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Table1 Configuration of the moorings
LF2 i b5 LH2 i b5
FF 5 7KiR/m w & F 5 Ki%/m w & FF 5 JKiR/m w & 5 K% /m w &
1 50 CTD 13 150 CTD 1 50 CTD 13 150 CTD
2 60 T 14 160 T 2 60 T 14 160 T
3 70 T 15 180 T 3 70 T 15 180 T
4 80 T 16 200 CTD 4 80 T 16 200 CTD
5 90 T 17 220 T 5 90 T 17 220 T
6 91 300 kHz ADCP| 18 240 T 6 93 300 kHz ADCP| 18 240 T
7 93 300 kHz ADCP| 19 278 300 kHz ADCP || 7 95 300 kHz ADCP| 19 260 T
8 100 CTD 20 280 600 kHz ADCP || 8 100 CTD 20 271 300 kHz ADCP
9 110 T 9 110 T 21 280 T
10 120 T 10 120 T 22 300 T
11 130 T 11 130 T 23 354 300 kHz ADCP
12 140 T 12 140 T 24 356 600 kHz ADCP
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Spatiotemporal Characteristics of Internal Tides on the Continental Shelf
of the Northern South China Sea Based on Mooring Observations

YIN Hanjun', XIE Botao', ZHANG Qi', HUANG Bigui', HUANG Xiaodong*”

(1. China National Offshore Oil Corporation Research Institute Company Limited, Beijing 100028, China;
2. Key Laboratory of Ocean Observation and Information of Hainan Province, Sanya
Oceanographic Institution, Ocean University of China, Sanya 572024, China;
3. Key Laboratory of Physical Oceanography of the Ministry of Education,
Ocean University of China, Qingdao 266100, China)

Abstract: Based on the observational data from two moorings deployed in the northern South China Sea, the spatiotemporal
variation of internal tide (IT) in the oil and gas field is investigated. The results show that IT at the station LF2 was stronger and the
maximum baroclinic tidal current was 8.3 cms™', which appeared at 290 m depth. Wavelet and energy analysis show that the energy
of semidiurnal IT was 1-2 orders smaller than that of diurnal IT in magnitude. The vertical structure of diurnal IT at LF2 was
dominated by the second mode while the semidiurnal IT was dominated by the first mode. The diurnal IT at LH2 was dominated by
the first mode, but the semidiurnal IT was characterized by both the first and second modes. The averaged propagation directions of
diurnal IT at the two mooring ststions were both close to due north, while the semidiurnal IT propagated mostly northwestward.
However, in mid October, the semidiurnal IT propagation direction at LF2 changed from northwest to southwest, and the diurnal IT
propagation direction at LH2 changed from north to northeast. With the analysis of background flow, it is found that the change of IT
propagation direction in mid October is probably caused by the change in background field. These findings will help to deepen our
understanding of the temporal and spatial characteristics of ITs in the continental shelf area and promote our understanding on the
variation mechanisms of the IT in the oil and gas field in the northern South China Sea.

Keywords: the northern South China Sea; waves on the continental shelf; internal tide; vertical mode
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Property of the First-Mode Internal Solitary Waves in Autumn in the Lufeng

Area in Northern South China Sea Revealed by Mooring Observations

LI Da', LIU Tao', XIE Botao', HUANG Bigui', ZHANG Qi', HUANG Xiaodong”**

(1. CNOOC Research Institute Ltd., Beijing 100024, China;
2. Sanya Oceanographic Institution, Ocean University of China, Sanya 572024, China;
3. Key Laboratory of Ocean Observation and Information of Hainan Province, Sanya 572024, China;
4. Key Laboratory of Physical Oceanography of the Ministry of Education, Ocean University of China, Qingdao 266100, China)

Abstract: Internal solitary waves (ISWs) in northern South China Sea are very active, featured by strong nonlinearity, high intensity,
and concentrated energy. Their propagation characteristics and fine-scale structures are complicated under the influence of
background processes, increasing the difficulties in predicting ISWs and conducting offshore operations of oil platforms. Based on a
mooring deployed at a water depth of 295 m in the Lufeng Area in northern South China Sea for 79 days, the property and temporal
variation of the ISWs were carefully analyzed. The typical ISW appeared as wave trains with a leading wave amplitude of up to
86.7 m, and induced local warming of more than 8.0 °C and the maximum westward and northward currents of up to 0.83 m/s and 0.60
m/s in upper layer, respectively. The statistical results showed that 91 ISWs captured during observation period mainly propagated
northwestward with an average amplitude of 59.9 m and a mean value of up to 0.79 m/s in upper layer. Moreover, the ISWs occurred
more frequently and stronger during 04:00-06:00 and 16:00-19:00 and on the 2-5 and 16-18 lunar days. In addition, thermocline
depressed by the diurnal and semi-internal tides formed an elevation soliton in the typical ISWs, which caused local cooling of 1.3 °C
and westward and northward currents of more than 0.3 m/s and 0.2 m/s near sea bottom, respectively. The steep front of the elevation
soliton converge enhanced shear, making it prone to trigger shear instability. This study provides important references for offshore
construction of oil platforms and survey operations in the Lufeng Area.

Keywords: northern South China Sea; Lufeng Area; internal solitary waves; mooring observations
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Table1 Information of the CTD stations and deployed instruments in the Near Strait
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Fig.1 The locations of CTD stations in the Near Strait
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Fig.3 Temperature, salinity, and density profiles at station B02 in upper 200 m and 2 000 m in the Near Strait
during the 6th Chinese Arctic Research Expedition
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Table 2 Comparison of thermocline types and their indices in CTD profiles in the Near Strait
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Table3 Comparison of pycnocline indices in CTD profiles in the Near Strait
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Fig. 4 Temporal evolution of density profiles at stations in upper 200 m and 2 000 m in the Near Strait
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Fig. 5 Temporal evolution of temperature and salinity profiles at stations in upper 2 000 m in the Near Strait
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ERMTREZNA4Z 80, MR 2010 EH#T 8 EREZ . KE. BEUKE. $FE
MNREEIL S E4EiH.

DSAMWLR AR ZEN, KPR ERERAEE, BERL, HERSE. ERENEE
IV B Bt A R P Y L Rh R URCRE AL, (AP E AL [AVH B HEAAEIE D, AR EAAR BN E .
0T 2 ANMHURAFE ERRZ AR R F R EYRZE . J5 3 MURAFEE FRZ AR ETRE.

3) FER B I 7K T P 1) R R I B T B R S AR FE AR A I R, T ORI R RRAE
%o 263 kg/m® S5 (H 48 0] AL A B R A ) BR AR Ay A 2k fEULZ R EREROR, (b N
B B 35 /N I B 56 R S I8 I i 9 /D o BB N 26.5 kg/m® (1) “ AR MR AT 110.6 m I K IR FE W) A
£ 500, 800 1200 F 1 600 m 7K I 4b % FE# BEXIAR /)N, 4373129 0.12 0.04. 0.09 £ 0.03 kg/m*s

4) [ P 5 7K T8 (1 43 2 15 D0 52 3 FRy B i 20 R0 B R 307 n i A i ek BT B 1 BB R
Wi, 5 AV 2 X KR 4 B AR AL . B 2R 20 1 U 3R I AR A 2Rk B KO L BR 2 A A R AR e
ER
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Summer Hydrological Characteristics Analysis of
the Near Strait, Aleutian Islands

CHEN Hongxia"*?, LIU Jiankang'®, ZHANG Xuehong®, LIU Min®*, LIN Lina'*?, LIU Na'*?

(1. First Institute of Oceanography, MNR, Qingdao 266061, China;
2. Laboratory for Regional Oceanography and Numerical Modeling, Laoshan Laboratory,
Qingdao 266061, China;
3. Key Laboratory of Marine Science and Numerical Modeling, MNR, Qingdao 266061, China;
4. Chinese People’s Liberation Army 91001 Unit, Beijing 100841, China)

Abstract: Based on the CTD station observational data of five Arctic consecutive voyages of CHINARE (Chinese National Arctic
Research Expedition) in the Near Strait from 2003 to 2014, the multi-year profile structure, characteristics of pycnocline and the
“liquid seafloor” in the strait in summer are studied with characteristic statistics and time series analysis. The results show that the
vertical stratification in the Near Strait is very significant in summer, and the density and salinity profiles both show a 4-layer
structure, while the temperature profile shows a 4-layer or 5-layer structure. All the 5 voyages data exhibit a cline structure, in which
the thermocline is most significant, followed by the pycnocline then the halocline. The “submarine cliffs” were not found in the strait,
while the “liquid seafloor” is prominent. The study indicates that vertical stratification in the strait is controlled by local sea surface
heating in summer and strong vertical convective mixing in upstream sea area in previous winter. Sea surface heating and residual
winter water play a key role in the cline structure characteristics. This study is of great reference value for deeper understanding of
marine environment, climate change, ecosystems, and resource utilization around the Near Strait.

