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AETFIEL Y 12F BAS] 50% oVEE B35, X T @i 3|9k goge] 7|28 o)F = Y AET0)
o} a2y 33 2R19] WM3lE 5 /3l Fo] tiF T4 Az Bt S Qe ¥, 4] T3, A
27 918 5 A% BAE 23t webA ofd 87 A f3A AxFo) U EE A=A E FHd
olF dI5dh= AL ool TR fEluet 379 AsiE Hasep] H3 vy T3t 2 A& HGERS
et Shadshd A2 S50 2717 $3 € dlolE F, 2000-20241d 253710 A5 E E431, S5 it
oA F2 {348 Fx 4 T dFE LA dAUFES EAe AT 2, A 2597 e sl el
Margalefidinium polykrikoides (= Cochlodinium polykrikoides)ll 213+ 237} 7173 @o] A4 (4353])5}31 0.1, o] Fojl
o3 Az 89 A A ellA 7HE Bo] BT Ao 2 e FT). T, M. polykrikoides) MAT7E 71 # 3k
20019, 2015\, 2013'd 899 FYAF £0E BN T 29}, B39 NP H|= 48 U]tk A5 NP H|= 3.8 |TIe R
o9 2 HlE-E Bl or, SEue} oS oA NiP ¥I7} R& W M. polykrikoidesell )3 TR A3} HAyst
Aok AMLE AEA 78381t =3 A ) AZ-ES 5 ARI7T 00l 7S F27 o Bo] 2K 3
g AF 02 s B A7 A= At ndE A0 595 8400 M pobkrikoides®) IR &
27t AFFH o2 DA & RAFY, o)t Y9 FE9) v B B Az Az MAE = Fe 2
A 2UE AAIRITE S AZ0 B3] 2TV 5 AL ARSF M pobkrikoidesl 23 tlFE Az
7h AEE BT tEbA 85 o5 d9 9 A% QA st ASA 0 Sk, A £30 ANE L A
2] Bt¥o] A3k B9, M pobykrikoides AZ7} B% WSk 431 7Fs/9& BT, ool whet 94 &
= A3} 9 u)ET Hx B ozt 21539 BUE R oS xRt oled AL FF Hx ofF 2E9
55 Fola, A t§ AE FHsH vl T8 SHEA, ALE A 7ikg viAE o J|diEc).

Abstract — Phytoplankton contribute more than 50% of marine primary production and form the foundation of
global carbon cycling and marine food webs. However, when certain harmful species proliferate massively under
changing environmental conditions, red tides occur, causing serious problems such as disruption of marine ecosys-
tems, damage to fisheries, and risks to human health. Therefore, identifying the environmental conditions under
which harmful algal species form large-scale blooms, and predicting their occurrence, is crucial to minimizing the
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impacts on fisheries-dependent communities in Korea. This study analyzed the bloom mechanisms of major harm-
ful algal species in the southem coastal waters of Korea using 25 years (2000-2024) of long-term data accumu-
lated from the Marine Environment Monitoring Network and the harmful algal bloom (HAB) alert system of the
National Institute of Fisheries Science, Korea. The results showed that Margalefidinium polykrikoides (= Cochlod-
inium polykrikoides) was the most frequent bloom-forming species, with 435 recorded events over the past 25
years, and that its blooms occurred most frequently in August in the Yeosu region. Nutrient conditions during the
peak bloom years of 2001, 2015, and 2013 revealed extremely low N:P ratios, with surface values below 4.8 and
bottom values below 3.8, indicating that large-scale M. polykrikoides blooms were associated with low N:P envi-
ronments. In addition, we newly confirmed that the closer the nitrate concentration difference between surface and
bottom waters approached zero, the more frequently blooms occurred. Furthermore, the results demonstrated that
large-scale blooms of M. polykrikoides were concentrated under nitrogen-depleted and silicate-rich conditions, sug-
gesting that the combined variation in nutrient concentrations and stoichiometric ratios (N:P:Si) acts as a key regu-
latory driver of bloom development. It was also revealed that large-scale red tides caused by M. polykrikoides
occur more frequently as the difference in dissolved inorganic phosphate concentration between the bottom and
surface layers increases. This implies that if bottom-water phosphate concentrations continue to rise and the imbal-
ance of nitrate and silicate between surface and bottom waters intensifies, the frequency and magnitude of M.
polykrikoides blooms in the Yeosu coastal region are likely to increase. These results indicate a potential causal
link between changes in nutrient structure and bloom formation, highlighting the importance of continuous and
integrated monitoring of nutrient concentrations and ratios to better predict bloom dynamics. These findings pro-
vide novel evidence of the key environmental conditions driving M. polykrikoides blooms, and are expected to
enhance the accuracy of future bloom prediction models while establishing an essential academic and societal basis
for effective management strategies.

