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This study was carried out to investigate the effect of photosynthetic bacteria to chlorella or w-yeast on growth of the rotifer and
its dietary value for flounder, Paralichthys olivaceus. The rotifer fed the chlorella (200,000 cells/ind./day) with the addition of 20
times the photosynthetic bacteria of the chlorella concentration showed the highest growth. But the specific growth rate of 100,000
chlorella/ind./day with the addition of 30 times the photosynthetic bacteria was the most economical feeding regime for mass culture
of the rotifer. The rotifer fed w-yeast with 200,000 cells/ind./day with the addition of 20 times the photosynthetic bacteria of the
chlorella concentration showed the highest growth. Growth and survival rate of the larvae of Paralichithys olivaceus fed the rofifer
reared on both chlorella and w-yeast with the addition of photosynthetic bacteria were higher than those without the bacteria, and
the chlorella had better dietary value than the w-yeast for the larvae. The larvae fed the rotifer which was cultured with the chlorella
of 200,000 cells/ind./day and the photosynthetic bacteria of 4X10° cells/ind./day showed the highest survival rate and growth. The
larvae reared with the addition of the photosynthetic bacteria had higher total lipid and the total content of EPA and DHA than
those reared without the bacteria. The larvae fed the enriched artemia nauplius with the photosynthetic bacteria also showed higher
survival rate and growth than those fed the nauplius without the enrichment. The optimum enrichment concentration of the
photosynthetic bacteria for artemia nauplius was 2X107 cells/nf, The addition of the photosynthetic bacteria to the chlorella and the
w-yeast was effective to growth of the rotifer and dietary value for the flounder larvae. However, an excessive addition of the bacteria
decreased both the growth of the rotifer and the dietary of the larvae.
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A g2 o A3 chlorella® A& atn ). WA o s ©¥-L B $Haty]
A3+ rotifer® FAAEZE A& FF F Aojo] FF3H7] Ao
HUAFEY FHANA FEHNNEZR o5& rotifer, Bra- 354t chlorella® 997333k W8 (Fukusho et al, 1976; Fu-
chionus plicatilis®) % wl¥& 439 A o]t} Chlorellat kusho, 1989)3 A#o] #ME YA chlorellad ol &3& WY
o e oko] g ¥ ohvz GAn R B IS 3o (Hirayama et al,, 1989) 5] A=At 23U oL X rotifers)
%o (Fulks and Main, 1991) rotifer®] Wi gol 744 Agsd  diigel o FAHo)n AFoz 58 Yol Age o
AE oA Zolt). 2} chlorella®) B FE ¥jgo) £ ¢t FAR F& AN o5 AT A7 AFF 20,
AR ZAZL A 53, £ 30T o4 ndMe 7#AY] ¥4 rotifer M FA AHFFEW Y vitamin BE B4} bacte-
gAlsle o7k 2o} thEkul ol olFHEol AUtk (Hur, 1991). W& a7} rotiferd A43E AU the B3 (Yu et al, 1989, 1990)
A rotifer®] o 2l A] chlorellaS dhA3}7] S8t BAR Sac- o] & #FAMT (photosynthetic bacteria)®] ©]-&ol tg 77}
charomyces cerevisiae’t /1'% (Hirata and Mori, 1967) 8 ©1% © A 25 2t (Fukusho, 1989; Fushimi, 1989). F-AkAhZ oA A szp
are e A7) gt B3} o] TR 230 AdgS e FRYATE 992D vitamin B,S #Fo) ¥
FE FAA BHE FALE (eyeas)7 €3 olgHn o ) Ful %ko] 7153t (Kobayashi et al, 1969) vitamin ¥4 (Sie-
(Hirayama and Funamoto, 1983). fert and Koppinhagen, 1982; Sasaki et al, 1989)% 42| 33}
Yy FAERE AP EFgLo] 7HEdtL Aol £old  (Bolliger et al, 1985) A4l ol &5™ T HIde YAy £
Aol U3 su, 39 4t EAE ¢ A2 Yol A& d 2R3 (Hiraishi et al, 1989)9] FHo 2% d7E u it
M= chlorella®th £3to] (Furukawa and Hidaka, 1973; Hira- UM & d7dAe BH4 Ade] HoldEz ol¢dE JtE
yama and Funamoto, 1983; Hirayama, 1987) FEAAHIAEL Aol d&AoE wdHo] 44t chlorella® FAERE rotifer

g =2 HYedy SAEFATRAY A7 Yo FPHAS.
*Corresponding author. 164
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WFA FHAEATY H7EHR S} artemia nauplius®] 9 ¥ A
2ZAY JFHATY EL&S ZABIAY. & FEA AFE A7)
8] v Fet rotiferst artemia naupliusE @A A X ool FF3to
FEATY Hola &S AT

