations of solid materials to receiving waters,
especially in the last portion of the drain when sediments are resuspended
and carried out with drain waters. The last 10-20% of pond drain waters
can contain >60% of total settleable solids and >40% of suspended solids
(Teichert-Coddington et al. 1999). Other discharges result from heavy
rainfall, which overflows the outlet weir. In some cases in arid areas or
during dry seasons, water must be exchanged to maintain pond salinity
within acceptable ranges for shrimp (Hopkins et al. 1995). With extensive
pond culture, water is often exchanged to provide seed, and to provide
nutrients to stimulate in-pond productivity.



Ten years ago, common knowledge was that high rates of water
exchange were necessary with intensive shrimp culture to remove
nitrogenous and other potentially toxic metabolic waste products, and to
prevent accumulations of potentially toxic organic sediments. With
intensive culture, these wastes were thought to be one of the main limiting
factors for shrimp production. Waste concentrations are related to feed
input rates (Brune and Drapcho 1991); or more specifically to feed quantity
and protein content (Westerman et al. 1993).

Before 1990, there was little of no systematic research on the
relationships between water exchange, water quality, and shrimp yields
from ponds. One of the few analyses of water exchange effects showed a
dramatic increase in black tiger shrimp production with increased water
exchange. Production increased from 10 MT/ha/yr with 20% maximum
daily water exchange to 25 MT/ha/yr with 100% exchange (Hirasawa 1985,
Fig. 2). More recent research, however, now casts doubts on the need for,
or value of such high rates of water exchange. Indeed, there is now solid
evidence that with proper pond management water exchange can be reduced
to zero in many cases.

I11.1. Waddell Mariculture Center. Shrimp pond and tank experiments
with reduced water exchange began at the Waddell Mariculture Center,
South Carolina during 1985-87 (Sandifer et al. 1988). During 1985, they
intensively cultured P. vannamei using stocking densities, aeration and
water exchange rates reported from Asia with P. monodon (Liu and
Mancebo 1983, Chiang and Liao 1985). This included stocking 0.1 ha
ponds with 40 PL/m? water exchange of 16-17%/day, and paddlewheel
aeration. After five months culture, yields ranged from 6,010 to 7,503
kg/ha, which agreed with reported P. monodon results. The following year
(1986), eight ponds were stocked with P. vannamei postlarvae ranging from
40 to 60 PL/m?, water exchange was reduced to 8.3-8.5%/day, and aeration
was reduced by 60%. Despite intense drought conditions during 1986,
yields from these trials ranged form 4,390 to 6,881 kg/ha, with 77.3%
average survival, and 2.5 average feed conversion ratio (FCR). They
continued these trials during 1987 with a wider range of stocking densities
(20-100 PL/m?), and again with 8%/day water exchange. Yields ranged
from a low of 2,487 kg/ha with 20 PL/m? to 12,680 kg/ha with 100 PL/m?.
Survival was 90%.




Following these successful pond trials with reduced water exchange of
8-9%/day during 1985-87, Hopkins et al. (1993) further evaluated water
exchange and shrimp pond yields at the Waddell Mariculture Center during
1990. With these trials, they stocked 0.25 and 0.5 ha ponds with P.
vannamei PL at 76/m* and with water exchange of either 14% or 4%/day.
They observed no effects of reduced water exchange on yield, with average
yields of 7,565 kg/ha in the 4%/day water exchange treatment, and 7,462
kg/ha with 14%/day water exchange.

Success with water exchange reduction to 4% with very high yields
prompted Hopkins et al. (1993) to further reduce water exchange to zero
during 1991. During 1991 they stocked five ponds with northern white
shrimp (P. setiferus) PL at 22, 44 and 60 PL/m? water exchange of 25%,
2.5% and 0%/day, and aeration of 10-20 hp/ha. After 89 and 125 days
culture, two ponds with zero water exchange and 44 and 60 PL/m’
respectively, experienced mass shrimp mortality. Ponds with 2.5% and
25%/day water exchange yielded 6,375 and 5,718 kg/ha crops respectively,
with corresponding 79.5% and 81.9% shrimp survival (Table 4). Only one
pond with 0%/day water exchange yielded a credible crop. This pond was
stocked at 22 PL/m? and yielded 3,219 kg/ha. Hopkins et al. (1993) could
not relate mass mortality to any water quality parameters. They concluded
that these shrimp mortalities were probably caused by gill fouling, since
microscopic gill inspections revealed, “...some epicommensal bacteria and
large amounts of trapped debris, similar to the filamentous gill disease
described by Lightner et al. (1975) and Lightner (1983).” They associated
this gill fouling in the 66 PL/m? and zero water exchange pond with
abnormally high concentrations of suspended and organic solids in pond
waters, although in the 44 Pl/m” and zero water exchange pond that had
mass mortality, these solids were not excessive. Dissolved oxygen was
well above critical levels at all times in all ponds. Hopkins et al. (1993)
concluded that water exchange could be reduced to zero with P. setiferus
provided that shrimp stocking densities were 44 PL/m? or less, and peak
feed applications were 70-140 kg/ha/day. Further increases in feed
applications would risk idiopathic mass mortality of shrimp due to gill
fouling.

In a related set of trials during 1991, Hopkins et al. (1994) compared
water quality and shrimp yields from three ponds with different sediment
treatments. All three ponds had zero water exchange, P. setiferus stocked at
44 PL/m?, and average feed rates of 97 kg/ha/day. All three ponds were



aerated with one paddlewheel aerator (10 hp/ha) until day 55, when a
second aerator was added (20 hp/ha). Pond sediments were handled very
differently in each pond. In the REMAIN pond, sediments were allowed to
settle and remain in place undisturbed (Fig. 3). In the REMOVE pond,
sediments were removed using a pump, while in the RESUSPEND pond,
the aerator was shifted 30° each day to resuspend bottom sediments and to
keep these sediments from settling. As noted above, mass shrimp mortality
occurred in the REMAIN pond on day 125 due to gill fouling, while
survivals were not particularly high in the other two ponds with 32.8% and
54.1% (Table 5). Significant water quality and nutrient cycling differences
existed between the three ponds. Nutrients in the REMPVE pond were
lower and DO higher compared with the RESUSPEND pond. It also
appeared that denitrification was inhibited in the RESUSPEND pond.

Undaunted by these mass shrimp mortalities during 1991, Hopkins et al.
(1995) stocked four 0.25 ha ponds during 1993 with P. vannamei at 39 or
78 PL/m?, fed prepared feeds with either 20% or 40% protein (2x2 factorial
design). All ponds were fed at a constant rate of either 68 or 136 kg/ha/day
during the entire 131-day trials, with the high and low feed rates
corresponding to high and low shrimp stocking densities. All ponds had
zero water exchange, and either 20 or 40 kWh/hr/ha paddlewheel aeration.
The two high feed and high shrimp density ponds had aeration failures
during the night on one occasion each, which resulted in observed DO of
0.8 and 0.5 mg/l respectively. Survival in these ponds correspondingly
decreased to 57.5% and 63.3% (Table 5). Yet, yields were still very
respectable, averaging 6,001 kg/ha for the low-feed/density ponds to 6,863
kg/ha for the high-feed/density ponds. Water quality reflects these
differences in feed applications and shrimp densities. Average dissolved
oxygen, turbidity, total suspended solids, organic suspended solids, total
phosphorus and nitrate were all much higher in the high-feed/density ponds,
and there was no apparent difference in shrimp survival, growth or yield
between feeds with either 20% or 40% protein. FCR at high-feed/density
do not reflect actual feed conversions due to DO induced mortalities. With
intensive culture of P. vannamei, FCR typically average >1.8, and more
typically >2.0 (Sandifer et al. 1988, Reid and Arnold 1992, Wyban et al.
1988). Almost as importantly, there were no incidents of mass shrimp
mortality with P. vannamei due to gill fouling in the higher stocking and
feed application ponds. Zero water exchange and high aeration rates, taken
together with low FCR, high shrimp yields and the observed water quality
parameters suggested that the microbial food web played an important role



with successful, intensive culture of P. vannamei under these culture
conditions.

Hopkins et al. (1997) and Browdy and Bratvold (1997) conducted
further studies on water exchange at the Waddell Mariculture Center during
1995-96. Six 0.1 ha ponds were stocked each year with P. vannamei at 38
and 78 PL/m? each year respectively. Three of the six ponds had a constant
15%/day water exchange, while the other three had no water exchange.
Feed rates were constant at 57 kg/ha/day during 1995, and 116 kg/ha/day
during 1996, corresponding to different shrimp stocking densities each year.
There were no significant differences between water exchange treatments
either year. During 1995, survival and yields averaged 93.4% and 5,890
kg/ha for ponds with water exchange, and 91.2% and 5,443 kg/ha without
water exchange (Table 6). Shrimp growth rates were much reduced during
1997 compared with 1996, but again survival and yields were similar for
both water exchange treatments. Bacterial abundance and oxygen
consumption were much higher in the ponds without water exchange
(integrated ponds), during 1996 (Fig. 4).

IIL.2. Australia. Allan and Maquire (1993) cultured school prawn
(Metapenaeus macleayi) in small pools in Australia with water exchanges
ranging from 0-40%/day, and at stocking densities of 20 to 40 shrimp/m?.
They found no difference in shrimp survival, growth or FCR related to
water exchange. High water exchange did reduce phosphorus and
phytoplankton pigments, but had no effect on pH or nitrogen. They
concluded that, “...simply increasing daily water exchange rates may not
necessarily increase shrimp growth or survival. Water exchange can reduce
nutrient concentrations and phytoplankton densities but most of the
reduction occurs at water exchange rates of 0-5%/d.”

II1.3. Belize shrimp farm. Proof of zero water exchange benefits was
clearly demonstrated on a commercial shrimp farm in Belize, Central
America during 1997-present. The farm had sixteen 0.065 ha and eight
0.37 ha growout ponds, plus two 0.7 ha settling ponds and one 0.5 ha
reservoir pond (Mclntosh et al. 1999). Production ponds were all lined with
HDPE plastic without substrate, while pond water depths were 1.4 and 2.3
m at shallow and deep ends respectively. The smaller ponds had 60 hp/ha
of aeration with paddlewheel and aspirating-impelier aerators, while the
larger ponds had 28 hp/ha, Aeration was provided to maintain adequate DO
and to keep settleable solids suspended in the water column. Source waters



were from the ocean (high salinity) and from a creek (low salinity). Creek
water was used to lower salinity during the dry season. Pond drain waters
were re-cycled through the settling basins and re-used in growout ponds.
Sediments were removed by pumping every three weeks from pond areas
where sediments collected. Sediments were drained into the settling basin.
There were nearly zero water and sediment discharges from this farm.

MclIntosh el al. (1999) cultured SPF P. vannamei (Mexican strain),
SPF&R P. vannamei (resistant to TSV), and SPF P. stylirostris (Ecuadorian
strain). Stocking densities ranged from 63 to 121 PL/m? Shrimp were fed
a mixture of prepared feed (30% protein, complete diet), and a pelleted,
organic mixture of soy meal, ground wheat and corn. The purpose of the
organic mix was to stimulate growth of heterotrophic microbes in pond
waters. During early crop cycles, feeds were applied at 70%/30%
apportionment of organic mix and prepared diets respectively. This ratio
was adjusted during growout such that by harvest the proportion was then
20%/80%. Peak feed applications often exceeded 350 kg/ha/day by harvest.