Keywords: Cochlodinium polykrikoides(Z. 22 & 2] 3] 7] §|2), Red tide(Z] &), Marine ecosystem
(3N A8 ElA]), Nutrients(F5F% ), N:P ratio(d 221 H])
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& 73 Qlo], TUE VX A ofF oplulel] £0] 3F 7]

218 EFIELS Yol 50% o)) 224 121 A o]
T ollsieia F4 9 Akk FEE B35 AT AHAY 4
o=, diok Ho|1E89] 7128} @AeE T4 YIchBaumert
and Petzoldt[2008]; Falkowski er al.[1998]; Field et al[1998]).
2BEZHTEL 137 (diatoms), LFHE F(dinoflagellates), ‘HAIRTF
FH{(cyanobacteria) 5 TIF8H B-RT-0 2 FAJEl0] glom, 7} -2 3
& AJeiAlelA ekt 98-S F@F3itH Anderson ef al[2021]; Sun
et al[2022]). SHA|EE 0]50] YU, 72, B, T M= T &
7 AztE Qs i B Y- A F(red tide) = F3Y 27
tii/d (harmful algal bloom, HAB)®] 2A5H, sfiokd = di =
AL Sk ElA B, o 2 QA A7 BPH FIS 2 g
THAnderson et al[2012]; Rolton et al.[2022]).

AZE oY L %2 A, AFEEA, A D7l A4S 4
e ek 224 Y 84 BA= 9893 glod, A AlAl
o2 FAME) it wAL, Ak: 1, nAE 9 B4 v
& 27}, AF50U wiREA 5 Al A7l gig FEE 98 o
3, 9 A 9158 R23TH Berdalet ef al.[2015]; Hoagland
and Scatasta[2006]; Lenzen and Murray[2021]). Margalefidinium
polykrikoides(= Cochlodinium polykrikoidesy= <t} 3 <t} 3
o wiwisH Rl A2E dorle UEd sHRRe, =, g
gl olglFt, 35 5 A Al T2 el viEFgo 2 giifr &
ZE Y2 A ItHLopez-Cortes et al[2019]; Griffith ef al[2019];
Park et al[2019]). ©] &2 A M(mucusyS 18l & AL

< Asish @Ak Ul A #HALE R 23ch(Dorantes-Aranda
et al.[2010]; de Silva and Gobler.[2023]; Kim et al.[2000]).

&= FaliQtoll A M polykrikoides= AT 3001 JdzF AF
10~3071 Wi]9] Az 2SS 715381 53] Falit ojF o =
AR 71 2 Q9% 2 2 FIITK(Shin et al.[2021]). 19954 H3)
Qe = Al 30,000 cells'mLe] M. pobykrikoides bloom®] 46
oA} A &EEA kAl o]F9] 10% o)Ate] HARIY AL, o2 Q1F
ZAAE &4 <F 6,0005F 2ol SRTH(Park ef al.[2013]). =37
1991~20124 3 Fio] o 19] 2,1009 Zeid] o]=0, =
2 z9} o]y Fal= ik THoE PSS v Al
Th(Park et al[2013]). ©1A ™ M. polykrikoides= FYL FO2 =
9] s AlL) oldoll 718 B2 HalE sk F 5 shd
o, iy Ax A o5 4 AAYUF 7E2 3% 83 2 oY
el 718 23t deke = QIAE 31 QIcK(Griffith e al[2023];
Hofmann et al.[2021]).

M pobykrikoides= N, P, Si & 9U¥H] =71 F& A
% Z AEE, 220] 15~30T, FH-0] 20~36 psud W thF 5
2)&}= 7 &o) Qth(Hofmann ef al.[2021]; Kim et al[2004]). &
& &394 % (mixotrophy)s E-8319 24 EFIE, vheg]ol,
A719%4 T U 7] 9AE AAE T e, 457 3
)5 (diel vertical migration)S -3l W} Fokio] 7 HA
=202 o= }H(Clayton et al.[2024]; Lim et al.[2022]). 3] &
F7] F30)% WFelA wiel Bt 2L 73] 57 4 /7] 9%
AL o83k, Fhells EFel S 738 AUA]e} 4



