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Phytoplankton community structure and distribution characteristics in

the northern East China Sea

Kyung-Woo Park

Department of Oceanography, The Graduate School,

Pukyong National University

Abstract

Construction of the Three Gorges Dam has changed both water mass
characteristics in the northern East China Sea(ECS) and the fluctuations
of diluted water outflow in the Chang Jiang; this study aimed to
investigate whether = these alterations to the marine environment in
these places are affecting phytoplankton community structure. Changes
to the marine environment were determined by investigating long-term
variations in (water temperature, salinity, Chlorophyll-a, nutrients) in the
northern ECS from 1995 to 2017. We compared the marine
environmental factors and phytoplankton communities at one station in
the summer of 1998 to the results of this survey (2015-2017; same
station). Notably, the distribution characteristics of picophytoplankton,
which is becoming more important to the offshore zone, were compared.

The water temperature in the northern ECS decreased by 0.62°C over



23 vyears, which is opposite to the trend of global warming, and the
salinity decreased by, which was the result of a decrease in freshwater
inflow from the Chang Jiang in the summer. In addition, the effect of
the Yellow Sea bottom cold water(YSBCW) became strong whereas that
of the high-temperature and high-salt Kuroshio water(KW) became
weak. The remarkable changes in these two water masses, which are
opposite in terms of water temperature and salinity, seemed to have
greatly influenced the water temperature and salinity in the northern
ECS. In the northern ECS, nitrate and nitrite levels increased from 1995
to 2017 whereas phosphate and silicate levels decreased. However, levels
of all nutrient salts have decreased since 2010; this may be due to the
decreased influence of the Changjiang diluted water(CDW)and Kuroshio
water, which are the main sources of nutrient salt inflow, and decreased
levels of nutrients due to the frequent occurrence of red tide in the
Chang Jiang estuary since 2000. In conclusion, the marine environment
in the northern ECS has changed due to natural phenomena such as
changes in water masses and frequent red tide occurrences at the
estuary of Chang Jiang, thus resulting in changes to the phytoplankton
community.

Diatoms and dinoflagellates were the dominant species in the
phytoplankton community during the spring and summer seasons of the
early and mid-2000s. On the other hand, nanoflagellates of less than 10
um showed the dominant rate of 158 -53.8 26 in all seasons except in
the winter and were the most dominant species; these results are

different from those of previous community structure studies. Comparing
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the marine environment at the same station during the summer of 1998
and that in this study showed that the overall levels of nutrient salts
were lower in this study than in the summer of 1998; in particular,
phosphate concentration was very low (0.1 uM or less). In 1998,
nitrogen level was the Ilimiting factor, but in this survey, it was
replaced by phosphorus. Thus, the 1998 community centered on diatoms
and the community in this survey centered on nanoflagellates of 10 pm
or less. In terms of chlorophyll-a's according to size, picochlorophyll
Chl-a showed a high contribution rate of 60% or higher in the spring
and summer; the highest contribution rate was observed in the surface
mixed layer during the summer when the phosphate concentration was
low. In addition, the contribution rate of picochlorophyll Chl-a was
higher at the eastern station than at the western station, where nutrient
salt levels were high. Therefore, we expect the phytoplankton
community to undergo miniaturization in the northern ECS, where
nutrient salt levels are decreasing, resulting in a decrease in primary
productivity. The food web will also change from a simple food web
centered on diatoms with high primary productivity to a complex
microbial food web based on picophytoplankton with low primary
productivity. In addition, the rate of carbon transfer to higher consumer
levels will be lowered, thus leading to reduced marine productivity.

To investigate the temporal-spatial distribution of picophytoplankton in
relation to  different water masses in the northern ECS,
picophytoplankton abundance were investigated using flow cytometry

with environmental factors in 2016 - 2017. The results from the analysis
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of flow cytometer data showed that Synechococcus appeared across all
seasons, exhibiting its minimum abundance in winter and maximum
abundance in summer. Furthermore, high abundance was detected in the
surface mixed layer during spring and summer Wwhen vertical
stratification occurs; in particular, Synechococcus exhibited maximum
abundance in thermocline layer, indicating a close correlation to water
temperature and thermocline formation. In addition, the abundance of
Synechococcus indicated a decrease in the western seas in 2017
compared to 2016 under the strong influence of the Changjiang Diluted
Water(CDW). This was determined by the significant influence of the
CDW on the abundance of Synechococcus during summer in the
northern waters of the ECS. In contrast, Prochlorococcus did not appear
during winter and spring, and its distribution was limited during
summer and autumn in the eastern seas under the influence of the
Kuroshio current. The largest range of Prochlorococcus distribution was
confirmed during autumn without the influence of the CDW. Thus, the
distribution pattern of each picophytoplankton genus was found to be
changing in accordance to the extension and reduction of sea current in
different seasons and periods of time. This is anticipated to be a useful
biological marker in understanding the distribution of sea currents and

their influence in the northern ECS.
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Table 2-1. The annual means and standard deviation of the related environmental parameters in the northern
East China Sea, 1995 - 2017.

Tem. Sal. NO; + NO3 PO, SiO; Chl-a
Winter 13.47 (3.82) 33.49 (1.03) 7.75 (448) 0.47 (0.32) 9.61 (4.44) 0.45 (0.40)
Spring 17.31 (2.34) 32.79 (0.98) 374 (3.67) 0.18 (0.20) 6.44 (3.11) 0.68 (0.94)
Surface Summer 27.85 (1.60) 30.40 (1.92) 3.21-.(3'39) 0.16 (0.18) 4.94 (3.40) 0.86 (1.01)
Autumn 21.05 (1.63) 33.34 (0.88) 6.77 (5.64) 0.35 (0.31) 7.57 (4.60) 0.59 (0.61)
Annual 19.94 (1.73) 32.48 (0.94) 5.75 (3.73) 0.30 (0.24) 7.36 (2.99) 0.79 (0.84)
Winter 13.45 (3.56) 33.65 (0.88) 8.40 (4.41) 0.49 (0.34) 10.16 (4.61) 0.41 (0.40)
Spring 13.27 (1.58) 3342 (0.84) 9.00 (4.61) 0.49 (0.26) 10.23 (3.47) 0.37 (0.45)
Bottom Summer 17.09 (3.41) 33.30 (1.13) 11.11 (5.86) 0.53 (0.20) 14.16 (5.33) 0.35 (0.46)
Autumn 19.43 (1.91) 33.75 (0.87) 10.38 (7.02) 0.57 (0.42) 11.91 (5.29) 0.37 (0.49)
Annual 15.73 (1.48) 33.54 (0.84) 9.63 (4.16) 0.53 (0.28) 11.67 (3.18) 0.49 (0.88)
Winter 13.78 (2.97) 33.76 (0.89) 7.64 (4.25) 0.44 (0.30) 9.22 (4.36) 0.43 (0.38)
Spring 15:24 (2.65) 33.27 (0.91) 5.74 (4.65) 0.31 (0.25) 7.77 (3.66) 0.52 (0.72)
Depth-averaged = Summer 22.25 (5.36) 32.17 (1.81) 6.40 (5.84) 0.29 (0.13) 8.68 (5.96) 0.69 (0.95)
Autumn 20.96 (1.72) 33.62 (0.82) 6.95 (5.97) 0.38 (0.33) 7.97 (5.05) 0.49 (0.49)
Annual 18.03 (2.26) 33.21 (0.91) 6.91 (4.05) 0.37 (0.21) 8.62 (3.67) 0.52 (0.42)

Abbreviations: Tem, temperature('C); Sal, salinity; NOo, nitrite(uM); NOs, nitrate(uM); POy, phosphate(uM); SiO», silicate(uM);
Chl-a, Chlorophyll-a(ug-L™1); (), standard deviation.
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Table 2-2. The annual change of the annual means and seasonal averaged of the related environmental
parameters in the northern East China Sea, 1995 - 2017.