During the first year, 65,941 kg of shrimp were produced from 26 pond
harvests, with average yields of 11,233 kg/ha/crop (Mclntosh el al. 1999).
Highest crop yield was 19,600 kg/ha. Average survival during the first two
years of operation ranged from 56% for the TSV resistant P. vannamei to
82% for P. vannamei Mexican strain (Table 7). Penaeus stylirostris had
intermediate survivals of 60%. Average yields were also greater with the
Mexican strain, averaging 14,190 kg/ha/crop, compared with 10,340
kg/ha/crop for the TSV resistant strain and 7,450 kg/ha/crop for P.
stylirostris. Mclntosh and his colleagues felt that the Mexican strain of P.
vannamei was much better suited for their high density and highly
heterotrophic culture conditions, and that its superior performance was
related to its having been bred in captivity for more than eight generations.
This closed life-cycle culture over many genertions in intensive culture
conditions undoubtedly resulted in selection for characteristics most suited
for high-density culture. Small ponds produced higher yields than large
ponds mostly because they were stocked at higher densities. There was also
seasonal effects since the winters are cooler with higher salinity, and the
summers have higher temperatures and more rain. Weekly average, high
and low temperatures were 23°C and 32.5°C.

Mclntosh et al. (1999) also observed profound changes in pond water
quality and appearance during a growout cycle, “Ponds changed from a



predominately autotrophic phytoplankton based pond ecology to a
heterotrophic bacterial based pond ecology. Pond water coloration often
changes from a green to a dark brown/black coloration with visible bacterial
flocs present in suspension.” These physical changes were accompanied by
large changes in certain chemical parameters. Alkalinity, pH, DO, and
transparency all decreased during culture, while carbon dioxide, nitrogen
and phosphorus increased substantially (Table 8).

Substantial amounts of sludge were produced during zero water
exchange shrimp culture. This sludge was pumped or drained to settling
basins. For every kg of shrimp produced, 0.72 kg of dry sludge was
produced (Mclntosh et al. 1999), Overall water use was greatly reduced
compared with conventional shrimp culture systems since only 2 m® of
water were used to produce 1 kg of shrimp, and this water was re-used for
subsequent crops. Semi-intensive shrimp culture in Central and South
America typically used >100 m® of water per 1 kg shrimp (Clifford 1992).
Energy consumption was increased with zero water exchange, however,
since considerably more energy was consumed for aeration. With typical,
high water exchange shrimp culture practices and 15%/day water exchange
in semi-intensive culture (1,000-1,500 kg/ha), energy consumption for
water pumps is 2.0 to 2.5 kWh/kg of shrimp produced. With zero water
exchange, 3.47 and 4.62 kWh/kg of shrimp were used during the wet and
dry seasons respectively. Added energy cost of zero water exchange in this
case was thus $0.21/kg of shrimp at $0.12/kWh. This increased operating
cost for aeration could be partially offset by lower capital and maintenance
costs for the water pumping systems, and by more consistent production
since reduced water exchange also decreases disease risks and chances of
significant crop losses. As noted, this added aeration was essential to
maintain adequate DO, to keep settleable solids in suspension, and to
maintain healthy heterotrophic pond ecology.

Meclntosh et al. (1999) had some disease problems, especially with the
TSV resistant strain during high salinity (38%o0) and temperatures (31.5°C).
The other shrimp strains and species were relatively unaffected. Overall,
though, their zero water exchange was highly successful. They attributed
their success to four primary factors:

1. Use of virus free, SPF shrimp, which were adapted to high-density
culture with no water exchange.

2. Pond management practices which promoted healthy, heterotrophic
environments in the ponds.



3. Feeds, which promoted healthy, heterotrophic pond conditions.
4. Use of deep, lined ponds.

It is also worth noting that Belize is currently isolated from other shrimp
farming areas. There are currently no shrimp farms in the Yucatan of
Mexico, or on the Caribbean side of Guatemala or Honduras. Visits to their
farm are discouraged to avoid disease imports. Belize is also currently free
of TSV and most other serious shrimp viruses.

I11.4. Summary and conclusions: Although our understanding of shrimp
pond dynamics relative to water exchange is much less than perfect, it is
now clear that shrimp yields in the range of 5,000 to 15,000 kg/ha/crop or
more are possible without water exchange. This would have seemed
unthinkable perhaps even 10 years ago.

Although intensive and semi-intensive shrimp culture has historically
relied on high water exchange rates, some intensive fish culture has
developed using little or no water exchange. In the U.S., channel catfish
(Ictalurus punctatus) are commonly cultured in freshwater, earthen ponds
with no water exchange and at yields greater than 7,500 kg/ha/yr (Tucker
and Robinson 1990). These ponds use paddlewheel aerators and have
prepared feed (30% protein) applications of 100 to 150 kg/ha/day, with
average peak feed applications of about 112 kg/ha/day (Schwedler and
English 1991).

Pond fish and shrimp yields in tropical areas, based solely on
autotrophic production with solar radiation as the energy source and
inorganic nutrients as the materials source, are limited to perhaps not more
than 130 kg/ha/month (1,560 kg/ha/yr) of shrimp and/or fish crop biomass
(Moriarty 1997). With a net 4.6 g C fixed/m*/day by plants with primary
production as the only organic carbon source, about 1% of net primary
production is thus converted into shrimp and/or fish through a food web
consisting of meiofauna, protozoa, zooplankton and macrofauna. Increased
crop production above this level requires energy and material inputs from
outside the pond. At high crop yields, the pond becomes a net consumer of
energy and materials rather than a net producer. Usually, these inputs are
animal manures, prepared feeds, and/or some other organic materials.
Direct consumption of animal manures usually does not produce high crop
yields, but manure fed ponds, which allow for manure digestion by a wide
variety of microbes can produce very high yields of fish and other crops



species. Microbes digest manures, thus converting this organic matter into
more digestible and injestable forms, which are then consumed by fish and
crustaceans. Fish yields of >7,000 kg/ha/yr in manure fed ponds with little
or no water exchange are not uncommon (Tang 1970, Moav et al. 1977).
Schroeder (1978) reported yields of >7,000 kg/ha during 220 days culture
(>11,000 kg/ha/yr) with polyculture ponds in Israel (Fig. 5). Gut analyses
of fishes from these manure fed ponds revealed predominance of detritus-
like organic particles. Along with these particles were the same
decomposer microorganisms found on organic detritus in the ponds. After
passing through the fishes’ guts, these particles were re-colonized by more
decomposers and again re-cycled providing more food for fish.

Nutritional benefits of detritus fed systems to larger fish and crustaceans
are widely recognized for other aquatic systems, such as freshwater streams
and rivers (Cummins et al. 1995), where leaf litter and other organic debris
from the watersheds are repeatedly passed through a wide variety of
animals. With this mineralization process, energy and organic compounds
benefit the decomposers and detritivores, who in turn provide food for fish
and larger crustaceans.

Like certain pond fishes, marine shrimp have wide ranging food habits.
In natural systems, shrimp consume detritus aggregates including bacteria,
meiofauna including protozoa, micro-algae, zooplankton, macrobenthos and
other items (Dall 1968, Gleason and Wellington 1988, Chong and
Sasekumar 1997, Moriarty 1997). The importance of each food group or
item in shrimp diets is unclear, but what is clear is that shrimp readily inject
and presumably benefit nutritionally from the detritus food items.

Until recently, conventional thought was that with intensive shrimp
culture, shrimp derived almost all of their nutrition from applied feeds,
which were considered nutritionally complete. However, recent microcosm
investigations at the Oceanic Institute in Hawaii using waters from
intensive shrimp culture ponds clearly revealed that shrimp derive
significant benefits from small suspended and settleable solids in these
pond waters (Leber and Pruder 1988, Moss et al. 1992, Moss 1995). These
microcosm trials included using unfiltered pond waters taken from a 337 m’
round pond, which was stocked at high shrimp densities, fed a high quality
prepared feed, and with peak water exchanges of 30%/day or more (Wyban
and Sweeney 1989). In addition, clear well water, and pond water filtered
using different filter mesh sizes were used in the microcosm trials. Shrimp



(P. vannamei) in each microcosm treatment were fed high quality,
nutritionally complete, prepared feed. Trial results indicated that shrimp
reared in clean well water and fed prepared feed only had the lowest growth
rates (Fig. 6, Moss et al. 1992). Shrimp reared in pond waters filtered
through 0.5 pm mesh with or without granulated activated charcoal (GAC)
had growth rates statistically similar to the well water treatment. Shrimp in
microcosms with pond water filtered through 5.0 pm mesh grew 53% larger
than shrimp in the well water treatment, while shrimp receiving unfiltered
pond water grew 89% larger than shrimp in the well water treatment. These
results demonstrated that suspended pond water solids greater than 0.5 pm
were making significant contributions to shrimp growth even in the
presence of high quality shrimp diet. Pond water solids in the 0.5 to 5.0 pm
were mostly small diatoms and microbial-detritus fragments, while solids
>5.0 pm were mostly larger diatoms and large detritus aggregates. The
diatoms were produced in the culture pond, while the detritus and other
microbial materials were all produced from plankton, uneaten feed, and
shrimp wastes through the detrital food web. Again, conventional wisdom
has been that most penaeid shrimp obtained their food by probing the
bottom with their chelated periopods and by transferring food items to their
mouths (Hindley and Alexander 1978, Hill 1990). It is now clear that P.
- vannamei and presumably other penaeids can capture significant amounts
of small, suspended particles from the water column and meet a substantial
portion of their nutritional needs from these items. This work on detrital
materials in pond waters helps explain improved feed conversions,
successful use of low protein feeds, and other benefits of heterotrophic,
aerobic pond culture experienced at Waddell Mariculture Center and in
Belize.

Successful application of zero water exchange requires several
conditions, or changes in normal pond management strategies. First and
foremost, when water exchange is reduced to zero, then aeration and water
turbulence must be increased to some suitable level to achieve continuous
suspension, and/or resuspension of organic detritus and wastes, and to
provide additional oxygen to compensate for increased BOD (Fig. 7). If
aeration/turbulence are insufficient, suspended and organic solids will settle
to the bottom in low turbulence areas of the pond and create anaerobic
sediment accumulations. To prevent this occurrence, these sediment
accumulations should either be removed from the pond, or resuspended
before they produce substantial amounts of anaerobic decomposition
products. Anaerobic conditions are generally considered undesirable,



particularly when toxic hydrogen sulfide is produced in quantity. Large
amounts of anaerobic sediment deposits may be most dangerous when
disturbed since they could release substantial quantities of toxicants at one
time. If adequate aeration/turbulence are provided, this will create an
aerobic floc suspension with associated heterotrophic decomposers. This
floc, and its associated microbes will provide valuable nutrition for the
shrimp crop, increase shrimp growth rates, reduce protein requirements for
the feed, reduce total feed requirements, and increase nitrogen conversion
efficiencies from feed to shrimp. Low protein, prepared feeds are lower
cost and use less fishmeal than high protein feeds. These cost savings will
help offset higher energy costs for aeration,

There are still many important aspects of zero water exchange culture
that need clarification. However, progress during the past 10 years has
provided not only valuable insight into pond dynamic processes, but has
also led to successful commercial applications using zero water exchange.

