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Applicability of a Photosynthetic Ciliate, Mesodinium rubrum MR-MALO1
-Usefulness as a Live Prey Species for the Marine Aquaculture of Bivalves-
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Department of Oceanography, Kunsan National University, Kunsan 573-701, Korea
'Kunsan Regional Maritime Affairs and Fisheries Office, Kunsan 573-030, Korea
Faculty of Marine Living Resources, Kunsan National University, Kunsan 573-701, Korea

In a series of feeding experiments using the newly established the first laboratory strain of a temperate pho-
tosynthetic ciliate, Mesodinium rubrum MR-MALO]1, direct evidence was obtained for ingestion of the cultured
M. rubrum cells by the bivalves like the Korean scallop, Chlamys farreri and Manila clam, Ruditapes phil-

ippinarum. Bach experimental Korean scallop and Manila clam removed up to 9,590 and 23,200 cells min™'

’

respectively. Small particles almost identical to the ruptured cells of MR-MALOI culture were observed in the gut
of the experimental bivalves, although no intact M. rubrum cell was found. In a 28 days rearing experiment, Iso-
chrysis galbana (KMCC H-2), a microalga, supported better growth of small Manila clam spat (0.46 mm in shell
length) than MR-MALOL! strain. For the large Manila clam spat (0.84 mm in shell length), however, MR-MALO1
strain was a better prey item. Mass culture methods for this photosynthetic marine ciliate may be developed for
use as live feed in aquaculture of the spat and broodstock of bivalve and small-mouthed fish larvae.
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N o=

¥ A EF/R Mesodinium rubrum Lohmann 1908 (=Myrionecta
rubra Jankowski 1976)& A713 = FA7|zow eyny
E A F, ol 2YER AlE7|HE o8t RS
3h= chimaera A-E-°]CHGustafson et al., 2000; Yih et al., 2003).
o] ARRe HAASCE AAY o= sder HeE do
7)1 (Lindholm, 1985; 1992), £3] £-=-(Putt, 1990) & ==(Satoh
and Watanabe, 1991; Stoecker et al., 1992)d|x % Zz=Ajo]
BAES Qo). A=A 7)7F 5ke] YA = Chlorophyll-
2 B2 thE S A EEHEE R vjd w2 AR Uy
& 9)A(Lindholm, 1985, Crawford, 1989), =5 Ao 7)x] &
et sl S el Aol A dRIAE Ho ) W ghaeSho] &
23 98-8 ddaly o Crawford, 1989). 531 $-2lviell]
He AFE s AR $HFeE 5338 (Yoon et
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al, 1991), = 3h¢ 9 Fggstd vjukel A ojeaisie] Az
£ 9077 ATHNFRDI, 1997).

M. rubrum HZBAA] 3333 Sgof] ofs] &0 W
3471 S48 YERH(Soulsby et al., 1984; Hayes et al., 1989;
Lindholm and Mork, 1990), 8&4t0e] 223} = #5508
FabEE 0] 73 " 2lALe] o] 3 ARl ks & ThsAdol A
Th(Martin et al., 2000). A XA Ba|A] $2L& obsiA Yo
Ao A thE A&l S £ T% UL (Horstmann, 1981),
=42 7H Aol M. rubrum HZRAA E2EE 7= ATt
(Romalde et al., 1990). 1= M. rubrum A3 8] SAEZ wj&
o o5k FHA2 = Qe (Lindholm, 1992), #-$- W&
FEo] dolF HA AYTHE B (Martin et al., 20000% 3L
v} B3] A7 gAlE Zdo MalshE ZF(Clemens, 1935;
Kat, 1984)¢} @5 = 712)8) 5 (Carver et al., 1996)2] A3kt
o] Fo Mog Wy ALt EY M. rubrum BXH
of 7re oJFo AA| o7} A AT 5 de FES A7

%2 (Jimenez and Intriago, 1987), t}Fst s|F EEZHIEY]
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Ho|Z % o].8F < 9lo](Packard et al., 1978; Lindholm, 1985)
A E F83 A=Y 7ol A

