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Abstract: We conducted a field survey from 2018 to 2020 to analyze the spatial
distribution of phytoplankton communities at 13 stations in the East Sea. The diatom
Chaetoceros curvisetus appeared as the dominant species in winter, and small flagellates
less than 20 ym prevailed in all seasons except winter. The seasonal average range of
the micro (>20 um), nano (20 um>Chl-a>3 um), and picophytoplankton (<3 um) was
20.6-26.2%, 27.1-35.9%, and 40.8-49.0%, respectively. The composition ratio of nano and
picophytoplankton was high at the surface mixed layer from spring to autumn when
the water columns were strongly stratified. Especially, the stability of the water mass
was increased when the summer surface water temperature was higher than that of the
previous year. As a result, the nutrient inflow from the lower layer to the surface was
reduced as the ocean stratification layer was strengthened. Therefore, the composition
ratio of nano and picophytoplankton was the highest at 77.9% at the surface mixed layer.
In conclusion, the structure of the phytoplankton community in the East Sea has been
miniaturized, which is expected to form a complex microbial food web structure and
lower the carbon transfer rate to the upper consumer stage.

Keywords: surface water temperature rises, Ocean stratification, Chl-a size fraction,
phytoplankton miniaturized, phosphate restriction
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Fig. 1. Sampling stations in the East Sea from 2018 to 2020.
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Fig. 2. Surface distribution of mean water temperature (°C) in the East Sea in (a) winter, (b) spring, (c) summer, and (d) autumn from 2018
t0 2020.
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Fig. 3. Surface distribution of mean salinity in the East Sea in (a) winter, (b) spring, (c) summer, and (d) autumn from 2018 to 2020.
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(b) Water temperature (°C)
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Fig. 4. Vertical distribution of mean water temperature in the East Sea in (a) winter, (b) spring (c) summer, and (d) autumn from 2018 to

2020. The sampling location of each line can be seen in Fig. 1.
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Aal 1.23°C B Hll 1.03°C7F S7Hehe HAalshH Fof o
BT 2 450l 71 & AS2 B5E T (Han and
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Table 1. The average and standard deviation of dissolved inorganic nutrient concentrations at each depth in the East Sea from 2018 to 2020

Depth DIN PO Si(OH)4
Region Season
m uM
0 6.58+1.00 0.40+0.05 8.21£1.01
10 6.86+1.16 0.42+0.09 8.64£153
20 6.75%+1.10 0.40+0.06 8.33+1.04
Winter 30 6.86x1.17 0.41£0.08 8.45+125
50 770£1.62 0.46%0.12 9.06+1.87
75 8.69+2.51 0.54+0.19 10.21+3.19
100 10.36+3.50 0.66+0.28 12.02+4.68
0 1.00+0.45 0.13+£0.04 3.89+£0.74
10 1.80+0.46 0.14+0.03 4.02+0.82
20 3.89+0.95 0.18+0.06 4.54+1.46
Spring 30 6.29+£2.38 0.25%0.16 550£2.79
50 9.84+4.67 0.43+0.34 8.03+6.04
75 12.40+5.42 0.59+0.40 10.49+7.65
100 13.62+6.57 0.69+0.49 12.06+£9.75
East Sea
0 1.00£0.18 0.03+0.01 3.69+1.15
10 1.80+1.48 0.09£0.10 519177
20 3.89+3.60 0.24+£0.24 8.16+£4.35
Summer 30 6.29+4.01 0.39+0.27 10.30+4.95
50 9.84+2.98 0.64£0.19 13.27£3.76
75 12.40£2.60 0.81£0.18 156.43+£3.05
100 13.52+4.21 0.88+0.28 16.14+£5.99
0 1.96+0.81 0.14+0.04 2.90+0.82
10 2.10+0.85 0.13+£0.04 2.96+0.80
20 2.23+0.90 0.25+0.06 3.38+143
Autumn 30 3.07+181 0.21+0.1 4.47+2.33
50 9.24£3.20 0.62+0.23 12.34+4.94
75 12.97+2.22 0.90+0.19 16.80+3.61
100 13.26+2.65 0.94+0.21 16.02+4.01
*DIN: dissolved inorganic nitrogen; PO4>": phosphate; Si(OH)a: silicate
(Flg 5).ol3 % 25 +29 A2 9| M=l IF of vlsf et EF o2 2] o] o]Fol F BTl A
= HAA = o]z QIeE S T30 e uE 4 U o] YLD F=7F T7HACH ol= QI A=EFIE |
CFolol 43 FIAE AN o) 44, S, AR G WS U0 S 8 A5k (Beak o o 2019)
9l P B4 A3t B ol B9 2om AL F W ohE kR olF WA 2R JFdL STk
MO 10~30m o S0l F4E AR et o AFEFIAE] Al T8 AT tie=
7 (1995~20109) 85 B4 Amet vl sfEd o] BT (Liv et al. 2009). $4 AT AHER & off 4
1 2AA S0l F4H AN S EE °F 0.2~0.4 Sol Zehdre A2 23 Wl Y o Ak
10 m™ AL F7b5He A0 Uehte, 45 A 98-S g5 & 4 ek 5 6 =85 el
vlol FotE a2 2RI o A (Fig. 6). ==k = FFA 47 HEa ATEA of ted, At
Esfgol A A 450l F4E A7 B IYE T 2 qtate BE gadste ddoR UEh (Fig. 7), A5