VI. BRINE BASED AND OTHER INLAND POND CULTURE

1V.1. Inland shrimp farming Thai-style. Intensive culture of P. monodon
became increasingly popular in coastal areas of Thailand more than 10
years ago. Cultured shrimp production increased very rapidly as a result of
existing hatchery, farm and feed infrastructure, and highly trained personnel
for culture of freshwater prawn (Macrobrachium rosenbergii). Thailand
has been the world’s leading marine shrimp producer since 1991, and in
1998 produced 210,000 MT (Table 2). The Thai shrimp culture industry
employs about 200,000 people in farms, hatcheries, processing plants,
exporters, feed mills, equipment providers, and other aspects of the
industry. Inland shrimp farming has now become a sizeable portion of total
marine shrimp production in Thailand.

Brackishwater shrimp culture initially developed along some of the
main rivers and estuaries in the upper Gulf of Thailand. During the dry
season, with low volumes of river water outflows, seawater intruded up-
river and provided adequate salinity for shrimp farms along the rivers.
During the wet season, however, high volume outflows from rivers
eliminated this source of saltwater. Some of these farmers soon discovered
that they could truck concentrated brines from salt production works to their
farms, mix brines with freshwater, and cultures P. monodon at low salinity
(Flaherty and Vandergeest 1998, Miller et al. 1999). These successes,



combined with serious disease problems in many coastal areas led to rapid
expansion of shrimp culture into many inland areas, some hundred of
kilometers from the coast. Traditional rice culture areas were often used for
shrimp culture due to low land prices and availability. “In lieu of
government regulation, the growth of inland shrimp culture is limited only
by the availability of freshwater supplies and adequate road infra-structure
to support saline water and post-larvae deliveries,” (Miller et al. 1999).

A 1997 survey revealed 11,504 ha of inland shrimp farms in 12 central
Thailand provinces (Musig and Boonnom 1998), while total estimated
marine shrimp culture area in Thailand during 1997/98 was 70,000 ha
(Table 2, Jory 1999, 1999). Some estimates indicate that as much as 27%
of Thailand’s total marine shrimp production came from these inland farms
during 1998 (Pongthanapanich 1999).

In many ways, inland shrimp culture is similar to coastal shrimp culture,
but there are some notable exceptions. With inland culture, shrimp ponds
are prepared in the traditional way and filled to 30-50% of their volume
with freshwater, usually from irrigation canals built for rice and other
traditional crops. Concentrated brines (150-200%o) are trucked to the farm
and added to this water, increasing pond salinity to 5-9%o in most cases
(Musig and Boonnom 1999), but ranging from 4-10%0 (Miller et al. 1999).
Tanker trucks of 12-m’ water capacity are used to transport brine to shrimp
farms at $80 to $200/load depending on distance. Penaeus monodon PL are
stocked at 30-65/m* or more, and pond water volumes are increased by
freshwater additions, with further salinity decreases. Additional salinity
decreases may occur during growout. Water may be added during the dry
season to compensate for evaporation and seepage, although seepage is very
low in most areas with thick clay soils. Rainfall can dilute salinity during
the wet season. Typically, salinity decreases during crop growout to
between 1 and 5% by harvest. Water is not normally discharged from
ponds until harvest.

Most small farms, which constitute perhaps 80% of inland shrimp farms
discharge pond waters and sediments into irrigation canals during harvest.
Small farms typically have one hectare of ponds, or less. Large farms are
much more likely to recycle their pond waters using dedicated reservoir
ponds or by pumping between ponds. Many of these larger farms do not
discharge any effluents, but use “closed-cycle” culture practices. This not
only reduced environmental impacts, but it also saves money on salt



purchase, reduces salt usage, and reduces overall disease risks not only to
that farm, but to surrounding farms as well.

Especially with closed-cycle culture and use of SPF seed, disease risks
are greatly reduced at inland shrimp farms. There is less risk of disease
introductions through water exchange, and many of the common disease
vectors such as seagulls and marine crustaceans are not present. There have
been, however, incidents of yellow head and white spot virus outbreaks in
these farms. The main source of infection appeared to be infected shrimp
seed (PL), and freshwaters contaminated by discharges from other farms.

Inland farms have other problems not normally experienced by coastal
shrimp farms. Two of the most common problems are off-flavor shrimp,
and agricultural chemical problems. Off-flavor is most common in low
salinity pond culture and is caused by blue-green algae (cyanobacteria) and
microbes found in freshwater sediments. Off-flavor is common with
intensive freshwater catfish culture, and in other low salinity, shrimp
culture settings including those in Ecuador with P. vannamei. Off-flavor
does not affect shrimp yield, but it does lower price.

Rice and other agricultural crops surround most inland shrimp farms.
These crops are often sprayed with pesticides and insecticides, which can
either drift into the shrimp ponds, or enter the pond with make-up water.
Shrimp are especially sensitive to these agricultural chemicals since they
are physiologically similar to the targeted pest organisms, which are usually
insects. Other problems in inland shrimp farms include off-colored flesh,
lower survival, soft exoskeleton, and smaller harvest size. Smaller harvest
size and most other problems result in lower price.

Many rice and other traditional agriculturists became concermed by the
rapid expansion of inland shrimp farms into their culture areas. They were
most concerned about soil salinization caused by pond seepage, salinity
increases in irrigation waters due to shrimp pond discharges, and sludge
discharges from ponds into irrigation canals. Their concerns gained
widespread public attention during April and May 1998 through a series of
articles in Thai newspapers and on national TV. As a result, during the
summer 1998 the Thai government banned all shrimp farming from
freshwater inland areas. This resulted in protests by inland shrimp farmers
and controversies between farmers, government departments, and among



academicians. Attempts are now ongoing to find a fair and equitable
middle ground.

The inland shrimp farming controversy involves both economic and
social considerations (Table 9). Terrestrial agriculture in Thailand,
especially rice farming is a revered tradition that supports and engages a
large portion of the rural population. These rice farmers, “...often remain
poor and usually in debt”, (Pongthanapanich 1999). Shrimp farmers; on the
other hand are seen as opportunists that have become rich through
application of modern technology and access to investment money. The
majority of inland shrimp farmers lease land for their farms, and some are
not native to their farming district. Complicating the issue is that many rice
and orchard farmers have seen a business opportunity and have converted
their farms to shrimp.

IV.2. Other inland shrimp culture. Traditional marine shrimp culture is
in coastal areas where seawater or brackishwater is exchanged with pond
water. All shrimp culture intensities relied on this water exchange (Table
1). As noted above, zero water exchange and low water exchange systems
have evolved, but even then, they rely on water brought from the coast by
pipeline or as brine in tanker trucks. In addition to these systems, there are
some mostly experimental shrimp culture farms well inland that use slightly
saline or even freshwater to culture marine shrimp (Jory 1999).

Arizona shrimp farm. The Wood Bros. Shrimp Farm near Gila, Arizona
uses slightly saline well waters (1-2%o) at 25°C to culture SPF P. vannamei
(Jory 1999). Effluent water from the farm is used to irrigate olive trees and
Durham wheat. The farm includes an intensive greenhouse nursery to
produce shrimp pond seed. Nursery tanks were stocked with about 20,000
PL8/m? in 17%o salinity water, which was reduced to 2%o over 26 days
culture. Nursery survival was nearly 100%, with FCR of 0.7. The farm had
10 growout ponds (0.15 to 0.9 ha), which were stocked at both low (5
shrimp/m?®) and high (44-55 shrimp/m?) densities. Aeration was with
paddlewheels and air diffusers at 20-40 hp/ha. Water was exchanged at O-
1.9%/day, plus an additional 1.34-8.33%/day (3% average) to compensate
for pond seepage. Shrimp survival and yields were reduced by high
mortality a few days before harvest due to low, pond temperatures of 15.8°
C. Average yields ranged from 484 kg/ha/crop for the low-density ponds to
3,070 kg/ha/crop for high-density ponds. The study demonstrated that P.
vannamei can be successfully cultured in essentially freshwater, but that



greenhouse nurseries are critical for optimizing farm yield and profits in
this location. Greenhouse operations allow the ponds to be stocked earlier
with larger shrimp, thus reducing pond growout time. Two shrimp crops
may be possible each year with fully integrated nursery and pond
operations.

Harbor Branch Oceanographic Institution, Florida has conducted culture
trials with P. vannamei in freshwater far remote from the ocean (Scarpa
1998). Motivation for this work was to develop a biosecure system, which
would reduce disease transmittal. Inland shrimp culture in freshwater also
addressed concerns about escapement of exotic shrimp species, and effluent
discharges into coastal waters. Freshwater effluents have many applications
for irrigation of agricultural crops without concern for salinization of soils
or aquifers. Penaeus vannamei PL12-14 were first acclimated from
seawater salinity (28-30%c) to freshwater (0.4-0.5%0) over a 5 to 6 day
period. They were then placed in a recirculating freshwater (0.4-0.5%o)
growout system and cultured to 15-16 g over a 4-5 month period. This
work is now being extended to commercial operations, but it is still largely
experimental.

IV.3. Summary: Inland shrimp farms located well away from coastal
areas have certain advantages over traditional farms on the coast. Inland
farms potentially have greater biosecurity, especially against disease
transmittals and against escapement of exotic shrimp cultivars. Probably
the three primary sources of disease infections on most farms are seed,
source waters and vectors such as birds and other marine crustaceans. If an
inland farm uses SPF seed and uses appropriate water management
practices, it should enjoy greater biosecurity.

Inland farms in Thailand are the most convincing example that this
approach is commercially viable on a large scale. Pongthanapanich (1999)
found that inland shrimp farms were more profitable than coastal farms.
Inland farms had disease problems, but apparently less than most coastal
farms. Inland farms do, however, require more management attention,
especially with saltwater conservation and water quality management.
Inland farms are also more likely to experience social and environmental
conflicts when they are sited in traditional agricultural areas.

Jory (1999) pointed out that integrating shrimp farming and agricultural
crop irrigation is probably critical for the successful expansion of shrimp



farming into inland and coastal desert areas. Integrated shrimp farming
with agriculture will undoubtedly mean using effluents and wastes from
shrimp farms for crop irrigation and fertilization. This will be most easily
accomplished if the effluents are nearly fresh with salinity of 2-3%o or less
(Glenn et al. 1998), although some potential forage crops can be grown at
higher salinity of 31%o (Brown and Glenn 1999).

The two shrimp species that have been cultured most widely and
successfully in freshwaters are P. vannamei and P. monodon. Their ability
to adapt to freshwater is well known. However, much additional work is
needed for large scale, appropriate inland culture of these species without
salt additions.

V. POND WATER RECYCLE AND RECIRCULATION SYSTEMS

Another alternative to high rates of water exchange and flushing is
water recycling and recirculation. This allows water to be reused many
times and reconditioned between each use. This has many advantages,
which we will review.

V.1. Tank recirculation systems. Aquatic animal culture systems which
use water recirculation and treatment have been used for 40 years or more
(Allen and Kinney 1981; Timmons and Losordo 1994). Water recycling
systems have been operated even longer for domestic and industrial
wastewater treatment. Until recently, aquaculture recirculation systems
were mostly confined to experimental culture applications involving
relatively small water volumes, or to relatively small commercial ventures
involving high value crops such as ornamental fish (Anonymous 1987;
Adey and Loveland 1991; Moe 1992), fish and crustacean seed for
conventional growout or stock enhancement (Menasveta et al. 1989, 1991;
Colt and White 1991; Wang 1993; Tseng et al. 1998), or for research (Yang
et al. 1989). These conventional aquaculture recirculation applications
typically ranged from small aquarium (~200 1), to perhaps 100 m® culture
tanks, silos or raceways (Table 10).