Keywords: Chinese National Arctic Research Expedition; the Near Strait; liquid seafloor; submarine cliffs
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CL B e R SR R T 2 5 R R L AT i B2 0, IR 7 B 2661005
2. ENEHE R RN RS TESARYUFTWELELRE, 1K 755 266100
3 P E R A A e, LR B 2661005
4. UL IR E WA S SRR R IR R E, (R 8 266237;
5. AR GIRAREE — PRI ST i A S A B R A SRR mi sk, (IR 7 B 266061)

W E: U9WRHREREFNARYEANGT KWW EET SRR —, BUHGENEEF QA EAX TR
GHRANERERATHANKT LAFEERN, AMB WA FEAELRAMKE TEME KGN L
A X R R T B D . 2021 4 8—9 A KL B (CIKI-3) . # ¥ # # [F & B i X (YSCW-1) 41 3 7 0 (NS-37)
AMEARYFER AN S ER L AREET, KL OARYFRRELE 6 S % (Feu) WFH R E
JERIRE (9123 pmol g, TED 4 Al A F il &+ 3 I R R B KX ST A4 (1935 pmol g™, T E D Fu & 7 0 TR
(1415 umol-g ', T EDBI 471 5 H0 6.45 5, TR 5 4 & % A MM (Feo,) B9 F 3 i & BRIk E 07
A CIK1-3(111.63 pmol-g™', F E)>YSCW-1(79.99 umol-g™', F & )>NS-37(61.63 umol-g”!, T &), 3 Ik fr
R EENHA R EERREHMET %, TERLSEMn,) T3 EERKE DA A Fe B 1.56%.
0.91% #1229%. ZEARLZRERXALGRNLERERLANRAGTRE, RERULRNFEEREL
AR UL RELFAODARYAANET AN EERE, MELREZRERE, ARERWET X F
E Vi CF 1D TR 2k 4 A R L F a9 iR

XH: KL, #iE; EA0; & & ALK

FESES: P7364 XEkFRSRE: A NEHRS: 1671-6647(2024)04-0643-20
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SIAME: Fhe, ffl, FHHME, 55, 2024, YUARP I PR BR 4 RF AE 0 LEBIF 50 K XA HLIR B AL ) 3 S —— A
KL 3 R AR SRV i [X AN 38 VAT 1 R B 0], i R 5 3k J  42(4): 643-662. WEIL S J, MENG N, WEIQ S, et
al, 2024. Comparative study on the characteristics of reactive iron and manganese in sediments from coastal China and its
significance for organic carbon mineralization: case studies at the Yangtze River Esturary, the Mud Area of the Shelf in
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8,2022) . AFME VORI LT BT MR FAE T REMA N, ek bR Kk E, H
90%CJiE 5t 73 £ LA A HLIK 7 K IR B33 1) Biti 22 R it 33 70 B ( Berner, 1982; Parkes et al, 2014), BV 3T
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e HEW I . fEWR VTR E MR BCE T SRR, B LK M E LR A8, H) 4 BRI 1
AR EE B — A, 0T 520 M BRS % A8 1k ( Berner et al, 1989; Berner, 1990; Siegenthaler et al, 1993) . [d] i,
HEPEUIR Y A LR AL A A P IR 4t T =F & B VR A1 58 & SR Y ( Berner, 1982; Henrichs, 1992; Parkes et
al, 2014) . fERRAS A B A, A HLERE 1 g 42 32 85 A0 W B B A AR B0/ BT A P,
TR 3 F A I R O AL ) BRER AR i . B IR 2k o S RN HR e 2B e (I 1) o H A B R 6 0 i 08 A2 T 9
BNz, TR T AR I R R A . R B R R AN T T B R B L Rt B E
TV IERANIIREN L, LG RHPS IR ERVERE T B v b B VAL B RR ARk SR T AR, (H R
DR AL O IR T R 1) B2 U & 7 75 (Jergensen, 1982; A4 TE A%, 2011) o 3T 30 4F K g PR UL AR W) v it
SERIL T R AL R AR A BB, ] a0 B & D g 2 CAller et al, 1990) . Skagerrak ¥
(Canfield et al, 1993a, 1993b) . #f FL /K E2 ( Vandieken et al, 2006) FiI B2 4& 37 ¥ ( Nickel et al, 2008), iX &t i
Bk A IR N A WL A B DT R EE Ik 90%, i BH 2 /T I AT BT REARAN T Bk L ST AR JE N T i
AP A B . R A R R AR WD AE DR AR SR AR T DU R SR AL W O L 2 AR ) R AR
CERERPFIRD, XFRRMAEMSEIE R, SRl e R % ERTRERSBEEE D, Mk
WS R T S R P R B BRI 7 TT R 2 M ER AR dy B B« PRI 7 T2 U2 — (Lovley, 2000) . IiT
T T B A (Feo o) I & 208 1 B I 580 TR Sh A BR R 31 55 Fi 1 2 K (Lovley et al, 1986), K it
T 0T W ORI v M R M BR AL A B T LA L

(0
( WK ik

=

£

.ﬂ”?ﬂi%ﬁ

- SR
LR ijwi

FERNERRIIRR

1 RHARESREPBEINKRRET LHIRE(IEX B Aromokeye, 2018)

Fig. 1 The pathways of organic carbon mineralization in early diagenesis (modified from Aromokeye, 2018)

HH ] 2R 3 0 A B B IR ORI AR 1 R (IR 2k, AV T R L PR I I IR U T K I R IR
Hodf 8 T B TR R R AR R B U A MUK (Yao et al, 2015) . KL /K Eh &2 2%, EKID %K.
BRI R W W RN S VS R AR AR R R R T YL T [ R A A I i Uk (Y 78 B U e
(Mobile Mud Belts, MMBs) ( Liu et al, 2003; Liu et al, 2006, 2007; Zhu et al, 2016) . XL 5hJe EH 5 5 %
BB, TE R E Z m E A AR R A SR AR AR E . B T AEAE, DU m JE AR S Bl
., REHAHBY ALERE AT REE R — IR E LES. A1 d B b7 (050 AL 7E T B P 1 i it A 52 Bl
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H RN N 2S5 B I R AR 2 o IR I IXAH B, A T B R D e B e T X 2 B A N S N, TR
IR 53 A0 6 £ 52 (Dong et al, 2011; Zhou et al, 2015) o %1% H [E 3 5 DT AR 40 vh 5300 s i A2 v B A 1 A 9
HERAL AR O ES T —seEkE, l4n 20 tH 20 80 SR AT WF 7T 3 W KT L TR b kA B AL W 7
WA ST S5/ HBCET 1 (SR 4% 1986) . — L BIF 58 v (1 IT A4 L B K 3 4k 2 80 8 o ik
B 5038 TR AT RE A B R AR M DU AR W A ML Ak R R 8 B AR F (Zhao et al, 2017, 2018; 3% [ 55,
2023), {H R GUR Yy [E AR ER B 10 SR . RV O R B g AR A A Rk A S TR Oy A R 3
] 43 A BF 75 C B 4738, 2011; Zhu et al, 2012a, 2016) Fifi 8277 &, (EAS [A) 0 R 38 858 1 20 1 49 A k5 A1E BL 4
WARAA R IRE .

AR AL 2 23 5 $2 BURN 29 M7 00 07 9 8 AR KV 10 L 34 3 o 30 i 22 Vg o IX AN 8 3] 1 0 AR ) b AS [
T 25 5 A () o1 2 R VR IR BE, 4 A L B /K Ak 2 5000 1 AS [5) T 28 B Al 1 B8 B 0 A A, sl D AR IR
S TR SIS VTl YRR R A R 1, DAHA S r AT R TR A A (R DT AR R B T 1 Bk
i P A L AR AR % 4 B AR JE G ML A 1) B AR

1 MR57EE

L1 HmRESHELE

2021-08-25—09-10 FRATLE H 48 U5 5 &6 25 — Mg ¥ 0t 5%
BT AR B L AR b e “ 1Rl FH AL 187 Mg FE R 2% 52 i
X ARG B AN AT B L, o A KT 1
A7 CIK1-3(122°59'05"E, 30°58'54"N) . #% ifg v %5 il 42
Ve it X 37 YSCW-1(123°37'30"E, 35°27'54"N) fll 3%
VAT 1136 37 NS-37C120°0000"E, 38°00'06"N) K& T A4
KR BECRBE AL LB 2) o 3 AN 3k 7 SR BE AR S 9
475 m. 722 m. 450 m, 3K A HEREE K B 5 R
40m. 40m. 52m, FHRFEEIWERAFERM L4 C %
.

KFEREE, WAVEBFELEHEEES THERAE
O AL O AR AR AT AT B . K REE PVCE
BE £ 20 cm [A] R T /N AL, K $1%6 A 1.2 mol- L™ HCICH H
245 5 A 4k 22l 5] A BR 2 =)D AE 46 K ( SMART-RO
HROKGAL RS, Ll RE AR ERATD R D2 R RRE)

L Fig. 2 Distribution of sampling stations
Rhizon X ¥ #% ( fif 2% Rhizosphere H R 2 @] ) 3 A 7N L
ol BT AR P AL B K, il B AL B KR i — 8 40 7RI
MTHEmREENNE, FMAEMSERAAE2 CHRKAET, 20 HTERL. MRKRLM
% A HLIK ( Dissolved Organic Carbon, DOC) %5 % T Ak Z 0 (1) 43 Hr M 72, T B S 8HE — 1 A W52 ik
M 5E .

DORR P 73 J2 BURE AE FL B /K BORE AR 56 B Ja k4T A8 Sl AL B K 1) 7 FL B IE VI JT 4 emx4 em
R)/NE, B3 mL YA P R 20 mL B 38 AN A, /0N T2 A8 AR AR 2 B0H 99.999% 1 R Al S
(W EH S EERIFARA DWW, THEBEEMPEEEE, FRE-20C %8 T RE, AT

118° 120° 122° 124°E

(‘@ is the sampling stations )
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UL W) J2 A ML B ( Total Organic Carbon, TOC) il 58 S A [A] T 25 8 i $& HU R 70 M o IR RE 38 42 1 T AR
VIRER BB H A SAMAL K L EE OB, RETE4CHAES, H T Uy I8 5258,

12 FLBRKMUSE SR

FL B K H ¥ A ) Fe* R I 36 [E Unico A R A & V1850 24 AT WL ¥ 43 6 o B il 2 o DL FE W% g:
(Ferrozine, W H F#ETHER AFDIENEER], 7£ pH 4~9 K/KIEB T IEWIE S Fe* 58 & X M
AR AR T 1) 2R L 25 5 W) [Fe (Ferrozine) ;™" %45 & W0l #E 1 mol- L™ 15y SR % 1 N A @ A7 1L, 1E 562
nm P KA ORI, RO E 5 Fe? Ik B il IE E (Stookey, 1970) . K] Fe*" B 45 #¢ 5% 1 38 J5i 4 H.
P ful 2 SO 2 By WA, SRFE AT 58 i AR R R RE BE SRR S A Al e FRATTRE B 43 AL BRIK A
HENE AR MAE PR, 57 2 R A T E 46 (Lab2000 B, 3£ [ Etelux AR AR H, #
BAEFSHTI0mLEOLEY, HMBEESmL, 75 MA05mL 514 gL MM IFWIEBEHR(E
3 mol-L™" HCD A1 0.5 mL 5.19 mol-L™' CH;OONH,( % 4.90 mol-L™' NH,-H,0) £& ' ¥% i ( Ammonium Acetate
Buffer, AAB), 5k Fe*' 1) [ 5 F1 i €5, H o HCl. CH,OO0NH, Fl NH;-H,O ¥l 5 [E 2 45 H 1k 24357
BIRAA

