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Evaluation of Six Species Ciliates as a Live Food
and Culture Environment for Euplotes sp.

Jin Hyung YOO and Sung Bum HUR**
Department of Aquaculture, Pukyong University, Busan 608-737, Korea

Ciliates have the possibility of a new live food in marine finfish culture because of their wide range of body size, thin cell wall, slow
motility, and fast reproduction rate. In this research, six species of ciliates were isolated from south coast and salt pond in Korea.
The fitness of these species as a live food was evaluated in terms of size, motility, suspensibility and cell density. As the result,
Euplotes sp. (K-1) was found suitable to be a new live food which might substitute rotifers, Brachionus plicatilis and B. rotundiformis
in fish larvae culture. The modified Fgyn’s Erdschreiberd media, MErds-1I with the addition of glycine, glucose and yeast extract
increased six times higher growth rate of Euplotes sp. (K- 1) than the basic Fgyn’s Erdschreiberd media. The optimum water
temperature, pH and light intensity for this ciliates were 22.5C, 8 and 2,000 lux, respectlvely, and its culture environmental range
was relatively wide. On the other hand, this ciliate fed baker’s yeast Saccharomyces cerevisiae grew up to 1,240 inds./mL with the
inocula of 100 inds./mL within 7 days. The results of the study showed that Euplotes sp. (K-1) has a potential to be utilized as

a new live food in fish larvae culture.
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A =
2 St FRAMC] BASEHAA A F497
Hlal A4k o9 ggsy} o) FoxA] R Yo} FRAYLL )
E &7) Ho|BERAT &FF (Brachionus plicatilis) 7}
o] &= glovt, FAolY EUHAIA|S} e UK o FoA
T #EFE Yol2 4AFI 49 FAH ol Fop Yol YRR
At xg 283 \_1‘1]1“] Aok (fRHE, 1970; EFF, 1988).

Hooe 2794 ES QA A3 ABA AR Ao
A= ok, Zofe *35}"“11 AR T2 B9 ns ¢
FA#HYY oH g T2 oMARAE FEHU ALEREo] 0] F o
AL Y& 7] ol &S ¢33 gt JAe E3
(Kanazawa et al., 1982).

311%“‘]’\1-4 MEEFL 4 AR vMzFe g el ¥4
3, £Y FEETFIEY TAELEAN AYAEHAY AU A
B0 FLH qTE 3, AGF @A HoldH FHHA o
g2 233tz o} (Porter et al, 1979; Sheldon et al, 1986).
PR/ ARFE A4 200 pm 03] PAFEEFIETY F8
FANEZHN Euplotestt Uronema 5& &% & Wd+2y £8
A g2 Fd &3 28I AFHYTEE MAR Yo
(Maeda and Garey, 1985).

ARZL g a7, 9% g =8 54, F=8E A

T, vFe &ol T 2222 HolJERNY JAd g3

[

m =
T £

L ARE B4 thgol HATH (Winter et al., 1975). 42 FL
£EH F71EE o} &N AAGAY, AW FAZFERYH 99
< AA%e 7 AT iR FHe v B ¥ 8 &
7183 nMZ2F 58 EA%e 99483 98 F3 (Porter
et al, 1985).

ER % (1960) 7 Seki (1966)E HEFE HoHEZH o] &
gt EEA0, Artemia 2 Daphnia 59 2355L A%% 2
BE Ru3tdon, Berk et al. (1977)2 87tF Eurytemoral
8] Uronema sp7t TAH e A& 21320, Porter et al.
(1979)& Daphonia®l 28 Paramecium caudatum® Cyclidium
glaucoma®] XA dis] H st

AE (1989)& 7730 &L gudido] AojALs
A Hol2H A4 At EE o) §3d HuFE Ad 24
AA Hol2Z FFHYLH, Lee et al. (19872 HEFL 34
FEALE A3 Yol HEEHR vlFete Jo|HEEZHY HFAY
of g3 RN E Kim et al. (20000 HAA NN Fabrea
salina® ¥X’}e) g3 EudQdon Park and Hur (2000)E
HBANA F. salinag® %233 dFugFste] HolAEZH 9
7E21 & BILEd ot