System components of conventional water recirculation systems
generally include provisions for: containment of primary crop; solids
removal; nitrification; and means of water recirculation and aeration (Table
10).  Additional, optional components include: temperature control;
denitrification; foam fractionation and biocidal treatments such as



ozonation and/or UV irradiation. Daily water exchange rates, or flow-
through typically range from near zero with denitrification, to 10% or more
without denitrification. Application of these conventional recirculation
systems to marine shrimp culture have been largely confined to broodstock
maturation (Menasveta et al. 1991), larviculture (Huguenin and Colt 1989)
and nursery operations (Sturmer et al. 1992).

V.2. Marine shrimp recirculating growout systems. During the past 15
years, recirculation systems have been applied commercially to marine
shrimp growout on much larger scales than previously envisioned. Reasons
for these applications relate mostly to:
econtrol of diseases from source waters and organisms in source waters.
escarcity of high quality source waters.
econtrol of water quality problems with source waters.
eimproved growth performance due to greater control over water quality
parameters.
sconcerns about environmental degradation caused by shrimp pond
effluents.

Serious shrimp diseases can come from source waters and/or organisms
in source waters (Browdy and Bratvold 1998). Therefore, by limiting use
of source waters and pre-treating these waters before use, and
reconditioning effluent for recycle, chances of disease are greatly reduced.
These precautions combined with use of specific pathogen free (SPF) or
specific pathogen resistant (SPR) shrimp can greatly reduce disease
incidence during growout. Recirculating pond systems can also reduce
sedimentation within ponds, and improve discharge water quality to
receiving waters.

A wide variety of shrimp pond recirculation schemes have been
proposed and/or used (mostly proposed). These share many characteristics
with conventional recirculation culture systems, but also differ in some
respects (Table 10). In addition to size differences, conventional and pond
recirculation systems perhaps differ most markedly with respect to
photosynthesis. With conventional systems, photosynthesis is typically
absent. Aeration and ammonia conversion with these systems are achieved
by mechanical means and by bacteria. With pond recirculation systems,
photosynthesis plays a dominant role in oxygentation and ammonia
conversion with most systems. In addition, energy use and water exchange
are typically much less with pond recirculation systems.



V.3. Ultra-intensive culture systems. Although no two pond recirculation
system described in the literature to date were identical in all respects, they
all had the same objectives of reducing water exchange, reducing settlable
solids, and reducing metabolite toxicity (especially nitrogen compounds).
Satisfactory achievement of these objectives should result in more
successful shrimp culture with less environmental degradation.

Shigueno (1985) describes one of the earliest water recycle systems for
ultra-intensive culture of karuma prawn (P. japonicus). This system
developed during the 1970’s used relatively small (<0.2 ha), outdoor tanks.
These circular concrete tanks had “false” bottoms with a sand layer through
which water percolated and was collected for recirculation or discharge.
The sand bottom functioned as a nitrification site (biofilter) and place for
shrimp to burrow. Water flow-through was very high with 300% to 400%
of pond volumes per day. Because of high capital and operating costs,
these systems were often unprofitable despite very high yields (>35,000
kg/ha/yr) and high prices of U.S.$80/kg for live shrimp for the sushi market
(Shigueno 1985, Fast 1992d).

Another ultra-intensive culture system using partial recirculation
developed in the U.S. and Mexico about the same time as the Shigueno
round culture tanks in Japan was the covered raceway system developed by
University of Arizona and others, and described by Colvin (1985), Liao
(1986) and Fast (1992d). This system used plastic lined raceways with
aeration and partial water recirculation. An inflated plastic cover helped
maintain optimal water temperatures. Yields of 70,000 kg/ha/crop with
Pacific blue shrimp (P. stylirostris) were occasionally realized, but the
system was plagued by disease problems of unknown origin, and ultimately
proved unprofitable.

Photosynthetic activities were minimal or virtually non-existent with
both of the above partial recirculation systems, and they were operated
primarily as flow-through systems with only some recirculation.

V.4. Earthen and lined pond, intensive culture systems. More recently,
Choroen Pakphand Group (CP) operated a recirculation pond system at
their R&D center, Maeklong Area, Thailand (Anonymous 1996a). The
system consisted of ten 0.5 ha shrimp culture ponds, two reservoir ponds,
and four water treatment ponds (Fig. 8). Source water from a public canal




was pumped into Reservoir Pond I where solids settled. Water then flowed
into Reservoir Pond II which supplied water to shrimp growout ponds,
which in turn discharged into a drainage system. Water then either went to
drain or was pumped into an aeration/sedimentation pond, then through two
ponds with filter feeding bivalves such as green muscles (Mytilus
smaragdinus) or oysters (Crassostrea sp.) for algal and suspended solids
removal, and then through a sea weed pond (Graciliaria sp., Polycavernosa
sp.) for nutrient stripping. Reclaimed water then flowed into Reservoir
Pond 1I, and returned to the shrimp growout ponds. The water treatment
process reduced suspend organic solids by 30%, ammonia by 90% and
nitrites by 60%.

CP later modified this recirculation system as shown in Figure 9
(Anonymous 1996b). The revised configuration included green mussels on
stakes in the drainage canal, two sedimentation ponds (A2,A3) following
the aeration pond (A1). Sea bass (Lates calcarifer) stocked at 2.6 pcs/m? In
pond A4 resulted in greater dissolved phosphorus concentrations in pond
waters and more stable algal blooms. Stable algal blooms were important
since healthy, rapidly growing algae absorb NH; and CQO,, and create more
desirable water quality. Without adequate phosphorus and with senescent
algae, algal populations often crash resulting in NH; spikes, poor water
quality and shrimp mortalities. Using this recirculation system and P.
monodon stocked at 30 PL/m? shrimp yields averaged 8,267 kg/ha/crop
after 125 to 130 days culture. At the same time, sea bass yields were 6,288
kg/ha after 100 days culture.

Another, less intricate water circulation system used on a private Thai
farm consisted of a supply canal pond, eight shrimp growout ponds ranging
from 0.35 to 0.96 ha, and a drainage canal (Fig. 10; Anonymous 1996a).
This farm was located in an area that received heavy pollution from
industrial estates, factories and households. After the ponds and canals
were initially filled, water was not exchanged until after three months, at
which time water was circulated from the growout ponds through the
drainage and supply canals, back to the growout ponds 3 to 4 times weekly.
The canals served as sedimentation and aeration areas. Using this system,
the farmer reported a single crop yield of 8,225 kg/ha with a 76% gross
profit.

In Indonesia, shrimp pond recirculation systems were developed as a
result of poor source water quality and resultant negative impacts on shrimp



yields. A typical Indonesian recirculation system consisted of 50% shrimp
culture and 50% water reclamation, on an aerial basis (Fig. 11; Anonymous
1996¢). Shrimp pond effluent first flowed through a sedimentation pond,
followed by a fish/bivalve pond, and lastly through an aeration pond before
return to the shrimp growout ponds. Milkfish (Chanos chanos), mullet
(Mugil spp.) and/or green mussels or oysters were commonly used. The
system was operated as closed, or partly-closed. Using this system, average
shrimp yields of 8,600 kg/ha/crop were reported after about 145 days
culture when stocked at 50 PL/m% Milkfish stocking densities were 1,000
pes/ha.

Menasveta and Jarayabhand (1995) propose an in-pond treatment
system (Fig. 12). This system consists of a floating oyster raft from which
oysters are suspended on strings or trays. Oysters would remove excess
algae and other suspended solids, and provide additional nitrification
substrate. They also point out that oysters are preferred to green mussels
because of their greater salinity tolerance and higher market value. Four
paddlewheel aerators would move water in a circular motion, thus
concentrating wastes in the center of the pond.

Another proposed system would consist of an intensive shrimp culture
pond within an extensive culture pond (Fig. 13; A.W. Fast, unpublished).
Water would enter the intensive culture pond using low-energy water
movers (Rogers and Fast 1988), or commonly used push-pumps. The
intensive pond would be deeper, and have mechanical aeration such as
paddlewheels. Effluent from the intensive pond would return to the
extensive pond where suspended solids would settle and nutrients would
stimulate primary and secondary productivity for the secondary crop.
Shrimp would be cultured at high densities in the intensive pond, while
milkfish, mullet, tilapia, bivalves and/or shrimp would be cultured in the
extensive pond at lower densities. A major advantage of this pond-in-pond
system is that it could be retrofitted to existing extensive ponds without
need to create more new pond areas from land now in other uses.

Chien and Liao (1995) describe a some what different conceptual farm
concept. Their proposed system includes both water treatment components
(bivalves, seaweed, marsh, mangroves and settling), as well as waste water
recycling (Fig. 14). The reuse system includes first using reservoir or
treated waters for intensive shrimp culture, followed by use in less intensive
shrimp culture ponds before treatment and recycling. They also allow for a



wide range of operational options, which are probably beyond the scope of
our present ability to operate optimally.

Sandifer and Hopkins (1996) proposed a conceptual model of a
sustainable, marine shrimp culture system, which included: water
recirculation and renovation; sludge removal, reclamation and use; and
polyculture of shrimp, bivalves and fish (Fig. 15). This modular system,
with no water discharges builds on research and other experience described
in section 11l above. Their shrimp production goals include shrimp yields
of 10,000 kg/ha/crop, a value already exceeded by >40% by Mclntosh et al.
(1999) in Belize. Each production module would include three 1.0-ha
shrimp production ponds, one 1.0-ha water treatment pond for polyculture
of bivalves (oysters) and fish (mullet or tilapia), a small phytoplankton
inoculation tanks, a sludge and suspended solids settling basin, and a sludge
drying bed. Water would be recycled between ponds, with water added to
compensate for evaporation and seepage only. Water would be routinely
cycled between shrimp production ponds and the polyculture pond. Sludge
would be periodically pumped from production ponds through the settling
pond where it would consolidate, and then to the drying bed where it would
further de-water. Proposed stocking densities were 100 shrimp PL/m?
oysters at 10° seed/ha, and mullet at 7,000 fish/ha. In South Carolina, they
anticipated one shrimp crop per year (140-150 day crop cycle), and two
year growout with oysters and mullet. Two year classes of oyster and
mullet would be stocked, such that one crop each of oysters and mullet
could be harvested each year. All sub-components of this system have been
shown to work either on commercial farms, or in smaller, experimental
trials. Farm management would be intensive, but computer sensing,
monitoring and decision-making as proposed by Fast (1991) could assist.
Computers could be used to monitor DO, turbidity, BOD, pH, temperature,
algal densities, suspended particle sizes, salinity, water levels, and other
water quality parameters. Water movement between ponds, and many other
water management decisions could be pre-programmed and automated.
Although human intervention cannot be replaced in the decision making at
this time, computer assisted decision making is probably essential due to
the complexities of optimizing such a system.

