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Fabrea salina is an euryhaline ciliate living at salt pond. Its size is small as ca. 150 ym, and its reproductive rate is high, so that
this ciliate has been expected to be a new food organism which will be able to replace rotifer, Brachionus plicatilis. However, the
dietary value of F. salina on fish larvae has not yet been verified thoroughly. This research was carried out to understand the mass
culture technique and dietary value of this ciliate. In this study, six kinds of phytoplankton and three kinds of grain were tested on
growth of the ciliate, and optimum temperature, salinity and density of food were also examined for its mass culture. Regarding food
for the ciliate, Heferosigma sp. and rice showed the highest growth among the phytoplankton and the grain, respectively. In this study,
229 ciliates per mL was cultured with Heferosigma sp., and 220 ciliates per mL with rice. The optimum temperature for F. salina
was 33C, and salinity ranging from 35 to 95 ppt had no significant difference on its growth. The optimum food density and amount
for the ciliate were 5X10° cells/mL in Heferosigma sp. and 2.8 g/L in rice, respectively. With respect to dietary value of F. salina,
six-day-old larvae of ayu, Plecoglossus altivelis, fed on the ciliate showed the high mortality over 96% within 3 days, and it was
significantly higher than those fed on rotifer. Even though the mass culture of F. salina has been achieved in the study, this ciliate

seems to be inadequate as a food organism for fish larvae.
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FA7IE0l AEHT FHUWE Fol s wet M2E o
o429 sigel 2L Yt A HarlFY FRAZA roti-
ferst Artemia7t $2 o]8HI oy o]E2 B I =&
Bzl MYste 482N vt st FEFRAE] ofdt,
w2t A AeA HolAge] B B o]E2 FitelFg
FRAMNC HPE A FEYo B T £ AU

AAoAFTANE 49 2717 #L AR FRAN=

rotifer B0 377} F& 7] 5EY A Ee] Q3 E rotifers

uAgoz $HolBR oy of Aoly ALE rotifers 44
ol 4& 4 Qe A% 90 (Marliave, personal communica-
tion). WetA FoB o}t A F FRAYNE YA e v
tol A MAge FEYoAEY Mdo] 223, ofg g2
ol ARFFe A77F ddstn Wy o] ¥o} Fd BEY
o2 MY M 5L AFTol stttk (Johannes, 1965;
Gold, 1970; Spittler, 1973; Beers and Stewart, 1981; Stoccker et al,
1981; Capriulo and Ninivagigi, 1982).

B AYZ9 Fabrea salinae Cilophora (4 E%7), Heterotri-
china (?]2F AdolE)d &3t 22 F AA4AE g4

to] =82 19969 % 58I AT A ddT4

At Ao gt ATFEHYE.

TEF A 100-748, MEA BEET FHF 37} 65¥A
(F)COSTCO Zol=Eq wigd
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A ¥ (conjugation) ¥ L3 (cys) & FAsh FHo F&3e A
83 548 712 Yt (Demar-Gervais, 1971). 29E F,
salina®) BAEHF 54 (Podesta et al,, 1994; Malangoni et al,
1996; Puntoni et al, 1993)°] & 77} @dsht HolJER
N9 7HE 43 Morris (1956)9 A Hgoz HuHjo £
AEEe dutd o AEE AE 100 ppt ol FANA7AA A4 7hs
T FgAoln Z7|7t 50~100 ymE FH1 HWA EC] Fol rotiferS
g & e A2 HoAEZ AL vt (De Winter
and Persoone, 1975; De Winter et al., 1975).

a2y o] f Ao)E Ao & A A4 F salinad] Hol 59
HAME rotiferdt Wl Holf&ol AUte FAHHY Ht
(Barnabe, 1974; Rene, 1974)% 310U W2 #fo}Eo] Holg2A
A33A Fethe 2433 #71 (Kentouri and Divanach, 1982)
T 3o ofAE B AnZd ug HolHEEZMY A stshe
43 WEAA g Aeolt B £ A< F salina® W
ZFul g i o] F FIALA] MEL HoAEZAY AR 7