B AFdME AEFE N HolAER Musty] iy
7V 7bsAdel vt BeEE Euplotes sp.d M4S 4% 6l A
Z4, %, pH, % 59 #4210 Y BERE o] &3 U Fu S
9 7t & FAEE B

& 94 237
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1. d2&9 22| -8y o 53

ARFY AL Rate #ow A gt B AE A%
2% 44 3 AAAA AEEFIE HE (920m)E o] &3
of AP £, AFdM vAzF E2)UY (Hoshaw and Ro-
sowski, 1973)9] 98 Hd22& EedHth 2Edd F& 20Ty
A2 k7lol A wl s A,

Y 4L A5y 3, F2F g ¥y 183 &
X9 A9} kinetosomed] WG 71EE £ (Jahn et al, 1979)
sy AR uiA A FREGALH, T HF AL
dEgAET: (AEE ZEE) Y J33d 489
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2. Hfufx[ef =AM

ARZEol wlokd 93 7|2ulA 24 MErds (Fgyn’s Erdschrei-
berd) WX Z ALg3Go™ (Thompson et al, 1988)(Table 1),
AEZY 5532 HAE 9139 MErds WA 7199 EE
HA7Lske] o)kt ot

Table 1. The composition of MErds and modified MErds-1I
medium (Thompson et al., 1988)

MErds medium
Stock Solution (per 50 mL):

1. NaNOs; 100g
2. Na,HPO, 06¢g
Final Solution:

Filtered Seawater 950.0 mL

Soil Extract Stock 500 mL (pH=8.0)

Stock Solution 1 1.0 mL

Stock Solution 2 1.0 mL

MErds-II medium

MErds medium 1,000 mL
Yeast Extract 0lg
Glucose 0lg
Glycine 0lg

YzT2H MErds ¥WIAT9 MErdsol glycine 0.1g A7MF,
glucose 0.1g A7, yeast extract 0.1g A7 R 37k4 48 S
£ MEwds-1I MiAT2 570 AdT2 7R3t 43t
AP AR RE WA 22agt F#7] (121/151b/inY
20 min) oA T3] AR LT, 20T A2 g7 E o] &3}
of 1093t 2WrEo 2 W YstglTh

O|MEZ Ml Mrzol Mut
HolMEZH 9 7tE Wrtetrl Yste] A7), vk
254 2 R §8E FHon, HEL 3 + 47,
57 2 RAY -9 39AR FEI Fs T
ANNEE 7Y AER AHEHE £FF9 A7t 100~
200 ym¢) AL 7eate] 50~200 ymE “HA”, 20~50 ym7H A &
“HE” 1 old £ I ol4g “NAY R BAIY. wd

UEE MEdds HAZ0A 4E £ 54 ojule] A3 43L& o
Bl o “HF7 109 o Uld A% “EE7, 3 o4d A% ¥
Aoz AR gY. $F34L £559 £592 V1FEA &
259 veaAY =d A%E ‘4%, £E2FEY BE 259
& 7HE AL “BE7, Aojy Yol X o] B HxE uf
WE B$e ‘BHYoE BAYFAG FREL 1000 €34
FrzoA FIEINE FAL 1AT] BHG Fo, wjFrEE
of AMFoz BRI “HH” FZ ol XA “‘HE,
vl EX A$e “RAY o2 HAIAG

4. Euplotes sp.2] =& i 2t

FAYAAM HoAEZA 71 fEditl #9E H2%F Fup
lotes sp. (K-1)9] 3 v &4 & AT 25 470
200, 22.5, 250, 27.5, 30.0C, pHE tris buffer® & ]84 5, ¢,
7,8,9, 25 A& 02 1000, 1,500, 2,000, 2,500, 3,000 luxZ
TE}HH.