XHE ol tC”H:g

A8 AHEE FEAYMTE Rhodopseudomonas capsulata®
FAZIEGAAN AAE AFS o&a Tt FRAATY AFe
E3ZAE ol 4% optical density®] &8 G-58 7 (Koglimi-
ller and Gest, 195D FFHATE =ZF F 30C9 incubator
oA 747 WlFE F FAE colonyE A WPE o] 43
Kt A8l AL&-3F rotifers Brachionus plicatilis 3 Ho|A &
2 x| guAzR2Y oA EYFEE Chlorella ellipsoidea
(KMCC C-27)¢t AR 2AH 1528 F3AA ol3hiA
TYFAHAY FAEE AES o] §3A. Chlorellat F/2H0
A (Guillard and Ryther, 1962)2 20 £ carboy Bl 25C, 5,000
lux B&2%e ZAAA wjF3tict.

Rotifertl &

Chlorella®t BHAATFE EF8 9 rotiferE W YT F$ rotifer
g AT 1 U chlorellad] Hol & 10,000, 50,000, 100,000, 200,
000, 300,000 cells® T3 TFFAT & Ag AHE-3F chlo-
rellash FEAAT B HFL 2 7 o 60 um*S} 2 yum’2 ch-
lorellad] A F-& FRAHATY o 3002 SAHUCT ety 3
FAATY F71FL chlorella AXFY 10, 20, 3082 TEF4
TEFH.

B Afo} AHE3 fFAREE FTAPol F 57um’e 2 chlo-
rellast W3t P T wWald FRAEES FFYHTE EHEY
rotiferZ H] % B¢ rotifer 1 HAZF 19 FAELR Yo|FFFL
100,000, 200,000, 30,000 cellsS FE3VL FFANTL chlorella
g Mo} Zo] FAALRAESFY 10, 20, 308 2 FHI FF
a1

Rotifer®] ¥ 500 ¢ flask & 719 30 ppte) o Fsf+ 200 mé
£ Y3 rotifer 20 A /mle) F=2 HEF8A} Rotiferd HFL
7 AGTFolA Y 1 nd¥ 33 FH3lo HF A4S 894N
Aok &, rotiferd) YHAEAE (specific growth rate, SGR) 2 Gui-
llard (1973)9) 4, SGR=3.322 log (Ny/ND/trt; (1, tr AEX
U4, Ny, N ty, o489 95) & of 8319,

FEMMTel HolzE

Chlorelladt FA AR FFHAT S H713to w4 rotifer]
Holagd dX AE ddoZ ZARYD Rotifers] A3l
7}8 %9 chlorellash A AR F% (20X10* cells/ind./day)
of FFAAT 2081 F 400X 10° cells/ind/dayE H7}8tS rotifer
WS F go)2 A AT FEAFY ¥A Ao 10000
50009 dFsze £8F F WY rotifers 107MA/MZ F

o

FEA 17CA A FaA F71E FE3H 15YT AFIAS

¥ rotifer 5 ©]F9 HolAE2 San Francisco Bay strain9
artemia cystS ©]E€34ch. Artemia nauplius® 9%73le] Fg
3 BN T F=E H9387] 93t Z £33 nauplius 200
AAE A5 10me) APde] 48 F 2, 4,6, 8, 10X10
cells/mé F=9 FFA AES A7 T 2443 F9 nauplius?
HEEE ZAEAY. 283 /M & AEEE B A48T
TE2E Vg $3AFTY naupliusE 643 B4 FIAEE
At

%72 E nauplivse A3 Fo] AT T GA Ao F
A A 456067 mm] G Aol 1,0000H]E 5002 F
Fazol £43 F 10472 chlorellaZ W YT rotifers 10714
/M2 FFHIL 15YAAE rotifers) ¥ %43 E nauplius 2 7
AR /e A FEIFL 1595H 30497HAE naupliustt S7HA
/M2 FEHAG. AGFEA 30089 Rolo} dig AFH 4E
£¢ ZH{4.

g 24

Chlorelladt A E R0 FFAAA T A7k w43 rotiferS
1547 93] Zolo] FFF A& 2T £AF & AUy A
%Z4& gas chromatography (Model 8700, Perkin Elmer Ltd.
USA)$} diethyleneglycolpolyester columne ©]43x Ade) F
% 9 AAE Folch et al. (1957)9) W& ol&stgch

Az

EE 49L 2 ETE AT $AAYE 4L Dun-
can’s multiple range test (Nie et al. 1975)2 A&£&2 Daniel
(19879 gz BAAYS S /o4 (P <005)S BAFAL

