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B = @9 9 ) AEERIE TR RIS k] 3 2021d 48 157 AR 53} G4 o Y
T(CML)YE 3o s AR2ALE AT 23, & 23lle i 195 54 2A 077} A eeigia, 4%
oA T A{FAUT7 BREGAE, AQ BA Q) 5 diFAUTE A A9t G54 o FEE 020-2.53 pgl’
2ol A 0.86+0.58 pgL "2 H3}ate], Aol A 1.0 pgl! oA} Ekar, ZAAlmRdFlA 0.5 ug L o|8h= Wk}, 4
EEFIE FT 22 435 4502 T1EF7) 68.4%, SFARZERY) 28.4%, 181 AR EER 2 §2EUz77)
7} 1.6%= Bt} F5 FEF 1.4-150.8 cells mL" oA 41.1+£57.1 cells mL'E, AH7F0l4 100 cells mL™ ] 3%
L, 2R oA] 5-20 cells mL* ©]3F2 @ght}, 28]1 %352] Ak AA U Y5 gjodox] f718 AhAo] &
TEE AT EF 10% o) 8 &2 $8F-E Pseudo-nitzschia delicatissima, Leptocylindrus danicus, Chaetoceros
socialis X Nitzschia sp./small size 0™, CMLZ L. danicus’} $73& 54.6%% H$HF, Karenia sp. cf. mikimotoi
7HAE 129%E AHSISTH ATEY 2 FAE BH0A B g3l AEEREE AL Aol TRt
o] FAIT, Z2AlopdFoA @R B o7 o] o ue} BA-E Dl A ow e

Abstract — We conducted a survey to analyze the water masses and spatial distributions of phytoplankton at 15 sta-
tions on the surface and chlorophyll maximum layers (CML) in the South Sea of Korea from April 26 to 28, 2021.
As aresult, the water mass was dominated by the Tsushima Warm Current (TWC), which is high salinity, and Korean
Coastal Waters (KCW) with relatively low salinity were observed, but not observed Chinese Coastal Waters (CCW) with
lower salinity. Chlorophyll a concentration of 0.86+0.58 pg L™ in the range of 0.20-2.53 pgL™', which was higher
than 1.0 pgL™" in KCW and lower than 0.5 pg L' in the TWC. The species composition of the phytoplankton com-
munity was 74 species in 43 genera, with 68.4% of diatoms, 28.4% of dinoflagellates, and 1.6% of silicoflagellates and
euglenoids, respectively. The phytoplankton standing crop in the surface was changed to 41.1+57.1 cells mL™ in the
range of 1.4-150.8 cells mL', which was higher than 100 cells mL™" in the coastal waters, and decreased to less than
5-20 cells mL™! in the TWC. In addition, organic mucilage was observed on the coastal front in surface. The dominant
species with dominance more than 10% on the surface, followed by Pseudo-nitzschia delicatissima, Leptocylindrus
danicus, Chaetoceros socialis, and Nitzschia sp./small size, but in CML, L. danicus was the first dominant species with
dominance of 54.6% and Karenia sp. cf. mikimotoi was second dominant species with dominance of 12.9%. According to
the correlation analysis and principal component analysis (PCA), the phytoplankton community showed high com-
munity diversity in coastal waters, but showed low characteristics in the TWC. It was interpreted that the character-
istics were different according to the influence of the water masses.

Keywords: Water masses(5~3]), Phytoplankton community(%] &2 %3 E T7), Korean Coastal Waters (KCW

§=7 31/ %1 2k<F), Tsushima Warm Current (TWC, 22| P}h), chlorophyll maximum layer (CML, 952 a
# 9%, organic mucilage(-+71& 3 42), diversity (C1%94)
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HEETHIEL TNYEEE Fl "dAE 8 &
Q= FIA AERA, AFYEAL] ABELE FA AF1E ollv
A FFAE YolakEe Z7to] Hr(Parsons ef al.[1984]). T3
Ut FFO R Yl U= FIUs EAS AH 0|8+
e, GRS 2HEARA A7) 7]1583) U il T3
%8H(Yoder and Kennelly[2003]; Behrenfeld et al[ 2009]) &
TR 2] WS 2= 7R AAEA F240] 30
(Ryther, 1969). “121\H A EEHTE TR &5 50| gAY, viekst
7o) 3= el %t 58 XS M Hol, 2, g,
FIHEF T 258 FE A 1 Hg =l w9
¥ 54& 2257 |ch(Parsons ef al.[1984]). ©]H o2 &
ke NZAPARR A EEFTE T4 WEL UL olas
3, FHES] FATE Y0 aiksES Bkt $83
QA=A 8451 tH(Yoon[2011]; Yoon et al.[2020]).

