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Latitudinal Distribution of Picophytoplankton Community Structure and
Diversity in the Northern East China Sea and Yellow Sea in September
2020.

Ha Eun Lee

Department of Oceanography, The Graduate School,
Pukyong National University

Abstract
Picophytoplanktons(<2-3  xm), composed primarily of photosynthetic
prokaryotes(Prochlorococcus, Synechococcus) and picoeukaryotic
phytoplankton, play essential roles as primary producers in diverse marine
systems. It is well known that these picophytoplankton groups are
abundant in global marine environment, and Prochlorococcus spp.
accounts for more than half of the total primary production in the
upper layer of oligotrophic marine environment. Recent studies reported
increasing trends for the biomass and contribution of picophytoplankton
groups in the marine environment of the Korea Peninsula, and further
investigation and attention is needed to ascertain such trend of
picophytoplankton. Furthermore, the East China Sea and the Yellow
Sea, major marine regimes of the Korea Peninsula, show dynamic and
complex system influenced by the fluctuating strength of Taiwan Warm
Current, the Yellow Sea Warm Current, the Yellow Sea Bottom Cold
Water, coastal currents of Korea and China, and Kuroshio Branch



Current. These different water masses varies with time and season
impacting regional physical environment as well as the productivity and
species composition of phytoplankton. Thus, it is essential to understand
the connection between community structure and distribution of
picophytoplankton and surrounding environmental characteristics. Based
on the water temperature observed during the study period, seven
different water masses were identified, and the community structure
and diversity of picophytoplankton were analyzed for those different
water masses. Synechococcus and picoeukaryotes showed high
abundance and high diversity in the relatively large water masses of
euphotic zone of Yellow Sea and YSCW. In thermocline formed around
30 m in the Yellow Sea also showed high biomass and high diversity
despite its relatively small water mass. This suggests that the
thermocline formed in the warmer season may play an important
function influencing the changes in the community structure and
diversity of picophytoplankton. In particular, the  size-fractionated
chlorophyll concentrations showed relatively high contributions to the
total chlorophyll concentration which suggest that picophytoplankton
possessing broad spectrum of ecophysiological characteristics are may
be rich in clade/OTSs allowing them to adapt to environmental changes.
In addition, the appearance of low-salinity species OTU due to the
formation of low salinity in the surface water mass of the Yellow Sea
due to the influence of low-salinity water in Chiangjang diluted waters
suggests that an increase in summer rainfall and freshwater discharge
may affect the diversity of picophytoplankton communities.
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Figure 5. Vertical distributions of (a) nitrate, (b) nitrite, (c) ammonia and (d) phosphate in this study
in September, 2020.
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Table 1. Variations of nitrogen:phosphorus ratio and Mean values in this study in September, 2020(parentheses,
thermocline depth).

D(erggh El  E2 el § @ Y4 B BEARG S Mean

0 295 159 792 618 166 932 6l1 9.0 9.5 4.2 16.2 9.2  33.46%30.22
10 276 241 175 200 334 423 15.0 8.7 3.7 1.5 223 107  18.9+11.54
20 243 210 363 231 160 209 435 4.0 9.1 1.7 3.2 10.0  17.76+12.59
30 103 152 214 (155 @10.00 (16.3) (139 127 132 @3 (9.9 (136 13.02+4.03
50 8.0 144 204 143 105 127 11.0 11.8 10.0 7.9 8.9 102 11.68%3.34

_ 127 116 - 112 103 1.1 99 116 - 11.21+0.85
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Figure 6. Vertical distribution of (a) total chlorophyll a (b) size-fractionated chlorophyll a concentration (xg L™ in this
study in September, 2020.
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Figure 8. Chromatogram of picophytoplankton pigment in this study.
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Figure 11. The community composition of Synechococcus revealed by sequencing
of 16S-23S rDNA Internal Transcribed Spacer region. The bar chart
shows relative percentage of higher taxonomic groups (sequence
proportion over 5% of the total percentage) belonging to
Synechococcus clade.
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Figure 14. Phylogenetic tree and heatmap displaying the relative percentage (%) of OTUs in bottom

