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Effects of Sediment Extracts on the
Growth of the Harmful Dinoflagellate
Cochlodinium polykrikoides Margalef

(Dinophyceae)

Jin Joo Kim

Department of Fisheries Biology, Graduate School,

Pukyong National University, Busan 605—737, Korea

Abstract

A harmful red tide dinoflagellate Cochlodinium polykrikoides
has been studies over a decade, but most of the mechanisms of

blooming are still unknown.
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It was well-known that culture conditions of C.
polykrikoides to get the highest growth were 22~25C, pH7.5,
7,500lux, and initial density was over 200%£30 cells/mL in the
laboratory, respectively. As part of the elucidation, a possible
factor of the blooming, we used sediment extracts within potting
soil, soils from Jangmok, and Mijo. C. polykrikoides were
inoculated with the initial concentration adjusted to three different

cell densities and several culture conditions.

When the bloom starts, specific growth rate (x) of field
data from 2004 to 2006 were 0.27 d '~ 0.35 d°'. Otherwise, s
pecific growth rate of experiments in the laboratory with low
concentration adding sediment extracts were 0.30 d~' to 0.32 d™".
The adding sediment extract to the flask, where initial cell density
of C. polykrikoides was_low, it affected to«the C. polyvkrikoides

growth rate.

In seawater, obtained before the blooming, specific growth
rate was 0.12 d!, while the water during the blooming showed
0.32 d~'. But, when the sediment extracts were added to the /2
medium with the seawater, which was collected before the

blooming, the specific growth rate was 0.32 dt,



To understand the mechanism of C. polykrikoides bloom and
possible effects of sediment as a growth factor, more experiments
about the differences of waters before/after blooms should be

conducted.
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Az7kel s f¥ste EAolh(Harper et al, 1981; Paerl, 1983;
Hallegraeff, 1993; Shirota, 1989; Kim, 1997). A Xx2] @Aele o}
2 ggetA WA JA oy, diRe Ax= dlrudto] AlgtE T
A8 vk Fo, S54 # ;.

o, 283, FAFZFol FH-skel Aol shdsta, e A
FAEE i FelA wims] wAst= Zlewm A AU (Margalef,

1978).

Selubet AgkelM AF EPss AW AAES F 34FO

2, 2 F gz AFe HuxFrol [Heterosigma akashiwo,
Prorocentrum spp. ¥ Cochlodinium polvkrikoides 5°] 3 (Kim et
al, 1997). olFolA et &l Adsfdel wid st =
Cochlodinium polykrikoides A3+ ANA o o3 ofF&E HAHA7|PZE
T E doA wd wst AAd EAE dorjy Qv 539
19959 el itz BA8e faldx V=] C polykrikoidesel &%

2t ekl FhA P A nUER 471 Bt

)

T 7649l gobe Huid FAvEE doitH(HHSANE Y,

1997a, 1997b, 1999, 2000; =HsAk#sk, 2002a).



Cochlodinium <2 o8] Zof 293t A% vy vt
osfiet AAl olg YeeldE nnEE, dddE A AAdow 4
WaAs gl FAolth. 1 TAA AEE mu, §99 0= SolA
Cochlodinium %2 o12] %ol &3 Wolek & ¢ o]f 9 2 = #5e
il AES SEAA Adel dalE 9d wask glen

(Reyes—Vasques et al, 1979; Zubkoff et al, 1979; Taylor, 1985;

S
=

ix&

£

Ferraz—Reyes et al, 1985; Yuki and Yoshimatsu, 1989), ZT=ro|A+=
1990l Hx=E oAF7L Cochlodinium sp.ol. 28] HALE Ri7F gty
(Qi and Wang, 1993). 53], o= 1983l Cochlodinium sp.
of oJFk tiytE Axrt HAEo] wojel # <A F JsE FAUL
1986Well= HuWweo  C  polykrikeides AZx7F  HAYSEAR oH
(Sundstrom et al, 1990), 19967F4] & 219 A =x7} stk
(Onoue et al, 1985; Onoue and Nozawa, 1989; Yuki and
Yoshimatsu, 1989). o] A= A2 Al fEETE=
Cochlodinium <5 & A sl dste] state] HES Aol