V.5. Raceway systems. Recently, Brune (1998) and Drapcho (1993)
described their work at Clemson University with an algal based, Partitioned
Aquaculture System (PAS) for freshwater channel catfish (lctalurus
punctatus). The PAS has been under development since 1988 and has




resulted in catfish yields of 15,000 to 22,000 kg/ha/yr, compared with about
5,500 kg/ha/yr with conventional, intensive culture of catfish (Tucker and
Robinson 1990).

The PSA consists of a fish culture raceway component which is
designed to have uniform, well mixed flow with high phytoplankton growth
(Fig. 16). This provides high dissolved oxygen concentrations while at the
same time reducing ammonia. Following the raceway is a settling area
where wastes settle for removal from the system. Tilapia (Oreochromis
niloticus) and/or other filter feeding fish and plants can also be cultured in
this settling areas to further utilize algal production and wastes, and to
provide additional cash crops. Highest yields were realized when catfish
were co-cultured with tilapia. Oxygen transfer and other control functions
are accomplished by computer control of the paddlewheel circulator.

Advantages of the PAS include: low water use and no water discharge;
good disease control; good predator control; high crop yields; simplified
grading of crop by size; easy crop harvest; and multi-cropping of more than
one species. The PAS system has potential application to marine shrimp
culture, but has not yet been used.

V.6. Biosecure recirculation systems.

“Biosecurity” is a term only recently used by the shrimp culture
community to describe shrimp culture systems designed to prevent disease
access into the system, and for maintaining pathogen free shrimp
throughout their culture. With few if any exceptions, this means
maintaining SPF shrimp in closed life-cycle culture. It also means
developing growout systems that prevent disease access by any means,
including those identified above in our Introduction. Biosecurity requires
no water exchange, and a detailed set of procedures and protocols to
prevent disease entry (Moss et al. 1998).

Samocha and Lawrence (1998) proposed two biosecure, growout
conceptual designs. The first design consists of four, 20-m diameter,
circular ponds of 300 m? each (Fig. 17). Each four pond module would be
covered by an inflated, plastic sheet (60m x 60m) to prevent access by
airborne disease carriers such as birds, insects or other animals. Pond
bottoms and sidewalls would be lined with HDPE plastic membrane. In-
pond aeration of 120 hp/ha would be provided by paddlewheel aerators and



air injection. There would be zero water exchange during operation, and
drain waters at harvest would be discharged to a treatment reservoir for re-
use or discharge to receiving waters. Projected yields from a 4-pond
module are 2,821 kg/yr of 20-g shrimp. At $8.80/kg this would provide
$25,000 gross income/yr. One worker could probably operate at least three
or four modules.

A second biosecure, growout design proposed by Samocha and
Lawrence (1998) consisted of a raceway with water flows around a central
partition (Fig. 18). The bottom and sidewalls of the raceway would be
epoxy coated concrete. The raceway would be under a greenhouse cover,
and like the circular ponds could operate year around in areas like south
Texas. Raceway water would be recirculated, filtered, and treated using
sand filtration and a swirl particle separator to remove particulate matter;
then ozonated as it returns to the raceway. This system would have no
water exchange. Influent and drain waters would be treated the same as with
circular ponds. One raceway is expected to produce 990 kg/yr of 20-g
shrimp, with gross income of $8,712. One worker should be able to operate
at least five of these raceway modules. Moss et al. (1998) and Ogle and
Lotz (1998) proposed other biosecure raceway designs.

V.7. Conclusions: Shrimp pond water recirculation and recycling systems
are being used, and will continue to be used for all the reasons identified
above. However, it is also clear from review of existing literature that while
their operating principals are well understood, there is little documentation
of operating performance, and more importantly perhaps, design criteria
needed to size a given system. This contrasts with conventional
recirculation systems where these parameters are much better understood
and where design criteria are described (Timmons and Losordo 1995). The
reasons for this lack of detail for pond recirculation systems relates partly to
uncertainties with performance predictability, and partly due to their
relative newness. We anticipate much greater understanding of these pond
systems over the next 10 years or so.

While shrimp pond water recirculation and recycling will increase, it is
not practical for all shrimp farms. A 1994 farm survey by CP Shrimp Feed
Marketing Department revealed that 70% of all intensive farms in Thailand
were <1.6 ha (Anonymous 1996d). Most of these farms do not have
adequate land area, nor perhaps skill levels to achieve meaningful water



recirculation. With these farms, some in-pond treatment methods seem
more appropriate,

VI. PROBIOTICS FOR SHRIMP DISEASE PREVENTION

Probiotics are bacteria, microbes other than bacteria, or cellular
products which when added to culture media such as pond or tank water,
and/or when ingested by the cultivar species protects that species from
pathogenic infections (Jory 1998). Probiotics are not harmful to the
cultivar, and may benefit the target species in different ways. Probionts
prevent infections by competitive exclusion, anti-microbial actions, or by
some other means.

Probionts have been well recognized and used with terrestrial farm
animals and humans (Morishita et al. 1971; Muralidhara et al. 1977;
Sandine 1977; Gilliland 1979; Ellinger et al. 1980). These applications
included ingestion of Lactobacillus acdiophilus to prevent pathogenic,
intestinal infections. Most recently, the U.S. Food and Drug Administration
approved use of a probiotic spray on chickens (Anonymous 1998). The
spray is a mixture of 28 non-pathogenic bacteria which is sprayed on chicks
soon after hatching. The chicks ingest the bacteria while pecking and
cleaning their feathers. These bacteria then become established in chick
guts and prevent establishment of pathogenic Salmonella and/or other
bacteria during the bird’s lifetime.

Probiotic applications to aquaculture mostly involve two approaches;
pond water additives, and feed additives. Most of these applications have
occurred during the past 10 years, with mixed results.

VIL.1. Probiotics as pond water additives. There are a variety of
microbial-based pond “supplements” marketed today which allege to do
many wonderful things for shrimp, and for shrimp pond water quality.
These pond water treatments are commonly referred to as
“bioaugmentation” (Moriarty 1997). These products include bacterial
inoculum, enzyme preparations, and plant extract products. Their
manufacturers claim benefits which include such things as; improved water
quality, off-flavor prevention, reduced blue-green algal growth, accelerated
sediment decomposition, improved cultivar health, and increased crop
yields. We know of no evidence substantiating these claims. Mostly, the
manufacturers rely on testimonials from satisfied farmers, with little or no



statistical evidence to back-up alleged benefits. Virtually all careful studies
show no benefits from these pond water additives (Tucker and Lloyd 1985;
Boyd et al. 1994; Boyd 1995b, Boyd and Gross 1999). One possible
exception was a recent trial with freshwater channel catfish (Jetalurus
punctatus) in which Queroz and Boyd (1998) found increased survival in
ponds with microbial supplements which consisted of three species of live
Bacillus bacteria. They could not, however, establish a clear link between
improved catfish survival and use of these materials. Even in this latter
case, should benefits exist, high cost of the supplement preclude its use in
commercial catfish production.

VI.2. Probiotics as feed or feed additives. Bacterial probiotics have been
used successfully with oysters, fish and marine shrimp (Gatesoupe 1991;
Maeda and Liao 1992; Douillet and Langdon 1994). In each case, the
bacteria was ingested by the cultivar species and its survival and/or growth
was improved. The following examples demonstrate two successful
applications with marine shrimp.

Garriques and Arevalo (1995) isolated non-pathogenic Vibrio
alginolyticus from raw seawater in Ecuador. Vibrio alginolyticus was then
batch cultured and added to 25 and 60 m® Penaeus vannamei larviculture
tanks. Control larviculture tanks containing oxytetracycline additions, or
with no prophylactic additions were used for comparison. Average survival
from the probiotic treatment was 90%, compared with 83% and 74% for
antibiotic and no treatment tanks respectively. Water samples from
larviculture tanks indicated no pathogenic V. parahaemolyticus in tanks
receiving the V. alginolyticus probiotic, while the other two larviculture
tanks both contained V. parahaemolyticus in 10% of the water samples.
These findings clearly indicate that a probiotic bacteria could provide
protection against infections by pathogenic bacteria during larviculture.
They did not document, however, potential benefits during pond growout.

Rengpipat et al. (1998) demonstrated similar beneficial effects with
black tiger prawns (Penaeus monodor). They isolated a Bacillus bacterium,
designated S11 from marine sediments, ocean waters and from P. monodon.
This bacterium showed anti-microbial properties in innoculums. It was fed
to PL and juvenile shrimp in prepared diet in three forms; fresh, fresh in
saline solution, and freeze-dried. Compared with controls, all three forms
results in significantly greater (P<0.05%) survival and growth of P.
monodon during 100 days culture starting from PL-15. Furthermore,



shrimp feed Bacillus S11 fortified feeds had significantly greater (P<0.05)
survival compared with controls when challenged with pathogenic,
luminescent bacterium Vibrio harveyi. During these 10-day challenge tests
using 115 day old P. monodon, survival was 100% with shrimp fed Bacillus
S11 in all three forms, while survival was only 26% for shrimp not fed thee
probiotic (Fig. 19). Similar benefits occurred when Bacillus S11 was fed to
P. monodon during larviculture, although survivals during chailenge tests
with V. harveyi were much reduced for both control and probiotic treated
larvae (Rengpipat et al. 1999). In Indonesia, Haryanti and Tsumura (1999)
also isolated a bacterium, coded BY-9 and fed this to P. monodon during
larviculture. Larvae fed BY-9 had 46% survival to PL stage compared with
11% survival for un-inoculated controls. Potential benefits of Bacillus S11
or other probionts with P. monodon during pond growout to market size
was not evaluated. '

VL.3. Summary and conclusions: We see no proof that probiotic pond
supplements benefit shrimp growout. Probiotic feed supplements, however,
have clearly defined benefits during larviculture and early rearing. What is
needed now are growout trials in pond settings to document potential
benefits of these feed supplements. In particular, we need to know: (1) will
probiotic use during larviculture confer protection through growout, or
should the probiotic be added to feeds during part or all of growout?, (2)
will probiotic bacteria protect against viral pathogens?, and (3) are there
other probionts that would be more effective against bacterial and/or viral
pathogens? We fully expect commercial applications of probiotic feed
additives within one to three years, and significant improvements in their
efficacy thereafter.

Vil. GENETIC IMPROVEMENTS FOR POND CULTURE

Sustained, world production increases of farmed shrimp requires use of
genetically selected and improved shrimp. Genetic traits of interest include
such things as; improved survival through disease resistance, improved
growth, improved feed conversions, and increased meat yield.  These
improvements, especially disease resistance are necessary for further
growth of the industry. Improved survival alone would result in increased
shrimp production without any further increases in farming areas.

Selective breeding and genetic improvements of shrimp require long-
term commitments to closed life-cycle culture, an appropriate selection



program (Cedeno et al. 1999), substantial capital investments, and many
years wait before profitable returns on investment are realized. Lack of
protection for investments is a major impediment for financial
commitments by commercial interests. Since seed and/or broodstock sales
to other companies is the primary means of recovering investments in
genetic improvements, these investments can only be protected if improved
seed cannot reproduce. Sale of fertile seed means that people purchasing
seed can rear them to broodstock, and produce seed for sale in competition
with the original investor. Those purchasing improved, fertile seed derive
all the benefits of genetic improvements at a fraction of the cost
experienced by the original investors. As a consequence, there is little or no
incentive to be the first to make these investments. Sale of sterile seed
would protect investments. Triploidy induction is one means of producing
sterile seed, but as we will discuss below, mass production of triploid
shrimp seed is not yet possible.

