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Non-Outbreak Cause of Cochlodinium Bloom in the Western Coast of
Jaran Bay in Summer, 2013 : On the Basis of Nutrient Data
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Abstract : We investigated cause of non-outbreak of Cochlodinium polykrikoides blooms in the western coast of Jaran Bay during Summer, 2013, by
combining chemical field data and physiological data of C. polykrikoides, which had been already published. The predominant species were mainly
diatoms, and dominant species was Cerataulina pelagica, Chaetoceros spp., Navicula spp. and Nitzschia spp.. In case of dissolved inorganic nutrients in
the western coast of Jaran Bay, dissolved inorganic phosphorus (DIP) was similar to that in previous outbreak period of C. polykrikoides blooms, but
dissolved inorganic nitrogen (DIN) was lower. C. polykrikoides might be disadvantageous in competition with diatom species because half-saturation
constants (Ks) of C. polykrikoides for inorganic nutrients was lower than those of diatoms. Also, the western coast of Jaran Bay, where DIN
concentration is relatively low, was an unfavorable environment for growth of C. polykrikoides characterized by nitrogen dependence. Therefore, C.
polykrikoides which have the disadvantageous position for competition of inorganic nutrient might have been suppressed by diatom blooms under

environment of low nutrient in the western coast of Jaran Bay.
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ol W o|m, olo] uwhe}
“Y(species competition) = F 3 ©](species succession)©ll
8-S =t} Egge and Aksnes(1992)+= mesocosm 2 H-& 53
A Atk X7t 2 M olatE AW, Rl TR

ZRE F Mot A= AS AFES O, Escaraverage

1982;

o oox
g
B
5

g &
_ﬂ
<1>v

o2
o
O

2
=)
fo
rob
o
Wy
3

59

o] A|dt¥ = Liebig's &

N oX

o ofN iy
o [oF

et al(1996)= QlAFolA Ao E JFAo] AlgheH,
TFEFAA ARZFEZ 739 Hol7t dojdrtn Rt
Atk Rk opye} gl AN JA] T dFS
U] X, DSi : DIN H]¢] 7hao] whe} AEZFaE 3ol
TrEFAA HEZXFE Holdrh(Humborg et al, 1997). &

i : DIN ®|7} 1< o) DSi¢] A& Hlouzi

A&EHHE 27571 43 5 ¢l =l

ol fF3}l7]%= SFoH(Turner et al, 1998). WElA] oﬂookog
| FEnk oyl o] 59 ARl vlE AEE
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AEEFAES 999 34 matd F Be SRS
ol AEdss 7FA AL Ut Sommer(1989)% o ol
A R FF S utg o ® 27k A 2 g sko] Al A ekl
e FE S vE o] &3 A B (growth strategy) L
Yal =2 A Y AZSES v o g TR dIFFGS Al
32 ol FA 3k A% E(storage strategy) &= T3} ST
53], dFdol 3t WA (Ks) 7 R T2 g el
SiEE o], A W) e Tl B B ARl o
et AESHA drt webd AEEFAEY] dEdol dT A
TR Apol= LR Ao e} 3T Ae Fol F
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StA, 3l SHEZEF Cochlodinium  polykrikoidest

Caribbeandf| ol $]X]38}aL 20+ Puerto RicoollA *g oz W
A= A thMargalef, 1961). ©] Foll 23t A= U (Yuki and
Yoshimatsu, 1989), ZIUTH Whyte et al., 2001), 1=%2] Reunion
Island(Turquet et al, 1998),
1915 A AAA ez WA sk
713 3h

S-Zye} Aot A C polykrikoides2)
Tl A AS AT ol AFe YRE AdS HE

T 79] Moreton Bay(Hallaegraeff,
FAAE Al E Yo
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HEE

1982 713
ated,

et Cochlodinium 2% W)t

aAh b=, 7Rl , =k X
g, W, 55, A5 5 A9 vt A AckelA Ao
T 18] ol WA 7|5 /XA dS HER 1 WA
HA7E FstEa e FA ¢ E}(Lee and Choi, 2009).
o] 1995l el et} gaigtel A iyt re wAs)
o 76499 FAtHElE SAAF o, wd o F 3wt}
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B9 EA wastel wrjg AAH £A3 syl
F9|8+E 2 ska JATHNFRDI, 1997; 2004). 53], A%t
201330 = 8t} FaIRbNA C polykrikoidesS] | %7}

