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Abstract: A survey was conducted to analyze water masses and spatial distributions of
phytoplankton communities at 15 stations on the surface and chlorophyll a maximum
layers (CML) in the western South Sea of Korea from September 8 to 9, 2021. As a result,
water masses were classified into Coastal Waters (CW) with relatively low salinity, the
Tsushima Warm Current (TWC) with high water temperature and high salinity, and
mixed waters (MW) showing a mixture of these two water masses. Turbidity showed
high concentration in both the surface and CML. The chlorophyll a concentration was as
low as 0.90+0.43 ug L™ in the surface, more than 1.1 ug L™ in CW, around 1.0 ug L™ in
MW, and less than 0.5 ug L™ in the TWC. CML was 1.64+0.54 ug L. Regarding species
composition of phytoplankton communities, there were 57 species in 31 genera (diatoms,
57.8%; dinoflagellates, 35.1%; and other phytoflagellates, 7.1%). The phytoplankton
standing crop had 4.6+76 cells mL™" in the surface, more than 30 cells mL™" in the CW,
2-5 cells mL™" in the MW, and less than 2 cells mL™ in the TWC. CML was slightly higher
than the surface with a variation of 5.7 +8.4 cells mL™". Dominant species were found to
be Rhizosolenia flagilissima f. flagilissima, Skeletonema costatum-ls, and Nitzschia sp./
small size in the surface. For the CML Rh. flagilisima f. flagilissima showed a dominance
of 12.0%. For the surface, the diversity variation was 2.36 +0.40, which was high forTWC
but low for MW. For CML, the diversity variation was 2.29+0.52, which was slightly lower
than that of the surface. The dominance in the surface was 0.50%0.15, with a fluctuation
range of more than 0.5 in MW and less than 0.5 in the TWC, which was different from the
diversity. According to correlation analysis and principal component analysis (PCA), the
presence of phytoplankton standing crops was high in CW but low in MW and TWC. That
is, phytoplankton communities in early autumn were strongly affected by the expansion
and mixing of water masses in western South Sea.

Keywords: water masses, phytoplankton community, coastal waters (CW), mixed
waters (MW), Tsushima Warm Current (TWC), chlorophyll maximum layer
(CML), diversity, dominance, PCA

http://www.koseb.org 559



| I
Korean J. Environ. Biol. 39(4) : 559-572 (2021)

x
rhu

1
o
e
ot
N
a T
o
o2
o
I, ol
>
_O‘L

=
iy
N
0,
o]l
oL
2,
o, of
it
tu
R
=2

o
)
lo
2
w0
rr of

,4
oX,
o T

£
B
%

EA o]
al. 1984). Eﬂqol AEEFI
o] RAtER A== o4t
4,905 LAEES A o
ST FAA ATt o

=1
et al. 2009), 12|11 4E2k
do] WA HARA T8

OH
_>¢
bu
5ot
o @ W
oS op it i gfy
e TR
o Mmoo
E Mo
o
0%
_?_l‘,
-0,
N
I
ke

2747} (Behrenfeld

Eé_ﬁ} r)ruﬂm ) Tz

At} (Ryther 1969).

ke
o
o

lo

o
o
=
o

oleigt 4B EYAE 2L 25 5ol moksiL A
Qe HRABEA S 55 5 ] 98] +5H

2 5] 9] Aggxgﬂ— ‘—E_ﬂ, < nﬂ7]-o]. ZQ35t olE A B
HQI5HA| -85 11 It} (Yoon 2011; Yoon et al. 2020; Park
etal. 2021).

@ el A% e pRA o
7] ¥ BEE, TAUE AdS(FHE 5)45) 9 o
F& 7ot e sl olth(Kim and Rho 1994; Lie and
Cho 2006). E38] =& A47]9] W] AR AL st

sl oz Waslel 4o EAlsHs FAAZES

2| Z0l AAupdt

fi,

(Lim 1976) ¥ ’OJ"E.L L?I—r«l ke 37 Hh=t}(Kim et
al. 2008). ©] F F=UEF ANr+= FF %6112 ot
Aot} i°‘6}°1 OJ% ol f4E ohs digtoh

55t 592 fEd ‘:}(Fukudome et

At A S
et T ol AR olefit

al. 2010). ©] & H
So| A S0 = =4 33
o5 deho] B0 HLA £ 2PN 47
SHA| Hof, 4t il A= Aqte =7 B
(Ryther 1969; Park et al. 2021).
duoz o}% JojE mes)