C. polykrikoides 2z tigt U] A+, 1995W A&
A o]l 19960l Al#ts o] vhefsiAl W s
wet Ax G4 AT B e dTEe 43
999; A &, 2000), FH>XA (Kim et al., 1996; <F, 1998), 2] AW
sta] B4E wele A7 (U 5, 1997 Al 5, 1998; Cho et al., 1999;
7%, 19995 ©] %, 2001a; Park et al, 2001) ¢} ol FuAl 718 &
w3 7] 913k A (o], 1996; Kim et al., 1999; Kim et al, 2000; Kim
and Cho, 2000; Kim et al., 2001a, 2001b; Kim et al., 2002; Kim ef



al, 2004, Ahn et al, 2006; Lee et al, 2006)7} o]Fojx L Qlom,
T G&A A2AE TA P ANLsk] A% Aow Ee4, g
A "9 AESA 7IHE Bt FAE gk o5, FEE o] &9 A
ZAE] AAGZE F A, 1995 W 5, 1996, FH 5, 1998),
AxAlTe ol &3 AxAE Al T, 1998), A S o] &3 A xHA
714 NEJeong et al, 1999a; Jeong et al, 1999b) o] At}

C. polykrikoides7} 2238 S ol a| &I A4 3 B3 (Table. 1)

o} Ao wiFATS Eotol G polvkrikoides® ‘3% &
19~28C9 vid ¥E &9 30~35 psul WS ARz A%
e FYE #B3r (a5, 2001a; w0 5, 2001b), =S C
polykrikoidesS 71-%-1L FA8t=H QoA & 22~25TC, pH 7.5, 3=
100~140 p¢Em™%s™', 27] AF5% 200£30 cells/mLE AFUEE =
3talr] oaiael HAe xhow Bad npzh v (P 5, 2001; qf

S, 1998; Lee et al, 2006).

a8y B V2 AFEE Tl C polvkrikoides®] A 2] uj
AL FQAT o] C polvkrikoideso] Yol oj® EZ o] blooming
= do7l= AJAEAN o] ek el oAM= obA HolSl= vt ¢l
vt '3, C polykrikoides WoFel ARE-ak= wiA| ol QlojA ] A7)
of W et 27 HE WE Sol wet AAEe] v vEve A9



C. polvkrikoidesS} 7o) QAR ZFo| &3l Prorocentrium
minimum, Prorocentrium micans, Amphidinium carterae 2 735
Humic acid A&°] ol A% oA wIFAE o A&l wf £
St ®al (Gedziorowska et al, 1986; Graneli, 1985; Graneli,
1989; Graneli and Moreira, 1999)7} 1o, EoF/ o] wol 4o 3l
EE3AE0] FFeke f71E, 719 sEA el 9

Al
A
kS Fo] AAES =2A7tkE= R Quk(Prakash & Rashid,

271 AE e oA, Aal sl elM e C. polvkrikoides

Az WY fdsts i, A x WhAllo] o]Fojxl mwe 27 FEE 0.2~50

ells/mLE AEE S o Hdl JFEEZF 2,000 cells/mL, THE=RS

= HAAAUE 43,000 cells/mLE 7|53 tts B 7kt (Kim et
al., 2001).

kA 2 AFte A= FHZel ATV Hal = G polykrikoides
Az WA i A e 9% AxAI=] VAT dow
ol 2 B] 4 & (sediment extract)S C. polykrikoides 2| J&Fs F=
shibel geRlow glol, wid A xrb WAste 7oA, FEH w xofA
3 A ¥ 4] = (sediment extract) AMFstal o]F o]&sto] @& WEe C
polykrikoidesE &7 wFNol a4 ¥ 4= (sediment extract)& 37}

sto] olzlo] fral AxWE HF VAL JFS 2AL W@

fol U
ftlo



Table. 1. Temperature and salinities during outbreaks of

C. polykrikoides red tides in the field.

Location and year| Temperature (C) Salinity Reference
Phosphorescent Bay,
29.8~30.1 35.3~35.8 Margalef, 1961
Puerto Rico, 1958
Yatsushiro Sea,
23.0~29.9 31.7~34.2 Fisheries agency, 1980
Japan, 1978
Quanshou Bay,
22.4~26.7 31.3~33.8 Du et al, 1993
China, 1990
Korea southern coast,
Rep. of Korea, 22.5~27.0 30.0~33.4 NFRDI, 1998
1995-1998
Manzanillo Bay, Morales—Blake and
25.5 34.5~34.7
Mexico, 1999—=2000 Hernandez—Becerrill, 2001
Gulf of California, Garate—Lizarraga and
29.0~31.0
Mexico, 2000 Bustillos—Guzman, 2000
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ARl AMESE C. polykrikoidess =R FalEE o
Aol B3t v wMUFWNF-F-CPO-3)Z 2003 9¢€ thHd oA
o AH - FEet Aow F/2-Si ¥lA (Guillard and
Ryther, 1962) oA AlthujeFeto] AFE-sFaitt. Table. 2& F/2-Si #jA



Table.

