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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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1. Lubei Coastal Current; 2. Yellow Sea Coastal Current and Subei Coastal Current; 3. Changjiang Diluted Water and Taiwan Warm Current; 4. Yellow Sea

Warm Current; 5. Qingdao Cold Water Mass (spring); 6. Yellow Sea Cold Water Mass (summer, autumn); A. Subei Coastal Diluted Water
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Fig.2 The development of floating U. prolifera green tide in the southern Yellow Sea in 2018
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Table 1 Salinity, temperature and nitrogen nutrients in the study area of the southern Yellow Sea during spring and summer cruises

20184E4
ik F)2 h)z )2 K NG| BRI
FHIE - - - - $<30 7<6.98 $>33
RS - 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£1.20 5.64+0.92 9.38+1.11
S 32.19+1.04 31.71x1.33 32.55+0.44 32.6+0.50 29.12+0.90 32.36:0.08 33.28+0.25
TSP/mg'L! 70.42+85.14 85.14+89.78 51.87+74.19 70.46+90.06 106.75+17.12 17.99+2.54 32.15+27.61
NO;3-N/pmol - L™ 7.61£8.75 10.48+11.8 4.7243.71 5.75+3.94 33.77+10.59 1.16+1.18 5.91+1.41
NO3-N/pmol - L™ 0.1420.10 0.14+0.09 0.15+0.10 0.15+0.11 0.20:£0.04 0.07+0.05 0.2240.11
NH;-N/pmol- L™ 1.11+0.66 0.94+0.56 1.19£0.73 1.30+0.69 1.18+1.00 1.65+0.50 0.70+0.34
DIN/umol-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
DON/umol-L™! 5.30+2.30 5.62+2.20 5.08+1.91 5.30+2.72 4.44+1 34 7.2042.27 4.16+1.20
TDN/pmol L™ 14.16+8.83 17.33+11.75 17.52+11.56 18.48+11.36 41.27+10.88 9.86+2.54 10.99+1.75
urea-N/pmol L™ 1.28+0.72 1.1120.69 1.40+0.79 1.42+0.66 0.74+0.45 1.99+0.59 1.18+0.62
20184E7H
Heff x2 LR )z 2 K KN
FEIE - - - - - 5<30 7<14
FERL R - 61 35 39 61 15 43
7/°C 20.20+6.85 25.00+1.73 23.69+3.35 16.32+6.29 14.23+6.98 24.79+1.64 9.84+1.72
s 31.631.26 30.6+1.32 31.69+0.65 32.44+0.61 32.47+0.55 28.66:0.82 32.740.24
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/pmol-L™! 4.85+5.29 6.18+6.87 3.0243.93 3.88+3.86 5.67+3.62 15.18+6.03 437+3.08
NOZ-N/umol-L™! 0.39+0.47 0.37+0.34 0.510.62 0.46+0.57 0.46+0.54 0.45+0.32 0.13£0.15
NHJ-N/umol-L™! 0.87+0.82 1.25+1.05 0.75+0.54 0.61+0.48 0.66+0.57 1.82+1.41 0.50£0.46
DIN/umol-L™" 6.09+5.92 7.79+7.60 4234475 4.95+4.47 6.78+3.94 17.45+6.32 5.00+2.93
DON/umol-L™" 4.83+2.49 6.12+2.53 4.68+2.22 3.96+2.29 3.55+1.94 6.38+2.45 4.00£2.06
TDN/pmol-L™" 10.93+6.27 13.93+8.63 8.91+3.46 8.91+3.23 10.33+3.25 23.83+7.82 9.00+2.33
urea-N/pmol L™ 0.84+0.57 1.05+0.70 0.73+0.41 0.77+0.43 1.05+0.74 1.57+0.86 0.77+0.54
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4 (4.84+2.54) pmol/L, & Z= 4 /> 2 0.46 pmol/L; FE
] 5345 AL G W i, SR 2 vk 2 4 (6.1242.53) pmol/L,
TV E R R, WER AR T urea-N %
F2 T A5 AT 10 Rt 1) TRl IR K 7 55 BE R K HEA R
Wl (2 1, &l 4), 5 BT o sy . s v IR 1Y AR AR, vk B S
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ii DON [y 17.4%, 32 A ) W W ) 46 DR 3R 52 i 12,

