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Limiting Nutrients of Cochlodinium polykrikoides Red Tide in
Saryang Island Coast by Algal Growth Potential (AGP) Assay
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Algal growth potential (AGP) assay using Cochlodinium polykrikoides was conducted in Saryang Island coast where C. polykrikoides
red tide occurred annually from July to October 1998. The effects of macro- and micro-nutrients on the growth of C. polykrikoides
were specifically evaluated by the algal assay method. Two different types of growth response of C. polykrikoides for the addition
of nutrients were clearly observed. For both before and after C. polykrikoides occurrence, the growth of C. polykrikoides was
significantly stimulated by the addition of either nitrate or ammonium of 50 uM with phosphate of 5 uM. The addition of a single
nutrient had no clear effect on the growth of C. polykrikoides and the addition of trace metals, vitamins, and EDTA etc. did not
stimulate the algal growth, also. This result indicates that both N and P potentially limited the growth of C. polykrikoides in this
period. However, during a bloom of C. polykrikoides, the growth was unlikely to be stimulated by the addition of both macro- and
micro-nutrients. At that time, the nutrient concentration of Saryang Island coast was 2433 yM for ammonium, 1.61 M for
phosphate, and 0.58 uM for nitrate, respectively. The concentrations of nutrients increased, on average, 8.2-fold for ammonium and
4.8-fold for phosphate, decreased 3.3-fold for nitrate compared to both before and after the red tide. This result shows that the growth
of C. polykrikoides was not limited by the nutrients during the bloom in September. Therefore, our results suggest that the C.
polykrikoides red tide may outbreak especially when the water is fertilized due to the increased N and P.
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A 2 (Moss, 1969; Ryther and Dunstan, 1971; Schindler and Fee,
1974; Maestrini et al., 1984; D’Elia et al, 1986; Hecky and Ki-
ASEFIAEY o FFHEY (BZX, red tide) S F9%37F A lham, 1988), LA, HehA Y FA2DE o] &3 AFI¥Y 7}
P53 QIAY o]n] Hogokile YN dojute Aoz g A T AN="3 9% (O’Connor et al, 1977; O’Connor, 1981).
Aoy, e YA o] JUYE T/t vz @R Ed ZF432A9 (algal growth potential, AGP) A& Y&
Az ulwEa 9ot (Boesch et al, 1997, NFRDI, 1997). Hol AT YFER FAM FFE7t 71 & 44 o8 Ag
o9} Z-& HzEA}e RAIFE WY AT AEEA FYY due g@ulsly H48W3F (Liebigs law of the minimum)dl
HEEFIE 47 AFUAG diF A7) GgE wHer A 23 AEDRY 39 el o] AFYL AT 7R 2
P51 gled, 2 HHEL A 459 ¥ A dF2 FYd T4 BT B 34 ¢ AAHGY RYY =g
4 ok A, AzAE 239 48 4HE Jehde AR (indi- Hrbstn, 277 Agsted A FEFY o1848E ARdn
cator) 24 Yz dl A} @538 v & AL Y (Myk- AFILFEE 718 ZG3A F3E £ gde Aoz 484 U7
lestad, 1977; Healey and Hendzel, 1980), €4, A& EFIE A4 fEe RHAOZ o|£HT glon o HA¥ ARZHY ZH
%9 94244 (CNP)RRE Q4 59 JEEHAEY 4 e oEFE 7hes Aoz delA 3tk (Kondo et al, 1984;
A ATFFE Hrkske Wy (Myklestad, 1977; Sakshaug and Klapwijk et al, 1989; Taylor et al., 1990; Lukavsky, 1992; Iwata
Holm-Hansen, 1977; Goldman et al, 1979; Hecky and Kilham, et al, 1997).
1988; Fong et al, 1993), AR, HEHAY] o]&51 gloH ol #7Z3B3A (EPA, USA)& Selenastrum capricornutum
% FA ZRFLE o83 AAAY AR Z2HAEZE Z
AE & AU AGP A EE MEsld 19716 FAAEH oz
*Corresponding author: khch072@ chollion.net E3tH T (Shiroyama et al, 1971), ‘Standard Methods for the
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Examination of Water and Wastewater’ o} A 22X & B&0
2 E¥59 3tk (APHA, 1981).

Ao 34 AFA Z 5o dFAHANA e AdFel
Z2F4%] Fa A9Ydes H&de @A (Lange, 1971
Chiaudani and Vighi, 1974; Parr and Smith, 1976; Sridharan and
Lee, 1977; Schindler, 1977), iR ANME LA FFde]
ZFAHE Adse Aoz 284 0o (Ryther and Dunstan,
1971; Goldman, 1976; Yentsch et al,, 1977; Nixon, 1981; Granéli
et al, 1990). 218}, A<t AL 4 ke SHo2HEY ¢
G T g A FFE @] fEo oy AL U
3187l ojgl & Ao g Holed (Kang et al, 1999), AAZ &
F YT dAAHA WA Qo] AEEFIEY HAE AT
A (Myers and Iverson, 1981; Harrison et al,, 1990; Krom et
al, 1991; Thingstad et al, 1993; Karl et al, 1995), @49} Qo]
AdHo = WEdto AF37E 30 (DElia et al, 1986; Ca-
raco, 1988; Doering et al, 1995), @49 19 FA] AT 4o
e} (Nishijima et al,, 1990; Nishijima and Hata, 1991; Maestrini
et al,, 1997). =% trace metalse] A S 27e F} (Tran-
ter and Newell, 1963; Martin and Fitzwater, 1988; Maestrini et
al, 1997). o1& AEA WelN Hz28FE dod)c HES
AEY AR ATYLE S Hile AL Fz2d4 37 457 4
ob7} Az@ge Aojel Bt A 7IRAA HEH Hust A,