Unless means are perfected of inducing sterility in genetically improved
marine shrimp seed, we are unlikely to see major improvements in shrimp
stocks through genetic manipulations, unless these improvements are
supported by governments and made available to industry. Some
governments have made commitments in this regard, but as yet we do not
see many widespread applications. Most shrimp seed still come from wild-
caught broodstock or PL.

VIL.1. Closed life-cycle culture. Quantum leaps in shrimp stock
improvements are not possible without widespread use of closed-cycle,
captive reproduction of shrimp. Continued reliance on wild-caught
broodstock and seed could doom the shrimp culture industry to only
marginal production increases, while at the same time risking continued
disease problems. Crop losses create economic instabilities, and in the long
run, higher shrimp prices.

During the past 10 years, perhaps >70% all cultured marine shrimp
production consisted of four species: P. monodon and P. orientalis (fleshy
prawn) in Asia; and P. vannamei and P. stylirostrus in the Americas.
Closed life-cycle culture of P. monodon has been accomplished (Menasveta
et al. 1991, 1993, 1994; Sangpradub et al. 1994; Withyachumnarnkul et al.
1999), but it is not widely used. Commercial culture of P. monodon relies
almost entirely on wild-caught broodstock and seed. Closed life-cycle
culture of P. vannamei and P. stylirostrus is routinely done in many places



such as the mainland U.S., Hawaii and Tahiti; but again, the vast majority
of commercially production with these two species still relies on wild-
caught broodstock and seed. Never the less, we are likely to see more
genetic improvements in these latter two species because of their more
widespread and reliable closed life-cycle culture.

VIL2. Genetic selection. When wild stocks of any species are cultivated
by man in closed life-cycle conditions, natural selection still operates even
without conscience selection for specific traits (Pullin et al. 1998). When
captive-bred populations are also subjected to artificial selection in addition
to natural selection, domestication is even more rapid (Doyle 1983).
Domestication leads to reduced genetic diversity, but at the same time
produces cultivars that perform better under specific culture conditions.
Domestication, if it proceeds long enough invariably leads to animals which
are unsuitable or unable to survive in the wild.

As we have already indicated, the vast majority of the world’s farmed
shrimp production comes from wild caught stocks that have no selection for
any culture traits beyond the species level. Historically, this approach was
necessary since penaeid life-cycles were not closed until about 1940
(Hudinaga 1942). It took another 30 years before this basic knowledge
resulted in methods for mass producing marine shrimp seed. Today, most
shrimp seed still come from the wild or from wild caught broodstock
because these are lower priced. However, there is growing momentum
towards greater reliance on hatchery produced seed from closed life-cycle
stocks. The primary motivation for this change now is the need for disease
free and disease resistant seed. Although that is the primary driving force,
closed culture also allows selection, either conscience or un-conscience for
other desirable culture traits.

Meaningful selective breeding programs for marine shrimp will of
course require long-term commitments to shrimp culture for species of
interest, especially P. vannamei and P. monodon. Breeding goals may
differ somewhat depending on region, but two traits have universal
importance; growth rate and disease resistance (Gjedrem and Fimland
1995). Although expected growth rate improvements in shrimp through
selective breeding programs are unclear at this time, Pullin et al. (1998)
indicated, “...rapid and significant positive response to selection for
improved growth,” for P. japonicus in Australia. Wyban (1992) and Benzie
et al. (1997) reported indications of genetic variability in growth with P.



vannamei and P. monodon respectively. These observed variabilities are
favorable indications that growth can be increased through selective
breeding since selection for any improvement requires variability in the
selected trait.

More is know about the effects of selective breeding on fish growth,
including growth of salmon, trout and tilapia where increased growth rates
of 10% to 23% per generation were found (Gjedrem and Erling 1995).
Substantial yield increases have also occurred with other agricultural crops
such as hens, pigs and dairy cattle through conventional genetic selection
(Eknath et al. 1991). Economic returns on these investments in genetic
selection can be substantial. With Atlantic salmon in Norway, a 10%
increase in growth coupled with an 8% decrease in early maturation would
result in $20 million/yr economic gain when the industry produced 100,000
MT/yr (Gjerde and Olsen 1990). Estimated cost for this selection program
was $2.5 million/yr. One-year growth increases of 14.6% have been
obtained in Norway through selection (Gjerde 1986).

Selection for disease resistance in marine shrimp has already occurred
in the Western Hemisphere and Polynesia. The earliest selection program
began in Tahiti during 1980 (Bedier et al. 1998). During 1980, IFREMER
imported P. vannamei and P. stylirostris from Mexico. Culture
performance of P. vannamei declined during the 1980s due to THHNV
infection, which resulted in runt deformity syndrome (RDS). At the same
time, P. stylirostris cultured along with these P. vannamei gave good
culture performance. Tests on P. stylirostris confirmed that they carried
IHHNV but were not affected by it, since they produced yields of 20
MT/ha/yr under intensive culture. These P. stylirostris have now been bred
for more than 15 generations in closed life-cycle culture without further
imports. During 1993, Tahitian P. stylirostris were reintroduced into
Mexico and proved superior to local P. stylirostris strains during pond
growout comparisons. Tahitian P. stylirostris also demonstrated reduced
susceptibility to TSV. Another captive P. stylirostris population in
Venezuela has also proven IHHNV resistant. These strains and others like
them could provide excellent SPR stocks for wider culture throughout the
Americas.

During 1989, six U.S. institutions of the Guif Coast Research
Laboratory Consortium (known as the Shrimp Consortium) began
developing SPF and genetically improved P. vannamei (Pruder et al. 1995).



They also developed a second SPF-TSV resistant strain of P. vannamei,
Culture performance of the original SPF strain proved superior to non-SPF
shrimp in Hawaii, Texas and South Carolina with greater growth, survival
and yields, with reduced FCR (Beidier et al. 1998). However, large-scale
trials in Ecuador proved less impressive, with these SPF shrimp providing
poorer performance in may cases compared with non-SPF shrimp. The
conclusion was that SPF shrimp perform well in SPF environments, but that
most farming areas have little or no means of providing the necessary
biosecurity needed during growout. In these areas, SPF shrimp may be
more vulnerable, and SPR shrimp would be more appropriate. We also saw
from the farm in Belize discussed earlier that the original SPF P. vannamei
performed very well under SPF conditions, and it outperformed the SPF-
SPR P. vannamei strain with respect to growth, survival and yields (Table
7).

Although SPR shrimp are not widely used yet, Rosenberry (1999b)
reported that, “...at least two domesticated, genetically selected SPR strains
of this species (P. stylirostris), which are resistant to IHHNV, are currently
being developed and marketed in the Americas. In some regions, these SPR
stocks of TSV and IHHNV resistant L. stylirostris are replacing L.
vannamei stocks in culture.” There is also reason to believe that some wild
stocks have developed at least partial resistance to certain viruses in areas
where these viruses caused earlier, widespread disease problems with
cultured stocks (Rosenberry 1999b, Jory 1999D).

In Asia, domestication and selective breeding of P. mondon has just
begun (Withyachumnarnkul et al. 1999). The ultimate goal is to provide
SPF and SPR P. mondon seed at competitive prices. Realization of this
goal will take perhaps five years or more. In the meantime, the strategy for
dealing with WSSV and YHV are based on prevention by excluding the
viruses and their carriers from culture ponds. The exclusion process begins
with assessment of disease status of wild caught broodstock using
sophisticated analytical techniques, including polymerase chain reaction
(PCR) and others. Presently, only PCR provides reliable WSSV detection
in broodstock, larvae and PL. Shrimp that test positive are eliminated.
Farmers typically require a clean bill of health from the PL provider before
they purchase PL and stock their ponds. Exclusion procedures are also
practiced at farms. Farm management practices include: (a) quick lime
(Ca0) soil applications between crops to disinfect pond bottoms and to kill
disease carriers; (b) disinfecting of pond source waters with chlorine and/or



short duration pesticides to kill disease carriers; (c) stocking disease-free PI,
at lower densities to reduce stress; (d) feeding only prepared (sterile) feeds;
e. not exchanging water during the first two months after stocking PL; and
(f) should infections occur, they take steps to prevent its spread to other
ponds on the same farm, and/or to other farms in the area. Farmers who
practice the shrimp farmer’s code of ethics are required to notify farmers in
their area who share common source waters, of disease outbreaks on their
farm. These neighboring farmers are advised to stop pumping water into
their ponds for at least one week while the infected farm decontaminates
and disinfects its effluent waters. These disease exclusion practices, while
not fail-safe, have proven effective. Shrimp production in Thailand
increased during 1998/99, at least in part due to these disease management
practices.

VIL.3. Ploidy induction. Triploid animals are those with an added set of
chromosomes (3 sets) rather than the normal two sets (diploid). This
chromosome set addition is usually achieved through temperature, pressure
or chemical shock treatments soon after fertilization to force 2™ polar body
re-absorption into the fertilized egg (Purdon 1983). The 2™ polar body is
produced during egg meiosis and contains a full chromosome set.
However, shock induced triploidy is seldom 100% effective. An alternative
method of triploidy induction is crossbreeding diploid (2N) animals with
tetraploid (4N) animals to produce 100% triploids (3N). Tetraploid animals
are produced by shock treatment just before first cell division, following
egg fertilization and after the 2™ polar body has been lost (Myers 1986). At
this time, both sets of (2N) chromosomes have replicated (4N) in
preparation for first cell division. Shock at this time disrupts cell division
and results in an organism with four chromosome sets (4N) in all its cells.

The single most important, likely benefit of triploidy with penaeid
shrimp culture is seed sterility. Production and sale of sterile seed assures
seed producers that their investment is protected from pirating. Without
such assurance, a potential investor would be hesitant to make the
substantial investment necessary to produce closed life-cycle, genetically
improved shrimp stocks and seed. We are unsure at this time whether
triploid penaeid shrimp will perform any better or worse than normal
diploids in growout culture. Likewise, culture performance of tetraploid
shrimp is unknown. With fish, triploids often have superior culture
performance compared with diploids, including increased growth, lower
FCR, and greater percentage yield of edible flesh (Fast et al. 1995, Qin et al.



1999); while tetraploid fish normally do not grow well. Perhaps the
greatest value of tetraploid shrimp is their use in crossbreeding with
diploids to produce 100% triploids.

Sterile shrimp seed have other benefits besides protection of investment
in stock improvements. These added benefits include reduced risks from
escapement of exotic shrimp species, and/or escapement of genetically
altered or selected shrimp within their known range (Arthington and Blii
hdorn 1998). In the first case, exotic shrimp that are fertile could
potentially become established to the detriment of indigenous shrimp
species. In the second case, inter-breeding of wild stocks with “improved”
culture stocks could potentially result in undesirable, genetic impacts on
wild shrimp.