$4¢ sl fatel AA Y,
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F. salinae 779 RN B8 20 yme) HERFAELo S

AATF 100 m¥F 150 yme] F& I dFHA 52 FAH T
¥ F salina®g A'3to] 430 o] &3}
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Fabrea salina® &3 4# Hola g 33

6579 AERFAE (Chaetoceros gracilis KMCC-B-15, Chio-
rella ellipsoidea KMCC-C-20, Nannochloris oculata KMCC-C-
31, Heterosigma sp. KMCC-D-6, Isochrysis aff. galbana KMCC-
H-1, Tetraselmis tetrathele KMCC-P-2)-& o] &&tef Ho] &Y
2 F salina® 3%& ZA3QH.

2ol M Hlake P3ppt, 25CAA 2 WA (Guillard and
Ryther, 1962)2 #319] Bx7tA] sjgs & 100 mL flaskel S0mL
o WgdE Y2 Imlel 1IAAY HRFE HELADL F sa-
linac 29T, 33 ppt, AAFe] 2N 6T HAW YRR o]
N1E HEHAEY ¥ A} FEI FAEHA FH

Ao AYAM F salina® 38 7t% 43 Heterosigmas
Qo2 &% 25,29, 33C, H¥ 35,55, 75,95, 115 ppt2 FE3k2
100 mL flask®) 50 mL] HeterosigmaZ 1, 2, 3, 5X 106 cells/mL2
TFE3] ¥e ¥ mLT WA 9 F salina® B33 th. Hetero-
sigma sp.8] DFMEFE 20L carboy & 7104 (20 x5 o] &3}
29T, 33 ppt2 wl e

Aol ofst HiY

HolZ AHEE FRE A, 2, Yol 1E 7 HEFAE 8
20mg 27 17mg, ¥ 19mgel AUt} 100 mL &2 3] 50 mLY
AFANTFE Y2 F F4E 1,35, 7, 984 Ao ¥a et
WA st YA HA & ¥ F salina® IMA/mLE HES
¥ & 33C, Q¥ 33ppt, ADFY zAF oA wfFstg o)

Ao og dFuFe 99 AN ARl Y FzFW
A& U422 FRP 47 ($40X80cm)o) 100LY oFH3)4E
Y1 A 50, 100, 150, 200, 250, 300g & ¥3 29T, 33 ppt, A%
B9 2AelA 6dZt Wl F salina® 43E 2AAG.
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F, salina®| N&=H

F. salina®) H¥4Ee L5 2 0822 AAFGy 44L v
Y Yd] 1 mLYS #5+o Sedgwick and Rafter chamber U]
A Lugol's #R02 A3ty 53 MEASF F Fragul o
3% & (specific growth rate, SGR)& Guillard (1973)¢] 34
(SGR=3322X (log No/ND/t—t)& o] &3],

20{xtofof thet HolgE

23 F 64A He 29, Plecoglossus altivelis, A1 & )7
2 2 Heterosigma sp.%t & & 52 W 4F F. salinad} FAE
22 w93 rotifer, Brachionus plicatilis$9] Ho|E &% v
4h 200089 g 40L T xg 2o =431 7t
o X718 A7IH 20TolA 393 29HE 02 AL om AL
e Wd 10L8E #5839t Y F salina® 1571A/mL,
rotifere 1070 A/mLY Hel2 FF3At zAlojg A1gELS 4
HTEHE restS HAA8Y HEDY FA4(PL0.05)E AA3
A
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1. AlEYo|MZof o8t ujY¥

6% 34t phytplanktons 422 643t & 29C, E¥ 33
ppt, 2 WIAAN F. salina®) 43& AN 2F= Table 1%
Bt F salina® mL% 1924 ZF3o Jd 4L 2 A2
Heterosigma sp. 1M 4671 A /mL2 eI 2 ¥ SGRE 0892 6%
% 7} & 3tt}. Heterosigma sp. H& 2.2 N. oculata, I aff. ga-
Ibana%t T. tetrathele®} 019127 C. gracilise 1571 /mL, SGR
0172 71 w2 A%Ee Byt

