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chlorophyll-a 5% &t 9] A& =l #EE ¥ (bimodal distribution) A4S BT AT 717 Bk A AEZFIE 7)o
ARG 05%H AEHH o7 F7Hst o, F chlorophyll-a 5% & a4 FAIE Bvh 24 AEESFIAEY 7129t & Tl
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%=1 E, Chlorophyll-a concentration, W4 A EZHIAE

Abstract @ In thi study, we unveil the intricate interplay among picophytoplankton (0.2-2 pm) communities, warming surface water temperatures, and
major inorganic nutrients within the southwestern East Sea from 2003-2022. The observed surface temperature rise, reflecting global climate trends, defies
conventional seasonal patterns in temperate seas, with highest temperatures in summer and lowest in spring. Concurrently, concentrations of major
dissolved inorganic nutrient display distinct seasonality, with peaks in winter and gradually declining thereafter during spring. The time course of
chlorophyll-a concentrations, a proxy for phytoplankton biomass, reveals a typical bimodal pattern for temperate seas. Notably, contributions from
picophytoplankton exhibited a steady annual increase of approximately 0.5% over the study period, although the total chlorophyll-a concentrations
declined slightly. The strong correlations between picophytoplankton contributions and inorganic nutrient concentrations is noteworthy, highlighting their
competitively advantageous responsiveness to the shifting nutrient regime. These findings reflect significant ecological implications for the scientific

insights into the marine ecosystem responses to changing climate conditions.
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production) 2 A 2] 3}8F2] 3} 4 (biogeochemical process)oll =
S W W THGuidi et al., 2009; Uitz et al., 2010; Agusti et
al., 2015; Tréguer et al., 2018; Cavan et al., 2019; Zhuang et al.,
2021). 53], A< dFES T AN L AE v F
I (biological carbon pump)oll 7]¢J&}= 2 um v X1 A
2] B-Z 3 3 = (picophytoplankton)®] F QA1 S ZF3tx Ut
(Lee et al., 2017; Lim et al., 2019; Lee et al., 2021; Zhuang et
al., 2021).

ANt o B 5o gk JTo = 13 Jdde] ndd
Hldok o -Hdte 2L AEZEFIAES = 43
Aol FA Aol kS 1] Xt (Maradon et al, 2007; Uitz et

al, 2008; Huete-Ortega et al., 2011). §F#, "3} oJoksdo] &
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2kol 23 7] E 3T Azam et al., 1983; Richardson and
Jackson, 2007; Tréguer et al., 2018). L&}, 0|k A EZH
AE2 A AA A AA deE] Fxeka lom, ks
g AeiANA BEF D A FF i 7] gkar
SJ THAgawin et al., 2000; Moran et al., 2010; Li et al., 2009; Lee
et al., 2012; Lee et al., 2013; Lee et al,, 2015). ©] A AFEL
g AW =Is 4 AF3 Sy A=EFAE
T3 e A7 AL AEERAE] A% 2L
2 W & ASS AABISH (L et al, 2009; Lee et
al, 2019a), o]2ldt X7 stellA AEIFaE Lo Bt
3719 @45 A58 H(Daufresne et al., 2009; Li et al.,
2009). ol whel, afFe] kst B AFEE e Z2HAi
AEEFAES G AuA HolA o sad + 3l
W, AEZFAE 779 T AEFH A =2 7]
o] 7hsAdo] o AE UL et al, 2009; Moran et al., 2010; Lee
et al, 2013). o]2]g o] = ZH|&h AEITHFIEY F AE
Fat ALt gk 7o ek A= S Al W
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2010; Moran et al., 2010).