60 (©2022. Korean Society of Environmental Biology.
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Table 2. The average and standard deviation of Chl-a concentrations (ug L™") and Chl-a size composition (%) at each depth in the East Sea

from 2018 to 2020

Depth Chl-a Chl-aM Chl-aN Chl-aP
Region Season
m pg L™ %

0 0.8+0.2 229489 28.3+189 48.8+277
10 0.8+0.3 246117 25.1+13.2 50.3+24.8

20 0.9+0.2 22.7+79 28.9+20.2 48.5+278

Winter 30 0.7+02 243+14 245+12.4 5124235
50 0.6%0.1 18.8+3.2 30.8+21.9 50.4+25.0
75 0.3+0.1 21.6+16.8 28.0+5.8 50.4+22.3
100 0.2+0.1 12.8+13.2 33.8+8.6 53.4+20.2
0 1.7+£0.2 22.8+13.3 38.8+16.1 3851294

10 1.8+0.2 23.6+13.5 38.3+16.8 38.1+30.1

20 1.6+0.3 243+14.2 3831149 374+28.8
Spring 30 1.3+£0.2 21.8+194 38.2+11.7 40.0+304
50 0.6x0.1 22.1+£18.8 32.9+49 45.0+23.7
75 0.4%0.1 249+217 312422 44.0+22.2

100 0.2+01 23.2+19.3 33978 42.9+16.1

East Sea

0 0.3%+0.1 281x77 30.9+253 41.0+20.3

10 05+0.2 22.0+114 29.6+20.1 48.4+279
20 0.7+01 20.3+11.1 29.9+19.6 49.8+26.4
Summer 30 0.7£0.2 18.4+75 3194213 49.7+19.7

50 0.3+0.1 16.8+9.2 36.6+11.0 476+79

75 0.1x0.1 18.7£6.4 34.4+57 46.9£5.1

100 0.1+0.1 20472 38.3+£83 41.4+11.3

0 0.8+0.1 25.6+£15.1 21.3x124 53.1+£270

10 0.9+0.2 245+12.0 245+16.5 51.0+271
20 0.8+0.2 26.3+14.3 21.3+10.1 52.3+23.7

Autumn 30 0.7+0.3 26.3+124 22.5+10.3 51.2+21.1
50 0.2+0.1 19.2+41 29.2+3.2 51.6+6.6

75 0.1+01 19.3+3.2 32.1+124 48.6+114

100 0.1+0.1 19.7+6.5 39.0+£19.9 4124157

*Chl-a M: Chl-a micro size (>20 pm); Chl-a N: Chl-a nano size (20 um> Chl-a>3 pm); Chl-a P: Chl-a pico size (<3 um)

Aotz A% AFoRHE Gd fdo] Yage &
% qloly, ol ABEYAE Aol AT AT ok
o

2 283 4= Ut (Dortch and Whitledge 1992; Justic et al.

