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Recirculating aquaculture system (RAS) (Review) II. Applications of RAS to seed production
SETSUO SAITO
Mariculture Fisheries Research Institute, Hokkaido Research Organization, Muroran, Hokkaido, 051—0013,

The application of RAS to seed production has been recently developed not only for reducing production costs but also for
preventing disease outbreaks. Biological filteration is a key technology for RAS. The aim of this review is to identify the water
quality—improving novel bacteria (anammox) and archaea that are required using molecular techniques and to apply the results
to biological filteration, and to describe enrichment culture techniques and immobilization technologies for the microorganisms.
RAS technology has been applied to prepare a stable, automatic culture of rotifers. The technology has also been used for low—
salinity rearing water for improving the growth and survival of seeds. The production of marine species at the larval stage has
shown benefits in terms of increased growth, survival, and health as a result of biologically treated, conditioned, or maturated

water containing probiotics.
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RDES (BOKE A L7REROR AN, @%4 -
LAY GERIOAMER &3 5 Olol#E)
@7 v=rrax Ol (IR, HHIC#EH»2 T 4L
F—OMER), ORI LR VEEY AT AOREES 1]
e (ALK, M TFKOFIH), GHE LSS O/
JRIC & D BRBEREED D B, FRISREMERAEICBIT S
I MHIEASKR S E L LTbh, SIHEKONNR -
HHNCHD A T ARV F—a 2 b OIS A
VAT LADOLEUNET o TERTE (XY /T4 —F
L2VREWERE 2 AT AFFESR, 2000 ;5 R, 2012),
WL TIE, RASHUN & i A i 1 # 3 2 HU) A4S
2000 FF 5B A > THB D (Attramadal ef al., 2012;
Lee and Ostrowski, 2001; Verner-Jeffreys et al., 2003), A%
ETIE, M) KEREIZEE Y F — 2BV TEICHES
A RITEAMBZESER L TW5 (A, 2011), i
BIZBWTY, BRSSO AR OKRE L TH
0 (i K AR SRR FE IR LR« I R B U S A o
5T O 2 http://www.pref.hokkaido.lg.jp/st/ssk/kihon/fifth/
gaiyo kahtm) (2014.5.23), HEEWEDLHHRORELEZ
e, W ANF—T A MEHEL, FEEAEET A b
ORI AT 2 XD 2 EHBEETH S, AfFTid [
HIEE] ICERZS T, HEREAXET VA7 L 2
AEREIBH T AL E L 2 S HAM IOV TR %,

1. BREARGFAE VAT L-EHEENERT S

BRICDE & 5 5 ERFIM

TEHERE IS BT 2 TERIEEREE AT AIZDWT D,
WhWAEA AN LEREABRER AT AL,
R Y AT LERIZBWTKREL LD L LI AITE
Vo L2 L, BMUFERSEL ST SRGBESNDL 720,
fHELTIE, B CTHL T IXYERTLY (LT
TJLY) RTNTIT, W diWwETS o7 b rash
2N, BIZHABEKIZOWDWYAE [k2L )] Dz,
s aLIEONYET T v 7 N RIS D DR
HTHb, itoT, BAUTARLHEDEHBTERICB VT
i, ZIFEARETHBT SN S, KEORRE RS
AR EIG L, KEOBLERST I &R b, 1
BRI X BB KROBKREIT L, EWELETH
B2ILY, TVTITOBREDNEL VIR TH L7
O, AEPEE A BN, BRHT LN EE RS,
72, fEKRPO 0L TEREYET T V7 N Y ERRE
BYEZRDOTODOT I EBEICI VPRSI NL I LD,
FRMOFEEIZE > TIIMETH 5,

TEERIEBREL Y A7 LTI, BHREEY I VAT
Kz v AT LN TIFR S E A 2 & T, BAHEFAE KM
5 OPEKE ZRIEIZT, THEREICL ) TI%%

TEBRIGEAE &M H A E 105

B L, BUCHBCHIE L 72%, AW TKE R G
b (7TrE=7, EWBREOKRE) L, KIMEEST
R - LR, AEAEARKT 5, ORI
BTROIEELZOVEWEEBRETHY), 7VEZT
AR >~ E O S EfE 20 ) N2 7)) T Th b,
NI T (AL - EME) O fFMERED [ EASF —
RA L METb, EWEBEO T Y8 s M, B
WA A MEBILOBE D SBO TEETH 5, FKDOAL
WEIZIZEOICT 2 [HSH] MBREBBRET S AT A28
WTIE, LA TARG & N2 AR AT S i i | f B K
IZEESNLD, MErERT AL L THRETLHE
TEPLETH S,

FHOME AL ICB W TIIUEDOEWEERTH 5 7 4
TOREIC, ERIEBY AT A @A L AR OB
G MANC AV AN > TWAh, GE Li-REAE
12X BEYEROMIRD 2 7% 5F, BEY AT L OB
b, HEMLZNS Z L2k 2801k, a2 Measiie:
END, BUKL 22K I3RE oA & T T
WBTHEMEN D B 728, SRAVRIRET R B AKIC & B8
BOWETH b, WEART ) — D N LR 2 FIH UL,
R RIITETHH0S, AT A NHPREEE A,

IREEMARRHIC BT, HURDIEA LRt g e L
TIE, R SFEHNOWEGH D B, PLEWEIMEH I,
REMAED ZHERT A 2 L aftbT& 7z, LL, it
HEHOHMBEMED L, BHITIEWEITES Wi
FATRATRD HNT W5, T ORI ERD S IKEDEIZ
BWTYH, TUNA T4 7 ADEMGHIEE b
FRIZH > T& 7z [HNTTE L] HHE IS, EKRFDT
OUNA AT 47 AWOENI Y PE—VPBEHEEZS
NBIEBRIEBEE B A S5,

NS DEFEHMITOWT, QAR RLEE ORI
I, @UaiEE~o#EH, OATHEKOFH, @71
INAFT 4 7 ZADOFHONEIIHFHT % o

2. £¥iRBEE DERER L
WAL I, 7B 7T RER T HAEBEE R
b3 2T TE & WA EERESE R 2 A IERE S R IR 9 2
WHLDH Y, EMABOERE BT 5 E N2l
VAR L 2 EMENT WA, MHIHEEEILIC T 128
WEEAH7DITIE, Pl b3 HMIIBESE SN TY
5o Tz, MERIERNEFE > AT LB 5 AR
i, PSS TS5y s Ry 7 AL LTkbh, EHICE
TS A MEORERLEEILITERETbNT, KEZELIC
L DRI % RS, ¥ AT L DEELEM & D T
LONBIRTH 5,

