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Fig.1 Sampling stations in winter and summer in the Bohai Sea
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Tab.1 Standards of evaluating nutrient limitation

TEM AR ()
Limited level Standard ( threshold values )

FR )7 2%

PR 47 2%

Limited level

AR (5T LU fED)

Standard ( nutrient ratios )

N 26 %t BR ] Nitrogen threshold limitations DIN< 1 pmol - L7
P 453} fR 1| Phosphorus threshold limitations P <0.03 pmol + L -1

N/P <10, Si/DIN > 1
N/P>22, Si/P >22

N #7E R Nitrogen potential limitations
P ¥ 7EFR i Phosphorus potential limitations

i S L7t § Si/P <10
Si 4 %f FR i Silicon threshold limitations Si< iﬁ;gl) L Si ¥ 7EFR I Silicon potential limitations S;/DIN < i
*2 BEEBHLZEFAERKEHEE a RINESHEHE
Tab.2 Chlorophyll-a, nutrients and hydrological parameters in the same study area of the central Bohai Sea
2016 - 01 2016 - 06
2 #)Z 10 SIS )z 10 )2
Paramete 2 m i)z E m oz i
arameter Surface layer 10m layer Bottom layer 149 Mean Surface layer 10m layer Bottom layer P49 Mean
Chl a /(mg + m~3) 0.98 +0.29 0.98 £0.24 1.01 +£0.25 0.99 £0.25 6.11 +7.84 4.36 £5.38 3.28+1.27 4.58 £5.51
T/°C 3.79 £1.65 4.81 +1.48 6.04 £1.47 4.88+1.76 22.32£1.92 21.91 £1.9 22.05+1.87 22.10 £1.88
S / / / / 31.45 £0.46 31.61 £0.47 31.61 £0.46 31.56 £0.45
TSP /(mg « L=')  92.30£101.60 114.40 +118.60 105.80 £111.30 104.10 =108.30 21.78 £9.51 22.12 £9.46 24.84 +12.85 22.80 £10.34
DIN/ (pmol - L1 10.63 +4.59 9.76 +4.22 11.19 +4.9 10.51 +4.52 3.90 £4.59 5.24 +4.43 5.02£3.78 4.72 +4.20
PO;~-P
4 0.28 £0.15 0.25 +0.14 0.31 0. 14 0.28 +0. 14 0.03 +0.03 0.04 £0.03 0.05 £0.05 0.04 +0.04
/ (pmol - L1
Si03 ~-Si
? 10.44 £2.44 10.49 £1.90 10.98 £2.02 10.63 £2.09 3.77+1.29 3.97+1.95 3.70 £1.98 3.81+1.72
/ (pmol - L1
N/P 70.00 £86.90  80.80 +106.60  56.00 +65.60  69.30 +86.80  215.65 £232.02 262.33 £274.58 344.60 +451.57 274.19 +328.06
Si/P 65.80£75.10  74.90 £80.00  51.80+49.50  64.50 +68.80  223.39 +165.72 209.31 £218.03 173.83 +170.44 202.18 +182.07
Si/N 1.10 £0.40 1.20 +0.50 1.10 +£0.50 1.20 +£0.50 2.05+1.25 1.10 £0.65 1.02 £0.67 1.39 +1.00
N BRI n
i, ik
('ﬁ.xi’{%?i) 14(0, 0) 14(0, 0) 14(0, 0) 15(4,0) 15(0,0) 15(0,0)
N limitation n
(threshold, potential )
P Rt n
Ha P
(,ﬁxi,(?ﬁ) 14(0, 7) 14(0, 8) 14(0, 7) 15(11,0) 15(9,4) 15(9,3)
P limitation n
(threshold, potential )
Si Bt n
YAt ¥
(HERT FEFAE) 14(0, 0) 14(0, 0) 14(0, 0) 15(2,0) 15(2,0) 15(3,0)

Si limitation n
(threshold, potential )

VE<Chl a, IR a 5 TSP, B BTEIURIY s, K PERCH s & AL () 2 IE Wik

RN, R ARAR I il

Note: Chl a, chlorophyll a; TSP, total suspended particulate; n: number of water samples; the real-time salinity(S) data in the winter is unavailable for the frozen

seawater
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Fig.2 Horizontal distribution of nutrient concentrations and limitations in winter in the study area
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Fig.3 Horizontal distribution of nutrient concentrations and limitations in summer in the study area
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Fig.4 Spatial and seasonal variations of nutrients and nutrient structure in the study area
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Tab.3 Comparison of nutrient structure in different areas of the Bohai Sea