Tem. Sal. NO; +NOg3 POy Si0, Chl-a
Winter -0.103 -0.008+ 0.135 =0.01 1% =0.070% 0.01 %3
Spring -0.072 -0.013x 0.001 % —0.003#3* 0.055x= 0.0303
Surface Summer 0.006%x* 0.002: 0.001 % —0.006%* -0.088%* 0.022x%
Autumn -0.023 -0.020 -0.109% —0.009* —0.137% 0.0323x%
Annual -0.049 -0.003* 0.011 —0.008* —0.052x3 0.023#x%
Winter -0.080 -0.015% 0.120 -0.016%* 0.085% 0.014#x
Spring —0.019x -0.021 0.055% —0.004 5 -0.044 0.010=
Bottom Summer 0.020% -0.006% 0.130 0.0023x 0.016%x* 0.008xx*
Autumn -0.005 -0.015 -0.069 -0.007* =0.110% 0.018=
Annual -0.025% =0.014x 0.058* =0.007 —0.014 0.012x%
Winter -0.026% -0.009% 0.118 —0.013# 0.051 0.011#x
Spring -0.036%* -0.015%* 0.075% —0.002x3 0.016%x* 0.020x
Depth—averaged Summer 0.003%: —0.012xx 0.064x* —-0.003x -0.011 == 0.021 5
Autumn -0.024x* =0.017xx -0.118* =0.009* -0.124x* 0.024#x
Annual -0.027% -0.013% 0.024 —0.007%* —0.049%* 0.018x*

Abbreviations: Tem, temperature(C - year '); Sal, salinity(year '); NOo, nitrite(uM - year '); NOs, nitrate(uM - year '); PO,
phosphate(uM - year '); SiOs, silicate(uM - year !); Chl-a, Chlorophyll-a(ug-L! - year !); *, P<0.05; **, P<0.01.
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Fig. 2-3. The wvariation rates of annual mean salinity
concentration of (a) depth-averaged, (b) surface and (c) bottom in

the northern East China Sea. 1995 - 2017.
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Fig. 2-4. The variation rates of annual mean nitrate + nitrite
concentration of (a) depth-averaged, (b) surface and (c) bottom in

the northern East China Sea. 1995 - 2017.
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Fig. 2-6. The variation rates of annual mean silicate concentration
of (a) depth-averaged, (b) surface and (c) bottom in the northern

East China Sea. 1995 - 2017.
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Table 2-3. The rates of change of the annual means and seasonal averaged of the related environmental
parameters in the northern East China Sea, 1995 - 2017.

Parameter Annual mean§ and averaged . Rates o.f change .
N:P Si:N Si:P N:P Si:N Si:P
Winter 19.9 (9.9) 1.5 (0.8) 24.8 (9.0) 0.3 =0.0%: 0.2
Spring 61.6 (114.7) 54 (88) 1205 (135.9) 1.8 0.2 8.0
Surface Summer 124.2 (203.3) 47 (11.1)  270.7 (512.3) 15,153 =0.0%: 32.2
Autumn 39.8 (54.1) 1.6 (1.3) 36.7 (29.4) -1.1% =0.0%: —0.6%:
Annual 60.6 (123.1) 3.1 (3.8) 1114 (274.9) 3.2%% 0.0 9.9
Winter 23.2 (21.7) 1.4 (0.6) 25.5 (14.1) 1.0% =0.0%: 0.6%
Spring 23.0 (11.9) 1.7 (3.1) 31.3 (20.9) 0.0 =0.0%: 0.4
Bottom Summer 52.0 (110.0) 2.7 (6.9) 81.3 (176.7) 29 0.1 4.4
Autumn 35.8 (42.3) 1.4 (0.8) 37.6 (36.5) -1.3* =0.0%: =1.2%%
Annual 83.4 (60.1) 2.0 (3.1) 43.6 (91.2) 0.6% 0.0 1.1
Winter 20.5 (10.4) 1.4 (0.8) 27.7 (9.2) 0.5% =0.0%: 0.2
Spring 35.9 (38.3) 4.3 (11.9) 66.9 (55.9) —0.6%x 0.1 2.7
Average of water
Summer 145.8 (244.3) 42 (11.6)  249.2 (461.7) 16.9x 0.0 27.3%
column Autumn 412 (55.9) 16 (13) 375 (35.4) 15w ~0.0%x 10w
Annual 60.2 (133.0) 2.8 (45) 92.9 (242.8) 3.8 0.0 745

Abbreviations: *, P<0.05; ** P<0.01.
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ocean environmental conditions of the northern East China Sea.
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China Sea in 2015 - 2017.
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Fig. 3-7. Seasonal surface distribution of averaged nitrate +
nitrite (uM, left), averaged phosphate (uM, center) and averaged
silicate (uM, right) in the northern East China Sea in 2015 - 2017.

_48_



Stations Stations Stations
21 12 17 15 132 21 19 17 15 13 21 19 17 15 13

8 88z
(anpdogr

-~
o

-

@

@
i
-
<
<

315 transect(Winter)
Sio,

315 transect(Winter)
NO, + NO,

315 transect(Winter)
PO,

g 88z

g
(uypdeg

316 transect(Winter)
Sio,

316 transect(Winter)
NO, + NO;

316 transect(Winter)
PO,

o 8 8¥zp
(wipdag

~

e
@
=3

317 transect(Winter) | 317 transect(Winter) ™ 317 transect(Winter)
NO, + NO; | PO, SiO,

LI LT LT L 11T e L ] | [ [T T
o 5 16 15 20 25 30 0 0.5 1 15 2 0

5 1 15 20 25 a0
Fig. 3-8. Vertical distribution of averaged nitrate + nitrite (uM,
left), averaged phosphate (uM, center) and averaged silicate (uM,
right) in the northern East China Sea in winter 2015 - 2017.

_49_



Stations Stations Stations

21 12 17 15 13 2 19 17 15 13 21 19 17 15 13&
e
-4
50 2
7 &
S 100
315 transect(Spring) 315 transect(Spring) 315 transect(Spring)
NO, + NO; PO, Sio,
8
30 ¥
0 F
75 &
100
316 transect(Spring) 316 transect(Spring)
NO, + NO; PO,
‘ P A
{20 o
$ 50 F
=
\ w
¥ = .,
= 100
317 transect(Spring) | 1317 transect(Spring) 317 transect(Spring)
NO, + NO; | PO, Sio,
LM LTI L T 1111 o | 1N T [ | [ [ [] [T
0 5 16 15 20 25 30 0 0.5 1 15 2 ¢ 5 10 15 20 25 30
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right) in the northern East China Sea in spring 2015 - 2017.
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Table 3-1. Dominant species abundance(x 10° cells L™') and dominance rate(%) the phytoplankton in the

northern East China Sea in 2015-2017.

2015

2016

2017

Winter

\Paralia sulcata(380, 77.0%)

\Paralia sulcate(158, 57.5%)
Thalassiosira subtilis (13.8, 5.0%)

\Paralia sulcata(142, 46.9%)
Chaetoceros spp.(22, 7.3%)
Thalassionema nitzschioides(17, 5.6%)

Spring

Chaetoceros curvisetus(302, 19.2%)
Thalassiosira spp.(267, 17.0%)
nanoflagellates(< 10um) (208, 13.2%)

Chaetoceros spp.(137, 11.7%)
Skeletonema spp.(128, 11.0%)
nanoflagellates(< 10um) (123, 10.5%)

nanoflagellates(< 10um) (183, 43.5%)
Chaetoceros spp.(63, 16.2%)
Skeletonema spp.(31, 7.4%)

Summer

nanoflagellates(< 10um) (946, 26.9%)
Scrippsiella trochoidea(279, 7.9%)
Thalassiosira spp.(275, 7.8%)

nanoflagellates(< 10um) (833, 50.5%)
Scrippsiella trochoidea(251, 15.2%)
Guinardia flaccida(155, 9.4%)

nanoflagellates(< 10um) (974, 50.1%)
Chaetoceros lorenzianus(278, 14.3%)
\Diploneis sp.(214, 11.0%)

Autumn

nanoflagellates(< 10um) (502, 60.3%)
\Nitzschia sp.(89, 10.7%)
Thalassiosira sp(57, 6.8%)

nanoflagellates(< 10um) (190, 66.0%)
\Paralia sulcate(30, 10.3%)

nanoflagellates(< 10um)(181, 36.0%)
Chaetoceros curvisetus(34, 6.8%)
\Nitzschia sp.(25, 5.0%)
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Table 3-2. Vertical variation of Chl-a size composition in the northern East China Sea in winter 2016-2017.