tree composed of representative sequences from each of 21

OTUs identified in this study, which is linearized assuming equal evolutionary rates in all

lineages. Abundance of OTUs is presented by different colors in the plot to the right.
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FtHEdmond et al 1985, Gong et al 1996; Chen et al 2008,
2009). wetA =2, shE aclel o3 YIS B3] shr] Hal
AL o) FE FAE TR Hlwshs Zlo] Basit.
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Figure 15. All sampling data is applied by water mass division (Dark
red, A water mass; Red, B water mass; Orange, C water
mass; Yellow, D water mass; Green, E water mass; Violet, F
water mass; Blue, G water mass).

Table 2. Integrated dissolved inorganic nutrientstmM m™@ and
nitrogen:phosphorus ratio in this study in September, 2020
(NO;, nitrate; NO,, nitrite; NHy, ammonia; PO, phosphate;
DIN, dissolved inorganic nitrogen; DIP, dissolved inorganic

phosphorus).
A B C D E F G
NOs 268.57  168.08  223.63 51.80 316.67 20.40  3033.19
NO2 26.14 21.29 24.08 2.49 66.60 1.58 51.37
NH4 80.84 27.90 99.10 20.52 43.07 9.64 175.02
POy 17.69 7.18 15.49 7.55 43.79 2.04 275.90

DIN:-DIP  1872.16 1489.56 3176.64 44554 1193.31 213.22 4084.41
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A HESFAEC] F5T F e 2L Q9 HES
sigol wEtd =a4 teE2r HeIdaed A% 2dd=
4&S FohHStelzer and Lamberti 2001; Chorus and Spijkerman

2020). &0l #SH JFIFLEY HHHIE o] &t s WY I
FHE etete ol AxE F8371= ok DINDIP Hl= B¢ C
Zo Al 35423, 264242 =9k, o] YA FHZ DLE
16 olske] vHlE BRI Fs Tl = Ued DINDIP vl&

1990 At o] % 16:1 o] e g2 Frlske FAHE Eolth 2004
HAWA S Holw A&HHo g2 Frtete A7 B v AtkWel
et al. 2015). &3] Y1 BHo] &3 C oA 931 o Esle=
=2 DINDIP HIE HRS HL Qo] F8 Agacle=zr Fg3l=
Ao B o3t Ao = AdEti(Harrison et al 1990; Wang

et al. 2003; Wu et al 2020). ®%FH 7} w22 DINDIP HIE H<l
Hofe F) Az Yol P At e e ANAS
2P WEe oz ot olsh ol FFFH K
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SkH  Zeaxanthin & Synechococcus, Prochlorococcus 9F Q4
Prasinophyceae 7} &f3l= 2 Aotk (Moore et al 1995). &
% DV-Chl a7} HAZEHA &o} Prochlorococcus &) &4 7HsA

vl A 399 AL, Synechococcus ¢+ Prasinophyceae ¢ 71 & 3}2}3}7]

=
N

mlo

?3l zeaxanthin:chl a ¢ ¥Hl&& B3l AEX /9 zeaxanthin
sheFs AW oHSchluter et al  2006). YHlH o=
Prasinophyceae =  zeaxanthin:chl a<¢]  BH|Z}  0.008~0.065 Z
Uelval,  Synechococcus=  0.048~0.590 £ - UER} z}o]E
RelthLatasa et al 2004; Noh et al 2005). Chl bE& Zt=
Prasinophyceae ¢ <93z vjasgt Ax(Fig. 16), Synechococcuss £
MAT7F =g T2 A= chl b9 zeaxanthin & %71 2%
oty A ™o A Prasinophyceae ¢ <8Fo] i, chl bxETH
zeaxanthin o] F=7F © U@ X A= Synechococcus 2] G o]
ZAth. X3k Picoeukaryotes & ZWA|<7F =3E 4 20 m oA =
chl bET zeaxanthine ¥E7F} ¥ =g=d  rz7x =2
Synechococcus ©] = FFel & Ao =Z YElYT o]= chl bE
7FAIE A zeaxanthin & 7HAAl @& olfle] EFTY el
Aode  HS AAE e
picoeukaryotes “L&-°l HI3] =77} A= flowcytometry &4 &