Ploidy induction in penaeid shrimp is more difficult to achieve than
with fishes. This difficulty is caused by the fragile nature of shrimp eggs
soon after spawning. Newly spawned eggs are encased in a gelatinous layer
that takes about 15 minutes to form into a semi-rigid membrane around the
egg (Hudinaga 1942). Triploidy induction requires shock treatments during
the first few minutes, at which time eggs are very sensitive to any handling.
Furthermore, the rigid membrane that forms later is also sensitive to
handling before first cell division. Never the less, several researchers claim
to have produced triploids, mostly using chemical shocks for 2™ polar body
retention. Triploidy was reportedly induced in Chinese fleshy prawn (P.
orientalis) using cytocalacin B (CB) and 6-DMAP chemical shock
treatments (Bao et al. 1993; Xiang et al. 1999), and with karuma prawn (P.
Japonicus) in Australia using temperature and chemical shocks (Nigel
Preston, personal communications 1997). Preston indicated that they also
produced tetraploid P. japonicus by these same means. The senior author
of our present paper successfully induced tetraploidy in P. vannamei during
1999 using temperature shock (A.W. Fast, unpublished data). We know of
no reported cases where triploid or tetraploid penaeid shrimp were cultured
to adult size, and where their culture performance was evaluated. However,
chances are good that the efficacy of large-scale ploidy induction in
penaeids will be fully explored during the next few years. If these efforts
prove successful, ploidy induction tactics will stimulate greater investments
in genetic improvements of shrimp stocks, and they will reduce
environmental risks associated with use of exotic or genetically selected or
altered shrimp.



VIL4. Transgenic shrimp. Plants and animals which have genes (DNA)
permanently incorporated into their genetic material are called transgenic.
Genes are usually inserted at the one cell stage of eggs or sperm just before
fertilization, or into the one or two cell stage just after fertilization. Genes
are usually inserted using microinjection, retrovirus infection, particle gun
bombardment, or electrical techniques (Chen et al. 1995). Growth hormone
gene insertions are the most common transgenic transformations with
fishes. Often, inserted genes do not become incorporated into
chromosomes soon after they are inserted, but remain as extra-chromosomal
units. If they incorporate into chromosomes during later development at the
multi-cellular stage, this usually results in transgenic mosaics where only
some cells have genes integrated into chromosomes. Delayed transgene
integration and resultant mosaics are detected by mating these animals with
animals which have not been injected with transgenes. If gene insertions
were successfully incorporation into at least one chromosome of all cells,
then at least 50% of the resultant crossbred offspring will carry at least one
transgene. “Stable integration of the transgenes is an absolute requirement
for continuous vertical transmission to subsequent generations and
establishment of a transgenic fish line” (Chen et al. 1995).

Since 1992, dozens of transgenic plant cultivars have been approved for
agricultural uses in the U.S., and perhaps hundreds more are under
development (Yoon 1999). Transgenic plants use genes taken from viruses,
bacteria, insects and other animals. During 1999, 20% to 45% of U.S.
production of corn, soybeans and cotton were from transgenic plants.
While progress with transgenic plants has been phenomenal during the past
10 years, there has as yet not been a single transgenic animal approved for
human consumption by the U.S. Food and Drug Administration. Although
many transgenic aquatic species have been produced, none have passed all
the necessary certifications.

Transgenic work with crustaceans is in its infancy (Bachere et al. 1997).
To date, almost all transgenic work with animals has involved nematodes,
fruit flies, sea urchins, frogs, laboratory mice and farm animals (Chen et al.
1995). Transgenic research with marine shrimp is particularly difficult
since successful outcomes rely on a number of necessary conditions, many
of which are not met, including; closed life-cycle culture of shrimp over
many generations, basic knowledge about a shrimps genome, basic
knowledge about genetic make-up of shrimp disease bacteria and viruses,
and reliable methods of inserting transgenes and their promoters into



shrimp genomes. This work is made even more difficult by the fact that as
yet, there are no proven techniques for culturing crustacean cell-lines. If
these difficulties can eventually be overcome, there are some advantages to
producing transgenic shrimp from shrimp strains bred using conventional
genetic selection methods. One of the main advantages is that transgenic
transformations can be achieved without otherwise altering the shrimp’s
genetic make-up (Bachere et al. 1997). Conventional genetic selection
strategies often result in counter-selection problems and loss of some
desirable traits.

In addition to technical problems producing transgenic shrimp, there are
also potential environmental, social and ethical concerns (Kapuscinski and
Hallerman 1990a, Kohler et al. 1992, Yoon 1999). Environmental concerns
include potential impacts connected with escapement of transgenic shrimp
from commercial culture and/or research sites, as discussed above. The
American Fisheries Society (Kapuscinski and Hallerman 1990b) is on
record as urging caution with use of all transgenic fishes; and secondly
recommends using sterile transgenic fish in commercial aquaculture. These
same cautions apply to other aquatic cultivars such as shrimp. In addition
to environmental concerns, there is considerable consumer concern about
use of transgenic animals for food production. In Europe, consumer
concern has resulted in public policies against importation and sale of
transgenic food items. This policy has already impacted U.S. grain sales to
Europe, and should be carefully assessed before large-scale production of
transgenic shrimp is undertaken.

VIL.5. Summary. Increased, stable world production of farmed shrimp
ultimately requires large-scale use of domesticated and genetically
improved shrimp for culture. Required genetic improvements include;
disease resistance, increased survival and growth rates, better FCR, and
perhaps increased meat yields. Use of disease resistant shrimp with
increase survival and growth would greatly increase world shrimp
production from existing farms without any further increases in farming
areas. A fundamental requirement for these genetic improvements is use of
closed life-cycle culture of shrimp species of interest, and selective
breeding programs that achieve desired results. Closed life-cycle culture of
SPF and SPR (for IHHNV and TSV) is most advanced with P. vannamei
and P. stylirostris. We anticipate greatest near-term advances with these
two species, and even more widespread use of hatchery reared, SPF and
SPR seed. Genetic selection programs are currently underway for other



improvements and should provide measurable benefits within the next few
years. Work with transgenic shrimp is still in its infancy, and many years
away from possible commercial applications. With all genetically selected
or altered shrimp, there are serious environmental, social and ethical
concerns that must be addressed.

VIII. STATUS OF POND INNOVATIONS

We have reviewed some of the more interesting and relevant shrimp
pond innovations that became prominent during the past 10 years or so.
Some of these innovations are still evolving and developing, while others
are either now adopted or are well on their way to widespread application.
We have not reviewed every innovation, of course, but have tried to narrow
our review to those that we felt had special relevance. We focused on those
innovations that should help sustain healthy and profitable shrimp farming
into the next millenium.

Clearly, environmental and sustainability issues became more important
during the past 10 years with shrimp pond culture (Table 11). Shrimp
culturists, researchers, government officials, politicians, and the general
public all now have heightened awareness of potential environmental issues
concerning aquaculture in general and shrimp farming in particular.
Although this resulted in initial discomfort for the industry, it was a healthy
development since it focused attention on ways to improve culture
techniques that not only improve culture efficiencies, but also preserve and
enhance the environment. This trend will continue.

Zero water exchange with intensive shrimp culture is a new concept that
was perhaps unthinkable 10 to 15 years ago. It is now widely practiced
with many inland shrimp farms. We are still learning how to optimize zero
water exchange and water recycling with low feed protein levels, sludge
management, and other aspects of pond management at yields >15,000
kg/ha/crop. However, proof now exists that these yields can be sustained
while minimizing disease risk and environmental impacts.

Probiotics feed additives can prevent shrimp diseases and will become
widely used in both hatchery and ponds. To date, most probiotic
applications were in hatcheries, but we expect more widespread use in
ponds as feed additives during the next three years. We do not expect



probiotic, pond water supplements or “biocaugmentation” of pond waters to
produce many benefits in the near future. They have not as yet.

Disease free (SPF) and high health shrimp are and will be used on an
even larger scale as culture systems are built to make optimal use of these
shrimp strains. Disease resistant (SPR) shrimp are and will be used on
existing farms more widely as they become available from hatcheries. Both
SPF and SPR seed require long-term commitments to closed life-cycle
culture, which will also promote other genetic selections and improvements
in shrimp culture stocks. Triploidy induction is a promising means of
protecting investments made for these genetic improvements, while at the
same time reducing environmental risks. If mass production techniques for
triploid seed are perfected, we expect to see widespread applications within
3 to 10 years. Work is also progressing with transgenic shrimp, but we do
not anticipate any major applications within the next 10 years.
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Table 1. Four levels of shrimp culture intensity and typical operational
characteristics of each level (modified from Fast 1991).

Parameter Extensive Semi-Intensive Intensive Ultra-intensive
Yields <100-300  500-2,500 5,000-15,000 30,000-150,000
(kg/halyr)
Stocking Rates 0.1-1.0 3-20 20-60 >100
(Pl/m?*/crop)
Feed natural  natural + formulated  formulated
Suppliments
Water Exchange tidalor  pump pump pump
Pump
Aeration natural = water exchange aerators aerators
&/or aerators
Energy Use 0-2 2-5 15-20 >25

(HP/ha)




€I16°CLE LLL'S 169 0S¥ 16T] 0ST'v18 %001 [e10L PHOM
%50 %0°S %011 %IT %1T a3rjusorad [eqO[D
8Pl a8eroay
LO6'T 68¢C 00F°LET 00S°1L1 [eJ0L 'H'M
00¥ 0v 000°¢ 000°02 000°09 Yot'L ‘H'M PBO
0C 0l 0SLE 00% 0051 %C'0 S91E1§ peituf)
33 I L99 000°€ 000°T %7C 0 Bureue
4! ¢ 000°C 000°T 000y %50 B[ONZIUD A
0tl ¢ L99 000°9 000y %<0 en3eIedIN
011 0¢ 005°C 0009 000°S1 %81 [tzelyq
00Tl 00T 068 000001 0008 %P 01 iopendy
1ydsImoH WIISIAA
%5766 %0°56 %0°68 %6'8L %6°8L uao1d [2qOID
LLS a8eroAy
900'%LE 881°S 0SOPT1°1 0SLTYY [P1I0L H'H
000°S 00¢ 00¢ 000°001 000°0¢ %19 "Hd _YI0
11 S [y 0S¥ 058°1 %0 MIN
St 8 000y 009 00¥°C %¢ 0 eleISNY
061 01 cco 000°% 00S°C %t 0 uel]
008 001 0051 000 0009 %L 0 eisAeejy
000°¢ 0¢c 000y 000°S 000702 %S'C uemlie],
0009 000°1 007 000°002 000°0% %6t WBWRTA
000 01 L99 000°09 000°0% %6’ seurddinyg
000°001 gee 8eS 000°0€1 000°0L %98 BIPU]
000°62T 00€ 98¢ 000°0S€ 000°001 %E'Tl RISOUOpU]
000°01 0007 119 000°081 000011 %S El BUIYD
000°0T 000°] 00S°C 000°08 000°00T %9 ¥C puefIRy ],
ydsima wrd)sey
SULIE J SILIdYIEH (ey/3) (ey) (suo 1, St1o1A)) 810, PHOAA vaIy
‘ON pajeulilisy *ON pajeumIsy uonINpPoIg BALY Uo-SpPEIH Jouua g
a3eIdAY N0 MOIK) ueydnpod g

6661 Ul dWLIgs ouLIew ‘pastes uLre] jo uononpoid plIom parewnsy ‘g dqeL




Table 3. Land use during 1993 of previously existing mangrove areas
before 1961 (Menasveta 1997).

Land Use Area (ha) Percentage
of lJand
Shrimp Farms 64, 992 17.5
Community Use 4961 1.4
Other! 133,813 35.9
Mangrove remaining 168,683 45.3

!0ther uses include agricultural, salt farms, mining, and
infrastructure development.