315 Line Chl-a size composition(%) 316 Line Chl-a size composition(%) 317 Line Chl-a size composition(%)
St. depth(m) M N P St. depth(m) M N P St. depth(m) M N P
0 473 9.8 429 0 6.8 11.2 82.0 0 345 13.3 52.2
10 69.1 10.6 20.3 10 12.6 13.4 74.0 10 334 12.0 54.6
20 8.8 12.3 789 20 5.8 14.5 79.7 20 15.4 13.6 71.1
13 30 215 10.4 68.1 13 30 16.1 16.0 68.0 13 30 255 15.7 58.8
50 214 11.7 66.9 50 18.6 17.9 63.5 50 12.3 19.2 68.5
75 20.0 10.3 69.6 75 185 14.0 674 75 9.8 19.7 70.6
100 25.8 12.6 61.7 100 17.1 15.3 67.6 100 24.3 15.3 60.4
0 9.5 24.0 66.4 0 45 36.8 58.8 0 27.8 20.9 51.3
10 7.9 33.6 585 10 16.3 325 51.2 10 304 304 39.1
20 15.2 28.9 55.9 20 6.9 34.6 584 20 75 33.7 589
15 30 12.7 26.7 60.7 15 30 315 28.8 39.8 15 30 12.3 314 56.4
50 0.6 314 68.0 50 187 30.2 51.1 50 10.7 31.1 58.2
75 4.2 34.6 61.3 75 7 36.4 55.9 75 9.9 36.7 534
100 1.0 334 65.6 100 1.4 55.3 433
0 40.9 17.0 421 0 10.7 25.0 64.3 0 39.1 22.6 383
10 22.4 18.9 58.7 10 7.8 23.8 68.4 10 8.0 26.0 66.0
17 20 17.2 19.3 63.6 17 20 13.4 26.6 60.0 17 20 32.0 23.7 443
30 19.1 16.8 64.1 30 6.9 373 55.8 30 34.0 20.9 451
50 18.1 20.6 61.3 50 186 36.9 445 50 333 35.0 316
75 35.5 19.7 449 75 29.2 1.1 69.7
0 6.0 40.6 534 0 9.3 56.0 34.7 0 5.9 37.8 56.3
10 5.7 372 57.0 10 13.7 53.6 32.7 10 8.6 38.8 52.6
19 20 7.7 40.9 514 19 20 9. 3 64.3 185 19 20 31.0 46.9 22.1
30 49.6 4.1 6.3 30 15.1 49.6 353 30 8.0 72.9 19.1
50 12.1 69.6 18.3 50 7.1 80.8 12.1 50 28.6 69.5 19
0 16.2 33.1 50.7 0 224 36.9 40.7 0 331 30.6 36.2
91 10 24.6 35.3 40.1 91 10 20.6 33.2 46.2 91 10 339 27.0 39.0
20 19.9 38.7 414 20 283 36.5 35.2 20 34.6 28.6 36.8
30 35.7 29.9 344 30 10.6 43.0 46.4 30 35.6 28.6 35.8
Mean 20.5 26.6 52.8 Mean 14.3 33.2 52.6 Mean 22.9 29.7 474

Abbreviations: M, Micro size( > 20 m); N, Nano size(3 gm - 20 /) ; P, Pico size( < 3um)
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Table 3-3. Vertical variation of Chl-a size composition in the northern East China Sea in spring 2016-2017.

315 Line Chl-a size composition(%) 316 Line Chl-a size composition(%) 317 Line Chl-a size composition(%)
St. depth(m) M N P St. depth(m) M N P St. depth(m) M N
0 25.7 17.9 56.3 0 21.1 271 51.8 0 6.4 383 55.3
10 173 11.6 71.2 10 10.8 232 65.9 10 5.3 343 60.5
20 14.4 17.8 67.8 20 11.6 26.9 61.5 20 49 21.6 734
13 30 22.3 17.0 60.7 13 30 12.5 21.8 65.7 13 30 4.0 17.4 786
50 335 15.6 50.8 50 16.7 19.0 64.3 50 225 17.3 60.2
6] 19.4 41.2 394 iG] 13.4 259 60.7 75 12.9 24.7 62.4
100 27.9 29.0 432 100 35.8 29.1 35.1 100 19.2 24.9 56.0
0 20.5 13.0 66.5 0 9.1 14.7 76.2 0 9.3 17.6 732
10 19.6 235 56.9 10 353 8.2 56.5 10 6.7 18.1 75.2
20 22.1 285 494 20 30.3 12.5 57.1 20 3.3 19.9 76.8
15 30 19.5 17.2 63.3 15 30 10.6 10.0 79.4 15 30 14.6 16.9 68.5
50 21.2 6.4 725 50 20.8 19.8 59.4 50 135 255 61.0
75 58.2 9.2 326 75 10.5 17.0 725 75 315 22.0 46.6
100 32.1 21.8 46.2 100 239 23.2 53.0
0 14.6 10.6 747 0 11.8 24.7 63.5 0 13.0 14.7 72.2
10 4.2 15.7 80.1 10 12.2 25.0 62.8 10 155 11.1 734
17 20 9.7 16.8 735 17 20 8.8 355 55.7 17 20 30.9 16.4 52.7
30 13.3 9.7 77.0 30 11.1 232 65.7 30 274 21.3 51.3
50 179 19.1 63.0 50 335 225 44.0 50 439 305 25.6
75 30.9 28.4 40.7 75 34.3 255 40.2
0 6.9 23.3 69.8 0 17.4 15.0 67.6 0 39.7 21.2 39.1
10 5.8 28.6 65.6 10 17.8 18.3 63.9 10 36.9 282 34.8
19 20 26.1 29.6 44.3 19 20 5.9 15.8 78.2 19 20 18.1 26.5 55.4
30 27.8 29.2 43.0 30 32.6 40.4 27.0 30 31.1 20.6 483
50 21.7 43.0 353 50 20.4 29.0 50.6 50 24.2 27.6 48.2
0 22.2 20.8 57.0 0 155 29.5 55.0 0 25.3 15.0 59.8
91 10 387 19.8 416 91 10 344 21.7 44.0 91 10 20.8 13.2 66.0
20 8.0 15.6 76.4 20 488 17.7 335 20 15.8 11.0 733
30 32.7 36.2 31.1 30 46.3 19.2 34.5 30 254 13.6 61.0
Mean 21.9 21.2 56.9 Mean 21.1 22.1 56.7 Mean 19.3 21.1 59.6

Abbreviations: M, Micro size( > 20 m); N, Nano size(3 gm - 20 /) ; P, Pico size( < 3um)
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Table 3-4. Vertical variation of Chl-a size composition in the northern East China Sea in summer 2016-2017.

315 Line Chl-a size composition(%) 316 Line Chl-a size composition(%) 317 Line Chl-a size composition(%)
St. depth(m) M N P St. depth(m) M N P St. depth(m) M N P
0 9.6 16.9 73.4 0 7.7 7.0 85.3 0 15.3 14.6 70.1
10 15.0 13.9 71.1 10 72 7.2 85.6 10 14.7 15.3 70.0
20 7.6 16.0 76.4 20 7.9 18.5 736 20 214 16.9 61.7
13 30 17.2 10.4 72.4 13 30 10.4 16.7 729 13 30 14.6 20.9 64.5
50 7.4 17.1 7.5 50 47 12.2 83.1 50 25.7 25.6 48.7
75 185 329 48.6 75 95 20.0 705 75 265 26.3 472
100 20.6 50.4 28.9 100 219 39.6 38.6 100 30.8 36.3 329
0 9.3 20.8 69.9 0 9.8 19.5 70.7 0 7.6 17.2 75.2
10 15.6 31.8 52.6 10 8.0 21.8 70.2 10 11.9 13.2 74.9
20 8.2 15.6 76.2 20 5.3 23.4 714 20 29.2 17.6 53.2
15 30 6.0 21.7 72.3 15 30 31.2 30.9 379 15 30 31.6 24.0 44.4
50 20.2 20.8 59.0 50 13.6 59.3 27.1 50 12.6 46.1 41.3
6] 15.8 28.6 55.6 6] 12.1 74.7 13.3 6] 20.0 48.6 31.4
100 14.5 51.9 33.6 100 187 68.0 13.3
0 9.4 221 68.5 0 46.9 15.7 374 0 419 10.4 476
10 289 174 53.7 10 27.6 17.9 545 10 21.3 21.0 57.7
17 20 9.6 322 58.2 17 20 15.7 234 60.9 17 20 55.7 17.7 26.6
30 10.1 41.3 48.6 30 341 25.2 40.7 30 49.8 18.9 31.3
50 11.6 49.7 38.6 50 16.2 63.1 20.6 50 16.6 53.7 29.7
6] 29.4 59.8 10.7 6 157 65.1 19.1
0 32.6 19.9 475 0 24.8 26.8 485 0 385 11.9 49.6
10 40.7 22.1 37.2 10 18.6 215 59.9 10 19.1 13.2 67.7
19 20 50.7 25.6 23.7 19 20 12.9 25.9 61.2 19 20 22.1 22.0 56.0
30 13.7 43.6 42.6 30 15.0 53.6 314 30 35.0 38.0 26.9
50 19.9 51.3 28.7 50 9.9 63.0 27.0 50 24.8 48.9 26.3
0 9.3 20.3 70.4 0 55.8 19.8 24.4 0 24.0 14.5 61.5
91 10 377 26.0 36.3 91 10 44.6 16.1 39.3 91 10 477 9.5 427
20 42.6 31.1 26.3 20 70.1 11.7 18.2 20 60.9 15.1 24.1
30 375 314 31.1 30 284 373 343 30 61.4 14.7 23.8
Mean 19.6 29.1 51.3 Mean 20.8 31.2 48.0 Mean 28.9 23.4 47.7

Abbreviations: M, Micro size( > 20 m); N, Nano size(3 gm - 20 /) ; P, Pico size( < 3um)
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Table 3-5. Vertical variation of Chl-a size composition in the northern East China Sea in autumn 2016-2017.