Yih and Shim (1997) M. rubrunrs A4 FA wil% -
FAE F Uvhd o] HEF A&
AEFH oz s o488 + U=
Aslnt. 2efuh Al xete] w)g- dAoksle] 47 fIHER B
& AFaEo] o] Fof widke o]HE-& AUTHCCrawford and
Lindholm, 1997). wehA] o] F2o] 7] 221 &AL, A - st
82 B4 5o oigt R wle SHAY ¢ vl gl #

oA B3t M. rubrum WA 71 B ILE| 9 O H(Gustafson
et al., 2000), &E°] w5 wo} ThFgh wopol] 83 4 gl
the @3do] Aok et Aalle] FAawolA AR e AlE2F
B #Hzo) 2U19 M. rubrum WA MR-MALOLZ} E& = o]
o5 o] 43k okt Avt A3 E L 2k (Kim, 2002; Kim
et al.,, 2003), AS7HA M. rubrum $55 Ho|YEZE o]8-3}
7] A% AFRI= 27 oY)

B AFAE AARETE AR e BTt o v

< ez olg olmul {7t HERA M. rubrums A4 3t
= A2 41 AT &, 7 T A HHES -5, ¢
F FTEALE uidg XA E tldoz dolle M. rubrumE
71 AR o7 Fasle] o] T Holdowg e 4
FRIAE EHAT olHF ATE i ol IF F
BAMA M. rubrum 75 2L Ho|A=E o]&3hr] 97
242 71248 E FRsauat st

Hol| Y272 o] &% FFA HEF Mesodinium rubrum
MR-MALO12 A3 9] 2arbol| A f2]3F A RFE, 25 15°C,
BE 30 ppt, FHF 60 UE m? s79] . FF wjFAo)A 72
HjFae Arlste] ARG FFE ARSI M. rubrum
9] Z7)9} £2L Table 13 72t}

A2A 2 A w72y, Chlamys farreri®t BEA|2, Ruditapes

P -

2T - olls

philippinarum$ ©]&3te] th&e] F 71 AgE AAEa
A AR A 7P 3 em A5 H|grieE| e vipAEE o]
B35l o189 M. rubrum Z2R 2 HU &S ALket
A3, T WA AP v g xfe] A7l W M. rubrum
o} Holg g FI3l7] Y3l 4 =AUk Table 2).

A A Ao A" v|erlEuleh vhx|Sh(Table 2y A
ZHEE FQF Agte] siF FrloidolA At APHE &
71 %, 20 L oA zbzte] A¥xde R 29 < A-8A1F
ok AR vlevte]E] e} vix] gk A @A 3A17F ol 1L
ZEt2E £719) 2, 5, 10 WAE 83519 =SAFLL, dE2F

2 AAXAAE 8314 ¥ M. rubrum TS ZF3gch 8
7HRE 15°CoA], vEAgRE 20°ColA] 24A]7F S A2 E
< Sk HelAERJ] M. rubrum®] 271F=E vErE)|
4,000 cells mi™', BFA= 3,500 cells ml™' & &k ch. AlZHAE (0
1, 2, 4, 8, 12, 247 7hE ARS-8719] #lrE 43t Lugol
godiog 7HSIY HolWE FEE A5y AEL HhE
TE F71E FUHA HAEAL, 982 30 pprE 48}
Rem, FF 60uE m™ s A AEFo = Felrt

olufsiFrt HRAE M. rubrumes 23R E7He SHMI
Qs AE 30 ppt, 25 20°C 0}011*1 ol 5= 85400 cells
ml'Z st wiFAE-S A7, 2A17Fe] A ohgof M)
7HRE A AstEs @Hf& g, WEES Fegdn
(Olympus BX-50)2.5 #&s}irt.

5 uA) A8 QlF FRAME viXE X E e &
%21 (Table 3), 100 ml PE 8712 o]&3l =2 =27]9] X
H (2 0.4620.01 mmy= 3070A], & 2719 x| (@ 0.84
+0.02 mmy= 200AE 22t ek AFe HoldEe
ol F FBAMA FGA o) &= Isochrysis galbana
(KMCC H-2)Z 258 M. rubrum™} B3} 2ol¥E
o] HIFExE L galbana®l 735 1x10° cells ml'o] 3L,
M. rubrum®] 739 1x10% celis ml™, 1x10° cells ml™, 1x10*
cells mI'o|At}. 74zte] Holgo A@FolA] vid AP TS

TR el Hol 4B AST T, 28 wEel o)y

Table 1. Dimension of a live prey Mesodinium rubrum used in the feeding experiments

Prey species Strain name

ESD* (um)

Cell volume* (um”) Sampling locality & date

Mesodinium rubrum MR-MALO1

22.0+0.04

5,996+30.0 Gomso Bay May 31, 2001

*Equivalent spherical diameter (ESD) and cell volume (mean+SE) were measured by the Coulter Multisizer II electronic particle counter

(Coulter Corporation, USA).

