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Abstract @ We carried out a field survey to analyze the spatial distributions of phytoplankton communities at 15 stations in the Yellow Sea in 2019.
Diatoms exhibited a high appearance rate in winter and spring, whereas small flagellates(<20 1m) showed a high appearance rate in summer and
autumn. This change in the phytoplankton-community structure may be ascribed to low nutrient concentrations in the area, especially of phosphate, which
was below the detection limit, seriously hampering the phytoplankton growth. The composition ratio of picophytoplankton was high in the surface mixed
layer in summer and autumn when the water columns exhibited strong stratification. Redundancy analysis revealed strong negative correlations between
nutrients (NOs, PO;*) and water depth. In conclusion, the reduction in nutrients in the surface mixed layer owing to the strengthening of stratification
in summer and autumn creates favorable conditions for the growth of relatively small phytoplankton with low nutrient requirements, leading to a shift

towards a smaller phytoplankton-community structure.
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Fig. 1. Sampling stations in the Yellow sea of Korea from 2019.

A
&

ME

=
L
o:] O]xéo

9] 3410 mD)E

> A membrane
filter(0.45 ¢m Disposable membrane filter unit, Advantec, Japan)©]|

o33k 3 GANHCL 10%) O A2 ¥ conical tube(15 mL)ol
ol FA ¥E Bik20T)skleh 4 Alse Aol &
53 & o &FH A5 4 7] (Quaatro, Seal Analytical, Norderstedt,
Germany)Z ©]-8-3F4] 9} %1 0}¢d (ammonia nitrogen, NH,"), o}
A2+ (nitritenitrogen, NOy), A+ (nitratenitrogen, NOy), <14k
% (phosphate, PO,") 2 TF4F(silicate, Si(OH),)S 41313l th

Tl AP A RE
3l Lugol §/o2 11
of, @A R $RF F 2943 AAAIA 12+
3 omn, o] HAMHUE ANEE &4 T
2 F 297 Akl HEHT 20 mL7t HES 55313
=
o

ez}
A
o4l

t}. HFHABE Sedgwick-Rafter ChamberES ©]-&3}o] %
"] 7 (Ni-U; Nikon, Japan) 100~1,000x8]-&-l| 4] &< 5% (Round
et al., 1990; Shim, 1994; Tomas, 1997) 9 A=A Al

AEE cells L2 48193, 2 &% 5% oA 7-(]_;(]

St 32 TeFow LRaw.

- 397 -



=
o
o
=
=
=
ol
fofs
gs

2.4 Chl—a 37|¥ 24

Chl-a %5 #etatr] 918k 712 W 2 AAES Parsons
et al(1984)°] Wiiell ola] LAt H=Z2FAE A7E
(>20 m: 4~ (micro); 20 m>Chl-a>3 ym: W <3 m:
21 2 (pico)) Chl-a §=E F5743517] 915+, 20 um membrane
filter (Polycarbonate Track Etched(PCTE) Membrane disk dim, 47
mm, GVS, USA), 3 m PC membrane filter (3 um, Polycarbonate
membrane filter, 47 mm, Whatman, USA) % 045 ym membrane
filter (47 mm, ADVMTEC, Japan)”} 24 filter holder® =%}
Ao ofiste](0.5 L) &%, i B 21 A A7]9 Chla
& Treklen, & Chl-a®] g2 olE 3709 @& & #

ARESFTE ZF AR E filters W¥5(-80°C) R § A
12 2-1ksle] 90% ofAlEel ol 24417 F<F W ekael B
gte] Chl-as FE3H3 L, olF 4A B F5 ofAAE 4
2 7] $13}+e] Syringe filter (0.45 yum, PTFE, Adventec)2 ]}
3lo] EF  Chl-a  (Sigma, USAE RBAY FFFwA
(Fluorometer; Tuner Designs, 10-Au, San Jose, CA, USA)E ©]&
she] =319 e.