1. Rotifer A%

Chlorella®t BIAAHNTY EF o 23 rotifer A

Chlorellasl] FIAATL AE718Y rotiferE W% ZH roti-
fer®] 4374 %2 Fig. 1% 2tk Chlorella& 10,000 cells/ind/day®
T AL FHAHAATE chlorellad 308 T=2 FFE 43
Fol A Wl 6YA rotifer7t 87TAA /MR 71 %R FREAT
& A7EA g2 WERFANE 744 HAA/MmE JH okt
ChlorellaE 50,000 cells/ind/day2 &3 A% FRAAZE ch-
lorella®] 208} F=2 FFF AFTFANA 794 rotifer7t 113743
/MZ 7P BT g Z27E eNA/ME FH dgkth

ChlorellaZ 100,000 cells/ind/day2 38T 29 ZRAATE
08 FEE FFE AYTFAA 6UA rotifer7t 24774 /M2 7+
EXL dETe 794 1SINA/MEZ 74 W3kTh. 200,000 cells/
ind/day2 T3 45 68H FTAHATE 200 T2 FFE
AAFANN 316 A/ME 7 QR 2T 150704 /me 2
7H @i,
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Chlorella® 300,000 cells/ind/day2 Td% 2% 794 FH4
A& chlorella®) 20012 F5§ AFFAAN rotifer7t 26370 4/mé
EAR FL AL LU dEFE 16004/ 2 A Rk
W27 rotifers) 3L 200,000 cells/ind/day] 487+
27 s 4 AFS BYn, FHENES HH ¥ B¢
rotifer®] 4732 200,000 cells/ind/day® 35E W 20t 2389
F3:09=

AAH o2 £ o chlorella®] FF%°] 200,000 cells/ind/day]
AYFAA rotifers] AZFAT] 714 =4I 300,000 cells/ind/
day 2@ T AN 100,000 cells/ind/day AP TRGE @3k}, 200,
000 cells/ind/day°]3t& 8% 3+ chlorellad] I& %] 4%
TE rotiferd AFE F& AE¥E By

FAEZES FFAATY EF 9 rotifer B

Chlorella®l A8 A7 rotifer MAD 19 chiorellad) HolFxE7}
10,000 cells o3t A& BFo] Wl¢ ¥honz FAERY dY
AME Hels =& 100,000, 200,000, 300,000 cells TH& A F3H
o AT E FALR T2 10, 20, 3042 713 roti-
ferS Bj%d 4% AEL Fig 29 2t}
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Fig. 1. Growth of rotifer fed Chiorella ellipsoidea with diffe-
rent photosynthetic bacteria (PSB) densities (A: 1X10*
chlorella/ind./day, B: 5X10* chlorella/ind./day, C: 1X
10° chlorella/ind./day, D: 2X10° chlorella/ind./day, E:
3X10° chlorella/ind./day).

FAELEE 100,000 cells/ind/day ¥ 83 A4+ FAAAATE &
AAaRe 30M 2 FFE AP AN vl 64 12470 A/ mbE 7}
A £tk 53 rotifers) A% peak’t FHAATE HAUBIA &
& Y2PAAE 4dA Ad dA HAue) 27 F AdFsAdE
MAN/ME ZAFgoy FHAATE 082 AN A8t
A&Ho g ARstd HAE T 7R A&FHoz YAJHt

FAELREE 200000 cells/ind/day T8 A% W% 5~649)
rotifer?] 37Aol peakel @ [tk FFAATE 20u] H7HE A
TFAXE FF F 6 BIANA/ME AF $& 4FE Box
308 A7MeE AFFANE dE2FdA 594 10484 /mE B
A AgE BYD. 300,000 cells/ind/day TFE 3% FE9A

< 1082 AH7E AFTA s9A 11 A/mE g B
zFoME 10370 A/mZ 109 A e APFoAe v
232 20 FERAT-E 200, 308 HAAG AFFANE 77
MA/me, 70 A/meZ 7H Fe BFE B

AARos B o FAARE FFE A5 %L chlorella?)
A$Rd ge AL BAY Rotiferd AL FARRY Hol
FE7F 200,000 cells/ind/days) A@TA 742 =33 300,000
cells/ind/day 4@ FAA 7HE ¥ttt FAEEY FE8%° &
T2 FRAAATY FulFol H& AYTFIAN rotifers] Aol F
& AL BPgoy AANERY FHEHFP AE A¥e FHEA
T2 A7 S AT AYFAN Aol 42 AFE HHh

Rotiferd] d7tAA &

Rotifer 1I70A% 19 Ho|Fo 2 chlorella® 10,000~300,000
cells 7% rotifers) 47133882 Fig 3% 2. Chlorella& 50,
000 cells ©l3t2 FFGL e ATAZ L] 0601312 ¥}
U 100000 cells o422 IFE APFolMe 09 oFez
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Fig. 2. Growth of rotifer fed o-yeast with different photosyn-
thetic bacteria (PSB) densities (A: 1X10° w-yeast/ind.
/day, B: 2X10° w-yeast/ind./day, C: 3X10° w-yeast/
ind./day).
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43 gl ZFE BAd 284 chiorella® F27} 100,
000 cells 213X chlorellad Z719) WE 74482 2
wash 9ag.