2. Chemical composition of F/2 medium

Ryther, 1962)

(Guiillard and

Component Concentration
NaNO3 150.0 mg
NaH2PO4 -9H20 8.69 mg
Ferric EDTA 10.0 mg
MnClz 0.22 mg
CoCls 0.11 mg
CuS04:5H20 0.0196 mg
ZnS047H20 0.044 mg
Na2S10z9H-20 50.0 mg
NasMoO42H20 0.012 mg
Vitamine Bio 1.0 ug
Biotin 1.0 we
Thiamine-HCI 0.2 ug
Filtered seawater 10




2—2. 3 AEFE (Sediment Extract)

7y7yo] 21, AHZbFEZE ek Ao 500mL Fy 2 A8 u) oA A
ALY BAQL &S 27 Gy 1L 397t GA 153 FHFE
7]

2 EHF(121C, 15lb, 20%) S 3Fod A4 A3}

o
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N
N
X

ey
o
of
2
(LT N

O % A=olS {4 Whatman No 1 filter paper® filtering 3}
o] 7Mtd @72 H(1217C, 151b, 20%) 38k 50mL Falcon tubeol] go}
A3 ARl -207Ce] B35S Yt (Leoblich and Smith, 1967).

a8 1L AZEZEekAade] 250mLEy 2 e fA s A F
& (sediment extract) =S 23 500mL 37} HA 1z =552 A4
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gheksl 9 A WA 0.45um membrane filter
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Fig. 1 Location of the sampling station of the sediment



Table

w2l Az Al 2ol dllgrel SloiA el AITIE ook Aol Aol
=831 YallA Q¥4 (Keller et al, 1987 ; Table. 3)= A
ZhtdE# 712 E4 (121°C, 151b, 208)ske] F4F A& sto] A&

Mz

3. Chemical composition of Artificial seawater base 10XAK

(Keller et al (1987).

Component Concentration
NaCl 24 g
KCl 06 g
MgCl2-6H20 3.0¢g
MgSO47H20 50 g
CaCl>2H20 04 g
NaBr 1.03 mg
SrCl2-6H20 27 mg
H3BO3 6 mg
NaF 0.42 mg
KI 33 mg
NaHCOs3 0.2 g
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AE] 4HE
A 4le H 1mLA

X subsampling 3t

ZAE 2ol A kg TlelA ks d Y
o Lugol o7 A¥xXE 143}
st 25~10081e] wl&= Sedgwick—Rafter counting
slideE ©]-&3}o] Al

o] Beren]7

o

3tR o™ C polykrikoides® chaind% 7]=3FS T},

o]
= 1=

A| = Exponential Growth Rate®ZX A3} th(Guillard
1973). B3E wiokX o] C polvkrikoidess] QD7+H3%
Rate : SGR) & 2 &527F AFAZ 7o =243
3Fo] Stein(1973) 2 0. & A4t

e

%
o
=)
10,
Y
bl
=)
i
)
27

o In(N,—N,)
SGR (d /d e ———— L —OF
(division/day) (ty—10)in2

N1, No : Cell concentrations at times t; and to (Cells/mL)

t1, to - the end and beginning of a period of time (days)
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2-5. HW|ILE =2

A AZE slTe FHFARESY At Qe feE oA
0.45um membrane filter2 o]¥3t & 7ptd#7]|E Ef (International
AC-M)sar Ao Azl § vg Az - dds FS F/2-Si
stock solutionsE 7}t wiFuiA|= Ab&stqlet. o] wW Aol AME
3 B AU vy dud AEFS ARESHAY THdEdTE Ed

(1217C, 151b, 20®)3}e] F A2 3%

Aol AFES uiEFe 27] Mg de =%
pH 7.8, 283 %% 200 ¢Em s 'o|glem, WoF7]E= 14 hr light :
10 hr dark= LsHAl 3L Ao 2 e iy dds sl A
Hx0e oy 2o