Z>(nano);

B mlo

2.5 Xtz &4

FANA +HE 499 L ABEFAE 190 F
AH AR B4 91skel R B TR ar. 433)
& Abg3teh R B 229 97149 decorana 5

o] g3t AE A5 BXE s A7 DCAL £ Hol7}
3wt ool w} redundancy analysis(RDA) 41 E3lo] &
A EAE AA

ojt DR
HI
lo
=

r
(L)

o
=y ¢ 2 AR Fig 2, 3, 40| e
% N E 4.0-280C13.1
xNhE, shA H+t
9&1 3CE 71 s

o
N
2
ft
9
ol
ol

e ow A4s 5 T
& SUbehe AEFE dEhislen, Tﬁl 3128491 3 Al
A vl a1, argle] 545 dehiled, ol AFE
Mz ol A HAFsHE el d-F(Yellwo Sea Warm Current) <]
% 8K(Nitani, 1972; Byun and Chang, 1988; Beardsley et al., 1985)
o % werEh Fo] £ Bxe A FA4 g vt
w3 Aol o3 JFgor AAHom 4 EFTS F
Adstar Jsler, sHAldl= B T2 TUIE sty
4l 20~30 m W Joll A Agk "FLO—F%O] A AL, FAl

T A 30~50 m W&l elA

[e) = [e] 5
TR - e - &4 E

ol& YEtTE X5 W o Hele

o7 &7 B 31.8:05% 7P wktow, S} 7
T 324403, 3244052 7 = A e %
ke YAk HHAA W FES Holw
311, 312 221 9ol A v
SHA s A o] Al o] A

s

_LI.:

o = |
HU N

juk:A

UERE REE, SHAlo &=
< YR, o=
(Park, 1986; Kim et al.,
2 guFch die

A= ﬁ“’a‘ﬁf} EEXE B, o=

(B2

U,TL o]-J
= 5
Lo
o2
021 ool
2o X A &2 N O

1991; Gong et al., 1996)L}EF &
A BEE QA% RN

S,

1

5o

Latitude (N)

Latitude (N)

[
X

33 T T T
123 124 125 126 127

Longitude (E)

| 33 , |
128 123 124 125 126 127 128
Longitude (E)

Fig. 2. Surface distribution of temperature(C) in the Yellow Sea
in (a) winter, (b) spring, (c¢) summer and (d) autumn
from 2019.
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Fig. 3. Verttical distribution of water temperature in the Yellow
Sea in (a) winter, (b) spring, (¢) summer and (d) autumn
from 2019. For each sample station, refer to Fig. 1.
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Fig. 4. Surface distribution of salinity in the Yellow Sea in (a)

winter, (b) spring, (¢) summer and (d) autumn from 2019.
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Table 1. The averaged and standard deviation of dissolved inorganic nutrient concentrations from each depth in the Yellow Sea from 2019

Season Depth NH," NOy NOy PO* Si(OH)4

m uM

0 0.4440.15 0.08+0.04 7.14£2.20 0.54+0.13 8.17+2.44

10 0.47+£0.18 0.07+0.03 7.43+231 0.57+0.18 8.65+2.66

_ 20 0.44+0.18 0.07+0.03 6.89+2.33 0.54+0.11 8.45+2.75

win 30 0.46£0.19 0.07+0.03 7214234 0.65£0.24 8.76+2.82

50 0.45£0.19 0.06+0.03 7.54+2 .44 0.60£0.16 8.99+2.83

75 0.50+0.24 0.05+0.02 7.11£2.02 0.65£0.23 9.40+2.15

0 0.44+0.21 0.060.02 5.66+3.12 0.50£0.17 6.47+2.31

10 0.53+£0.40 0.06+0.02 5.68+3.55 0.48+0.16 6.59+2.19

20 0.5240.37 0.06+0.03 5.80+2.93 0.56+0.23 6.95+2.26

Spr. 30 0.49£0.31 0.07+0.02 5.8742.47 0.54+0.13 7.35+2.65

50 0.48+0.34 0.07+0.03 6.52+2.34 0.56+0.13 7.99+2.91

75 0.37+0.20 0.07+0.04 6.48+1.58 0.47+0.07 9.3142.32

0 0.41£0.16 0.02+0.01 1.94+1.92 0.10£0.04 3.12+0.87

10 0.3840.15 0.02+0.02 0.74+0.46 0.1140.05 4.12+1.93

20 0.44+£0.24 0.04+0.03 1.2840.99 0.15+0.09 4.30£2.19

Sum. 30 0.39£0.24 0.07+0.07 2.13+1.71 0.25+0.14 5.48+2.78

50 0.37£0.21 0.04+0.03 5.79+2.01 0.500.12 9.30+2.20

75 0.33£0.11 0.04+0.02 6.67+10.7 0.5240.08 10.16+2.08

0 0.45+0.16 0.10£0.09 1.91£1.40 0.19+0.16 5.87+1.61

10 0.39£0.11 0.110.12 1.84+1.31 0.17+0.16 5.50+1.52

20 0.38+0.11 0.12+0.13 1.83+1.58 0.19+0.16 5.42+1.81

Aut 30 0.40+0.14 0.130.12 3.85+2.54 0.3240.20 7.2242.33

50 0.31£0.10 0.10£0.14 7.16£2.24 0.57+0.16 9.12+2.01

75 0.33£0.09 0.04+0.03 7.4242.17 0.61=0.14 10.04+1.60

* Win: winter; Spr: spring; Sum: summer; Aut: autumn; NH,": ammonia nitrogen; NO,": nitrite nitrogen; NO;™: nitrate nitrogen;
PO,*. phosphate; Si(OH),: silicate