Chlorella® 100,000 cells F8% 3¢ 3T E 30 &
2 A0t A87eME 1R ¥ A%E (1148 Byz 2§
AT AP BE5E 58 4388 29 28Y chiore
Hag 200000 cells o1 3§ AFFAME FEAATS 2008
FER AAS AU} o8 FUMS H¥FEOY O 22 A%E
£ B3

FAERY L B8-S chlorellaBt} B0 A% &
44E (092 200,000 cellsol FRAHTE 200 =5 Brhe
HEFAMGD, 28U chiorella AZ e g FFAAT
£ 304 HoMe Afe dzTrd: ¥ Mg A28 AFe s
EAd £ FAEARE 300,000 cellsZ FEY A% 4438
43 ZAs FEAATE Fo] Y AYFE ¥ 4% L
B (Fig. 4).
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Fig. 3. Specific growth rate of rotifer fed Chlorella ellipsoidea
with photosynthetic bacteria densities.
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Fig. 4. Specific growth rate of rotifer fed w-yeast with photos-
ynthetic bacteria density.

Rotifer

¢ 48 2AE 28 chlorella®t FAERY FFF 20X
10* cells/ind./dayol FEA AT 2080 (4X10° cells/ind/day) & 3
7rete] vt rotifers 15U3 GA Aol FFF A3E Table
19 2o, A28 E A¥TdA 94% 01422 chlorellad] %

T4 AEE @71 Aol 968% 2 74 B4} Chlorellad] 3%
A ATE HG AETY YEEE UE 4YFRY foEeE
FU. Chiorella®] H$ FFAATE NS AL MA@
< f2 7RG B3 AR A4 94 chlorellach FEAHATL
ANE AEFA 1.8 mmZ M ¥R FAEERHOR u)
FE AETE 673 mmE AHF BRG. FAER JFRYATE
H7 st 33 Aol chlorella?td I8 48378 d, & 3§
BATE AT R WA & AEY 4289 Aol &
2 AFE 5440

Table 3. Growth and survival rate of flounder, Paralichthys
olivaceus, larvae fed rotifer cultured with addition of
photosynthetic bacteria (PSB) to Chlorella ellipsoi-
dea and w-yeast for 15 days (initial mean total le-
ngth: 3.01 mm + 0.58)

rsalgV (p'% lengfl(x)t(arlnm) Diet for rotifer

9501 05" 70X01® C elipisoidea (2X10° cells/ind /day)

96.8£04* 73+£02° C. ellpisoidea{2X10° cells/ind./day)
+PSB (4X10° cells/ind./day)

942403 67102 @-yeast (2X105 cells/ind/day)

952+0.1°  72402°

a-yeast (2X 105 cells/ind./day)
+PSB (4X10° cells/ind./dayg

Values (means * sd) in column with same superscript letter are
not different at P<0.05.

Table 2. Fatty acid composition of flounder, Paralichthys oli-
vaceus, larvae fed rotifer cultured with addition of
photosynthetic bacteria (PSB) to Chlorella ellipsoi-
dea and o-yeast for 15 days

Fatty acid Area % Dry weight mg/g

I m v I I m v

16:0 27 214 223 66 58 62

18:0 130 124 130 141 35 36 35 38

20:6 08 07 18 17 02 062 05 05
240 0.1

8:1a-9 85 77 128 126 23 22 35 35

18:20-6 45 42 50 49 12 12 14 14

18363 04 03 04 04 ol 01 01 ot

20:40-6 60 59 49 50 16 17 13 14

2053 (BPA) 95 88 71 61 25 28 19 17
22:6@-3 (DHA) 24 24 99 116 06 07 27 32
EPA+DHA 119 122 170 177 31 35 46 49
1. Rotifer fed C. ellipsoidea (2X19° celis/ind./day).

IL. Rotifer fed C. ellpisoidea (2X 10° cells/ind./day) with PSB (4X
10° cells/ind./day).

ML Rotifer fed w-yeast (2X10° cellsfind/day).