53 AFoME 53 =AY WAG7F zeaxanthin & F &=l

o}

2

Synechococcus 7V ©+&

A 71493 ASeRE HOL ol L Zuis HNEZHIE
FTAMZ T AA & 3EE MA T, BAF 5 e Y
7138k Hhol zolE 7EAE S AlARSHG
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L) and zeaxanthin:chl a ratio (a) in
surface and (b) 20 m.
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Table 3. Integrated chlorophyll a concentration (mg chl @ m® by water masses in September, 2020.

A B C D E F G
Total chl a 92.97 29.12 99.71 19.28 52.09 31.09 100.31
Pico chl a 46.87 13.38 04.91 18.53 31.57 7.08 49.61
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Table 4. Integrated pico-fractionated photosynthetic pigment concentration (xg m?® by water masses in
September, 2020 (n.d, not detected).

Photosynthetic pigment (g m™?

A B C D E F G

Perid 27.88 n.d n.d 22.13 87.80 n.d 133.06

But-fuco 848.40 257.04 1011.71 992.20 1035.38 102.07 1856.67
Fuco 4746.30 1610.28 9445.36 2573.40 9077.12 834.05 9058.28
Hex-fuco 2917.17 618.92 4826.51 2423.98 3848.91 426.74 5656.86
Allo 1504.33 624.06 1767.14 369.12 964.20 69.69 1667.42
Zea 2879.38 610.16 7456.96 1861.12 1800.98 93.13 2644.34
Chl b 7151.26 1139.91 9460.95 3499.82 6439.91 1348.07 12709.26
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4. 2. 2. & HEEZFIAEY NASF

Synechococcus % Prochlorococcus 7} 7Fx1 forward  light
scattering, phycoerythrin ol 2]t HFEAS o]&3t] 2
Cyanobacteria ol 43}t 2t = Flowcytometry & 53] F &8 #a]3ko]
MAGTE 4= Aol 7FsdlthTrask et al 1982, Marie et al 2000;
Geérikas Ribeiro et al 2016).

Synechococcus 9} picoeukaryotes o] WAFE FAEZ HElA
FHEE Hwslsg-S w(Table 5), Synechococcus+= F <=3 oA wj
T 2FUA AL AYsta BE FHNA =2 AAFE EAT. &
3] C oA 7 &2 /A4S Bl {4 Picoeukaryotes & G
FHAA 71 =3H. ol BIA Ma FHAIHSGE LA ojn
E3] Synechococcus v 5589t FsfolA AF U =& A
5 Holm(Jiao et al 2002; Wang et al. 2010; Chung et al 2014;
Seo et al. 2017), picoeukayrotes &= Synechococcus ] 1/10 o 3}
st= MATFE 1/‘rE‘rHJ1:}(Chang et al. 2003). 3tAITE G FH A F
EFwol vl MATE vERE JE= picoeukaryotes 7F =2
MAFE JeEPFOH o= picoeukaryotes 7F stAl ASEaiy
T8 IF 98§ 3= Aoz dAdHEn. Visintini ef al (202D)+=
A AFH BHeA e 7% W3t Fo AU eE st =Y
d= S JHAFE ASFsidS W, Synechococcus 9k

Prochlorococcus = £ Z7} 8= A= fzxo=z

=
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picoeukaryotes & 7r4d Zolzta oGt sHAINE & A Fo
=2 MAlTE H H-L picoeukaryotes 71 A F=

FE =S oY g BAFS AzEr] Wi Aew HAl
th(Li 2002; Zhao et al. 2013).

38 Prochlorococcus & ﬂowcytometry s B3 ATt
7bFsstANE 1 7wl AAY QIS e AEEHA ¥ ARE
&3 A7} =HChisholm et al 1988; Vaulot et al 1995).
ZAb A& floweytometry A AE= A kAL olo] g ¥
4. 2. 37 A AAE] e H LA ST
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Table 5. Integrated cell abundances of Synechococcus and picoeukaryotes by water mass in September, 2020.