Table 2. Dominant species of phytoplankton in the Yellow Sea from 2019

Winter Spring Summer Autumn
First flagellates Skeletonema flagellates flagellates
s (< 201um)(36.2%) costatum(67.8%) (< 20um)(48.5%) (< 20um)(48.7%)
Second Pardlia sulcata(20.2%) Crptomonas sp. Guinardia flaccida(17.1%) Chaetoceros
: e (< 20pm)(12.3%) e curvisetus(7.3%)
Third Leptocylindrus Hemiaulus Rhizosolenia
danicus(9.4%) membranaleus(8.2%) fragilissima(5.6%)
Fourth Skeletonema spp.(6.4%)
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TFARe] He ZF7E 29.9, 36.0%% HvF
277} 2h2F 63.2, 83.2% Q1A HlE| tha W
uideh wbd FAeE FA mAY A7) VR 42
467, 35.5%% SA H$HEF0] 20 um ©|3F A7) EA
AARZF A 20 um o8} 712 Crptomonas sp.7}F $-7
o2 FHAAT, dEFl s dA AEZFAE V)
+°ﬂﬁ EA YERgTh oy g AN B2 ol 7]
sl dl el Al HPLC M4 A4S S5 A5 aE +
g 4= Ut} Kim et al.(2022)2
13l Sl el A AL FA At
Raseh 1

1]

X Fz Ao YL 3ol
HPLC M4 #4185 F3te 2
o] Bl&o] Ft 744 61.9, 653% =TS
v =7 A
atel I} 724, 4.4%7F ApA St
LS e B R R ks

=]
e

A= Synechococcus spp. (U1 L ¥ AR)ZE, 7|E AT+ A5 A
R 52 F38 Blanes Bayol A Sl 0.2 d', SHAlel =
1.5 d' AFES 2ol S B I(Agawin et al., 2000), 533l
A= 3¢l 02 d7, 8€l 0.68 d'2] B ES K3 UH(Chang et
al, 2003), T EZ 3o 4] 4 oy
ohzol YHEE #AFA AVl BE E e
Zope e wE, AF0% 2R g s
2 S X315} 31 (Park et al., 2019), A5
2 Synechococcus <5 737l Q.3 Alg IxtE 4 A U

(Vaulot and Ning, 1998; Noh et al., 2005; Lee et al., 2014). ©]&] 3}
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Table 2. The averaged and standard deviation of Chl-a concentrations(yg-L-1)and Chl-a size composition(%) from each depth in the
Yellow Sea from 2019

Season Depth Chl-a Chl-aM Chl-aN Chl-aP

m ug-L! %

0 0.5£0.5 39.6517.0 36.6£16.5 2381217

10 07038 2004244 41.6:172 2941267

_ 20 0.6£0.7 2774233 43.0620.4 2041236

Win. 30 0.6£0.9 2041223 48.4£19.3 22.1419.1

50 07212 20,1425.3 5284194 18.1422.0

75 0320.1 2224136 62.8£19.4 15.0415.4

0 2014 40.6125.3 2314118 36.3£19.5

10 23417 3824214 28.3£13.9 33.5616.4

20 1.9£1.5 40.1426.8 31.0416.8 28.9421 4

Spr. 30 1.5£0.7 4044219 36.216.1 2344195

50 12407 34.6£245 474184 22.6411.9

75 0.8£0.3 1524132 60.0+18.8 24.94203

0 0.5£0.5 2114187 19.5:8.2 5945162

10 09038 109413.6 18.945.8 70.3413.1

20 0907 82412.1 16.4£5.4 7544135

Sum. 30 0.9:0.5 11.7£19.6 16.448.0 71.9:22.9

50 0.4£0,03 38462 36.9£12.4 59.3£12.8

75 0.4£0.3 1.541.9 57.4£18.4 41.0417.6

0 1.3£0.4 18.7425.0 14.454.5 66.9428.1

10 1.4£0.6 16,1423 4 15.546.7 68.4£26.1

20 1.1£0.4 1534193 18.047.5 66.8£23.3

Aut. 30 0.7£0.3 9.1215.1 26.8412.2 64.1418.6

50 0303 14.5419.1 40.4£14.6 4514192

75 03202 83+13.5 56.3417.8 35.3418.0

* Win : winter; Spr : spring; Sum : summer; Aut : autumn; Chl-eM : Chl-a micro size(> 20 pm); Chl-aN : Chl-a nano size(20 um
> Chl-a > 3 pm); Chl-aP : Chl-a pico size(< 3 pm)