IV. Rotifer fed w-yeast (2X10° cells/ind./day) with PSB (4X10°
cellsfind./day).
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FH 159 A% F FAT Aol At 24E Table 29 2
4 FAERE % Aol chlorellaZ ) FF Rojd u)d}q]
F Awto] Ao FTAY AFE AN AL F7EA FL
R B} FAuribel o] Et) 20:503 (EPA)E chlorellad]
AEFANA =29 W 22:603 (DHA) = FAERY] AP FA
o £t = DHAE F34ATE 3718 4794 2 &4
dERt 28y FAEE AT EPAT FFEAT
A7ME A g APFF 718 AR 238 A Y Ho
5ol3tg .

Artemia nauplius®! 9 %743}

Artemia nauplius® 1 m£% 107~10° cells®) FFAA T 244)
T FET F AESL Fig 59 2th 107 cells/meol A 4X107
cells/d7HA & BFAATY $E7t EL2FE AE§0] Fo} 4%
107 cells/meol A 98.5% 2 7HE Ech 28y 0BT O & F
EdME T2t 2855 HEZ] 72439 10° cells/mol =
783% 9 713 ¥ AEEE B

o9} & ARE 712 E 2 4, 6X107 cells/nfs] FFHMTOE
6N B FUdAsEe 23 1094 He gA Aold FFE
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Fig. 5. Survival rate of artemia nauplius enriched with di-
fferent photosynthetic bacteria densities for 24
hours (I: control, II: 2X 107 cells/n, TI1: 4X10° ce-
ls/mf, IV: 6X 107 cells/mé, V: 8X 107 cells/né, VI: 10
X107 cells/mf).

Table 3. Survival rate and total length (mm) of flounder, Pa-
ralichthys olivaceus, larvae fed artemia nauplii enri-
ched with different photosynthetic bacteria densities
(initial larvae number: 1,000 individuals, initial mean
total length: 4.56 + 0.67 mm)

Concentration  Survival Culture days Daily growth
Glshd) wel®) Tl 10 @ gnGom)
Contdl  436%11° 65420 99+17 125+11 030£00
X0 Q029 66%17 115409 134+12  034:+003°
4X107  S08+22° 67419 97404 129%16 0314003
6X107 315 6525 101+18 127£20  031+00

Values (means * sd) in column with same superscript letter are
not different at P<0.05.

27 AEFL X0 cells/mdZ FYA33 A 620%2 713
EST 6X10 cellsymlZ FFASTE AL 023%2 7HF 2%
FYAEEA G YRTE $36%2 9 22 YA
AET9Y v 298 2T (Table 3). YR FE 249 ro0-
tifer FFHUD 104 72X 2PFEZ 439 Fo)7} Yoy
artemia nauplius® FFFHNEEE 43 o7t B 209¢
F 2X107 cells/mé AH T AAAFFL 034 mmB 7HF %3
WZFE 030 mmE 7HE ¥t

U2k

a

A rotiferd o Fj%olE chlorellast FAAZRZF Qe o} &
H32 Jeu chlorellae ZAAH GRA ZA7 Az FAE
5= JU%ts 2099 AR BA ok wEkA o9} 2
9HE BEE F Qe AEL dAY)AEY sdo] 8 7HT
gon ojsh e FHANM FRHAFE XF3 bacteriadl Hol
Ego WM FMde] AFHR Urh

Vitamin BI127} rotifer A9l Y43 o)gle B (Hirayama
and Funamoto, 1983) °]F YU et al. (1989, 1990)& uj %<
HAE BIE A D rotiferd] Ao £49 AdFME
vitamin B128 A48 bacteriaZt e g AT S dAsn
vitamin B12¢] 3] 2 bacteriat rotiferd] A% F4A
2 & Jun 39 Gatesoupe et al. (1989)E rotifer AHEAl
TS FEE AL FA&o] MEL, o] rotiferZ YA A&
AHEE A3 4ol $d HATT AT E Fukusho (1989)2
BRAEMTF Thiocapsa roseopersicina?t rotifers] 43 F&
EH7} I A Fushimi (1989)€ WARC FJHATS
A7t SE TEE rofifers: W FE 2 o] FAHAGR
B v ind

2 d79Me FEEMT Rhodopseudomonas capsulatas
chlorella 35 =9 101A 3082 A7 A$ rotiferd] 4
FL BHAATE H7MEA ¥ dER T HEY BEF %9
AAE B o FFAATE rotieferd] HolHEZ A a77} 9l
5 ¢ 4 AU A FFIATFEE chlorellad] =9
w2t GEA el Chlorella Bol %7} 100,000 cells/ind.
/day ol e BRAAATY HlFo] BEF2 rotiferd 4
AEo] UAT 200,000 cellsT 300,000 cells AFFAM=
FHAATE 3MZE TFH AETY Ao 20002 TEH H
S5 038 ¥iy, o] AHE B o chlorellad] FEA
AT & A7t AL rotiferd] HolA&E F4AE + oy
g FFAATY F7te 2319 rotiferd] 3FE A=
Aoz AddEy,