Mn* W 5E R/ ) 2% FE S 5 . 170 21 mL B 4K H 4 Bl in N 1.00 g NH,OH-HCI. 0.5 mL Jii & 43
BN 40% FH S K R 14 mL 3K E N 14 mol- L™ /) NH,-H,0 ¥ W . 3 mL FLEE /K FE & A I 0.5 mL
RS 5 VA T ST €, 0 AT O 23 06 0% B E 450 nm Y% K R 5E o R FR D M 7E pH 9~ 10 f B
WP B AR A A Mn (IV), 5 RS A2 BRAR 28 G0 o 1% 48 & 0 11 B K RIS K 450 nm,
FEE RS KRB 1.1x10* L'mol -em ™', EREIKE (<4.0mg LOFMRER RIFMLERR, F
JE R FE SR AT REAFAE Ca*'s Mg Fe' T, WA R d oA D & ) NH,OH-HCI M1 Z, — & VU 2. 1%
A CETDA) HE B Pt ( Brewer et al, 1971) . Mn> i 52 ik 72 o 1 BT F K550 350 0 ) [ 24 42 [ 40 24 50
/NI I

M TE IR TR 2L (SO ) Fl DOC 73 Hr I FL B K K i 3R AT — KRR, #E%325). BRI e
HIT 26 4 FE W B B JF 73 2% 2 10 mL PVC M it () 2 AE 4 v, il i 4 [E] Seal A R 2 7 4£ 77 () AA3 B 5%
5B B T OO 2 bR UV R IR B, L ARAE R 2R, KR CREEEIEIINYE  ZB 43 9 WK T
(4= [ ¥ VR bR EAL 3 R 25 4 25 (SAC/TC 283), 2007) 1l 52 FLBE /K B 5 Fh A R 3 (NOS D« WA R 5 (NOy )
B 2 ONH;) FUBE R 25 (PO IR B s SR H & T i 2 (Altken et al, 2013) 1 72 B BZ 5 (SO DO HIWRE, &
T 3% (1C-940 Y, Fii 5 A PR A =)D B PR 79 3.2 mmol- L™ 1) Na,CO, (Il H [ 24 48 [ 4k, 27 1l 57
AIRAFDEMB, WHEKN0.8mL-min', FEFEARFN 20 uL: FLE K T 1) DOC K H 5 il i 46 A vE
(Guo etal, 201 D HEAT M &, 8 A% PE R 4F 1933 5 45 4t B 50 pL 78 45 R AL 5 I RE a8 N SV ALK
S HTACCTOC-L 4, H A Shimadzu A PR 2 "D BAKE H, #E5 A HLEKAE Pt-ALO, 1 3R [ i 4k A b
4 CO,, DOC Hyll & % A% b H A AL 7= ) CO, 1€ &l 7€ -

1.3 TOC B E

VO TOC M8 1 A HLER 20 B A 52« BRI 2 ] Yao %5 (2014), ¥R T UIAR P R i F 25 3o
100 H i, FRECDBRRE TR, R AR AR B T B TR, B 12 mol LT 2
PR EZE 12h LEBREHLIR, FEMAE 60 C T T EEE, f£ 900 °C 5 1F T Ml 2 FE i B A HLaK & & .

1.4 [EHEKEN D SR
VORI FE 5 T S A8 B S 1 T 1 HL ( Freezone 6L B, 3% [# Labconco A FR A &) F 4, #£-50 °C
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MEZSE<10Pa 26 FAH T 24 h L B o K4 Poulton 55 (2005) $2 i 1 8k 0 A $2 HUD IR, FREL
0.20 g (T VT T 50 mL Fi# MR EOE S, A 20 mL $2 877, &M N R — Bt A
J&, 1E 5000 r-min' {54 F T B0 10 min, EiERZ I 0.22 pm (38 L8 5 H T2l e,
BU/DBEFERMBHT 10mL B0EF, #BZESmL, A 0.5mL % 1.44 mol-L™' NH,OH-HCI /) B2 4
FEMBEIE W, TE 80 °C /KB 4 T 7848 I B 20 min, A #E IR = EMA 0.5 mL AAB 2y, W&
TS ALK R Fe I 7 A A R . R 1 BE WA BR, IO 20 mL @B 4K IE BE v Y, BRI
a3k, HHETFHEPVRDAHT T 8BS MR . NEIESKGHEBURT N Feqps Fegns Fegon
Fep, TERURAT RO A5 M YA WK 1.

#1 ARYPFe BT MHEESLRNLR

Table1 Targeted mineralogical phases and sequential extraction procedures for iron in sediments

Fe SR EE FEWUE IR
Fe,, 20 (FeCOy. HABA i 1 mol-L™' NaAC(pH=4.5), EiRIK¥% 24h

X , BN 1 mol-L™' NH,OH-HCI 1 25% HAC4& T2 43 H0)
(Fe(OH)3) . £ (y-FeOOH) e RS
Fe  /KBRH (Fe(OH)L) s £FERR (y-Fe WAV, ERIEY 48h
BT Ca-FeOOH) Y J5 £F 8 (B-FeOOHD

-l _ VB HE 3
Fe, FET (Fe,00) I 50 gL Na,S,0,(pH=4.8), EiRIR#% 2h

BN 0.2 mol-L™' (NH,),C,0, #1 0.17 mol-L™" H,C,0,

484 (Fey0,) S A vy SR
Fe,, HEERE (Fe,0, BEWW, ZHEFEH6h

VIR P L I B B2 25 Tessier 15 (Tessier et al, 1979), FRHL 0.50 g T1EHIARY)F 50 mL 2508
IINSRELAICFK 2), ik B0k 42 BUS B9V O iR Y 2 85, v i U8 C0.22 pm) J5 A T4 B E
i F 5 FLERZK Mo F1 [ 19 75 3500 58 TR 0 i & /. IR DTS B Atk e v% )5 T R —JE 4 Mn
PRI 5E , FRYE Tessier v2: (1) $2 HUAE B8 7 ) $2 AT 7 DUAR ) 1 ) Mg Mg, Mny, 1 Mng,,

x2 ARYP Mo RS LRNSE

Table 2  Speciation and sequential extraction procedures for Manganese in sediments

Mn % & PR D IR
Mn,,  AIRHE BN 1 mol-L™ CH;COONH,(pH=7), EiEIKH 2h
Mn,, REBRHBLEES BN 1 mol- L™ NaAC(pH=5), ZEiR#k% 5h
Mn,  AIERAE B 0.04 mol- L™ NH,OH-HCI F1 25%HACCHAR AR 43 HO IR A, /KB I# (96 €6 h

JIA 3 mL 0.02 mol-L™" HNO; F1 5 mL B2 4k ¥ 53 & 4 204 30 % 1) H,0,( HNO; ¥/ 15 pH=2) ,

HHMEEEEE 85C A 2h, FINA 3 mL BRI & 402008 30 % 1) H,0,, 85 C M#A3h, BEIRE

R (K IR JE M 5mL 3.2 mol-L™' CH;COONH, F1 20% HNO,({&FR 7> BO IR &V ER L, A 4 mL
8 4 K 9% % 30 min

Mn,

15 ARMIERSER

AT T RE 37 2 50 B 0 N K B 9% 5L 4% I Laso-Pérez 55 (2018) 1 77 vE il %, B w4l b X
B3R B0 15 min, FEREFEM P10 SOREARB D K LB TR Y M B IR 2 78 0 iR 2T
H 80 mL Y 3¢ 70 % £ 120 mL g B ILIH A, (8 AR B H TS, DT AR R FE N R A o B
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F1, 0N AS [R) 3 B2 1 4 4 08 O 1 I 245 4 T A 2 R0 BR A WD AR N B S A0 i (8 2 R Y, A
F 30 mmol-L™" £HER 5 (19 1 [ 2655 B4k 22 R A R A RD MR ER e JR . 5 MR A4 RE: OFA
e @QFAPHKKIE: WM 1 mmol-L™" & M; @USHI 10 mmol-L™" ] & ¥¥; @I 10 mmol-L™
AR KRG . T A MR IR E 3 A PAT TR, KRR i A2 v M 0V R Fe™ AT Min®™ 1 34k B A1 I35
T 25 H e CCH [ BE R 73 30784k, 56 0 RIS AR IR E 12h IR G TR e, BUFE TR
HEREATFEFMPEM . CH, FIMERENEH 1| mL A ME#AE A 0.5 mL T2 54Kk, 8 H: =k
N % KOG T AR I 28 A1 HP-PLOT Q B 40 2335 A (30 mx0.32 mmx20 pum) (1)< 4 1% (8890 7Y,
% [E Aglinet A FR 2 @] ) Wl %€ ( Zhuang et al, 2016) , H J5¢ (19 BE /R 43 5038 ik FE e s 1 SAR O B A B 1 =
BE B 70 e B 53w #E 4 A9 7 o0 ) ST A A b 2 E .

2 &# R

2.1 FLBEKMBRILF S

s CIK1-3+ YSCW-1 Al NS-37 FL B 7K o NH; ¥ & B 2% 58 58 i im 38 n, & KWK BE 43 3 o 1.597
(& 3a)+ 0.759C & 3b,) A1 1.336 mmol-L '8 3¢,) o 3 ANl A7 ) NO; 78 B S v B2 31 TH Bk FE#5 /N T 1.0
umol-L™'( & 3a,. P 3b, F1IE 3c,); NO; % 58 0.4~43.0CF 3a,). 0.2~0.5(F 3by). 16.3~18.0 umol-L™!
(Kl 3cy) o PO, 7E 3 £ CIK1-3C(10~230 cm) [ ¥ & N 4.4~26.6 umol-L™'( & 3a,) . 7E¥5 AL YSCW-1 [
10~ 250 cm ¥ BE 0 [l P Bl % B2 3G 00 T 89 0, W EE A 10 cm A& 9 10.0 pmol L™ 3 0 22 250 cm 4k /)
21.9 pmol-L™'C( & 3b,); 7E 250~350 cm B3 B, 350 cm &b WL 2 5 KK B4 2.9 umol- L' PO} ¥
J&E AE 3 A7 NS-37 (19 9% B 3 T b A7 B 2 Bl R BE S n s B, R 3R Z (10 om) £ K (2.3 pmol- L) fifi
TR BE 32 190 2 i 2 (410 em) B 75 (33.3 umol- L) (& 3¢,) o 3 ANl 7 18 i M ) ¥ FE Y8 il 20 3 N
9.00~33.07C ¥ 3a,) . 9.74~32.33C & 3bs) . 33.44~62.70 umol-L'C [ 3cy), & fif Fe* I I B YU [ 43 7))
N 13.34~52.72C 18 3a,)« 8.12~67.00C ¥ 3bs) + 5.45~33.90 umol- L' (& 3¢c) o 2 PG & )& B T (£ Uk
A CIK1-3 F1 YSCW-1 [ 94 B Bl % B 2 389 I 5 8 /0y » R B e v L (00 96 B2 43 ) Y B AE 170 em 1 350 cm
BRI, SR S AL NS-37 1 Fe* Fl Mn* 1 48 4k 22 Tl AR K, Fe ik B Il 4 IR 5 386 I ARl T B, Min™"fifi %5
TR FE BN 8 0, 7E 470 em AbIE B B K AH (62.70 pmol- LY J5 BE VR BE R M. SO TE 3 ki fir Kb &
TR B BN R BE, R EE VS L4 N 4.8~ 25.0C 1 3a,) . 9.6~25.3C K 3b,) . 16.7~23.6 mmol-L™
(P 3c,) . DOC A 5 SOT A e, Jofi & ¥R i Bl A4 0% P 1) 388 o vy 38 n, o B 9K B Y 6 43 3 R 0.61~
3.59C K 3a) . 1.74~6.60C & 3by) Fl 1.18~3.64 mg-L'( & 3¢cy) -