HEARHIAAE S B AL - LEME O 2 L7213 T



7 L, FEMAICEN AL - BLESRET) 2 FF oM & B3R,
B, BREEREL, DEICE U CRERMEY IR BT S
FREZN2EZENEETH D, @O TOEBMEE — X2
UHTA2MAEYEEEDHEENTEY) (Sumino et al.,
1991; 1992), X ) &AY LR, EEFEM~OILHATE
Ins,

SEAE PRI K DOERIFIH D728, i 2 LB S B
EEN, FRICETHEIICBWTIE, B % SRR o K
PP B ANR— AR KD 5N TV B, F D7
WEPEBREICEDLLZH LW T KLE 7o 2 & LT, W
AR % B S P S i B L PR R C & 2 il e iR
P AR S, o o/NEYE & G LB o 22 E L
D7D DFEMEARIATONT WS, TS PRI 5
B BEAMTIE, RASFMTOURA, HIIZFEEEN
A SN, EEIA MOBIRSHES NS,

21 WEMOEEL

MR, MUEMSE O RN, T MR L 7R T
KICARBEEICT B 2 L& THE] &), MEYEH
RICEIEALT 2 HEEE, SiELHeTRICRIEN S,
WAEEEILEE, EEETERLLSRTEY (T4,
1975), BEAMLELIZBWCTHNA ) T 7 ¥ —OFFEHNE
5N THK7: (Hashimoto ef al., 1986 ; #&A, 1989 ; 117
5, 1995), #EEREEETIE, RV FL 7)) a—)
Ex FAEE U CLHIE 2 i B\ BRRE L 72 404R 25 B
s, ZoEYEBEICRNT AL T, Kctlo
IRy MEERIY, ERORLE L REOHHE R T,
BOD & & FE ORI T RE LR ERREY 77 ¥ — 055
BENTWES (B - 5, 2002),

211 EEEE
WHEEEEE, RV FL ) a- LR )=
VTV a— VEOKENR ST EMENZRE L, KE
WEsTxES, YUVELSELZ LT, BOTT7IVOK
T 2 BEEL S 5 TTETH %o HEORIHE
WATEREET, MEIZEFR) = F Ly ) a—)y,
RYEZ TV a— VEPEH SN TV 5L, aiFEEl
B, EHITEMRLTE 2R 5 572°, EELERER
Ey e R)Sa S Ca N IR AV

TEERIEEEE ¥ AT LKL B L 729034 < i
H &N T B (Nilson er al., 1980 ; A &, 1991, 1993,
1994 ; & 5, 1993; Nagadomi et al., 1999; Sung—Koo et
al., 2000; Seo et al., 2001; Jae—Koan et al., 2001; Park et al.,
2001; Tal et al., 2003; Achuthan et al., 2006; Kumar et al.,
2009), L2 L, HEAEESNOBHIZIEES> TR,

21.2 #HEEEE(LE
FEEERL, WRoiEER, 77ATy 78— X0k
TR ICANEE ORI E &, A B S D5
TRV & A L CHRIE AR S AR L TP
BEEDTETH B, HEORIKE, IR, AR, &
2GR, R, BEAERETH D, MEIIEE) =5
Loy a—=, fbFEfitra—2x, K)o Ly v
TA—L, K)EZLTLI—), Faf) TarlL s,
R LA T IVERKEHESL, mEER) 5L v Eih 5,
HEBEETERSNZEY) 7oL v 28 e+
B ZEREIROERT, RS2 MY %&b b
DOTIX (B0 - IR, 2002) ROBLRIFESH S, 1) It
KSR E L, KEOMAEWZRIFCTE L, 2) EHX
KICE L, sy v 7 NTH— I TE 5, 3) KIS
DY L3, A ng, WHNRENR <, BRI
i, HRDOWHIESALE, 4) T LM SR 25/ &
WHHBAEY & LY~ 7 PICRETE, [BEREOR
DRG0, REDPEHTH S,

22 FREMFENERRE

— WA N EEZRIEL, T = T B
T OVRERS BRI A LA % F s 721 4o © NHa N 2 AL
B L TAR & BLas i & v TSRS TNO—N, NOs-N
REFHNAEBILT HMETE L ZHAEbE 2L/ B
ZEPRD L AN TS,

PEAKMLEL 70 2 2BV TE, Wb/ HEEO RS LD
S 2 LWL TR TOpH I & 2 RS E ), L T
BIHRTOLZROEY (X% /) — V%) ORINceE)
SRR IS IO BB % fR LS % 720X 4 e 2 0SB %S
SNTEL, L2L, ML IR HEETREOMAE LY
ThHhorI L, ZZTHHSNLEWRIZIZIZFALETH
b7, RN GFEIIIEES Zh o7z,

LA X, 42005 1004ELL 1 b A2 2 DOIFAEDSHEE &
NTHY, WL/ BzEER4OMEIEI bDEEZZ LN
TWiz, LaL, MEH-2MEIER SN, i
bEHELFER2ED T A,

221 77F%Ev 7 X (Anammox)

19954E4 7 > DTV 7 b LRKFOWZE 7 )V — T2
XD FEFE S N7z Anammox (BERAY 7 ¥ & = 7 &AL ;
Anaerobic Ammonium Oxidation) (%, 4 { AT
EEBRFTOL A THDL (Mulder et al., 1995; van de Graaf
et al., 1995), Anammox S E, TAEEE (NO,-N) =&+
SRR ELTT Y EZT (NHi-N) ZEALT A4
LHRLETIETH Y, KA TSN, 7yE=T L
BRI A R E R A BT 5,



INH," + 1.32NO;” + 0.066HCO;™ + 0.13H" —
1.02N; + 0.26NOs™ + 0.066 CH2005No1s + 2.03 H.0

Thbb, 1EVOT VEZTRBRET 27201, 1.32
ENVOHEMEBELAZLEL L, L2ELVDERATA (N) &
0.26 EVOfiffE (NOs—N) ZAERT %, ZORIGITERESR
FHTTRIAZE, 72, ARWEZLEL VMR
AL DR TH B I s, Ekomit/ e
EIRELE L L WRIETH S (Strous et al., 1998)

Anammox AW, 7B T LR EEEE TS
MWEOMIC, BAEHEEA0.0027 (h), F %&b HAEIIRRE
210.7HTH Y, HIHHEEDS DO TRV, F2BEND
R THN LR OCHEEZZT 2 E VI MEERT
% (Strous et al., 1997a), F7z, AH &7 % HAHERIZ 100
mgN/L DL E DB 7 5 & Anammox SUCZ HE L 5.2 %
(Strous et al., 1999a), MR pHS:, MWHHIZHE T 5 5:01%
TG T, @ pHIE7.0~8.5 (FRAFEEIL8.0), E
HIREEL30~36C L TH S (Strous et al., 1997b) .