Hirayama et al. (1973)& rotifer® W ¥& o chlorellad ¥
FFEE rotiferd £ &, Ad g 9L nHdn g 2
AT chlorellag rotifer I7AF YU 200,000 cells ¥ 33t
4L W A HE AZE Bged o rotifer ¥ NAZ 9
33 chlorella HolFE o 200,000 cellsgte 23 (Hirayama
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and Ogawa, 19729 AA3H{Th T 100000 cellso) A&
B 499 rotiferd dWH3FE] E Zol7t AW HE B o
AAAQ chlorellad] FFFL 100,000 cells/ind/day2 HHRT}

FAAEE rotifers WY 299 43L& o gy ¥
u}g} 2] chlorellaZ W ¢E o Bk EF3 % Chlorellad] 4
o A& 100,000 cells/ind./day ©1S ZF3 HFFAHT roti-
fere] Y FE] AT FE& FAFYE AFde @8 A
AR AE 200000 cells A AA&o] Haol 8 F 300,000 ce-
s M e 4% Zadged os 2de Jodd FAEAR
g £33 43 9949 Aoz wd It (Hirayama and Fu-
namoto, 1983). FAEEE 200,000 cells/ind/day2 FHE 3%
BT E 02 TFH A4YTFe URT BuE 4FE0
Wtd At 300,000 cellsE FHE ALANE FHAAT S Bol
A7 AEFLLE w2 AFES B9 Aol 5ol

2 d7A chlorella £€ FAAEZR rotifers WFY o 2
AL A7 chlorellad 29+ < 20%, FRARY 7
= % 50% AE rofifer® U] FAANL F & ALZ Huy
Act ojsp & A FHAH Tl FHF vitamin B2t rotifer
Az AR 59 fEog AN & Yok 2 #
BFEAEE dFeR HME B rotifers] 470 &3 Fas)
HI o3 AL FAERAA B Faa

H YA Aojy AL AAE B FAELEZ rotiferS W] $
A& chlorellaZ W ¥d 2 B} Holf &o] Hx3t Hirayama
(19879 Z#%E FeAsgdh T8y chlorellad] BT &
A7 ete] v gt rotiferS FTEI Aole AE o] FRHAT =
FARRS FRAALE A7lete G T rotiferd T3 WA
Ao]E chlorella T FFE A+ Zoj7t g9 & & o
FREATY Abe Aol HolEEE F/AALE ¢ = U4
.

YA Aole At 24 2AE 29 AT E FU8Yo
A& Aol ol A 20:503 (EPA) 9} 22:603 (DHA) ] o] £k 2
o]2§ Z3e EPASY DHAZ 3jito] #Aoje 4434 AE&ES
Ethe A3 (Watanabe, 1991; Craig et al, 19949)& 223 3}
At £3 £ dFNA FAARRE I rotifer® TFF YA
Aol chlorellag 33 A Hldt DHAY #Fo] w4 &4
Ul ¥ EPAE chiorellaZ Wl 4@ rotifers F53 ojdlA
Eed oEd ofe 249 JEog {IAANN FALEY
DHA7Z £7] W2 ¥Zdd

Watanabe (1991) 9} Kraul et al. (1993)2 DHA¥ EPAXRT A
o]g] &gl o & %L g otk £ AT7A 9 &
ole] 4Z3 AAo] n]x= EPASt DHAY =3 d&E 3
g3 FEE v glou EPAY #Fo] 349 chlorella® 9%
# rotifer® ¢ Aol9 JAo] DHAZ £94d FAERY B¢
o d@3d A& B g Ao 4Fd= DHARUE EPA7E H
g 9%¢ st Joz A4E,

Artemia nauplius® EPAY DHAS #3Fo] & EFZ 9%
A3ete] 2ol Abge] @8 ol &3 Ut (Kraul et al, 1993;
Stottrup and Atftramadal, 1992). £ AFAN FHAHTLZ

Cl

artemia nauplius® 6A1Zt F 4283t Aoo) FFF AH =
Toll v3te] EEL 3%, WY FUhe 4% FRE AL £
W FFAAATL rotifertt artemia®] FLFAFAZE FFE AL
2 gag . 2y 4X107 cells/mé o] 42] A AFLRE o
PR E RE Ao AFH ELO BF ZFide o2 B
o} rotifer®] A 2ol o FFAAZT L 238 FAHY
3 Aoz s