Table 1. Growth of Fabrea salina fed on phytoplankton as a
food source

Algal inocula ~ Maximum Final

Food species cell no. no. of no. of SGR
(X10*cells/mL) ~ ciliates/mL  ciliates/mL
Tetraselmis tetrathele 13 2 20 0.70
Nannochloris oculata 3500 26 16 0.67
Chlorella ellipsoidea 2500 15 10 0.55
Heterosigma sp. 250 46 40 0.39
Isochrysis aff. galbana 750 26 20 0.70
Chaetoceros gracilis 500 15 2 017

SGR: specific growth rate.

659 AEY)AYEF F salina® 44730l 718 %Y Hetero-
sigma sp.8 WO E 2% GE, Holgxe W& F salinad
A& vlLg Ae Table 29 2o} 25T A ¢ A & 4
e A 55pptl MY 115 pptel e Aol A9 i F
salinad] A3-& G 55pptol A HolE% 5X10°cells/mLY o
70744 /mL, SGR 1.022 7H¢ &tk & 115pptE Adstne &
ARTFoNA Hol9 FE7t 2EFE AP0 ¥ AFE By

29CY A% AAHOR 25THY F& AFS HAL Hu9
3L 95 ppt, 5X10° cells/mLA Al 10770 A /mL, SGR 1.12R%. &
115 pptol A& 2470 A/mL 13k AzF 44E A 29T A
E 15pptE A3 ZE GETAN HolF&s 5445 F sa
linagl 4%l 3t

33CY A$-T 25, 29CHT o] Y53 ®wtr). 35 ppt, 5X10°
cells/mLel A} 22978 /mL, SGR 1312 Hx19 A3& By
75 pptst 95 pptel e HeolvErt M W& 1X10° cells/mL 4 ¥
TFANZ 160704 /mL, SGR 1229 4%4& Ay &) 713
EL2 15pptall e 29CAN Hoe 938 Az 434S ve
J.

B A¥A 35~95ppt SR TFANE 259 Ho| 557} 2
4Z F. salina®) %ol F39 whd g2 & AAHTFL F
HA AT, & ZEETY 1SpptAHe EE 2ETIAAM F
salina®] 7ol ol§ H=3]c}.

2. IR0l o ujY
A B U8 Yol¥o R F salinag W %8 A= Table 357
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Table 2. Growth of Fabrea salina fed on Hetrosigma sp. under
different salinities, temperatures and food densities

Salini Food Maximum ciliate
alinity density number/mL

PP (etisiml) 25€  9€  33C O

X100 42 45 74 09 092 103
2X10° 50 54 92 094 096 1.09

Specific growth rate

3 3IX10° 52 60 134 095 098 1.08
__________ I 59 @9 29 0% 1 13l
1X10¢ 49 57 49 094 097 084

55 2X108 65 68 61 100 101 099
3IX10° 68 76 71 1.01 103 1.02
SO0 2 160 L2 104 122
1X10° 48 41 160 089 089 122

75 2X10¢ 51 43 160 08 090 122
IX10¢ 53 53 168 093 095 123
__________ SUC %9 2 20 057 095 127
1X10° 42 41 160 087 081 122

95 2X10° 46 52 173 092 095 124
IX108 53 80 150 095 105 126
__________ ¢ 63 107 20 098 112 127
1X10° 1 24 4 =055 072 —055

115 2X10° 2 14 1 —0.55 055 —055
3X10° 2 12 1 =055 055 =055

5X10° 2 1 0 —0.55 —055 —055

2%, F, salina= 4, 22, ¥ 2% 5~9&/50 mLol X A&o] ¥
3 A7 BEe YEG SISt 2 788 W AF oY S
A 204/ mLE 319 XS B