g ol TEAIQET AR 2ApER] 9 EE, 5T
EAMTF (AT E457)0] FFE 738 HKim and Rho[1994];
Lie and Cho[2006]). 53] o~ 5719 Hdll= AL 2% s
3oz YEo] AFel EAsH= 38 AT H #7 9
& = 3 ASUS(LIim[1976]; Zhong ef al.[2018]), 12]
3 gk Y e WETHKim et al.[2005)). ©1F 5
QH5AUTE TFTIAE R 2A vt o3 dat 3=
7} 2pd=lo], 2A|npdse}l EfEtEA FHlE fYUE o i
Fa 220} S H S Tl Ui FE F-EEch(Fukudome et
al.[2010]). o]2|& o|fF-= F= F3le] AYFAEL olF ke
o] Al o o] ARH, 28 T UIBALTY 3
o2 vluA ¥ 712NEE FXEH Ho, A dhdl
AFAAE2] BATE =7 ErHRyther[1969]).

e = @eElE sk 55T B dge AAEY
23], A7} AR A e e, T s 14
o3 e o3 S fE A 5o FA% dIEA A}
wbgstaL it o2t o R sme] o] i BAY=} o5 (Uye[2008];
Xiao et al[2019]), 78] 3L FrA] e 2 258 3F9] FFol
AFE AR G974 FREHE S (Kim et al[2015]; Lee ef al.
[2017]), A ENA] R YL EFE Skt & FFE F
I 3ot

aej7]e) o] =R FEF B e & Y 4 A
ABES] o g3 B, a1 Y8 B Fol 3% 712A
B £3E 5302 A% RUHHE FP5= A7 ¥
o7 20214 & ¥= el ] 28 AEERIE T
o QETE S49S si4s71¢ B

2.1z H Gl

B ele) ) B9} NBEYAE THY FORES S
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7] 9130 20219 4€ 26414 449 28YU71R] 157) AR 257
Q=2 ¢ A5 (Chlorophyll Maximum Layer=-29k3 o] 3}
CMLE ¥7))& oz ZARISHFig. 1). A= Addisha
AFH MFNE(2,9968)F ol &ato], 73] 4o o ¥ 2,
@i 71e 7|z BAAE §ENA XIES 4EL2 a0 F
S Aule] A28 CTD (SBE 19, Sea-bird Electronic, USA) &
AN FFA AF7HA SN AEEFTE T Aok
S Al 8= 2ABE2](SBE 32, Sea-bird Electronic, USAYE ©]
£3le] B39 CMLAIA 34 1 LE Alesisich Al AlgE
oA HAF 5Tt 20%7) HESE FF §908 1A}, 3
B3 XS 8 AFEisint. 13 Algs APA Az
EehhE P 2AATE o8 4843F o AA|E] A5 AE AlA
she S WEsle] FFEE01 10 mL7t HES 1004 553}
St A7 1.0 mm 743 9] 712 8} AE A o] £0 A= A
(No. 5608-C, Rigosha, Japan)°l 5% A& 0.1 mLE AW I2A
= 91, v|EAAZXDICY7H F-2¢ 38 ] A (Eclipse 80i,
Nikon, Japan)®] 100~400X H}-&°x] <] T4+ AF5E 3310t
F T2 A EEHIE E7(Cupp[1943]; Hallegraeff ef al.[2010];
Omura ef a/[2012]) ¥ 7]E} &5 =255 o 83153, ERAlAdle
World Register of Marine Species(WoRMS, www.marinespecies.org)
£ 71202 A3t}

AEEFAE F Y AEF A= Primer program (Plymouth
Routines in Multivariate Ecological Research)S- ©]-8-3}o] &4
e AFH) 2 A AFD)E ok AR o2 ARtElsict
I3 87 5l AEEFE B AR FAZE 09 IBM SPSS
20,02 o843t Foj& AT B FAR B4 S 7 7|98
70%% 71E 2= AXSIATH Yoon ef al.[2020]).

@ % Y% A5 H' = -XPix In(Pi) (Shannon and Weaver[1963])

330

12757 128.5°E

Fig. 1. A map showing the sampling stations in the South Sea of
Korea.
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Pi: iIMA F°] FHE&
@ $A% A3 D = (Y1 + Y2)/Y(McNaughton[1968])

Y: F AT, Y13 Y2: R A9 F AR $AF AEs
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20219 4€ e £F 2L 13.9-19.9°C F Sl oA
16.5+2.3°CE T +ETHALE o]3} & T2o] -5 gJafelA
TS G U5 sijbd T A9 HyshA dlel d&EoE A
FEFF FolA], th=d] sdoA 15.0°C, A5 FH-1A 19.0°C
oo 2 Eolgtt T3 AlFE BE Foo AR YRS u
2} 16.0-18.0°C Al0]9] & 4°2 52| AAgt o] A= (Fig.
2A). CMLZ 13.9-19.2°C2] FHlelA 15.6+1.5°CE BEFHT} tha
wWoka, FHE 0 2 B39 fARH Al SRR 255 =
olAu}, B52 Ak AR ER1ER] Wskth(Fig. 2B). T3 £
9] AF] B-HoA ke 4L Hol:= Uy Agk AFe AR £3
o2 Feokxo] PAHX gkgkor}, F£A19) 7L AP o

Water Temperature (*C)
Surface
April 26-28,2021

30 m, 283 7L 60-80 m oA g Feokso] §
=%t 283 Sm 79X 2R L He] ot 2 oA
s #EEHSTKFig. 2C).