2 vt gt HX% AHsEE 9L da 2YU3) s
19903 tholl Cochlodinium polykrikoides S} BRZFo] 98 Hz
7t AF BAsE 9oz ¢34 gltk (NFRDI, 1999; 2000). &
ATE o #Y99M C. polykrikoides HZ2A 7| +& Wi, &
Gl FARE PAE 2EEY) d5d Az WY A, A F
a3 &Y ¥ #7E qotsli, AGP N EE Fako 43 A
HEUEE

ME W

e HZ&9 A3 $F9 59, MFY dHE A
old YXgtn FFozE 9%} W gled, HAHgL Fig
13 2o AT BAEL 2FHAM AHE NEE AHEEY ¢
AgAzA 2 AGP A 8BS HAEAT

2. A= 3

A8 AHSF g A8 19989 C polykrikoides HZ7} &
#at7] AU 74 2397 89 224, AZ7F #A4F 949 259 12
Hz7t £E3 320 104 159 5 F 439) A EA3¥ 05m
FHo25H AA}H

3. AGP AI™

Ayl A48T C polykrikoidess ZRFAAFT A0l HEdx
e MFFZ §/2-Si (Guillard and Ryther, 1962) 8} x]oll A At
ul %} (sub-culture) 3t AH&-3tAtt,
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Fig. 1. Location of the sampling station in Saryang Island
coast.

AF e AEEL membrane filter (T4, 045 um) & 33t
Al millipore filter (374, 02 ym) & B3| TR 5£S 2A5Ho o]
g WRTE HAR8AL, Fadg 50 mLAS F7 v%E7] (Nu-
nclon)oll E#H3 T §20-Sisl Aol 24)h o], 7419 AHA wl g3}
o diFAd3delel I C polykrikoides? AXE wjouiA]e] &
F3t4lct. ol AMEE 297119 M2 g2 FYd ZHE Table 17
2ok d2TE A3 Uz 28742 2¥EL ojatbalsol Table 2
o veht e FEE F9EAL Hrsld Fulekc

v w7l (DBO 232 SP)W He715 14hr light:10 hr
dark® 2 2 23C, X 7500 lux M 12~15¢ S v %3}
o 277 A2z =28 w7x £P3Gd AXY 4=

Table 1. Nutrient combinations for enrichment culture experi-

ments
nSri%Zr Nutrient symbol nEI(;l(ti)Zr Nutrient symbol
1 Control 16 Fe
2 NO,(10) 17 Mn
3 NO;(10), PO,(1) 18 EDTA
4 NOs(10), PO4(5) 19 Fe, Mn
5 NO,(50) 20 Mn, EDTA
6 NOs(50), PO.(1) 21 Fe, EDTA
7 NO0:(50), PO.(5) 22 Fe, Mn, EDTA
8 PO.(5) 23 Bio
9 PO.(1) 24 Thia
10 NH.(10) 25 By
11 NH.,(10), PO.(1) 26 Bio, Thia
12 NH.(10), PO.(5) 27 By, Bio
13 NH,(50) 28 Bi, Thia
14 NH.,(50), PO,(1) 29 B.;, Bio, Thia
15 NH,(50), PO.(5)
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Table 2. Nutrient concentrations for enrichment culture expe-

riments

Substance Nutrient symbol  Final concentration

Macro-nutrient

NaH,PO, - H,0 PO.(1) 1.0 M
PO.(5) 5.0 uM
NaNO; NO;(10) 10.0 uM
NO;(50) 50.0 M
NH.CI NH.(10) 10.0 M
NH.(50) 50.0 pM
Trace-metal
FeCl; + 6H,0 Fe 021 uM
NarEDTA EDTA 021 pM
MnCl; * 4H,0 Mn 0.18 uM
Vitamin
B Bi 0.10 pg/L
Biotin Bio 0.10 pg/L
Thiamine * HCI Thia 200 uL

AbE 2389 & A wE Tl Wt d g FdEA He H
0.1 mLA subsampling3 ¥, FEE&Yo2 NEES 143e Fg
#ulA3ol A counting chamberE AM§3te] Afstn, 4%
£ (specific growth rate, SGR)& AL (Stein, 1973).

4 SEEMY

A el WA 2A @ AY T owoklo] JEZFAIE 98 B
AL EAES e 20

42, 4%, pHE @%olA Hydrolab (Survey-l o2 ZH3
9, 38y AseTe (COD)E LzelA FLA BEWo

2 239 (5299 - #7118 FAAEYY, 1995). FRRE

A (total suspended solids, TSS)& Whatman GF/C %A & A}
&3] AR FY A8 E A BE F ARAF 105~110T9 AxY)
oA 241z AEAIA AL (APHA, 198D, IR HE2
(volatile suspended solids, VSS)2 Az Whatman GF/C o 7}
AE 550C A71ZoA A7 - 2R FEARY FA Ao
2 TaT (APHA, 1981). A4E4 (NO; -N)E€ Cadmium
Reduction®§ 2 2, o} H A4 (NO,”-N) & Sulfanilamide-NEDH
o2 g4I (POS ~P)2 Ascrobic Acidd o2 Z+2 v A4 %3}
Atk (APHA, 1981). ¢=Yo}dA (NH,*-N)¥ Indophenols
(Solérzano, 1969) 22, Chlorophyll g= Parsons and Strickland
(1963)8 22 47 v HFatgict
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1. CHAksfodio)l ®x 9l of - 318N SHAEM i
19983 &3t A C. polykrikoides 3% HEL 89 3094 A2
IZT ATE BUANA A d5A] B4R B o2 39
NA ML B4 99 129 YUz oA o5 EAT %&oﬂ