Strous ef al, (1999b) (&, PEAKME T 12 B 5
Anammox SUSHEP HEL) H L7284 %7 4 Vv A 2 RER T
LA D 16S IRNA AR DIFHERCH] & P72 1513
Anammox H 7Y, TNFTHION TWzRDIITWANZ T
7 T HAHEEAT80.2% L7227 <, Planctomycetes ['JIZ)&
LB EMETH AL I L EFER L7, % D% Anammox
BB ZBE§ 27 03 5% < & LT A, Anammox
ZB5- AEMPEAAE L, BREPIDRS oML,
WEK EDOEFRY A 7 VITREREEGZ HO TV A REN
VI SN TB Y (Kuypers et al., 2003; Dalsgaard et al.,
2003; Trimmer et al., 2003; Kuypers et al., 2005; Tal et al.,
2005; Meyer et al., 2005; Trimmer et al., 2005; Hu et al.,
2011), TN F TIZ, Candidatus ‘Brocadia’, ‘Kuenenia’,
‘Scalindua’, ‘Anammoxoglobus’, D4 7 )V — 7 HHHNT
W5 (Penton et al., 2006) o

222 TFEYIIAOFH
2221 HEIKMEHEFICH T ZFHE

PEAGLEEIS (2 B 1) B 5t D 22 LB 1L, W
b/BREElHVLNTEBY, JEKkFDT v E=T7 24
LM IC & 0 &= HERA~ERILT 2L LR & 20Nk %
B (2% —)VE) LIITHEBRICE DEEFT AT
T LRETHRERES . MLTLRETOLREERET
RHRETRCOLEOFBYIRMELELE L, WUHI R
N OMINATRE L 72 > T\ b

TFEY 7 AR E AW ERNE S 25 4 TlE, it
SHRBWOT FEY 7 ABICE VIERELETT, TUE
— 7 L ANER A RS T AT B, PO

TEBRIGEAE &M AE 107

TEICBWTHIEMGROM & L TEEMEAE L Tw
% (Strous et al., 1997b; Toh et al., 2002; Schmidt et al.,
2003; Egli et al., 2003; Dapena—Mora, 2004; Jianlong and
Jing, 2005; Isaka et al., 2007; Pathak et al., 2007; Hsia et al.,
2008) o

7 FrEY 7 ARk RWIEE LY AT L0%, TS
Ty 7 AOREIZ, FPEOT VE DT & MR IR
Ab$ B EAER A L 2 I L 722D Y AT L 8 B,
T HE Y 7 AW R ORALH % £ 4 SiEE e b Lk E
FAMER L, HENTT FEy 7 AECHILE Y 2h
TR IZRFEL, &WRBLEEE & MR 5 1L
b0 WoT, TYEZT RFYELIVTHMEMIIMILT 2
L CEBERBNOHIESTE, OB ERNT S
ERLBREAAEMTE L7720, Arivy—, K2
A MUOEFNILY AT L THDH KK - I, 2013),

7 FEy 7 AWOEREEEIZE LTI, Nakajima ef al.
(2008) Z¥¥D TORINBI & 4, NHCl, NaNO. % ik
WRINL 27285, # 14 IRkBEEEEE L 720 16S rRNAJE(E
TR PRIAER, Candidatus “Scalindua wagneri” & [F]%€ S
N7z BRI, EWIERLICB T 2EM O T 7
OLERTHO THEME ENTEBY, 20K OIS
WSl H ATV (Lopez et al., 2008; van de Vossenberg
et al., 2008; Kawagoshi et al., 2009; Kawagoshi et al., 2010;
Ni et al,, 2010; Shen et al., 2012; Gao et al., 2012), F 72,
WERED X 5 7 7 L#EMT (van de Vossenberg et al., 2013)
EATOBRICHIEH S5,

2222 REREBEBHABICHTIFHE

Tal et al. (2006) (&, TEERIEEHT 2B 5 EWNEE
PO NIERL SI72/N A F T 4 )V L% 16S rRNA EILT-
MENTICE ) THEy 7 AW S L, A7 v E=T
BALICES L CWwb 2 e 2@l Tt Lz, 2D Lahay
etal. (2009) ¥, BREXTICBIT LT FEY 7 AEN%
ERINENT L, TEERIEEHE > AT L2815 4EWE
WA OICHIEAFITT SN T D,

223 7—*7 (Archaea)

WHIE (7—%7) 3, N2 T T EREZIZEALY
[[Al—Td 5 H57% 5748 L, 16S rRNABL T2
S5 N AL BRI, M & B D BN
TWwh, —fNICIE A Y VH, BENER, i8R,
BIFBESE MO NTBY, Wb BREREICAERT
BLIMEYTH %,

L L, fEMBRIREEZIT TR, L0 imMaBEc
b A AEAE L (DeLong, 1998), i 2 (X4,
FOWLVEREIZBWT, OB T 2 R T



HWaNTwb (Lopez—Garcia et al., 2001), % OALIZH#EE
(DeLong, 1992; Fuhrman et al., 1992; Konneke et al., 2005;
Hallam et al., 2006; Mincer et al., 2007; Agogue et al., 2008;
Beman et al., 2008; Abell et al., 2010), 3% (Ochsenreiter
et al., 2003) FED YR EIFIZ O HMBISAFAEL, £
7 MRS TEICL ) ZOHEESHL NS oD
&% (Venter et al., 2004; Treusch et al., 2005; Biddle et al.,
2008; Walker et al., 2010) o