HaflollA AR A AAL FE ALX-AH A o
-G 2AupdF Ale]ollA FA =™ (Lim[1976]), A2l o
2 2419 917} A Hskshe Zo] LeiitH Yang[1994]). 12
I F 53 Aol 7Rt o] WEeth(Kondo[1985]). ©]
23t At AN Fa sk W QYT wish= EE 2
2] & AHAAAES] L3} 2px]e] F-0] Ag AAFE g5 Heol,
2 ALABES %—EM??}RI 3L 1| FTHKim ef al[2005]). 18]
oA BaEE L 93 @S 39U 2ApdRe 4
o2 Ago] AFHT} o e Wol A}H, G| A= AL
ookt o FAHAT, A5 T2 22k oldel, 281
TR B35 94959 oaaa;q A #FHE AL Busigict
(Kim and Yug[1983]; Kim[2020]).

He EFlA 32.75-34.64 psu HL1SIA 34.16+0.55 psu® 5
23} Ak, AAgkellA] 33.5 psu ©)3HR WSkAIRE W&o R A
P 718109, AT FHolA 34.5 psu ©)VFOF FolRTh 2
23 AF H3olA 33.0 psu 013H] ARG} P FUEE FY

Water temperature (C*) ( C )
14.0 15.0 16.0 17.0 18.0 19.0 20.0

Depth [m)

Fig. 2. Spatial distributions of water temperature at surface (A) and chlorophyll maximum layer (CML) (B) and its vertical profile at several

sampling stations (C).
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Fig. 3. Spatial distributions of salinity at surface (A) and CML (B) and its vertical profile at several sampling stations (C).
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5 31 tHFig. 3A). CMLS] EH-2 33.34-34.60 psu H$]olA]
34.24+0.34 psu® EFHT Tha ¥943, FHE 02 A4
34.0 psu °| 5= A)F Qo) AT B 2L FH HultielA
34.5 psu oo = Fch Ty @Ell FUN- diFE sge o
T2 34.0-34.5 psu] FY3IUTHFig. 3B). 1|1 FEE AF £
oA AlFE FH FAL 20 m £ AT FE G4 FAe)
TS, 60 m Tl ot PRS2 FAEIAH(Fig. 30).
w2 gelleld 9% 7 22 GRS UeRle], el A4, 9
o] 19 53& KoLK (Cho ef al[1995]), 23 22 F &
¥ Ale]e] AT FE THle BEEA @tk 81 20m F
Aolx] BFHh GEo] FE st 2AnpdRe] 1218 3
ol MZFoflA] A 02 A A FoldA HFTo} AR UES
7K st s] wiEelel & 5 AATH(Cho e al.[1995]).
el 2 B BFe AT 1 m P eE SHE 29
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.
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Fig. 4. Temperature-salinity diagram in the South Sea in April 2021.
(The numbers in the figure represent the sampling stations, and the
line represents the change of water temperature and salinity from
the surface to the bottom).
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QB A2 E o] gslo] AAHH TS diagramE AW H A, T3] F
He] =4 50 mET ¢ #%9] St 1, 2, 12-158) &/ AP
A-AFe] B9 Borh, 4 50 m o1 Al gjsl
2] R 12090 548 2ok 28y 9Jsg A
44 50-100 m *89]9] Stn 3, 4, 9-11 5 57] FAFLS A7
slade] £3d £ 545 YeEhIth(Fig. 4).

B 98 9 AdE AL-AQFE &7 dgadF
(Lim[1976])Z, 5341 100 m ¢} 23]e] 12 TFF+= F2A]
2 B AAMPERE Ao 5 2 Hur ef al.[1999]), ©]
T &3 Atole] EFEAS YehdE £85I #EHAY
(Kondo[1985]), 121} & E3lllA Gong et al.[1996]°] ]3| &
= ghFAEEE F2dhRs 31.0 psu ©131e] AGTE ERIEA] o
S¥tHFig. 4).

3.12 8414 E3s

S0 FITE B4 83.9-1102% S olA 99.8+6.7%%
oF FOE gk gEA AFE AP TR FAE Q)
Z #9, 223 AFE FE5-0] AAPdS Sl dA] E¥
o] FElZ 100% o132 BE3E e, =42] B2 A9
Aol 95% ol EX3E BT, 7]el FHAHQ AMdside]
A 95-100% ¥3FEIEA £ 4 §3-E JERIZITHFig. 5A).
CMLZ 93.9-109.3% B 9)elA] 99.6+4.20%% E53 FARIAT
(Fig. 5B). 18] 3L 4 FHA AL 23150 44 E¥=
HEZo|H CML7IA] AAFOF 95% ol4ke] ¥3} 9 ¥ 35S 1
o)Ak, CML B} 212 el M= oF 80%7H4] Ataxsi=r) 3
23151 chFig. 50).