2E JYel Mz 2UxY HxE HAFHY. o] FRE9€ 1
do A Ag7tA] FAEHAT 99 20¥oe 59 A% M
2 2190 AHEE BAR 2HHAA 350~850 cells/mLE e
Bt ol AHRE FuF g 15:d /¥ AYHst §E Y7t
I e 9l 10¥ 799 223 ET (NFRDI, 1999).

Hz7h A7) A 19989 78 2393 H=zF 4223 109
1549704 % 48]0 A 2AS A #9e £4E Table 33
#d,

C. polykrikoides 27} 298t7] A 7€3% 8¥9] AL ¢
LI G&e] 25C WY 30% o122 JEgon, $EYotA
AF 029~300MZ ¥R A e Fx HA4E Jeda, 244
& FEE 129~179 Mol f o, A FEE 033~039 M2
et Hzzh 24 989 3L F7 g 25T
0% ooz Jehgon, gRUcdAL FEE 2433 yMi kS
U4 AR A guf o3 FxE JeRUL, AdEa
EE 058 uME 268 Bopxon, Al v 161;1ME 7%4
4u) ol ZUlEgY. 1832, C polykrikoides®) ¥& Ax=9 o
7 AzA & 9% Chlorophyll o, COD, TSS, VSS9 & %7}
7b deldth Azs A9d 1099 £4L £ 23T o3z
vol A, AEL 3I3WSE L}E}W} dEyolAAig ikl
TET 47 Az dAsy| A #2567 M 029 ME 7}
4 golym, AAEL FEE 272 ME EwobiTh

2 TR 5

74 23¥9 AP Algd &= .‘EE %E}—?Ei ¥
#qo 3]
e Lo

Xy, mg
o
fr o au wo

k=
0.115 d1v1510ns (dlv)/dayi L}E}‘qu 10uM ZFAEL d5 T
Ad4e BFH A o ATAFES 0.125~ 0.144d1v./day§
2T Gt 24 JebRT, 50uM BAHEAS 5uM A4k
9 Bt A E 0343 div/dayR B S A Ve,
10uM gEYelAAe} 1M AU DEH7be dE2TFY 90~
93%2 AL FHAY, 50uM FEYetAA QAU BFHA
7 YA EC) 0200 div/day$t 0371 div/day2 tHZF¢) ¥

Table 3. The analysis results of sea water in Saryang Island coast in 1998

Water Temp. Sal. s "N NO,"-N NO;"-N PO/ -P Chl. « COD TSS VSS

Collected Date . pH 3
© (%) ( ™M ) (mg/m?) ( mg/L )
23th July 2429 3006 821 0.29 0.14 1.79 0.33 5.03 247 0.86 037
22th Aug. 25.86 30.14 859 3.00 0.07 1.29 0.39 125 3.00 1.78 0.81
25th Sep. 25.29 3031 825 2433 0.27 0.58 1.61 74.55 2035 38.13 3062
15th Oct. 22.81 3132 804 5.67 1.04 272 0.29 2.59 3.65 4.64 278
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Fig. 2. Diel increasing rates of C. polykrikoides by algal growth potential test under various nutrient additions. Increasing rate
exceeding the control is shown by black bar. A: 23th July, B: 22th Aug.,, C: 25th Sep., D: 15th Oct.

3 174, 3280 5713992, macro-nutrients®] THE A¥ T HT
QY 5L AREL HYY FEY 9 AL Iz AndA
g BExe ABAY FARIC A3 4F) 0E 2IHYE
b, 53 50uM FEYFARS} A9 FAAI A
FEHR AHE BAY. C polykrikoides 2739 WA micro-
nutrients] G FS AHE I trace-metalst 238 AZL 744
Fle Afedoz VeI vitaming biotin® ©E=H719 B,
¢t thiamine - HC18| EFH7ME A9sine BE FUA
L15~1254 4388 FAAAG,

84 2dd HAT A5 W3 APZAAE Fig 2BIA & +
Axol, H2FANA C. polykrikoides YAZREL 0,092 div./day
2 ANEAG, AdAded Qe dEFHle ARG
0.015~0.085 div./day2 Thd FAFRYAT, YRYlDA TEZ
e 2 ARES F 16~21% FAANRAD 50 M AR 9
A9, 2 50uM FEYotEA Y Qe EFAtd o
YHAAEL 0.105~0378 div./day, 0.175~0.384 div./day2 2+
14~311%, 90~317% 2 AAEE F71AA D Trace-metalsd] 3
ol 4% AAES ZAE A3, Mn, EDTAY E§ANE F4
& oA FNAAY O e YFES B2AAT, Fe, EDTAY