D A7 s wE AZ vla

A7 el wet C polykrikoides®) A4S vl wat7] $8fo],
349, Az WA AHdQ 68 W Az AI7Id 8L AFst At FE 7
37 0.45¢m membrane filter® o3 T JtEAV|E HA
(International AC—M)3&}al A-2oA WIA|Zl 3 vjg] Az - A =

el
2 F/2-Si stock solutionsE F7}sto] wjduliA 2 wrE 3 27|85

A

40 cells/mLS Al53Fo] 40mL animal cell culture flaskel]l A3}
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Hjokol] Qloj M= wjkrERA HF RYE 40mLE i, £ 22T, B
200 p£Em 2s7! (14L : 10D) 2.3 2527F wjoFahgl o),

a8l A E Y E (sediment extract) ol WE C. polvkrikoides
o A= Hluer] fske, AZIE ssel a4 E A = (sediment
extract) & 27 5% HFEFE(GOmL/L) 7 HES Hrbee], 271HE
ZF 40, 100 % 200 cells/mLo] A Al4ste] 242t 40ml animal cell
culture flaskell HFstA vt @Al dxz72 AFEstdlom 27 a4
5] A& (sediment extract) & H7bst WA & AIAF=E ApE3to] HE3HS

.

2) MAH A E(sediment extract) F7te] ©E& AR vlw

3l A B] 4] & (sediment extract)©] C. polykrikoides® “d7%el
Fa PA=A oFE AR flal F/2=Si vl F/2-Si wjA ] =
oz, aEa AREE - RAlS HoE R dA E A= (sediment
extract) & 717} 5%9 HFEE(50mL/L) 7F H =% ki, =718EF 40
ells/mL& 743F%] 40mL animal cell culture flaskel HE3F31,
FH9] 40mLo] A st 20€%F kit F/2-Si wWiAl= 242
ALEEFR o 7} &l 4] B A & (sediment extract) & H7Fst wix|= AE

2 Abgstel A,
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3) AFdAF F NAEHE (sediment extract) Q] IF

&l A E] 4 & (sediment extract) 2] <43k J&S 2doln 7] LalA
Jduali, dusli+Z v F/2-Si viA] 9 Igsis2 v F/2-Si ¥
Ao A& A4 E A E (sediment extract) S 50mL/L2 H]&EE Yo %7]
AFZo] 40cells/mLe] %% A4ste] 40mL animal cell culture
flaskol AE3tR 3, HFEHFY 35mLol HA ke, 2047 wiFsdt.
AFsllTe T2 Akgstelom F/2-Si A8k 8l 4] ¥ 4 & (sediment
extract) = F7Fek F2/Si WA= A= AlE-sto] Addstditt

4) WA&H)| ¥ (Semi—continuous culture)S 3 AF vl

AZAIA ] 345 0.22um membrane filter® o #}3t v A, o
=l F/2 stock solutions o] W= F/2 wi#] W F/2 vfx]o] &= &
A B A = (sediment extract) S 5%° HF &%= (50mL/L)7F HEF =
W21 & AZska, =714 40, 100, 200 cells/mL= Al53te] 200mL
animal cell culture flaskell HF3s 1, HFHFI = 160mLe] A 311

_



7} sampled]A] 29 dHA 0.05day '] Dilution rate® 20mlL
A freshdt z}zpe] wjekelg weetiom, HFEHI= 160mL= 73t
Sith. Dilution rate®] olH|dd A= ofefje] Table. 43 &t} 2043t
FddS AAlskltt sielwt ¥ sampled thzr2 ARgskgled
gl F/2 stock solutions Yol W= F/2-Si A, F/2-Si #jA]] &
5 S| A 5 4 & (sediment extract) = 5%2 FHE5E(G0OmML/L) 7 HES

WE WA AY TR AR,
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Table 4. Results of the dilution rate experiment for
semi—continuous culture
Dilution rate (day™") 0.0125 0.025 0.05 0.075
N-Limitation 0.241 0.283 0.284 0.257
SGR()
P-Limitation 0.223 0.280 0.295 0.260
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m. 2 3

3-1. A7148 d$olX 9 C. polykrikoides® 7% vl

Cochlodinium polykrikoides WSF A A 71 sl

wE e
2AFSE A3 3951 69 899 dF F 8B Aol MY B Ama
Z}

5 B (Fig. 2). Z7|EFYUEE 40 cells/mLolgla, Z si4E A
e AHEE 399 dFeMe HAE: T 2084 HOWE 240

cells/mLZ, 629 dFors AT T 244Ao] HULE 450 cells/mL
oo}, 849 FFA= AF &

1
L HyuUs 1,680 cells/mL= YeElSrT),

AA el el 2, @i, DIP «(Dissolved Inorganic
Phosphate) % DIN (Dissolved Inorganic Nitrate)?] ZI1#i>2& ®d
(Fig.3—1~4), =& 3¥oll= 7~8T=E Wko}; 6¥€& 20T, 8o+
25CHEE Uehiglth.  d&e 39ee 335, 6€ olF% ak "olA
g€l 305 vERHSITE DINS 3¢, 6€ 8¢9 EF 0.04~0.06mg/L%E
H] A5 How, DIPE 39 0.002mg/LE W3tal, 69+ 00l