FEAATE A3 Wghe 2 G el WE s
A2 48 5 E21AR QA BE AEEYIES AT 384
9 23 849 5 AEZE ] Y FE LA TH(Schurr and Ruchti
[1977]), A5 &Eo] ¢irhA 80% o|A4te] LIS AR 3}
(Wang et al.[2003]). 281u} 337t Dae ujgt 5l ke
T 1913 g5o] st sjdelMe 127 AMABEA] dF
- hypoxia (<2-3 mg L) 8 AAEH Y 1HJsE 23

Saturation of Dissolved Oxygen (%)
Surface
April 26-28,2021

CML
April 26-28,2021

Saturation of Dissolved Oxygen (%) | o

(C)

110 115

Saturation of Dissolved Oxygen (%)

5 80 85 a0 95 100 105
wa ks 3
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H s -
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B0p

Fig. 5. Spatial distributions of saturation of dissolved oxygen at surface (A) and CML (B) and its vertical profile at several sampling stations (C).
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Fig. 6. Spatial distributions of chlorophyll a concentration at surface (A) and CML (B) and its vertical profile at several sampling stations (C).

o] B EHE 83AA Al dFE FE Ao| LRt
(Shin et al.[2013]). T2} 489 3ol AAFH o= (3% 5
A 73S Jehiigion, Aes 9 HAE Fo] AR sd 5 24
EZHAE FP4 B0 DI XolN HX Exo) Hxs A
g5 e

32884 ¢« S

BEA g T E501A 0.20-2.53 pg L' HHolA 0.86+0.58
pgl'E oF 100 m $HALE FAE AE At S 7|Fe=w
AgrIGeA 1.0 pgl! ooz 34, i olA 0.5 gl ©)
8= W9kt 78] 3 A Qo] A A seoll A 2.5 pel!
o]4to 2 ¥ THFig. 6A). CMLL 1.03-3.90 pgl! H 94
1.87+0.76 pgL"'E HFHTE JF 2 o} £ FES B, ¥
PHoRE ¥5T g2/ &5 FAE AT Y 9 2AupdR
9] Stn 5614 3.0 pgL! oo E ¥& FE AV BAHZG 1
Y3 FAE A2 He Y 9 JH dRGEE)I AF 7
THE A4sH= dYgo] 1.5 ugl! oo R ¥4, o] F 599
ZHAA 1.5 pgl! ol8kR WSktHFig. 6B). 8 4S54 0 55
9] A7 E£XofA AR BN EL FH0] SVl A =
5= A23ARL e oF 3040 m FHOA oF 15 pgl! AF
o] TER G524 a FUFS 8ISt (Fig. 6C).

3ol 424 o 55 BEX=F o = Atufsr R F
= U5A%E, 283 AAvRdRo] g3 1A BEE 0] (Gong
et al.[1996]), VM 7] H EFH AN AF o= F3, 12
-1339) W19 542 vehlis AAuhdFoA] B2 Zlo] Yvty
o] th(Furuya et al[2003]; Guo et al.[2014]; Liu ef al[2016]; Yoon et
al[2020]). ©o]¥ o]i2 Fale] Ao wE 454 a FEE OIF
Fa19) Al-g2HA Mg oFdell AHlE]7] ol (Ichikawa and Beardsley
[2002]), ATHE L2 W Zo] & 54L& Bt} 783 e85
I CML, & HS4 a HEF0] A= 22 2504 I8
TR 50 B84 AR JARAY, AEEFTE T
2 5l g% Aoz LFIH(Gerla ef al.[2011]; Yoon[2013];
Baldry et al.[2020]).

33 AEEY3IE 2

331 F =4

20214 £ galjell] E8o] B AESFIEL 435 145
L2 AdEo R Iy, BRTS TEF7 295 51502
684%2] F Af&S, JHEXFIL 125 215 0= 28.4%, 1¥
I TFEEERR 2 f2EUET 4 15 150 74 1.6%S F
RS Bth $3EEE BF0] 39% 62F, CMLO] 41% 65
FO® CMLoA oAk B Fo] 83T £4 F59 3N
= %30 7, Stn 4] FEolA Stn 29] 28F WL 16.547.1
Zo) MiE o7 Aokale 4 AAnpdF GEES 78l W= St
6°lM 20 ol EEs, B3NS B YoM ARE A
9] Z45 MGl 105 ol3HE H3itHFig. 7A). CMLE ¥350]
A Stn 8, 9, 102] 7|4 St 62] 39F AL lA 17.6£10.65 2
2, B34 B F5E B ajbEd 2 2AnpdRe] St 6
A 205 ool 2R L, BFA 2ohd ENE EFe
A AEE A2 ;G 10-15 F FF, 181 AFE 559 W
3 FolA 10F ol5tE HERIRITHFig. 7B).

FlE X T8 B dgelA JEERIE R
TS F AL AdF o2 58X %H(Yoon et al.[2005],
[2007], [2020]), = TiFARMTE] &% F Fallol]l L vA=
F3) 3o uje} A|-F7HE WE Fo]  Zo] L H(Yoon et
al[2019]). 28v B3l B FETalelA AEEdaE 73S T
Ak BRTE 2Rl AEE Aeo] ARt ol KGuo et
al.[2014]; Yoon et al.[2019]), A8 WM& JHREF 5 2]
B4 925 23 552 Ais)E FtH(Yoon and Koh[1994];
Yoon et al.[2020]). & Yoon et al.[2020}& 915 AF G #1499
AEEFIE TAL Tshe BRI 2F7) 32.0%, o4
BZFH7} 63.0%, 181 7|E} ARZFI) 5.0%% TERED 4
B4 9ERF 240) 2] A= =4 YR A& B aslgich
a8y g AEEFIE TAY F 2L A7HGS W14,
39 g, AR F, 7R U T3 71F Tl gt Ale)
£ BolA FHKim ef al[2020]).
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Species number
Surface
April 26-28,2021

Species number
cML
April 26-28,2021

Fig. 7. Spatial distributions of phytoplankton species number at surface (A) and CML (B).