K oot & rle
s ofN
Tl &

o
|o
o
=
N
re
2
:Oé‘

oof A A4 A4 (Kim et al. 2015; Lee et al. 2017)

rlo
o
r

560 ©2021. Korean Society of Environmental Biology.

o5 7k GAE sl A EAYSE o] sfinte o
(Xiao et al. 2019) T o2 SHFFE ALt F4HG-&
sf|eFate] o) AZHsl mls)E WA 7| 1 9Tt

] =290 OHOFQ]-ﬂ_q :’-ﬁ\_o]- Hfl_c,),]- %%}
of a3 A4S Algot= T
off F5 ol HoflA B&2 Q1 oY B AL E
2], 2231 ofgehd B Foll Zagh 71z}
2oz RUEY A A9 e FF o= 202
b 95 ol AR sllelel 4] et A8 B
Aol e el 72 S4E st

of

i
ok
rek

rO]I
il

W ol
e o L

OI
JE
“377
au
&=
o 1
Holy
O ol < A N e

N
O

rh

7R o AR See] £3) RESH 4BEYAE 2
ol BUEE B4 more AT ZAH: 20219 94 8
At 9% FA 157} HHE] HED A4 HRS

(Chlorophyll @ Maximum Layer =422}, ©|5t CMLEZ
5718 o 2 ZASIH (Fig. 1). RAE Addistn
A5 AEWE(2,996)E ©1-85to, 52 -

& 2, Quw sle 7z} SR 24 E
S, BT 9 Q%4 a5 50 o) BN A o
4 270] 715 FoiF W4 BWVEA (ASTDI02
JEE Advantech Co,, Ltd, Japan) 2 FEZ4 HS7H2] 54
sich ABEFAE 24 morg 9lg At 24

35°N
KOREA

34°F

P X
o Chésingsando

Geomundo Ba%kdo @04 .-

e09

1
127.5° 128.5°E

Fig. 1. A map showing sampling stations in the western South
Sea, Korea.
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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. 4. Temperature-salinity diagram in the western South Sea
in September 2021. CW: coastal waters; TWCS: Tsushima warm
current surface; MW: mixing waters; TWCB: Tsushima warm cur
rent bottom.
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Fig. 5. Spatial distribution 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 distribution of turbidity at surface (A) and CML (B) and its vertical profile at several sampling stations (C).
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Fig. 9. Spatial distribution of phytoplankton standing crops at sur
face (A) and CML (B).
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Table 1. Dominant species and dominance of phytoplankton
community at the surface and chlorophyll a maximum layers (CML)
in early autumn of 2021

Dominance (%)

Taxon _—
Surface CML
DIATOMS 84.1 878
Nitzschia sp./small size 5.2 4.5
Rhizosolenia flagilissima f. flagillissima 8.4 12.0
Skeletonema costatum-1s 6.1
PHYTOFLAGELLATES 15.9 12.2
Gymnodinium sp./small size 4.7
3) 93
he AEEYAE o] U e BEFS ek
1 glom, 54 3] ke Wra A% Fol o5 &
o] M= ek w 2ol A A3 Pt 10% olske] W
= AEC o Tl 2 o7t itk 12y HA
Bt 4.0% )4 +HE= e = & (Yoon et al. 2020)
2 FZ A [ZF Rhizosolenia flagilissima f. flagilissima
g g
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small size7} ZVZ} 8.4%, 6.1%, 5.2%, 4.7%2] $HE =0
= A5kt CMLE B3 $3ElA Rh. flagilisima f.
flagilissima, Nitzschia sp./small size¥tO] Z}F 12.0%2} 4.5% 2]
FHER TSI (Table 1).
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shshed, TEAQ Aoka|ed o] FAA §°1 S. costatum-
s 2d0] Aaste = we Wyl By (Jiang et al.