A8& 300mL A4Eet2=e] 100mLe) MEFEAE Fol 100
inds/mLZ HF3HL, 9 23] Ee42A8 80 Fo2H A
29 FEE FANAG. 74 AFT WA E 2MELRE 224
32 1097 pHE 224 793 wgsig

4
g

5. Euplotes sp.2| CHZF oy ¥

sk} AW GAYARE o]43 o] Euplotes sp. (K-1)9 oz
%S 93] MEcds-II A9} MERE FYYoZd 48S 4
A& iR oAFafd 01g 05g 10g 1.5g 20gLE
AZFRHL 100inds/mLE FF3t] HYES SARUT. WS
2 100L 9FMFr2E o) &3}on, £ 225C, 2L
1,500 1ux 9&2He, FHutgdA 3718 a3t 1093 )
Fatiet.

6. HAE 5F
AREY WMHE SH S Aot MM W 1mL 4 FH3
o Lugol $ol ZAE F 43 W& Asste] WHES SH

Aot WA &L Guillard (1973)7} A& Specific Growth Rate
(SGR)Z FAgtAen, 48d7e AN BFANZ AL
gdom, 7 A7 foIA ABL Tukey HEHFTLE 4
A st

SGR=3.322X (log No/N/(t;—t,)
t=H2AZY, ,=HEF9 ARdF
N=t, AEAY MALE, N,= 43 49 AL

4 ot

1. HfHHX o] =4

MErds¥l A& 72 AR Z f719%48 %S @78t Euplotes
sp.o WA EE 233 F3E Fig 19 YU MErds WA
FE 694 310inds/mL (SGR 027), glycine H7}+E 64A 520
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Fig. 1. Population densities of Euplotes sp. (K-1) in five dif-
ferent media matters to MErds medium.
(A, MErds medium; A, MErds+glycine;
{0, MErds+glucose; M, MErds+yeast extract;
O, MErds-II medium).

inds/mL (SGR 038), glucose H7F7E 744 685inds/mL
(SGR 035), yeast extract #7}7= 794 950inds/mL (SGR
05924 6494 79 Abeld] Hu AAIALE Yepflon, o
7b&d yeast extract 7Pt M ®& WAUEE YERRAT
Y, o] E M HEE T8 24T MErds-1T Bl X0 A 9
A EL 794 1840inds/mL (SGR 0.60)2H QYA Lol EF

2 Ao 253 Fol MErds ¥lATo #s) < 6ule &
HAES Bom 3714 #7159 B]}37}7) Euplotes sp.o) ¥
Aol B AFF oAUt

2. M2Eo F2| - ujY U Ho|ME HIt

A AZAN AFE ARFL 9NN Euplotes sp.2 Oxyr
rhis sp., YA NS Euplotes sp. 2%, 2 GAANM< Euplotes
sp.&t F. salinaZ 247t #2531 $AHHAG (Table 2). £2]2 4
%9 Euplotes 5-7]7} GE F4¢ $o2 FAHUG.

88 Z9 Avle #9udA APL Euplotes sp. (S-1)7} 27
um HA2Qov F salmaﬂ 172mE2A H3e 2r19en, o
FE 2719 HolHE 7hEd BgelA £ € Euplotes sp. 2%
(K-1 2 K-D% 284 28 F salina’t 339 272 &
AH A

MErds-11 WA e Fafzt LeldlA a8 Euplotes sp.

K-1, P-D7F AF F 59 ol AFAAE Bo HF e
2 & JEMA O F salina® A4 27138%F ¥ 4Y0l A3
AL 4 9A HA MErds-1I whAlof o3 ik 2 s}z
%S Aoz et

TEAE £ 289 Euplotes sp. 2% (S-1 2 P-)F F.
salina?} HA oo m B{5 Y AUoME F salina’t §Ho g
Ztzt grtE it

HolHEZN Z7) MYLE, £8X ¥ ¥45Y 5¢ %
Aoz Hyg 23, F4d A2 Euplotes sp. (K-} F. sa-
lina?t ¥R} 6" 2N HolAE2ZH 9 JtFAe] B Ao
eyt