1995; Wang et al. 2003).

ol AN AFE HEE

FaE #H 24 A

HEH, AN 277 AA dEF] 77.2% 2HA]
ot Qlglow, nEH uAHMEXFI} 39.3%E AHA|
st 25 F4 3 24 et ol 7]
F 5ol Aot U AL S HoAA Chaetoceros debilis, C.

pseudocurvisetus, Eutreptiella gymnastica, Pseudo-nitzschia

delicatissima & TX77F =2 982 Uehd 29=1
A5k 12ATH (Lee and Chang 2014; Shim ef al. 2015).
Rh EAlel= vled naRERIT 79.6%E A4S
7MY w2 2dEe YRR TR RE 123%E &
&0l §43] AAsArt. B spAler FA A= 1]
7 HAHEERIL ZHZF 89.2%, 65.5% 2 =2 S
et Aol w2 23] 240] Wsks g1g 4 gl
thole A Fol AEEFIES] AEE 23 240
7;”1433 Al B ﬂ%

o 32 flo off

Aolgt Aitolnt. 7|E Foll AAE A=ET |
AF AE AHEH FA 9= Bacteriastrum delicaulum,
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Table 3. Dominant phytoplankton species in the East Sea from 2018 to 2020

Winter Spring Summer Autumn
Chaetoceros curvisetus Flagellates Flagellates Flagellates
(33.2%) (<20pm) (79.6%) (<20pm) (89.2%) (<20 pm) (65.5%)
Flagellates Cryptomonads Chaetoceros spp.
(<20um) (31.5%) (5.9%) (6.9%)
Chaetoceros spp. Eucampia zodiacus Pseudo-nitzschia spp.
(9.9%) (5.0%) (6.7%)
Cryptomonads Dactyliosolen fragilissimus
(5.9%) (5.3%)

Lauderia borealis
(5.6%)

28

26

24 1

22 4

20 A

‘Water temperature (°C)

18 4 ¥=10.1309x + 22.958
R2=0.417

16

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019
Year

28

¥ =0.0989x + 18.915
(b) T R2=0.2102

26

24 A

22

20

‘Water temperature (°C)

18 1

16
1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

Year

Fig. 5. Temporal variation in annual mean water temperature in
the East Sea from 1995 to 2020 in summer according to NSO
data. (a) Surface water temperature and (b) surface mixed layer
water temperature.

Chacetoceros affinis, Leptocylindrus danicus 5°] 52 8%
o|gleH, sHAlol=
nitzschia pungens, FAANE= C. danicus, C. socialis, Nitzschia
sp., N. delicatissima 5 4 A& 44 4277t =2 &
g2 UEPHL AT (Shim et al. 1995; Lee et al. 1998;

Kim et al. 2014; Shim et al. 2015; Kwon et al. 2016). ¥ %]
o4 5h At AEE AEEFIE 4 24 AT

C. affinis, Skeletonema costatum, Pseudo-
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AMe A oHA v nAmR RO EHE0] =
2 HE-S AL YA (Lee et al. 2020). T <] H]S]
ol oA vAF EdE& SV YEH dael o
2 Atz WAET Justic et al. (1995)2 N/P < 10.0, Si/
N> 1.00H Nojl ]3], N/P >22.0, Si/P>22.00]H pojl 2]
3, Si/P < 10.0, Si/N < 1.00]H siof] &Jsl] 22t Al EZ%=2
E /Rélxc}oﬂ 74]6}0]1}; 70—3:8]—1:]—_7_! 1:11—6:1 \:]- _]_—?j- Wang et
al. (2003)2 A=EFIE AT AT 8IS = N/P<8.0
A wjofl= Nojl 2J8l, N/P>30.0Y woll= prt AlgE 891
O & Z-g9te BRI ofF1 Ao A N/P H| 9] Bt
H el 13.9~28.4, Si/P H S| B 9= 20.8~102.0, Si/
N H] 9] B HEE= 1.3~3.22 YERGon 5HA B N/
P H]E= 2.84, Bt Si/P H|E= 102.02.2 P7} AIgh @Qlo=g
2k83 A Lol o A= skt S A
7F ARt 89102 Z8512]= ESkTh 224 Dortch and
Whitledge (1992) 2] ¢1-tol] =% DIN, 14Hd 2 4t
FE7FZFZE 1.0pM, 0.2uM E 2.0uM Of5t FEY o] A=
EFIE o] dAH] Roll= AR HAEAL
it HREFHEO 2577 Aoks o 8% A
St @42 2851 (Zhou et al. 2008), A4 o] F-H&f
T BEohal Qlo] HESHH AlZEgaE2 datds o]
BotA] ekom 7ol 2si7F dofdE HAl5HI T (Chen
et al. 1999). | Ao A J"é o] TVt =Y T
Aol A& 272 ¢