Cell abundance (x10* m™)

A B C D E F G
Synechococcus 851.08 206.43 1411.82 968.51 437.85 26.15 544.45
Picoeukaryotes 46.49 9.65 110.52 35.18 57.34 21.24 752.26
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4. 2. 3. =& HEZZIEY TY¥A

Synechococcus

sl %F¢] cyanobacteria ol 43+ Synechococcus ¢ Prochlorococcus
o] AEARQ] AolE FE A7] sk 165-23S rDNA ITS FH-2]<]
ANE2E o] &3 &4 A& A7 &83] o] &5 AvkRoc
ap et al 2002). o] F AFL o7 Mo dAET(lade) o=
TAE Atk dE A 9o m, Synechococcus = AA7FA 20 7|
o]/e] clade 7} &<l % A tHAhlgren and Rocap 2012; # S 2015).
Synechococcus += 2 A|AA A clade I, I 2 IV 7} A3} (Zwirgl-
maier et al. 2008), Es=alol A Et F ofd] A Fol A st=
clade 17} F2 EX3}H clade ML © W oA F&
o]Etty ¢H A JthHBrown et al 2005, Mazard et al 201
Xia et al. 2017). ¥¥@A 33ll= Synechococcus ] ¥4 S clade
A e A7V WFE 2 dAFE Fel el
f EHE7MA " sge Hx=E ARV X%
FAE 159 8 AHE AT 712 AREA T3
7HXI

Synechococcus 2] ¥ S ¥ =E vk 23K (Table 6), 3
%Y cade 12 A~C 39 H¥ AHFEo] 7519+£10.08% =

A

™
P Bt ool GolAE E SR H gastgd. wd Fel

St
35
mlm
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G FHolAe clade 13 IV7} sAo A3, B FHdA+=
Aol EdstA F3hTh.

9 159 clade 5.3-1/ll= C A 507+£281%= =3re
v, 3 WelAe #HArE ok clade X& B FH oA
6.49-1.35%% Th& ol vt F uj o] wUTh 1 vl =

< FHdA e HFE&S dEkd dade 1, Vi, Vizk clade
5.3-WPCle ¥ ;‘q-o]7]. SIS =N
B AT E a4 Synechococeus 5.1 clade 119} #2442

13 N7F M2 dulge @402 dYeistth Clade e A
F Atoldl MuH Fo] FL A w2 NAFTE
BAgy <dHx dom clade 13 N+ ¢ 10~15C Alol9
FLoA 3] HAGE ZAowE dEHA JYhZwirglmaier et al
2007; Ahlgren and Rocap 2012). ¥ AFolAs 140 FAH
A= g3 A=k =obfdd wet FeAFTYrHY FFS
ol mwd AFo] JFAHHE AR Aol A= Ho
HA=d ols 7€ dA7=5H W3 99l Synechococcus
o

S EHS B wsn £eo] olse tuyd 3L

A
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I T Fkse FHE Ban oUd ¥ EdE
SAE FEEss Folol 47 AUt FFE Fol

A
EAHHEHST] AT T IF dAYelA 4AHEHd EdES Hola
2 3}stch(Mella-Flores et al. 2011;
Ahlgren et al 2014). ¥ AFAE clade 5.3-CB57F

SASAAT vl e FFES HAT AR ofFHAA =EF

d

Prochlorococcus
Prochlorococcus & Flowcytometry ZAolA  wAZHAL, A A
A 2~21 divinyl chlorophyll a =% & S A] HAEHA &3kt
Hkt 16S-23S rDNA ITS #4 Ao = 0.2~0.3% o wl§ 3+
o] YEtSth sANF 1% mFhe] 92 dfHe&2> AlE2 4
oA WAL + Ae 2z HAE ATEHo Am A lA
& = Adue= HES 8 o] Prochlorococcus 7¢ & E3EA
Ao g HWRIYy Prochlorococcus = Wwnl “H7F AF%=
A digsdes St FAE wmAUYrbEA 23S
Holx|ukXiao et al 2018; Hasegawa et al 2019; Zhao et al
2019), & =ANA = FF=ee BEHoL Fejol| et 3d
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ZA}o) 7)o Prochlorococcus 7Y 3 7FsAd o] vl 2t} w3
HigeF Ao & AAHFSE /A= ©