¥, MErds-II Wi Ao 2 H2FE 27] FFEE 100 inds/
mLE g |AE 438 A7 (Fig. )& 29, 39T A3 Eup
lotes sp. (K-1)& 714 &2 %7] W4g 301“1 3F ¥ 7194
1,800 inds./mL7}A] W4 H g 2H, FFL] Euplotes sp. (K-2)€
HE F 594 530inds/mLY WS B F A FAgrh
9% AR Oxyrrhis sp. (S-DE AF F 594 630inds/mL
o AAE Bgon Euplotes sp. (S0 AF ¥ 8UA) 665
inds/mL9] ¥4& YA &8 449 Euplotes sp. (P-1)&
HAE F 8UA 550 inds/mLe] MAE& HA oM F. salina (P-2)
T AE 3 A3 #AsUA 4U9H = HAEg

22 WY 659 AE=ZF 71&H Euplotes sp. (K-1)7F 3.9
HAEE o HolHEZNY MY 7Hs4del 71 &A Hrtd
Ak,

3. Euplotes sp. (K-1)2| Z& ujet x4

3-1) HiYRT

Euplotes sp. (K-1)¢] 33 W4T 48ZF= Fig 39 ve
Ytk HARYEE B vdeE 200CdMs AF F 3d9A
1,410inds/mL (SGR 048), 22.5CelM HE F 794 2485inds/mL
(SGR 0.66), 250CAME HE F 794 1860inds/mL (SGR
0.60), 27.5CAM AE ¥ 6YA 930 inds/mL (SGR 0.54)013 2
m, 300ColA HE ¥ 394 205inds/mL (SGR 035)F A* o]
7H3 @ttt W E 225CAA M ¥ RS YERleH,

LS5l §245 Aol Baat A% FN.

Table 2. Suitability of six marine ciliates species as food organisms for potential use in mariculture

Sampling area Suyong Bay

Kwangyang Bay Salt pond at Sorea

. Euplotes sp. Oxyrrhis sp. Euplotes sp. Euplotes sp. Euplotes sp. Fabrea salina

Species (5-1) (52) (K-1) (K-2) (P-1) (P-2)
Length (um) 26847 476+63 680173 586162 325145 1723+235
Width (um) 184123 276145 382158 225148 232£30 1203 £ 17.6
Size + + ++ ++ + ++
Culture density + - ++ - + -
Motility ++ + + + ++ ++
Suspensibility - + + + - 4+
Final fidelity 4 3 6 4 4 6

*Each value represents mean + S.D. from 30 individuals.
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Fig. 2. Population densities of six species of ciliates cultured
in MErds-II medium.
A, Euplotes sp. (S-1); A, Oxyrrhis sp. (S-2);
], Euplotes sp. (K-1); W, Euplotes sp. (K-2);
O, Euplotes sp. (P-1); @, Fabrea salina (P-1).

8§ 8 B & B8

Density (inds./mL)

8

2.0 25 2.0 27.5 .0

Culture temperature (C)

Fig. 3. Maximum densities of Euplotes sp. (K-1) cultured at
different temperatures for ten days. Letters indicate si-
gnificant difference, p<0.01.

Vertical bars indicate standard deviation,

3-2) pH

HH pHE #A3Y] 93t M FF& 225CAN 2] HEL=
100 inds/mL2 Euplotes sp. (K-1)& 797t w43t A= Fig. 4
¢} 2tk pH 5914+ 340inds/mL, pH 6914+ 1,080 inds./mL,
pH 7914 1230inds/mL, pH 8 A 2,610inds./mL, pH 99l
AE 2290 inds/mLEA pH 84 Hu} WALEE ehile
o oF gtz Ao JAdY pH 83 9dlA EAHCE §9A
(p<001) ¥L WIUEE Jehidt. 3 pH 87tAE pH7L
EE5E Aol F7rste AFgoldd

33) * £

2% g Euplotes sp. (K-1)9 A4E 2A4817] 93k 225C
dAM 27] HFDE 100inds/mLE 793t wjdAHE Fig 59
Fig=

1,000 lux €1 2,500 lux7HA = 1,620 inds/mL%E 2010 inds/mL&
&g Aot 28y ol 7HF ¥ 3,000 luxol A&
730 inds/mL& YEFSETH

8000 [--r--nremenmeneneneeeeee e T RRRETEEES
b O RCACECICEETETDPEPEFEREPIPIPEPERE  FEPERERS C......
—~
—
B 2000 [ooorooroen s
wl
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£
S AB00 e renenemeeenen s e
b b b
3z
5
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a
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Fig. 4. Maximum density of Euplotes sp. (K-1) cultured at
different pH for seven days. Letters indicate significant
difference, p<0.01.