A 2 2AE 7|22 < 100 L & 50, 100, 150, 200, 250,
300gE 92 F. salina® 3| ¥t AFE Table 49 2t} F sa-
lina® 472 200 gol A M 69 A 141704 /mL, SGR 1182 7H4
E%e™ o] 34 doubling time 0.8549& 71 &}t 50g8
Y& A$E SGR 0.55, doubling time 1.81¢ & A& o] 7p3 ¢t
o E 250 gl ME 200 g BT FEOINU 300g8) HE W
e AgFoAg AL SGR 0.84, doubling time 1.199E 100¢g
S ¥e A87Egr 039 Az

=

3. HO|ME=ZAS &}

Heterosigma®} &% ©| 434 F. salina® 3 ds F §4
ERZ WU rotifers WE T2 23 ¥ 644 He 20 AolE
3oz Holigg H¥Y A7E Table 59 2. Heterosigma
sp8t 22 WY F. salina® 37T Aols A% 39 F 96%
olde AAYESE B WE, rotiferZ W FF Aole 74% 9 A%
E& B4 F salina rotiferd] HolA&E o]& BT

i} &

F. salina WS 98 Hol2A e ZA AERFAEIY bac-
teria®} £ AN Hol|YEH F4 yeasts} 2L I9FYA H
olg FHY 4 9tk Repak (1983)L 45 9 HUAERFAE
& WL F salina® 43E& A 2% 1850 B3L 75
A At o]EL t¥E Cryptomonads$} Chlorophycophyta
9 2§92 o] ¥ Rodomonas lense 4435 (SGR) 023
02 713 ¥ HoEEE HUT E Repak (1986 263
bacteriaZ ¥ HE3& WYs A3 Photobacterium fisheriio] A
SGR 0072 713 EoU ol ABHo|ME2 AU Repak
(1983)9] Z#e} v|@atd vf§ HZ3 A bacteriat F. salina®]
HolHEZ AYA ¢on AW & IE F. salinac grazer
°|BZ bacteria Hote HEFXFAE] Hol2A o] Asjrtn
3.

£ HA8AME C graciliss AIE 559 A2 {45 3
F. salina®] SGR®] 0.55 o|4o|QA1 53] Heterosigma sp.= 0.89
2 714 gk 848 A 9 F salina®] 4732 Repak (1983) 2
A% AR 453 2@ o Aole T AYA AL
HolAE9 277} 98 oJF= UM} Repak (1983)9 23
A A bacteriaZt §1€ A9 ¢ruidd HEXRAES T
FHE Ax & 9] & 4 glg Aoz wudd

De Winter et al. (1975)2 F. salina®l 33 ¥ d&#% 2=&
32C, 46pptel® R wao] JF& F3 gedn FHth ®
olg} & zZNA Dunaliella viridis§ ©143t F. salinag vl
G A7 449 mL7 AR 187 ZAR HFe] 7T
gk £ AFdAe 33T, 33 pptoll A 5X10° cells/mLe] Hetero-
sigma sp.2 F. salina® N FadE B¢+ Md 694 mL? 1A

Table 3. Growth of Fabrea salina fed on grains infusion as a food source

Grains 1 3 5 7 9

Days (no/9mL) A B C A B C A B C A B C A B C
1 1 1 1 2 2 3 3 6 6 4 4 4 2 22

2 1 1 1 4 310 17 11 14 24 6 5 15 21

3 1 3 2 8 7 55 30 3 25 8 23 7 £y} 5 3

4 2 3 1 30 32 9% 75 63 90 9 50 25 68 20 7

5 1 4 0 12 43 124 160 68 148 220 160 88 120 9% 32

6 1 8 0 6 94 140 120 112 130 180 175 75 160 170 70
SGR 0 05 0 043 110 119 LIS 113 117 125 124 104 122 123 102

A; polished-rice, B; barley, C; wheat, SGR; specific growth rate.
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Table 4. Growth of Fabrea salina fed on different amounts of

polished-rice
Culture days Doubling
Amount (g) SGR  time
01 2 3 4 5 6 (day)
50 4 15 20 12 13 16 14 055 1.81
100 7 17 32 40 50 64 60 095 1.05
150 5 18 33 35 40 52 50 092 1.09
200 6 20 30 55 65 98 141 118 085
250 3 24 32 48 72 80 124 115 087
300 5 13 28 32 40 43 38 084 119

Table 5. Motality (%) of ayu, Plecoglossus altivelis, larvae
fed on different food organism during three days

Food . Initial no. Culture days
~ Size (um)
organism of larvae 1 2 3 Total
A 90~130 200 61 30 5 9%
B 80~120 200 63 32 3 98°

C 220~260 200 40 22 14 74°

Means in column with same superscript letter are not different
at P<0,05.

