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A wjFAE o] &5k HEo ATFELS IS AAEF DinophysisSt S5 QF3 AAEF Oxyphysis
oxytoxoides’t & TF TEFY ARFA Mesodinium rubrums HO|EZ o] &35ty 2 st S Hash
vl Ql}. 2 A= A AEAlA 2R D, acuminata 2 O. oxytoxoides®t 152 Mol M. rubrum ]2
AoaeS AT HH o= 2011 7E9LNEH §2L7A] $F GFbe| AR wibeke] o 1 AA-olA 3T 28]
MNARE Hes BUEE siglth £ A75F 92 53] =4 vehd A7l A 57472 F238H SolA|tt
7} Zrko] AHAdhs 8YRE ArE oF 287K AR R FksRE AEE vERL, 72 8¢9 2097HA1= 3
THOZ 26.5°CE AR, o] Fel= Ht 21 °CE X8I M. rubrume A7713F B9t A|&H o2 &
el ot 71 WF F(13-492 cells mLe] vl L. D. acuminata®t O. oxytoxoides®] WA= 22t n.d.-19,833
cells L'} n.d.-100,333 cells L] WIS YeRACE AN 92 D, acuminata®t SOl 20 M. rubrum®] NAF =&
P NS T AR U IAE Bol7|E oY, M rubrum®] FS UEE FASI|E B8kl
D. acuminata®] tHH2o] dojulx] ok= 97t EABII=Y], ol d o= S ] Wst 9 2] 5o A
2 AT SHA | 0. oxytoxoidess= M. rubrum®] A&EH 02 ZHso| = 5kl 19-24 °CE] =2 HE] oAt
33 AR B o, HolYE2 IR 52 52 7 2210] 0. oxytoxoidesS] U Wislol| T &S v S
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Recent laboratory studies have documented that mixotrophic dinoflagellates Dinophysis spp. and heterotrophic
dinoflagellate Oxyphysis oxytoxoides share a common prey, i.e. the mixotrophic ciliate Mesodinium rubrum.
Nonetheless, very little is known about the population dynamics and species interactions among these protists in
natural environments. To investigate the interactions between the dinoflagellate predators and their ciliate prey
in the field, we took the samples twice a day from 26 July to 28 August, 2011 at a fixed station in Masan Bay
and analyzed their abundances. During this study, salinity was highly variable, ranging from 5 to 28, due to the
periodic input of rainfalls to the sampling station. Water temperature was on average 26.5 °C until 20 August
and thereafter was about 21 °C by the end of the sampling period. The ciliate M. rubrum occurred persistently
throughout the sampling period, ranging from 13 to 492 cells mL"'. Cell densities of D. acuminata and O. oxy-
toxoides ranged from undetectable level to 19,833 cells L™ and from undetectable level to 100,333 cells L™,
respectively. The high abundance of D. acuminata mostly followed the blooming of the ciliate M. rubrum, but it
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often did not peak even during heavy blooms of the prey, probably due to sensitivity to large salinity fluctuation
and also presumably overlapped grazing by other mixotrophic dinoflagellates. The abundance of O. oxytoxoides
was detected only when water temperature was lower than 24 °C, indicating that water temperature is an import-
ant environmental factor to control the population dynamics of the dinoflagellate species.
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A 355 (diarrhetic shellfish poisoning)ys AJAHeh= |
SPHELS Dinophysis®] SE°l gt tiF-22] 7= iz A
HjFAE o]8ste] ARl AT s e JHRFEI=
] HI7AE AF o 2] AdElof Exshs A TRl 9
E3to] FaE o] gith olelst wiF o= U B A EELIE
£ vioFehet] AEAo® AREE BRI (E E9, 12 media)E
o] g-3to] theket Ul 27 SollA] HlRS AI=3k8loY} Dinophysis
%9] FEo| AESHA| &Sl 5 Dinophysis 52 ¥ Ho=R
A oAz FslA] 53 ARt (Sampayo, 1993; Maestrini
et al., 1995). Zeiv}t AAXEE oz 3 7|E2] 7430
©] s} (Jacobson and Anderson, 1994; Koike et al., 2000) D.
acuminata, D. norvegica, D. fortii 5~ 121 Dinophysis 55°] S35V
(mixotrophy)2 & 715732 AXISIS O | DinophysissS2] A4
HjeEA] gloll= olefgh Eqtder SA4do] WalsHl wdEo] 3
=5 AAE F QA =)k 3, FEAER S o) 83 2
AT AT 2 AL B FhA A7IAE B T
DinophysisS] 4227} SARF 7]99S AXSIATHSchnepf and
Elbrachter, 1988; Lucas and Vesk, 1990; Takishita er al, 2002;
Hackett et al., 2003; Janson and Graneli, 2003). ©]5- thH-22] A+
A SHRF7L 39U Dinophysis®] #ol AEY Z o7
Azkslo] 2420w Holg pgshaA Aupldks A=sksi ot
B 2939 thHe.g. Nishitani et al., 2003). “1&]\} Park et al.
(2006) Dinophysis?} " 2eA12] F3F wi7RAI9] Egtdofd AR
21 Mesodinium rubrums ElA SHEF ALAE F53TH=
g grgalslon, ol Al F5e] AERHUEFAEF M rubrum-
SPHYER Dinophysis(Fe] B84 42 s agol 7]xsted Al
Al FZZ Dinoiphysis acuminata 34| WFAE ds=t] F&
SIQITE 5ol 2Ql ole|gh A o] g Agol 7| xsto] o] %
o] g Dinophysis '76‘—(051]% =%, D. acuata, D. caudata, D. Jortii,
D. infundibulus, D. tripos 5Y&°] Qgol A AAL &g A+
2zl &3l A wigAIR g E7]el o] 2 F L (Park er al. 2008,
Nishitani ef al. 2008, Nagai et al. 2008; Reguera et al., 2012), 2
uj v o]8ste] AAPE dlfsdel] tish A (e.g., Kamiyama
and Suzuki, 2009; Reguera ef al., 2014), A7 2 A2 EAS %
shat AJej A2 st (e, Kim er al., 2008; Riisgaard and
Hansen, 2009) % 3138t 2}212] WA 4] 4-5-(e.g., Park ef al.,
2008, 2010; Garcia-Cuetos et al., 2010; Kim et al., 2012) 5] &
ool A7} Eds] HaiEo] gt