0

FAER oM, o]& s oF 33wk whelo] 7k A
o] F7F HAle om, oF 2479 9] AAF &Ao] wt
Atk 2013d%ol DA C polykrikoides X F2] 5

Ao 7H whe A7I(7E 1790 wAs on, B
Z} AdZxA7F 2 ZAdo] AU AE&HJE Ho] ¢

2 A A EAtHPark et al., 2013).
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BATHPark et al, 2013). °o]x¥ 3
polykrikoides®] X Z7} WA= B33l C polykrikoides
o ah¢ FRAC AV AN Ao FG Y HE
WA ek wheb B QT ARk A% ekl
C. polykrikoides®] Az m¥HA 4215 2013 5E~8L 71X
of Aghat AR Qdeke] Setd ARBE AT s1Eo] 1
A eA Ang wEos nRed.
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Agre] shetA 545 ghotstr] flsiA 270
ooz 2013 SERE s€7HA ¥ 237
42 13]) dFA5S AAsSTh 2709 FAHOR 1, R 2)
of Autylo] glE wpALeA BFFE ASEG o,
A8 NeE SA 8 s AIA(GFF filter, 47 mm,
0.7 um pore size, Whatman)E ©|-8&3}o] A EZHIAE AX7}
] ¥ A ¢ 30mm Hg olahe] W& b2 oA zlao7}
g F 10% CuSO. = F7ksto] 4 A7HA] W5 R IH(<20 C)
stk 85 F7] dUde A E U oKNH,-N; ammonium), o}
AAFA(NON; nitrite), FAFA(NOs-N; nitrate), 1443 (PO,-P
phosphate) ~12]aL TFAFA(SIOx-Si; silicate)S B FFHE TG E 7]
T(MLTM, 2010)° <JA8k] dded AFs #2417](BrantLuebbe,
TRACCS 2000, Germany)E ©]-&3to] ZA3th && F7]
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phosphorus)Z 1128}l om, 8& F7] A (DIN; dissolved
inorganic nitrogen)™= NHs-N, NO,-N 12|31 NO;-N&| o=
sHiT). ek Ak &5 1A (DSE; dissolved silicate) =

sttt

QI(DIP; dissolved inorganic

=
= i=s
Lugol’s solution®. 2 ILA3FATE TAHE Al
[e) =1
=

WS sl stel

5 1mLE #3}o] Sedgwick-Rafter counting
chamberE Al&3}e] F38+& 0| 7 (TE-2000, Nikon, Japan)2]
100~4008 S| A AlFall o, G AT AEFE AES
FAE dTFor st HEEFAES S
572 Chihara and Murano(1997)9} Tomas(1997) 52| &
A5 o] &33lTh

47
RAe 5E A
=

Fig. 1. Map showing the sampling stations in the

western coast of Jaran Bay, Korea.
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JR 1914 0.02~0.39 uM(E
0.20£0.13 uM), JR 2914 0.13~0.39 uM(H T 0.22+0.09 uM) 2]
HEHYES HATKFig. 2a). JR 19 FAFAL 1.48-4.44 uM
(B 2.66+1.11 uM), JR 25 0.67~4.95 pM(Z T 2.52+1.52 uM)
o] WMEHIAR, AWAHor Fidte AT HTh(Fig
2b). ¢EUYol= JR 1914 0.43~2.00 pM(F - 0.97+0.66 pM),
JR 2914 0.40~1.55 yM(H T 0.6620.41 pM)2] HFHLE 1

ATHFig. 2¢). AAFY, oA, R olo] el DINZ JR

. OFEFA .