— R RIS B TE, ML 72 D) TREE O
20% % A 25 © T b (DeLong and Pace, 2001) .
2005 4F (2 Al 55 2= AN 15 S 172 Crenarchaeota |2 J& 3~ 4
Nitrosopumilus martimus % & CHRERET —F 718, 7%
TR DS, INOEYINEEDRE, EEY
A 7 IWVAZEZE R E 2R/ L T2 (Francis ef al., 2005),

HHE DOEFZEERANDOEGEAEFFEH SN TBY, A
Y LRNTCEY, TYESTE XIS —Eil
{&F (amod, amoB, amoC) % 4 % Crenarchaeota AN,
HEANICBWTH 7 VS TE LR 2 E 2 B
EDIRENT WS (Leininger et al., 2006; Wuchter ef al.,
2006; Francis ef al., 2007) o

2231 HIKRLEHEFICH T BFIAE

T=FTOT EZTEACEEIIZIEH L, PEARLELIA
OFIH A SN TS (Park ef al., 2006; Zhang et al.,
2009; Kayee et al., 2011; Wu et al., 2013; Limpiyakorn et al.,
2013) 0 SEMFERICH L CTHEFEMEIREAILL D 2DH
% (Santoro and Casciotti, 2011; Jung et al., 2011; Xu et al.,
2012),

2232 BEREAFRFICHTZFA

PEERIEE Y AT W2 BT A EWIEBENrS b 2 57
LEFTICE D T —F TH08E SN TEY (Konneke ef al.,
2005), EWEE 7O 2B 2 ARG ST
Wb, WL - METHEAHI N7 7)) 77 =X 7O
2, wmfl, WICEZEBAM ZICH L7z AY s o
L LiFoRa b ZEfba Kb 720120, BB TR
i & BRAE L 7= AP e B S E £ %,

2.2.4 MWLBRZEMEOZEEIBIED - DEDRITE & HEEE
BEFOEE

W7 O A DOEERFEL, A ANVF—, [Ka X b
b2 ZET 5L, WHIHED 2 MW REEOZEE L,
FNSWMAEY OEER CEYIEE O Z 2, T
FOEEE, BATT A ENEETH S,

Lo L, BEAFOHU CHUEE, 3538 T & 2MEmId ek
DER B E T, MAEYOET R HEME &KLY

5 ERINEETH B2, Hifff, BERLEE LW
TEWFENFEOEAPEETH S, AUHT T AN
DAY T 2R OFE, ©&:I2IE, re—=
vk, V=4 v AW, T-RFLP#:, FISH:, DGGE#E:
O DNA R HAM A WS T W5,

—J5, BAHERA A4 v & —BALERITRILT b AR E
JCE#3  (Nitrite Reductase; NIR) % I — N9 5% nirii{n %
PCRIETHEMICHETAZ 10X, HEWFEELT
flidsZ &b TED (Braker ef al., 2000; Prieme et al.,
2002) o Real time PCR #: % V2 7= & FME 256 5 5 nirS
HEFDEREDHEL SN T WD (Gruntzig ef al.,, 2001) 0
Wizl D2 R TIX, nirS BIEF XL nirk BIEFD
EEL—F xR E TS (Brakeretal, 1998) L &N TH
D, T—FTIZBVWTHRA—MEr b TN~ DEEL
T EN TS (Abell et al., 2010; Lund et al., 2012),

3. TLIUEEANDER

7 13 (Brachionus plicatilis) &, HEEEAOMEAREIC
BWT, LEDOEE TSI 7 b THY, BELE
BERATH) LN, MEEEORGZROLES-> Tl
FTEZV, 74U1E, KESH100~300um DB
G NTHED, B—OFTIZEL, HEIEMIZIZ14
ML EICEESNAEEETH S (EIT - “FIL, 1989),
FEWAFEOHYTIE, SSH, SHI, LA ERIIIRE S
T32DTNV—TIZH3F 5N Tw5b, ok, EwELTLIE
LIFKFEAELT [KREDY ] 2RZTHERW T T 7
Fro—HE (g, 1957) THo 7205, 19604E(CI2MHE
OYMMIEEL L LCHIH S (B4R, 1960), 1970 40T
iR ORISR E CHEBLL 72,0

3.1 fEREMEEE

PR LA SN TV BNy FRO 55 EERC BT
EROBERFEEOHAM IR ZHETL L TW5 (2. 2000a)
B3, PEBERED: (Yoshimura ef al., 1997; Hino et
al., 1997) LA (Fu et al, 1997 5 ZH.2000b) A%
BE STz, /Ny FRARFERIL, @F2~3HREI2T 4
VERMAME LN ORE, EATLHETHY, Mk
CEEZKMEOERESCKBOEEPLETHY, £ OF
MO EPLERETH DL, T2, INSOEELR I
19 28T, 7AYORFEAROFERHE & 2 % MW H A
Y OEEADRAEZEDY A7 DET B2 OGS
nCTwa (M. 2000b),

32 BREAXEEE
AT L VRO E L B3, A, LEftor:
O, JEBRIEE Y A T L &M AA A TEEEEE DA H T



Wb T AT ORI EGE R, FiohikE
G Al L a7z, DMRIIZEEKR S 9, M) TR
CELVWEEETLH S, HREAXFT Y A7 L0
BMEFETH B AW IEBIEE, [RTHERE, V55
WIS E S T T A Y ORI E (IS AR
ATEREREDEDS, MAEREA o> TRT VD, ENTIEK
ERATITEE ¥ — (FRH, 2011) 7%, #Htciza—ay
7% (Suantika et al., 2000, 2003; Attramadal ef al., 2010), 7
A1) 7 (Bentley et al., 2005; Delbos and Schwarz, 2009) %
FulC, TEBRIEE S A T L AR ATET b VBT
AN, WL, BEMLOXSN>2%H 5 (Sananurak
et al., 2009)
KEREMEL Y Iy —TRHEN TV AEEERD AT 4
Tld, BFEM A L 1 R L 72T A T %
T B KA 1 2T 2 OIS T X OB HIniks R E
1EEANERE LCTH Y, ROEWIEEETT > &= 7520
LM 1 & D EEAL L 72k 2 BOREEMICR T, T4
BROBIEEARPICERS 57 v &7 2 EYE R
B CIEE 2R ISR L, TRk BEREE CrRitety S hil
HIIFEREL, BEKERET S L TRIYEDTE
HEO TR S N5,

