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Fig.1 Stations of the green tide monitoring and the algae species distribution in the Yellow Sea in May 24-July 17, 2017
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Fig.2 The percentage of the stations where Sargassum horneri occurred accounting for the stations

at which green tides were founded during the monitoring in 2017
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Fig.3 Stations of algae species distribution during the secondary emergency response of green tide disaster in 2017
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Table 1  Statistics of the green tide duration and scale in the Yellow Sea from 2008 to 2017

£ R BT Fij{ﬁ@ ﬁjﬁgﬂ% RO AR HT-HH Frgimiia)/d
R H B TR/ km? T FR/km? L H )

2008 05-14 25 000 540 07-12 09-01 110
2009 05-20 58 000 2100 07-02 08-22 94
2010 06-02 29 800 530 07-10 08-17 76
2011 05-27 26 400 560 07-19 08-17 82
2012 05-16 19 610 267 06-13 08-30 106
2013 05-10 29 733 790 06-27 08-14 96
2014 05-12 50 000 540 07-14 08-15 95
2015 05-16 52 700 594 06-19 08-14 93
2016 05-10 57 500 554 06-25 08-02 85
2017 05-14 29 090 281 06-19 07-20 68

T T T H PR AR TR 8 N N VA RE AT T L S B A U L A 6k H A

31T w8

3.1 HEEZHPHELYSEEER LR

BEXF 2017 AR E) HE 00 S R PR AR 0 S LR AR S R T AR A S8 BTk, Tk T I I B 4
1 U R A R 8 B Bk . b, B (R B AR VT TR A AR T VT TR 2008 AR B & 2B IR I 1Y) 8 A R S b
WL e B o o b 8 TR T K DX B X o3 AT, R e Z A . T ke A R ek v e DA A A B,
VR B I N 5 BT X R RS T oK . H T IR A s AR ) i /N I I AR 5 R AT R

BUAN L Wa 28 5 % B, 2013 ARt A & BLAd A 8 L 24 4F 06-20 1 4, b o WE I A0 F RN B 3 i 087 Y



44 X FR L AF 2017 AR T ) R R B B K T B T kA 67

IR, 7E H R DL ZR I 5 HE B (HT073,120°43"42"E, 35°35' 12" N) % K 1 AR ARG 2 07 o 2 ¥, 52 448 Btk 4y
. BV R AR AL 20 km” B SR 200 BT 29 50 km., 2013-06-25—27, 7 B IRIE AR
L8 — K I 2 e ¥ 0 8 A B A 8 A3 A A 5 RO 24 B 3 1 %0, Jsy il X35 T 3k i 5 0 (AR BD)
[ 20 % . fHJZ 2013 4F Jo 30 e i 00t e ol /0, i 20 B A A 0T LB L R 2 B i T I U U R . Bk
PESE AR 2013 A SR H BB B R I R e G O S R E PR R AR 2 T .

2014-05-14 , FR 48 ) 518 1 Jm 08 0 Je W DM 45 5%, 7 R Ik DA AR 98 35 (120745 ~122°30"E, 33°00" ~ 34°00'N) &
PR DR, HITEEN D REREIEE TWE., 05-15 Lk AJLEE XS, 05-26, 61 X 4% ) 3 35
Ry 158 km® , 3 A THIARZY 9 020 km® , BEFS 2 10K 2 I8 1 & L AT5 I A% 15 2 3 o A 00 M 00 485 2R B os i 35 e il 2
R T REH, SR5 R B TE B AR PRI 2k

PEAR  HEARAR S 2015 4R 10 T2 0 16 B & S0 ORI SR, 06-25 RGETS RIS N BIE R E IR
BBV I, IS R O (S, horneri) /DB 3R F (S, muticun) , /X W ALIE 10 km?* , i K 55
JERENT 1 m;07-04 T3R8 R I 3] 3% 7R m PG I v B R A5 I B IB R 1), 40 A I BLIA 96 km® 37 A
AW R . ARG AT i B e ) ke R R AR A SR DA R VA T T R AN A 17

32 MEMNEYFHEARNBRZERNENME

P S A I G AR AT A R A O U Y T L A A R RIR RO R R T K I T 5RO A
T ARG, A K BABREE T GA 3 kg, HUAR KR BRIE IR 11~16 °C, BEHMIKIR 16~20 C,
AR A B AR [T K G B R INOR B it AR AR . 4 AORZE 5 A F ) KGR 18~20 °C LR B HEL
e WY HE B L e R R 0 T B 5 H D A IR AR T . LA W Al 3 — Ty T e A 1 T
S A1 AR 22 73 B T3 EA T 22 ) AR i 20 5 53— J77 T & AN W 3t O 32 L 0 R 8 A o R R A 0 S R A | 3
W AR S A B AETE B R LA AR g R