Z,:
7P FAE Bl 8Eedls 0.014mg/Ls = 5 Uth

_17_



3-2. HAHAE(sediment extract) F7lo] wWE H|FAGAY C
polykrikoides®] 37 vl1

C. polyvkrikoides2] 7ol m|A A EAE (sediment
extract) ] 98S vlwd A= Fig. 4—1~37 72t} n) 2ol A& A
AR e A E A E (sediment extract) ¥ EAE FOo= s SEE UL
g x| 7F ARk F/2-Si A Bu Had e whe] =deta H7bshA] ¢k
Ue WET AT FA He AFE HA

rir

271H4FUEx 40 cells/mLoRhaL, 2t A EAE (sediment
extract) ' A%S AHRH F5 HAHAE (sediment extract) oA+
2294 HL%: 560 cells/mLE HSAAL, o]F o Hadhe ok
O}, 3490l 760 cells/mLZ A% &5tk 7
ToM= C polykrikoides®] 745 24Q Ao 450-cells/mLZ Hojd
HAou ol Fasts AFS HIYTH #lx SIHEZAE (sediment
extract) A= 24947 sl Sotele AEE
ells/mL= A% FA=HAT. EA4S Fo= e H

A= (
o] A% ux A EAE (sediment extract) &} B8 AdFS W}

N

F/2-SiajA| g} 2t EFFE R A EH A E FEAS HI7Es ajA
ol wjekstC. polykrikoides?] chain® A Jebd 2 Table. 63}
2ok A2 4L chaino] 471 o, ¥4 AL 8L WE Yehdl= A

ojtt. & AHAE A= H7HE WA lAM 4709 chainol 7HE ®
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A gAdo] ¥Hom 1% njx EQF F/2-Si wjX] o2 Aol ¥,
87 chain®] 4% AL Z3 F& HAHFTE &= (sediment

extract) 8] A% Z7|HF 1694 #Fo] HYoW, FA& FOo= nhE
HAE g2 (soil extract) ©] 42 wMA ] A HE 244 o]Fo=
Zhol A ¢kt F/2-Si viA|el M= HF 229A o 2 Hl o,

1 Folls o] A skt

3-3. A FZ &G AAE AL (sediment extract) F71e vjFAgA 9 C
polykrikoides®] A7 ¥|iL

C. polykrikoidesZ 40 cells/mLE HE3sto] A2 &4 A EFo]
old =43 A=A E (sediment extract) o] &3 J&2 Fig. 59 %
ol dFage QydAlFRE BHE F/2-Si HA| o= AdAo] o] FojX|A]
114 E| 4 &= (sediment extract) & 7Fst #A] ] 95 o4

Bde Boden 229 Aol HWEE-600 cells/mL7bA H3A

§2
39
o
i
ol

of\
N
-
of
-1
rir

o

HHE A8 072 O polykrikoidesS Z+Z}
2 HZFEsY] AFHFE WE F/2-Si A AAHAE  (sediment
extract) = F7FsH F/2-Si %], 8€¢] sz v F/2-Si mj Ao &
A A E A E (sediment extract)o] 93+ A2 Fig. 69 #t}l. F/2-Si

%715 % 100 cells/mL

Wi R A A = o= R AX7F FAHE A2 BAAT 42 %A,
A A E A E (sediment extract) = H7Fst WA= =7 HFE T 18Y
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A HHAEZHEE 2,200 cells/mL7}F E Atk 899 &&= 7= F/2-Si
WA A= HUMELE7) oF 2 450~2,500 cells/mL ST},

3—-4. 35 HAEHAE(sediment extract) F7l wWE  C
polykrikoides®] 47 vl

dlgel ZH7he] HEUE 40, 100, 200 cells/mLE F/2-Sinl) =] <}

A AEHE (sediment-extract) = F7}3F F/2—-SivfA]o] HF35te] 4 H
A& (sediment extract)®] Y¥F& ¥ A= Figo 79 #oh 40
ells/mL2 A% &4 52 E(sediment extract) & F71 A HAHAE
(sediment extract) ¥ A& AFE=7F 27 ¢S wwloh= A3
UE T2 AZke] 2dAE wgror  HOAELE 2,200 cells/mL=E
1,600 cells/mL< HEQIF/2-Si wWiAlel|M B} £9ton, 27 HFU=
100cells/mLe] ¢ | A E& & (sediment extract) S H7F-S we} oF
e W] HAEUEE 2,800cells/mL7 3,000 cells/mLE 1] 523}
o} 200 cells/mL9¢]
= e FAEUE

ke

¢

.I.Lt

ZA9-ol= SNA B X E (sediment extract) & H7H3
11

250 cells/mL%t}.