Feky - oAl

19014 2.13~6.63 uM( T 3.83+1.61 uM), JR 204 1.47~6.78
uM(E T 3.39+£1.80 uM)9] HEH 2 Fakd ) fAbe WE
AgS B UhFig 2d). DIPE JR 1914 0.10~0.68 uM(E o
0432021 pM), JR 214 0.05~0.95 uM(H T 0.49+0.33 uM)2]
HER SR DINFG JWEA dAvdo g Srtete 43S
RS tH(Fig. 2e). DSi= JR 1914 2.40~44.10 uM(H i 1835+
14.49 uM), JR 2914 5.30~29.30 uM(F 1 13.61£9.39 uMy2] ®
THNE Helow, 8Y 2d7kx FIEHy] olF H43]
7+ 23+ % th(Fig. 29).
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Fig. 2. Temporal variations of (a) nitrite (NO»-N), (b) nitrate
(NO3-N), (¢) ammonium (NH4-N), (d) dissolved
inorganic nitrogen (DIN), (e) dissolved inorganic
phosphorus (DIP) and (f) dissolved silicate (DSi) in the
western coast of Jaran Bay from May 8 to August 19.

AEEFIE A T8 A, 9, Tae 7 dY
Ae] vl wpgl Algkd FAel A7 ¥ H(Dufour et al, 1999).
Dortch and Whitledge(1992)°] ]38}, DIN®| 1.0puM, DIP7}
0.2 uM, DSi7} 2.0uM ©)3t2 #AFHE Ao A=ZF
3_5«] Z/doﬂ Q3 A o:lookoﬂ,] x-“a‘].% W= Qo
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DIN : DIP<10 2] DSi :
DIP<10 123l DSi :
oAt Apgknk AR Ate] ASIFH S H I (Fig.
3), ZAZIRE &k DSio] Al Qe Ao® Holw, AL
Z71(5¢ 8d~5¢ 22¢)dll= <l Alg Ao, 69 27Y o]
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Fig. 3. Scatter diagrams of atomic nutrient ratios in the
western coast of Jaran Bay from May 8 to
August 19. Stoichiometric (=potential) limitation
is indicated by -N, -P and -Si.

AEZHE FAEFS JR 1914 3.7~283.8x10" cells/L(3
I 114.9+125.5%10% cells/L)e] W ¢S w3l on, R 20|
A 3.4~303.1x10" cells/L(H 7 89.1£107.5x10" cells/L) 2] ¥ 5 )
2 BAKFig 4). JR 13} JR 2014 A WE A4S e
w, 79 2949 7P e dEFS BT, IR 12 6¥E 274,
JR 2% 8Y 1999 7Mg =& dEFS BYHFig 4).
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Fig. 4. Temporal variation of phytoplankton abundance in
the western coast of Jaran Bay from May 8 to

August 19.
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T, 9T GFRRY 165 20802 HA 88.6%E AA|8)
ZH7F 125 2122 11.0%, FEARZFL
Z002% 283 fEduUERF 15 122 04
5 HtHFig 5. THEFS AR (Table 1),
R 1914+ 68 12¥ T35 Cerataulina pelagica’t 37.1 %=
A1 HFe2 3 A ACISPH Chaetoceros spp. 7} Al 1
FHFToR FHSIGTE R 204+ TFEF Chaetoceros spp.,
Cerataulina pelagica, Navicula spp., Nitzschia spp.7} A 1 $-HZ
o7 EY3t) 3], 69 270 FHEZF Prorocentrum
minimum®] JR 19141 26.1%, JR 2914 413%°] $-H&S B
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Fig. 5. Species composition of phytoplankton in the western
coast of Jaran Bay from May 8 to August 19.

3.2 C polykrikoides2| ‘YB[EE XIRE HIEHQEZE =z 0|
Qo 24

Agek < o] FIFE VAN W= 710

A A B, C polykrikoides”t Z 837 A<l 59

=
[e)
FET REAL whtol MaH fAR



AP - 484

[e]

)

. OFEFA .

o 9—}'\"1;1(1

Table 1. Temporal variations of dominance for dominant species in the western coast of Jaran Bay from May 8 to August 19

JR 1

JR 2

Sampling dat : i
ampling date Dominant species

Dominance (%)

Dominant species Dominance (%)

Chaetoceros spp. 56.4 Chaetoceros spp. 72.2

May 8 Nitzschia spp. 16.8 Pseudo-nitzschia spp. 6.5
Cylindrotheca closterium 5.9 Navicula spp. 6.1