AN TR 5 7 7K T2 R g A 22 AR AR A BT KT IR TR DR AR L B AE 0.5 me LU 2K A i
AR . T H. L [R)A SR 20 A R AR L A T R SR LE L A S X Ol e 3 R R R 2

G54 2017 A JE LRI S e ol it 30) 1R A B 7 R 2 WL A D i S 2 P LARBAE 2017 AF B IR 238 b s W1 T
Ay LA T A TP R B X ' TR ) O Y R T B R e A R | T AR OIS T A K R e A

3.3 EEGE R E W il B R I A Bk AR

L 2% 55 DR 2R 5 98 A Ml IBOK S B 87 080 A 2 B o ol T Ao T R R R A T s A A 0 o R O 9 R
2V B AR KT o AT X i) 38 B0 AT 2 AN T 5 el T3 5 W8 22 0 A L o W T ) 388 ol A I, A T EL B i DAY
A F 7 4T B M SLORIAUARST 57 T L X 4 o 2R 25 CR - RUBEARAR A0 57 BUH o e R L W S BR A 1 9T 87 A oy il i
FUHERE o B Ab B A B M T L 7B 20 A1 T U AN R, — BT IR Lok 45 P T 0 ) o ol A AR AR K 2
Yot . MBS A B W TR AREE BEARAS B 1 v 2= S5 R T IR PR AR T K )2 8 T 5 W R A B R AREE 2 A
M R A H Y S T SR F L AR B K T A AR D R R R R

TEBLEWF & B IR0 T 5 58 7S 1K 18 37 W D 4 B vy T 388 R0 5 S BILAR A [) R 5 e R S UK R
o a B AR TR B IR B RO R AR W OR R LR R 2 D AR A R — i U W BRI R as T
PR

L BATRL, — 7 T A R TR B TE R T Ak A 2 R O R AE A TR L 2 i A B
B AT 10 3 0 S 0 A T e R T R s i L D 9 A R TR A VR A K ELR A WK T GiF D
atic o BRIV L At ke 1 SRU0) 4 TR o JR 00 8 SR A 2 DR 2 R R TG G35 (o A o o 2L ¢ ) T TR B A T
B s o3 — T THT o | T ST B X S 2 ) ) 97 B 42 AR A AT 9 5 R D Ak AR X i i G A R
it BT T AR A9 AT B R B RBT 9 3T 85 TR LS XE Bl 9l o 19 38 V) 5 22



68 w7 R T R 37 %

3.4 2017 FEEHBTRE MEN S EEFAL R ORI

ST B S 1 1 R VR b R % AR TR R A A 2RO A L A O TR IR ORI VLR R A N
K AAR TR Y6 A7 7 1) R e F o0 A AR, 2 80V ) Y R D O LY U2 1 /K Tt W R A R T I i
ST B3 R A W SREK R s A TN Sk VT 9 T M R B0 VA 58 3 7 U e T B R AR R TR ST R
) 5 B R 240 A S T B L T R 5 A AR UL A DA O K VT A b 4 B O R S T A A T RE R SR A & AR T
A WL A5 N T I i AT RE A7 2 ROl R

I XU A4 b 22 S R I AR R R 5 RSSO R R SE L X R I S R X (R U TR A i
14 a 3758 I B B AT 45 SR R BH , 2005 4 LUK 32 H AR B 58 S aF 11 57 Hb Sy i 51 1 B o, 58 3 37 9 1 AL
gL L TF S 2 R SR A ) I A Ok £ 251 R 2007 AR DR SR RESE R L B E B RN L @R T R
fa] 2007 4F LUJG F 8 G S IAE B — AR R . XU DS AR S VT 5 i S R S SR A X 4 T RO B R BR B A 5
FEW L VLTR U ZR 58 5 S 58 X e B 30 96 358 55 B 18 it >y K ek gt Y W00 R R B 4L T B 6 4, 5 1 22 A Tl i il 2
Bk 3 2o 0 Bl N A I8 % 7 T Y L S IV T B TR R 4 S 4R K R 7R BT R R i