(Yoon 2011), & a4 &

o =2 FHER HTC S 2
T} (Park et al. 2021). 7 57 CMLOA] 2%
flagilissima £. flagilissima+= A7 T EoA A5 E“ﬂ’;ﬂ_o_i
Z A5 (Cupp 1943), 7H2ollA A9 TE) (Lotocka
2006) ¥ =3} 7H2 E=22th AL (Philips ef al. 2010)°]]
A EAS IS ek R o] T2 oA o]
= EH 3ol AAsto] A4 7o ob7inlE 2ts] A 5t
o, %-& A5l (Lorrain et al. 2000)5}F7] = SHA]EE, -3l
oA YL =& Falldol HiH 7152 §lth(Yoon
2011). S. costatum-1s= =3l <= A Lgh AF oA &

[¢]

(A) (B)

Relative ratio of diatoms (%||
cML

September 2021
S L

Relative ratio of diatoms (%))
Surface
September 2021

Fig. 10. Spatial distributions of the relative ratio of diatoms on
phytoplankton communities at surface (A) and CML (B).

(A) (B)

Diversity
Surface
September 2021

rface
September 2021

=
1 HzxAF0 1”/]'(Abdalla. et al. 1995; ]aanus et al.

‘:}%k?l E4E& A2 Q)7 Eulsto] 242}
29| S Aofistr| & of
F A NA Rt 91XE AR
Sh (Yamasak1 et al. 2011) Az HPA o 2 ot oFAlAlo]
AP Eo] S| E WY A] 7] A9t (Kent et al. 1995), TH
O:]O]'oHOﬂoﬂ/\-] Huxozg oH o]-q-(Yoon 2011) 7]15]—;

Gymnodinium sp./small size ¥ Nitzschia sp./small size<> &

FAo] HA] 92 T4 FolqiTh
4) “Hefx| 5
ORI 25 32350141 1.20~2.73 HElollA 273+
T Eo= AdFA 2.5 o] e K %J
2dgollA 2.0~2.5 H 9], AAHPEFRO)A 2.0 o]5F2] B
A4E Bo| AEZSHIAE 24 T4 4L A2 2
FAFSEA T (Fig. 11A). CML 1.56~2.94 H 4] 2.24
0379 Bi's Zo= I HT} thA 11 sfod 2o 1E
ERog Agte] 2.5 o)A gho] ESHT W7t 5
A flols BFT FAFSto], SEE £l 2.0~2.5
H 9], AR Oﬂ/ﬂ 2.0 ©|5Fe] 2|45 e ATt (Fig.
11B). A% A5+ B4 028~0.75 HS1olA 0.50+
0.159] ¥iF Zo= toe 25t gl Ay, A5 &
5o sxajupdFo A 0.5 olske] gk Bl F4E &
ol Al 0.5 o9l g2 YERH It (Fig. 11C). CML2
0.36~0.58 H9ollA 04420079 H5 ZOo 7 ok U
A RFROA 0.5 oS UEIH L, SYF Sl

A 0.5 o|5= UrEI ATt (Fig. 11D).
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Izl
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Fig. 11. Spatial distributions of diversity (A: surface, B: CML) and dominance (C: surface, D:CML).
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ot 7het oFo] BAE UEFH YTt (Table 2. lower, Fig.
12B).

TR 24 A BF0l 2=7.320Z,+3.784Z,+
1.626Z3 (AP=79.6%), CML-S Z=6.421Z,+2.568Z, +
1.891Z; (AP =77.7%) 2 5 A3 TV 4 7]o&
o] oF 80% 2] F2 A 5790l =EF Ut (Table
3, Yoon et al. 2020).

Wi Belgol ] 12 Al FARL HEBYIE AL
&, 7t 8 HX, Rh. flagilissima £. flagilissima (Df),
S. costatum-ls (Sc), Nitzschia sp./small size (Ns)<] A2 I
T 9 ool A g ¥AE BHAAL, oFshAt &

o)

TAtA LS oF 50 PAIE Hol= Ao B 24
o] ofet A=EHAE 9 B2 U= AxE= 14
Atk Al 22 HE A, G54 a5, AEd
AREF 9 4 PHE X Gymnodinium sp./small size Al
I WLl et g PAE B, HE At o2
of At o ¥AE, Leal FEA oft 2o #AE B
ol ZlollA At Bl Eetol B4 UEl= A &= of

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

Chlorophyll maximum

Surface layers (CML)

Principal
component

EV. P(%) AP(%) EV  P(%) AP(%)

18t PC 7320 458 458 6421 459 459
2" pC 3784 236 694 2568 183 642
39PC 1626  10.2 796 1891 135 777

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

(A) (B)

1.0
Surface o cML oS

L

8D Ns ®
'y : =

, | \
I + t k
1.0 05 05 1.0 1.0 o 8cChl-a

(C)