E8 @A 20 mm ol =279 vlEA vAAERZRFe  AF P 2|4y IV AEEHIAEY T =5
Crptomonas sp.2] ol 2} A7|9] 7F2F2 23] A3 3 Bus3Ith(Shim et al, 1991; Choi et al., 2004; Kang et al.,
71¢] AEEFAE 7ol %=rb 7 vERd Zow drkEth 2005, 2006; Yoon, 2016). A S ol A SRR L S A

EI% 19Jr FAdE A w3l AA mAgd 2u|AF A7) Fe 2v4aY A7) AEEFAE VdEe Al uet
ANEZHIAE FAH] o] 22 900, 86.0%% MlF- HHO  3192%E Fu|AY F7]|9 EL ks W HAe) Qo]
u, %6] AZo 7 Q3 FFoM 30 m FAZAY TF & FL 220UL B I(Magazzu and Decembrini, 1995),
St=oll A A9t A Z2ujad AA7]9] | E=Tt ZH2; 69.2, Agawin et al.(2000)> |53l Blanes Bayoll A Z1]4Ad Z17]9
66.6% A YERGAL AT ol 8dt Zu|Aad A7)0 £&  Chla F59 3 HiF 7o) 0] 50% oo el on
7ol RIS FolA A+ HEhves @402, S8l ol ey dUd Adol FH ddo®E Bt
Aol gk AEEFAEY] 7] FA A I w57 o] Yel= NG AdA v B 2nAaY A7) g
ES XoAE 28 A7) AEZHIAE J|AETt B& Ul 60% oo ® Hu¥ Hl ThHRevelante and Gilmartin,
HbA A g ge] Y E s=TF W oAM= v 1995; Marafion et al., 2001; Morén et al., 2001; Ning et al., 2005).
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THRaven 1998; Litchman et al., 2007; Longhurst, 2010). ] =
Aboll M = 379 Q1A}9} Chl-a 719 W2 redundancy analysis
A AT xu| Y 379 AEEHAES FAY 9

ok 2o WAE Yo g, 15 T ol ¢

oA
i

ATHFig. 5). WA v2Y A7]9 AEEZRAE =
FFA Tk Fo S YA E], o= 9 Kim
et al.(2022)¢] Aol A 20 m olake] FEF7 A
o| %= Z}7} 61.6, 70.9% 71o] o =M vERG AR Ao
th A A AX vAY AEEHAE V9EE 2T
1 Ha, ASolA HAdzh vebd el tiaix e 714
A AT A7 83 Ao Wtk
AE 7+ FRAAM v ERF F
A EAL] S A
e et al., 2017a). Choi et al.(1995)
gaf fGollH JEZHAE IS B3 7|24
d A F5E0] 7399 mgCm’d'E Kl
©1, Son et al.(2005) 19983 oA 20033 714] 6159k A
dlole ALg A e dAe g 9L B 7%
A A 2k0 % 723 mgCm?d'® H.aratn] 1990t A
fFAbe 3 Baiskdeh 9hE Z T Jang et al.(2018)9] <
T A A= el el 2uAady A7) AEEEA
B 7Y EE Hit 2%E AASL dR o, 7| x=AAAHE
& 291 mgCm*d' 2 7] & Aol Hlal] 7|2t e 22 2
EEHAES] A% 74l whet 7hAskal dvhal B
3% A tH(Agawin et al., 2000; Joo et al., 2017; Lee et al., 2017a,
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Fig. 5. RDA ordination plots showing relationships between

environmnetal and biological conditions in the Yellow

Sea. Temp.: temperature; Sal.: salinity; NH;": ammonia
nitrogen; NO,: nitrite nitrogen; NO;: nitrate nitrogen,
PO, Si(OH)s: Chl-aM: Chl-a
micro size(> 20 um); Chl-aN : Chl-a nano size(20 um
> Chl-a > 3 pm); Chl-aP : Chl-a pico size(< 3 um).

phosphate; silicate;

=R | 7HChen
et al, 1999) ¥ -HES Ve F AW Ao= vekd
b S g 29l AEEHAE A7)E 7|9 mee)
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