GG BT A ST AL ] T I SR R R TS S R A R AR A UL . O I 2017 AR 0 o R 4R T
55 2016 AR E 2017 AEYI R SRR TE K AR AT R . 2017 4EH) VL9344 W 7K 77 W 98 T LT
BRI 2 S ST BT 5 5 SR MR A T I I A 9 A 5 98t M T EDE T X — 4

2017 SFA9) L B 7 RS R MR R R A 4 T RO TE M I . B HRIE L2017 AF R 3 a R FEHR AN
— A, R P R, 2017 AR A2 U D IR O Ok ) B R v 2B L SR 3R K AR 3L R R 600, AR
T VL9548 PR 9 0T & A BB 52017 AR 3l L ER IR TT R ST B AR RS 5 feonz £ 7

1) 0 = 1, 2017-01-12, A I L b [0 K 7= A503E 00T TE 9 v [ K 3R I o O T AR 2 K
BEARHIE AT 58 K S RS IO RS AT R ) B, X L VI IR AR I T S ol AR PR TR A
VRV PR F AT BT VTR SR & = O A A R A A A5 A S5 E R TR O T R A R IR A AR R L e
TR AT B WAL 5 ALt £ ARG TR A AL B AR A L N 2016-12-15 FFUR L AE AR VD IR A 3K
FIEIX Z i LIRS RS R R R R B e KR D B IR 4~5 BT LA R RN, Bl i K
i, AT I TR A RS A T S R

T L, SR Y 3 J8% W 00 &5 SRt ] DAAE A AR 3 2017 4Ry 2 BRI e R .6 A A VUG, Fhdb & MEw
A S BT R FUBEIE 2, 35°N DAk B &5 DR V0 A I 2 2 T AR R 4 AR B 5T HE O R 1 e R
TR B 58 SR KRS AZ 9 s DT 13| e St ] 22 2 00 iy 2 0 et R et i /0 A OG5 08 T 5 380 2017 41 5 30 285 R EF ] 42
R A At FR A e EL RS /0N o T AR A 7 5 A AR 1) G VR AR 1) o AR o, 5 b v M T B AR A SRR AN R
WL, — M AR R 6 H R Al SRS A E AT R R K

4 4 i

2017 45 T Y S50 00 07 1] o S50V S5 A0S ) S 4 B 91 4 T B M, Kk S P A AR R
I L R T L A T I T R R S I 0 1 A 8

2017 A B ¥ G4 % A ot AR LA 435 SR i Jgk L 3 4 I ) A Sk 4 A TR 2 TR N 1
) 3ot R o S 1 A T YU 4 2 0 SR ) R S AR R T B 5 5 T R S TR R T 4 iR
TR TR T AR B 7 10 R e T L LR % 7 9 9 fr 3 A7)

£ % 3L#K ( References) :

[1] HAYDEN H S, BLOMSTER J, MAGGS C A, et al. Linnaeus was right all along: ulva and enteromorpha are not distinct general J]. Eu-



44

X FR L AF 2017 AR T ) R R B B K T B T kA 69

[2]

[3]

[4]

(6]

[7]