ox i

AT B4 84% 9 AFEY Z4E YY) Vitamin Bow
FES Y4 FUAAE AFHE YEUUAD
C. polykrikoides 227} ST 99 2599 AT A5 A
AGP A8 74 234, 8¢ ndd= 4@ 48482 Jgu
Aok 2T dAFES 0384 div/dayol YT, o AL 7¥9
AEZARG 330 Y9 MAAAETG o 428 & golUtt
(Fig. 20). AAA: (50M)S} A4kl (5uM)e) BFH7Ie Q
AA (5 M) S B537L 28n FrYolA L (50 uM) S} g4k
(5uM) 9 B 9% IAAES g mgd F71E U
Bt it Micro-nutrientsol 4= EDTAS} thiamine *+ HCll €3]
A YA E| ta Fohsle % s9A 2 99 macro-, mi-
cro-nutrients®] W BE AFLAM Y AR EL 279
Ay 288 #AYY £ 50M dRVetdiE 97
BRE0) 0222 div/day7tA B BEE AFAZAT 729 889 A
B2 vud gy A7l g3 Bl F4o] dle Aoz B
of Fad e J¥d YL YehiA g oz A
Hzrt 2399 £ 109 1599 ARl dFgds H7t
¥ C polykrikoidesE HE3 AGPE 238 ZAE Fig 2D
YEH ST 10 M A A LG FRYGEL QGEHI) 93 F
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AR S0uM AL gRYolAL GEHINA gi g
AAE S Y 28 FA4AA (50 uM) g Q4 (5 M),
FrYotdd (50 M) QAN (SuM)Q) BEFEIIAN A4
Aol 47 0421, 0384 div/day2 71 £ @& veEhiAY. o
AL Hz7L AT 9Y 2599 4 E o] 43 A= dE 4
#Z C polykrikoides 373 A4 A3 & J¥G9 Agho]
gA gy gitke AE 7Yk Micro-nutrientssl] ogF H
7Yl M€ Fe, Mn, EDTA 337k &) JFEo] vofahriat
i 278 23E Vel

a3

-3
9%
9

AFeA JdEd b3 Fule I C polykrikoidesodl
§t Azt By A, Fo A HxAA F9 dEEd
St Z2FAH Agte] TG Aolg Bdde Aol
HZ7} B AR AY T sl Og I9E AHEE 3
, AL} Qe dE ATt AslME C. polykrikoides?] A7) A
ZA5A gokd W AAEA (S0 M) Akl (5uM), &
Yelda (s0pM)S A4 (5uM) S BF37}e] o8 2 A
$EL FEA 71T (Fig 2). BEhA, o] W= A ¢ 9
o] A {9 AAE Agde d¥dez FPHAG A&
o} A9 FAATL oy dFAS] 3] s Ak s FA
g5 2 90t} (Nishijima et al., 1990; Nishijima and Hata, 1991;
Maestrini et al, 1997). el H 27} 24 & 4= B3 macro-
nutrients® H7HAE AFe oW JYEE C polykrikoides®
A7 T8¢ adE JerlA %ol o)y C polykrikoidesS]
AR 499 o]&¥ 99 98 AL #A v Ao
H7rE A5 (Fig 20). Iwata et al. (197)9} &&t%W Gokasho%t
AN Gymnodinium mikimotoi HZ7} LA 37| Aele 4ol
AR ARYYGez2 BFHEHNAY, 2 Y Foe 4 A
S AAHAeY 2t AFE Folle AALT ARIYY
22 IAHAY, o9 F& AHREH Hz7 dAde HYd
M AgEdGde AN dAEZ WEE Y dAEY, o)A
E A7E FM: FaHU

38 micro-nutrientst A 29 WA GA o @Al 272 A
A 2AAINA gA o] F AIE Maestrini et al. (1997)0°)
Nitzschia closterium¥ Thalassiosira pseudonana®] 37 lol
F 7180 4% E# micro-nutrientse ATFFdos F23 98€L
82 el 341, Takahashi and Fukazawa (1982)% Skele-
tonema costatum™ Thalassiosira sp.9 %%l $1¢1 macro-nut-
ientse 43S A FAANHA LY micro-nutrientss] A 2
Yol Attty e HAAY F YAHA. Frey and Small
(1980)2 macro-nutrients (N, P, S HFHQ 2§ AL
A3 AT micro-nutrients® AAZFEIAA Fo FAd%
AZHY YL nAda Aok §Y, Yamochi (1984) &3}
W Prorocentrum micans< iron-EDTAE 498 micro-nutrients
2 macro-nutrientsoll 213k} Ao ZAH X %%, Eutreptiella
sp.= thiamine, vitamin B,;%} iron-EDTAS Z§el 9814, Chat-

O

O
ol

o o

>

tonella marina< iron-EDTASY Q419 &5 52 X3 93
A 3o ZAEdn gl

¥, 999 A7 g8 2FAEFY EFAAY AANZE
#2575 Fed (Moss, 1969; Granéli, 1978; Granéli et al,
1990), 53] d%¥d gl o3 7144 (multi-enrichment co-
mbinations) o4 ZFAZY Fyd ANEN} FAHAGD
(Gonzalez-Rodriguez, 1982; Le Rouzic, 1993). o]8{ 3 A& &
dTE FHAE gdHed, 2 2487 A 749 8¢
9] 7% micro-nutrientsd] E3rA7el o3 Ao AsPge]
o] ettt o) AL Y Aol HAF slo AT
A 8e dogitta Fd (Granéli, 1978; Sterner, 1989). Le
Rouzic and Bertru (1997)& ZF 4% o] 9¥d H7Al
AFge F A 712 E Fed, Ade 9999 AXy
Z2HL YUY AT =& A BFHo2 " AL E
e & 27 £9 4% HATHY Gede] g 2/ Fo
ARl QolMe dUdd AAZHAA AgdYge AL
< Ao,

et gofold AAe 9 AHHY AdYUY HEL HE
B o §&9 ABAA 7187 38 (Jensen et al., 1995),
YR 2REe] Ralo] o NiP vl9 7]19871% 3t} (Doering
et al, 1995).