252

NS 84 0= HBSHHClayton ef al[2024]; Lim et al[2022]).
oleigt AelE| ety 902 Q3 M pobkrikoides?} THA3E 3
% BN H=E A5t mEA FatE, vEEQl Fs) 7t
AR S glom g Ax fAUFS] ofsliel #2)7t vy A48t

A7 S QT 52, G, T AL 9 A F 33 o9 F=x
A A7), B 2 A 23S 2ol o), AA @3 7
dlolEjelA ALM), QUP), TF&S)HS] AhE BI(N:P:Si)2} F3-
Az THl 5 AR 1l0] Hz @A = F3e AL
A 9k tH Carney-Almeida ef al.[2024]; Kim ef al[2023]; Park
et al.[2019]; Pérez-Vega et al.[2025]). WP & A74= 200033
B 20243714 25371 o= QAgkell] 8o RE A7) B =+
B2 7MEoR, 1% 9 AFC] 33 2909 M. polykrikoides 7\ A
4= 7] AAPAE 45 53] 999 =R ojEE NP
2 NPSi 183} 38 9994 X 2018 A o2 Az
A wiAYF] digh NE2E T2 AlFstast sk £ A7
A= ¥ Fx A5 2d a9 oS Ak e 7]
g 5= Q)& Aoz 7|gdc)

2. K= 3 2

2.1 Xz 27

B o of|x = 200035 E 202437HA) 2] S 4akaakel o A
AlFe= A% £1 A (https://www.nifs.go k)2 S A T o
9] sk 54% 2 A& (https://www.meis.gokn)E 835151
ok A FPFAEAL] A £1 A5 E 200095FF 20243
7HA19) 73] AA F3s1e, A R3E BE X Fo 0l
55 AYsligit o) vl ez AT 77 B9k S gl 7}
Z s AxE 4o FL AFsslon, dd £ J=7t
7¥8 A5 283 A ut A)71E wa #4498 B3l =ES0ic

o)lF HUYFAREZHY AR F, AFE F2 A QY A7 E
dEE & e AL S48 T, CK2401, CK2402 FHE ol
TE HZ A0 FE o 71 AAsH d8sEs JHeE A

A7 - 838

AT CR2401= 551 34°%4126", 573 127°50'42"°] 2 CK2402=
9] 34°37'12", 57 127°4825"0], T A A 2000~2024'3
3¢ 8ol Y 72 4 $F ARE A7 e E E8319
}(Fig. 1).

48 4 2918 F2, d¥, DO, 9% (ammonium, NH,;
nitrite, NO,; nitrate, NO,; dissolved inorganic nitrogen, DIN; total
nitrogen, TN; dissolved inorganic phosphorus, DIP; total phosphorus,
TP; silicate, Si0,), SS(suspended solid), Chl-a(chlorophyll-a), F3 %
5oz, E3H AF ARE BT T8I AF tolEE A
g o 258 H HY 1 m o|ig £F &5 5ot 7 52
CK24017} CK2402 F 2] HH gk AEste] 3z 2 299
gFEo 2 ANl en, 87 291 HlolEE pM 992 daks)
of ¥43I5i 3 AT 1 Alo)E AEdt 7] FE AlE
AliFsleitt. DINS NH,, NO,, NO,2] #0.2 AAtsly o, Dipg}
THAEE 7247} POS) Si0, O ZHE kISt olE ulge R
DIN:PO, H](N:P) 3 DIN:SiO, BI(N:Si)E AlAtelsitt.

22 A 4

AR A $74.8%19] 714 WslE Ry H8 g
AP ARNL 8909, M polykrikoides H) 7| A<} &
ZA2] 7] A= Hol& AFEN & T A=A A
FIFEL p=0.052 BAsGT. F713e 2, Axd W 2149
#3292 zolE HAS7] A8 AR EAHEA (one-way
analysis of variance)S 483151 o1}, A 2 SEAMI 7o)
FE5EA) gol B2 23?0 Kruskal-Wallis tests AR5t Heh
A& s

54 ¥4 & R Studio(Version 4.5.1)°1 4 <=383}%.©.5, Microsoft
Excel2 A5 #2], 71x $A Ality} Hx8 A)Ztsle] 4515t
JYPZE A FAE el A 34, 2 4o o)
AAFE VeplE gz, 32030 #AIE Y= At
A= 3o

Fig. 1. Monitoring stations of the Marine Environmental Monitoring Network operated by Korea Marine Environment Management Cor-

poration (KOEM) in the Yeosu coastal area.
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3. 409 nE