| —
p

3-5. ¥t )% (Semi—continuous culture) °lX 8 C. polykrikoides®)
A% vl

C. polykrikoidesE 40, 100 cells/mLZ &3t Ants]49f
F/2-Si v#], | A E A E (sediment extract) = @< F/2—-Si vjA]o] Ht
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ALujerS & Ay oS3 2o (Fig. 8—1~2). 40 cells/mLZ HF
g B dntefrolM= 1094 HAEHEESQD 2,700 cells/mLe] =
gatdon,  F/2-Si HiFeAME 16YAle]l  HuAEUEd 2,600
ells/mLol] E235FAtt. A E 4= (sediment extract) > ¥ F/2-Si
wj <2 Zg-ofli= 18U Ao HAEUER 3,820 cells/mLo =331t
T o] F dnkagrel F/2-Si A ellA = I o]F Fak WolAlE ARE
Art.

100 cells/mL&Z HEd A5 dnbalFold= 10€A o HjAxy
1 2,540 cells/mLell =233l ow, F/2-Si miA|elX= 144l Hoy
AMEDEQ 3,760 cells/mLe] E2sFoir). A EHE  (sediment
extract) = YW F/2=Si #A 9 Zfols 20€A] HuAxdEd
4,400 cells/mLel =28t3lvt. 1 o] Rkagol F/2-Si wix|el =
I ol Ak "wolA= AdE AUk 100 cells/mLelA % 40

=
=
ells/mL< A= Wl g2 &S Bl

O
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2000 4 | ~O— FI2-SitN.S QUN)
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8O 1000 -
500 1
0 T 1 T T T T

0 5 10 15 20 25 30
Time series (DAY)

Fig. 2. The growth curve of C. polykrikoides in F/2—Si medium

based on seasonally different natural seawater which sampled on

March, June, and July. Each symbol represents the mean

triplicates. Initial Density were 40 cells/mL.
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Fig. 3—1. Temperature. Field data of each Month that the seawater

uses in this experiment.
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Fig. 3—2. Salinity. Field data of each Month that the seawater uses

in this experiment.
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O Surface
B Bottom

Fig. 3—3. DIN (Dissolved Inorganic Nitrate). Field data of each

Month that the seawater uses in this experiment.
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Fig. 3—4. DIP (Dissolved Inorganic Phosphate). Field data of each

Month that the seawater uses in this experiment.
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Table. 5. The chains that appears during the culture experiments.

@®: initiated chain 4, O : initiated chain 8
G.S. : Garden Soil
J.M. : JangMok
M.J. : ' MiJo
2 |41 6 8 110 |12 |14 | 16 | 18 | 20|22 | 24 | 26 | 28 | 30
/9 e &6 6 6 &6 o ©o
O
G.S O 6 06 6 6 6 6 o o
o © OO
IM O 6 6 6 & 6 &6 6 & o o o
o OO0 ]O0O10 1010 |0
M O 6 6 6 6 6 6 & o o
. O10 100
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1000
—8— F/2-Si
800 - —O— F/2-Si+JangMok S.E
2 _ 600 -
w3
g £
e
=0
38S 400 -
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0 5 10 15 20 25 30

Time series (DAY)

Fig. 4—1. Growth rates of C. polyvkrikoides in different media:

modified F/2—Si with JangMok sediment extracts. Initial Density

were 40 cells/mL.
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Time series (DAY)

Fig. 4—2. Growth rates of C. polyvkrikoides in different media:

modified F/2-Si with Mijo sediment extracts. Initial Density were

40 cells/mL.
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1000
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800 - —O— F/2-Si+Pottiing Soil Extract
2 _ 600 1
|2
g E
g
=0
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200 -
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0 5 10 15 20 25 30

Time series (DAY)

Fig. 4—3. Growth rates of C. polyvkrikoides in different media:

modified F/2—Si with Potting Soil Extract. Initial Density were 40

cells/mL.