22 TOC

uifir CJK1-3. YSCW-1 FINS-37 JifA¥H TOC Jit & EL Y [l 43 70 N 5.64~7.06. 2.83~12.64. 7.21~
9.82 mg-g”!, F¥EHEF N CIKI-3(6.23 mg'g )< YSCW-1(7.38 mg-g )< NS-37(8.37 mg-g"), H ik
£ CIK1-3 YL TOC Jii & b 5 25 g P9 Bt 22 % 5 U6 #E IR A 10 45 3 (Zhu et al, 2016) — 3. 3 ANl i Y
TOC IR F o0 A1 2 5 B B (B 4D, 3 7 CIK1-3 YA H TOC 7E 30~ 150 cm fffir 2 3L F &%, H
150 cm PAIR I 5T 5 LU B2 4 52 0 Bl R FE 8 TR 200G n ) 35 (8] 4D s Bl YSCW-1 BT 4 TOC M 10 em
) 8.45 mg-g ' 2518 b I )k /N & 2.83 mg-g ' (P& 4b), SRIMAE 350 cm 4k i & FL SR AR PR 8 I, IF 72
Bk B B KAE s WA NS-37 YTA Y 1) TOC i 5t bl 8 Ak il % B 38 Jon i 38 n (&l 4¢), 78 470 em AbiA
B KMH (9.82 mg-g ™) 5 B 2 i 510 cm 40 1) 8.39 mg-g ™'
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wrod(Mg-g™') wrod/(Mg-g) wrod/(Mg-g™")
(&) ¥z CIK1-3 (b) 3547 Y SCW-1 () iz NS-37

B4 3NHEGTRMFT TOCHERES
Fig. 4 Vertical distribution of TOC in sediments of the three stations

2.3 FEIEEFSEKR S M HHE

Fey 7E VL L 38 W v 36 Bl 42 U8 5 X R B0 1 = A 36 (82 e AR 490 vl 1) 2 B /R R B2 9 L 43 )
77.58~ 11291, 9.76~41.34. 10.32~30.00 pmol-g '

uhifr CIKI-3 YL AW o Feg,, V- 3 Jot & BE IR WK & 180 - I exas
(91.23 pmol-g ™', FATHIEKI S RN T E e, 7 160} [ vsow-1
B3R YSCW-1(19.35 pmol-g ) Fub 7 NS-37(14.15 ol 1 7 EEnss
umol-g [ 4.71 f5F1 6.45 £5 (& 5). Fe,,, )i & AR 1o} N

W E Y5 4 BN 97.58~ 125.364 37.07~ 120.50 Al 100 .

48.78~73.44 ymol-g™', “FIME Ty CIK1-3(111.63 5wl

pmol-g™") >YSCW-1(79.99 pmol-g') >NS-37( 61.63 2 ol

umol-g (K 5). 4 F AW (Fe ) 2 BE IR IR ol

0 HE 43 5 95.80~167.36. 53.69~190.02 Fll 100.59~ ol

148.78 umol-g™', 1E 3 AN ufifor H (1~ ME ¥ 5 T AR B o J_i

BB 5), MR (Fey,,) 57 BE /K LTS Bl 73531 Feuus Fes Feoe Fer

N 19.13~53.68. 12.37~95.46 F130.38~74.95 umol'gfl, 5 3RO E LM TR B ORE
3 A SEOLHT S ERIT, 30N 33,18, 39.57 Fil 40.54 Fig. 5 Mean molality of iron in solid phase sediments
pumol-g ' (K 5). of the three stations
2.3.1 Fegy

Feo VIR h R AR, A& VORI ) Fe M B AR BR IR ER 0™ W 258k 46 . 8k
AR JE P AR B Fe B ol W B R T BB IR b D AE B A TR BLR WA BR 95 KR 20 Fe(ID R BE £
DR, ARy DL Fe? TR AN N ALRR VK, SE R 78 e TOR W vh (0 K B A W 416 75 R 2
1 98k 20> AT AE B A4 1) 34 458 ( Baker et al, 1996) o PRI, Fe,,, 75 UTRR 4 o 10 55 8 MR B2 A8 A0 55 B A S ik
YA TR o VIR Fegy, ~1 35 57 5 BE 2 W BE U 9 VL 1 (91.23 pmol-g ') > B i v HfEFifi 28
YE i X (19.35 umol-g D> i 1 (14.15 pmol-g "), AR E I H [ LB M & s KI5 47
CIK1-3 YL AR W) Feyy “F- 39 JT 5 BE JR IR B 2 L8 R 5 3R 2 DUA A 36.7 umol-g ' (I # ) ( Zhu et al,
2012a) ) 2.49 15, R UL HPTRIBRIE J5 3 2K T AR Bl 28R R DU, i N BB 7 th & B AT HL
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BB A3 R KT W55 B R 5 1A 38 %7 1% /% ( Deng et al, 2006) . Zhu %5 (2012a) {5 B (9 FF 5 V8 DT
Yy, PR RAAE— e, HRWKEE, AP &E M. AT KT 05 58 o b 28 Y8 i
X (YSCW-1) TR W Fe o M b %2 45 B0 SRR T O X608 TR 9 B v TR 2R X o 36 A7 YSCW-1 A 3 f7
NS-37 5 5 1 e M7 CHb BE 4 B A T 36 A2 YSCW-1 Fil NS37 22 18] ) % 2 UL B W 1) 45 3 (16.1 pmol-g )
(Zhu et al, 2015) i1 .

KA PR H Feg TR IR E L1240 5 FLBR K W Fer 1 S5 AHAL, o 5 BE JR K R W1 4R 1 (10
cm 4t 86.91 umol-g ' 3Z Hi 3 I & 112.91 pmol-g ', 7E 150 em VLR 5T & JBE /R ¥ & 7 BRIk . 10~ 150
em [/ B 6 7 AL B 7K o SO ik B i R B (I 3a,) 1 NH; (I 3a,) Al DOCC I 3a) W 2218 E7t, It
SER KW 0~ 150 cm YUY R A HURA 4010 T Z X8, 5P+ TOC R E 2 4a) FEAR — 3,
PR AN (Fe, ) F1SO; 72 F ZI 7248 . AT AR LA 1 mol- L™ NaAC(pH=4.5) & BT A4 (1)
Fe.r 1% 15 RAEIX 2 Feg, M Feuys( Acid volatile sulfide, AVS), NaAC $2HU ] Fe,,, S bR i& 7] fig 4 &
Feays, FEAI2 5 f7 CIK1-3. YSCW-1 F1 NS-37 JTAR W) v 1) FL B 7K i 45 8 2 B Ui AR ) v ) B PR 658 i
i iz CIK1-3 AR 4 v B IR B2 389 0 () Feu 7T BE 15 214 FeS M4 78 o Zhu 55 (2016) £ 7R i fifi 22 I A
W R 58 45 J R Fe I8 B2 & T8 B AL Fe(ID (E(FepygtFe ) ) 7 WA HR IR #h 16 SR #5595 . F&Al]
FHE I 34 v 8 I 28 8 R IXRD B ) 1 TR M R Fe WA BT AL, RN EE 7 YSCW-1 Al NS-37 ST 4
H Fe o M5 R /R IR FETE VR B b SR A AR 4k, T 25 Bk CRR IR 26 ) A8 7 B IR 28 34 Ji7 1Y) 34 5% o A=
% ( Kamran et al, 2020, 37 NS-37 YUY H Fe* IR FE T B A K AT e & Fe™' 5 H,S R &5 . B
P8 JE I 72 4 Fe(TD W] fE 45 J 76 S AR AR B R SR AR A AR BRAL AR b, WIREERAT o ZE WD RN 19 A Gk
SEHFVEDURRIREED YD R FEEORIR, o AR R S PR B i o ) T AN B S A G (Karlin et al,
1987) o TR SKAE T RESRA™ 02 3F ¥ 1 40 1 X 4 (9 Bl 7= ¥ ( Lovley et al, 1987; Lovley et al, 1988), [#l
UK VT 1R B 0] 1 R A R A D B8 Tt T A S A A v sl ) 45 R (P 6a AT 6D

0 0 0
a0k 40 40 -
80 -
80 80 1201
120 - 120+ 160 L
160 | < 160 | 200 -
5 200 5 200 § a0
i i i i i

153 1% % 280
T 240+ T 240+ T 30lb
280 | 280 - 360 -
320 320 400 -
440
360 - 360 | 40|

400 1 1 1 1 1 1 1 400 1 1 1 I 1 1 1 1 520 1 1 1 1 1 1 1

0 20 40 60 80 100120140160 180 0 20 40 60 80 100120140160180200 0 20 40 60 80 100 120 140 160
Me/(umol-g™) Me/(umol-g™) me/(umol-g™)
(a) #5471 CIK1-3 (b) 47 Y SCW-1 (c) Whifi NS-37
—o— Fewq Fe, —e—Fe, —o—Fe,
6 3NEALTIAY T Feyns Feyyy Fe,, # Fe,,, REERRENEENH
Fig. 6 Vertical distribution of Fe,,,, Fe,, Fe,, and Fe,,,, molality in sediments of the three stations
232 Fe,,