A, Oxyphysis oxytoxoidesi= Oxyphysiaceae Z}(family)ol] A
ddFoR S0E TOoRA, SHoR gHetal Aol A7

SelAgE FHA 54 B3 Qs 5 ol

(Kofoid, 1926; Fensome et al., 1993). ©] &2 AejAlz], LA}k
2 22 A F st A= A wll-g- AL Aol O.
oxytoxoides= feeding tube (=peduncle)e ©]-838}9] Tintinnopsis,
Helicostomella 2 Strombidium -2 "A575 23t Ho] B
1% v} QJth(Inoue ef al.,, 1993). Fl Park er al. (2011) £33+
oA MR FQl Mesodinium rubrums Ho|Z  FE3dle] O.
oxytoxoidesE X527 A v E F5lails Bk ofje}, ¢
grtet At A @ ZAME F3l EF IS JHERA

I~

i+ Dinophysis F %943 PR Oxyphysis oxytoxoides”t
55 peduncles ©]83o] BolE Aaleb, TR HEwel
Mesodinium rubrumez Ho|AEZ o]&3te] 2 Asitt= A
B 315}9) O U(Park ef al., 2006, 2011), 234 UjejA] o] EETH
AR mo] we] FBlg A Bsh, Aol e
SRR Dinophysis spp. ® O. oxytoxoides®} 715-2] Holl M.
rubrumAto]8] S AE-g FAle| Aek A= gl et
H AFellM = maeke] st A elA 9 Al a3 AR el
Ao AEAg-g AT HAHoR 2011 7€ E s€uA|
g gl AX RUERS Fsglon, o] diE vigow ¥
A3k WS WAE ks Al Alole] AEiEHE on|E Eofeisitt.

