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Fig.1 Sampling transects and stations

at the coast of Southern Yellow Sea
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Fig.2 Quantitative distribution properties of Ulva microscopic propagules in the Southern Yellow Sea
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Gradient line value means the density of microscopic propagules, unit is ind/ L;a,b, ¢ stand for the number in water from surface, middle and

bottom in April 2012 respectively; d,e,f stand for the number in water from surface, middle and bottom in August 2012 respectively; g,h,

i stand for the number in water from surface, middle and bottom in April 2013 respectively; j,k,1 stand for the number in water from surface,

middle and bottom in August 2013 respectively.
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Fig.3 The average quantity of Ulva microscopic propagules in the water

column at each sampling station of four surveys
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13-4-R1-¥1,
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13-4-D2-53,
13-4-D3-M3, 13-4-D3-B1,
12-8-R2-M1,
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12-8
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12-4-D1-$3,
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12-4-D2-B5, 12-4

13-4-D3-$1,

12-4-R1-86,

12-4-D1-$4,

U. flexuosa IN031176. 1
13
12-8-B2-52, 12-8-B4-BI,

12-4-R1-M4, 12-4-R1-54,
Ulva flexuosa HM447564. 1

Ulva compressa AB097641. 1

R2-B1, 13-4-D2-82, 13-4-D3-§3,

Ulva linza AB097649. 1
12-4-L1-B4

Ulva prolifera AB830489.
13-4-D1-B1, 13-4-D5-BI,
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13-8-D5-B4
13-8-B2-M1,
12-8-B1-S1,

13-8-B2-M2,
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12-4-L4-¥M6, 12-4-L4-M8,
Ulva prolifera FJ002301.
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13-4-R4-S1,
12-8-D4-S1,
12-4-L1-M3,
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12-4-12-81,
12-4-R1-S1, 12-4-R4-M1,
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13-8-D5-52,
13-8-B3-B2,
13-4-R2-S1,
13-4-R3-52,
13-4-D1-S2,
13-4-D4-M3,
13-4-B1-M2,
13-4-B2-M2,
12-8-R2-S1,
12-4-L1-S1,
12-4-12-52,
12-4-L4-M1,
12-4-1L5-S1,
12-4-R1-S7,

12-8-R2-$2,
12-4-11-$3,
12-4-12-84,
12-4-L4-M2,
12-4-15-52,
12-4-R1-M2,
12-4-R2-M1, 12-4-R2-M3,
12-4-R3-S1, 12-4-R3-$2,
12-4-R4-Y2, 12-4-R4-K3,
12-4-R4-B3, 12-4-R4-B5,
12-4-R5-M1, 12-4-R5-M4,
12-4-R5-B1,
12-4-D1-55,
12-4-D4-B3,
12-4-Rd-Md, 12-4-R4-MT, 1

12-4-R5-B2,
12-4-D1-B4,
12-4-D4-B4,

Ulva prolifera AJ012276. 1

—

0.05

Ulva compressa AY016307. 1

1
13-4-B1-52, 13-4-B5-B2,
1

13-8-B3-B3, 13-8-B4-M1,
12-8-B1-B2, 12-8-B2-S1,
12-8-B4-M4, 12-8-B4-B3,
12-4-D2-B2,

1

13-4-D4-83, 13-4-D4-M1,

12-4-12-$6,
12-4-R4-M6, 12-4-R4-M8,
1

13-8-B5-M1,

13-4-R2-M3, 13-4-R2-B3,
13-4-R3-M1, 13-4-R3-M2,
13-4-D2-B2, 13-4-D2-B3,
13-4-D4-B1, 13-4-D5-M1,
13-4-B1-M3, 13-4-B2-SI,
13-4-B2-B1, 13-4-B2-B2,
12-8-R2-$3, 12-8-D1-B1,
12-4-L1-M1, 12-4-L1-M2,
12-4-1.2-55, 12-4-12-87,
12-4-L4-M3, 12-4-L4-Md,
12-4-15-$3, 12-4-L5-B1,
12-4-R1-¥6,