3.1 HMZE9| T W HEn Z2X X

2000~2024'd 7] Aw ¥4 23}, A2E 71 AisH 4o
7 T2 M. polykrikoides=. % 4358] Y513 2.1, Heterosigma
akashiwo(823)), Ceratium furca(653]), Akashiwo sanguinea(533])%.
o YEHOF F& FXE BHIUH(Fig. 2a). 53| M polykrikoides
o] WA 3= F HAZ W7} 52 Heterosigma akashiwo T
8] of 58} o} ok, & Fol T At Hxe] T AAFUS
B1gt &= I3l ol2i gk ke 1990 ) o) F ) siHell A M
polykrikoides7} 718 9732 HAZF o= Ae] FAUSS Bag
71&E A7¢} B3THLee et al.[2013]; Lim et al.[2020]).

M. pobikrikoides A3 7/FAEolA 1,2253]2 71 o] 2
st ed, AebdeellA 7178, BAR A= 988] LAY
ChFig 2b). =3 o5 Aol 3243] 2 B XY F Hrh 2B S
715313 01, $9(2913)), 11:52248)), AAE(1938]) o= FE
HEE YeplthFig 2¢). ol @3 79 38 57 44E F
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Ao 7 Az} e A, o, B9, F3ll LdielA
HIEZAR] Ot R 28E R ogt 7|E AFENE 4¥d AR R
S THGyoon et al [2001]; Yang et al[2024]).

3.2 8# M. polykrikoides ZNZ= 'SA U401 Z|CY T{x||Z5=2]
Qi W3]

Azx7} 71 Bo] 2T 88 3 Bt A A G M
pobkrikoides 227} #5E U5 A=EE FAIRE 23}, 201539
2142 A 71 F AR 2 713E 71538150 0KFig. 3a). 2012
| 20139905 18U 27} H|n3 A7|RE AEEHT ¥,
2005, 2008, 2009'd, 2010, 2011, 20179, 20201, 2023
Wolli= 8¢ F Az wjo] A3 B ¢igkon, 2001, 20024,
2003\, 2004, 2006, 2007, 2021901 = 199 2AQF o2
HIEc

899 A= Holf 7iAlE w1t 2, 200130 9,500 cells/mL
2 7H & 3& 7153813 tiFig. 3b). 2 §1 = 2013'd(4,441
cells/mL), 2015'3 (4,434 cells/mL), 2000'3(2,254 cells/mL) <°]
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Fig. 2. (a) Number of red tide occurrences by causative species in Korean coastal waters. (b) Number of red tide events by province. (c)

Number of red tide events by region.
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Fig. 3. Interannual variation of red-tide occurrences by Margalefidinium polykrikoides in August in waters off Yeosu (a) Number of days
in August with observed red tide occurrences. (b) Maximum cell density (cells/mL) recorded in August. (¢) Correlation between the number
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qith. i RE o] &%(2002~2011, 2014, 2017, 2018, 2020, 2021,
2023, 2024014 FHoll 71371 1,000 cellsimL ©]3kE =3kt

Az W A58 HAd) ARG 7 3FEEE 3 Eo, 99
3t ¥ AdHEA} ER1E1RTH1=0.45, p=0.023)(Fig. 3c). °l= &
Z9] 7137 A F71e A8 F ASS AN, 3718
9l 2@ Ty} 1T whgo g o)ojd & gtk AAANE Bl
. olg3t A= A9 A& AR} et YRS A
th= 712 A7 U2)FHLee[2008]; Lee et al[2023]). 2001
ol Az we] 1UZ 71SHJALL, 7H 22 AAG-E R,
ol BA I 270] ARMFCIRA, IAE 7 2 AAM A
ETo) 23t AE3E Ao] 29lo] AL & 7sAdE HoFETh
(Kim et al.[2010]; Lee[2006]). &, 23] 24 U= w32 A&

a 4o b 0.8
.
< a0 r=-0.38, p=0.065 _ 08 L]
= g .
=z L] =
E 20 2 04
o
\E - @ 2 4
a 1.0 é 0.2
b L]
-3 il T e . 5] ssee
2000 2004 2008 2012 2016 2020 2024 2000 2004 2008
Year
d 10 4
e r=-0.54, p=0.0074
8 4
I,
= 63 .
[ .
§ 4 s ® .
i =
3 5] L ]
- o *0 “o0 0
0 do—r . . . - .
2000 2004 2008 2012 2016 2020 2024