4. NIEKOFH
WEREEEICBW T, B2 H5BUK L 7z#KE A
WTHIETHARELTHEHLTYwS, LML, TOK
IRERDYBR AT BERIEZEICOWTEY, BIR
FEOWHOBFRMEATRENTIZV S (Summerfelt ef al.,
2009) b, FHERBL 2IUL, MBS L RKEIZEK
YDERY, X MEPBREING, £2T, TERIE
WEFH OMAKIZANTHARE AV 2 L E, 595
XRIISEEE LR DL e B CH, AT X MRIEE RS
— o N T#ERIE, BEAHICE O H
FEEN, WROBUKASE EE % 37 MO K FEEESE T OFIF =%
TFZERERISE 1 BT B /NI 2 B EER O BRI EE o 1) |
FHMICBEH SN TS (IUAR, 2008),

41 FFEREK

B, (IR BREET COMM A E LIS ATk (0F
HMEBEK) & Wl EAOHE RIS RE STV 5
(A, 2010) o TR S i M OFEH A 12 BV TR
SR E AR OB RFASHE SN TBD, K
B, BRIFEEIESN TS (FREDS, 1983 ; %
it - AR, 2006 ; 435, 2010 ; H4ER, 2011),
FHORMNIEB L, WKL DI CHRAKE Y BV, 1F
BB, AIEARRORPIARI LDV 721 & MK
EREBEBLETHH720, BELRTHOIZDD T AN F =28
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REL R, ZOSEENRIFERY (Canagaratnam, 1959;
Lall and Bishop, 1976; Arunachalam and Ravichandrareddy,
1979 5 FEHES, 1990), MR 2BV CTIIFRAERED
M EICENS LR EINS,

TEBREBEAE IC BV TIE, fE KO % R
WH 2 2 &L, HEBESICHIEEETH L Z b,
ZOFMERSHIFEEN S (Riche er al, 2012) s N TR
ERHTHBR21E, A MEOT A v AR E HEE
Thbo Zlie NTHKDOBE, &2V, dREOH
BEMBEORBE R TRE RS 2 LT, NLiffKOME
FAEOEBILERNL Z L HWETH S ),

5. 7ANA A 714 7 ZADFH

IFEANFEOBIFRRE LT, LA VAESEEZ AT
B HME LT IEE 2 7087 7)) 7 SN 2 5 5
REn, PUAEWESOEANICEDS v, REICHOELW
THEDTER ST W5 BIRDORIEERIHERI (Uribe
etal,2011) IZBWTIE, FRICARIEEZON TV, #T
TANATEEEH S AMEICET A58 L LTIE, #EHK -
B (2007) DB Y, MFEEMRIZIBUT B RN A EBY O
BAMPEESN TV, BN HOTONAF T 17
AIZEIT A% (F2H, 2007) dEEAICRD, ©F I
SEEPUEVEWE OG, THILBER OERE, IR,
WU EOBEESEOMEI RO LN TBY, EHEHEH
WOLBENDIEHPESN>0H 5,

NI TICHARDA L LTI BNTY, FaNA
F T4 7 AT AWIEAEE 30 FERmIT 5N TB Y,
%L DHDPFEEEIN T A (Gatesoupe, 1999; Gomez—
Gil et al., 2000; Verschuere et al., 2000; Irianto and Austin,
2002; Balcazar et al., 2006; Farzanfar, 2006; Vine et al., 2006
Tinh et al., 2008; Wang et al., 2008; Kesarcodi—Watson et
al., 2008; Ninawe and Selvin, 2009; Yousefian and Amiri,
2009; Merrifield et al., 2010; Prado et al., 2010; Nayak, 2010;
Aguirre-Guzman et al., 2012; Mohapatra et al., 2013) .

51 TANAMFT 1 VADEEELESE

TUNAF T4 7 RENE, FAEBYOLEEY T, tho
JRAE OREE 2 RET 2 WE £ T & SN, Lilley and
Stillwell (1965) 12 & » TR TIRE I Nz, FD%, B
o DR PR 3 LSRR 00 Ze VR & B2 9 RS MBh Al & L
THWSNBK:Z% Y (Parker, 1974), HEIZFuller (1989)
(&, T F ORGP R % 15 E O EEEE D 5 I3k
R AR 2 IR AR O E ) & B L 72

FTUNAF T4 7 ADERITEEEWH, LVEHIC
BRI L2 dMTEL, TuNAF T4 7 AU,
UNEEE, B, 77 ABME, 7T ABRUHSEED



TRAES X E DS E R $ AW T, TEEISH L TR
IR, BHEIZBWTL, WROHEICHwR, 7
) A2 MERHAEWE OO DI S (Irianto
and Austin, 2002), $ b EH, TUNAFT 1 7 A LIFE
REix, HILENICBW TERNEERRERDOHEAD
AL, BEORERDVAF S NG LI, SfkEE, ©
Y I VR, fRE, NEIMOBREFEOERES 5,

52 7ONAFT 14T XDBREHRE

—fREINZ T ONA F T 4 7 AEE O (Vine
etal,2006) & LTiE, 7, MEEIENT L, FE)S
BHT, REICHETECTHL L, BEIAESURE,
W LR ICBEA D S WG, EAETHHDTHHI L, i
AR FERLL, BEOMBEICERT A &, BEOAK
THET 52 Lo 2 L CHUAEWE MR TS24
WZENH D,

53 {EA#RE
ANEENRIAT o727 0N, F 57 10 7 A%FE L ED
NIRRT 58S %, ROEREFEEICHHEL,
FRICTHESR - Sl ofdE, HEE, PR A arehc
LTI £ &7 (Table 2),

531 # #M

MW OREIEME, BRRTE—BNLEHLTH 5,
o T, MO HET 5 WH % LT 5 mREHME
&, BELRMEE ONT U A EREOOICHETUEIZEE
el e R LT 5D, FHERIZ, WEAICADRR
b6 L, BEOBEIST L TEOREE L5 T,
EYWER 28> 701 F 7 14 7 AHIE, WEMENE %
PEBR 3% (Austin e al., 1995; Ruiz—Ponte et al., 1999;
Verschuere et al., 2000; Hjelm et al., 2004) o

5.3.2 REERVEERR
BEETBPERRI, W U CTHia s 2 I OB 5E & 1]
T 5701 ENIHEOER TR TH L, 208 4
TOTUNAFT 4 7 AEYOBINE, HAATH, KE,
HEWEDOEEIIBVWTHAET L I L2ERL L, FE
VA #1355 2 L Th D (Gil-Turnes et al., 1989;
Garriques and Arevalo, 1995; Rico—Mora ef al., 1998; Gram
et al., 1999; Ottesen and Olafsen, 2000; Li ef al., 2006; Gomez
~Gil et al., 2002; ).