12-4-R2-M4, 12-4-R2-M5,
12-4-R3-S4, 12-4-R3-S5,
12-4-R4-M5,

12-4-R4-B6, 12-4-R4-B7, 12-4-R4-B8, 12-4-R4-BY,

12-4-R5-N6, 12-4-R4-B4,
12-4-R5-B3, 12-4-R5-B4,
12-4-D1-B5, 12-4-D2-B1,
12-4-D4-B6,

2-4-R5-M3,

Monostroma grevillei GU062560. 1

D5-B1, 13-8-D5-B2,

13-8-B4-B1,

R1-B1, 1
R2-B2, 13-4-R4-S2,

3-4-R1-B2,

13-4-D3-M1,
D4-§1,
R3-S2, 12-8-R3-S3,

R3-B2, 12-8-R3-B3,

D3-SI, 12-8-D3-S2, 12-8-D5-82,
12-8-B4-M3,

12-8-B5-S1,
L1-B1, 12-4-L1-B3,
12-4-R1-S8,
L1-B1,
R5-M2,

12-4-L1-B3,
12-4-R5-M5,
12-4-D1-S6,
12-4-D4-B2,
12-4-D2-B7,

D4-B1,
D2-B6,

13-8-D5-B3

13-4-R4-M1,

12-8-B5-52,
12-4-12-53,
12-4-R1-S9,
12-4-12-83,

13-4-R4-M2,

13-4-D4-B3, 13-4-B1-S1,

12-8-D5-83,
12-8-B5-53,
4-R1-S11, -4-R1-S11,

4-R1-S11, -4-R1-811,

12-4-D4-B5,

13-8-B4-B2, 13-8-B4-B3, 13-8-B5-M2,

12-8-B2-M1, 12-8-B2-M2,
12-8-B4-B4,

13-4-D4-M2, 13-4-D4-B2, 13-4-B5-BI,

12-4-R4-M9,

13-4-R3-M3, 13-4-R5-S1,
13-4-D3-82, 13-4-D3-B2,
13-4-D5-M2, 13-4-D5-M3,

13-4-B2-S2,

13-4-D5-B2,

13-4-B5-S1, 13-4-B5-S2, 13-4-B5-S3,

12-8-D5-S1,
12-4-L1-M4, 12-4-L1-B2,
12-4-1.2-58
12-4-L4-M5, 12-4-L4-M9,

12-4-15-B2, 12-4-L5-B4, 12-4-L5-B5,

12-4-R2-M6, 12-4-R2-M7, 12-4-R2-M9,

12-4-R3-56, 12-4-R3-S7,

12-4-R5-B5, 12-4-R5-B6,

B4 ETHERBEMEEGREFRM ITS FIGEsLs

12-4-R1-S10, 12-4-R1-S11,

U. flexuosa

LPP

Fig.4 NJ tree constructed from the analysis based on ITS sequences of Ulva microscopic propagules samples
and those downloaded from GenBank. Bootstrap values (1000 replicates)
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Uliva prolifera yM031152. 1

13-8-D4-$2, 13-8-D5-52, 13-8-B3-BI, 13-8-B3-B2, 13-8-B5-Ml
13-4-R1-M4, 13-4-R2-S1, 13-4-R2-S3, 13-4-R2-M3, 13-4-R2-B3,
13-4-R3-S1, 13-4-R3-S2, 13-4-R3-M1, 13-4-R3-M2, 13-4-R3-M3, 13-4-R5-S1,
13-4-D1-S1, 13-1-D1-S2, 13-4-D2-B2, 13-4-D2-B3, 13-4-D3-52, 13-4-D3-B2,
13-4-D4-S2, 13-4-D4-S3, 13-4-D4-M1, 13-4-D4-M2, 13-4-D4-M3, 13-4-D4-Bl, 13-4-D4-B2
13-4-D5-M1, 13-1-D5-M2, 13-4-D5-M3, 13-4-D5-B2
13-4-B1-M1, 13-4-B1-M2, 13-4-B1-M3, 13-4-B2-S1, 13-4-B2-52, 13-4-B2-M1, 13-4-B2-M2, I
13-4-B2-B1, 13-4-B2-B2, 13-4-B5-S1, 13-4-B5-S2, 13-4-B5-§3, 13-4-B5-B2
12-8-R2-S1, 12-8-R2-S2, 12-8-R2-S3
12-8-D1-B1, 12-8-D4-S1, 12-8-D5-S1,
12-4-L1-S1, 12-4-L1-S3, 12-4-L1-M1, 12-4-L1-M2, 12-4-L1-M3, 12-4-L1-M4, 12-4-L1-BIl, 12-4-L1-B2
12-4-12-S1, 12-4-12-S2, 12-4-12-S4, 12-4-L2-85, 12-4-12-56, 12-4-12-S7, 12-4-12-S8,
12-4-L4-M2, 12-4-L4-M3, 12-4-L4-M4, 12-4-L4-M6, 12-4-L4-M8, 12-4-L4-M9, 12-4-L4-M10
12-4-15-84, 12-4-L5-B4, 12-4-L5-BS
12-4-R1-88, 12-4-R1-S9, 12-1-R2-M1, 12-4-R2-M3, 12-4-R2-M4, 12-4-R2-M5, 12-4-R2-M6
12-4-R2-M7, 12-4-R2-M9, 12-4-R3-S1, 12-4-R3-S2, 12-4-R3-54