Year

A7 - 838

7Fs/d & Mtgshe A EoAN, Y TRolH 72 T2 o
2110 w2} AA Hdf AAlre= 22k 5 o

33 1N GYH sk HEle X SEXL FA|

2000~20243 F3F AIFA]9 0] 88 EF JUH FE W E &
A5 A3}, DN 5= Aol ulzt -f2o)u|st Hao] glolovkr=-038,
p =0.065), DIP, NH,, TN, TP T+ 9= w2} F-2J5HA 244
19 THDIP: r=-0.54, p=0.0057; NH,: r=-0.54, p=0.0056; TN:
r=-0.54, p=0.0074; TP: r=-0.51, p=0.014)(Fig. 4). ] = 37|
Ho g FZFo|A o] & 7k Feho] At ZEHT a2 Al
ApetH, 53] AFE EFoA FUE ATe] H3EHT U5S B
ojZ&t} ¥hE| DIN, DIP, NH,, TN, TP9) A& 5% 2= 1

C s
1=-0.54, p=0.0057
4 L]
s
= 38
4
O e
. 3 1 LT
® . » e o
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Fig. 4. Temporal trends in surface nutrient concentrations in August from 2000 to 2024. (a) dissolved inorganic nitrogen (DIN), (b) dissolved
inorganic phosphorus (DIP), (¢) ammonium (NH,), (d) total nitrogen (TN), and (e) total phosphorus (TP).
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dissolved inorganic phosphorus (DIP), (¢) ammonium (NH,), (d) total nitrogen (TN), and (e) total phosphorus (TP).
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T FYu3t F7F 43S JERNTHDIN: r=0.42, p = 0.038; DIP:
r=067, p=0.00023; NH,: r=0.55, p=0.0041; TN: r=051, p=0.013;
TP: r=10.56, p=0.0057)(Fig. 5). 53] A7t W3}e] w}e} o= 3
49 DIPY AFI EF IHFE A7l FA TRk 2s 37
& = SISATh(Fig. 5b, Se). ©]2T AL 715 o] whE Sk 4
= 723, 3 2 fridell e &3 Ak §-993) 01F-] A7)
7 gA3te} 2L 583 2419 &) 4% B rHAnderson et
al[2002]; Heisler ef al.[2008]; Lee[2006]). E3F, 20001 o) o] F
233l AtelA FAF A AL &F, TodTstEEAl
(TPLMS; Total Pollution Load Management System) =], H] 3
2334 #) 723], 5HE vIE AR A T 94 AT =
A7} EF0 20 GRS FdHE ATNA, 99 = A 7
&ol 71993 R0 2 BRI tHChang ef al.[2012]; Park et al.
[2018]).

3.4 EZ 2203 JiHIs Zie] 2|

34.1 M. polykrikoides 7WAI5=2} N:P B N:Si H]-&2] ¥

B AT M pobkrikoides’t 57 FU¥AT ol A5
7t ol RIS EE] H8l, 8¥ o5 el NP &
N:Si B&<l| W M. pobkrikoides®] D=5 ¥-43193ct. A7 2},

O
—
=
o
S
S

L
r=-0.28, p=0.18

8,000
6,000

4,000

Abundance (cells/mL)

2,000

0 5 10 15 20 25
Surface N:P ratio

M polykrikoides 217} S+ NP H] 87304 & U= 24
SHe %S B9t £ NP ¥l 16 9991 3304 7lAl5=7
FoH, NP 0|7} Reds5 /A5t 7181 chFig. 6a). A
% N:P BloM = FU3 F o] YERton, 16 1|3k F3lellA 7]
A7 FE-AA F7FethFig. 6b). 53], A 2593 M.
pobikrikoides®) NAF7} 718 =9k4 2001, 20154, 201332
£33 N:P H= 4.8 7|9k A3 NP H|= 3.8 #|wle] i}, o=
N:P 8|7} 10 ©]5+2 wlell M. polykrikoides?} F2 &3 TH=
ol A+ Al Y| K Tomas and Smayda[2008]). 2001,
20154, 20139 2] DIN 55 ¥3Zo14 242} 05, 0.1, 0.03 uM,
Az 22} 0.7, 0.1, 02 pMZ, 1= M. polykrikoides7} A4
317 B3 O TR o 2 F-&5ta A4S fEschs A
A& oJu)FcHKwon ef al[2014]).