£ dxstgel A C polykrikoides HZ7+ 2437 HA 4
Z@4o] AAHA Bud £F (water column) g A E
o AFyzHH vty Y49 T3] ol FAAL (Kim et al,
1999; NFRDI, unpublished data), ©]19 &7 C. polykrikoides &
Z7 23 & o1 Fr 2547 A S HEOISE U4 AE A4
o #38 (Kim et al, 2000 93] 238 Hz7} AYPFA o]
A7 (99) el gEUVolAA Tl Y& FlEe ALeE B
283, Aol ZsA A" A7l BEFrRY A TEL
AAH G AFA g AletAH HHE2ZEEH &5 AFF
o Ao gd &2 FX9 UMY HFo2 FIFHUA
(Yang and Hong, 1982; Kemp and Boynton, 1984; Lee, 1993;
Iwata et al, 1997; Kang et al, 1999; Kim et al, 1999) ¢] A]7]
9g) el dEYolAis A A TEE ¥A VERG TE,
of A7) (99)e] AMAL FEsl dRYoldA FEd HFo
AaHez @A Jehd RE C polykrikoides BZE7t S
el ArA 499 F ¢RYAL F27 #A YEEE A
< 238 o (Kim et al, 1999), 4229 FFo29 {90
AiAoz HL ROE Mo, i YEYotALMY oY
AMALE C polykrikoidesd] 43+ FES YFFoz Hys
o] 471 o) &R A3} (Kim et al, 2000 % 3 oz Awg
F Q& Ao

T2Fe 8 JURZFo AT Hzo duFEQ 2ARA
olibel, Asigt AE shebak 5o R A4 e RYF E
Hgddele] FgoA B Aoz ¢ A gov, C polyk-
rikoides?l % Aze 7t 42 RIS AYH1 e

250N AF LA gley HIde Ay wid 22 F
29 A URx J25doA B4stn Qe 4Fd (Kim

i o
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et al, 1999). o1 AMHE n]Fo] AU AIZE S
AT gtz AP ded (Kim et al, 1999) A=
HzdAol 7t5e AR Q4o YA Ao C polykrikoides
Hz7l AF SAsle Ao AR o9t e Ade H
AGP A8& $3d AFE Bt 5 X2 macro-nutdents &
Azt o3 ZAEe] EA Uehd AoZ YeR ojs)h 2
Aol 7t Ao g FHo] Hon, 230 AgYddez
Hddh

Azt HAsE A9y 2F54% ATIYELe A9 &
AZEE H3E £ gomg AzAA e T oldlzY 43
Ty 2 HzEA 45E d8Ae FEE 2 AVEE o9 o
Aol 2FARY AFLAUNE FUs B} A& Uiy
7 gast 2gn, E AGP A8 {7 A7) o2
=4 2 Azt 12~14Y AxE 27 "WFE e FA £
7% (Schultz et al, 1999 A AIHE SF AL & Sl A2 &
AGP A8¥ ¢ Fo] W3t

‘¥ AGPT ZF9 79 Wz g dEgAE Ao
gFadAe 2e 2752 AHLAE HEAY A FEF
gzt o A#v delAd, §3, Ao dFgy slobA g
£ 23 34 9 2FE AX Yo 259U EE4L H$YS3
31 Ae 447 Aot olgk 2L 2FE AEFSW 29 Ay
AA & AGPE Yeld Bt ol S0 g A - FA F
o g9} 292 M54 = ¢}k (Nishijima and Hata, 1991). 2
g1, AlgY BE HaAY F AEY AHE e & A5 F9
FFEdol AA . 4oz Wste] A FAR JTFE wH7)
W] B JAY F9E add,

£ d7A C polykrikoides 9 43AT F9dL A=A
A F 283 29 34 474 d2A e Fzud dAide
AT BUHPS 53 949 v5 S 394 "er) Qe F
234 A (Kim et al, 1999) 2 73 Fol B} 2 N, P 94
¥d wxrt gAuse] AR #ode] AE - gAY N, Y ¢#
HAg WE Favt gtk =3 93 d4-FY N, P Jo2NEH
HEEFAEY 47 AFYYES FEr|Rde AdAFog 47
EF3AE] oY 4 v 999 ¥ THE ast Qi

C. polykrikoides AZ2A L& ¥9%¥3 2P Je A455
oA HAL gl7] e FA ASL2HE gz AL
dol AYHD e AL AU of o] Fo FzwA AL
A3 AN B £ vk gk, YU2E ASE AAE
SAM FEHoz dHsE HdE QP Agezny B
3k a0, AAE Adsle 5, 2L g9 Bl
WAE g Afo) Pasiy AA Qo Fd $AREE HA

Ago) Yastd,
2

Sevel dagel A wd &3 dURZFA Cochlodinium
polykrikoides®ll €& Hz7t AL gled, & A7dXE &

st At E Fd g g E AGP AEE 53 C pol
ykrikoides] 4% ARIFES H7ra .