315 Line Chl-a size composition(%6) 316 Line Chl-a size composition(%) 317 Line Chl-a size composition(%6)
St. depth(m) M N P St. depth(m) M N P St. depth(m) M N P
0 9.5 51.2 39.3 0 16.9 376 455 0 239 49.6 265
10 14.4 44.4 412 10 11.8 36.2 519 10 16.3 49.4 34.3
20 16.4 41.5 42.1 20 14.1 37.2 48.7 20 11.6 43.7 447
13 30 15.4 43.0 416 13 30 R3] 34.3 34.2 13 30 5.6 49.0 455
50 8.6 414 50.0 50 49 44.4 50.7 50 22.4 36.6 41.0
75 13.2 54.6 322 75 12.8 50.3 37.0 75 22.9 421 35.0
100 6.1 79.8 14.1 100 13.0 61.2 25.8 100 24.3 52.1 235
0 177 23.7 585 0 19.9 10.5 69.7 0 14.4 42.6 43.0
10 24.5 30.8 447 10 14.7 50.8 344 10 11.9 39.3 488
20 26.7 25.0 482 20 42.3 27.0 30.7 20 12.5 38.2 49.3
15 30 43.6 235 329 15 30 10.1 37.0 52.9 15 30 15.1 41.4 435
50 25.0 285 465 50 24.2 36.5 394 50 95 38.0 525
75 2.2 335 64.3 75 11.6 37.8 50.6 75 10.6 40.4 49.1
100 17.7 62.9 19.4 100 16.9 74.4 8.8
0 2.0 55.2 42.8 0 24.2 41.4 345 0 27.6 46.1 26.3
10 25.3 31.9 42.8 10 337 39.6 26.8 10 19.7 419 385
17 20 10.2 38.4 514 17 20 17.6 45.1 37.3 17 20 16.0 40.1 439
30 4.6 26.6 68.8 30 12.1 57.6 30.3 30 39.2 42.0 18.8
50 13.0 33.7 53.3 50 10.3 54.8 349 50 19.3 38.8 419
75 16.9 37.6 455 75 17.3 21.2 55.4
0 6.6 55.6 378 0 4.9 64.5 30.6 0 179 414 40.7
10 3.2 62.8 34.0 10 11.0 56.4 326 10 8.1 60.3 315
19 20 14.6 51.4 34.0 19 20 9.5 55.0 355 19 20 16.9 42.2 40.9
30 12.5 49.6 378 30 85 63.8 277 30 12.6 36.1 51.3
50 15.8 52.4 31.7 50 7.4 48.3 44.3 50 15.1 54.0 30.9
0 11.8 52.8 353 0 319 12.0 56.1 0 50.5 20.7 28.8
21 10 11.1 63.9 25.0 o1 10 325 11.0 56.5 o1 10 375 16.9 456
20 10.1 50.1 39.9 20 25.3 355 39.2 20 484 18.3 334
30 16.2 41.4 424 30 10.2 20.5 69.3 30 50.7 19.0 30.3
Mean 14.3 44.4 41.3 Mean 17.3 41.7 41.1 Mean 21.5 40.0 385

Abbreviations: M, Micro size( > 20 m); N, Nano size(3 gm - 20 /) ; P, Pico size( < 3um)
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Table 3-6. Spearman rank correlation coefficients among
environmental and Chl-a size fraction factors in the northern East
China Sea in (a) winter, (b) spring, (c) summer and (d) autumn

2016-2017. (*p<0.05, **p<0.01).

(a)
Tem. Sal. NO; + NOs PO, Si0e Chl—a" Chl-a"
Sal. 0.886++*
NOz + NOs —0.339%+  —0.281%+
PO4 —0.357*+  —0.487+ 0.278++
SiO. —0.614%*  —0.717++ 0.354#+ 0.77 4+
Chl-2" 0.034 —0.140 —0.247%* 0.139 0.043
Chl-a" —0.607*+  —0.368%+ 0.540%+ —-0.200 0.124  —0.371#+
Chl-& 0.470%+ 0.396%+ —0.447++ 0.114 —0.130 —0.212%  —0.727+*
(b)
Tem. Sal. NO, + NOs POy Si0p Chl-a" Chl-4"
Sal. —0.274%=*
NO; + NOs ~ —0.428++ 0.424%*
PO4 —0.617++ 0.609++ 0.713+%+
Si0, —0.595++ 0.196+ 0.574#+ 0.562%*
Chl-a" —0.256++ 0.073 0.149 0.209%* 0.201+
Chl-4" —0.028 —0.032 0.234#+ 0.108 0.093  —0.274%+
Chl-& 0.286%+ —0.046 —0.291#+ —0.296%* —0.286%* —0.694**+ —0.396+*
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(continue)

(c)
Tem. Sal. NOz + NOs POy Si0O2 Chl—a* Chl-&"
Sal. —0.289*x*
NO; + NOs —0.546** 0.083
PO4 —0.696** 0.605%* 0.434 %%
Si02 —0.724** 0.276%* 0.586%x* 0.760%x*
Chl-a* —0.049 —0.089 0.226%%* 0.096 0.213*x*
Chl—-&" —0.621*x* 0.224** 0.193% 0.532%%* 0.441%=* —0.204*x*
Chl-& 0.491+x* —0.073 —(0.348%x* —0.470%%* —0.494*x* —0.686%+* —0.465%%*
(d)
Tem. Sal. NO; + NO; PO, SiO; Chl—a* Chl-a"
Sal. -0.770
NO; + NO;  —0.597** —0.100
POy —0.596%=* —0.040 0.882*x*
SiOg —0.726%* 0.014 0.736*x* 0.778+x*
Chl-aM —0.004 —0.105 —0.004 —0.001 —0.080
Chl-& 0.087 _0'502: 0.117  0.180+  0.186+  —0.176+
Chl-& —0.059 0.506%* —0.013 —0.048 —0.015 —0.421% —0.707**
Abbreviations: Tem, temperature; Sal, salinity, Chl—a% Micro size : a > 20um;

Chl- 4", Nano size : 20im > a > 3mm; Chl—&, Pico size :
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Table 3-7. Comparison of environmental variables in the northern
East China Sea between August 1998 (Oh 1999) and August
2015-2017 (this study).