WEERTE

O17R|2f U AlZAZ

ulabake] 3k w17 47 (35°20'N, 128°57'E; Fig. 1)°lA1 2011
74 262 H 8% 28U7HA] 349 st 2 9A|e} @5 3x]o]| wj
A 234 T AF7IE ol8sle] xeTE ATl A7 A
o] SIAIgE vk s 92 A s o m A, = a3t S
Fgo] AlghEe] QLS Rk ope} AZF 363 o] Axrt A
old Ax g Hooksly]o] Q= ado]ti(Jeong ef al., 2013). v}
Aol A A z20] A|&713t0] ZHAlE 19, AAIE 4047HA] w5
ol gA o Wske ik ohel A5 Al7IRE 0.5-39 0]
Y= A 11 T wl(Jeong ef al., 2013), =7t 52
o] A= flEiME F2 A A F717F et & A
A Aol BT w4 e W P2 Yellow Spring
Instrument (YSI) (Ohio, USA)E ©]-&5}o] SAsIAct. A3t Al
Faz 500 mL EF]elEdl ol 92 vy 54 HF w5 2%t
HEs Fogoor ugsgint. g Aas AdAE kst
Fofl A AEE 67l 553 TS 555 AE | mLE Sedgewick-
Rafter chamberel] Hobr] 7 W% 3514 w|7d (Zeiss Axiostar plus
microscope)s 083101 SFANF D. acuminata & O. oxytoxoidesS}
MEF M. rubrumz ATFSIQITh Als A 713F w5k Ak
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Fig. 1. Map showing the sampling site during this study.
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Fig. 2. Precipitation and light intensity during the sampling period.
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Fig. 3. Daily variations of water temperature and salinity during the
sampling period.
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B0 3 Heel wEk Ay e ¢diol A Wit
2 ATERt T TS V1SS IR 79279, 8¢ 24, 8, 13
d, 20 SOo=A, ol Z+7} 63, 39, 81, 30, 18 mmo] S
YERHTHFig. 2). 92 Z5@o] =4 vERd Al7lell 4 57
A wAsH GoAe} o] haehs sdHE A4S oF 28
7] AR o7 STl e Rth(Fig. 3). 2 A7t 5
QF YAk S 3-25 MI m*2] H9lZ IA Wk thFig. 2).
F2L 89 207 = HHAOR 26.5°CE FAER o, o]F
o= et 21 °CE FAI3ISITHFig. 3).

RFH D2 (Dinophysis acuminata, Oxyphysis oxytoxoides)2} 20|
MEO0| MBDZE Mesodinium rubrum M|z LY BiE

E3od AEFA M rubrume A7717F B9k A &EH 02
Sdsilont 1 WE Fo] wig- Fvh 5, AR 27191 79
28l F ] 492 cells mL7H4] S71ak3 0, 84 2047} 21l
= A 13 cells mL7FA] 4815t (Fig. 4). D. acuminata= A
T717F =2t undetectable leveloll 4] ol 19,833 cells L'9] HY=Z
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Fig. 4. Daily variations in abundances of Dinophysis acuminata,

Oxyphysis oxytoxoides, and Mesodinium rubrum during the sampling
period.
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el o™, Woll M. rubrum®] blooming®|ll D. acuminata

7F A 19,

LIS

Ul d-7]3E

oxytoxoides—
7] N At 89

(Fig. 4).

ZAIx}, 20| &

833 cells L
1547H4]+=

ATz ell=

EERQ1710| Akt

L7 S7Fialvizt 2Hasilth(Fig. 4). 8
= HFA 0 R 308 cells L2 WA &3}
Zibofl = 10,083 cells L7k S7F83it) .
Z331A] Fgront g
229 | 100,333 cells L'7}A] &7}k T}

207 E3}

E A17I7F B2 D. acuminata= 2] UIAZ 20~28 °C<]
A FE3F O, v WE o] X T 53] £29]

5B; Fig. 6A). o] BEQl M rubrum® WAF7F 7 50-300
cells mL"¢] 1 9]elA] ié}x}?l D. acuminata®) tH2]o] Aot
O M orubrum® ZNAI71 300 cells mL1Y] 2 UTE HS)
o= B8kl D. acuminata? 2] tiH2]0] LojuiA]
EAECHFig. 5C; Fig. 6A, C).