_30_

35



1000
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Time series (DAY)

Fig. 5. The growth curve of C. polykrikoides in Artificial Seawater,
F/2—Si with Artificial Seawater, F/2—Si with Artificial Seawater

adding Sediment Extract (JangMok). Initial Density were 40

cells/mL.
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3000
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Fig. 6. The growth curve —of—C.  polykrikoides 1in Artificial
seawaters, Natural Seawater, and Natural seawater sampled on

August adding Sediment Extract (JangMok). Initial Density were
100 cells/mL.
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3000

2500 —0— F/2-Si
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500
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0 5 10 15 20 25

Time series (DAY)

Fig. 7—1. The growth curve of C. polykrikoides at initial density of
40 cells/mL in F/2—Si media based on natural seawater and the

F/2—-Si media adding Sediment Extract(JangMok).
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Cell Density

4000
—o— F2-Si _
—O— F/2-Si+S.E T
3000 -
£
% 2000 - -
o
e
1000 -
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0 5 10 15 20 25

Time series (DAY)

Fig. 7—2. The growth curve of C. polykrikoides at initial density of

100 cells/mL in F/2—Si media based on natural seawater and the

F/2—-Si media adding Sediment Extract (JangMok).
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14000 ~
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10000 -

8000 -
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2000 -
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Time series (DAY)

Fig. 7—3. The growth curve of C. polykrikoides at initial density of
200 cells/mL in F/2—Si media based on natural seawater (June)

sampled during the blooms and the F/2—Si media adding Sediment

Extract (JangMok).
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5000
—e— NS
—O— F/2-Si+N.S
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2 _ 3000 1
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=
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1000 +
0 ' ' ' '
X p 10 15 20 25

Time series (DAY)

Fig. 8—1. Cell density of C —polyvkrikoides in natural seawaters,
F/2—Si media with Natural Seawater and the media adding
Sediment Extract (JangMok) under semi—continuous culture. Initial

density: 40cells/mL
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5000

—— N.S
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Fig. 8—2. Cell density of C —polykrikoides in natural seawaters,
F/2—Si media with Natural Seawater and the media adding
Sediment Extract (JangMok) under semi—continuous culture. Initial

Density : 100 cells/mL
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MZol A AFst Ay Fo] EAYELS Humic acidit Fulvic

H, ol AEERIE STt w7l=E, FI=9 ghshA

Tl dEFS Fo S ASA7IE Fe®E gAY (Prakash &
Rashid, 1968; Prakash, 1971; Prakash et al/, 1973; Doig and
Martin, 1974). %3t 2L ARZF A5 Gyrodinium resplendens
Ao = A E 4 E (sediment extract) & F7F6IA & w o] Fo] A&
Fol d¥S Fthe HiL(Skovgaard, 2000)7F ATk SHHAR o
£3v= Cochlodinium polykrikoides2 7%, ©] Ado|A Az & |
12 WA E 4= (sediment extract)2] A% mid o] = el #x7} LA
sk 3to]7] wiEe] o] A ¢fe] s A H A= (sediment extract) & A¥F3]
om, A A =W HAH A= (sediment extract) & H7Hgk W~
oA C. polyvkrikoides2] #WAX HWo| o227k A& E7) gk o
W, ARE F/2-Si wjAlel BT 7 A EUE7E G4 5= o] BRglom,
Adzelret JAFsi+E  ol&ste] Rb= F/2-Si WA gt SiAEA =
(sediment extract) = F7}st F/2-Si iR N8 C polykrikoides® 3

FES HudPS w dFaFe) dFAFR WE F/2-Si wiA 9 A=

==

d
BN

(sediment extract) < ®iA]o] H7}3t

Az we F/2-Si A9l e A ¥ 4 = (sediment
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extract) & F7FsE F/2-Si #l#], 8€ dFE o] g3kl W& F/2-Si A
5 7R3 AAsE AddeM = A E A & (sediment extract)©] H7HE
F/2=Si iAol E 8€E allFE o] &3t wix oA Aoz vlet 4
gFo] hERRE

AAs s olgstel F/2-Si wixel SIAEAE  (sediment
extract) & F7Fe F/2-Si WAl & o] &3dto] AFATE s = 219
vl 23t AES Btk dFolMes FRAoEFH 59 ol F& %
vl BEy 32 2pAdA o) € polvkrikoides bloomsel] FeS Frle=
R (Yang et al, 2000)7F v}, o] Hie st 79 A &
ate] ola] S4omHE I
MAEA ejme] weke] o8] AFe el B5o0x v (Fig.