Table 2. Maximum ingestion rates of two predators, Korean scallop, Chlamys farreri and Manila clam, Ruditapes philippinarum fed
Mesodinium rubrum under the conditions of continuous illumination (60 UE m™ s™') and 30 ppt for 24 h

Bivalve predator Shell length Temperature Initial prey density Max. ingestion rate
p (mm, mean+SE) (°C) (cells ml™) (cells min™ predator™)

Korean scallop 28.8+0.3 (N=34)* 15 4,000 9,587

Manila clam 31.940.3 (N=34)* 20 3,500 23,172

*N=number of bivalve predators
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‘Table 3. Survival (%) of two different size classes of Manila clam spat fed the different species and densities of prey organisms under the
.-onditions of continuous illumination (60 UE m™ s™"), 20°C and 30 ppt for 28 days

Live prey

spat size (mm, mean+SE) 1. galbana M. rubrum M. rubrum M. rubrum

(1x10°cells mI™) (1x10%cells ml™) (I1x10°cells ml™) (1x10*cells ml™)
small (N=30%, 0.46+0.01) 933 60.0 76.7 83.3
Large (N=20, 0.84+0.02) 100 100 100 100
"N=number of bivalve spat
S FFcld 58 A AAAA FUL, 49 Ao LT g Hols et 5% vINte R EY Al 578
2 A stk AAAES 20°C, 30 pproll Al 28Uz F A BA0HA] FEFellA 2A17ke] atE FH5L, A &

[e] k)
= i

60 UE m™ s7'¢] A3 27lolA A, ¥l 9

S @sdth ARES & AES BE NAY 2PEE 5T

o] ANOVA-testE 4 A3}, Duncan’s multiple range test

P<0.05)Z Bie] o182 AFSIAOR), AEEE AT,

o

[}
-

a

H|E212|H] 9 BEX|2le| HAE

A2z vgtEu)E AR APelM (Fig. 1A), A7 &
2 Holge 7] = v3] VA &A= 19.2%,
SRR AN E 73.1%, 101 &A= 94.6%7) 7+
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Fig. 1. Changes of M. rubrum prey concentrations under different
predation intensities of Korean scallop (A) and Manila clam (B).
Vertical lines indicate standard error (SE).

TFollM = SAIZE Tk ubHo] A 2)z17) §ls dlz ol s 24
AZE §- Aol HolgEel vls) of 20%7F &t

uiz| gk AAxtE ARS-SE Aol (Fig. 1B), 1A17F 59 ¥
ol FEE YAl F&FolA 83.9%, SNA] 8-l 97.5%,
10703 =87 99.5%= Hlekrlelr]o) vjal &4 3] 7Has)
Sut. 4A 7 Fol BE g ol HolWEQl M. rubrume] A
& #FER] AW v, JAR7E fle oAl 2487
T °F 20% Rho] 7HAslAATh

zhzke] AgatollA] 1A1ZF Fof] THag Hol &S] FRoA
o] 74 HolAE s Wl A 4488 ALshd,
vgrtE| = A Z 9,587 cells min”, 9}X|Ee A o
23,172 cells min"'= VERTH(Table 2).

vy u] 7t HolAE M. rubrums AAZE A4 3FUE
715 8157 8 A3lolA, X829 M. rubrum % 8
cells mI"'E 20°ColA] 2417+ Zoll 28,800 cells ml'& 7+43}

=
@ % dglen, aske AEad Wa)g s B 2
2, ebAst Hele] M. rubrum 918 4 gidlek 18y &
sk Woll M. rubrum®] Ho|Ql SHUEF A4 o 22 |
o] JA7} 715 A ANV (Fig. 20-B), L3Eo] HAl A
HA= et B3] A e A ks AlaEdto] ul-
oF8 M. rubrume| o] =2ets AgollA I HY S wf Fot
A MA2A (Fig. 209 ¢ FARHAl et M. rubrums
A gale Aoz wawd,

HiX|2f X[3He| ME S}

AF FTHEAAE vl XHE F7ld wet 22508

ol, I galbana®t M. rubrums T}t 32 355t 28

A8 A#E Fig. 30 derdch 2 2719 A3 2F
@ 046 mm)lA FF A I galbanas 5T A+
Mz 1.31 mmZ 7P 2o, M. rubrumS 353 A
el 2% Aol wsl §21291(P<0.05) 217t AATHFig.
3A). 22t HolAESQ M. rubrums 74k TRE ¥e =2 FF

5t AL, HE AL P & g 353 Adax10t
T

-
L
Zk

cells mI"' A 0.87 mm&F, 2ol Ee] ur) Z1e 8
J7go] ZFrtstdTh.