332 A%

HAEZHIE AFEFLS ¥F S 49 1.4 cells mL'e|A] St 3
2] 150.8 cells mL"! ®$]olA] 41.1£57.1 cells mL' HF Zo2 &
d FT7F 29k AokRellA 100 cells mL! o)A ® F3ka1, 2
AleRdF-2] Stn 6 20 cells mL™* oS Hou, Atz o= vk
o}k 28)1 38 971 Wd aENkE G ARER o]F
£ A FlA S cells mL! 0312 v R FEFS 1B
AtH(Fig. 8A). CML Stn 82] 1.7 cells mL'o)A] Stn 1] 730.4
cells mL™ ]l 859+183.7 cells mL' 2 EFR T} Ff 24l o] 4}
2 EEFE YT & F2% A2 Stn 191X &
Leptocylindrus danicus®| 23t S-9-1 92 500 cells mL™ ©]4F2
2 3%, A5 12 W 2APdRE] S 6 2elA 100 cells
mL? oS VRG] T8y 3 S8 FE B I3
o ARE 92 L AF FHelME 5 cells mL! o]5Fs YRy
o], IO E X APt & SAE ERINT ot el =
2 FEHFS HYE G AR 50 cells mL! ©]312 A o=s
WF9ItHFig. 8B). 18|11 55 ARl B o] A E] FAH
= @0l AlF AL EFsle] FEl Ulgk 2 Aol oAHA &

Cell density (cells mL')
Surface
April 26-28,2021

{ (A)

Cell density (cells mL’)
cmL

April 26-28,2021

Al A= 2021 B 23l 55 AR B AN 2
< 2o FAEC] AAENL, F-F AR B4 52 AAERA
gk, At Al sjels)R] g9t Fig. 8ColE ¥E3olA ole@
A Eo| WY AAE BN S Ao T, Ak AH Y AFHow
F2 AEEFIE AEHE UehiE 397 I8t
UnkA o 2 Folo] NEEHIE AFHL §HH9) S, 4
59 45, T2l #9e) 245 B 13 F Ot 9
XA 5ol g5 Drh(Parsons et al[1984]). ‘B39 U<
5 3 @ AUnR 94 T uiFEAkrel g8 FEEHE
B Ho] Avj(Kim and Rho[1994]; Kim et al[2005]; Lie and
Cho[2006]; Fukudome ef al.[2010]), 357 @A 819 8|30}
Qe FFHE Fio] & Ao2% U#ZTH(Yoon[2011]). ©]
et o= o] AEZYIE AFTHL2 A JHL ¥
3} Ak XM FAolA 3, WYY 5L Hol= RARPR
oA & 54 YER ™ (Yoon ef al[2003], [2005]; Guo et
al[2014]; Liu ef al[2016]), ¥ 'F3ll2] FEFE o]l YA3|= &
¥ P Uehigit), J8ln ¥58Y CMLY) w2 AEEH3
E AEFS UehiE ol 954 o w59 133 2 a9

Mucilage
Surface
April 26-28,2021

(C)

Fig. 8. Spatial distributions of phytoplankton standing crop at surface (A), CML (B), and organic mucilage (C).
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I FF ARAA gEEHE 24 A FAES AvF BFeN
ATEE FRA E2H|, F 53 W1 E 8H3AcH(Yoon,
unpublished data). ©] FAEL T AAIF o Z HPP3p} 13
B gkt dgeld BusE 4718 A9 UF (Mackenzie ef
al.[2002]; Danovaro ef al.[2009])0 2 BEE|Q1T, B FalolM =
ok AAE wa} FogF o2 Bwsigic), it o] 718 A
Nze] A 99 9 FEust T B BEsHA B 5 o
k.

333 $A8F

AEEZTE T $8F S AA 33 B 5% o1 AR
st Fo=2 A st h(Yoon et al, 2020). £FL 44T E
Pseudo-nitzschia delicatissima?} $-3%& 21.8%= -H351, 5
ATFZ L. danicus?t $788& 15.1%% A3} 7|6} F45F
Z Chaetoceros socialis 3 S23713 Nitzschia sp./small size7} Zt
SAE 11.5%8} 10.5%F BAaL, SHTHE Chaetoceros curvisetusSt
Skeletonema costatum-ls, 1211 $VH B 255 Scrippsiella trochoidea
7t $38E 5.0% AFE 931, Bl A ookt Fo] $RFeE