FHAATE FFFE A7 A HolHERZAMY 5H} 9
oy g Aeee 238 SHAAT v A2 RojH o
o} e A a9le 2o FAFHY FRHAATY J94E 54
T FeAY EAd o3teq FHEH}F & Aot

2 9

Rotiferd] tzu] ol 34 chlorellaZt 7 A @sh} v]4o
1, FAEEE ZA o] 7 s HolHFo] ¥& FAH] Y
o}, o]} e FAAL MAAE] Hdte B dFdNe FRAEA
T (Rhodopseudomonas capsulata)®) A7} E#E ZAL gt
Rotifer 3 A& 1¥ HolF L Z 10,000, 50,000, 100,000, 200,000,
300,0004 2] Chlorella ellipsoidea® 3833 Zt chlorella 9
10, 20, 3009 BI}AEATE A7HE 23 2000004 £ FHA
AT 208 (4X10° celDE FFF Aol 717 AFo] whoY A
AHQ ZWME chlorella 100,0004 o FFAAAT 30818 F
F3e Aol o aFF oAt &, rotifer 17T 1Y YolFo 2
A EZEE 100,000, 200,000, 3000004 X & FF32 & FALR
79 10, 20, 30009 FIFAMTE H7HE A3 2000004 X F
AAT 20018 A7 YT NA rotiferd] Aol M =3

Chlorella®t FAREE 7+7} 200,000 M EH 12| chlorellad)
FALRY FFAAATE 20009 T2 A7 S rotiferE WG
o gx 2AojE A% EH chlorellad] FEAATEE A7
AYFY YEL0 968% 2 7H =dor 479 Ao FHA
AZE 371 48794 & 43S 244 = 74T E
A7re A"TFA 9 gz Aoje FAZI EPAY DHAY &#
o] FFAAEE HbsA ¥e AFFANEY A e,
Artemia nauplius& 643t FRAYATLE F4Aseo o
A 0] 2047 AMS AT} JdA e AL A gL Ang
AEET o) goton FHAYATY JHYYEAFEe
3 2X107 cells2 Yest) Chlorelladt #R AR FFAATY
ANE rotifers] AR Ao} HELH AR AAFH YU
a2y gog 39 FFAANFL 2318 negative effect7t AT
Aoz JER
5]

L%

2 2

MO

Bolliger, R, H. Zurrer and R. Bachfen. 1985. Photoproduction of mo-
lecular hydrogen from waste water of a sugar refinery by photos-
ynthetic bacteria Appl. Microbiol. Biotech., 23, 147~151.

Craig, SR, CR. Amols and G.J. Holt. 1994. The effect of enriching



170 RIS e E

live feeds with highly unsaturated fatty acids in the growth and
fatty acid composition of larval red drum Scianenops ocellatus.
J. World Aquaculture Soc., 25 (3), 431~424.

Daniel, W. 1987. A foundation for analysis in the health sciences. 4th
ed. J. Wiley & Sons Singapore, 734pp.

Folch, J, M. Lees and G. Sloane. 1957. A simple method for the iso-
lation and purification of total lipids from animal tissues. J. Biol.
Chem., 226, 497~ 509.

Furukawa, 1. and K Hidaka. 1973. Technical problems encountered
in the mass culture of the rotifer using marine yeast as food or-
ganisms. Bull. of the Plankton Soc., Jap., 20, 61~71.

Fukusho, K. 1989. Biology and mass production of the rotifer, Bra-
chionus plicatilis. 1. Int. J. Aqu. Fish. Technol, 1, 232~240.
Fukusho, K, O. Hara and J. Yoshio. 1976. Mass production of rotifer,
Brachionus plicatilis, by feeding Chlorella sp. and yeast using

large-scale outdoor tanks. The Aquaculture, 24 (3), 96~101.

Fulks, W. and K Main. 1991. Rotifer and microalgae culture systems.
The Oceanic Institute. Hawaii, 364pp. _

Fushimi, T. 1989. Sytematizing large-scale culture methods. In A Live
Feed - the Rotifer, Brachionus plicatilis, K. Fukusho and K. Hi-
rayama, eds. Koseisha- Koseikaku, Tokyo, pp. 118~134.

Gatescope, FJ, T. Arakawa and T. Watanabe. 1989. The effect of ba-
cterial additives on the production rate and dietary value of roti-
fers as food for Japanese flounder, Paralichthys olivaceus. Aqua-
culture, 83, 39~44.

Guillard RRL. 1973. Division rates. In Handbook of phycological
methods, JR. Stein, ed. Cambridge University. Cambridge, pp.
289~311.

Guillard, RRL. and J.H. Ryther. 1962. Studies of marine planktonic
diatoms. 1. Cyclotella nana Hustedt and Detonula confervacea
(Cleve). Gran. Can. J. Microbiol,, 8, 229~239.