sl HS B 34 Wyl yehda glow, o2
Qe e B - AETH 549 st #5549
CHKim et al., 2001; Kang et al., 2003; Joo et al., 2014, 2017;
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(Joo et al., 2014; Lee et al., 2014; Lee et al., 2017; Kang et al.,
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Eo A AR A &A Q] AT A5 oo
et al., 2015; Kang et al., 2020). WE}A], 3o X4l &4
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al

et al, 2017; Lee et al, 2019b). B3+, 914 &4 A g2 El 2]
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Fig. 1. Field measurement stations in the East Sea from 2012
to 2022. Solid red line indicates the domain for the
study area.
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Time-series of bimonthly mean sea surface temperature in
the southwestern East Sea from 2003 to 2022. Solid blue

and red lines represent mean value and regression line,

respectively.
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Time-series of bimonthly mean nitrate (a), phosphate (b),

and silicate (c) concentrations in the southwestern East
Sea from 2003 to 2021. Solid blue and red lines
represent mean value and regression line, respectively.
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0.01) 2 (=038, p<00n3HE A3 5o FadAE
YEFATHFig. 7a-c). WHE, 23k g ko] AuaAr=
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Fig. 4. Time-series of monthly mean values of surface
chlorophyll-a concentration in the southwestern East
Sea from 2003 to 2022. Solid blue and red lines

represent mean value and regression line, respectively.
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Fig. 5. The linear relationship between field-measured and . .
_ _ _ and regression line, respectively.
satellite-based chlorophyll-a concentration. Solid red
line represents the linear regression line. Dashed black
and orange lines represent 1:1 and 95% prediction
line, respectively.
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Fig. 7. The linear relationships between contribution of pico-sized (< 2 ym) phytoplankton and nitrate (a),
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lines represent regression and 95% interval line, respectively.
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Table 1. Pico-sized (< 2 ym) phytoplankton contribution to total chlorophyll-a concentration at various regions

Pico-sized
Region Note Year Season Method phytoplankton Reference
contribution(%o)
Global Ocean 19982007 Whole season  Satellite 24 Ulgofto)al'
1998-2007 Whole season Satellite 33 Ul(t;Oth)al.
Mediterranean .
Sea Whole region Magazzu and
Whole season In-situ 31-92 Decembrini
(1995)
Japan Basin 56
Yamato Basin 2010 Summer In-situ 56 K“gz)le;) al.
Ulleung Basin 38
i Joo et al.
Ulleung Basin 2003-2012 Whole season 23 (2017)
Southwestern part 2014 Spring, Summer, G, 34 Jo et al.
Fall ) (2017)
2012 Fall . 49 Kang et al.
Northern part 2015 Spring In-situ 34 (2017)
Southwestern part 2015 Sp“ng’Fslml L it 40 Jo et al. (2018)
Ulleung Basin 56
. . Kang et al.
East Sea Northwestern part 2016 Spring In-situ 49 (2020)
Southwestern part 2018 Whole Season In-situ 46 Jang et al.
(2021)
Southwestern part  2018-2020 Whole Season In-situ 46 Pagogtz)al'
Ulsan seaport . Kwon and Kang
(Coastal region) 2007-2009 Whole Season In-situ 22-38 2013)
Winter 3347
Spring 28+8
Southwestern part 2003-2022 Summer Satellite 60+8 This study
Fall 46+10
Whole Season 42415
FAE Y S WA F o, AdHom o 5.4 &

=}
A AP = FeS 1 XA FHh(Parsons, 1967; Hansen et al.,
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A A8 THJoo et al., 2017; Lee et al., 2017; Jang et al., 2018; A1 “&7]14 Q1 FA <} AJHA A& T3 5=, 44, 2
Lim et al, 2019; Kang et al., 2020; Lee et al, 2022; Lee et al, 2 =EZFIE W& ko] WA AdAdS glgnt ot
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2 9l Pkl st 5= Qe Fad et on 23 A4S ¥ Aow oFdrh gt oA HeE
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7&??} AR LS 7R3 9O P Z (Chassot et al, 2007; Friedland 5, 274 AEZEZIAES 7HEE A&EHoZ HUEHH
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