118 A -

Fig. 2. Gut contents of Korean scallop fed Mesodinium rubrum prey
(@ and ®) and bursted Mesodinium rubrum MR-MALOI cells on
a slide glass (@ ) are quite similar to each other (@ :x100, ® and
QO : x400).

2 A719 A 25 @ 0.84 mmeME M. rubrumE 7t
FE(1x10* cells mI™ME 33 A@7NX 2 3.87
mmz 7P £ A3E BN, HolAES] wxUt A4
E QAo @¥ton, I galbanaS 5 AFTNAM 73
347 mmz 7P AR 43¢ BAHFig. 3B). Loyt BE
AP oA HF AFL /AL Zel7t fIATHP>0.05).
i =3 o] HE WELL B (Table 3), ZHe X9 2F
A I gazbamrg— 3 AP P =2 93.3%F B
Ao vid] A YEFAL, M. rubrum
% z}z}e) %_‘E 2 TF AgFM e HoHES] =Tt
S 2 52 *§t° = I%EHM. T & A9 2FANE
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Fig. 3. Final growth of small spat (A) and large spat (B) of Manila
clam under different species and densities of prey for 28 days (I: L
galbana 1x10° cells ml™, T: M. rubrum 1x10? cells ml™", 0I: M. rubrum
1x10° cells mI™!, IV: M. rubrum 1x10* cells mI™). The values on bars
with a different letter are significantly different (P<0.05). Vertical lines
indicate standard error (SE).

n #E

S|y} Msle] Fartela] Eegh Hzo 2 M. rubrum
B kA12] MR-MALO1 (Table 1) o)ufjsfj & Hol| &2 9] &
£ 7FsAS Agsdrh. 24 3 om AF9] vidriEE[ vEA]
2(Table 2)2 Ztzt 1070A] L'2 F835t9 Ho|AER
M. rubrume 53 A3, N Fxo vls] vt
YY) 94.6%, BN 99.5%7} AH[E|o] o] o]ujFFe] 23]
) wEA JAEAS RASAL(Fg. 1), N7 3 A
= A H &L vdrlEv] 9,587 cells min™!, ¥EA g 23,172
cells min'= YEPsTH(Table 2).

Kat (1984)= Z504, Carver et al. (1996)2 B 79} 7}
ZulFolA Aslgto] BA AT AL M. rubrum®] A2l 9
3 Aoz Beh B doA] vigrte)ule] 18] M.
rubrums 27k B FFE F S HelN-g u), Ago] HA
HE AL ISR P2 opytulof A H& A AAE &
AT & YA, 23 WEE = M. rubrum®] MAAZ o

A= AAE AT 5 Qo (Fig. 2), M. rubrums 428 A

o2 AEAL 4 YA o|#e HAI= Carver et al. (1996)

o3P A L gFANA S o83 sk EAF At

e og ORIt M. rubnums & ANE F e A

5 x7

74
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o8 AAZI

ojmjaf)Fol FFH AF FTHANE 9§ A Fo] sht
7t Hol A ES H R A&Ao 8 FF3e Aot F, Al
ol w2 43t 2xisg 2 JFI 9t vidsle v
A, olulal{ FEAA ARSETE HolBEL ol 87
Hslol] 73g et ohvg} g ol 7hsalof St Eu
A Ul A olulaiF AT FEAAMA] ARR-EE HoldE
& AHERFO [sochrysis galbana®} Paviova lutheri, T37<]
Chaetoceros calcitrans, =35 Nannochloropsis oculata, '&
=27 Tetraselmis suecica S(Na et al., 1995; Son et al.,
1998; Yang et al., 2001; Lee et al., 2002)2.= F& Q) SFof| A
B o} AMEShe Fol7] wEe] vl A=
& gz e=th(Park and Hur, 2000).