| 12-4-R3-85, 12-4-R3-S6, 12-4-R3-87, 12-4-R4-M1, 12-4-R4-M2, 12-4-R4-M3
12-4-R4-M4, 12-4-R4-M5, 12-4-R4-M6, 12-4-R4-M7, 12-4-R4-M8, 12-4-R4-M9
12-4-R4-B3, 12-4-R4-B4, 12-4-R4-BS
12-4-R4-B6, 12-4-R4-B7, 12-4-R4-B8, 12-4-R4-B9, 12-4-R5-BI,
12-4-D1-85, 12-4-D1-B4, 12-4-D1-B5, 12-4-D2-B1, 12-4-D2-B2, 12-4-D4-B3, 12-4-D4-B4, 12-4-D4-B6,
Uliva prolifera iM584786. |

] 13-8-D5-B4, 13-8-B2-M1, 13-8-B2-W2, 13-8-B3-B3,

13-8-B4-M1, 13-8-B4-B2, 13-8-B4-B3, 13-8-B5-M2,
13-4-D1-B1, 13-4-D5-B1, 13-4-B1-S2, 13-4-B5-B2 II
12-8-B1-S1, 12-8-B1-B1, 12-8-B1-B2, 12-8-B1-S1, 12-8-B2-MI, 12-8-B2-M2,
12-8-B3-S1, 12-8-B4-M2, 12-8-B4-M4, 12-8-B4-B3, 12-8-B4-B4,

—— Uliva prolifera AB621461. 1

12-4-L1-B4 I

Uliva prolifera iM031139. 1

Uliva linza aB298672. |
Uliva linza AB298685. 1
13-4-R4-5-1

12-4-L1-B4, 12-4-L4-M5,
12-4-15-S1, 12-4-15-S2, 12-4-L5-B1, 12-4-L5-B2, U.linza
12-4-R1-87, 12-4-R1-M2, 12-4-R1-M6,

12-4-R5-M1, 12-4-R5-M3, 12-4-R5-M4, 12-4-R5-M86,

12-4-R5-B2, 12-4-R5-B3, 12-4-R5-B4, 12-4-R5-B5, 12-4-R5-B6,

0.0
5 ETHHRBEMEHEGRE LPP XEFmK 5S rDNA (8 [ FF 514 2 it 4L i

Fig.5 NJ tree constructed from the analysis based on 5S rDNA spacer sequences of Ulva microscopic propagules
samples and those downloaded from GenBank. Bootstrap values (1000 replicates)

®1 2012 X 201354 A8 ARHAARBEEMBEEERIEHE

Tab.1 Species composition of each transects in the Southern Yellow Sea

12 -4 12 -8 13-4 13-8
U. flexuosa
LS U. prol#ral _ _ _
U. proliferalll
Ulva linza
U. flexuosa U U. flexuosa
RD U. prolifera 1 U ’ eleu‘o saI U. prolifera 1 -
Ulva linza - provijera Ulva linza
U. U.
U. flexuosa U. flexuosa ﬂeafuosa ﬂeafuosa
DF U lifera | U lifera | U. prolifera 1 U. prolifera 1
- prowyera - prowyera U. prolifera Il U. prolifera Il
U. flexuosa U. flexuosa U. flexuosa
BH - U ’ rolifera I U. prolifera | U. prolifera |
- prowyera U. prolifera Il U. prolifera Il

- FRARRER

Note: - stand for no sample.
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3 g

3.1 XF201245£K%2013454 518 A&ES
EREEEHESHAE

B S B A R FE R R0 R Y A
T ETF. & FEHAR R E B BB,
AR A AT LA & 7E P IR AS AT LA BORE L, Bl
PEF B SRS , /0 FUr iR ™ . AP &
B, 7E 2012 4 % 2013 4RS00 5 K BT, S0 3 B4
FIRC T IZ 0 TR IR, 7225 5 100 km
A B W% B B, 416 % B 5 PANG
S PURE R R — B 7R Y R
K, A KR R M B AT B
R TEBUR B IR IR KB R
BRRFEEMERT, B KEE R B E5HE AR
BB & AR I AT eI
F R R B W B B 5 (R T 58 5 3R
BEER . HEE ARG TS B
IRHCEF AR A T B SR A K . K
X SRR TR B B AR B b R LR R
EEABRKWETHEES , BT 7 EKEAR GRS
HERZ5.35 x 10° MR FEE 1. 07 x 107 M
F s — PR BAEIAR 25% Ao A W0 40 RE W6 R AR 7R
P, PEAE 2 1,15 x 107 MFEHLFER 2. 31 x 107
AEF! . ZHANG %5 FE VT AR N 7R 1 IX 3047
FEIA% SE 50 15 B W & 7R XOF B 4 K R AT 3R
23.2% ~23.6% ., FIIGWIE UG, B TR
i R B R EEIF BRI E R, 25 E
T EETEFER LEBHERET, BOVH
— R AR B o DR TR K
FERES K A KRR R R B A Yy B R g K T
FEGHBRLMEEREZ ",