Vertical bars indicate standard deviation.

2500 { ----------------------------------------------------------------
2000
1500 - --

1000 f---

Density (inds/mL)

500 f---

1000 1500 2000 2500 3000
Hlumination (lux)

Fig. 5. Maximum density of Euplotes sp. (K-1) cultured at
different light intensity for seven days. Letters indicate
significant difference, p<0.01.

Vertical bars indicate standard deviation.

2,000 lux®] £ Euplotes sp. (K-1°] & ¥4 A3g 4
Rl glo v, 1,000 fuxel A 2,500 lux Atoldle AFTF2He] 93
Apol7F YetA &3keh, 2,000 lux o] A e AFol tid 74
e 4TS By

4. WGD0| oF CHEHHQF

Euplotes sp. (K-1)& ZAAZ dFujdstr] 48 34
of WwARTHE Hrtste] vigFe ZHE MErds-11 ¥ G A o A 9
Ao vty (Fig. 6).

WER 01gL A7FFAAME 69A el 390 inds/mLel R 2H, 0.5
g/L #7FFAAE 8¢A ol 910inds/mL, 1.0g/LAXNE 78
1,240 inds./mL, 1.5 g/LI A€ 64 A9 640 inds./mL, 2.0 g/LAAE
798l 400 inds./mL2 VFEFRTE

wano Arke 1.0g/L7AE FLE7} 5718, 2 o)y
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MErds—1I

Fig. 6. Maximum density of Euplotes sp. (K-1) cultured with
different concentration of baker’s yeast and MErds-1I
media for seven days. Letters indicate significant diffe-
rence, p<0.01.

Vertical bars indicate standard deviation.

FRANE #Ade A%E EAY MEds-1I WA d¥8F< 6
dA 1200inds/mLE 10g/Le B} ¥]sd A4S BYT
H 01g/Ly 20g/LolMe WAel dEskA Eagct

nj £

£ A7 A= B8 MEFE Euplotes 4%, Oxyrrhis
sp. F. salina 2% 65224 it FRAME ¢ 2790
AE2R N7t 8E ZASYA T Fol SR 9 HFAAA
Z9 A7), WYdE, $E4, ¥H5Y 5% WM 2H FIw
oM AL Euplotes sp. (K-1)7F 6% 7h-udl Aol HEZH
7 Ak A Yol E Euplotes sp. (K-D 54L& %
68 um, ©% 38 umol™, £5F9 4 113 272N FL FHg
Aol Holz A AFY Aoz BIHUG T FH95HE /A2
deom, F7)e U7 gle AHAAR F2UHY AA FiE
S AT glom MIATE o} & AEFI HE HoAE
2R ZAF MR £& A2 BEHIG

Jost et al. (1973)& ©44 AR ZFQ Tetrahymena pyriformis®]
v ¥s 93 7)1 2ul A (Prescott’s & James’s solution) )] glucoseE
A7ve s o, v ety WA H L dreElote T pyriformisl
93 A AuFe Ho] FAETtT BA5 Gt Fenchel
and Harrison (1976)& Tetrahymena sp.8] M 4& 8 Adog
TE39E dud Add f71EAE EFIY THAUE o
Aol gotow AmFol AEg Hol2H o] §ate AU
48 {718E FA9 o8ty Eustgch. ¥, Park and
Hur 00DF 79 #7182 839 F salina® ¥ W<
a71% At