Macro- 2 micro-nutrients F7Fell 213 Az @A WA C
polykrikoides®} A%< F 7HA9) ME & wgo g ey =
FAZ Aggddo] HE3A FAHUG AFE s 2 A
oA Bz7} 2AEy] A 7€ 89, Axv AT FU 1089
AGP AddMe A%AL (50 M)} A (5uM), TEY}
AL (50 M) A4 (S uM) S EFHE 7L d# A& 2A
Z 713kt Macro-nutrients®] ©4A7) daide F3d 4R
S e A T micro-nutrients® A4S FAA 7 A ¥t
olg|g ARZ o] A/|edlw Aast o] FAle) C polykrikoides
o A% AgdFEez FLadrte 2ol FAHNUG 28,
Az7t 4% 999 AGP AEdME A% Y2 # macro- ¥
micro-nutrients®] Zgo] Yeh A Got o] 7|7 Fol C polykri-
koides] A< AFIY AE w2 v Aol AU
oluf AbFE Aote YUYE FET FEYokd i A T}
Ztzy 2433, 161 M2 AZ7F 2AE7] A 22 Fof vg
B 82 488 E& & YEINL, AL FEE 058 uME
BF 338 2 &S Bedd 2dRE, C polykrikoides B EE
N, P 5% Z7to 7|Q0% 29437} A= Ao dA4T
teAel Eobe AL AAbgtd

TAtel 2
£ 278 soaed o RS ATH 54 FYFLAEL
9718 A7 e AT B Be 2AL A 34
AT WA Y B2 2L 29I, & =29 4

=)

AHE LolFA Be) HAYATAE BAE EFY

- "

2

Ho

American Public Health Association, American Water Works Asso-
ciation and Water Pollution Control Federation. 1981. Standard
Methods for the Examination of Water and Wastewater. 15th ed.
American Public Health Association, Washington DC, 1134pp.

Boesch, D.F,, DM. Anderson, RA. Homer, SE. Shumway, PA.
Tester and T.E. Whitledge. 1997. Harmful algal blooms in coastal
waters: Option for prevention, control and mitigation. NOAA
coastal ocean program, decision analysis series No. 10, 5pp.

Caraco, N.F. 1988. What is the mechanism behind the seasonal
switch between N and P limitation in estuaries? Can. J. Fish.
Aquat. Sci., 45, 381~382.

Chiaudani, G. and M. Vighi. 1974. The NIP ratio and tests with
Selenastrum to predict eutrophication in lakes. Water Res., 8,
1063~1069.

D’Elia, CF, 1.G. Sanders and W.R. Boynton. 1986. Nutrient enrich-
ment studies in a coastal plain estuary: Phytoplankton growth
in large-scale, continuous cultures. Can. J. Fish. Aquat. Sci,, 43,
397~406.

Doering, P.H,, CA. Oviatt, BL. Nowicki, E.G. Klos and L.W. Reed.
1995. Phosphorus and nitrogen limitation of primary production



AreF® At Cochlodinium polykrikoides %9 A9 % 4 463

in a simulated estuarine gradient. Mar. Ecol. Prog. Ser, 124,
271~281.

Fong, F, J.B. Zedler and RM. Donohoe. 1993. Nitrogen vs. phos-
phorus limitation of algal biomass in shallow coastal lagoons.
Limnol. Oceanogr.. 38, 906~923.

Frey, BE. and L.F. Small. 1980. Effects of micro-nutrients and major

nutrients on natural phytoplankton poplulations. J. Plankt. Res.,

2, 1~22.

Goldman, J.C. 1976. Identification of nitrogen as a growth-limiting
nutrient in waste waters and coastal marine waters through
continuous culture algal assays. Water Res., 10, 97~104.

Goldman, J.C,, JJ. McCarthy and D.G. Peavey. 1979. Growth rate
influence on the chemical composition of phytoplankton in
oceanic waters. Nature, 279, 210~215.

Gonzalez-Rodriguez, E. 1982. La résurgence de Cabo Frio (RJ. Bré
sil): Fertlité, facteurs nutritionnels limitant la biomasse algale:
Essai d’amélioration. Thése Doct. Spécialité, Univ. Aix-Marseille
IT, 112pp.

Granéli, E. 1978. Algal assay of limiting nutrients for phytoplankton
production in Oresund. VATTEN, 2, 117~128.

Granéli, E., K. Wallstrom, U. Larsson, W. Granéli and R. Elmgren.
1990. Nutrient limitation of primary production in the Baltic Sea
area. Ambio, 19, 142~151.

Guillard, RRL. and J.H. Ryther. 1962. Studies of marine planktonic
diatoms. 1. Cyclotella naan HUSTEDT and Detonula confer-
vacea (CLEVE) GRAN. Can. J. Microbiol,, 8, 229~239.

Harrison, P.T, MH. Hu, Y.P. Yang and X. Lu. 1990. Phosphate
limitation in estuarine and coastal waters of China. J. Exp. Mar.
Biol. Ecol, 140, 79~87.

Healey, F.P. and LL. Hendzei. 1980. Physiological indicators of
nutrient deficiency in lake phytoplankton. Can. J. Fish. Aquat.
Sci,, 37, 442~453.

Hecky, RE. and P. Kilham. 1988. Nutrient limitation of phyto-
plankton in freshwater and marine environments: A review of
recent evidence on the effects of enrichment. Limnol. Oceanogr.,
33, 796~822.

