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The expansion of the Changjiang Diluted Water (CDW) plume during summer is known to be a major factor influencing phytoplankton

diversity, community structure, and the regional marine environment of the northern East China Sea (ECS). The discharge of the CDW plume was very

high in the summer of 2020, and cruise surveys and stationary monitoring were conducted to understand the dynamics of changes in environmental

characteristics and the impact on phytoplankton diversity and community structure. A cruise survey was conducted from August 16 to 17, 2020, using R/V

Eardo, and a stay survey at the leodo Ocean Research Station (IORS) from August 15 to 21, 2020, to analyze phytoplankton diversity and community

structure. The southwestern part of the survey area exhibited low salinity and high chlorophyll a fluorescence under the influence of the CDW plume,

whereas the southeastern part of the survey area presented high salinity and low chlorophyll a fluorescence under the influence of the Tsushima Warm

Current (TWC). The total chlorophyll a concentrations of surface water samples from 12 sampling stations indicated that nano-phytoplankton (20-3 um)

and micro-phytoplankton (> 20 pm) were the dominant groups during the survey period. Only stations strongly influenced by the TWC presented

approximately 50% of the biomass contributed by pico-phytoplankton (< 3 um). The size distribution of phytoplankton in the surface water samples is

related to nutrient supplies, and areas where high nutrient (nitrate) supplies were provided by the CDW plume displayed higher biomass contribution by

micro-phytoplankton groups. A total of 45 genera of nano- and micro-phytoplankton groups were classified using morphological analysis. Among them,

the dominant taxa were the diatoms Guinardia flaccida and Nitzschia spp. and the dinoflagellates Gomyaulax monacantha, Noctiluca scintillans,

Gymnodinium spirale, Heterocapsa spp., Prorocentrum micans, and Tripos furca. The sampling stations affected by the TWC and low in nitrate

concentrations presented high concentrations of photosynthetic pico-eukaryotes (PPE) and photosynthetic pico-prokaryotes (PPP). Most sampling stations

had phosphate-limited conditions. Higher Synechococcus concentrations were enumerated for the sampling stations influenced by low-nutrient water of the

TWC using flow cytometry. The NGS analysis revealed 29 clades of Synechococcus among PPP, and 11 clades displayed a dominance rate of 1% or

more at least once in one sample. Clade 1I was the dominant group in the surface water, whereas various clades (Clades I, 1V, etc.) were found to be

the next dominant groups in the SCM layers. The Prochlorococcus group, belonging to the PPP, observed in the warm water region, presented a

high-light-adapted ecotype and did not appear in the northern part of the survey region. PPE analysis resulted in 163 operational taxonomic units

(OTUs),

indicating very high diversity. Among them, 11 major taxa showed dominant OTUs with more than 5% in at least one sample, while

Amphidinium testudo was the dominant taxon in the surface water in the low-salinity region affected by the CDW plume, and the chlorophyta was

dominant in the SCM layer. In the warm water region affected by the TWC, various groups of haptophytes were dominant. Observations from the IORS

also presented similar results to the cruise survey results for biomass, size distribution, and diversity of phytoplankton. The results revealed the various

dynamic responses of phytoplankton influenced by the CDW plume. By comparing the results from the IORS and research cruise studies, the study

confirmed that the IORS is an important observational station to monitor the dynamic impact of the CDW plume. In future research, it is necessary to

establish an effective use of IORS in preparation for changes in the ECS summer environment and ecosystem due to climate change.
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Fig. 1. A map of the study area showing the location of sampling stations (black dots) (left). Note the enlarged sampling area (center)
shows three transect lines (1, 2 and 3) with IORS. An aerial view of the Ieodo Ocean Research Station (IORS) (right).
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Fig. 2. (a) FlowCAM analysis using VisualSpreadsheet™3 and (b) Flow cytometric analysis where