Table 1. Dominant species and dominance of phytoplankton community
in spring 2021

w Dominance (%)
Dominant species Surface CML
DIATOMS 93.5 85.2
Chaetoceros curvisetus 6.2 5.8
Chaetoceros socialis 11.5
Leptocylindrus danicus 15.1 54.6
Nitzschia sp./small size 10.5 e
Pseudo-nitzschia delicatissima 21.8
Skeletonema costatum-1s 3.5 54
PHYTOFLAGELLATES 6.5 14.8
Karenia sp. cf. mikimotoi 12.9
Scrippsiella trochoidea 45

Z£d5I3TK(Table 1). CMLE 57 €8] AolA & A&
S BAY L danicus’t $HE 54.6%% T35, F50
SHEA BN JHEZF Karenia sp. cf. mikimotoiZt $-73&
129%= AH-3F, a8 £35° $3 ST Ch. curvisetus,
Nitzschia sp./small size & S. costatum-Is 5°] $H& 50% A%
2 94313tk Table 1).

ERTYE $38L X5 #2771 AAZ R 80% °) e
HolAgt, W AEFE AW AlF FHelA 50~60%2) 9-74-&
< JehSltkFig. 9A). CMLS E32] gt Aol HAEAH
3og me} 5&e] A= F25771 80% o1 -3 sIAA g,
5] & ASFS AT S H-E AL 15 L 9
HEZRE THOE shs 48N HREFR 2% $38°] 60%
oldg Uehlle], sjde] W 57 $3 /el £d Ao
£ HehiZichFig. 9B).

#Z 50d gale) 928 T A EERIE TR ¥4
A7 1A BA AN 85 Hshe AEoE OiF Fel 43 F
o=, g3 E-olade F24 FolA otddl-ddY] F24
F2 Wi, dete] di%A HAA £ Skeletonema costatum-ls
Edo] Tash= AL Hasisich(iang ef al[2014]). = F5 o
FAM FAHE dEE A9 $AFTL el wet 2 F,
SPHE R HEF 5 g A9, 2ol 20% ol &S
ROl F& Prorocentrum dentatum, S. trochoidea, Nitzschia sp.
Pardlia sulcata, P. delicatissima, Thalassiosira sp. Synedra nitzschioides
f. nitzschioides (=Thalassionema nitzschioides), Donkinia recta, Diploneis
bombus 5-(Guo et al[2014])) 02 K11 Hc}, & B J3flo]l 4 &
3= Foll Sol8-E SR, BFolx] 973t Pn. delicatissimas=
A7 FF=(ASPYS AL, B TA 0= Aol 2|Y71A
FHAsH EEAA FollA 7171 &0 #GellA didAgol
o] A B HOrsini et al [2004]). CMLY| =33 & L.
danicus= A T2 02 3} ofFol] 974831 (Karthik ef al [2017]),
B4 A& 5Eo] gesle, 2 Al AEFoRT AF

Relative ratio of diatoms (%)} ~
Surface ;
April 26-28,2021

Relative ratio of diatoms (%) | ¢ e
CcML S o
April 26-28,2021

Fig. 9. Spatial distributions of the relative ratio of diatoms on the phytoplankton community at surface (A) and CML (B).
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=9 (Ajani et al[2021]), T Ao BEF o2 LA
(Yoon[2011]). EZ0lA 10% oV $ES B2 Ch. socialis= &
74 Fol A9k Sieracki er al[1998]), A T2 2 Z A2HCupp[1943])
gl 9]oke] 254 3 AMA (Booth ef al. [2002]) 0= @, 21
A= B el B =R A S8 AU Booth ef al[2002];
Degerlund and Eilertsen[2010])0]t}. 35 gk & ujgtellr] A4
2719 AL o] Fol T2 A =TH(Yoon[2011]). CMLAIA
10% ©)A4 98828 K2 Karenia cf. mikimotoi= X5 5315
ZAEE = AdellA 1980t = Az Ao = it H3)
E TPAIR] Folvk(Yoon[2010]), 21FgelM 4 8L Tk ©]
HA&o)A|gt, HAx771A] LA 76l deite EgAskIY. 1
23l L. danicus’t B5HETE CMLOA 52 S8 Hol= AL
ZA} o)A Bl $E3IAR FAITEe] 418 376l HolEe] I
78 cMLY AAEAE Ao F FAE U

3.3.4 BERF

AEEZIE TATE gl o= AHAF F, A= A
T B304 1.76-2.979] W HolA 2.36+0.400 = A3} AlF
TR0 2APdF 9 A% FAE AdelA 25 o]0 E =
7,2 8 F5 9 ASFE vEM AT Gl 3l
A 2.0 o]3}= FTHFig. 10A). CMLE 1.39-3.312] Sl A
2.2940.52% BF RO thh WA B0 FARE REE AF
TR 2A AR 9 2259 % AgkelA 25 oo s 5t
ARk, AT B aFukee] o) FYFeA 2.0 o3z *
THFig. 10B). $A % AT E3A 0.28-0.832] Hs]oA
0.57£0.172 ALY B AlF FEFlA 0.7 ooz 3k, A
B G35 o] A uphdiollA 05 o8k RtThFig. 10C). CML
0.29-0.962] HLolA 0.62+0.19% TYE Areh= =24 355
o} oha wokon, FEEE B350 w2 AFE B A
0.5 °J32 R, AT BFHo ] TRl 07 o=
E3CHFig. 10D).