AR 0.44 pmol/L, [0 34.4%. FIZZITLIHHT
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B ) 5 e T AR )
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Fig. 3 Horizontal distributions of nitrogen nutrients in the southern Yellow Sea in spring (April 2018, before green tides)
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Fig. 4 The seasonal variations of nitrogen nutrients in the study area of the southern Yellow Sea in spring and summer 2018
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Table 2 The variations of nitrogen nutrients in the different phases of green tides in the surface layer of the study area
e R IR (122°E LA TE) e B AL
N[ e Az X N, ESINE=N ¢
122°ELATY 35 I\I(iﬁog}gﬁ?)ﬁm 35 N(;ijgfgz‘ﬁﬁm 122°ERA %
20184F4 )] 201847 H 20184F4 )] 201847 H 20184F4H  20184E7H 201844 ] 20184E7H
FE il i /ind. 33 33 25 24 8 9 27 29
7/C 11.80+3.30 23.84+1.09 13.34+1.99 23.63%1.03 7.00+1.10  24.41%1.09 9.58+1.52  26.28+1.34
S 31.03+1.39 30.28+1.19 30.61+1.35 30.01+1.26 32.34+0.07  31.00+0.48 32.56£0.48  31.00+1.37
TSP/mg-L™! 125.04£100.12  60.66+41.23  159.28+91.24  82.71£30.84  18.03+2.31  14.13+2.54  38.44+38.49  18.08+13.89
NO3-N/umol - L™ 14.52+14.19 8.46+7.38 18.98£13.51  11.25+6.75 0.59+1.11 1.01£1.11 5.37+3.99 3.72+5.18
NO;-N/umol-L™" 0.15+0.09 0.38+0.27 0.18+0.08 0.46+0.25 0.04+0.03  0.17£0.21 0.13£0.09 0.38+0.42
NH;-N/umol - L' 1.05+0.64 1.43+0.97 1.00:£0.69 1.72+0.97 1.20£0.46  0.67+0.39 0.79+0.41 1.05+1.11
DIN/pmol-L™" 15.72+14.23 10.27+7.78 20.16£13.60  13.43+6.74 1.83+1.15 1.83+1.24 6.28+3.94 5.1246.38
DON/pmol-L™! 5.73+2.42 7.17+2.57 5.3242.35 7.57+2.85 6.96+2.35  6.08+1.10 5.47+1.92 4.93+1.86
TDN/umol-L™" 21.85+13.81 17.48+8.67 26211323 21.07+7.37 8.79+3.06  7.91£1.70 11.75+4.44  10.05+6.63
urea-N/pmol L™ 0.97+0.59 1.24+0.60 0.81+0.54 1.52+0.41 1474045  0.63£0.48 1.25+0.78 0.86+0.75
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maeT T FE R, FErlt DIN R4 5.5 AR VR ERAG 6.73 pmol L,
Bl 5 20172018 AL EEANGRIIR R & & [{% & 66.6%; Tl DON Fl urea-N ZRTR AL R AEY)
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Fig. 5 The monthly variations of urea-N in main rivers estuar-

ies along Jiangsu coast from 2017 to 2018

FI A (DIN 41 53 #1773+ A HLA urea-N 55 ) Wk JFE it
1o T R A K 1 R AR AR (6.5 pmol/L) 9,
FEALEMAAAN TS ER AR, MR KR
FJZ KA b, DIN ¥ B %A% 5.45 umol/L, [0 37%, H.
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T A (E 4) S5 R R 2w, We B o =l ) ity 1)
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Fig. 6 Horizontal distributions of nitrogen nutrients in the southern Yellow Sea in summer (July 2018, later of green tides)
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The development of Ulva prolifera green tide and the roles of nitrogen
nutrients in it in the southern Yellow Sea in 2018

Zhang Haibo', Wang Shuang', Yin Hang”, Sha Zhenxia®, Shi Xiaoyong'#, SuRongguo', Pei Shaofeng’,
Wang Guoshan®, Ma Yinping'

(1. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100, China; 2. School of Marine and Atmo-
spheric Sciences, Stony Brook University, State University of New York, New York 11790, USA4; 3. College of Life Sciences, Qingdao Uni-
versity, Qingdao 266071, China; 4. National Marine Hazard Mitigation Service, Ministry of Natural Resources, Beijing 100194, China; 5.
Key Laboratory of Coastal Wetland Biogeosciences, China Geological Survey, Qingdao 266071, China)

Abstract: Based on the daily satellite monitoring data of floating green tides, and the nitrogen nutrients and hydro-
logical environment parameters were collected in spring (April, before green tides) and summer (July, later stage of
green tides) cruises in the southern Yellow Sea (SYS) in 2018, we studied the spatio-temporal variation characterist-
ics of the green tides, and the role of nitrogen nutrients in it. The results showed that the small U. prolifera patches
were firstly observed in shallow waters off Nantong, Jiangsu Province on April 25, then floated northward and
reached its maximum scale on the June 29, followed by decomposition and disappearance in the coast of Shandong
Peninsula in the mid-August. The trajectory area of floating green tides was mainly located in the western of 122°E
in the SYS, and showed two distinguishable development phases, the rapid growth phase in the south of 35°N,
nearshore area of Jiangsu, and the decline phase in the north of 35°N, offshore area of Shandong Peninsula. The ni-
trogen nutrient components showed regional and seasonal variations, influenced by the freshwater influx, cold wa-
ter masses, biological activity and other factors. The effects of nitrogen components were different in different de-
velopment phases of green tides. The rich nitrogen nutrients from a variety of sources (total dissdved nitrogen
(TDN) >20 umol/L and dissolved inorganic nitrogen (DIN) >20 pmol/L) provided sufficient nitrogen for the devel-
opment of green tides in the dominated form of DIN, and contributed to the fast reproduction and growth of U. pro-
lifera in the rapid growth phase. While the U. prolifera showed a higher affinity for DON in the decline phase area,
the urea-N become main nitrogen source for the development of green tides because of the poor bioavailable nitro-
gen content (DIN<2 umol/L and urea-N<1.5 pmol/L) condition, which would limit the continuous growth of U. pro-

lifera.

Key words: green tides; development phases; nitrogen sources; urea-Nj; southern Yellow Sea; Ulva prolifera