H3sl7] w&of(Campbell and Vaulot 1993; Biller
et al 2015 EFT=Id FIA7E ETFH  AA"I A=
Prochlorococcus 7} 38 & 4+ Ad 82 = stz A5 HTTH

Picoeukaryotes

AP 2oL AESHIAEY S THEE vludg 23
(Table 7), 7}¢ $% 3+ Mamiellophyceae®} Prymnesiophyceae+= 2}
zZr B F A AFEol RofAe AEFS B
Cryptophyceae= B oA HfFE°] 17.03+7.69%= T2 3
of Hlsj F # ol =3t Dinophyceaew= A G olA
6.05+7.91%2 HH&S BHISL, OE FHoA] 2% 7|Tke] uj$-
e H{ES BRI D E S3olA  Trebouxiophyceaeg}t
BacillariophytaZ} @4 Z7FslG o U, 5% w|Wro 2 nf-¢- e Hf
&5 Btk I ol &F/F T2 Y o HAI we A,
1% vlvke] mj$- e H{88 2tk 53] Mamiellophyceae7} &4
QF AN 527 F8 IAFLE J[Hdh= e 1HsINES W, £
ZAIA - 7IFE 24 AFRERY P 52 HAaess ARAE
Mamiellophyceae= ZAF <o) At S 9] s Bo] BJYte= A
om|gt. & Qo] AFetlew A wf Y m2F/UF S4%% A4

AL o]F= Ao H1F uf ¢JojMaat ef al 2014; Guo et al 2018)
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Relative abundance (%)
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Figure 17. Correlation between OTUs and environmental
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AARERFE 7IME BA AAERE F ARE 52 HAAss
AARE EREoRE 2F AHACdAN F2 EXITa AR o
Al A FEse=ale] - ERTeE d#A UrhRiegman ef
al. 1996, Rousseau et al 2007; Shih et al 2019). £ ZAjoA= A
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Table 6. Relative percentages (%) of the Synechococcus (sequence proportion over 5% of the total
percentage).
A B C D E F D
II 71.19+16.13 78.19+3.65 76.22+10.47 60.69+£11.99 34.92+21.6 47.84+558 22.48+18.34
[ 3.89+6.53 0.84+0.75 3.34+518  12.26%+8.48 23.35+1541 @ 155+3.05 34.04+13.29
\Y 5.09+9.93 0.14+0.08 443+6.18  16.04+6.38 30.2+13.32  19.8+£3.07 34.79£11.52
IX 3.61+2.33 6.49+1.35 3.77+3.83 0.59£0.69 1.25+1.27 1.92+0.97 0.73£0.93
WPC1 2.37+2.36 2.33+0.85 1.34+1.34 1.61+0.62 1.49+0.99 3.65+1.43 3.65+3.71
VI 1.22+1.49 1.65+0.95 1.54+1.54 2.48+1.07 1.1+0.38 4.14+1.02 1.49+0.85
I 1.32+0.99 1.94+0.36 1.49+1.69 1.89+1.2 0.6=0.33 1.55+0.24 0.58£0.55
VI 2.55+3.25 0.74+0.54 0.23£0.37 0+0.01 0.05£0.07 0.05+0.08 0.03£0.06
5.3-1/1 4.22+2.38 2.78+0.66 5.07+2.81 3.27+0.37 5.85+4.34 3.65+0.8 1.86+1.14
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Table 7. Relative percentages (%) of the picoeukaryotes in class taxonomical level (sequence proportion over 5% of
the total percentage). (n.d, not detected)