Aug- 9B Aug-15-17
T Surface 274 - 29.4 (28.7) 26.3 - 29.3 (27.7)
em.
Vertical 12.7 - 294 (20.1) 13.1 - 29.3 (21.7)
Sal Surface 26.7 - 29.7 (28.3) 285 - 32.8 (30.1)
al.
Vertical 26.7 - 34.7 (31.7) 285 - 34.6 (32.0)
Surface 007 - 0.36 (0.21) 0.01 - 0.07 (0.04)
NO; (uM)
Vertical 0.07 - 057 (0.21) 0.01 - 0.31 (0.08)
Surface 1.26 - 354 (2.51) 0.36 - 3.49 (1.80)
NOs (,UM) k
Vertical 0.87 - 384 ( 2.18) 0.22 - 10.84 (5.08)
Surface 0.16 - 0.45 (0.25) 0.01 - 0.05 (0.03)
PO4 (uM) )
Vertical 0.16 - 1.03 (0.41) 0.01 - 0.88 (0.29)
Surface 8.95 - 13.77 (9.69) 1.77 - 550 (3.82)
Si0y (uM)
Vertical 895 - 13.77 (9.77) 1.77 - 26.53 (10.23)
- Surface 8.02 - 15.84 (11.56) 774 - 242.24 (84.48)
. Vertical 1.96 - 15.84 (7.36) 379 - 242.24 (41.02)
NS Surface 0.16 - 0.39 (0.29) 0.10 - 1.00 (0.52)
D1
Vertical 0.14 - 0.41 (0.24) 0.07 - 1.00 (0.48)
Siop Surface 20.8 - 86.06 (44.2) 39.25 - 313.92 (150.39)
1-
Vertical 9.47 - 86.06 (31.02) 1853 - 406.55 (89.18)

Abbreviations: Tem, temperature(C); Sal, salinity; data = range(mean)

_74_



422. A =EFAE
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1998 2} o] ZA}el
A R7] 9ot AEEFAE dEFl 5

Hl 1L sl tH(Table 3-7). 1998 8¥ol= e HHoA EZ77F 50
% ole =2 FHES U dloew, 315647 3169 FH 13, 15
o} 174 A A= Psedo-nitzschia pungens7} 20 - 27,200 cells L1e] &
Z H9E el AT oR Edstdion, 3154 Bla] 3164100 A
2 s UEAT S A3 31549 1983 4 30 mell A
AR ZFS P dentatum©] 87400 cells L2 HASLHAZFow =9 on
P. minmum 19,000 cells L'2 %& =S ey x9dFow
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==

A EFT 2AYG A HESFAE THS
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HALHFow FA3I. S, trochoidead 31641 19 Aol A 81,242 cells
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9l %97/ C. lauderi, C. lorenzianus, Guinardia flaccidad®} ¢}H 5721
Gymnodinium spp.7t A% s FeA Tz FdeAr e =5

T3l HERAFY AEEHAE 7 T2 198 = EEFe HERF
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Table 3-8. Comparison of dominant phytoplankton species in the northern East China Sea between summer
1998 and 2015-2017.

1998. 08 2015.- 2017. 08 ( averaged dominant rate)
. . Dominant . . Dominant
station Species mane rate(%6) station Species mane rate(%)
99 5000 Ps?udonitz§chia pungens” 47.2 29 5000
197 0873N Rhizosolenia stolterforthii 18.0 19700t flagellates( <10 um) 77.8
' Guinardia flaccida 6.9 '
Pseudonitzschia pungens 36.7
Guinardi ida 32.4
32.5000E C”Z’T“Z ’?hﬂ‘m’l i oy S28000E  fageliates( <10 um) 84.2
viindrotheca closterium ] A [ .
126.5040N 126.5040N G d di 114
Chaetoceros didymus 3.7 uinandQagcda
Rhizosolenia stolterforthii 13.7
Pseudonitzschia pungens 39.6
decipi 17.2
32.5000E gzeiocems ﬁe"aplens 1;0 N flagellates( <10 ) 88.2
T J m .
125.9207N retoceros djine a0 K
Guinardia flaccida 89
Rhizosolenia stolterforthii 7.3
P t dentat 78.2
325000F O ocenrum dentatim 325000E  flagellates( <10 ym) 65.1
1250873 L rorocentrum minmurm 17 195.9873N  Chaet lauderi 5.0
. . etoceros lauderi .
Dictyoch fibula var. stapedia 2.8
A 19.
Chaetoceros messanensis 9.0 flagellates( <10 ym) 490
Prorocentrum dentatum 154 . . .
32.5000E Culindroth losteri 128 32.5000E Guinardia flaccida 8.2
indrotheca closterium .
124.5040N Y . 124.5040N Rhizosolenia hebetata f. semispina 6.0
Chaetoceros affine 74 G dini 55
mnodinium spp. .
Pseudonitzschia pungens 6.8 Y bp
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(continue)

1998. 08 2015.- 2017. 08 ( averaged dominant rate)
tati Speci Dominant tati Speci Dominant
ion ies man ion ies man
statio pecies mane rate(%) statio pecies mane rate(%)
32.0000E . . 32.0000E
Pseudonitzschia pungens 20.0 flagellates( <10 um) 76.8
127.0873N 127.0873N
Pseudonitzschia pungens 56.5
32.0000E . . N 32.0000E
Pseudonitzschia delicatissima 21.7 flagellates( <10 um) 96.1
126.5040N . . : 126.5040N
Pseudonitzschia angularis 8.7
Pseudonitzschia pungens 96.0
32.0000E . . . 32.0000E flagellates( <10 um) 68.8
Guinardia flaccida 1.5 ! .
125.9207N . . - 125.9207N Pseudo—nitzschia spp. 5.2
Rhizosolenia stolterforthii 0.9
Pseudonitzschia pungens 78.4
32.0000E Cylindrotheca closterium 5.0 32.0000E flagellates( <10 um) 55.9
125.2873N Guinardia flaccida 3.1 125.2873N Chaetoceros lorenzianus 5.1
Rhizosolenia stolterforthii 3.0
Skeleonema costatum 48.5 Scrippsiella trochoidea 22.6
32.0000E Pseudonitzschia pungens 19.9 32.0000E flagellates( <10 um) 16.0
124.5040N Pseudonitzschia seriata 16.5 124.5040N Thalassiosira spp. 10.7
Chaetoceros decipiens 3.6 Pseudo—nitzschia spp. 6.2
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Fig. 3-14. Regional variations of Chl-a® and phosphate (uM) in
surface mixed layer in the northern East China Sea in summer

2016 and 2017. Abbreviation : Chl-a®, pico size Chl-a(< 3m).
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V. 5333 2R
2M 24 BEEFE AQUE B4

s

A ANA Hold % F YA #% T 2= Qo A
T AEY 27 2 E2RaE 249 oldl= vi§- F 28 tH(Longhurst
1991; Legendre and Le Fevre 1995; Legendre and Michaud 1998). 71 <=
AAEZ % S (Picoplankton, 0.2 - 2 mm) FF3Aw| A o]go =
17 (Johnson and Sieburth, 1979; Waterbury et al. 1979) ¥ low t}ok
& G A =2 MAFE HetdH RGS g EFoNA LA A
2E2] 50% ©] 3 (Agawin et al. 2000)S 93 & A=z xRk n X

= ggFo] AT(Li et al. 1983; Liu et al. 2004; Campbell et al. 1994). T

EX

—_

§ 2V AABEGAES BaY ARRWe] oltlg FYAT] AN
o] BES Gdein] H2IRAE Yol g, AAD, Atel o

2t Holte 53 odyx Ad 55 T3 I3

]

< skar ek(Paltt et
al. 1983; Murphy and Hagen 1985; Ituriaga and michell 1986; Legendre
and Rassoulzadegan 1996; Vanucci and Mangoni 1999, Tarran et al.
2001). ZVAANEEZHIAES I GATA E53=  Synechococcust
Prochlorococcus 15 18]l tfeh R0 2 o] Fo]A picoeukaryotes
7F xgE o] o {AE A 7|(flow cytometer)e] o8& o2 FHSEA
+H T2 AF7F o]F o] HH(Chisholm et al. 1988; Olson et al. 1988;
Vaulot et al. 1996; Reckermann and Veldhuis 1997, Partensky et al.
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1999; Tarran et al. 2001). 53] Synechococcus®} Prochlorococcus 1<
S WA oF 50% A% e nAS Fel A% By
(Biological C Pump)E &3t 583 ©4 S5 U(carbon sink)S °©] &ttt

(Fu et al. 2007).

Synechococcus 12 Z7]+= 0.7 - 15 m= 5HI Y A E(Waterbury
et al. 1986)°)H, X FZMA Phycoerythring 7FAal lom Hse
McMurdo Sound®} Ross Ice Shelf& A9t B s oA Exsta )
o ddde] T #Rd AFolN =2 JHAFE Kol mlLd A4
AN A 10° cell mL ™" VEFHH SHA 7] 2 A4l 20 - 30%E 7]ofdh=
Ao g ZAME A tH(Waterbury et al. 1986). Prochlorococcus “L&2 ©F

f

06 m= 7 &2 27|19 BFE AEEA, Chl-as F8 FIAH A&
E3e A @2 Fdd 98 AE=2 33FA A A divinyl-chlorophyll a29t
(Ralf and Repeta 1992; Ting et al. 2002). S tho} o} <t
A (40°N = 40°S) Atelel] Exat RIGF BN =2 AAFS Kol

W nE dgem gen AEGe B4 Yok Aoz delA A

o
Do
i
N
X
X
&
X9
g

(Chisholm et al. 1988; Partensky et al. 1999; Zinser et al. 2006).
Picoeukaryotes 1% 3 um ©]s} 7|9 =7 Y (autotrophic) F T

% % (heterotrophic)s 3= FFd X3 A== T2 7F(Prasinophyceae),

B
)

%+ (Haptophyceae) 9} & # 2 F(Cryptophyceae) 5 TFal —15& 0]

X35 o] AHSimn et al. 1994; Veldguis et al. 1997, Moreira and
Lopez—Garcia 2002).