8 F 1y & R S e B Vg Vg I I VR G B W
HER, AEEERN B EEARER 4 A B
Wb, HUO 252 JA#r T R 408 2 & i 72,
KRB RER B ENREEE . BT
SERAENG MW GHIER T mILERS, 74 2 8
AR KF B S E WA H R
WERBIAT 5 . KEA A JLER S R,
TRIF 43 1) B DA A0 7R FF 1R A L BB 1 UK IR A 2K
BAETERECE T R R 51 X A
REEE B 8 AMInA (2012 ¥ 5 ind/
L), KFE (2012 4£F 1 9 ind/L; 2013 4EF 5 4
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ind/L) I B B AR B & WD . RIE
(2012 £ 91 ind/L;2013 4EF3y 27 ind/L) i
BAHXTEGR , X SRR EA LI AR K
FIFIRMEIH KA Ko

3.2 XTHEBEMEAEKMHEEBRETN

2012 42 2013 4E 4 A1 8 HAE R H g
WG PE BIEEIAK FEEH Ua flexuosa ., Ulva
linza 1 Ulva prolifera 4 %, 5 X1 ") $§ 38 ) F
2009 4= 11 A 12010 4E 12 AL HEEIRES
2011 4E 1 H 2012 4 4 A ETLI 58 51 U Ui 58
FKAEFAYRAE rp R 0 2] ) S 0 B T AR S 2
A —F, HRRNTER B IR AR B E K
H KA B W 8 (Ulva. compressa) o LIU %M
1£2009 455 H e 6 HTEBIEHAT T WK
P, KR WA U compressa, ¥
2011 4E 12 A E 2012 4E 4 A, WL R L
FE PSR & 43 (1) ITS 70158 rDNA [6] B& /751 (153
W&, L2011 4 12 A FEMR g X AN U.
compressa , J th 3ty [X. 1 L Ath B [8] K & B U
compressa''! , IR M, B B MK 1A KA I B UL
compressa V] 85 238 FRME X U. compressa Fif 5 &
WERB VAR,

W & B, 2012 R0 7R 1 X P B 7 4 )
FRRABMTF FEE N U. prolifera,U. flexuosa F
U. linza {AEY BRSO, HEEEX BME
PR BB S B A S A A . BB
VeI X S A BB AR R IS AL LA T, 3B R ¥ I A
KBS B E AT B S RIS A O,
B3 R IF 2 — B B ST 5E o
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microscopic propagules in the South Yellow Sea

HUA Liang'”, HUO Yuanzi"*’, ZHANG Jianheng'”>, HAN Wei'”?, TAN Ji">, HAN Hongbin'*, CUI
Jianjun"?, HUANG Xiwen"?, LIU Caicai*, WANG Jinhui*, XU Ren*, HE Peimin"?
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Shanghai 200137, China)

Abstract: The quantitative distribution properties and species composition of Ulva microscopic propagules in
the South Yellow Sea during April, August in 2012 and 2013 were investigated. During the earlier stage
(April) of the green tide blooms, Ulva microscopic propagules widely existed in the South Yellow Sea, and
mainly distributed at the coast of Rudong and Dafeng sea area. The density was 1312 ind/L at the coast of
Dafeng sea area in April 2012 and 884 ind/L at the coast of Rudong sea area in April 2013. With the floating
green algae gradually disappeared, the number of Ulva microscopic propagules at the coast of Rudong and
Dafeng sea area reduced to a low level, and the density was in range of O — 38 ind/L and 0 — 28 ind/L in
August 2012 and 2013, respectively. Ulva microscopic propagules were composed by Ulva flexuosa, Ulva
prolifera and Ulva linza in April 2012 and 2013, while Ulva flexuosa and Ulva prolifera in August 2012 and
2013. Seed bank may exist at the earlier stage of the green algae blooms due to Ulva microscopic propagules
widely existing at the coast of Rudong and Dafeng sea area in April. Large amounts of microscopic propagules
would rapidly germinate when the surface temperature increased during the period of April — May, which was
partly contributed to the biomass of early green algae blooms.

Key words: Green tides; Ulva prolifera; microscopic propagules; South Yellow Sea
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