FU

F

|t

-

i R, Q1A St 02 uM Ol ot % - A, 5HA
9 FAole 05 v AURZE} B HES SHe A
o2 vehglth mebd] 4BEFTE 4 9ol 7 9

o
dol A B7 el Fajt AAt= 2GSRI, o
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Fig. 6. Vertical distribution of mean stratification (107 m™") in the East Sea at the (a) 107 line, (b) 105 line, (c) 103 line, and (d) 209 line from
1995 to 2010 (left) and 2018 to 2020 (right) in summer.

EARIAE A R ETE it S AATE A 717} 46.8%= VFEFSTE o] ZAL]A ] A A &
=EFAEC] GOl v W2 w2 vebdel o 3 Ak sielA 2AbE Aok HHE A UL
2 AddH ez 37 2 RREee Y 19l 241 18

a0l Q1T (Table 4). A3 Ato] 2™ &

S nEy navn Rt 52 2@ AR O AL 24t At s 49 2719 A=

Hrt. Zhula gl 2u|a A7)0 AEEaE HE S A
ZAF 712 B FE AeEEAE 2718 Bd 4 Hot w7u AR 2oz HASHRIT (Choi et al. 2004;

H= 49 3717} 22.0%, Ul4 2717} 31.2% E 204 2 Kang et al. 2005; Kwon and Kang 2013). ¥FH o] At
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Fig. 7. Temporal variation in surface mixed layer annual mean
nutrients in the East Sea from 1995 to 2020 in summer according
to NSO data. (a) Nitrite + nitrate, (b) phosphate, and (c) silicate.

Me A a5l A w4t 204 27]9 A=Eda
© TR =7 vehuaL qlelew, 53] ddgol 4
A or e 55 TFFoNA FAHE SIS %L
o}, ol2lRt YFHI AE2EFIE A7FE9 A
A AN Z YERaL Uleh 28 Ak} Chl-a 2
710l @E redundancy analysis 23}, =410] ZlojR o ot
2t LY T 7ok Ao & U ol & 450l
FAHE A, st H FAl 2S5 EdSA AEE
FaE el WE dFE JaTt olFofAAT 5o
BHEH 3508 JUH o2 ARt wE A= o
GElc], 43 2719) JBEYTES FA0 A
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O] AFd& YEAT, o AdoM = It 5ol
2Rl g2 Kol x| e¥oket. vhi ml4 27] AEE9a
E2 FAE Al A Ao ASHT = B304 =
< 9 A2 U 25 £945 WA nlsd nla
HEEFO 2 &8 27E vrdsta QlQith rj4 =2
719F 2|4 2719 ASEFIES tAFcR gFYF
2o AE verl L 3laL, 55 AFE A =
o ¥AE Het L Uik afl sfds dider A2
EeaEel 7] B4 ARE AnEH el gt g
$%00] UYalo] Garedo] A £ ToAE 49 2
7\o] HEEYAE] SAT HY, Ae) sleige] 9o
d Fwol B2 XoflM= ma B 2u|a 2719 A=E
HFEO FLAH7L =3-S B II5FI T (Shim ef al. 1991a,

1991b; Choi et al. 2004; Kang et al. 2005, 2006; Yoon 2016)
(Table 4). O|H AP A& m]4 B ZH]4 719 AEE
FaEo] IFFH A =] VAE et 2ot o
Zsal QL3ATt (Fig. 8). T3 Aol sHollA 14 2tm &
A3t AA #E5S B9 Chla® 2718 24 23 2 pm ©]
ste] 2n|aAEETTES Al Tt 31~92%2] Hat
71982 e om, o]= W2 d4et Qlo] =9 @gle
2 21851911 (Magazzu and Decembrini 1995), Agawin et
al. (2000) A5l Blanes BayollAl Zu|AAEEZHFIE
] Chl-a F=2] St Bt 7191&0] 50% o] F 2= Lie}
Hom, o= A2 YFH Afol 7 ddow By
Skt 155 S Tyrrhenian sea®] SHA % -57A|2F A]
%l 5% Levantine Basin of| ¢} 9] &4 Zu| 44 B2
& T3] B = A2 44~90% H 54~64% = =
2 F4H1E YEFH UTH(Zohary et al. 1998; Decembrini et
al. 2009). Kwak et al. (2014)°]l 2|3+ Yamato Basin & Japan
Basin®| SHA| §1dA4tm 24 Ait 2R AAEETIAE
O] Bl &2 50% oo = et ol Qo= g WG
Gl (e.g., Adriatic Sea, Algerian Basin, Atlantic meridional
Transect, and South China Sea) |4 T]4& W ZU|AAES
FIES] FAHE 60% o] 2 B IEQITH(Revelante
and Gilmartin 1995; Marafén et al. 2001; Morén et al. 2001;
Ning et al. 2005). Rl 9 g2 oA AZEFIE2 A2 2
717} 25 &9 Fog o] WolA Al 1
= 5% YUY ngS wEA g 4 217 dizol nlAa ¥
ZH|AAEELAEC] AT 4 = o= wdEn