BeAFE 24 AAlel dig A 53 52 VR0 s
Ugol7)e] =58 X5 71ES] £33 ARF 07 v|wshs 2l
oJHTH(Kim et al.[2020]). 13 & G319 AEZFIE +H9
OIE At 88 AF 349 5FF8 SR Ech: W3Aw

Diversity

Surface
April 26-28,2021

29

(Yoon et al.[2020]), 9%t sl7-9%1 A3 S sl ¢ A=
FUTHKim et al.[2020]). 28U SRS A= S E 258 vt
e 54 YeRITHKim ef al.[2020]; Yoon et al.[2020]). &
@3] AEEFIE T AvFoE e F T4, 39
wepae 54 Fel g8 AuliEe 545 2Ava & 5 it

34AEEYTSE S U BE EY

& 98l AEERIE T 9 874 Ax} Aelg) A E A
EZ9 €54 a FEE 727 F93Q &9 4L Ho|AlY,
BN HEZF, $3F Ch. curvisetus, S. trochoidea®)| 733+ %
o] A4S VR AL Qlo], AR o R W £2-8 veRlE At
5 4 AEA AEER g3 AujE= FEe] E AoE Yest
o} 71ek AEQQA A 34} 7903 A4S Holes U8
AL, diF-E e 27 Gl 59 AEE, J8a &
Sa E3E 9= ) ABE YUeho], 454 o FE9) Zo)
T2E Yehle 2AupdRRcE dds 98 e fY9S A
3= 222 Hr}EgIckTable 2, lower). CMLS Al 2853
3T JAEF D H$AF L danicus’t BET 724 29 AHL,
DOs¢} %9 AL BT, Q54 0 F5F 84 HEXF9
SFHYZF 94T Karenia sp. cf. mikimotoi©ll F-2]3 F2] A&
Bol= ReA] AdiA AGFold B 7EF AEFS HolATL,

&2 o TEE TEFS IEFR, GHAE g AL a
FE7F w2 HEZF-(Honjo et al[1978])°] &5l Aul== F&
o] & AL % H71=|{tK(Table 2, upper).

FAE A2 A3 FYE7HA 73 7]09jE0] £33 CML 2
FolN 71% o= AXLELOH (Table 3), 3 UAL F31F &
FolA Al FHEL W54 o, AN ULERS JUELR S
trochoidea (St), 18] 3L 93512 Nitzschia sp./small size (Nsp)©ll
737 ¥ BAIE Holn, oFFA|RE T4 A X3 9] ko #A)
g, 723 Gl oFst 52 FAIE Bl AdA AdE AL,
Ad 27 A8 HEXFO 28 5495 vehle AE= &
AU A2 FHAEL 28 T, A4 AEEFIEH 2R,
3 FE5T Ch. socialis (Cs)°ll 23 ] BAIE B3y, 23
GEC] oFet 59 BAE Hol= FoA AdE W 2 9 G,
& A B 2R 28 SAS UehE AER Y

Dominance e Ui [Dowminance
Surface ’) |

f CML
April 26-28,2021 April 26-28,2021

Fig. 10. Spatial distributions of diversity (A: Surface, B: CML), and dominance (C: Surface, D: CML).
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Table 2. Correlation matrix between environmental factors and phytoplankton parameters at surface (lower) and CML (upper)

WT SAL DOs Chl-a SN TCD DCD PFD Ce Ld Nsp Sc St/Km
WT - 0.641* -0.329 -0.166 -0.044 -0.085 -0376 -0.248 -0342 -0.097 0.550 -0.556 -0.255
SAL 0.588* - -0.589 -0.022 -0.322 -0.740* -0.457 0.008 -0.152 -0.728* 0.269 -0.469 0.034
DOs 0.005 -0.267 - 0.436 0.260  0.660* 0.584 0.054 0.358 0.636*% -0.118  0.191 0.026
Chl-a  -0.652* -0.341 0304 - 0.116 0.004 0.024 0.748* 0383 -0.018 0.064 -0248 0.752*
SN -0.253 -0.246  0.347 0.184 - 0.400 0.571 0.226 0.593 0.251  0.653*  0.350 0.193
TCD -0.492  -0.225 0.537* 0.588* 0.631* - 0375 -0.049 -0.071 0.985* 0.025 0.139  -0.096
DCD -0.482 -0221 0509 0.524% 0.661* 0.995* - 0.075 0.395 0321 -0.018  0.148 0.055
PFD -0.294 -0.139 0486 0.808* 0.030 0.498 0.406 - 0251 -0.068 0.116 -0.154 0.998*
Ce -0.532* -0.136 0313 0.619* 0482 0.857* 0.843* 0.503 - -0.201  0.338 0.556 0.244
Ld -0.164  -0.431 0452 -0.028 0.396 0.337 0.352 0.021 -0.132 - -0.113 0.074  -0.112
Nsp -0.248 -0.055 0413 0.791* -0.011 0.440 0.347  0.990* 0.492 -0.078 - -0.130  0.099
Sc -0.521* -0.229  -0.137 0.116 0.372 -0.034 -0.032 -0.054 0.043 0.041 -0.069 - -0.161
Pnd -0.160  0.079 0.247 0.255 0.237  0.588* 0.613*  0.055 0.490 -0.070 0.012 0.012  0.556*
StKm -0272 -0.081 0.427 0.795* -0.006 0.445 0352 0.994* 0494 -0.061 0.998* -0.040 -