A B C D E F G
Mamiellophyceae 53.51+30.29 25.17+8.69 45.82+23.16 36.22+13.85 30.39+£12.38 35.49+21.43 30.47*=13.64
Prymnesiophyceae 27.54+20.47 42.11+£517 31.35%+13.99 35.44+524 34.19+11.78 20.92+12.15 31.04£7.45
Cryptophyceae 4.63+£1.52 17.03£7.69 8.73+6.62 3.12+2 4.74+1.57 2.61+1.49 7.28+£8.28
Dinophyceae 6.05+7.91 4.37+£1.03 1.19+0.82 0.36+0.36 2.2£1.53 1.43+1.1 2.45+1.88
Chrysophyceae 1.15%+1.01 2.88+1.05 1.37+1.88 1.23£2.01 0.47+0.41 0.7£047 2.99+3.98
Bacillariophyta 0.53%0.38 0.48+0.26 1.92+2.08 1.53%0.75 494+1.74 0.52+0.57 2.93+2.57
Pinguiophyceae n.d n.d 0.31x£1.22 0.24+0.37 0+0 0.33+0.34 0.77+2.25
Trebouxiophyceae 0.36+£0.31 0.59+£0.6 0.77£0.78 3.75+3.43 2.34%0.62 1.34+1.22 2.54+3.01
Ochrophyta_unclassified  0.95+1.74 1.41+1.54 0.44+0.4 0.35+0.27 1.2+0.88 0.8+1.14 0.7£0.61
Eustigmatophyceae 0.2+0.3 0.44+0.3 0.2+0.33 0.47£0.5 0.2%0.24 0.07£0.13 1.2+2.59
Raphidophyceae n.d 0.06+0.12 n.d n.d n.d n.d n.d
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Appendix 1. Raw value of nitrate and phosphate concentration (M) in this study.

Deoth Bl R frs MG G | Y1 ~YAMNN Y4 Y5 Y6 S

0 1.72 0.61 2.05 1.60 0.80 2.41 2.96 2.42 0.39 0.60 1.57 1.16
10 1.78 1.01 1.52 1.61 1.94 2.32 2.13 0.85 0.78 0.40 1.22 1.06
20 1.96 3.59 2.93 3.51 3.26 3.18 1.69 0.90 2.40 0.40 1.42 1.03

N9 30 210 367 387 726 579 765 725 613 608 245 616 439
50 227 632 502 1014 946 904 1208 996 439 771 773 810
5 1 o6 113 [ 10 994 876 938 940 [N
0 006 004 003 003 005 003 005 027 007 014 010 0.3
10 006 004 005 008 006 005 014 010 021 027 005 009
po, 20 008 017 008 015 020 015 004 023 026 024 045 010

30 0.20 0.24 0.18 0.47 0.58 0.47 0.52 0.48 0.46 0.57 0.62 0.32
50 0.28 0.44 0.25 0.71 0.90 0.71 1.09 0.84 0.44 0.98 0.87 0.79

75 _ 0.76  0.98 - 1.05 096 079 095 081 -
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Appendix 2. Raw value of T chl a and Pico chl a concentration (ng L-1) in this study.

penth g1 E2 E Gl G YT Y >3 Y4 Y5 Y6 S

0 069 240 071 048 067 104 102 099 095 034 034 137

10 08 223 074 047 036 129 097 105 096 037 034 142

Tchl 20 084 085 067 024 036 053 065 081 121 053 039 141
a 3 05 071 041 018 015 029 040 053 062 074 105  0.49
5 004 032 049 010 015 010 014 008 035 029 034 024
s 1 o o060 [ oss 039 274 o067 o050 [N

0 061 214 015 104 037 08 044 037 099 032 038 104

10 070 172 016 090 041 079 044 373 106 046 051 105

Pico 20 074 017 021 008 014 022 018 293 150 095 068 092
chia 3 014 009 005 002 015 007 040 015 139 104 087 012
5 003 002 003 002 007 002 008 002 017 022 014 0I5
= o0s o007 M o003 002 034 o012 o010 [N
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Appendix 3. Raw value of cell abundances (x 10* cell mL™) in this study.