Table 4. Shrimp yield data during 1991 for four ponds with water
exchange (0%, 2.5% and 25% per day), and two stocking
densities (22 and 44 PL/m?). Table from Hopkins et al. (1993).

Water Exchange Shrimp Survival Yield FCR

and shrimp Harvest (%) (kg/ha) (dry:wet)

stocking rate Size (g)

25% exchange 15.9 g1.9 5,718 2.6
and 44 PL/m?

2.5% exchange 18.2 79.5 6,375 2.3
and 44 PL/m?

0% exchange 18.6 0.2 18 n/a
and 44 PL/m?

0% exchange 17.7 81.6 3,219 2.3

and 22 PL/m?




Table 5. Shrimp yield data during 1991 for three ponds with three different
sediment management practices during shrimp growout:
REMAIN—sediment was not removed from pond; REMOVE—
sediment was removed by pump; RESUSPEND—sediment was
resuspended by moving a paddlewheel aerator daily. Table from
Hopkins et al. (1994).

Shrimp data REMAIN REMOVE RESUSPEND
Harvest size (g) 23.3 16.7 14.6
Survival (%) 0.2 32.8 54.1

Yield (kg/ha) 18 2,406 3,474




Table 6. Shrimp yield data from six 0.1-ha ponds during 1995 and 1996.
Three ponds (S-06, S-07, S-08) had water exchange of 15%/day,
while the other three (S-10, S-11, S-12) had no water exchange.
Penaeus vannamei were stocked at 38 P1/m? during 1995, and 78
P1/m* during 1996. Data from Hopkins et al. (1997).

1995 1996
Water exchange No exchange | Water exchange No exchange
Pond number S-06 $-07 S-08(S-10 S-11 S-12| S-06 S-07 S-08| $-10 S-11 $-12
Mean Wt. (g) 154 17.5 167151 151 16394 99 95| 85 97 99
Survival (%) 938 913 95.1|87.0 90.6 96.1 {949 999 97.8| 87.6 93.0 88.]
Yield (mt/ha) 5.51 6.10 6.06|5.13 523 597|697 7.72 7.26| 582 7.05 6.81
FCR 1.58 143 1.44 [1.70 1.66 1.46 |2.73 2.47 2.62|3.27 2.70 2.80




Table 7. Production data from a zero water exchange farm in Belize for
two strains of Penaeus vannamei and one strain of P. stylirostris.
All shrimp were SPF, while one P. vannamei strain was also TSV
resistant. Data for first two years of operation (August 1997/July
1999). Data provided by Robins MclIntosh (personal
communications, 1999).

P. vannamei P.vannamei P.vannamei P. styliroslris

{(Mexican) {(Mexican) {TSV resist) (Ecuador)
Seasons Sept.-Nov. Dec.-Aug. Dec.-Aug. Nov.-Dec.
Areas harveste (ha) 2.84 7.68 3 1.6
Growout days 142 139 136 145
Stocking {(Pl/sq. m) 122 118 112 a3
Survival (%) 82 77 56 60
Growth (g/wk) 0.72 0.9 0.84 0.72
Size at Harvest (g) 14.6 17.9 16.4 15.1
Yields (kg/ha/crop) 13,751 14,628 10,340 7,450
FCR 1.9 2 26 25
Mean temp. C 27.5 28.8 28.7 27.4




Table 8. Summary of water quality data from one pond during one crop

with zero water exchange on a shrimp farm in Belize. Data from
MclIntosh et al. (1999).

Parameter Initial Value Final Value
pH 7.9 7.4
CO, (mg/l) 30 75
Alkalinity (mg/1) 100 35
DO AM (mg/1) 5.0 4.8
DO PM (mg/l) 8.0 5.5
Transparency (cm) 40 30
Ammonia-N (mg/]) 1.4 0.8
Nitrite-N (mg/1) 0.8 8.5
Nitrate-N (mg/]) 0.8 13.0
Total Nitrogen-N 4.0 30.0

Total Phosphorus-P 1.0 8.7




Table 9. Comparisons between inland shrimp farming and rice farming in

Thailand. Modified from (Pongthanapanich 1999). Monetary
exchange rate used here is U.§$1.00:35 baht.
INLAND SHRIMP FARMING RICE FARMING

1. Thailand is the world’s leading shrimp Thailand is the world’s largest rice
producer and exporter, valued at $1.3 exporter, valued at $1.9 billion
billion during 1997. during 1997.

2. Total shrimp farming area is 73,600 ha Rice farming area is 9,120,000 ha
in 1997 or 0.2% of the total land area in 1995 or 20% of total land area of
of Thailand. Thailand.

3. Shrimp farmers usually earn Rice farmers usually earn
$17,857/ha from one crop. $1,785/ha from two crops, but

most produce only one crop.

4. Shrimp farming is a high-risk, high- Many rice farmers are still poor.
return enterprise. Shrimp farmers pay A land loan is usually used to
higher land rents than rice farmers guarantee a loan and if the crop
($536 verses $107/ha respectively). fails, the farmer loses the land.

A farmer can go bankrupt with one
complete crop failure, or with two
consecutive bad crops.

5. Shrimp farming is capital and manage- Rice farming requires low capital
ment intensive. Good farm design and inputs. Its environmental impacts
management are essential to prevent are unclear, but hazardous
negative impacts on the farm and its chemicals are used and the
surrounding environment. pondsemit large amounts of green-

house gases.

6. Domestic shrimp consumption is low Rice is a staple food in Thailand
because shrimp prices are high. Most Thai households spend 17% of
shrimp is exported. their total income on rice.

7. Shrimp farms use more labor per unit Rice farming labor is seasonal and
land area than rice farming, and labor low paid. Man-hrs per kg rice
is higher paid produced is less than for shrimp.




Table 10. Comparisons between typical characteristics of conventional
recirculation aquaculture systems, and commercial scale, marine
shrimp recirculation pond culture systems. Table from Fast and

Menasveta (1998).
Conventional Shrimp Pond
Characteristic Recirculation Systems Recirculation Systems
1. Size small (aquarium, tanks, large (ponds >(.5 ha)

silos, raceways)

2. System Components

a. culture containment tanks pond
b. solids removal seftling, pressurized settling
mechanical filtration
c. aeration mechanical photosynthesis and
mechanical
d. nitrification inert sub-component photosynthesis and
(biofilter; NH,—NO,) pond surfaces
e. denitrification requires anaerobic pond muds
(NO;—>N,) sub-component
f. ozonation/UV possible not likely
3. Energy I/P intensive less intensive
4. Solar I/'P none to small large and important
5. Water Replacement 0to 10% 0 to <5%

(% daily flow-through)




Table 11. Approximate time frames for large-scale, commercial
application of recent pond growout innovations.

Present 1=3 3=10 >10
years years years

1. Pond Water Recirculation & Reuse X
2, Zero Water Exchange X
3. Brine Based, Inland Pond Culture X
4, Probiotics for Disease Control X
5. Use of Genetically Altered Shrimp

a. Triploids X

b. Genetically Selected X

¢. Transgenic X
6. Polculture

a. Shrimp/Shrimp X

b. Shrimp/Fish X

¢. Shrimp/Bivalves X

d. Shrimp/Fish/Bivalves X

7. Computerized Pond Management X
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Figure 1. Observed and projected production of pond culture shrimp during
1990 (Fast and Lester 1992). Estimates and projections were based on
composited values from: 1. Vondruska (1984); 2. New and Rabanal (1985);
3. Lawrence (1984); 4. Csavas (1988); and 6. Sum of estimates from 4 & 5.
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Figure 3. Three ponds with three different sediment management practices
during shrimp growout: REMAIN—sediment was not removed from pond,
REMOVE—sediment was removed by pump; RESUSPEND—sediment
was resuspended by moving a paddlewheel aerator daily. Figure from
Hopkins et al. (1994).
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Figure 7. Summary of the effects of reduced water exchange and
aeration/turbulence on pond water quality and shrimp yields.
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Figure 8. Recirculating shrimp pond system operated by Choroen Pakphan
Group (CP) in Thailand (Anonymous 1996a). Source water entered
Reservoir Pond I for sedimentation and conditioning before flowing into
Reservoir Pond 11, and then into shrimp growout ponds (S). Effluent from
shrimp growout ponds went to the Drainage Canal where some or all of this
water was then circulated through four water treatment ponds for nutrient
stripping. Water then flowed into Reservoir Pond II again and returned to
the shrimp growout ponds (S).
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Figure 9. Modified shrimp recirculation system shown in Fig. 8
(Anonymous 1996b). Green mussels were placed in the drainage canal, and
water treatment ponds A2, A3 were used for sedimentation. Water treatment
pond A4 contained sea bass which created better water quality conditions for

sustained phytoplankton growth. [note: pump water volumes should be in
m® rather than m” as shown].
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Figure 10. A private shrimp farm in Thailand which used water
recirculation (Anonymous 1996a). Source waters in the vicinity of the farm
were heavily polluted with industrial and household wastes. After initially
filling the ponds, water was not circulated during the first three months of

shrimp culture.
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Figure 11. Typical recirculating shrimp farm system in Indonesia
(Anonymous 1996¢). Shrimp pond effluent flowed to a sedimenta-

tion pond, followed by a treatment pond with fish and/or bivalves. Milkfish,
mullet, green mussels and/or oysters were commonly used. Waters were
then aerated before returning to the shrimp growout ponds.
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Figure 12. In-pond treatment system using an oyster raft proposed by
Menasveta and Jarayabhand (1995). Oysters are preferred to green mussels
because of their greater salinity tolerances and higher market value.
Paddlewheel aerators would create circular water motions and concentrate

wastes in the pond center.
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Figure 13. A proposed pond-in-pond culture system where shrimp are
cultured intensively in a small pond, while source water and effluents
recycle between a much larger extensive pond. The extensive pond serves
as a water treatment component and provides a secondary cash crop. This
system could easily be retrofitted to existing extensive ponds.
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Figure 14. Conceptual design of a water recirculation system for shrimp
culture (Chien and Liao 1995). This system differs from other described
systems in that water can be circulated from intensive to less intensive
ponds, as well as through treatment ponds before reuse.
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Figure 15. Schematic layout of a proposed 4-ha modular farm for intensive
f:ulture of marine shrimp (Sandifer and Hopkins 1996). This system would
Incorporate water recycling, polyculture, and sludge removal. There would

be no water or sediment discharges from the farm.
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Figure 16. Schematic of Partitioned Aquaculture System (PAS) for pond

culture under development at Clemson University. Figure courtesy of D.E.
Brune (1998).
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Figure 17. A conceptual design of a proposed 4-pond, biosecure shrimp
growout system (Samocha and Lawrence 1998). The four ponds would be
covered by an inflated plastic roof.
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Figure 18. A conceptual design of a proposed, biosecure shrimp raceway
growout system (Samocha and Lawrence 1998). The raceway would be
under a plastic greenhouse cover.
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Figure 19. Survival of 115 day old Penaeus monodon during a 10-day
challenge test with the pathogenic, luminescent bacterium Vibrio harveyi.
Three groups of shrimp were fed the probiont Bacillus S11 in their feed as
either fresh cells, fresh cells in normal saline solution (NSS), or as freeze
dried cells (lyphilized cells). Control shrimp were not fed any probiotics.
Figure from Rengpipat et al. (1999).
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