2 AYAME Euplotes sp. (K-1)7} MErds 7[£Ej Ao gly-
cine, glucose, yeast extract® 247+ 0.1g¥ E§ A7}3to] WIG
MErds-11 ¥ Ao Al 1840 inds/mLe} W4 &S 2o MErds 712

v Aol A9 310inds/mLel Hl3 F eule] 2 WA ES e
Atk £ gZ AEF g 43AMT MEnds- 11 AT §&
HAES veo] St AEEFY Wil /718y Fte
AREYS ¢+ AU

Euplotes sp. (K-1)8] W42 HF ¥ 4348 A543 438
Holn] 794 8% Atolo] Hu) WALRE Yeld F FA 7
A3e S G,

Euplotes sp. (K-1)9 833 % A Me wjde T 225CHA
A MAEL BPo} 200THE 275C7HA FHE &E 3
$8& JeEdL, pHE 8oA A9 w4EE JYehhgoy
pH 6~9 AloJdlAE £& WAL HJA ZEFHE HANE
3,500 lux ol&tlAe FF Aol IR HE Hop vjud T2
YA HeeEg By olgd AAd= HEF Saprophilus sp,
Uronema sp., Cyclidium sp. 59 WA4§&0] 15~25C2 B

“H % (1987)¢] 4+ 2A 9} Tetrahymena sp.8 pH d$H<=

6914 97tA 2 B3 Bamdad et al. (1993)9) GATFI4= FAFS}
At

FH dmFo] dite] FRAMHANA HolHER EE5Y]
AM e AAFHol2 g P2 hFYo] o] FolFof 3
=4 o3 BN, E Aol AL FEARE ARF WY
u$ Weste EAH YolZ AdE

E A9 A7 HEF Euplotes sp. (K-D& EH& 874 3
87 2ad Iy o] Fhsdte] HoEEH Awd
F v 54 AN, oz dFNAME Euplotes sp.
E U F wjgste] gato] zpojo)] tjd AAe] Ho|a o] ZAH
oo} & Ho|t}, wtek HolF o] YTE AF 27|YBEY o
gate} Holge WYL A% ITY F&, HAH AF E =
49 #4 39 Az 7L

@) ot
I =

AEZE FEFET O 2718 742 e, g2 AX
Yooy 54, mE AERZ NZE T84 HoldERA A
7Hed& 7HA Ut
% A% 9 FAT, B 2 AT A GAAGAA
B4 EFAE UEE o438y 639 ARF S AAsHeH,
capillary pipette2 #32] - Wl F3tATh

Yol E2H Y MA7teAS gl Aty A7), 54,
HIFE: 2 2558 Whaden, AFE HEEFF 72
gt AAE Euplotes sp. (K-D7F 743 Ag¢s Aoz ¥
7HE At

MErds 7124 A el glycine, glucose, yeast extract® ZF 0.1 g4
A7ste] MY MErds-11 WiAe 7[2HjA RO of eufef W
&4 B9, Euplotes sp.& Y£ 7|t ARZF WiPAZE &
&3kt

Euplotes sp. (K-1)& 42 22.5C, pH 8, & 2,000 lux?I A &
Z Hno MAES Yo, ofF $42A d3 vEF FY
L 8732588 et ¥, HER 1.0g/LY A7l o3
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NE dFujgol 7hs R
= AN ARFE FET] olFr] THE §7 A

4o BuE WEY qFel sl 27 B Hol4
zH9 B AR AT YE Aoz PAAn:

dAite =

g 47 $RRA A% $5FHATANY YA
AN AFA A8 Qo] o5 FAHYS.

S I |

Mo
rok

Bamdad, M., CA. Groliere, J. Dupy-Blanc and L. David. 1993,
Change in intracellular pH in Tetrahymena pyriformis GL in
relation to the toxicity level of the ionophorous antibiotic nigeri-
cin. European journal of protistology, 29, 230~234.

Berk, S.G., D.C. Brownlee, D.R. Heinle, HJ. Kling and RR. Colwell.
1977. Ciliates as a food source for marine planktonic copepods.
Microb. Ecol, 4, 27~40.

Fenchel, T. and P. Harrison. 1976. The significance of bacterial
grazing and mineral cycling for the decomposition of particulate
detritus, In The role of terrestrial and aquatic organisms in
decomposition processes, JM. Anderson, ed. Blackwell Scientific,
Oxford, pp. 295~299.