*: P <significant at 0.05 level/WT: water temperature, SAL: salinity, DOs: saturation of dissolved oxygen, Chl-a: chlorophyll a concen-
tration, SN: species number, TCD: total cell density, DCD: diatoms cell density, PFD: phytoflagellates cell density, Cc: Chaetoceros curvisetus,
Ld: Leptocylindrus danicus, Nsp: Nitzschia sp./small type, Sc: Skeletonema costatum-1s, Pnd: Pseudo-nitzschia delicatissima, St: Scrippsiella
trochoidea (only surface), Km: Karenia sp. cf. mikimotoi (only CML)

Table 3. Eigen value, proportion and accumulative proportions by principal component analysis (PCA) in surface (left) and CML (right)

5 < Surface Chlorophyll Maximum Layers (CML)
Fricipn! Componsat EV P (%) AP (%) EV P (%) AP (%)
1" PC 6.062 204 204 4218 24 24
2% pC 2714 18.1 58.5 3.033 233 55.7
38 pC 1.870 12,5 71.0 1.982 15.3 71.0

PC: principal component, EV: eigen value, P: proportion, AP: accumulative proportion

HItHFig. 11A). CML U=} 315k Eax= A1 74480 A 4]
SZFIE, $38F L danicus (Ld), 44 T35, 727 5
o] 7%t <ko] BAE Ko, diel e 59 BAE Hol= A

oA oA Adselr] FEF 8 SAE vehlls XEE 3
AR A2 FHEL D54 o, HEY HRERFS JHRER
K. cf. mikimotoi (Km)Pll 73t 9¥e] TAIE Holr, SfsiA|el =&, 7F
ZF 8. costatum-ls (Sc)°ll &2 BAE Mol AA AE F&
FEoM g e HEZEF 28 54E vUehl= ARE M ET
(Fig. 11B).

Surface cML i

.
Chia

% B339 CMLY A1 FHE L A2 FHEE 0 182
BE5T Yglom, FYE BHY SHS SRR e TR
W, B2 A1 Y A2 FAE] 774 7)1 8 58.8%F 702 H
BAFS TR BT 98 8EFE olod AL, AdY 54

+ Yehl= 119 AF BERel HEEF 985S gAY, 7%
5 d&o] A, 1L EAE HolE 129 9N E AR, T8

RAR WEFS AN, FEF BEF0] B, AL, A¥e B
£ Q12 3 2ARIRE] UE 3 BEER
=48 Hol=

o]}:.. II-]E‘«] A

TEF @E%0] F3, 3L, 39 m-29] g3 of ¥

Fig. 11. Distribution of the loading factors (A, B) and divisions of the sea area with scores (C, D) by principal component analysis (PCA)
at the surface (A, C) and CML (B, D). (See Table 2 for the abbreviations in figures).
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g e 2 FEHAGEFIg. 11C). CMLE A1 2 A2 F498¢]
73 7190 55.7%% 7|0 1ERS HERH BT w2 UE
B HolHA AL, AL AL Ueiie 119 238l Aels
Fol JME AN g 127 EFL g4, HEXR @&
Fo| 2 oA Ay 1L EAS Hole 129 A% 3179 o
&= gl T3 HEF AEF AR5 HEEF AEF] A
ZHOoT WOWM A&, 1F 54 Hol= 118 AF F59 |
AA PR AR F2FY AREF @FEHo) F31, 1L, 192
AP 548 Bole 1129 33 dif-i side® =
oHFig. 11D).

48 £

B Jdaie S99 AEZgaE 7, a3 ATES 9 34
B 24 59 54 di4E 53, £5 3 CML E5ClN 4223
38 7L AdFeE B £ g 98-S JYeRiE ddeel
A FAL, 2, 1 SA LS HolE JE tiRE Fodoly ¥
EAS JeERglt) & B delE 3 AdaaSeet 2Arpd
Je Wy glon 56] 312, 1P EAS Hol:= HAupdF Al
o] 5lA| 3k o](Kim and Rho[1994]; Ichikawa and Beardsley
[2002]; Fukudome et al.[2010]), A EEZIE TS A3 &
T F 2o FE dEFE YEE 22 wdEITH(Yoon
et al.[2020]). & ‘Fell Tloket $7219) Al 3 AEEF
FE FAL AFo 2 = el & A-F3HE W] B
& Zlo 7 F=I3ch weby gale] sl Wl 9 4 Ak
AES] 583 o83 ] 55 S AALA e 3
AETZ ¥igle] e 478 2UEHo] a7}

F 7

o] =&-& 2021d YA Ao e sfgFataeixEde]
A4S ot 39 FAJACT|H A HE] AT-4lE).
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