WG FEVTAR Y T Fe,, B8 Fey M Feyys Fep, R — M EEM ALY, BA—EMHMENSH
P, 8 E R H AN Fe,o( Burdige et al, 2022) . fE AL FEEIRTF O Siv AIRIIGER, HMEREA
W Fe 1 51 & 70 #0511 3.6%( Martin et al, 1979) . Hb 3% 55 A7 XA J5 38 o T i 4% 3 313 11 80 30T o s 242
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RUGEEDURRY), I Ol R A E R X 3. DL Fe v 32 BLPA B T 10 S A AL R W R DT
Y Fe M EZEH K, Fe,, /& VUYL I8 J5 A6 % B BB IR BN AH, X 8k 5 4038 J5 A0 A AL
A B A H 2 & Y (Thamdrup, 20002) » VL TR Fe,, ~1- 35 5t & JBE /R W B (287.08 pmol-g ) B & 5
T 5 7 v 0 Bl 4RV X (219.55 umol-g ™) A #5 VA] [1(219.52 pmol-g ™), ] It i N\ AT RE f& — A E Y
Wi BRI 2R, 51 20 KV 1 9 3R X 00 AR A i Ak 1) 5 B S e T A S R AR B T R R R X1 45 R
CE A3, 2011) o SR [F AL AL T 90] 1 [ 36 7 NS-37 78 8 K B Fe,, B R & B /K WK B #RAR T 3 4z
CIK1-3CE 7), ¥h47 NS-37 YA W) B A% 1 Fe,, & 5 0] B8 VA PR T 38 0] 220 8k UKL 19 N C 5 £ 15, 2022) .
DU R R iR S E W EE R R, Yol KUTHY B Fen Feons Feoo & 2 2 & T 10
X R b - W0 - L X PUAR A (2 A2 38, 2011) o 347 CIK1-3 TR 4 Fepuns Feoa~ Feoo HIF- 35 I & BE
IR A KIT AR X R Z VT4 BB/ #H, 201D K 1.8 2.1 A1 1.2 %, [FK 25 N FRifER
EUIRRY g OB, 2011 2.5, 3.0 fil 1.6 %, WATMERHESKIT DR EXEKZ IR
M RCEAM, 201D ZEHFE /AN, XEEEFAELCHMQOID R REZ ML RZD
R K L 2 0] 43 A P35, T sl A7 CIKL-3 19 45 SR 02 KV e ot X AR 4 1) 3 B 20 A 1~ 38 . 3R
TR A Poulton 55 (2005) #E # 11 £ HU 7 FH 2 32 HURE b ' Fegaps Feo A Fegys BT T B FF b 1) 45 B
&5 B #H 2011 19 2.0 2.0 f133 %, XWaJae FEBRMBGE REm THE R HAMES T
AL ER . FRETVE S 46 0F . ORAT 7 X5 00 e 77 v 1 X ) AR AT R T B RATT S A AT AT (2 AT, 201D
W58 BV 1 KA AE — o8 22 ) 1 S DA

Ui i YSCW-1 T B 1 Feo, #E 10 om 4k () 5 0
SRV 8 T R CIK1-3 AT NS-37, 30 cm BAIR i 4k JiE or
IRV B T FE S 7E 190 em BLVRAR T 3646 2 Ao i ) il
(B 75 3 YSCW-1 fLER 7K Fe* MPTAR 4 TOC #) a0l
T 4048 22 B ORI (250~ 350 em) R AE T Bk AL £ 20|
i JE e FE I 3bg MR 4b), 7% A5 VA i Fe? [ - HR ik % ao0f
BT e K A AL, TR ORI Feoo AW HERE AT 350
RE N Fe® i FF S AL 2, T 78 R W U0 AR 4 vh 37 1k a0r
BRYEHIEZ BT, %0 R 100 Y FUILIE IR ( Canfield .| e
ctal, 1993b) ok () 501 I J5 0 BF B 30y 5135 o 40 o 4 O 0 It
JRIXTTRA Fe,, B T EIERS, 2 T EAE LRI 100 1507200 250 300 350400 450

Me/(umol-g™)
W10~ 170 em) T A B 45 (51 CIEL 7)) e

3N AL YTAR P H Fe o /Fe (i 5 B R 9K FE LLAED B 7 3SR AL (Fe,)
)7 £ 46U 29 CIK1-3(0.39)> YSCW-1(0.37)> NS-37 REFRAENEENT
(0.28), & T 7 Mg 2 52 Ik 2 0 R0 [0 45 B2 ( Bur. dige Fig.7 Vertical distribution of iron oxides (Fe,,)
etal, 2022) . — A R B R B K molality in sediments of the three stations
o, WA ERDN, SEEGHE A RRIR D o RS R AV IR 5 Fe,, 18 AR B A
A1, Feo IR 25 H,S KA R IR, B 18] RBEAE JL/ i 2] JL K 2 (8] ( Burdige et al, 2022; Poulton et
al, 2005) . 7EE ZANILEEIE T, Fey X H,S M PR IE 22 ikt S 1 ¥ ff B A0 0 AR 38 00 SIS AT AR 4 7= A=
f&E (Zhu et al, 2012b) » S5 % 55 77 45 R IR Fe,,, [ 2E 7] H B (bioavailability) iz 1 Fe,y,, 1 &
BN Feo, 1 HIERIE 2, Fey,, M08 & 0 A8 2 1 W v ORI 2k 5 A iR . B IR 36 38 Jist F0 HH e 4B
P A I E 22 [H & (Lovley et al, 1986; Thamdrup, 2000a) , I Fe,,, [ 4088 38 W1 K 1T 11k 57 4k 38 J&
XA HLAT A ) B R B R T3 [

3 AT Feo/Feo (8 Feyy) HIFBIE 42 515 0.61. 0.63 F10.72. Fe,y, /& Fe,, M H B L,
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— AR IR A DU P & B S T Fegys Feoo 4 tm E B M s Feoo M Feyy, KA I T 1 i 58 A HE
LI A I J5 AL 38 J5 ) 1 B 77 HE Feyy, 9, R I A IE J5 3 A IF 1) RBE 55 K (Poulton et al, 2005;
Burdige et al, 2022) . AHL A EHIE)F M2 AT ME MO ELFTRN 2 —, ME5S%T IR E
P fib 2 S AR DK R MR R B B R R ) 1 EE i 4% (Melton et al, 2014) o Bk A A0 &5 L
FEH R ECDN, — R B> T SRR, fE3) 1 EAR T R AL R B 34T,
I LR W Fe, 16 J5 1 75 41 7 H B BE = T Feo (£ 3) (Arndt et al, 2013) o F A= ¥ LA Fe,, N HLT
ZEAAIE, KEWREEWR DT Feoy o R Feg, TG TE AW Feyyys LA Fegy, 18 Ji 1 28 0 B - 42
AR FHCRER AR, AL DA R #5548 5 8RB A o FE VTR Y AT RE K ZE Feyy,
B2 NS00 5L, 76 BT i B OB b ] B S 2k M BR Ak 2% 7= AE B L2 (Lovley, 1987; Aromokeye et al, 2020)

®3 BRARREFIZEERERIL(25 C) THFREME R B HE

Table3 Half-reactions and Gibbs free energies of common terminal electron acceptors under the standard condition (25 C)

R AN e R AGr’/(kJ- mol ™) R YE ]

0, 0,+4e +4H" —2H,0 -122.7 —

MnO, 3K EL T MnO, + 4H" +2¢"— Mn** + 2H,0 ~120.0 _
Fe(OHD,(2 Z& /K84 Fe(OH), + 3H' + ¢ — Fe*" + 3H,0 —94.7 Fe,,
0-FeOOH 0-FeOOH + 3H' +¢” —> Fe*' + 2H,0 -75.9 Feo
Fe,0, Fe,0; + 6H' +2¢” — 2Fe*" + 3H,0 -74.6 Feo

N SO+ 8¢ +9H" — HS +4H,0 —24.0 —

I —RARTLEDK.

24 ARYARIRSENREERIRE RS HHE

gz CIK1-3 YA P H Min 14 Jo7 80 JBE /) VK B2 S A 8 oxia
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NS-37
5T B B KR BE L I 43 bR 1.07~1.75. 5.71~8.49, 6

1.11~2.06 1 0.38~3.44 pmol-g ™', H:rh Mn,,, #1713
fH &, A 7.06 umol'g's Mn,. Mn, Al Mn,,
3T, 29N 1.43. 1.74 71 1.86 pmol-g '( & 8) «
Ui 7 YSCW-1 FINS-37 YA+ Mn,,« Mg« Mn,, I
Mn,,, )57 6 B R I B2V 1 20 730 04 0.18~1.21. 0.48~

2.72. 0.17~2.36 A1 0.23~1.41 pmol-g'; 0.64~1.29. ! m HJ_H
2.66~4.22. 1.06~1.80 F1 0.32~1.10 umol-g™' X N [ 0

Mn,, Mn,, Mn, Mn
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SERIME 43 ) 9 0.33. 1,19, 0.73 #10.80 pmol-g™'; 0.89.
234, 1.41 1056 pmol-g '( 8) . § 3 PEALAIE M5 0
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3B 0 Tt M 0 45 5 B8 9 i , FRRERRRE
N o . ~ Fig. 8 Mean molality of solid phase manganese
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( 6a MK 9a). 3 ANuEALITAYIH Mn,,» Mn,, F1 Mn,,, ()57 8 B /KR BEEATAEER BB AR AL EE M, BE /1
(B 9. 3 YSCW-1 TR T Mg Mng,, Al Mn,,, B9F 35 5 & BE R A BEAR T 2 AN D35 A (I 8D,

in sediments of the three stations
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JK A A Fe? W FE M1 46 (55 0 KD [ 5.07 pmol-L ™' £Z 18 34 i 2 72.01 pmol-L'( 55 19 KD, Mn?' ¥
JE R B AL A4k, KA R B A I HE BLAE 55 16 K (23.79 umol-L™") o ¥ 10 mmol-L™" F) 7 % 4
LT R BE Y Fe A Mo® I R AR, FERE IR AR 3 R 4 il I B Fer A Mo IR K BE 43 iR 97.70
pmol-L™" A1 59.84 umol-L™", J 7& B 5 1 35 77 i F8 A PR 19 I 28 269.31 umol- L' (55 13 KD F 104.26
umol-L'C25 6 KD, M T, 25 H CXf MDA i i Fe® W46 11 3.26 pmol-L™" 2 &1 | 26.46
pumol-L™'( 25 16 K ), ¥ Mn* NI 45 1 8.44 umol-L™" 3% /i £ 15.65 pmol-L™', 28 6 R/GIRE 2 T %
s, 519 RIREEFEACE 3.56 pmol- L™ 35 77 8] [R] Bf s 0 191 2 CH, 19224k, ¥ A0 1 mmol-L™" % %] b
NIEIMEE IR 1 R~ 6 RIEAH B4, 755 13 KRR CH, BE /R 0308 0.15%0 (Bl 10¢) ,
TEH 16 Rik B f s, FERDEN 0.20%0. I 10 mmol-L™" % 25 B i UT AR 4 U6 8 18 AN 8% 9% 1 72 op
WA CH, 77 A CHE 8 R~ 12 RARHEATI ) -