2=1~4) spel = = Aol A 2 5 o

7 5(2001a)3 o] 5(2001b)& g ool mjerass E3a}
o C polykrikoides®) 7S T2 19~28TC2 Hw4 HL& F2uf
30~35 psu?l Y& dExdeA st F2, 98 T

= X1
e FROME C polykrikoides & HAxE 4T F

o]+ HluA

ATH= 7FsA S AA S Aok 3 G oM B ok F7r}
Qs AR FEAF Fwol FEavd, AEERHAES] A
AslE wA] Fevhes Ba7F vk (Rhee and Gotham, 1981).  Al&9]
A A o] AAA WelX C polykrikoidess 71-9-1L {rA8t=H]

=
QlojA]  22~25C, pH 7.5, ¥=F 100~140 Em %s™!, NAZZH

200%30 cells/mLE AAULS Zistalr] geix el HAHe zxzlolz
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delA vk SHANE AF Aol ot wjde] ALEEE ] A
T AW, 271 AF W] webAd o] 212w fE Aol =T
F/2—-Si ¥i#x] W FAAJE<l N, P, Fe, Mn, Co, Cu, Mo, Bis, Biotin,
Thiamine %<& C polykrikoides bloom? triggere ofYdl= ®Il
(Lee, 2006) 7} Qltt.

Agalse AgalFE rbeto] WE F/2-Si WA oIA ] HEE
st Ak F Aol A R Apebehgrow, wld Aol g1y
ZS Btk ER-SFS o)eto] vt 478 F/2-Si wjA el M9 A
= vust Ao sl s FA7F Hu gaske W F/2-Si

WA M e 2REe) FrtE ot ke, A% Ralth

el 2 dFE wE F/2-Si A, S A H A E (sediment
extract) & {7F8 F/2-Si A o]&7t RrAESujef Ao dytoM =

ek F/2-Si WiAE B B AU d R0l 2 gdAEe] "ol

AN

= A3E By o) A AEHEE (sediment extract) & H7}sE A Gl =
HUAAFLE7HA] s8] Srbstslon, B $ols HUEErE A HE
AadS BT olE Kol A EHZE(sediment extract)o] (.

polykrikoides®] 737 £529 FA° 910l &= F= Aol AtrEn

AA AN C polvkrikoides A ZF= HEES A$ 0.2~20
ells/mL, B2 A9+ 50 cells/mL 5= AUYAFAgAM] 27 |HFs%

200 cells/mLE U= AMUER SAAdY, weby 27|HFH =S 40, 100,
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200 cells/mLz g&|sto] A3 A3} 40 cells/mLe A%, F/2-Si Hj
A 848 dFE we RS Alfdstie HuEErF 500 cells/mL =
AL ke Hor, 27IHFUE 100 cells/mLe A+ 200 cells/mL
W ovd AFFor e shom HAWE S {ARSE e BATH
A ¥ A & (sediment extract) = H7HPS AS, 2/HAFTFE7E 40
ells/mL olgtx FHt] 2,000~3,000 cells/mLE & WUkelA] AF5hal
100 cells/mL= FHEaAe= W= Aol 12,000 cells/mL 7+4] 2738k
t} ol5 F3 HAEHE (sediment extract)o] AFI FAo] JFS
=

= Aow Az}

&A1k &) A ¥ 2 S (sediment extract) AA|7} #A3}d Zlo] o}

Ui Aedebeh mg g€ Adolehy Z FyaA NP FwEad Se
27
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V. & ¢

FH 2o gvetol A EA7F 3 Q= Cochlodinium polykrikoides
Az Ao digh Al S s AxAJNAES] AHATS dFoR
AzAEQ (. polvkrikoides?] HZA 2] wjdxAS 21, HEHAFES
C. polykrikoides T2 43S T+ st aloz Fa, whd 7

WA F A

FN

7}
, A5 w oA Sl A4 B A= (sediment extract)
M3 o] = o) gslo] W& WO C polykrikoidesZE %3

ok Mol &l 4] E) A & (sediment extract)= 7}sto] o] A o] H-3

2R fBe vIXE JFLS ZALBHGAE

1. 39, 693 8¢ A3 FE F/2-Si A= WSo] A
A, AFst AZE AdSET

Arlnel 53] e 9

i

k1, C polykrikoides= 8%
1.9 o

mlo

2. A3} vz A E A= (sediment extract) S H7st A3}, F
g BF LT vk 2o F/2-Siv At =2 AFUTE
B3l

3. A EAE (sediment extract)©| C. polykrikoides 237l

n %= GFS HI7]Hst AdFaFo A EZAE (sediment extract) &
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=
=

LHER 21T

Fo

3
| 4] ¥] 4 = (sediment extract)

o

J 27

A
(o)

wjoF A% Ast,

By
=

g

-

S RORP!

S

‘l.o

84
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ECleR
& =
4.
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O

ol
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fie}
oF
1

fok
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