A =] 9t} (Fig. 12A). CMLE] All F48-2 E53 Zol 4]
EEFIE &G 127 9 AX, Rh. flagilissima f.
flagilissima (Df), Nitzschia sp./small size (Ns) 2] o] T 5f
2 T4, A4 ARRR U, O A5of Aot F
O] PAIE HolH, oFetA|Tt A=A o 55, F, AlLrt
of 58 PAE Hol= AoflA AEEFTE +HY =
E42 LehRL 252 o4 EIch A £ARe &

E}iri%,r

4 o Bl p2of ZJet o] ¥AE HAAL, ATt e E
Hitoll et 2o PAE Hol= AA, diidcr 12
offA FeHd S-S Hetdle AE= siH = A (Fig.

12B). 2, 7FE Wl A% o] B35 W cMLel S|
T NBBFIE AEF 2 43

+ Slee AT 193 B33k cMLe o] e &
592 7F 54 QA Abel 9] Z1stety BA A gk
BolA st 8= A =g = sl

T/ Ao 5ol et s F22 B0l Al F
e 710 R AT wAW G 249
7h RS ARk Bl AAUPER ] St 62 E A= 1519
iR AEFS WA, SEATA 2o o) 4
A e BAdel w2 7R nsig e FEEI,
e Al FES 71F 02 A A HrxR 2
AEE st w2 g Foll ST st
A 112, 190 54 Hole ARk R L AF
At Al m2sfd o FRESITH(Fig. 11C). CMLE
Al FEEE 7SR AeEdae dEF0] =2 A%
9] 153t ofef] gutsl= S nsfg e 2.
e Al F4E= 7Ieo 2 Az oz d2ouA

rcum
ol

’ Df
05 @ 0
oy SM

Score
Surface

Fig. 12. Distribution of 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 abbreviations in figures).
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7t o dol AR s el A W AEEYAE
9] FHEE EAE olalistr] leh 2021 94 1578
7 9] E% A=A ¢ HRE(CML)S o2 xAls}
Atk A3, £ 12, AFL] Ak (Cw), AL
O] AAMPER (TWC) 2 o] F 41]9] 2}FEAHS Ho
= T8 (MW) 2 FEETE 34 IR = 5
o 9

2,119

l‘

—_

ol A 891D L B33 A3 BN St
=T AEL 0 FEE H50] 090£043pg L HE

o= AQRRolA L1pg L™ o1, T _/I\‘Oﬂ}\-1 lLougL' A
T, 29 AAmpdRolA 0.5ug L7 ol5HE YERGich
CML-Z 1.64+0.54ug L7 Hs HOo2 BFHTE oF o1 =
A AEETAE F 242 315F s7FCE AAE2FIL
57.8%, FHRZXF7} 35.1%, FEHEZF 5.3%, 1211
SHBZXF7} 1.8%E FREZch EFS BF0] 46+
7.6cells mL™ ¥15 Z032 Ao A 30 cells mL™ ), &
o A 2~5 cells mL7}, 12|21 AA|OPFFO A 2 cells
mL™" o]kE YEFH It CML2 5.7 +8.4 cells mL™" ¥
% Zom BERT tha EoTh 5% o4 SRS Kol
= $8E2 BZ0lA Rhizosolenia flagilissima f. flagilissima,
Skeletonema costatum-ls, Nitzschia sp./small size”} Z} 8.4%,
6.1%, 5.2% =°] 111, CML<2 Rh. flagilisima f. flagilissima”}

J}m

Ir o
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12.0%°] ¢HE&S Yeglou, B2 dEFe s 9
Zoll gk ofn] Foj7t ok e A5 BE0)
2.3610.40 HE HO 5 AAmPEFo|A 11, Sotpof A
WOk, CML-2 2.29+40.52 Bl 202 BSHT} ThAh W
Stk $HE AgE B50] 0.50+0.15 HE Zo2 29t
FollA 0.5 o, AAERAFOA] 0.5 o]otR thF et ot
£ EAS BTt RS 2 AR B4 A AE
EFIE AEF2 AN 2 EFSoA B, =2 HE
£ Bl dF T84 F AARPGRoA] W2 Ao A, Zt
S70] S 9 o3t Jof whEt AEEHIE L1 &
d 9 2o Attt S vAE AR Tk
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