3 %W
3.1 FLBR7K Fe*F0 Mn®'B 43 45 {E R #2 #I [F &=

FLBR/K H NH; (B 3a,. B 3b, A1 3¢ ) AT DOCCE 3a5. F 3bg A1 3¢y 35 1 43 A7 3 B 547 CIK -3
YSCW-1 I NS-37 YT W) b A B 7 22 B A o DURR A AL BRK Hh Fe U B2 I R B 388 o 2 2 8k = 4k 3k
JEMARE, X5 Aromokeye %5 (2020) [0 7L 45 R — 3. B FALIE 2 PR R A MR ZEE R,
WA LD (AR B &8 578 7% 3 (B E DU A 7 /K T 138 4, 2k A0 0 TR 1 438 IS 2 7K 1 (1)
5 B FURE T, X B ) AR W s BR A 4 1 PR B A E EL 521 (Lovley et al, 1986; Zhou et al, 2023), FAbid 7 &
HRVER RN I R T BE 2 BT S A A E, TR FLIRUK T R I BV B A v (] 3a,. 1 3b, FHE 3e) o

Bk AL IR R IR S PR I MR P PR A MR B, S A CIK -3 FLBR 7K 35 T+ Fe? B IR (10~ 170
cm) [ 3 i 2 BH i 28 4 ] R DR A A R SR AR R R H AR AR LS (BT 3a) o B AR TE BN
&, ELAR SO IR FE ) TH 55 7~ Bk 7 A0 3 J5URD B R 46 08 JRAE LR FEVE B N R AE B B & (] 3a,), {HEK
S JFAE RS B TR HIE 5, 758 MLk & 2 BRI DT Y IR 858 b A LB I A AL o f —
MR E R ES . Yo R EHEFRESMREEEEN S Y, B s A gaims
a2 4% I 75 R R E8 38 J 1 B {E LA T (Lovley et al, 1986; Lovley, 1987; Kristensen et al, 2011), 11 & & A MLi%
TR0 H 2 R PR R 3L I8 R, 72 AR K& 1 H,S 5 E A R AE A 238 T, Wi $90 ) k S Ak i
RO iR TR RN R R R R B N B & se A M, S E TR E A0 AT USSR (R R B AR, 2011) . Fe*'i)
RER BRI R KWL AR RGBS R 5 S AL, BRER 3 I8 5 2 230 . SR 1 ¥ i
Fe? ¥k 5 1A B M) K AE 5 (170 em LR IR M7 K B, IS SO JHFE B Bk, [P Y KA B R IR
R SR G 5 . Bl I — TUHE 7 4 R WA LR AE K VT DR R DU s s 2 1w 46 07 X DUk A
SALIE RN, AR RIS JF A T (IR 2%, 2023) « 3547 YSCW-1 [ Fe? L B /K 31 T i 7 U AR W &
#(250~350 cm) K A2k AL IE S5 (B 3bg) s TEVUTAR Y b 36 SO; ¥k BE B IR B2 B M T P& 2% B ik 2 6 38
JR 775 CE 3b,), {H TOC B )i & H A AL AR /N CEE 4b) o FLER /K o0 75 78 T K I 1 Fe?', I H. Fe* WK i B
SO HIARALAR /Iy, R BABR IR 35 6 SR A e 55, I8 IR P29 H,S 5t Fe RS AR /N o Feyy 1 5 2 BE /K
W V% A5 BRI 1R 6 3 JE I TR 8 g 4 i (& 6b) , BRI RATTHERR T Fenys KE B 4 3 Fe,,, 1 7] BE
PE o 37 NS-37 FL B /K %1 T & 7R Fe EBAERE (10 ecn) YU h R B, I BE 5 I B 389 n B 5ok sk />
(K 3ce) o 5 YSCW-1 HIE LA, TURY A Fewy, 3 H,S M Fe S B IR R MAR /1N, 5 HLER AT AL AT
FH R 2 4 S A 0 i 3ok 2R PR AT T 2 FL R /K Fe? W B PR R 2 — (B 4a) o REBRD HIAE R S BUE 2
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1) Fe(IDEN P H LR (B 60), 175G HLIRA A HE 2 [ZAK I PTAR Y b Fe B4k 22 Ak (5 B A A0 )
AJBE 5 80 Fe™ W FE PR AR AT Mn> B R (I R (1 3a5. 18] 3bs FHE] 3cs) o

A P R DR P b 1) A SR A AR D H S AR SR A LR 3 CIKL-3 R YSCW-1 AL B 7K i T
H Mn*)5 Fe R AR LA R, I 2R 7 A I8 S5 ) R B IR AR — 8. X2 IR R 7E A A T A
W, BRI R 2 N AEAR RIS AR CEL 1D, I H BLERSE AR WA R FE T S AR B AR Wl o RE 8 R
MEANY . AW Fe 510 J5 ] B 5 20 Mn> F1 Fe® (1) IR B2 3 T R I 77 AH S 19 28 4k i 5
(K 3cs FT 3¢y o

32 3INEAUMRMBNBRT LNESE ST

Bt A b A2 U AR TOC i & EE W /M VA FE CIE 4) 1 Fe? ik B Al KB TR FE (1 3ag. & 3bg AT 3c)
B AR —3, TOC F Fe Il T AH S 148 4 35 3 B 2k 1Y) B2 i o Tt 2 78 T 11 AN B BE TR 0 B HLBR BT 1L
R R EEAEM . 3 A A PUAR Y o TOC ~F- 34 it & LU Y 3k £7 CIK1-3(6.23 mg-g )< YSCW-
1(7.38 mg-g )< NS-37(8.37 mg-g "), W Jx WK VT L YR 0 AR 19 A HLBR PR A7 20%, TOC Jit & L 7E
10~ 150 cm ¥ FE P gk 2>, RGP AE R Z (B 4a) o J A JE T21°Pb JCST 14 4% ]+ R PFAil
KL OB e ))& B IA 1.5 mC1EF+56, 2007), KT 8 44 17K B 77 26 A4 1T 5 ST R 2 1) 5 2 77 A
TR sl 5m . o Bk 1 A Ak 5 2R R ALK BT K ( Yao et al, 2014; Xu et al, 2015; Zhao et al, 2018;
Song et al, 2022) . 57 CIK1-3 M, 3567 YSCW-1 JL R4 TOC Jifi & L 7E 10~ 250 em [ ¥R £ 28 1k
RN, R LAE M AT 855 7E 250~350 cm BE % 2 55 A0 I8 I 98 ML A 4b 3R bk . b4z
NS-37 YUA W) TOC I T 4 A & B A AURRA 4 Bl 5 2% BE 3G I i i 34 sk 55 . EASEEMZ, Frful
ST o TOC Jid = b SZ BRI Eh ik FE AR A s AR/, 3 EE R AR 357 CIK1-3(150~390 cm) YSCW-1
(350~390 cm) Fll NS-37 # R It T A S A fb i 35 o M Ah Fey TR FE 1 THT 5 78 3 AN 3 A7 1 U AR 420 26
Be#h )@ T AR AL B PR B, I e 8 S SR B AR IR 36 548 J5L AT Be A WL AT 0 B ST R A/ .

DU TOC & 2 bl IR FE 38 X — B R 0T /g 536 Mo B WL R A7 5%, 15+ LRI AR
RILIE MRS HLEE I e s SR . 4 A R UTiE & U7 sU4E A (OC-Fe) nT Hk Bt ol 4 9 1) %
filt, A R B R A MU R BARAE o AN T, A BRE 21.5% BIA MUK DL 45 & A LKk (OC-Fe)
) AR A7 N 2K (Lalonde et al, 2012; 4 M 25, 2016) , 38 ¥ A A o] 7 b7 168 IR &5 - 7% — 0 A% PR 46 $2 B A 2k
4y J& 5 A HURE A 55 1935 1 8% (Fep) (Lalonde et al, 2012) . 2k {E NE AR JH UK TR, FAbit R 44
1) 5078 TR P R s M AR K, BT I A [0 9 3 OB B B k0T A ML 1 DR A7 R 22 B i . OC-Fe
(1) Bk £k B CC/Fe) W LA 8 vifi 14 o0k A WL B ) PR A2 28038, 491 DA ] 52 % B 7 =45 & T2 i) OC-Fe,
C/Fe AN L 15 17 BA L i3 77 s B 1 OC-Fe 1] C/Fe N 6~ 10( Wagai et al, 2007; # F & %%, 2023) .
TOC/Fey REAE — € F2 B b S WA [E] T AR A0 30 B vh i PR RN A BILB B DR A7 20 . &t 5, wlifr CIK1-3.
YSCW-1 1 NS-37 YT #2490 i) TOC/Fe, V5 Fl 43 7 N 1.31~1.73. 1.71~5.38. 2.63~4.41, “F¥1E 5 7N
1.51, 3.12. 3.64, & BAHUBRARAF R HE T 9 2] >3 i i Bl 22 Y8 i >V 1, (H G PRk ix
ek A A BB DR AT () B A AR R WL AN BT Bk 0E A 45 3k — 2 i 5T