N:P:Si H]-&-8 £43 A3}, 1,000cells/mL ©]/32] U= A3
M. polykrikoides A3 & NAF7} 71 A4 YebE 20154,
20133, 2012 30= E59 AF BEF No) 14= 1 Szl 353
Ao ER A2t LASISIchFig. 7). £52) 2% NP H|7}
7.9 v]ek, N:Si 1|7} 0.04 R[RIR1 #3004, A5€] 73-9-oll= NP v]7}
3.87]4k, N:Si ¥]7} 0.02 =|9ke1 3Z70M M. polykrikoides®)
AAG7E obRet. E3, E3f v]d)| AFo] o At 83 =

b 10,000 o ;

5
E 8,000

)

8 6,000

]

S 4,000

h=1

5 2000

2 ]

0 5 10 15 20 25
Bottom N:P ratio

Fig. 6. Correlations between M. polykrikoides maximum cell abundance and the N:P ratio. (a) surface, (b) bottom.
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Zellq s FZ7} Lot o EFHL} AFeAe] Fored
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(Baek et al.[2020]; Kwon ef al[2019]).

dubE 0 F Si0,7} -3 FA oAM= TFEF-(diatoms)o} 2
OE A 5ZPTEC] 381 M. pobkrikoides®] 373-& AT
ZF ATHLim et al[2014]; Takano and Hino[1996]). 181} & ¢
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pobykrikodies= Z37AA7} 2& S04 995 s, 1L E F
ZE Y & Aot =3 AL 3zo) Fukg A 7275 A4
Zo] AIF=HM M pobirikoides?} 733 415 23k} o=
M. polykrikoides7} A9} & B Fio] F=53 S M=
EHI%E Bl AEE AT 7 A AARITHHofmann et
al[2021]). =3 th§-29] 2184 ERTES Ao AR EH

& 57] Axel JESFAN M. polykrikoides= F7) Aa ok
ofe} okt 7] AAAE F8H 0T 0|83l JPRe| ¥=F
3 FAAME FE S AE S 7FXITHAl-Has ef al.[2022];
Lee[2008]). o123+ 2] &] A& B3 M polykrikoides= Ak
o] 1zE Ao JiF o 2 AEET F4] AAHE
FAE & Y AL= APt

34.2 M. polykrikoides 7WAI5=€} DIP 5%9] @7

M. polykrikoides 212=2] NAITS $4291 7+ AABAE B4
3 27, DIPE A9 % O T3 2= Fvs #AIE &
Q18FA] #5193 tHunpublished data). % DIP 55= 7HA2
oJu) gt &2 AATAE 2.3 2 7(r=0.43, p=0.031), DIP F=7}
B2 E S ZTEIStHEg. 8). ¥hde] 2 DIP 552 A
215+ -2, 9%, DO, COD, NH,, NO,, NO,, DIN, TN, TP, SiO,,
SS, Chl-g, FHE 5 U2 $42052 59 A% 25 A
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Fig. 8. Correlations between M. polykrikoides maximum cell den-
sity and surface dissolved inorganic phosphorus (DIP) concentra-
tion.

o} fren) gt ARIAIE HolA] 2stth(p>0.05). ©J2i3 A= M
pobkrikoides®] 7378l 31°] o] FTLF AT 29U F I&S
AAFSCH Tomas and Smayda[2008]). 53], 247} 7129 31730
Me Aoz FH3 Qo) M polykrikoides] 73-& FZ8H=
aAAHQ] 29lo] & 4= 3Jth(Rhee[1978]; Yuan et al. [2024]).

343 M. pobkrikoides WA} EE T2 EA] B

A B3 7 99 5 2AE B4 23, NH,, NO,, NO;,
DIN, TN, DIP, TP9] 5% 27} 00l 7255 2 =7} o) ¥
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Ao, JMAIF7} 7P E9E 2001, 20154, 20139, 200039
DIN 5% 2}= 242} 245, 46, 19.5, -20.7ug/L, NO, 55 2=
18.7, 0.8, 6.1, 15.8ug/L3AtHFig. 9). 71&2] ATEL %5 453}
7} 78 W M. polykrikoides’t 152 F¥HS F8ta 39
& o] g3l WAt 3 olF THE B8] M B
35 A tHClayton et al[2024]; Lim et al.[2002]; Park et al.[2001]).
2 2 A7) B4 Fil= DIN, NOS T3 o) w33
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Fig. 9. Relationship between nutrient gradients and M. polykrikoides abundance. (a) Bottom—surface DIN difference, (b) Bottom—surface
NO, difference. Shaded areas indicate the range of nutrient differences during the Top 3 years of highest cell abundance.
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