2000t o] % F-A A H(Genomics) AF7F W WA A FAE B
A 71E o83 Synechococcus 153 Prochlorococcus 159 T 4]
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=
)

ozt 2+ 159 thakst A E S (ecotype)S W Wow, A e o
S0 &3 A7t @] 8= o Hok(Johnson et al. 2006;
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M
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Fig. 4-1. Map showing the sampling station in the northern East
China Sea.
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2.2. AIEAF

ZHAAEZHIE B AZE CTD rosette systeme] A7l 8L
o ¥+ FAHGES, 10, 20, 30, 50, 75, 100
4+ 3 mm PC membrane filter(Whatman) =
o3 & 5 mLE conical tubeo] ¥ i1 ZFE}2H 3] =(glutaraldehyde, &%
TE 1 %2 At oF 168 ¢k Aol mAsL FA H7bA -8
0C deep freezeol W& H¥#sdt. d4A &4& AT sl A5 94

(HCl, 10%)2.2 A2 ¥ conical tube] Hol W& H

i
ol
2
22
i)

=]
2.3. EAHYH
ZUAANEESHIAE Age 24 A AlsE =9 5 A9 F3E £
=3}tsl7] 93 WREFE4 yellow-green fluorescent microsphere (0.5

um 2173 2] beads; Polysciences Inc., USA)S &3%tslo] A3} a1, 488
nm(1W)¢] of=2 st o] oA 7 FaE FAE 4 7] (NovoCyte flow
cytometer, USA)E o] &3to] AF3stAth(Fig. 4-2). VAN EZZFIAES
90°-angle light scatter (SSC)9} =ae  <gt AXAMFF  (red

-

fluorescence), phycoerythrinell €3+ < @A & F(orange fluorescence)
EX 55 olgdte] R, AFsAt(Fig. 2). FAE E47]0A4 2&E%

22+ NovoExpress(Var. 1.25) 23S o] &3] 459t}

sEae 4 A Aol we thda Al YEn e pRE
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2 Gong et al.(1996)= T-S diagram #+4& 53 6719 =3z F+&3}
3L, Hur et al.(1999)+= Cluster 45 &3 =2 F=2 23 vt 9l
t}. o] AFolME Gong et al.(1996)°] A AT 7]+S #HE&3Fo] T-S
diagram w+A1& A&3le] FF=s] HFHAFe FHE FA A HTable

4-1).

1065

PerCP-H
104 10®

109

10?2

3 P6 Prochlorococcus
047%

10!

107 102 10° 104 105 108 1072
PE-H

Fig 4-2. Flow cytometric analysis of a picophytoplankton sample.

Each group of picoplankton signatures was discriminated using

orange and red fluorescence settings.

24. AR EA]

Al el 2V AN EEFAE aEe o] -3 At
(Kolmogorov-Smirno’s test)¥} 54 (Leven’ test) S TE3HA] Rl o
g HEFA FARNHoR ATt 2uAAEEHAEY MIEEA
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9919 A3 #AE Spearman rank correlationS 339t (SPSS 16.0).

Table 4-1. Division of water masses in the northern East China

Sea by Gong et al.[1996]

Water masses Temperature Salinity
Changjiang Diluted Water T > 23.0C 310 > S
Taiwan Current Warm Water T > 23.0TC 331 < S <342
Kuroshio Water = 346 < S
Yellow Sea Cold Water T < 145TC 337 > S
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Fig. 4-3. Seasonal surface distribution of mean water
temperature(C, left) and mean salinity(right) in the northern East

China Sea in 2016 and 2017.
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northern East China Sea in 2016 and 2017.
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Fig. 4-8. Spatial distribution of depth-averaged Synechococcus
abundance (x10°® cells mL™) in the northern East China Sea in (a)

winter, (b) spring, (c) summer and (d) autumn in 2016 and 2017.
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Fig. 4-9. Vertical distributions of Synechococcus averaged
abundance (x 10® cells mL™) in the northern East China Sea in

(a) winter, (b) spring, (c) summer and (d) autumn in 2016 and

2017.
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3.2.2. Prochlorococcus &+ %

oA FAY FA FAF A Prochlorococcus LE-S
FAHE 7|5 T3 BHAA AEHA &Fdow Fdo] ElH A}

FANE SHHG A 13, 15 R 17 AxD)olAMrE Sdo] A=A
# 51 - 283 x 10°

o

3+Al Prochlorococcus “1&2] Ao & 4]

cells mL! X2 dAg7#S 131 x 10° cells mL ' e tHFig. 4-10a).

I

A FXE T Synechococcus 153 A F+2E Hol %35 - 30 m
A7 A ARBT 62 - 251 x 10° cells mL! M2 =& dA=EFS Y
Eflon] 50 m olAlolA dAEFL HAidte]l el tH(Fig. 4-11a). wHA

17dxole 23Rt ol4el 50 molAd AHHE 322 x 10° cells

tHFig. 4-10b). &&o] 3AH FHdA F24 BEE ZTAA F4 30
m 7FA A i 149 - 192 x 10° cells mL '2

oj#] gkokom 1 o]at FAlA HAF FAdte A
21} 316 Ao 137 15 A™elA F4 50 mPEH AE7A dEFo] F7}
sto] vEbutH(Fig. 4-11b).

- 106 -



(@) ; ®)
. o : - ‘£
-~ : @ 2
Z, 33
=]
E - o e o
=
5w . 32 e o @O
. - @
R 126 28 137 kE2] s 3 124 125 136 4 28 EFC I
Longitude (E) Longitude (E)

10<e20: @ 30 @ 40x .

Fig. 4-10. Spatial distribution of depth-averaged Prochlorococcus
abundance (x10® cells mL™) in the northern East China Sea in (a)

summer and (b) autumn in 2016 and 2017.
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Fig. 4-11. Vertical distributions of Prochlorococcus averaged
abundance (x 10® cells mL™) in the northern East China Sea in

(a) summer and (b) autumn in 2016 and 2017.
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3.2.3. Picoeukaryotes &<

Tz BEReG)A SA picoeukaryotes 1 AEHE FA Hif
0.7 - 6.0 x 10° cells mL™" ¥¥2 AH: 41 x 10° cells mL'2 &3¢
How Felg ztole YEtUA okth(Fig. 4-12a). F44 2+ AA
Byt 33 - 47 x 10° cells mL™! ¥ ¥2 FAEE FA3 dEHFS YEY
w Z3tFol HAS Ho] Synechococcus LE9 A ¥3E ST FAS
A YER tH(Fig. 4-13a).

FAol= 4 Het 55 - 229 x 10° cells mL! %

=
x 10° cells mL'2 A ZAF AE F 7MY & AEFS YEIAL

oA AH Fit 20 x 10° cells mL™' & dEFo] FAsA #4238

oun FA)o] ZoJAFEE FEFL A5 H(Fig. 4-13b).

HA H==rel ERa ol A picoeukaryotes 15 HAEHFES FA Hif
19 - 65 x 10° cells mL' #£¥ & AF 7S 29 x 10° cells mL'& d =
AP AR F HE e dEFS eI tH(Fig. 4-120). FAH BEXE #
= - 20m FAA BA FF 35 - 4.1 x 10° cells mL* & FAFSE &
EF BEE dEdon, Fio] ZoAFE dEdFe A gasdod
75 m °]aF 4ol A 500 cells mL™ o]3te] vl vrE dAEHS el
(Fig. 4-13c).