3.3 HKEFRUEEI 3 NSRRI AVERT (LA STRk

TEVUR Y RE FR 5L B0, 25 V2 RV A Fe? 1A 385 n 2 B 57 10 A AL 5 A7) /ol 38 2k 5 4 0 Ji 1 R A=
P 10a) o 75 07 22 B 1) 85 9% 45 R B o IR P 1038 R 4 & CRL PO W M kAR B4k W, 5 ML 19 R FE T
REHSFAIE R R E BRI N R — . JRPIKEN 1 mmol- L' CE 10a) B, ¥ 418k 7 408 J5
5 1 BE IR 43 208 0.3%CE8 19 KD s YRR EE 3 N & 10 mmol- L' (] 10) B, 1% BE R 7 B /s &2
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0.11%CEE 16 KD« A I3 I B 55 82538 J5 i@ 420 A HUBA 46 (1 DTk, Jones 55 (1984) 46 5 ALl ¥ W 5%
g5 R H T R EEOE 5 I FE A ALK A e AL S A A A R I 55 A A . AR L B 45 R
A2 38 I A P W I Bl i, [ AH Fe(ID MR HF R INTHH . B2 18 LR R AR 73K
B Bk 4 S A 38 TR EL AT 58 4 S AL A HLBR 1 BE 71 (Lovley et al, 1986, 1988), #:if JFig A fE M 12 BB T
B SR IE IR (R 3) . EBRA MM SM T, B8 IR 4 8 38 1T 55 4t 550K 55 4 M TR W I 9K 5 4 RE 7
B TR 25 38 JE I A LA R, 0 Canfield 25 (1993a, 1993b) 45 &S [l 47 % 25 4 M T BY R Bk =3 4k 38 JR o7 ik
Skagerrak ¥ V£ TR W) 21%~ 78% [ -B HUBRA A4, AN 0l A7 ‘& B T AR P b 4 38 J ot kB 22 8 T 90%.
BEYE T LR REE R T2ZA, R T &R EMHL, R0 ga s
e AR o Fey J& B UTEY) IR AR 4k B I8 JF 8 2 10 R I e A5, W VDT Feo HIIK
5 8k JR 5T ik 1S HLBR B 4k 9% & (Jensen et al, 2003): FeR%=(1—e™"™x100%. X\ FeR% % 7 il it
BRIE JE R AR IR Bk SR E AL T 2 B, [Fe(TID ] 7R Fey B E (umol-mL™), ¥ PEITA )
WA A=0.056. W FEVTRY CRFE IR FE<50 m) (173 % 58 1.66 g-em™, [k SEAE F X & 2 DURA) % &
JRZUA AR /N (Tenzer et al, 2014) o F& T /5 125 (2005) F1 E L2501 D IR AL &8s B, R i
RIZVIRI 2% FE 50 8 1.96 1.8 F1 1.86 grem ™, P35 /K2 4371l 4 33%. 40.6% 1 42.8%, it
KV H(CIKI-3) 35 i 3 Bl 22 98 51 X CYSCW-1) F1 83 11 (NS-37) YL AR P Fe,,, F 99K 43 )
N 146.88 « 87.90 1 65.56 pumol'mL™". 7 N A 3K AF 5 7 CIK1-3. YSCW-1 #1 NS-37 YL W2k = fk ik
JE X MU AL 17 2 ST 8k A 99.97%. 99.27% H1 97.46%, X — 45 5 3% B 7E o [B K BY J] 3 N I 1 A
T Bk SR AR R, Bk A A R AT BB I EU AR R I JR

BRI R AR L ERe —, R PR TG EEF (R 3, R 0id 5 3
FHEE WU A NI I R EA A, X — S A WL R4 1 5T R It 90%( Aller et al, 1990,
Canfield et al, 1993b; Vandieken et al, 2006) . XU E VI EH Z2EMWEEF R RIFHN, R 45E
PEUTRRI — /NS0 2, A9 G TR AR T3 5 S50 B2 5 L g 280 U AR ) v A T 5 0 2= 18 10%C Aller et al,
19900 o 5 7% <L 56 th V5 i Mn® (1 AR BB R H DLUAR S A0 W D L 2 AR AL A DL 0998 70 (T 10b), 248
M0 ¥ PEUURR ) b 4 5 A3 JE0 B LA A6 I DTk — A/ T 10%, K 2 301E I F o] Z08% A 1 (Canfield
et al, 1993a; Thamdrup et al, 1994), J& [Al & UT A3 4 A & 10 7 5= 40 B0 0 A, 3 72 il 78 3 72 v IR R A
FEFEM, N R E 52 2.3% /£ 4 (Thamdrup et al, 2000b; Haynes, 2017) . KL H . 3 i
05 Bifi 22 Y BT X AN B VAT T AR A Min, 1S 35 5T & BE IR UK BE 43 il N Fey, B 1.56%. 0.91% A1 2.29%,
F B 4 S A O i T RE R X e U HLER T AL IR B IR . kAN, BRI SRR, RS 5L
BUBEL A LA JE 77 & A2 A 2 38 TR B N Gl A7 NS-37), Fe*' HoS. TR IR 5 15 25 1 2% 5 78 1) Ak 22 08 R
71 ( Burdige, 1993; Thamdrup, 2000a; & % B4, 2011), YUA Y &6 00 A6 A 9018 JE AR 25 5 1 58 40 =1k 16
JE 5 WL 10 B 5T Rk

4 2 i

2021 4F 8—9 H ATAEIL 1 Cubi iz CIK1-3) . B g o i il 42 9 ot [X (ol 37 YSCW-1) 1 35 3 11
AL NS-37) REEVIAR VA RFE, R 5 20 S BURIAL 22 0 7 7 L SR AF VTR Fegns Feors Fegos Fepgg
FEVEAR BB, 45 & FLBUK Hitk S 50 M UTRY) TOC 43 Hr T 3 A3l A7 FL B /K I A 2k S A U AR 4 o
AN TR T A5 BB 1 o A R AE o 8 3 O AR A2 IR B R 77 S 00 R A A A0 A 1 o B U VR B VA 42 R Akl
JETEA N L I oTik, SR N4k
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1AV 3 g 350 Rk 22 e ot X T AR P FL B /K o Fe 32 R UE T 8k e fh ik il 72, AR A
DR A () B E AR N T 2 AR A A LT S BOT R P AL R 7K Mn™ 3R B (9 389 0 o iR A L AR
T () 4k 238 AT RE 51 S FL B /K Fe? 11 8 FE A1 Mn® (AR 21, 3k 17 5 80yl 1 0 AR 40 FL R /K 3 Min?!
A Fe* M [ 2 Ak 35

D) YUY Fey, 7 ¥4 i JBE JR 3K B YT 1 (91.23 umol-g ™!, 5 ) >#8 i o 35 Fifi 42 Y8 i
X (19.35 umol'g™", FHE > [1(14.15 pmol-g ', FH), Fe,,/Fe,, HIFIIEITTF NI 1(0.39)>5
Y 0 B 2R R X (0.37)>HE 3] [1(0.28), Fe,,, Fl Fey 359 2 0 5 181 AL IR [0 34, Fe,,, LA A2
FREEAT M A E, Fey LA Feoo N FE o KILH N BTE PR L 3 205k 7 CIK1-3 YLAR Y Fe,, V33 5 & BE IR K
£ (287.08 umol-g', + ) B & & F 3 7 YSCW-1(219.55 umol-g™', F ) Fl NS-37(219.52 pmol-g ',
TFH), WA NS-37 7E L HE 10~ 170 em) AR 1) Fe, Jii & BE /R M FE VA R T 35 T 232 0K (1 T N

YUY 8k A 38 5 R AE SR AL IR B (R A ML BT 26 0 R 04T, Rl S A 38 I 110 T 22 52 3] Ik P ik i
BRI, R B 1 3G 0 A A T s AR TR AR, {H AT AR 55 <68 v A8 TR ) B B (TTERD .

O PLRRY T TOC W 57 & L )2 TOC/Fey 45 R R WKL VA HLIRG A AE 52, A U8R I DR A7 20
KT Hofl 2 Dubifr, FLBEK Fe*'s SO¥ . [HAH Feuus Feo A1 TOC 43 A 45 11 25 B B BR 45 38 J5L 1 F 7T R
55 T B AR IR o ORI Bk A 7 Ak TR ) VP A 45 R B OR 3 A sl A AR A Bk I TR I A A WL AT A 1
DTHRER I 90%, 3R BHAT AT i bk 20 e PR B U A Bk R A8 R e U R IR R SR B . T
W i A A (M) (1) ~F- 353 Jo 6 JEE IR MR 2 AN Feyy 1) 1.56% 0.91% F12.29%, 3 W 4 7 40 & Ji K 2
BB L — N IR IR E .
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Comparative Study on the Characteristics of Reactive Iron and Manganese

in Sediments From Coastal China and Its Significance for Organic Carbon

Mineralization: Case Studies at the Yangtze River Esturary, the Mud Area
of the Shelf in Central Yellow Sea, and the Yellow River Esturary

WEI Shijin"?**, MENG Ni"***, WEI Qinsheng*®, ZHUANG Guangchao'*"**

(1. Frontiers Science Center for Deep Ocean Multispheresand Earth System, Ocean University of China, Qingdao 266100,
China; 2. Key Laboratory of Marine Chemistry Theory and Technology, Ministry of Education, Ocean University of China,
Qingdao 266100, China; 3. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100,
China; 4. Laboratory of Marine Ecology and Environmental Science, Laoshan Laboratory , Qingdao 266237, China; 5. Key
Laboratory of Marine Eco-Environmental Science and Technology, FIO, MNR, Qingdao 266061, China)

Abstract: The early diagenesis of iron and manganese is one of the important pathways of organic carbon mineralization in marine
sediments. The details of content and distribution of reactive iron (Fe) and manganese (Mn) are of great significance to evaluating
organic carbon mineralization contributed by dissimilatory Fe and Mn reduction in sediments. However, so far, few studies have
investigated the distribution of reactive iron and manganese in different sedimentary environments of coastal China. The molality of
reactive Fe and Mn in sediments from the Yangtze River Estuary (CJK1-3), the mud area of the shelf in central Yellow Sea (YSCW-1)
and Yellow River Estuary (NS-37) was investigated based on the sequential extraction procedures in this study. The relevant
biogeochemical analysis was conducted with the depth profiles of Fe and Mn in the sediment gravity cores. Results showed that the
mean molality of carbonate-bound iron (Fe,) in sediments from the Yangtze River Estuary was 4.71 times and 6.45 times higher
than that from the mud area of the shelf in central Yellow Sea (19.35 pmol-g”', dry weight) and Yellow River Estuary (14.15
pmol-g !, dry weight), respectively. The mean value of amorphous and poorly crystalline Fe(III) oxides (Fe,,, ) showed the following
decreading trend, CJK1-3 (111.63 umol-g', dry weight) >YSCW-1 (79.99 umol-g”', dry weight) >NS-37 (61.63 pmol-g', dry
weight). The molality of Mn oxides was lower than that of iron in all three stations, and the mean molality of reducible manganese
(Mn,,) accounted for 1.56%, 0.91% and 2.29% of Fe,,, respectively. The results of the incubation experiment showed that
dissimilatory Fe and Mn reduction occurred under the condition of in-situ organic matter. The evaluation results of dissimilatory Fe
and Mn reduction indicated that dissimilatory Fe reduction was a major pathway for organic carbon mineralization in coastal
(Estuary) sediments, while Mn reduction was a minor one. The results of this study provide some new insights for iron and
manganese biogeochemistry in coastal (estuarine) sediments of China.