each group of nano and pico

phytoplankton signatures are discriminated using orange and red fluorescence settings.
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VS-IV (Yokogawa Fluid Imaging System, Japan)E
ol A 1008 498 AAI5H a1, 34 500 mLol Lugol
AN 3mLS EFete] nAg F APl ook 40ml
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%38k 5 Sodium Dodecyl Sulfate (SDS)$} proteinase K& 37}
ako] 55Tl A 2417F 52t wiFskQlth. m o] B of 3]
ol Phenol:chloroform:isoamyl alcohol 0.5 mL& #3}1. &3t3h
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TCCTTTGAGTTT-3")S ©]-8-3}1 a1, PPP2] 16S-23S tDNA Internal
Transcribed Spacer (ITS) 5%-& 93}4 ITS-F (5-GGATCACCT
CCTAACAGGGAG-3%), ITS R (5-GGACCTCACCCTTATCAGGG
-39 Zelo]wZ 0]-8-3} TH(Choi et al., 2016). =Z ¥ PCR Ak
E& AMPure XP beads (Beckman Coulter, USA)S ©]-&3}o] &
A3}tk Miseq sequencings $]3ll indexing PCRE &3l 7+ Al
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o] E1t A28 AMPure XP beadsS ©]-8-3to] L 37|
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(accession no. PRINA773203 and PRINA773188).
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Table 1. Chlorophyll a (Chl a) concentrations (total and pico) at different sampling depths, and surface water size-fractionated Chl a

contributions to total Chl a

Depth Station
ISize 1-1 1-2 1-3 1-4 1-5 2-1 222 2-3 31 3-2 3-3 3-4
0 m 143 271 822 28 072 087 140 048 096 171 084 039
10 m 2.99 - 5.49 - 082 092 077 - 099  1.56 - 0.40
CT;:Ita:l 20 m 1.16 - 0.75 - 064 063 088 - 0.80  0.68 - 0.87
(ug L) 30 m 0.28 - 0.24 - 045 015 053 - 026 027 - 0.87
40 m - - 0.24 - 042 013  0.07 - 0.13 022 - 0.58
50 m - - 0.24 - 0.39 - - - 0.15  0.17 - 0.11
0 m 017 011 022 010 007 045 014 010 046 021 020  0.10
10 m 0.27 - 0.25 - 029 052 037 - 047 025 - 0.15
Cl’lilcoa 20 m 0.04 - 0.18 - 029 020 046 - 025 037 - 0.45
(g L) 30 m 0.05 - 0.04 - 004 011 032 - 0.08  0.05 - 0.51
40 m - - 0.03 - 0.09 002  0.02 - 0.05  0.04 - 0.35
50 m - - 0.03 - 0.15 - - - 0.03  0.03 - 0.05
0 m 12 4 3 4 10 51 10 22 48 12 24 27
10 m - 5 - 36 57 48 - 48 16 - 39
ﬁ:cifi?m 20 m - 24 - 44 31 52 - 31 55 - 52
%) 30 m 17 - 17 - 9 71 61 - 31 18 - 59
40 m - - 14 - 22 15 34 - 34 18 - 60
50 m - - 11 - 38 - - - 20 18 - 47
S“srif;“ >20 ym 71 60 67 76 1 11 61 50 14 69 50 46
fraction 50 3 ;19 36 31 21 89 38 30 28 37 19 27 27

HolA] gkt &2 A S V|Eos A =
HZo| e W% S B thFig 3b). 2-1 A lA
o 2976 C7F #FE Ao, 229 3-1 HA|
A vEbsth 19 Xé@ow
v

200E WA ol

[e)
2o) JHFE W

=, %31 129Jr 1-3 g3l 10m°ﬂ Azt 2,
ke UEFEtHFig 30).

oHoﬂo] g]_ﬁl—x-l E/\c—)] LA—] 7334 ZAA}od o
W 873 UM= 71 sE9kal
A2 o] 2‘]7(40”}\1 AN ﬂz[:g] o

o k°l 0309Jr 0.25 uMi

Xé’é o] %

?]E]‘}ili]-(Flg 3e).
oA 1035uM2 7S =93, 45 -2,

, 2:3)9] ’ZoﬂHE 3.96-6.67 uM B9 2] S W3 THFig.
3f) E59 AR HE= 15 o]8ke] W 7S B9l 3
BH(1-3, 14, 3-4)S A9t 28~173 W2 A4 A
B &S LERI T Appendix D).