Guillard, RRL. 1973. Division rate. In Handbook of phycological
methods-culture method and growth measurements, J.R. Stein,
ed. Cambrige Univ. Press, London, pp. 289~311.

Hoshaw, RJ. and JR. Rosowski. 1973. Methods for microscopic algae.
In Handbook of phycological methods-culture method and
growth measurements, JR. Stein, ed. Cambrige Univ. Press, Lon-
don, pp. 53~68.

Jahn, TL, EC. Bovee and F.F. Jahn. 1979. How to know the pro-
tozoa. Wm. C. Brown Company Publishers. Dubuque, Iowa, 279
pp-

Jost, JL., J.F. Prake, A.G. Fredrickson and H.M. Tsuchiya. 1973.
Interactions of Tetrahymena pyriformis, Escherichia coli,
Azotobacter vinelandii and glucose in a minimal medium. J.
Protozool., 20, 834~840.

Kanazawa, A., J. Teshima, S. Inamori, S. Sumida and T. Iwashita.
1982. Rearing of larval red sea bream and ayu with artifical
diets. Mem. Fac. Fish.,, Kagoshima Univ.,, 31, 185~192.

Kim, HS, CH. Park and S.B. Hur. 2000. Distribution of Fabrea
salina at salt pond. J. Fish. Sci. Tech., 3, 222~227.

Lee, JJ., AC. Douglas, M.E. Mcenery and D. Kahan. 1987. A baited-
bloom approach to the isolation of protozoa and meiofauna for
potential use in mariculture. 40th annual meeting of the society
of protozoologists. 22pp.

Maeda, M. and P.G. Garey. 1985. An illlustrated guide to the species
of the Families Halteriidae and Strobilidiidae (Oligotrichida,
ciliophora), free swimming protozoa common in the aquatic
environment. Bull. Ocean Res. Inst, Univ. Tokyo, 19, 68pp.

Park, CH. and S.B. Hur. 2001. Mass culture and dietary value of
Fabrea salina. J. Korean Fish. Soc., 34, 32~37 (in Korean).

Porter, K.G., M.C. Pace and J.F. Battey. 1979. Ciliate protozoans as
lines in freshwater planktonic food chains. J. Protozool, 27,
114~125.

Porter, K.G., M.B. Sherr, B.F. Sheer, M. Pace and RW. Samolus.
1985. Protozoa in planktonic food webs. J. Protozool, 32, 409~
415.

Seki, H. 1966. Studies on microbial participation to food cycle in the
sea. lll. Trial cultivation of brine shrimp to adult in a chemostat.
J. Oceanogr. Soc. Japan, 22, 27~32.

Sheldon, RW, P. Nival and F. Rassouleadegan. 1986. An experi-
mental investigation of a flagellate-ciliate-copepod food chain
with some observation relevant to the linear biomass hypothesis.
Limol. Oceacogr., 31, 184~188.

Thompson, A.S, J.C. Phodes and 1. Pettman. 1988. Culture collection
of algae and protozoa. Natural Environment Research Council.
Cumbria. UK., 164pp.

Winter, F.,, G. Persoone and C. Benijts-Claus. 1975. Fabrea salina, A
promising live food for mariculture purpose. In Progressing 6th
annual workshop of the world mariculture, pp. 429~438.

EHRA. 1988, ¥ INYFRRODBORE L FE. MILRKAR, 3,
55~60.

ABERTFH. 1989, BEFEBDOFBEDL & £ ORERE. KERGM,
89, 314~315,

SRIERE, FEILKES, KBRE 1960. 795 ATBLFROHE
EXDRRIZOWT, BAKEREEE, 26, 184~193.

REBE. 1970. RFHAFRMOP I T 55%R. ARKERE:E, 36,
353~368.

EHEE, BAMA, REER, HoEHE. 1987 BEKEY 5 SB#L &
REB OSBRI, KERTE, 35, 125~ 131,

20029 29 Y {F
20029 6¥ 279 &Y