Hiraishi, A, JL. Shi and M. Kitamura. 1989. Effets of organic nut-
rient strength on the purple nonsulfur bacterial content and me-
tabolic activity of photosynthetic studge for wastewater treatment.
J. of Ferm. Bioeng., 68 (4), 269~276.

Hirata, H and Y. Mori. 1967. Mass culture of marine rotifer, Brachio-
lus plicatilis, fed the bread yeast. Saibai-Gyogyo, 5, 36~40.
Hirayama, K. 1987. A consideration of why mass culture of ther roti-
fer Brachionus plicatilis with baker’s yeast is unstable. Hydrobi-

logia, 147, 269~270.

Hirayama, K. and H. Funamoto. 1983. Supplementary effect of seve-
ral nutrients on nutritive deficiency of baker’s yeast of popula-
tion growth of the rotifer Brachionus plicatilis. Bull. Jap. Soc.
Sci. Fish., 48(4), 505~510.

Hirayama, K,, 1. Maruyama and T. Maeda. 1989. Nutritional effect of
freshwater Chlorella on growth of the rotifer Brachionus plicati-
lis. Hydrobiolgia, 186/187, 39~42.

Hirayama, K and S. Ogawa. 1972. Fundamental studies on phy-

siology of rotifer for its mass culture (I). Filter feeding of rotifer.
Bull. Jap. Soc. Sci. Fish., 38 (11), 1207~1214.

Hirayama, K, K. Watanabe and T. Kusano. 1973. Fundamental stu-
dies on physiology of rotifer for its mass culture - IIl. Influence
of phytoplankton density on population growth. Bull. Jap. Soc.
Sci. Fish,, 39 (11), 1123~1127.

Hur. S.B. 1991. The selection of optimum phytoplankton species for ro-
tifer culture during cold and warm seasons and their nutritional
value for marine finfish larvae. In Rotifer and Microalgae Cul-
ture System, W. Fulks and K. Main, eds. The Oceanic Institute.
Hawaii, pp. 163~173.

Kobayashi, M., A. Kawamura, S. Oya, K. Mikami, H. Nakanishi, K.
Murata, Y. Kinugasa and T. Kawasugi. 1969. Sewage purification
by photosynthetic bacteria and its use as a fish-feed. Bull. Jap.
Soc. Fish,, 35, 1021~1026.

Koglimiller, EF. and H. Gest. 1951. A comparative study of the light
and dark fermantations of organic acids by Rhodospirillum rub-
rum. J. Bact,, 61, 269~282.

Kraul, S, K. Brittain, R. Cantrell, T. nagao, H. Ako, A. Ogasawara
and H. Kitagawa. 1993. Nutritional factors affecting stress regis-
tance in the larval mahimahi Corphaena bippurus. J. World
Aquaculture Soc., 24 (2), 186~193.

Nie, N.H., CH. Hull, J.G. Jenkins, K. Steinbrenner and D.H. Bent.
1975. SPSS: Statistcal Package for the Social Sciences, 2nd ed.
McGraw Hill. New York, 675pp.

Sasaki, K, M. Hayashi and S. Nagai. 1989. Conversion of cobalt-free
corrinoid to vitamin B12 with the resting cells of Rhodobacter
spharoides. J. of Ferm. Bioeng, 67 (4), 303~305.

Siefert, E. and V.B. Koppenhagen. 1982. Studies on the vitamin B12
auxotrophy of Rhodocyclus purpureus and Two other vitamin B
12-requiring purple nonsulfur bacteria, Arch. Microbiol,, 132,
173~178.

Stottrup, J.G. and Y. Attramadal. 1992. The influence of different ro-
tifers and Artemia enrichement diet on growth, survival and pig-
mentation in turbot (Scophtalmus maximus) larvae. J. World
Aquaculture Soc., 23 (4), 307~316.

Watanabe, T. 1991. Importance of docosahexenoic acid in marine la-
rval fish. European Aquaculture Soc., Spec. Publ, 15, 19pp.

Yu, J.P, A. Hino, R. Hirono and K. Hirayama. 1990. The role of bac-
teria in mass culture of the rotifer Brachionus plicatilis. In The
Second Asian Fisheries Forum. Asian Fisheries Society, R. Hi-
rono and I. Hanyu, eds. Manila, Philippines., pp. 2 9~32.

Yu, JP., A. Hino, M. Ushiro and M. Maeda. 1989. Function of bacte-
ria as vitamin BI2 producers during mass culture of the rotifer,
Brachionus plicatilis. Bull. Jap. Soc. Sci. Fish., 55, 1799~1806.

20004 19 20¢ HF
20008 39 219 +4