T :H
r)f
o2
ro

3.2 37|8 84 a sk

o A Y] HEERaE 95a
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Table 2. Phytoplankton abundance (surface water samples) of size-functional groups analyzed by FlowCAM method

Cell abundance (10> cells mL™)

Station
Total 200~20 pm 20~3 pm
1-1 1.36 0.45 0.91
13 6.36 3.96 2.40
1-4 3.43 1.22 2.21
1-5 1.25 0.35 0.90
2-1 0.87 0.24 0.63
2-2 2.98 0.35 2.63
2-3 2.15 0.23 1.93
3-1 0.11 0.05 0.07
32 0.76 0.17 0.59
33 1.33 0.29 1.05
3-4 0.58 0.17 0.41

(a) St. 1-1 (CDW)

St. 1-1, 100x

oLl REl) [

[OfC]
ETRET!

6 17

St. 1-3, 100x “7+m

(b) St.1-3 (phytoplankton bloom)

(c) St. 3-1 (TWC)

m

Property Shoun

St. 1-3, 40x

III'El

l@_l E@==gat

14 11
U@%ﬂ
3

Eb

6 7 8 ) um

St. 3-1, 100x

1

Property Shown! 1D

Fig. 4. Captured FlowCAM images of major dominant phytoplankton groups during the survey period in the study area. (a) Dominant
phytoplankton captured at station 1-1 where Changjiang Diluted Water plume directly flows through, (b) dominant phytoplankton
groups at station 1-3 where phytoplankton biomass was the highest, and (c) dominant phytoplankton groups at station 3-1 where

Tsushima Warm Current (TWC) flows through. Note these images were captured using 40x and 100x magnification.

2-13F 3-19014 Zva HEEIFAEY] A58 0 79 ES
B} .

50%= S7kgE 2SS ¢ USdHh

3.3 2RTE AEEEIAE A+
FlowCAM< ©]-§-3}o] 3%
7]_13 ﬂx%o] ﬁ:?‘é =

mL' 2 F o) gke] $1al(Table 2), tivhhF=o] F&FS W= 3-1

47 & 0.05x107 cells mL' = FH gko] Atk F 53k ojw]#] 2}

52 9l Fig 40l UeEbiith 11 AAelM = R[]l
R=N7)
o

2 Prorocentrum micans

Noctiluca scintillans, Tripos furca <
AM T ZFS Guinardia flaccidas Y53+ Chaetoceros