Iwata, Y, 1. Sugahara, T. Kimura, K Silapajarn, M. Sano, T.
Mizuguchi, A. Nishimura, M. Inoue and T. Takeuchi. 1997.
Growth potential of Gymnodinium mikimotoi in Gokasho Bay.
Bull. Jpn. Soc. Sci. Fish, 63, 578~584 (in Japanese).

Jensen, HS., P.B. Mortensen, F.¢. Andersen, E. Rasmussen and A.
Jensen. 1995. Phosphorus cycling in a coastal marine sediment,
Aarhus Bay, Denmark. Limnol. Oceanogr., 40, 908~917.

Kang, CK, PJ. Kim, WC. Lee and P.Y. Lee. 1999. Nutrients and
phytoplankton blooms in the southern coastal waters of Korea:
I. The elemental composition of C, N, and P in particulate
matter in the coastal bay system. J. Oceanol. Soc. Korea, 34, 86~
94.

Karl, DM, R. Leteller, D. Hebel, L. Tupas, J. Dore, J. Christeian and
C. Winnn. 1995. Ecosystem changes in the North Pacific
subtropical gyre attributed to the 1991~92 El Nifo. Nature, 373,
230~234.

Kemp, W.M. and W.R. Boynton. 1984. Spatial and temporal coupling
of nutrient inputs to estuarine primary production: The role of
particulate transport and decompositon. Bull. Mar. Sci, 35, 522~
535.

Kim, HC, CK. Lee, S.G. Lee, HG. Kim and CK. Park. 2001.

Physico-chemical factors on the growth of Cochlodinium
polykrikoides and nutrient utilization. J. Korean. Fish. Soc., 34,
445~456 (in Korean).

Kim, HG., WI. Choi, Y.G. Jung, CS. Jung, JS. Park, KH. An and
C.I Baek. 1999. Initiation of Cochlodinium polykrikoides blooms
and its environmental characteristics around the Narodo Island
in the western part of South Sea of Korea. Bull. Nat'l. Fish. Res.
Dev. Inst. Korea, 57, 119~129 (in Korean).

Klapwijk, S.P., G. Bolier and J. van der Does. 1989. The application
of algal growth potential tests (AGP) to the canals and lakes of
western Netherlands. Hydrobiologia, 188/189, 189~199.

Kondo, M., T. Sakai, H. Yamamoto and Y. Arakawa. 1984. Algal
growth potential and the [imiting nutrient in Mikawa Bay. J.
Oceanogr. Soc. Jap., 40, 391~396.

Krom, M.D,, N. Kress and S. Brenner. 1991. Phosphorus limitation of
primary productivity in the eastern Mediterranean Sea. Limnol.
Oceanogr., 36, 424~432.

Lange, W. 1971. Limiting nutrient elements in filtered Lake Erie
water. Water Res., 5, 1031~1048.

Le Rouzic, B. 1993. Limitation par Pazote et le phosphore de la
croissance des algues planctoniques en zone littorale. These
Doct,, Univ. Rennes I, 193pp.

Le Rouzic, B. and G. Bertru. 1997. Phytoplankton community growth
in enrichment bioassay: Possible role of the nutrient intracellular
pools. Acta cologica, 18, 121~133.

Lee, P.Y. 1993. Occurrence and seasonal variation of oxygen-deficient
watermass in Wonmun Bay. Bull. Korean Fish. Soc., 26, 392~
400 (in Korean).

Lukavsky, J. 1992. The evaluation of algal growth potential (AGP)
and toxicity of water by miniaturized growth bioassay. Water
Res., 26, 1409~1413.

Maestrini, S.Y., BR. Berland, M. Bréret, C. Béchemin, R. Poletti and
A. Rinaldi. 1997. Nutrients limiting the algal growth potential
(AGP) in the Po River plume and an adjacent area, Northwest
Adriatic Sea: Enrichment bioassays with the test algae Nitzschia
closterium and Thalassiosira pseudonana. Estuaries, 20, 416~
429.

Maestrini, SY, DJ. Bonin and M.R. Droop. 1984. Phytoplankton as
indicator of sea water: Bioassay approaches and protocols. In
Algae as Ecological Indicators, L.E. Shubert, ed. Academic Press
Inc., London, pp. 71~132.

Martin, J.H. and S.E. Fitzwater. 1988. Iron deficiency limits phyto-
plankton growth in the north-east Pacific Subarctic. Nature, 331,
341~343,

Moss, B. 1969. Limitation of algal growth in some central African
waters. Limnol. Oceanogr,, 14, 591~601.

Myers, Y. and R. Iverson. 1981. Phosphorus and nitrogen limited
phytoplankton productivity in northeastern Gulf of Mexico
coastal estuaries. In Estuaries and Nutrients, B.J. Neilson and L.
E. Cronin, eds. Humana, Clifton, pp. 568~582.

Myklestad, S. 1977. Production of carbohydrate by marine planktonic
diatoms. I. Influence of the N/P ratio in the growth medium
on the assimilation ratio, growth rate, and production of cellular
and extracellular carbohydrates by Chaetoceros affinis var. willei
(Gran) Hustedat and Skeletonema costatum (Grev) Cleve. J.
Exp. Mar. Biol. Ecol, 29, 161~179.

NFRDIL 1997. Recent red tides in Korean coastal waters. National



464 LR R B T ERL T

Fisheries Research and Development Institute, Korea, 280pp (in
Korean).