D(erg)th El E2 E Gl € Y1 Y2 Y3 Y4 Y5 Y6 S
0 383 5247 674 115 146 797 2915 2946 1312 1273 1469 117
g 10 491 3901 925 137 164 799 2845 2104 1320 1313 1658 1.29
S 20 378 198 485 130 233 546 1549 760 743 860 1398 1.24
S 30 104 086 161 046 234 164 616 155 434 619 454 050
8 50 041 045 086 034 062 045 072 046 210 138 125 070
S s I o o T o3 03 21 osr o0 [N
. 0 061 214 015 104 037 083 044 037 099 032 038 104
g 10 070 172 016 090 041 079 044 373 106 046 051  1.05
£ 20 074 017 021 008 014 022 018 293 150 095 068  0.92
£ 30 014 009 005 002 015 007 040 015 139 104 087 012
= 50 003 002 003 002 007 002 008 002 017 022 014 015
? s [ oos o007 M o008 o002 03 012 o1 [N
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Appendix 4. Raw value of photosynthetic pigment concentration (ng L™") in this study.

D(erg)th El  E2 E Gl G YI Y2 Y3 YA Y5 Y6 S
0 498 2456 254 743 358 1095 97.8 650 941 167 226  70.8
10 998 2104 339 163 539 1307 1053 2335 1179 159 370 621
cpp 20 91 325 433 264 - 410 (496 666 492 1768 752 6Ll 613
30 446 157 133 126 145 239 1708 586 605 1368 1768 194
50 19 38 29 44 169 67 242 84 274 509 390 188
> T 1 s [ 3 41 162 21 us R
0 324 160 184 34 84  67.7 2190 1388 747 492 413 48
10 335 984 269 51 222 680 1867 391 389 485 504 45
sey 20 188 76 139 38 122 310 1043 110 226 232 374 40
30 66 44 54 24 26 102 404 141 113 189 197 35
50 07 25 31 11 29 2463 44 103 56 51 34
s T . s [ s 1.9 7.8 3.1 23 |
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Appendix 5. Raw value of photosynthetic pigment concentration (ng L™ in this study.

Depth

o' Bl E2 B Gl G YL Y2 Y3 YA Y5 Y6 S
0 130 1027 303 207 138 801 516 250 643 195 137 427
10 242 1103 466 200 163 1296 838 326 798 180 174 382
Pu 20 21 719 530 186 241 431 720 468 1936 358 196 3956
30 416 561 222 115 7.2 322 1231 537 841 873 924 283
50 63 191 109 36 77 51 108 71 231 241 230 232
> T 50 > 0 36 164 141 52 R
0 180 1049 210 220 - 205 588 465 408 ~ 941 403 234 226
10 347 773 304 101 115 871 547 274 752 301 318 200
Hex 20 311 155 137 179 89 433 655 284 918 814 369 186
ffuco 30 257 104 36 49 34 106 1098 5L1 367 869 702 49
50 20 28 24 17 39 26 78 37 154 109 68 44
s [ 0 s B 37 17 96 83 24 N
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Appendix 6. Raw value of photosynthetic pigment concentration (ng L™ in this study (n.d, not detected).

Denth  E1 B2 E _~TRYPJOINAYS Y2~ Y3 Y4 Y5 Y6 S
0 38 192 34 31 33 83 91 108 111 119 79 45
10 77 164 47 nd 42 123 91 115 171 93 83 53
But 20 57 92/ 81 21 59 103 107 79 298 187 127 43
fuo 30 108 66 51 23 17 47 182 107 142 278 203 45
50 26 28 30 'nd 21 nd 42 nd 52 44 41 60
> 1 ¢ s B 27 ¢ 37 29 32 N
0 68 495 72 93 194 150 333 189 115 99 28 21
10 108 446 111 92 78 195 285 141 136 78 20 31
g 200 11 66 195 15 41 103 111 61 184 123 59 50
30 83 176 119 77 13 36 126 178 66 273 264 28
5 07 47 88 11 06 12 20 16 25 30 16 19
> T : o B ¢+ 13 09 23 135 N
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