[s]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ropean Journal of Phycology, 2003, 38(3): 277-294.
WU L J,CAO C H,GAO S. A review on the development mechanism of green tide in China[ J]. Marine Sciences, 2013(12): 118-121. %
FRUR, N RS AF. FRIE S K AR R VLIRS L], PR A, 2013(12) ¢ 1184121,
NELSON T A, NELSON A V, TJOELKER M. Seasonal and spatial patterns of “green tides” (Ulvoid algal blooms) and related water
quality parameters in the coastal waters of Washington State, USA[]]. Botanica Marina, 2003, 46(3): 263-275.
CHARLIER R H, MORAND P, FINKL C W, et al. Green tides on the Brittany coasts[ C]// 2006 IEEE US/EU Baltic International
Symposium. Klaipeda Lithuania: IEEE, 2006 1-13.
LIU F, PANG S J. Research advances on green tides in the Yellow Sea[]]. Advances in Marine Science, 2012, 30(3): 441-449. X%, %
DR A O SO TIR T ST BE R (). TR AL R L 2012, 30(3): 441-449.
AN X L, LI X M, XU C X, et al. Ecological effects of seaweeds on the coastal environment[ J]. Fisheries Science, 2012, 9(2): 115-119.
G, FEM, WEE, S ORRIMEEE TR A LSRR KRR, 2012, 9(2) ¢ 115-119.
WANG X H, LI L, BAO X, et al. Economic cost of an algae bloom cleanup in China’s 2008 Olympic sailing venue[ J]. Transactions
American Geophysical Union, 2009, 90(28): 238-239.
ZHAO J, JINAG P, LIU Z Y, et al. The Yellow Sea green tides were dominated by one species, Ulva (Enteromorpha) prolifera ., from
2007 to 2011[J]. Science Bulletin, 2013, 58(19): 2298-2302.
CAI Y F, ZHANG P, WANG T G, et al. Genetic analysis based on 5.8S rDNA-ITS sequence of Sargassum horneri (Turner) C. Agardh
in the coastal areas of Zhejiang Province, Chinal]]. Journal of Tropical and Subtropical Botany. 2013, 21(2): 147-154. ¢— JL, 5kM§, +
BRAT. 4F. BT 5.8S rDNA-TTS J7 51 ) 5 [l W v v 1 40 0 A A4S £ 2R 1k 2 e [0 ). 34l 2 P R 2241, 2013, 21(2) + 147-154,
SUN J Z, CHEN W D, ZHANG D G, et al. In situ ecological studies of the subtidal brown alga sargassum horneri at Nanji Island of
Chinal J]. South China Fisheries Science, 2008, 4(3): 58-63. #hi B, BT A&, EEMR . 45, h E g BS54 3 Sargassum horneri S
AFMPIL ORI, BT, 2008, 4(3): 58-63.
North China Sea Branch of State Oceanic Administration. Bulletin of North China Sea Marine disasterl EN/OL]. (2017-05-25)[2018-06-
037. http: / www.ncsb. gov. en/nl/n127/n137/180627085510990247. html. [ % 1 ¥ J5 db i 43 ). A6 X i 7 % A i CEN/OL].
(2017-05-25)[2018-06-03]. http: // www.nesb.gov.cn/nl/n127/n137/180627085510990247. html.
YI ] T,HUANG J T,SONG ] L. Initial understand of Enteromorpha prolifera occurred in Yancheng coastal waters in 2008[ ] ]. Marine
Environmental Science, 2009, 28 (Supp. 1): 57-58. SR M, B4 M, RAEBE. XL ATHNE 2008 R0 & R AN B2 0R1T . i
FEIREERLS 2009, 28] 1) 57-58.
ZHANG H L,ZHANG ] M.The main types of marine ecological disasters and their distribution status in the North China Sea[ J]. Acta
Laser Biology Science, 2014, 23(6): 566-571. fKUbss ., SRAK R, Ui DO A 25 00K i 2 B 28 A e S A BURBEFE [T ], #Ob A= 41
2014, 23(6): 566-571.
SONG L, SONG J. JIANG B. Marine ecological disasters and their distribution in Liaoning coastal waters[J]. Fisheries Science, 2017,
36(1): 118-124. AR, R4, vk, 1L TR A W9 FE A A BUIRLTD. K724z, 2017, 36(1); 118-124.
SUN J Z, ZHUANG D G, SUN Q H, et al. Artificial cultivation trials of Sargassum horneri at Nanji Islands of China[]]. South China
Fisheries Science. 2009, 5(6): 41-46. fhiE e, HEM . MR, 5. M0 TSGR B BEFELT]. MK, 2009, 5(6): 41-46.
LIU F, PANG SJ, SHAN T F, et al. A novel method to quantify the microscopic stages of Ulva species in seawater and its applications
in forcasting green tides of the Yellow Sea[ J]. Chinese Science Bulletin, 2010, 55(6): 466-473. X, & /D75, PR, % —FEniE
JK T A T T Y B PR RO T R R A T ) R S R i BT, B AR L 2010, 55(6) . 466-473.
LIU D, KEESING ] K, DONG Z, et al. Recurrence of Yellow Sea green tide in June 2009 confirms coastal seaweed aquaculture provides
nursery for generation of macroalgal blooms[]]. Marine Pollution Bulletin, 2010, 60(9) . 1423-1432.
PANG SJ, LIU F, SHAN T F, et al. Tracking the algal origin of the Ulva bloom in the Yellow Sea by a combination of molecular,
morphological and physiological analyses[ J]. Marine Environmental Research, 2010, 69(4): 207-215.
LIU D, KEESING J K, HE P, et al. The worlds largest macroalgal bloom in the Yellow Sea, China: formation and implications[]]. Es-
tuarine, Coastal and Shelf Science, 2013, 129. 2-10.
HU C, LI D, CHEN C, et al. On the recurrent Ulva prolifera blooms in the Yellow Sea and East China Sea[ ]J]. Journal of Geophysical
Research: Oceans, 2010, 115. C05017.
LIU D, KEESING J K, XING Q. et al. World’s largest macroalgal bloom caused by expansion of seaweed aquaculture in China[ J]. Ma-
rine Pollution Bulletin, 2009, 58(6) . 888-895.
FANG S, WANG Z L, L1Y. et al. The dynamics of macro-propagules before the green tide (Ulva prolifera) outbreak in the Southern
Huanghai Sea and Changjiang ( Yangtze) River Estuary area[ J]. Haiyang Xuebao, 2012, 34(4): 147-154. J7#, TR, 25, % 08
TR AR VLT R ST 9 3 5 R ) SROUL L B A AR i B A AR AR LT ). VR AR, 2012, 34(4): 147-154.