= 0] 24°C o]3kl oAt LrER o,

O. oxytoxoides<=
A3 AP 22 o)l Al7elut E@AEITHFig. 5D, E;

OJ"C o‘!‘J—

Fig. 6B). O. oxytoxoides S=3t M. rubrum® NA52} 31k A
J,]—/Ho] ‘Ll-zl—g x] O}O]’D}(Flg 5F; Flg 6B, C) U—lo] /Kg o] AJ E'_-?r
M. rubrum®] WA= 2 9 R FE3 AwdE oA+

Sigrort we welsl £8 1 Piiel 24 FHskitkFie 3G

26°CQl oA 7HE =& AMAITE 7158 THFig. SA; Fig.  H; Fig. 6C).
6A). D. acuminate= 9-0] ¥ 17 01’31 3ol A1k LFERG T(Fig. QFARHF D. acuminata 2 O. oxytoxoides®] WA H53}
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dinium rubrum abundance (cells mL™") as a function of water temperature and salinity.

Table 1. Multiple regression statistics between abundances of Dinophysis acuminata and/or Oxyphysis oxytoxoides and Mesodinium rubrum,
temperature (T), and salinity (S). Std Coeff refers to the standard regression coefficient or beta coefficient. The adjusted coefficients of

determination (R?) are presented

Y, X, X, Partial Coeff.  Std Coeff. Partial Coeff. Std Coeff. Y-intercept R? P
s A X, (+SE) X, X, (+SE) X, (+SE) (F-test)
D. acuminata, M. rubrum, S 0.065 (£0.025) 0.299 218.449 (£60.500) 0.417 -3408.464 (£1326.529)  0.196 0.012
O. oxytoxoides, M. rubrum, T 0.007 (+0.101) 0.009  -1463.894 (£556.333)  -0.332  39582.764 (£13636.467) 0.108 0.005

ste] HoOlE M. rubrum, T2, 0] FEFS melslr] flsto]
T38| A8 AAISE A3(Table 1), D. acuminata®) 733l
M. rubrum™} BE0], O. oxytoxoides®] 739-ol= M. rubrum3}t 5
2] A 07 728t th(P-value <0.05). <, D. acuminata®)
AT W52 M rubrum) el 218l F 20% AAvgE 4= 9lom,
o] & ol M rubrumBTH=(0.2992] Std Coeff) &+-°](0.4172]

Std coeff.) D. acuminata®] NAG Mol v & JTF=S v|A=
Ao 2 YePAY. 0. oxytoxoides®] NAG WF> M. rubrum>}

20l SJ3)| oF 10% A= = 9lom, -2-2] Std Coeffe =2 %
(-0.332)S Yehlo] f-20] Gollef wph o & JTFS v A
o7 VRt

E 9

.

Zatdrd FHE T Dinophysis acuminata®} 539 9
B Oxyphysis oxytoxoidesi= HO|ZA] 3 FX 02 E3HY
M RFQ Mesodinium rubrums ©]-&3= RAOo% A& A
(Park ef al., 2006, 2011). ©] BEES 7ol E22}k¢} Ho] 4h
gl thsh olslii= AU AES S8l vl o, Al
A AeiAlelA o] oA nigo® S Al WEel vigk
T AgkE]e] Qlok AR ABEjAlelA o] BEES AR Ws
W wEisiery g<l ul AEsH gQleel o8l S8
= s 0% gabEnt, AAE 7 R ERe] AT W
ste] AAE tesl] A Ak Wol8E M rubrum, 7
2 g o] e]lEo] Hu 20%%ks Adrgeial e, ojzfst A}

= QARG ol elolelelw Tk aq1Ee] BgHo.

o
O

32
2L B ooz

% rlo 2

13

0;

offl of
&

-

2 JEE A 7 vk A& AAkei
E A7) 7Eer AFMA © 2 D, acuminata®l HolEQ M.
rubrum®) NAF F@FIo] AR 7oL WAS IAE Bl
O}, HOJAERl M rubrumf] & UER EHTH|E &35l
D. acuminata®] thi2lo] dojupx] ok= 757} RIWsHAl A8t
ATt o]efgt @Ak E Aol 2 dlellA 2004 EH 19 T
G RUERe) Aol B
=0 u

