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Fig. 1 The current system (a) and sampling stations (b, c) in the study area of the southern Yellow Sea
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Fig.2 The development of floating Ulva prolifera green tide in the southern Yellow Sea in 2018
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Table 1 Salinity, temperature, nutrient concentrations in different water-masses of the study area in the southern
Yellow Sea during spring and summer
201844 H
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FHIE - - - - §<30 7<6.98°C 533

FEREUA - 59 59 59 8 19 17
7/°C 9.21+2.60 10.77+2.87 8.06+1.51 7.96+1.58 14.11+1.2 5.64+0.92 9.38+1.11
N 32.19+1.04 31.71+1.33 32.55+0.44 32.6+0.50 29.12+0.90 32.36+0.08 33.28+0.25
TSP/mg'L"! 70.42485.14 85.14+89.78 51.87+74.19 70.46+90.06 106.75+17.12 17.99+2.54 32.15+27.61
NO3-N/umol-L™ 7.61+8.75 10.48+11.8 4724371 5.75+3.94 33.77+10.59 1.16+1.18 5.91+1.41
NO;-N/umol-L™" 0.14+0.10 0.14+0.09 0.15+0.10 0.15+0.11 0.20+£0.04 0.07+0.05 0.22+0.11
NH;-N/umol- L™ 1.11£0.66 0.94+0.56 1.19+0.73 1.3+0.69 1.18+1.00 1.65+0.50 0.70+0.34
DIN/pmol L™ 8.86+8.71 11.56+11.88 6.06+3.57 7.2143.79 35.15+10.58 2.89+1.35 6.83+1.45
PO3~-P/umol-L"' 0.30+0.18 0.25+0.17 0.32+0.17 0.35+0.19 0.47+0.17 0.12+0.10 0.47+0.10
Si03~-Si/umol-L ™! 8.52+5.59 9.49+6.80 7.24+4.23 8.07+4.39 20.85+4.66 2.26+2.14 10.17+1.49
N/P 42.47+69.29 59.7+77.94 23.05+14.48 37.11+82.74 80.5+29.99 63.13+114.49 14.54+1.67
Si/N 1.13+£0.62 1.13+0.81 1.17+0.46 1.08+0.36 0.61+0.09 0.70+0.45 1.54+0.32
Si/P 34.16+37.47 44.74+41.22 22.5+8.19 30.05+44.86 50.16+26.33 31.52+63.13 22.46+5.69
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S 31.63+1.26 30.6+1.32 31.69+0.65 32.44+0.61 32.47+0.55 28.66+0.82 32.7+0.24
TSP/mg'L"! 27.46+24.99 38.56+37.13 19.76+8.88 19.88+8.23 25.32+12.53 70.98+47.07 19.39+4.15
NO3-N/umol-L™" 4.85+5.29 6.18+6.87 3.02+3.93 3.88+3.86 5.6743.62 15.18+6.03 4.37+3.08
NO;-N/umol-L™ 0.39+0.47 0.37+£0.34 0.51+0.62 0.46+0.57 0.46+0.54 0.45+0.32 0.13+0.15
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Si/P 75.23499.38 97.83+134.98 100.48+85.99 51.87+46.58 42.24+34.95 65.48+57.29 27.00+21.25
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Fig. 3 Horizontal distributions of nutrients in the southern Yellow Sea in spring ( April 2018)
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Table 2 The variations of nutrients and hydrological parameters of surface layer in different development phases area of green tides

T S AL VAl
L EREEE I 122°E L) P4 g3l 35°NLAR i Rk XAk
20184F4H 20184F7H AR Yo 20184F4H 20184E7H A%
BB 33 33 25 24
7/C 11.80+3.30 23.84+1.09 12.04/108 13.34+1.99 23.63+1.03 10.29/77
s 31.03+1.39 30.28+1.19 -0.75/2 30.61+1.35 30.01%1.26 —0.60/2
TSP/mg-L™ 125.04+100.12 60.66+41.23 —64.38/51 159.28+91.24 82.71+30.84 ~76.57/48
NO3-N/umol- L™ 14.52+14.19 8.46+7.38 —6.06/42 18.98+13.51 11.25+6.75 —7.73/41
NOZ-N/umol-L™! 0.15+0.09 0.38+0.27 0.23/153 0.18+0.08 0.46+0.25 0.28/156
NH;-N/umol-L™ 1.050.64 1.43£0.97 0.38/36 1.00+0.69 1.720.97 0.72/72
DIN/umol - L™ 15.72+14.23 10.27+7.78 —5.45/37 20.16:13.60 13.43+6.74 —6.73/33
PO3~-P/umol-L™' 0.22+0.19 0.17+0.20 —0.05/23 0.28+0.19 0.23+0.21 —0.05/18
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Study on the coupling relationship between the development of
Ulva prolifera green tide and nutrients in the southern
Yellow Sea in 2018

Zhang Haibo', LiuKe', SuRongguo', Shi Xiaoyong'?, Pei Shaofeng®, Wang Xiulin',
Wang Guoshan?, Wang Shuang'

(1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China; 2. National Marine Hazard Mitig-
ation Service, Ministry of Natural Resources, Beijing 100194, China; 3. Key Laboratory of Coastal Wetland Biogeosciences, China Geolo-
gical Survey, Qingdao 266071, China)

Abstract: Based on the nutrients and hydrological environment parameters collected during April (spring, before
green tides) and July (summer, later stage of green tides) cruise, and the daily satellite monitoring data of green
tides in the southern Yellow Sea (SYS) in 2018, we studied the spatio-temporal variations of the floating Ulva pro-
lifera green tide and it's relationship with nutrients. The results showed that small scales of floating U. prolifera
patches were firstly observed in the coastal area of Nantong, Jiangsu Province on April 25, and decomposed and dis-
appeared in the coast of Shandong Peninsula in the mid-August. The trajectory area of floating green tides was
mainly in the western of 122°E in the SYS, and the rapid growth phase of green tides existed in the south of 35°N,
nearshore area of Jiangsu Province. Nutrients showed regional characteristics of high values in the coastal area of
Jiangsu Province and low values in the offshore of the northern and eastern parts of the study area, which influ-
enced by the Yellow Sea Cold Water Mass, freshwater influx, biological uptake and utilization, and other factors.
Compared with the development trend of green tides and distributions of nutrients, there were three distinct charac-
teristic zones with different nutrients conditions and stages of green tides: the coastal area of Jiangsu
Province (south of 35°N, east of 122°E), characterized with high-value nutrients and rapid growth of green tides;
the offshore area of Shandong Peninsula (north of 35°N, east of 122°E), characterized with low nutrients and dissip-
ation phase of green tides; the east sea of 122°E, characterized with no green tides. The nutrients variations in dif-
ferent characteristic zones indicated that rich and sufficient nutrients (NO;-N>6.5 pmol/L, PO;-P>0.27 pmol/L),
and continuous nutrients inputs were the main factors contributing the germination and rapid growth of U. prolif-
era, and provided main N, P elements for the development of green tides in the coastal area of Jiangsu Province.
The poor nutrients (DIN<2 umol/L, PO} -P<0.03 umol/L in summer) might be the limiting factor limiting the con-

tinuous development of green tides in the offshore ocean of the Shandong Peninsula.

Key words: green tides; Ulva prolifera; nutrients; development phases; southern Yellow Sea; spatio-temporal variations
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