NFRDI. 1999. Harmful algal blooms in Korean coastal waters from
1997 to 1998. National Fisheries Research and Development
Institute, Korea, 215pp (in Korean).

NFRDI. 2000. Harmful algal blooms in Korean coastal waters in
1999. National Fisheries Research and Development Institute,
Korea, 206pp (in Korean).

Nishijima, T. and Y. Hata. 1991. Growth potentials of red tide phyto-
plankters in coastal seawater by AGP assay. Mar. Poll. Bull, 23,
175~179.

Nishijima, T., T. Yamatogi and Y. Hata. 1990. Studies on the nutri-
tional requirements of Skeletonema costatum and its preparation
of inoculum for AGP assay. Jpn. J. Wat. Poll. Res., 13, 173~179
(in Japanese).

Nixon, S.W. 1981. Remineralization and nutrient cycling in coastal
marine ecosystems. In Estuaries and Nutrients, B.J. Neilson and
L.E. Cronin, eds. Humana, Clifton, pp. 111~138.

O’Connor, DJ. 1981. Modeling of eutrophication in estuaries. In
Estuaries and Nutrients, BJ. Neilson and LE. Cronin, eds.
Humana, Clifton, pp. 183~223.

O’Connor, DJ, RV. Thomann and DM. Ditoro. 1977. Water-quality
analysis of estuarine systems. In Estuaries, Geophysics, and the
Environment. National Academy of Sciences, Washington DC,
pp. 71~83.

Parr, M.P. and R.V. Smith. 1976. The identification of phosphorus as
a growth-limiting nutrent in Lough Neagh using bioassays.
Water Res, 10, 1151~1154.

Parsons, TR and JDH. Strickland. 1963. Discussion of spectrophoto-
metric determination of marine-plant pigments, with revised
equations for ascertaining chlorophylls and carotenoids. J. Mar.
Res., 21, 155~163.

Ryther, JH. and W.M. Dunstan. 1971. Nitrogen, phosphorus, and
eutrophication in the coastal marine environment. Science, 171,
1008~ 1013.

Sakshaug, E. and O. Holm-Hansen. 1977. Chemical composition of
Skeletonema costatum (Grev.) Cleve and Pablova (Monochrysis)
Iutheri (Droop) Green as a function of nitrate-, phosphate-, and
iron-limited growth. J. Exp. Mar. Biol. Ecol, 29, 1~34.

Schindler, D.W. 1977. Evolution of phosphorus limitation in lakes.
Science, 195, 260~262.

Schindler, DW. and EJ. Fee. 1974. Experimental lakes area: Whole-
lake experiments in eutrophication. J. Fish. Res. Board Can,, 31,
937~953.

Schultz, D.A,, RL. Raschke and R. Jones. 1994. A shortened algal
growth potential test. Environmental Monitoring and Assess-
ment, 32, 201~205.

Shiroyama, T, W.E. Miller and J.C. Greene. 1971. The effects of
nitrogen and phosphorus on the growth of Selenastrum
capricornutum Printz. In Biostimulation Nutrient Assessment
Workshop, EPA 606/3075-034, U.S. Environmental Protection
Agency, Corvallis, pp. 132~142.

Solorzano, L. 1969. Determination of ammonia in natural waters by
the phenolhypochlorite method. Limnol. Oceanogr., 14, 799~801.

Sridharan, N. and G.F. Lee. 1977. Algal nutrient limitation in Lake
Ontario and tributary waters. Water Res., 11, 849~858.

Stein, JR. 1973. Handbook of Phycological Methods-19: Division
rates. Cambridge University Press, pp. 289~311.

Sterner, RW. 1989. Resource competition during seasonal succession
toward dominance by cyanobacteria. Ecology, 70, 229~245.
Takahashi, M. and N. Fukazawa. 1982. A mechanism of ‘red-tide’
formation. II. Effect of selective nutrient stimulation on the
growth of different phytoplankton species in natural water. Mar.

Biol,, 70, 267~273.

Taylor, MF.,, W.J. Clark and L. Ho. 1990. Nutrient availability and
the algal growth potential (AGP) in a small microcosm. Water
Res., 24, 529~532.

Thingstad, TF., EF. Skojldal and RA. Bohne. 1993. Phosphorus
cycling and algal-bacterial competition in Sandsfjord, western
Norway. Mar. Ecol. Prog. Ser., 99, 239~259.

Tranter, D.J. and B.S. Newell. 1963. Enrichment experiments in the
Indian Ocean. Deep-Sea Res., 10, 1~9.

Yamochi, S. 1984. Nutrient factors involved in controlling the growth
of red tide flagellates Prorocentrum micans, Eutreptiella sp. and
Chattonella mirina in Osaka Bay. Bull. Plankton Soc. Japan, 31,
97~106 (in Japanese).

Yang, D.B. and G.H. Hong 1982 Nutrients and chlorophyll «
variation at a fixed station during the red tides in the Jinhae
Bay. J. Oceanol. Soc. Korea, 17, 19~26.

Yentsch, CM,, CS. Yentsch and LR. Strube. 1977. Variations in
ammonium enhancement, an indication of nitrogen deficiency in
New England coastal phytoplankton populations. J. Mar. Res,
35, 537~555.

FALY - WIE THAEEY. 1995. 3712, 565pp.

20019 4¥ 189 A+
20019 9Y 49 #9