F

2k Yih et al. (2013)°] <31

g ol Yk, ol 4ol He U EAFE BT5n
Dinophysis®] tsi2lo] dojub] ¢Sk o]fi2= A, o] Al7]e]

T7141 742 3] o] F48] Wbl oM D, acuminata”}
AEE7] ol Eelsh f7o] FAHIU] WER] Zle s drken)
AR 2 ATl gt g@xke] BUEE 717F Btk ¢ito] 17-289)
HLANWTE D. acuminata®] tii2le] HEE 0, 17 oJ8}e] Y
oM = AY EdskA Fdth 1oy 2RI D, acuminata
ol G HolAEQ M rubrumS £ ATollA] G0l 5-289]
w9 Aol dA 3. & ATl HEE M rubrum®]
L QREYZ WMol 7|20 Kim er al.(20045%} Yih er al.(2005)°]
o3l el SAeel wrAaRtellA T A W91 4-26)9}
- fARISIEE. oleet AalaS FRel B, Hol¥ER] M. rubrum
< o] gk AR ASaliA dolrk= Hhdel
(Lindholm, 1985), E2IAI1 Dinophysise o] W= @ <
TolldE 17018ke] el & 288k EaliA Hol A=ol
A Eskar AA ek Feks AloR dkEnh
A 7¥ed YW SPARFRI Fragilidium duplocampanaeforme
o 2]t HelA A2lojth(Park and Kim, 2010; Park ef al.,, 2015).
o] 3t SFHE T Dinophysis & ABZ 0= A5k

AT
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Az AskE vES 7D glon, AAR mikek F e A
AF S ARE FFHnEEE] blue lightoll Xl ZA] Dinophysis
= AAsto] Aladiell @] Az Y-S 73 Qe AT}
% B2 v} Qluk(Park and Kim, 2010; Park et al., 2015). Al
WA 7sAd2 71384 SBR[ dmoebophrya spp.©ll 213l D.
acuminata?} 7¥AE o] (Park et al., 2013) 7HA* ZHo] dojd 7}
S AR = glok 2Eu 2 ATt elell A o7k D.
acuminata® Nt Amoebophrya®l 734 = 5ol AAFCZE A
T vt glomR Al dAlelM e 71/ R g 7] o
e Aoz Totsl7|= ojge AEjolrt. o]2sh QRlE o]
Qle = FA] AL vig WEke] HMEH(Whyte et al., 2014), 57| 2]
J%3K(Sjéqvist and Lindholm, 2011), ©]§(advection) (Swanson
et al., 2010) 5°| B3+ Dinophysis®] T30l G & 71s7do]
RO, £ AFolA= o] 59 JFE AFH o gelsiAE &
L=

SHH, O. oxytoxoides= AT FANA HolAW=EA M. rubrum
o] 53] FHTNE B8kl 2 19-24°C, P 22289
el Z-asich. AT7IRE S M. rubrume- 13-492 cells
mL'e] W9 &Aoo w Fdsiglorn s, Hol 2] =0l 0.
oxytoxoides®] T3 2 AT WFel] YIS vHS Aow A7t
A =tk AY7T 0. oxytoxoidess HO1ZM M. rubrum(Park
et al., 2011) ¥k op2} T} A RFEE TR¥H| 434 (Inoue ef al.,
1993) & = Qo= e ARksPd, & 7717 21 O. oxytoxoides
o] AT sl Hol Algke] 73S sl Zlow dddnt
. @A O. oxytoxoides] el Beloll tht FRI7} Hol F-55 4
gloju g, 5 o] Fofo] tfgt F712R1 A7} Aesitial At
=3

Qokshd, wpikgke] sk 1 HollA 3 Erke] RUEH di=
241 A Al A= SFHEFR] D. acuminata, O. oxytoxoides®}
759 Holol MEF M rubrum¥}) 25282 thaedlt £}
-HolgA| o]glellE & Y AF T vheksl P aR1E0] AR}
o] AT ol TA Y& Frh= Fe AAKE

A AL

B Qs PRA 0w Al S TAX X1 (NRF-
2014R1A2A2A010045867} NRF-2014R1A2A1A11053911) 2 3]
FAHT Bl -8l A& AT A ©H(Management of marine
organisms causing ecological disturbance and harmful effects)2]

(e} (e}
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