sop.7k AT, AEEFAE AN AAY 13 4
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Table 3. Abundance of major phytoplankton taxa groups analyzed by flow cytometry
Phytoplankton 1o Station
group 1-1 1-3 1-4 1-5 2-1 2-2 2-3 3-1 3-2 33 34
0 2.05 6.80 3.48 1.07 3.10 1.22 0.69 2.39 0.90 0.68 0.46
10 3.07 2.48 - 1.25 3.33 2.86 0.79 2.49 1.12 - 2.00
Nano flagellates 20 1.40 3.92 - 2.63 1.52 9.00 0.89 1.37 1.35 - 7.33
(10° cells mL") 30 0.14 028 - 066 016 1.69 099 024 028 - 3.49
40 - 0.24 - 0.33 0.23 0.50 - 0.10 0.26 - 1.28
50 - N.D. - - - - - 0.03 0.24 - 0.15
0 1.44 6.06 4.46 3.01 7.15 2.75 1.38 3.87 1.88 1.16 0.96
10 0.96 2.37 - 8.13 6.32 2.77 5.03 3.96 1.47 - 2.21
PPE 20 0.69 2.70 - 8.87 1.30 4.59 8.67 1.41 2.60 - 19.66
(10* cells mL™) 30 031 071 - 162 051 905 1232 123  0.68 - 11.73
40 - 0.63 - 0.91 0.35 2.10 - 0.40 0.89 - 6.02
50 - N.D. - - - - - 0.34 1.10 - 1.78
0 0.30 1.93 1.26 1.00 5.83 0.66 1.11 9.94 4.49 4.38 2.66
10 2.76 2.22 - 6.89 7.17 8.27 4.62 9.83 2449 - 6.28
Synechococcus 20 2.03 8.27 - 391 592 1996  8.12 517 29.27 - 11.16
(10* cells mL™) 30 047  2.04 - 108 124 518 11.63 3.69 195 - 7.54
40 - 1.87 - 0.68 0.65 2.59 - 0.70 1.64 - 4.14
50 - N.D. - - - - - 0.63 1.33 - 0.88
* N.D.: Not Detected
Table 4. Standing crops (cells L™!) of major 10 phytoplankton taxa in the surface water samples from each station
Species 1-1 1-3 1-4 1-5 2-1 2-2 2-3 31 32 3-3 3-4
Diatoms
Guinardia flaccida 1,750 7,000 3,500 1,750 - 2,000 1,000 250 2250 3,500 -
Nitzschia spp. 1,750 3,000 1,000 500 250 750 500 - 1,750 750 500
Dinoflagellates
Gonyaulax monacantha 500 2,250 500 500 250 - 250 500 - 250 250
Gyrodinium spirale - 1,750 750 500 250 - 250 250 - 1,000 -
Heterocapsa rotundata 1,500 2,000 1,500 1,500 750 1,750 1,250 750 1,000 2,250 500
Heterocapsa triquetra 750 2250 1,000 1,000 1250 500 250 500 750 1,750 250
Noctiluca scintillans 250 40,250 500 250 - 250 - - 500 250 -
Prorocentrum micans 3,000 3,500 1,750 250 2250 750 1,000 750 1,000 1,000 1,250
Tripos furca 1,500 2250 1,500 500 1,000 750 250 500 750 500 750
Cyanobacteria
Trichodesmium spp. - - - - - - - 500 - - -
%—Z:"*% Bow tupdFrl mL'2 7Fg ©9kai(Table 3), PPEQ] /WA 3 1337} 2-]

l-J

A PPPRI Trichodesmium
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Il Synechococcus clade 5.1 - 11T
I Synechococcus clade 5.1 - VI
[ Synechococcus clade 5.1 - IX
[ Synechococcus clade 5.1 - VII
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Fig. 5. Stacked bar plot showing contribution of the major pico-phytoplankton taxa using NGS in each station and different depth. (a)

Relative contribution (proportion of OTU sequences) of major PPE clades (described sequences dominate at least 5% or more

during the survey) and (b) PPP (described sequences dominate at least 1% or more during the survey).
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CTD measurements, (d)~(f) nutrients, (g)~(i) Chl a concentration and (j)~«(1) flow cytometry.
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Fig. 8. Stacked bar plots by different sampling depths showing contribution of major pico-phytoplankton OTU sequences using NGS

from the IORS sampling survey. (a) Relative contribution

of major PPE clades (described sequences dominate at least 5% or

more during the survey), and (b) PPP (described sequences dominate at least 1% or more during the survey).
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Appendix 1. Salinity, temperature, CTD-fluorescence and nutrients data at different depth according to the station of the survey area

Station
CTD/Nutrients Depth

1-1 1-2 1-3 1-4 1-5 2-1 2-2 2-3 3-1 3-2 3-3 34
0 2340 25.09 2699 27.63 28.04 27.77 2683 2928 27.60 2649 2832 30.46

10 25.84 27.16 27.52 2837 30.07 27.77 2823 30.08 27.60 2681 29.71 30.84

Salinity 20 30.53  31.69 31.35 31.03 30.93 30.04 30.69 30.86 27.96 31.05 30.83 31.58