FAE A H 23 - 110 x 10° cells mL*! 222 AGFL 6.2
10° cells mL'2 Z7Fd o2 3159 316 A9 BZ FAoi =& =S

UER A tH(Fig. 4-12d). 44 ¥ Z3od4 AH Hit 82 x 10°



cells mL'2 718 =2 d&==S Jelyy 44 30 m 7M1=

2 e, 4 50 molAl A Hit 46 x 10° cells mL 12 F4l 0]

ARk

o

AoAAdFE FAshy 2ol AA ZUthHFig. 4-13d). s =l 5319
of| Al picoeukaryotes 15 Al7]o wel 3 FFS GElsh AE Y

[e] = [e] = < H S5y
AA =L FEFS e AT EI 7 EXAAN=
]
Synechococcus 13 rAFeE A3 e AT
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Fig. 4-12. Spatial distribution of

abundance (x10% cells mL™) in the

depth-averaged picoeukaryotes

northern East China Sea in (a)

winter, (b) spring, (¢) summer and (d) autumn in 2016 and 2017.
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Fig. 4-13. Vertical distributions of picoeukaryotes averaged

abundance (x 10® cells mL™) in the northern East China Sea in

(a) winter, (b) spring, (c) summer and (d) autumn in 2016 and

2017.
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Table 4-2. Spearman rank correlation coefficients among environmental and

northern East China Sea in (a) winter, (b) spring, (¢) summer, (d) autumn 2016

(a)

Depth Tem. Sal. NO, NO3 PO, Si0, Syn
Tem. 0.277
Sal. 0.264  0.940%
NO. -0.063 —0.304*x* -0.122
NOg3 0.104 0468  0.329%x —0.825%
PO, -0.105 -0.352%x -0.435%x -0.230%*x  0.357*x*
Si0s -0.207%  -0.609%x  —0.705%: 0.032 -0.260  0.774x*x*
Syn -0.113 0.130 0.219% ~ 0.530%x -0.544%* —0.537*%x  -0.276%*
PEuk 0.011  0.786%*x  0.826%* -0.063 0.199% -0.512%x -0.611%x  0.419%*
(b)
Depth Tem. Sal. NO, NO;3 PO, Si0, Syn
Tem.  —0.645%x*
Sal. 0.737+x 0274
NO. 0.138 —0.352x 0.054
NOg3 0.559%x  —0.427+*%  0.433*%x  0.372%x*
PO, 0.821%x  -0.617+*x  0.609*x  0.284%x  (0.713**
Si0, 0.476%x  -0595%*x  0.196% 0.269%x 0574  0.562%*
Syn -0.456%*%  0.348*%x  -0.202%  -0.224x*% —0.586%x% -0572%x -0.465%:*
PEuk  -0593*x  0.231*x -0394+x  -0.105 -0.592%x -0585%x -0.337x* (. 728

- 114 -

biological factors in the

2017. (*p<0.05, **p<0.01).



(continue)

(c)

Depth Tem. Sal. NO, NOs POy Si0; Syn Pro
Tem.  -0.765%x*
Sal. 0.718*x  -0.303%x*
NO, 0.101 -0.156% 0.061
NOs 0.324%x 0537+  0.080 0.378xx*
PO, 0.799%x  -0.697+x  0.610%* 0.196% 0.421 3
Si0, 0.646%*  -0.727+x  0.274%+  0.298%*%  0.572%*  0.761%x*
Syn -0.818+*  0.617+x -0.684**  0.005  -0.276%x -0.781*%% -0.517+x
Pro 0.116 0.196%  0.381%x* -0.149  -0.228+=  -0.150  -0.291%*x -0.073
PEuk  -0.577+x  0.569%* -0.353**%  0.113  -0.329%* -0.633*%* -0.472+* 0.706%%  0.158x*

(d)
Depth Tem. Sal. NO, NO3 POy Si10s Syn Pro
Tem. -0.073
Sal. 0.434#x  0.408%
NO. -0.054 0.460%x* 0.058
NOg3 0.147 -0.697x*x  —0.335%x  —0.307*x*

PO, 0.284#%  -0.681**  -0.192%  -0.396%*  0.884*x*

Si0. 0277+ -0.678+x  -0.108  -0.456+*  0.743%*  0.783%:

Syn -0.212%  0.426%: 0.002 0.437#% . -0.866%* -0.571%* -0.535%*

Pro 0.105 0.497#x  0.524%*  0.299%x  -0.442+* -0.445%* -0.336%*  0.504%*x*

PEuk  -0.226%*  0.371%* 0.040 0.347x%  —-0.540%*  -0.548#* -0.512#*  0.894%*  0.549%:x

Abbreviations: Temp, temperature ; Sal, salinity ; NO,, nitrite ; NOs, nitrate ; PO,4, phosphate ; SiOs, silicate ;
Pro, Prochlorococcus ; Syn, Synechococcus ; PEuk, pico—eukaryotes.
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4, 1F

M
L
i

2,

4.1. Synechococcus L& 9]

T R A Synechococcus 159 AHT AEFES AF
7191 2¢ 49 x 10° cells mL & 2527190 89 799 x 10° cells mL 9]
ARG+ AEFS HEtd Ag271o B8] o 16u¢ A= F7HF HE
tH(Fig. 4-14). o|¥ ZFA}el A ¢ Synechococcus 15 AEwo] AZ M=
A AA e 2dsde] dEd wset fAE AFS EATHTable
4-3). ¥ A Z38] Blanes BayolAl %4 10° cells mL Y, 87 107 cells mL!
FE dEFo] HuHR, 4FE = A 02d7, A 15d'9 A
olF Ho 2 FHAN A9 F& dAEZFS AT G s o
Elus Aoz B uEdrk(Agawin et al. 1998). E3F 3hA o] HA] %53
©] Barcelona 41 ¥} Balearic 4 AFole] 1 & ZAlelA 10" - 10° cells
mL"' FE9 & dEF Ad 11 d' BFES Ve
(Agawin et al. 1997). o|¥ ZAF 3lHQ] FF =3l o]d AFolAE A
10* - 10° cells mL™'&, 3t 10* - 10° cells mL™" %2 AAFZS e
At (Vaulot and Ning 1998; Chang et al. 1996; Noh 2000; Jio et al.
2002; Noh et al. 2005; Lee et al. 2014). Synechococcus 1w =t 314

ftlo
T
Rl
;‘oé
i)

oA dnkH o g AFLT]e dEFo] vtal uF7d dEHe] =2 H
S Hol o] FTa3% A 2407 FuEo)
Synechococcus w2 7 d| ol Fxsh} FFHol FH 8529

rlo
[.a 1

At Ao A= 107 - 10° cells mL'e = =25 YeERH (Burkill et

al. 1993; Parthensky et al. 1996; Parthensky et al. 1999) theke] Wl <JoF
A ANA = 107 cells mL ' FE0] S @EFS HEh= o2 B
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Fig. 4-14. Seasonal changes of picophytoplankton group

abundance ( x 10% cells mL™) in the northern East China Sea,

2016-2017.

ot A AL AFpeM =

o
i
=
il

S A HCampbell et al. 1993). o]
Z Yty g s SR % sldelA Synechococcus

aF9 FEHL 216 - 664 x 10° cells mL ! HYE YA, A% &

N
oft
ftlo
<
i
=
o
>
2
o

o = 713 - 207.1 x 10° cells mL'2 & &
2 FEE Aol & Kol ST ole AAIATE T AdYd U
M e o] dEwol =

T ARl s g SR MEddrgs ATs FAE el
A FHd A= UERs e, Lee et al.(2014)°] &3t

)
5
T A A 8 FRALFY 9L W FHAY
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A Ve 2 A Aol e AR E BT o= FE =] 5533
Ao A Z3 38t Synechococcus LE-S ThFs A A4 5L 7HXG
= Ae ¢ F drh AA FAE B4V #@RF Aoldl osfA
Synechococcus 1w 2 7le] o] & FA3FH L(Partensky et
al. 1999a), 20009t} ©¢g KA wiAE T thFE Al A 209 70
o] Aol clade’} 98 A tHRocap et al. 2003; Fuller et al. 2003; Ahlgren
and Rocap 2006; Penno et al. 2006; Choi and Noh 2009; Lavin et al.
2010; Huang et al. 2011; Choi 2012). ©] & &5=3] a7 Aol AW 10
of7hel +Hol YElY Synechococcus 12 t¥A S ¥y tH(Choi and
Noh 2009; Choi 2012). Choi(2012)+ A4 % 5L 4 A Fal Aol A
clades I, V¢ WPC1¥ Hf&o] Edom &3 L2 - 11H 9
sldog WA EAS Ze clade 7 &2 £35S YEd &9 b
Mz gE MALe] A - iAo E HE £ SA4S YEY

o g Fsas] HFeY dFeAEe wE Synechococcus 1E2

x 54e ws setar] AAAE 24 AdTe 2e 8 A AHg o

o

o
i
=
ol
ol
3¢/

o
o

Synechococcus 159 2 HExT AdE E3Ho] AU o
AdZF oafird d F3FellA

=2 545 deblt(Fig. 4-4).
o|Z 238t FA Synechococcus 1F2 Ao wet A AT AEHFLS

25 - 62 x 10° cells mL! B9 2 §A3F AEFS Jehydoh w3 2017

A 22 - 44 mol A Ekman depth7} @A o] wg} 2ofFo] AHy =
is=]
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Table 4-3. Synechococcus averaged abundance at different regions.