(Raven 1998; Litchman et al. 2007; Longhurst 2010).
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Table 4. Size fractionation of phytoplankton observed in the different coastal waters of Korea and global ocean areas

Relative ratio (%)

Area Date References
Pico size Nano size Micro size
East Sea 2018-2020/ Seasonally 45.6 31.2 23.2 This study
Uljin coast 2003-2004/04 33.9 66.1 Choi et al. 2004
Chuksan coast 2000-2002/Seasonally 58.4 41.6 Kang et al. 2005
Ulsan port and coast 2007 -2009/Seasonally 22.4-38.2 b8.2-74.5 3.9-81.2 Kwon and Kang 2013
(562.3)
Blanes Bay 1997 /Summer 50 over Agawin et al. 2000
Mediterranean Sea 31-92 Magazzu and Decembrini 1995
Tyrrhenian Sea (South) 2005/ July 44-81 Decembrini et al. 2009
2005/December 76-90
Algerian Basin 1996/ October 42-62 Moréan et al. 2001
Adriatic Sea (North) 1986 and 1988/August, Revelante and Gilmartin 1995
1987 /July
Levantine Basin 1992 /March 54.3-64.2 Zohary et al. 1998
Western Subarctic Pacific 2010/Jun/23-29 63 Kwak et al. 2014
Japan Basin 2010/July/5-11 56
Yamato Basin 2010/July/18-20 56
Ulleung Basin 2010/July/22-24 38
Atlantic Meridional 1996/ April, October 80 Marafon et al. 2001
Transect (Oligortophic) 1997/ April, October
South China Sea 1998/Summer 63 22 16 Ning et al. 2005
1998 /Winter 51 14 36
Values in parentheses indicate average values.
AEE2d a9 adote FrAEA oA A + AR A2F FAHY =2 12 BAHEE 7= |
BaE ob7|T & Atk (Joo et al. 2006; Lee et al. 2017). oJAE R ET B9 n|E ol 125 /45
Amundsen Sea®A] §um ©|5te] AEZHIES] ¢HE AT =EHIEY] T2 24 (Riegman et al. 1993)

T} % 17 A AololA] e S0 A AR SRIst
govl ol Atdes e 27 AgBdas we  wad
B4 558 fREel o2 BT (Lee et al. 2017), oAl ok
Joo et al. (2016)+= Moderate-Resolution Imaging Spectro-
radiometer (MODIS) & &-83t 5ol s <] 12} ik =

AHZ GHA| 2 AL EE F

sl AgAbgo] ot d o g

¢

l
lo
f
rE
ri
1)
=
i)
rr
= o}‘:
(®]

=

4 Av zulAdEEGaEe] Zob et Az 1 ™M g

A 1099 13% Aads Hust £3 S35

EEFTE (<200 pm, Copepod &)= ZH|AAEEFT ol Al sfollA AEEHIE +H9] B E4
e Holdor A HAsHA] o 2ujatEEY = tetatr] 91sl 2018RH 202087H4] AEA S = 13
AES AAT ARSHRE Aok Aoz d3A Sl NS ez 2ARE sk 1 23 Aol
(Richardson 2008). & &l Aol S Q] RIS HA 23R Chaetoceros curvisetus’} Z99F 02 ZHsHL
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Fig. 8. Redundancy analysis (RDA) ordination plots showing the relationships between environmental and biological conditions in the East

Sea.
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