M. rubrume 23 QRS e Aol wis- & T
2 £ 0~24°C Pl H2Z Y27l 7]150] 13 (Lindholm,
1985), Satoh and Watanabe (1991)= &9 2 -1.6°C% &4
B 7 ppte] S8 RGN E H2LAE BB £ ¢
guigtelle F74 st at ol Fee] ¥shyh ST B¢
M= FZERLH (Kim, 2002), 1990GFE 19963744 4
A 715 BH 5~12971A] AZx7F DAL, 7l A
20 Wert 7P STHINFRDL, 1997).

o3t AZE F%e] WA M. rubrume 723 FEH 3}
% e 2oz Auasy, Bl o] 8E M. rubrum MR-
MALO1 strain® GEH$] 10~30 pptol A & A&, o)F 10
pptoll A 7HE & AEZE 71 E3IUTHMyung, 2004). 3
H2IAYA ) &9 o] B LA chlorophyll-a
2 thE S AEEFAE T v 953 2 Jo®
AeA o2 £ (Lindholm, 1985; Crawford, 1989; Stoecker et
al,, 1991) ko] ¥ e wjgo] &ol¥ Aow dAeEr)

vk g o] 2718 295 0.461£0.01 mme} 0.84+
0,02 mm)e 2 Wro] [ galbana®t M. rubrums 217t 5LE
gjsle] S vast 4o, & 27 ZFEE 046+
0.01 mm)olX= I galbanas 338 AETF7F M. rubrum&
FES AYTET FojFog 47 gl AEEo] EokE vhd,
2 3719 25 @ 0.8440.02 mm)eA s BE Age A 4
g o)zt e, M. mbum®] BE7F BE FF o]
& 2102 JepdthFig. 3). 58] 22 A7) aFlM A<l
R12o] okl M. rubrume] YFTLZHE EHaks 2 A

78
S

=
3
L

°F Rt ol2lgt AAR vlFolE o, 2 0.5
o] vix X M. rubrumS 32 sH=] AShe wow| 3

wEbA] ojuialF 1F FHEAMM] % | mm ©]dke] A
il GANR= 71&] =277t A2 L galbana, P lutheri, N.
oculata 58 F-d31aL, 7L o] A7 E M. rubrum& ¥
FeE v E9FY AR AdEHEE 7]E] oluHF

ZRAAE 3 HolAdoll M. rubrume] ME-2 Ho|AER

A 7R 4 A Folth

M. rubrume HE o017} 15~70 um =)™ (Taylor et al.,
1971), Aldol wet BF =7]7) th=rH(Montagnes and Lynn,
1989). =3} Jimenez and Intriago (1987) M. rubrum®| 15
AR A7t AR P o2 JAE F e FES 277 ol B
FEST B A7Le ojde] duladgo)A WA, Paralichthys
olivaceus?] 7] 2019} 3}, Penaeus chinensis®] zoea T
o M. rubrum& 2o EZ FFA oY o)50] Hlsk= A
S AR Eapnh ey Aleje] o 717 2R AT,
Boleophthalmus pectinirostris®}y 5755, Hapalogenys nitens
o M. rubrum& ‘328 A& 3#519 thunpublished). wWe}
A 32717 2 e, dol, AA T FRANA rotifer,
Brachionus plicatilisZ 3-5-317] A7A] E957](red water)*
M. rubrum ©]€3THH (Nass et al., 1992; Reitan et. al.,
1993) u-¢- &34HY AolmZ olof thgh BFA A7t 2
T T3 M. rubrum®] GRS F3 rotifere] @ WLt
A (Merchie et al., 1995; Reitan et al., 1997)2 ©]-83}Au, M.
rubrum 82| 2] AW A E-S 113 3ke] 420} (Foss et al., 1984)
&1 o} F(Matsuno et al,, 1979)2} A4 HsE S M= &
WA 2 88 5 ASS Aet

[ Ok
el =

HI, Fa0M AR AFERE H2e] LI BT
A ARF Mesodinium rubrum MR-MALO1 vj k415 22 - )
Tt o] MEFE o83l ouisiFe] HAdHS 7Y
3t A3, vigzie)v) e} v g 722 ojuisiRIE AR
H eSS, A 7 Ao A4 & vt
28] 9,590 cells min™', ¥FX2} 23,200 cells min ' &2 e
o} g ngyleine] AstaoA] A M. rubrum AEE
geolslx] Efont, e Xz AdEe 2 AES &
Z3t ot upRlg ol HEHA M. rubrum¥ vALZH{<I
Isochrysis galbana (KMCC H-2)Z F53PHA 28Y B9 A
S A3}, 2 Xu 25 @ 046 mmelA = 1 galbanas
TEE AL 22 A 1YY v, & A9 s @
0.84 mm)IIX = M. rubrume 353 AEF7Y I galban
SF3 AgTol B8] Aol FuTE wEbA o] FtA A
Fe oluislFel X3 ¥ mufo} o] ZHE zjoie] ol
rotifere] FE7EsA 2 o7l A A EE B8 5 3
£ FAEo] o] s AEFIHH LS AT AEABEA
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¥ ATE e A WPRE T o8 A4
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