Chaetoceros spp. 97.5 Chaetoceros spp. 84.5

May 22 Leptocylindrus danicus 0.5 Skeletonema costatum 10.4
Paralia sulcata 0.3 Leptocylindrus danicus 1.0

Cerataulina pelagica 37.1 Cerataulina pelagica 56.6

June 12 Leptocylindrus danicus 14.6 Chaetoceros spp. 16.4
Nitzschia spp. 10.7 Nitzschia spp. 11.6

Chaetoceros spp. 29.4 Prorocentrum minimum 41.3

June 27 Prorocentrum minimum 26.1 Nitzschia spp. 39.2
Nitzschia spp. 15.8 Chaetoceros spp. 14.6

Chaetoceros spp. 40.5 Navicula spp. 29.4

July 29 Thalassionema nitzschioides 21.6 Chaetoceros spp. 23.5
Navicula spp. 13.5 Gymnodinium catenatum 11.8

Chaetoceros spp. 479 Nitzschia spp. 26.7

August 2 Nitzschia spp. 30.2 Chaetoceros spp. 24.4
Gonyaulax spp. 2.9 Navicula spp. 11.3

Chaetoceros spp. 89.7 Chaetoceros spp. 92.3

August 19 Pseudo-nitzschia spp. 5.5 Pseudo-nitzschia spp. 3.5
Cylindrotheca closterium 1.9 Cylindrotheca closterium 2.1

A ZabrE dud Ay dutdew vhe] Qo= H o of, Qe tid A # FesHd Rt =EE Ks
MEF7E YEbdal ole @ o] 352 v U2 fFdE g2 AR AR A bl fHFeE EHI fEF

of RAA o 31 [dE F 9|
T3 Seo(2013)°ll 2]8HA Lagrangian W ol
A2 g o] geto] &ALk o] 9% A x7f A
T oyEE gakE S
Lee(2011)°ll ]38} real-time PC
polykrikoides TDNA copy &
Faxae] dEFo]l w4 yEhd s oR Hilso]
WA AEE wHRske 0 Ay

h
oz
] m.l)p
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o
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=
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o
=
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ATt ol A F AR AR AN C polykrikoidesS] AHA|
A S F7E T FHoR Ax B sbego] g we

A& A A5 k] of
g A= 2L 7)El HIE C polykrikoides®] A8 2}
2 nhges s mokth

HFE 314 =(Ks; half-saturation constant)= A3 o Lol
g3k st S AAEE X FER o]EEY, kg o R Ks
frol 22 A9 Awrol & oA Aol Fald
A EAS zt=th(Dugdale, 1967). W3k A|Eo] I7|7F &
T ES Ks 32 Hola, YA F(oceanic species)?] Ks
e Ak F(neritic species)H T} Wil AAEO] =& F
I+F @Fe FHT Ksghol W2 AIFES HAH(Eppley et

al, 1969). 71¥ol B8 C polykrikoides®] A, FEY

Chaetoceros sp., Leptocylindrus danicus % Skeletonema costatum
of HalA ¥& e HUthTable 2). = T LA 13}
A A5 A XSS a(nm/Ks; Harrison et al., 1989) #k 7%
C. pobkrikoides= TrZ&FE] HlSIA w2 #E Bt
(Table 2). WA C polykrikoides = THZFoll HIEA F7]
FEFl g FspAdo] vk AL on| gt 53], At
A At YUY T TEFES Ks @R w2
HHH C polykrikoides R o= W 0.2 C polykrikoidest
xR F AANA =T Aol

[ R=X

[e)
DA Z—l—é‘ 0121'_—
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Hom 1B N
oo 1% A x4y 2 oalo
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S (W BER0] Fodd o A AF&ER)
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Table 2. Comparison of half-saturation constants (Ks) and maximum growth rate (Um.x) for nitrate, ammonium and phosphate between

C. polykrikoides and various diatoms

Ks (uUM) / pmax (/day)