5.3.3 G®EEREER
TUNAF T 4 7 AL, WEARIC T SRR NOIR
EER DR 2GS 2WEHEET LA, TNHRIERE

WIEIL 2L, 77 AR (IRE, 208, 7
T LB (XT84 KU R y) LER (B, 3) -
TNA ) ORREMIBEE D> ST S AW TH Y
i b EBMN 2551, FEAORITSH % (Gildberg
and Mikkelsen, 1998; Skjermo and Vadstein, 1999; Rengpipat
et al., 2000) .

5.3.4 &

TUNAF T A 7 ADDLHEORTIE, BE ORI,
ERGHE R OMERI A T BRI 2RO, AT HE
ZHIE, HENTHRED SR TIT S ESL 20ICE
BTHY, EWHPHELE 2l THRPICHRE S NS
DEFC720TH 5o MEREICHEET HZ LT, BN
ICRELHEHEECL, HEOBNMEZEICREL S 2
5 Z KL (Gildberg et al., 1997; Ringo and Vadstein,
1998; Carnevali et al., 2004) o

5.3.5 FRRDBARR & I

TaNA T4 7 AR, WERAOEEeHIEL, A
AR DY 2 &0, RETE, MNMEOME T HEES
5T LI ENTW S (Gatesoupe, 1991b, 1994;
Nogami and Maeda, 1992; Vadstein et al., 1993; Maeda, 1994;
Nogami et al., 1997; Maeda et al., 1997; Riquelme et al.,
1997; Gibson et al., 1998; Riquelme et al., 2001; Orozco—
Medina et al., 2002; Gatesoupe, 2002; Villamil et al., 2003;
Patra and Mohamed, 2003) .

536 HILBIE

BABEOHILEIRBRTH Y, FICREKIZHELT
Wb HILEIIBREAKICHRTRERICED 20, MR
P LR T WK TH % (Avendano and Riquelme,
1999), WML, KIEFROWRMAEWIC L o THEH
WEHWE THLME, TI/W, €Y rotRicEYy
Tho TUNAFT A AT S L TEELRYMEL
LT, fanEoffshRomnbefiRRENr D 2
(Gatesoupe, 1989, 1991a, b, 1997, 2002; Douillet and
Langdon; 1993, 1994; Garriques and Aevalo, 1995; Munro et
al., 1995; Skjermo et al., 1997; Rengpipat et al., 1998; Bogut
et al., 1998; Hirata et al., 1998; Verschuere et al., 1999,
Rombaut et al., 1999; Douillet, 2000; Planas et al., 2004;
Venkat et al., 2004) o

537 KXEEEE
KELRIZERD S D T a4 4T 4 7 AW, KE

PERYGEL, AR EHELL, EEHOMEEMET S

(Fukami et al., 1992; Suminto and Hirayama, 1996, 1997)
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Table 2 Probiotics considered as biological control agents in seed production of fish, crustaceans, mollusks, and live food

Probiotic strain Source Effect Method of application Reference
Fish
Bacillus strain IP5832 Increase of weight and Addition to culture water ~ Gatesoupe (1991a)
spores — decrease of mortality of
turbot larvae
Bacillus toyoi Scophthalmus maximus Improved turbot larval Addition to culture water  Gatesoupe (1989)
growth
Pediococcus acidilactici Pollack (Pollachius Improved growth of Pollack  Enrichment of Artemia (in ~ Gatesoupe (2002)
and Saccharomyces pollachius) larvae vivo)
cerevisiae
Lactobacillus plantarum Rotifers (Brachionus Decrease of mortality of Enrichment of live food Gatesoupe (1994)

and Carnobacterium sp.
Lyophilized
Carnobacterium divergens
Lyophilized
Carnobacterium divergens

Microbially matured water

Microbiologically matured
water

Mixture of Pseudomonas
and Cytophaga/
Flavobacterium

Lactobacillus fructivorans
(AS17B) and L. plantarum
(906)

Pseudomonas fluorescens
AH2
Roseobacter strain 27-4

Spray-dried Tetraselmis
suecic a (unicellular alga)

Strain E (Vibrio
alginolyticus -alike)

Streptococcus faeciu m M74

Streptococcus thermophilus ,

Lactobacillus helveticus and
Lactobacillus plantarum

Vibrio alginolyticus

plicatilis)

Atlantic cod intestines

Atlantic salmon intestines

Hippoglossus hippoglossus

Hippoglossus hippoglossus

Sparus auratu

Iced Lake Victorian
Nile perch

Scophthalmus maximus

Healthy turbot larvae

Cyprinus carpio

Scophthalmus maximus

Commercial shrimp
hatchery in Ecuador

turbot larvae

Decrease of mortality of
Atlantic cod fry

Decrease of mortality of
Atlantic cod fry

Increase of initial growth rate
of turbot and halibut larvae

Improved survival of yolk-sac
larvae

Improved larval survival and
immunostimulant treatment

Reduced larval mortality

Decrease of mortality of
rainbow trout juveniles

Improved larval survival

Decrease of mortality of
Atlantic salmon juveniles

Decrease of mortality and
increase of the growth of
turbot

Improved growth and food
conversion ratio

Increase larval survival of
turbot

Decrease of mortality of
Atlantic salmon juveniles

Addition to diet

Additon to diet

As culture water

Addition to culture water
(?)
Addition to culture water

(?)