A: F. salina fed Heterosigma sp.

B: F. salina fed polished-rice infusion.

C: Rotifer, Brachionus plicatilis (L-type) fed w-yeast.

AAA 2982744 43 B Hol Heterosigma spT &
ARF9 vl dg] o]&HIL Si= Dunaliellalt} Yol &g o]
L Aoz oyl

2 HEAM F salina® A%< Heterosigma sp.8] AEFT 9
257t #44% v oz Frhdd 53 33CdMe 30T
ol3te) ¥t E€5HA ¥ 4L Bl o AFde
30C oAl N, 22X D. viridis®] B el =7} 9X10° cells/mL7}
A Yo| FFFo] BE4E Ao £JthE De Winter et al.
(1975)9) Z23%& A

F. salina® AEMAA A7vk GAoAe Hue AHaLx
7k 30C, 109pptell . Jeld HE 8 9 (Kim et al, 2000, in
press) F. salina®] ¥lF&EE 30T o)4de] AT oz sdd
o E, B ZAMAM G 35~95pptll e Y& WE F sa
lina®) A% 7Age] FadA ¥hed ol G 30~90 pptoll A
£t A9 Zol7l ¢ddth= De Winter and Persoone (1975)9)
Anst fArstdoh wEtd A7 gA9 ARl e
MNAYE7} 109 pptoll A UENEE AL F& GEo] Ho] Y ¢
EAAte) B FHAA B HArFoA o #2387 dEeE
HHE F A,

F. salina®] %ol AL&-3F A9HQ Hol2 AT AR}
£ 4 Atk De Winter et al. (1975)& 2143 4

ol
b
nr

BHARE ol g3a Wi AT AN % salina® 9
o2 RAYAPoY B2 HARE BE WAL fFRIYdy
3tk &, De Winter and Persoone (1975)2 1L 129 A2

WARE FTF3A 27CAA 44Tl mLT HA A 7074 A7

A9 F. salina® WS 2124 Repak (1986)2 7879 &
BE Oidoz Holagd FAG ZAF WARE ¥ 5%
aRdME Holage] ¥ YU Candida albicans$t Crypio-
coccus marcerans (#2)91 X% F. salina7} 4333om of 3¢
ol WAgo) T3] o} AZHLE FRE oA RFHI
gdE %8 2nE sgch

Ellis (1937)€ 2722 A2 s 2 FEEF YolA F,
salina® W43 Page (198D 4, Be, 4, 5% 59 F
#E o83 Colpidium striatum, Paramecium caudatum, Sten-
tor coeruleus, Vorticella microstoma 3% & 42375 WY
o] £& ARE AT (9t B AN F salinad] %
e &l Hajy PR AFFHo|gen AL WYY LT 2¢
FEZ AME A o 204209 Y Ed3te WE 4F 2
I BQo & 49 4% 434 2L F{7EYUT Heterosigma
2o AEYAE F salina® A% ol a7 s A
AL i gE Aol 2 o] &2 S EHAY AoE #
g9t a8y &3 28 IHE H4EHAES FEE @ 2y
FHAT g2 ARZo WA &oln ZF TI)E A2
ed 2 TV F salinad] 435 AAde AFE o
(De Winter et al, 1975) o]} 22 BA7He HHE Hstd F
AH A7t 2o},