70 w7 R T R 37 %

[23] LUO M B, LIU F. Research progress in the key process and main factors of occurrence and development of green tide (Ulva prolifera)
in the South Yellow Sea[]]. Marine Fisheries, 2015, 37(6): 570-574. %' [, X, R 2V 05 25 S 0 11 R A 3o 8 o S ik 2 3R 0F 90 e
(1. #at il . 2015, 37(6) : 570-574.

[24] LIUCC, XU R, HE P M, et al. Research on the relations between green tide and Porphyra cultivation in the South Yellow Seal]].
Marine Sciences 2017, 41(2): 35-43. XU FF. 158, Tl R, ¢, B3 S0 SR K 5 TR MM SE ROT T WA, 2017, 41(2):
35-43.

[25] LIU X Q. WANG Z L, ZHANF X L, et al. The current situations of micro-propagules of green algae in Porphyra yezoensis farming ar-
ea of southern Jiangsu in autumn in 2012[]]. Periodical of Ocean University of China (Natural Science), 2015, 45(7): 58-63. XK,
FIRR, WKW, A 2012 AEAKTR VLN g A 5 SR IR GH DX 0 O AR AR SR LT ). P R R AR (BB D, 2015, 45(7)
58-63.

[26] Nantong laver reduced output 60% this year, farmers suffered serious losses[ EB/OL]. (2017-03-06)[2018-06-03]. http: / www.ntjoy.
com/news/vod/xwsph/nttvl/nttv/2017/03/2017-03-06552139. html. 4-4F pg 1 28 32 W 72 /N o F2 98 0 1 6 ™  [EB/OLJ. (2017-03-
06)[2018-06-037. http: / www.ntjoy.com/news/vod/xwsph/nttvl/nttv/2017/03/2017-03-06552139. html.

[27] Sargassum sudden disaster Jiangsu Nantong Yancheng laver industry loss of over 500 million yuan[ EB/OLJ. (2017-01-12)[2018-06-03].
http: // www.haichaninfo.com/news/show-45992. html. B R #E % % KA 1195 i 18 #h R 48 AT M4 2k 8 5 4296 [EB/OL]. (2017-01-12)
[2018-06-03]. http: / www.haichaninfo.com/news/show-45992.html.

Green Tide Characteristics in the Yellow Sea in 2017 and New

Challenges in Prevention and Control of Green Tide Disaster
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Abstract: The monitoring of green tide in the Yellow Sea in 2017 revealed that Enteromorpha prolifera
was associated with Sargassum horneri and the proportion of Sargassum horneri is significant. With the
scale of green tide reaching its maximum., the stations where Sargassum horneri appeared increased obvi-
ously and exceeded the stations where Enteromorpha prolifera occurred alone. The green tide in the
Yellow Sea in 2017 was smaller both in the distribution and in the coverage areas and its occurrence process
was characterized with early discovery, earliest end time and shortest duration over the years. The earliest
end time of the green tide was presumed not to be irrelevant to the substantial reduction in the production
of laver culture in the south of China. Because the spectral signatures of Sargassum horneri differ from
those of Enteromorpha prolifera and the diving depth of Sargassum horneri is relatively deeper, the exist-
ing satellite remote sensing monitoring and early warning and forecasting technology for green tides is fa-
cing a new challenge. The protection interception devices, vessel salvage devices and disposal techniques
for the green tide with Enteromorpha prolifera alone generally lost their effectiveness when encountering
the green tide with Sargassum horneri. It is therefore desiderated to develop new salvage technology and
tools. The prevention and control of green tide disasters in the Yellow Sea are facing new challenges.
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