Species Nitrate Ammonium Phosphate References
Chaetoceros curvisetus
(Virgin Island, USA) 0.62/- - - Anderson and Roles, 1981
Chaetoceros didymus
(Gamak Bay, Korea) - - 0.36/1.05 Kwon, 2010
(C_';metoceros debilis - 0.50/- - Conway and Harrison, 1977
Chaetoceros gracilis
(Cost Rica Dome, Cost Rica) 0.3/- 0.5/- - Eppley et al.,, 1969
(C_;‘“e""’”"s neglectum 1.4/1.52 - - Sommer, 1986
. Leptocylindrus danicus
Diatom (La Jolla, USA) 1.2/- 0.9/- - Eppley et al., 1969
Navicula sp. .
(Ems-Dollard estuary, Netherlands) ) ) 0.1/0.76 Admiraal, 1977
?_f;md”“ 5P 0.8/0.59 - - Sommer, 1986
Skeletonema costatum
(Gamak Bay, Korca) - - 0.38/1.19 Kwon, 2010
Skeletonema costatum .
(Long Island Sound, USA) 0.4/- - - Lomas and Glibert, 2000
Skeletonema costatum
(Long Tsland Sound, USA) 0.5/- 0.8/- - Eppley et al.,, 1969
Cochlodinium polykrikoides .
. (Yatsushiro sea, Japan) 2.16/- 1.99- 1.39/- Kim, 2003
Dinoflagellate Cochlodini lerikord
ochiodumium polyRTIRodes 2.10/0.48 1.03/- 0.57/0.54  Kim et al, 2001
(South Sea, Korea)
C. polykrikoides®] 73%- 1ol HS|A Fojdoz Hxe gist  2007), 20079 ZFZF 2.35~6.25 uM, 0.39~0.69 pM(Kang et al.,
gEAel E& AYTH SHS 2E AT FAT 5 9 20092 AR HAT A AR Acke] A5 Az
o} 53], Aekuk A5 Aoke] DIN:DIP Y= C polykrikoides XA Al71o Akd =) QQakdo] Z+2F 0.67~3.45 uM, 0.50~0.95
Ae=Zdae Aol uMzE G4 A7lel BlsiA A e FARSHARE A

olo] Ay FAHoIAARE H TAZIZHTYE 20U~8YE 19Y)
Fotolli= Aa ATl AKFig. 3). WA C pobkrikoides
2z A 7I7F Fore] Y& DIN:DIP B & Ao tdk 9
FE4 A EAS Kol C polykrikoides?t HZ 2 s}
7] YA Eelg sdFow gzhed

C. pobykrikoides A Z2] W& vigd, &, G 59 &
2] 32 @ ¢1(Choi, 2001; Lee, 2008), A% =< 3}3+4 @
©l(Yang et al., 2000; Lee, 2006)3} A& F37te] AR 2L F2
9o AEEA 2Ql(Lim et al, 2002)0] H}3E Z-gat= Ao
Z 4HA Ak 53], C polykrikoides®] 1LEE FA& ¢
M= dUdde] T F BEAS TTaL ofg] dTollA

UFe] S th(Lee et al., 2007; Kang et al., 2009). C. polykrikoides2]
R 227 AR X 20039 (2F 48107 cells/mL) T 2007
A(SF 33x10° cellymL) A=A sl o] Ak 9 <labd o

5w 200390 217} 0.95~88.23 uM, 0.05~4.75 pM(Lee et al.,

o -1

Ade w2 HEEUHFig. 2b, e). Lee(2006)°] whE™
C. polykrikoides7} TlotE Az= o3y Yairde w2 4

HEAgel he JYY THES, 220l

-F tEe =
23k gRlo= AASR O, C pobkrikoides 34 3|4
of Q& 7k AAF(SF 36 uMyell HIsiA AA FH7F AF
T(eF 882 uMyell A S Aol Sk Al ks
obtet tho] Aol M= sHAlel [T F =
ol C polykrikoides 272 §
al., 2000; Lee et al, 2007). 53],
78BS 00A B5E Az DT

mm/day(Lee, 2006; Kang et al., 2009)°] H]ajA] wj-<-

TS BAth webA ARE AR AQtelA wre AR
D g Fed mE ST IFY F=52 C pobkrikoides
o] 8L ATA7)E= 89loz 43 Ao Y

- 377 -



AP - 484

[e]

)

. OFEFA .

o

@)
.