Addition to
culture water

Addition to culture water
and/or bathing in bacterial
suspension

Addition to culture water

Addition to diet

Enrichment of rotifers

Addition to diet

Enrichment of rotifers

Bathing in bacterial
suspension

Gildberg et al. (1997)

Gildberg and Mikkelsen
(1998)

Skjermo et al. (1997)

Vadstein et al. (1993)

Skjermo and Vadstein
(1999)

Carnevali et al. (2004)

Gram et al. (1999)

Hjelm et al. (2004)

Austin et al. (1992)

Gatesoupe (1997)

Bogut et al. (1998)

Gatesoupe (1991b)

Austin et al. (1995)

Vibrio pelagius Copepod-fed turbot larvae  Increase larval survival of Addition to culture Ring®@ and Vadstein
turbot water (1998)

Vibrio salmonicida strain  Hippoglossus hippoglossus Increase of larval survival of Addition to culture water ~ Ottesen and Olafsen
Atlantic halibut (2000)

VKM-124 Sparus auratu Reduced infection with Addition to culture water ~ Maeda et al. (1997)
various pathogenic viruses ~ (?)

Crustaceans

Bacillus strain S11

Vibrio alginolyticus

Strain PM-4

Penaeus monodon or mud
and water from shrimp
ponds

Pacific Ocean seawater

Soil

Increase of mean weight and
survival of P. monodon
larvae and postlarvae

Increase of survival and
weight of L. vannamei
postlarvae

Increase of survival of P.
monodon and P.
trituberculatus larvae

Addition to diet (in vivo)

Addition to culture water

Addition to culture water

Rengpipat et al. (1998)

Garriques and Arevalo.
(1995)

Maeda (1994)
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Table 2 Continued

Probiotic strain

Source

Effect

Method of application

Reference

Lactobacillus sporogenes

Bacillus S11

VKM-124

Pseudoalteromonas undina
Bacterial strains F3 and PM-

4

Alteromonas sp.

Arthrobacter XE-7

Thalassobacter utilis

Gram negative bacteria

Penaeus monodon (PL-10)

Penaeus sp.

Portunus trituberculatus

Lagenidum callinectes
(fungus)

V. parahaemolyticus,

V. anguillarum, V. nereis

V. anguillarum,
Haliphthoros sp. (fungus)

Improved growth rate and
feed efficiency ration of
postlarvae of F.W. prawns
(Macrobrachium
rosenbergii')

Increase of postlarval
survival, and provid cellular
and humoral immune defence
responses

Reduce mortality
Improved crab larval survival.

PM-4 repressed growth of
Vibrio spp.

Shrimp embryos

Shrimp larvae

Swimming crab larvae

In vivo

In vivo

In vivo

In vivo

In vivo

In vitro
and in vivo

In vivo

Venkat et al. (2004)

Rengpipat et al. (2000)

Maeda et al. (1997)

Nogami and Maeda (1992)

Gil-Turnes et al. (1989)

Li et al. (2006)

Nogami et al. (1997)

Mollusks
Aeromonas media (strain
A199)

Roseobacter sp. BS107

Vibrio strain 11

Alteromonas. sp. (CA2)

Vibrio sp. 33, Pseudomonas

sp. 11 and Bacillus sp.
(strain CA2)

Marine bacteria (Strains 11

and C33)

Vibrio sp. 33, Pseudomonas

sp. 11 and Bacillus sp.
(strain B2)

A. spp., V. spp., P.
damsella, Y. ruckeri, V.
tubiashii (Crassostrea

gigas)

Scallop larval cultures
(Variety-including V. spp.,
A. spp.)

Microalgae in a scallop
hatchery

Pacific oyster larvae

Crassostrea gigas (Pacific

oyster larvae)

Argopecten purpuratus
(Scallop larvae)

Argopecten purpuratus
(Scallop larvae)

Decrease of mortality and
suppression of the pathogen
of Pacific oyster larvae

Pecten maximus (Scallop
larvae)

Decrease of mortality of
scallop larvae

Growth and natural survival
experiment

Enhanced growth and natural
survival experiment

Added with microalgae and
colonized digestive tract (V.
anguillarum))

Compared with antibiotic
treatment, the addition of
probiotics increased number
of eyed larvae

Addition to culture water
(in vitro and in vivo)

Addition to culture water
(in vitro and in vivo)

Bathing in bacterial
suspension

In vivo

Addition to culture
water (in vivo)

Addition to culture
water (in vivo)

Natural survival experiment

in
mass culture(in vivo)

Gibson et al. (1998)

Ruiz-Ponte et al. (1999)

Riquelme et al. (1997)

Douillet and Langdon
(1993)

Douillet and Langdon
(1994)

Avendano and Riquelme
(1999)

Riquelme et al. (2001)

Live food—Algae
Several strains

Marine bacteria

Flavobacterium sp.

7 inhibitory substance-
producing marine bacteria

Putative A. sp (SK-05)

Flavobacterium sp.

Vibrio alginolyticus C7b

Turbot larvae

Microalgae growth study

Co-culture study
Co-culture study

Skeletonema costatum
culture

Chaetoceros gracilis
culture (Co-culture study)

Growth stimulation of P.
lutheri

Chaetoceros ceratosporum

Chaetoceros gracilis
Isochrysis galbana

Inhibition of the growth of
V. alginolyticus in
Skeletonema

costatum culture
Improved growth
characteristics

of Chaetoceros gracilis ,
Isochrysis galbana ,
Pavlova lutheri

Seawater(Co-culture study) Chaetoceros muelleri

Addition to culture
water

In vivo

In vivo

In vivo

Addition to culture
water (in vivo)

Addition to
culture water(in vivo)

Addition to
culture water(in vivo)

Munro et al. (1995)

Fukami et al. (1992)

Suminto and Hirayama
(1996)

Avendano and Riquelme
(1999)

Rico-Mora et al. (1998)

Suminto and Hirayama

(1997)

Gomez-Gil et al. (2002)
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Probiotic strain Source Effect Method of application Reference
Live food—Raotifer
Lactobacillus plantarum Turbot growth study Inhibition of the growth of a  Addition to diet(in vivo) ~ Gatesoupe (1991b)

Several strains

Mixed culture

Lactococcus lactis AR21

Rotifer culture

Rotifers

Rotifer culture

fortuitous A4. salmonicida
strain in rotifer culture

Increase of the specific
growth rate of rotifer culture

Growth experiment

Rotifers resistant to V.

Addition to culture
water

In vivo

Addition to culture water

Rombaut et al. (1999)

Hirata et al. (1998)
Harzevili et al. (1998)

anguillarum (in vivo)

Alteromonas . sp., Gram Rotifers Growth study In vivo Douillet (2000a)

negative strain

Commericial product: 9 Rotifers Natural growth study In vivo Douillet (2000b)

commercial products and 8

laboratory cultures

(including mainly B. spp.

and Ps. spp.)