De Winter et al. (1975)& F. salinae #9401 vAZFR
W oko] 7hsdta 27|17 B3 R dRFol HAEe] &
wu} o} 2} rotiferste W Z carapace”} §101 23171 & Hrx
At o] o9 2& 43 FAE °|FE F salina’}l rotifer
& gAgF e 2L FEYIREZ AL 7t Aoz A
Bt

a8y AAZ A9 F osalina® &Aool 338 Yol &40
FHAE Adurd B3 Aok Barnabe (1974)$} Rene (1974)F
AZe) Ade HZNA F salinag AA3tA Dicertrarchus lab-
rax$} Sparus auratus®] Folo] FEH AR rotifers}t ¥
o]Z&E dvtx B3d ¥ Kentouri and Divanach (1982)
< 8. auratus, Diplodus vulgaris, D. sargus 5] Atojell £ A=
% 3ET AH Aol HA guntn 21k 282 o
Ax o] Avty Eao daide 1 gde] FE3] <A v ¢
23y 9o A¥A e AHAL F salinag 733 Aojel A
338 Aolmg ANFHo 2 wIE F salina® FF3NH Hol&
g0 U $£x Y& Aotk
£ AN MHE Heterosigma sp.¥t B2 F, salina® 474 W%
o 23 F 648 20 Ao FFH A} ALK 3Y Tl 96%
4o & AEES BEYI dE2TEA rotiferE THI AAT
e F98Y AolE B

HolMEL B0 ¢l olF A7t A FolH & + UEE
LAo] gty ol 2] E W3} glo] nEA 2T
of gt} UhligZ F. salina®]l ol 54 Tv AFELY UF
o2 MZAE o A= Fabreinolghe A4 JeH ©] A2} o
FA Al 90 8 Aol n 3} (Personal communica-
tion). &4 F. salinat ¥o] &% WikdA v Z$ 3349

3t
o]
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Beg Boju A7) 2x7t AFYAY FAE7) S (step-
down photophobic reaction)& B4 Hgole EFo[A ¢dst
221 3 F ALY ¥ e woZoz F3on (Colombetti
et al, 1992a, b) E HF F9&E%= 24CTAA 200~300 mm/s
(Puntoni et al,, 1998)2 v w2t}

£ 4794 &9 zlolg £L AYEO| F salinad 543
AA ofE Aoj7} Fop HE 4= 9l Axy WE £FA o
A dsfAE A ol THE £ QT 2 Y B 4
Hol A 23 64AY Aol7t ALS 19T 60% o} & A}
YEL HIHEE Fusd E ArFo £549 EARge E
Ao 9300 2o Aoj9 Age] o ZA ALHE Ao 44T
T A

olgt & AL nAY 9 F salinax W FHR %ol 7hs8trle
&, ol FAlole] HolWEZNE THFEY Aoz duEH

Hd #d

o [o]3
-3 =

Fabrea salina® #9449 2717t A3 B{AHY A=2Foz o
HEo| o} rotifers WAF F e M2 FEYINER 7
dEe] ot Ty £ HEFe Hola g tE RIE rofifer
g Hz3dtE THFA B ofFAA7L dHNA e
FAAQA Byt Qg B dFdAe o9 e Atd diE
B3] Hato BT gAdANM AAY F salina® AP 6
Fo AEYoAET 4, Be, I F9 T4 o|&3to o)
¥ F 2ojRold] FFHH

F salina® 47L& JEHo|AE FAXNE Heterosigma sp., =
F FdAE 2odAM M & 4%E Bl F salinad] 33
HF £22 33T 8 35~95ppt FEAM Y AFE Ao)§ Hol
A %%tk Heterosigma spE 385 499 AH HolskE 5X
10° cellsymLY 2 2] B9+ 28 /LA

F. salinag Heterosigma sp.9% 22 77} wjgste] 31 ¥ 6
do] & 2of Rojo]l FFT AH ALZ 34T 96% o144 A
BES RYT FAARZ W GF rotifer, Brachionus plicatilisS
TEE dxTd v FgRoz e AFELES HAY E @
T Z# F salinac W3NG &olgtg o} ofF Zojg o
olAER g4Il AT Aoz FaH
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