averaged abundance

Time Area Season Reference
(cell mL-1)
2016 - winter 39 x 10° )
northern ECS 5 this study
2017 summer 76.6 x 10
1995 - ) winter 50 x 10 )
Mediterranean Bay ) Agawin et al. 1998
1996 summer 6.0 x 10
western Pacific _
1994 summer 04 - 12 10 Chang et al. 1996
coastal
1981 - Menai strits and Irish winter about 10° |
: Ei Hag and Fogg 1986
1982 sea summer about 10
1998 ECS summer about 10* Jio et al. 2002
winter
1993 - 1.68 x 10°
ECS summer 4 Noh 2000
1999 1.0 - 20 x 10°
(Aug—Oct)
2003 - winter 2.1 x 10°
Teodo £ Noh et al. 2005
2004 summer 1.3 - 35 x 10
2002. 08 ECS summer about 10° Noh et al. 2006
2010. 08 / winter 2.3 x 10°
northern ECS 4 Lee et al. 2014
2012. 02 summer 88 x 10
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4.2. Prochlorococcus L& 9]

Prochlorococcus 1w et obdd] o] e 3 wlgdF oA
Synechococcus L& H.th 100 v o]Ate] dAEaky}l A Fo 2= 208 o4t
EZA 8 (Landry et al. 1996; Partensky et al. 1999a; Noh et al. 2004) 1L
Amel s Ao 9sle] EX7F AdEHE oz dEA v
(Partensky et al. 1999a). &3k A4 A NH, 9} urea?] ©]&(Moore et al
2002), 72 % wioly A~ W= (Abe et al. 2003), A=ZFHIAE 1w ZH
= AA 2 F29(Pile et al. 1996; Christake et al. 1999; Agawin et al.
2000) 2o Ag Q]lo] AtEHALE. FEoE AT FA AFEed <
A B2 AFs Wwow A FAdE FANNFE TF AQAET

9 2o R A EE s B A wE Aow u

IAFFE PAT o waf st @S0 EIbA o7 Prochlorococcus
Fo Bxeol Ao At glow &AL AoR FoFHT}
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A gFgkom FL&E 92 - 176C +X HAE YRt 7]E ATl b=
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W Prochlorococcus 152 10T olstolA = A A=, 15 - 18T °]3}
o= A AlFHOlson et al. 1990; Buck et al. 1996)8 Wi FHo=
nEo], FA = Age os o] A @ o= AdHTt v

A eFa el e #&& 18T o) olflen, Ak 320 oldor 7

o2 Holup FE2 FAQAHA FU. ol ddem FT ol
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dEde 7HA7 w4 A #Aa2"7E 2 4 vk 22y Noh et

al.(2005) olol®= FW 9 AHHNA Prochlorococcus 1F-2 FA o7t

Z3o] Fol Hon, Lee et al.(2014)S SE5=3) EHao 2 AFe F

W A Ao sAe} FACR EF o] FHo FA T
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= (Noh et al. 2006). ¥FH Jio et al.(2005)¥ Pan et al.(2005)& %7
of A& 335 o]Ae thEFE Qa|Z A Prochlorococcus L] #|3HA

oz pxaln aAe FAdE AR 291 oo tHY AdINE £4)
e ua S

o oWl 2Abl A a7 Edol 9l B e
o,

Ageti ol opuel, AU NGl X

=
stel 2] 2 TE5Y vgES S (Mann et al. 2002; Jiao et al. 2005)
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Prochlorococcus 1% 4% ©]
M FFo] 7hedhs A T
T S @ (Tiawan strait) S S84 T dUdFo= s =9
&N FEAL TFF &5 WE AJor EFF9 FH=
=] 32°N 2kl A oAM o HHOZ o]Ed)
v Atk ®H 9 tHInoue 1981; Guan and Mao 1982; Weng and Wang
1984; Zhang and Wang 2003). 3 @F=siel tintaf el &A st
Al Prochlorococcus 13- Synechococcus L& HU ®& =S el
W (Chen et al. 2007; Chen et al. 2011) WiibdFol o8| 5o 7153t
LSl FRA| QS FFFo ESH Prochlorococcus g2 R

sTwe HFAGeRE FF5E JleAd T wAg

%_
& AT obg olFoRut glo] FF AT AP ook

of wla] Fdixo] YEltHFig. 4-10). % 22 2 53 =ZF {57

(Acoustic Doppler Current Profiler, ADCP)E o] &3t T%3a] S5 o

NA FEA ST FEF ATAYN =AY Sl FEFS Fom A

How FAS A =i 11¥d Hdi7b He Ao® KB sk tHGuo

et al. 2006; Isobe 2008). We}Al F7A Prochlorococcus 132 X 9
€

S 4REA5e) dFe gad vl FRACS: Gl

ro

Ao w wehdrh
Prochlorococcus 7159 FAEIEE A9 A AR tE FAS
53]

B 9loiTh el 7t AW Aw & AEd 13 AN 2o W
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3] & 4 9t} (Partensky et al. 1999a,b). HHH FA= FAld weE dAE=H
Abol= gllom Aol wep A FolA Ho A

2 B¥ A%S Yetdld ol Prochlorococcus 1% W] thkdk A
- AE A S0 Vdets Aow Pl T 2 7HA Aol A=
2 4 #] gt HL A& (High light-adapted ecotype)2 H% /3%
Aey TFolA 4 100 m 7HA EAeH = B

£ XN

&
& (Low light-adapted ecotype)> 33t stiolA F
- 200 m 7HA EAEtH L Fo] HIHo =&
b2:a29] =& HE)S 7 E Aoz B IEArHCampbell and Vaulot
1993; Moore et al. 1995, 1998; Moore and Chisholm 1999). 7] < 5o A
AT FHs g Aol A
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A AHYE OI& 54 50 mollA AS7HA =2 dEFo] YElyth, vkd
FAANE AEE 1o T4 50 m7HA] =2 dAEHS YeERdA o, AEH S
O 4 75 molA 3o &5t Moore et al(1999)¢] o+ A
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Picoeukaryotes 1352 Alde]| ume} st RXEE FAsta AL

o, g2 % 89 xuxAEZHaEy 2 siAd #Hit 28 x 10°
cells mL'2 71 & dEHS yetyon, A HAH 122 x 10°

cells mL™'2 7}d =& dEZS Ueld Aol 547 olduh(Fig. 4-14).
ol2]§ A= Noh et al(2005)°] ololm= FWa] A A3} Lee et
al.(2014)9] TE=rsl g At FAC AW dEFe BRAd dyst
A=t AAh E3 Jiao et al.(2005)3 Noh et al.(2005) ol ¢]3hH
A Bk FAC dEFo] dUHdor A JeWth B FAARE F
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o 4] picoeukartyotes L2 AT HHEo] w9 =A YEFSETH(Noh et
al. 2005; Le et al. 2010). o] ZApI A= SHAIS AL A Ador %
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Table 4-4. The relative of estimated carbon biomass of
Synechococcus, Prochlorococcus and picoeukaryotes based on
depth-averaged cell abundance. Abbreviations = data =

averaged(standard deviation)

Carbon biomass relative (%)

Season

Syn Pro PEuk
Winter 16.8(10.8) 83.2(10.8)
Spring 37.1(14.3) 62.9(14.3)
Summer 73.7(11.2) 2.2(3.6) 24.0(9.8)
Autun 39.0(7.5) 1.5(2.2) 59.5(7.5)
Mean 41.7(23.6) 0.9(1.1) 57.4(24.6)
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V™ Prochlorococcus 159 S5 s B¥+ A AdoA FAE A4

Lo

A9 84, FHEA 2 vFgggol A EE7F AT(Jiao et al
2005)% o] AW, a1 - g FEAIQFO g o dAEHF H EE
H o7 gl (Noh et al. 2005, 2006; Lee et al. 2014)& & 5 A3t} o]
H ZAL XX Prochlorococcus 1w &% oA AdFH oz ZA3 A
o 2016\ SHA FEASGFE HEEA FUAN Prochlorococcus 13w
of Hdl dEFL 754 x 10° cell mL'Z YElen 20173 == 10.0
% 7191 &(Fig. 4-19)& Helm Ao fdFF2 1099 x 10° cell mL'&
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