DIN PO} -P  Si0; -Si

B R A K2 . . Bk IR
/ 1- . .
Area Date  Month Layer ( ufo / (ol =/ ( pumol NE SiP SUN Data source
L™) LY LY
2002 8 LR 4.66 0.24 8.18 19.40 34.10 1.75 g4 (28]
2012 5 SHAKIE 2.32~9.05 ND~0.25 0.12 ~8.3625.00 ~1 287.004.30 ~263.00 0.03 ~1.34 X|fieE >
i 2013 7 2FRKIE 10.33 0.07 3.94 147.60 56.30 0.40 g ylael30]
iz 201311 KR 16. 44 0.54 16.94 30. 40 31.40 1.00 ity as(30)
Central 2015 4 xZ2 9.92 0.70 6.56 14.40 10.08 0.91 YAN 2031
Bohai 2015 6 *2 9.71 0.33 4.03 30.09 12.57 0.51 YAN %031
Sea 2015 8 (WAK) *KZ 7.90 0.50 6.00 19.80 13.90 0.90 PAN 2032]
2015 10 xKZ2 9.90 0.30 4.20 47.47 17.50 0.40 PAN 45132]
2018 4 LK )Z 7.10 0.50 5.90 13.50 12.10 0.90  ZHENG %[®]
g 2002 8 HKR 12.32 0.26 1.18 47.40 4.50 0.10  WANG %
Bohai 2011 5 E 24.80 0.45 9.35 55.10 20. 80 0.40  Zejgyas(3)
Bay 2016 6 KR 7.57 0.07 5.45 108. 10 77.90 0.70 gy
LARE 2007 5 FZ 37.00 0.57 21.00 64.90 36. 80 0.60  54ykrrl37]
Liaodong )
Bay 2013 10 E 27.56 1.18 6.13 24.83 6.70 0.27 PEI (38
I 2001 5 LK 12.42 0.10 3.32 124.20 33.20 0.30 PR
Laizhou .
Bay 2017 8 e 24.32 0.17 19.39 143.10 114.10 0.79 i fik i del40)
TE :ND FR AR A
Note: ND indicates not detected
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Comparative study on the influene factors of
chlorophyll-a and nutrient structure between
winter and summer in the central Bohai Sea

WANG Lisha', WEI Xihui’®, ZHANG Haibo’ , LI Chunchuan®, TANG Hongjie'

(1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao Shandong 266100, China;
2. Chengyang Branch of Qingdao Municipal Bureau of Ecology and Environment, Qingdao Shandong 266109,
China; 3. National Marine Environment Monitoring Center, Dalian Liaoning 116023, China;

4. Institute for Advanced Ocean Study, Ocean University of China, Qingdao Shandong 266100, China)

Abstract: Based on the data of chlorophyll a ( Chl a) , nutrients, and hydrological environment parameters of
the central Bohai Sea in January ( winter) and June ( summer) of 2016, we studied spatial and temporal
variations of Chl a, nutrient structure, analyzed the influence factors for the phytoplankton growth and the
changing trend of the phytoplankton community structure over long-time scale. The results showed that
nutrient structure and Chl a had significant seasonal variation characteristics (P <0.01). In winter, the
concentrations of dissolved inorganic nitrogen ( DIN) , active phosphate (PO} -P) and silicate ( SiO3™ -Si)
were (10.51 +£4.52) wmol + L™", (0.28 £0. 14) pmol « L™", and (10. 63 £2.09) pmol - L',
respectively, and NO; -N (92% ) was the main form of DIN, and all nutrient contents were above the
threshold, meanwhile the nutrient ratios of N/P, Si/P, and Si/N were 69.30 +86.80, 64.50 £68.80, and
1.20 £ 0. 50, respectively, the N and Si limitations were not obvious except that some stations showed P
potential limitations because of input of the Northern Yellow Sea cold flow, the sediment resuspension, and
the release by the mineralization of organic matters. Affected by seawater temperature (T < 8°C), the
phytoplankton reproduction and growth were restricted and the content of Chl a (0.99 +0.25) mg - m ~ was
low. In summer, influenced by the Yellow River dilute water, the Northern Yellow Sea cold flow, and
phytoplankton uptake. The concentrations of DIN, PO, -P and SiO; -Si were (4.72 £4.20) umol - L™",
(0.04 +0.04) pmol -+ L™", and (3.81 £1.72) pmol - L™", and decreased by 55.0% , 85.7% and
64. 1% ,respectively, NH**-N (48% ) and NO; -N (45% ) became the main forms of DIN, compared to
those in the winter. The nutrient ratios of N/P, Si/P and Si/N were 274. 19 +328.06, 202.18 +182.07 and
1.39 + 1.00, respectively, increased significantly compared with that of winter. The nutrient limitations
showed obvious P limitation, and the contents were below the threshold of DIN and Si in some stations, which
would limit the growth of phytoplankton, especially the diatoms. The content of Chl a was (4.58 £5.51) mg
- m~’ with the seawater temperature of (22.1 +1.88)°C, 4.6 times higher than that in winter, there were
some stations in the Yellow River Estuary, the content was beyond 10 mg - m > and showed an outbreak risk
of alage bloom.

Keywords: Bohai Sea; chlorophyll a; nutrient structure; phytoplankton community; variation trend