30 32.63 3252 31.62 31.75 31.52 3253 31.71 31.89 31.69 3195 31.81 32.26

50 - - - - - 32.89 32,14 3293 32.60 3237 3296 33.19

0 28.74 2858 28.23 29.00 2851 29.76 29.07 2826 29.06 2846 28.73 28.04

10 2844 2872 27.19 27775 2683 29.70 2845 26.88 29.04 2788 27.90 27.18

CTD Temp. 20 24.88 21.21 20.14 2371 2371 25.56 2453 23.85 2837 2324 2479 2051

O
30 2061 204 1953 17.14 1819 19.86 18.75 19.44 18.67 16.87 17.00 16.72

50 - - - - - 20.05 1574 1431 19.15 1578 14.68 14.32

0 052  0.22 1.28 .72 025 054 .17 019 024 052 0.10 0.03

10 .72 236 293 .73 0.06 049 036 0.14 020 1.37 0.04 0.06

Fluore. 20 N.D. ND. ND. 046 032 037 040 059 0.16 029 024 053

30 N.D. ND. ND. ND. 005 ND. 041 066 ND. 007 0.29 1.50

50 - - - - - 014 021 004 ND. ND ND. 002
0 873 495 296 173 303 501 226 621 346 348 200 099
10 273 - 424 - 220 397 275 - 28 129 - 09
(ﬁgf) 20 234 - 413 - 271 397 175 - 313 149 - 305
30 254 - 546 - 441 696 614 401 433 462 - 153
50 ] ] ] ] - 699 443 - 208 428 - 220
0 009 009 030 025 005 004 004 022 002 011 006 007
0 007 - 010 - 006 003 003 - 008 011 - 009
(ﬁg;l') 20 009 - 011 - 008 010 008 - 015 01l - 010
3 01l - 019 - 017 035 014 005 023 026 - 015
Nutrints 50 ] ] - - - 034 021 - 01l 035 - 003
0 1035 667 396 049 156 134 121 578 113 262 196 049
10 237 - 462 - 109 094 212 - 255 413 - 136
(Spil?,f) 20 342 - 708 - 239 564 255 - 667 621 - 375
30 425 - 797 - 423 1192 574 113 795 735 - 530
50 ] ] - - - 1155 574 - 613 708 - 121
0 97 55 10 7 61 125 57 28 173 32 33 14
0 4 ] £ ] 37 132 9 ] 36 12 ] 10
20 27 - 38 - 34 40 2 - 21 14 ] 31
30 23 ] 29 ] 2% 20 44 80 19 18 ] 10
50 - - - ] ] 20 21 ] 9 12 ] 73

*N.D.: Not Detected
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Appendix II. The phylogenetic trees showing the relationship among the PPE sequences. GenBank accession numbers are
written the right of the clones. Each classes were defined with the black transect line (right)

Tree scale: 0]  |—

1286
I Amphidinium testudo LN735314 Dinophyta

Phalacroma mitra AB199888
16648
17344
Phaeocystis cordata AY702142
7493
Chrysochromulina camella LN735224
10125
clone FOP1210_S_H01 HQE71861
clone S25_54 EF573710
clone FOP2610_S_17 HQB72126 Haptophyta
14671
clone S25_1044 EF574700
clone MC622-69 EF052225 .1
clone MC601-87 EF051889.1
Prymnesium sp, RCC1948 LN735302.2
clone FOP4_10H02 HQ242211
1 3785
clone FSP1210_S_J04 HQE71893
clone MC597-48 EF051810.1
15321
Nannochloropsis sp. LN735474.3
14135 O h h
Nitzschia sp. MT742551.1
19980 c rOD yta
Leyanella arenaria FJ002242
6847
Minutocellus sp. FJ002199
— 24203
— Chloroparvula pacifica NC042489 1
‘i Micromonas pusilla LN735276.2

19379
Micromonas sp. MH348880.1
8990

ggcrgmonas sp. FJ858267.1 Chlorop hyta
4

Micromonas pusilla AY702110
. Ostreococcus sp. MT111931.1
22611
[ Bathycoccus prasinos LN735275.2
23757

Teleaulax amphioxeia KPB93713.1
- 16522 I Cryptophyta

1
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