7 terrestrial LABs Rotifers Growth study In vivo Planas et al. (2004)

Live food—Artemia

A. spp., V. spp. Artemia culture Decrease of mortality of In vivo Verschuere et al. (2000)
Artemia juveniles

9 marine bacteria Artemia Natural survival and growth  In vivo Verschuere et al. (1999)
study

Microbacterium spp., Artemia Natural survival study In vivo Orozco-Medina et al.

Exiguobacterium sp. (2002)

Saccharomyces boulardii ~ Artemia V. harveyi In vivo Patra and Mohamed

(yeast) (2003)

Pediococcus acidilactici Artemia Commercial product Addition to culture water ~ Gatesoupe (2002)

Lactobacillus casei , L.
brevis, L. helveticus ,
Lactococcus lactic

spp. lactis , Leuconostoc ,
Mesenteroides spp.
mesenteroides ,
Pediococcus acidilactici

Artemia nauplii

Culture collection (V.
alginolyticus )

Addition to culture water (In Villamil et al. (2003)
vitro and in vivo)

TOUNAF T4 7 AW ZE, BEZEELCVARET
RS 2%6120F, ZoOHMEEE L OME/ERICAE
THELEND D, HAHMEIL, BEIOTT AREHIEMRZ
AL, H—ffaEE Ox7anN— k) Rty ran
TYR) OWGEERET L7720, FREEICBWTIE
BPLETH 5,

SHBROEZL
MEERIEENEAE AT LI LT, L) SN
AETHERT 257, EERBEOGIES KNS S %72
W, L RIICEEIES NS (Bostock ef al., 2010) &
THHED DD, RASHIMM # LG 12 BT 5 BE5¥ED
HEHIE T 2720021, B 23S R LETDH
%o AGERELIIIEECS { OFET AR R D R S iR
BLTBY, SHBMETEEMNEOM L, FFICAEEIT AN
DAL B 72012, KV AT LOERILPEENS,
FEHRACIZIT 2235 HE O itk L LT3, THRIES
REAFTHMO > A7 2 R L, BEAEEICHEL

bDETLULEDND B, FHHAERETOHEFNIOWTIIEE
WD ERINTWE S, FEAEICEL T, £72
IR ETHY, VAT AHERO AL S I3 RAEFEO &
W A S S HAT RS SR SN B, L L,
BARW 2 1 HH:Cd KR, HWOEOLMERIEERIEE
IR D Feoth 75 M3, RO SEE BB O 1F 2 AR,
MBS EEELKEF v 7, ERBESELI2O0WTO
BV TH Do ¥ AT LERED N — FHEHOE
WORL LT, VAT LEEIT DBOEHRN NEED
fEHEICET L V7 NEO X DA RERRE MDD -
TZ %, TEEREAFEHR OIS SN L THS ),
Ath, AR MR A BN L, FHICEREES
7202lE, RIL) BOFONFE - NERE L T M 2
EWLFETH B, FIzE, OMfAEERMOmE (B
WA - WA, WEMEREYONA A ay fa—v, T
ONA F 74 7 ZOFEE), @FEERE om L
LA - BEE M SE AR I & % N7 7 ) T OFEFE L
MR OBSES%), @Y AT L TF0O@EMH (4



IR, T IBRER, RARES 4 OGHWEEREE),
@O Mz BEOFEH (R, FEEFT, By, E=
Kb, g K, WTKEL) FORBITT 58
ErEzZoN5 (Fig 1),
SEAEMNAEERTIERL, whwd [1F- L FHF]
(FBH%, 1998) &\ ) A OEHEEREMIE L 7=k
PR ENDHEIC R o720 TN, FADET GRS
A IR R (M B O RE & 2 BREMIIE TS v o b v R
BAIZHEML, ZOR%ITERIED L 2E0R & #ife 5
LIEET, KEOERKREIZE A SATHOFICEY LT
FTE- | AEHETH S, BHRIEBERFAT > A
TLZ (3o L FEHAE| oae /vy iddiL, &
IZERRBE R K EED T =5 ) v 7 LB R BWAL - B
Bty s LT, MEEEZODOD [HEML] ~DF
MRS NS,

Fhi)IC

NF SO AR T, FRIKEDOEME
ALIZE o0, FEHEENEEECH -7 (HE, 2002),
COMGAMEIZY, BREBNXETE VAT LOFEHE
AoND, FLWAKEIZEAERKETICKEEFIZE
2R IRAEI AR D 2 2SR B 7200, BRIEMIERE DI T
BHOFEE TG RHE AT L EBDbN S,

—7J5, MEAREICHEE SNSRIV OBMIZOWTIE,
MR E LT, MSEIERASE > A 7 L 2 HREH
T5HZ LT, \WhWwhSPF (Specific Pathogen Free) {L72°
WHETH A ) o MAFHDOKEA 2IRE AT RIFE (A,
2007) Lo TWARHIR,S LT, b CTEERTIMNE
EZbNb,

IKEESTEFIC BT B GBS B H (4R 5 AL D5
JEE, HEKLEIRESE I BT B AR WS B A AL O S I
IZED & 2APKEDSTRRIZE DN S o HEAMLEEEE At
X 1004ELL LSRN H 1), ZOHAMMFEO—IRE LTE
YRR BEM AT EOHAM & L THE L TRz, B
HAWSNAEMEIZT T ATy 7o R) 7 —HEHENS
FRICZ: B 7201208, BERFBIROELR RS & 2 A8
KEPo7ze T/, HAMTHFEOFMMEE LT, EaE
DAYy MEICE BT = 7 ax b OEFALYE Y,
AT L 728U DR IT o, 7TFHEY 7 A
BIRESNDHR, FietBsH -EoRRE %
DERENDOFEAMAFEIRIT 5N TV 5, TEERIEBETE
IZBWTYH, INOPRLGE 2B 1) 5 i % FEiR
WD A, a2 MU E RIS 72 HAf S R &
KD DLEDH 5,

HEPPIEBIRD A T = AN RO AL 5T, JEM R
FOFRWIERINDLNA 7 4 VAT 5 TENE

Development of Seed production technology
(Research for the optimum rearing condition,
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Fig.1 Sharp decline in the cost for seed production from the practical use of RAS.
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