27

Table 3. Comparison of maximum uptake rate (pmax), minimum cell quota (Qno) and maximum specific uptake rate (Vmax) for nitrogen

between C. polykrikoides and various diatoms

Constants
Species Prmax Qno Vinax References
(pmol/cell/hr) (pmol/cell) (/day)

Chaetoceros debilis ) 0.12 | .44 Conway and Harrison, 1977
(-) ) ) Harrison et al., 1977
Chaetoceros  sp. .

Do (Chesapeake Bay, USA) 0.024 0.021 2.74 Lomas and Glibert, 2000
Skeletonema costatum .
(Booth Bay, USA) 0.063 0.65 2.33 Lomas and Glibert, 2000
Skeletonema costatum ) 0.05 0.84 Conway and Harrison, 1977
(-) ) ) Harrison et al., 1977

Dinoflgellate (0 odinium polykrikoides 1.89 5.25 8.64 Kim, 2003

(Yatsushiro sea, Japan)

Table 4. Comparison of maximum uptake rate (pmax), minimum cell quota (Qpp) and maximum specific uptake rate (Vmax) for phosphorus

between C. polykrikoides and various diatoms

Constants
Species Prmax Qro Vinax References
(pmol/cell/hr) (pmol/cell) (/day)
Chaetoceros debilis Conway and Harrison, 1977
() ) 0.025 1.63 Harrison et al., 1977
Skeletonema costatum
(Long Tsland Sound, USA) 0.0384 - - Eppley et al., 1969
. Skeletonema costatum Conway and Harrison, 1977
Diatom ) - 0.013 0.96 Harrison et al., 1977
(7_7)’“1““’“”“ pseudonana - - 1.93 Peters et al., 2006
Coscinodiscus sp.
(Jakarta Harbor, Indonesia) ) ) 0.27 Peters et al., 2006
. Cochlodinium polykrikoides .
Dinoflgellate (Yatsushiro sca, Japan) 0.35 0.37 22.7 Kim, 2003
A AF 33 o] Sommer(1989)= A= &A= FH AMAFH DAA2 HaA Eob C polykrikoides?t §-31
FEASE YA AGALOR ARG oM, IG5 At BRI, FAANA C polykrikoidess] T
o] T A A= A ATFS VA= Fol -, g B HZIVF FAS o]FE2E QEE FTHESI AaAE e
ol whe #7 i UAIH 02 GG T} Aol My JFPL haky] WEe] AgHee] C pobbikoidesi= 4
BN APHES e Fol 4 & Atk A A FRFE WA Bel¥ Ao Yed
AR Aokl SARREY FRRE Fe PP FF 90, AREFAEY oA AREE 23 dia
S ot W, Ul o B GUPel U ¥ AFol AR Pulso] the HRIFAEY FHo 4
A5 g ) we JGEEE Bol7]ol(Tables 2, 3, 4), 949 & A IS HAVIE 39, o]& E}ZFE-8(alleopathy)©] 2}
TR F AGATF Fow WA whH C polykrikoides 3L 3THRizvi and Rizvi, 1992). Uchida et al.(1996) TF %+
= F718 dgFRel U sty ST EAT =2 Chaetoceros didymus, Stephanopxix palmeriana, Limcomphora sp.
My dUE §HF 2 FFEEE Hol7]ol(Tables 2, 3, <} 9FHEZF Heterocapsa circularisquama®] 3l Fol A
4), AFHe Foz Azt w A C pobkrikoides= V] 272 7k} A H circularisquamat™ FH XEAKtemporary
WA B 99 wEd Bad o4 JFAL F4E ot Hol A%l AAHE AL BRAew, of W
of GRS FH UL A FAR YL ol Fatel  UFol AL BYHIAW FRFRIE RolsE 484
A4 As Flolth 53], At AR dActel A 59 EH-o] wE Jfor AWt SPANZER Alexandrium
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A 20139 7€ 179 Ad AL ARbelA BT C
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53], ol TS Hzxeo A

Z2Z9H AR Adgrc)
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