Keywords: Yangtze River Estuary; Yellow Sea; Yellow River Estuary; iron; manganese; organic carbon

Received: August 23, 2023 Online: May 13, 2024


https://doi.org/10.1002/2016JG003391
https://doi.org/10.1002/2016JG003391
https://doi.org/10.1016/j.gca.2016.05.005
https://doi.org/10.1016/j.gca.2016.05.005
https://doi.org/10.1016/j.gca.2016.05.005
https://www.ams-journal.org.cn

42 B 4 ) % B % 3 R Vol42 No4
2024 4F 10 H ADVANCES IN MARINE SCIENCE October, 2024

KT Ot R S AR

CLAR IR K 230 g 2 2 [ R i se 30 =, B 2002415
2. KAT K FIZ 125 K LR KT DK SCK IR B, £ 200136)

W OE: BNEASEMCOLRFENMRET, REXARAEXTHAERESHRATENA. Al A
1992 4 —2022 F KL B4t X P B sZ A KA. Landsat B R G X KITNE KD . &4 X007 % #0388,
AN AEX LERERX AR TROEHE R, FREHA, FLLBBRKEEN 032km’a, HF KA
0.25 km’/a, 3 # 1t 50% B # % X 4 5 i K £ £ £ 2000 £—2003 F . R B, %Sk P AE £ 2000 4 —2008
FREFLEM, ZRYABLS0%. SLLBESHRADPAKRIRFEEZEHAFT N, T LERDZ
N, BT X FREAETERAHRALE, SIRFTKDREAMNK. ELAREESIEHRMILE
RIRY FEH; ERZEMRAGRKERY B, TR RAE, Mk “HaFmn” Bk 8.
REIR: BERG: AAMBREL; BMY LK, KIo; 44X

hESES: P137.1 MRS : A XERS: 1671-6647(2024)04-0663-14

doi: 10.12362/5.issn.1671-6647.20230825001

SIAMN: ERE, BEE, MBI, &, 2024, KIL O L3 b B R i AL o BRI FC (], 18 8 R 2 10, 42(4):
663-676. WANG L X, DAI Z J, MEI X F, et al, 2024. Study on evolutionary process of shoal-channel at upper reach of
the North Branch of the Changjiang Estuary[J]. Advances in Marine Science, 42(4): 663-676.

MERE Z S A A BRI Oy VAT = A I 3 0l A7 7E B9 Hb 3R 5 JC (Lou et al, 20200, 2B &M
Rz 1 % B 2H R 43 o EAE AR G 1Y) DR T AR A gl e 5 e i R O AR ) s i T AL R T 5 R R AR T
(Do etal, 2018), HIEANFI T b itk kA AT A i i 55 (] FH 55, 2018) o 3T 1 4F >R N 2835 Bl i) g Bt
W K5z, A 59 ) A SRV IRT 1R R 45k AR B 4k ( Anthony et al, 20140, VT B vb 278 H 8L
K R, SO O A& A R IR ko B BB B R (Luan et al, 2016) . A, #8270 K VL RS R
G095 A% Tk T I s MEAE R G000 A OGRS R 2R B e R, BE AT 3 R KT 1B ) TR AR R AR AR A R
0 2 3 AR e AR L RS R B A IS E L.

Sl O A A D [E P A 238 ) MERE Bl 7 M 5 R R LU AT 2 B, A R SR e K b 5 v A
FEEREEHRE AN TR MY .. X #-F i A% Jon, 2006; Jeuken et al, 2010; Kearney et al,

WHL. V05 NI SRR VP I > ] R v IR % 7 (Giosan et al, 2014; Besset et al, 2019),
{5 /0 B % e R b ok VAT 1 M 4 9 1 VE B ( Ganju et al, 2017) o b4k, 4383800 370 4 B 5 3] 11 o A 5
et EAEERW, & 81EN O Z MR 30 0 32 B 0K E) ) (B I3 45, 2022) 6

Wi HHEA: 2023-08-25  MBE & HEI: 2024-08-26

BHTE: EXRARR %SRS T (U2040202); F R EKARE ST H (23&ZD105); E R AR
R4 H ETUH (42076174) ;£ ifg T [ BR R & 1F 3 4 T H (20230713800)

EZBN: TwE1998—), J, WULAFFEA, B FN R 3 ) 3 7 TH .
E-mail: 51213904052@stu.ecnu.edu.cn

*EEEE: REFE(973), B, #E, WL, MEESE, EFENHEMEEMHIER W ORI IRE
S AR AR A2 B 5 AL E-mail: zjdai@sklec.ecnu.edu.cn

(B % i


https://doi.org/10.12362/j.issn.1671-6647.20230825001
https://doi.org/10.12362/j.issn.1671-6647.20230825001
https://doi.org/10.12362/j.issn.1671-6647.20230825001
mailto:51213904052@stu.ecnu.edu.cn
mailto:zjdai@sklec.ecnu.edu.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn

664 I N T I 2%

KAT AL S AE R VDN g 08 — 30, P 58 b 2 KV 3 i A\ I T8 (5l 45, 2005) . 18 1
Uk, ZJBARWEWIFRERM, KL OE M S E E, 2021), BRIk #E N b S22 3 % 820
Sy b N B, TR ph T AR S I E . RS RS 2 5% XA S, 201 1; ZEAE R A, 2022) ,
T ROK B 2R /K 5 YR VD BE W AR e S o XN AR P VDK L MRAT K EE RN T YD K R I R e, T
2 b ¥ TR R K AR B (Lyu et al, 2018), 38 A% 1 ol D AL 7K T8 25 4 (5K AR 55 5%, 2015; B 1E 2 5%, 2016),
5 M) K A P R 4 1) AR RVRG Sk (9 IE R IS AT (IR BARH A8, 2019) . db32 BB B G KL A2 m ik Ak
SR IE R, A A O AR R R A SN TR AR, A ) O 18 EE T S DA % b SR AR 3 R 1) oK A
[Kl % (Dai et al, 2016) o 4 T~ ] 445 B4 I [ WA 52 K 31 20 0 4 A A 4 o) i A B 4k TR AR B4 RS, IX AR
S 4RI I RIE TR O VE B R B R A, 2021 ERFH, 20210 Tk, db SR KT AR 3 4 3
18 (Dai et al, 2016) , 7t H WA J A2 ot F2 A B T 060 it 28 AL30] 11 3)) 7y 300 v A0 ) 3R . A ORI I 30
SERIHE R, X AES EBETERYD . 52 Sk R A B A K R AT i, $E O H B ) 5 AR A0 R A
K EERZE, AN 0403454 70 B PR AL 3R (R I AR} 2448

1 FZERRBESWHREE

1.1 AREH

.11 BB EAXHKRE
AR SCAEF T 1992 4. 2000 4E . 2008 F . 2013 4E. 2016 4E . 2018 4. 2019 4E. 2021 4F K 2022

FEIL o Wb B EK M SR (K Do A B WA 7 K IT N ¥ 32 ) 3l K38 7K ST b 1995 4 —
2021 S H AR E . fvd &80 F s A6 320 3 1 2002 45—2021 0 Kb bl . o, il
IR K B KT T B R AT Hp e N R R R R, KRR SR FH OB (] 7 R . TR KR
ANFSm XL, EEHIRZEN0.02~0.05m, i#ZENHL 1%, [FER, {4 GPS#47Eh, HAKFiR
ZRED)m, FIHRLE 100 m Ml £3% Z WA RN E1%), X 0] B R EE e . BT A R 2 a4
HEZR N 0.5~1.0 km, 35 CLSR WA BRAS B AR W T O 26 4E, PR 7 Tk 5~20 AW A5, w] i 2 i
FE X 35 1 5 75 AR 43 BT R B3R (Dai et al, 2014) o R340 4F 473 5 B0 #8358 40 AN 52 88, IR AE 5
TR R B, R EL T b S b BT R 0 52 BE A 2000 £E . 2008 £E . 2013 £ 2019 £ 2021 4E Al 2022
SRR B AT R . ORI S K SCE Sk B KK R 2R 2y, mE AR S AT bR Sk B T i R T
ForL,  HoAEg A6 S 43U B UL I A 1] R /N % I — 2k, BRI 28 h A AT, AR SRR /N L N
FOEE AT A, BTSRRI AU R A R ) (o e N R R A s AU, 2 g
2015) JEAT ,  DATA ORHCH A 1

®1 EEKRBEERENREGIRESY

Table 1 Bathymetric year and scale data

5 B i) ER 1IN s i | ERIN A=) I 8] ERIN
1 1992 4 1 60 000 4 2013 4 1 : 80 000 7 2019 4 1 : 80 000
2 2000 £ 1 : 100 000 5 2016 4F 1 : 40 000 8 2021 4E 1 : 40 000
3 2008 4 1 340 000 6 2018 4£ 1 3 40 000 9 2022 4 1 : 40 000

ARSCWCEE T 2002 5 3 A9 BA K 2007 £E 3 AT 8 A ORI 1 A6 52 w5 Sl K S K s CBRL
HE T RAT ONUIEE PR, [ € 3 28 Uit 8 At 70 K SLCO-2A B3 aUiig it vl I, % 57 A0 - i R HY


https://www.ams-journal.org.cn

R T, &, KL b 32 b Bk A e A8t B R 665

AstechGPS fEFrHLCE 1 3R 2) o W < 7T [l Jite 00000 oK o % f AR FE ik S, 78 SO B2 A48 il — ik,
R 7S SR, BIERE. 02H. 04H. 0.6H. 0.8H. V)&, FH i H R EKE. HRIEK
TLIKSCHRRIE, S HZE 10 AR EE, 11 HEFE 4 A NFZE.

31°54' R
N

31°51" Fois

31°48 F

“k . 1 i’ > > ’5 .4

121°00’ 121°06’ 121°12’ 121°18' 121°24'E
ARSI £ o i

1 AREBUBMAIRYSMLE

Fig. 1 Study region and locations of observation stations

31°42'

F2 KEHAXUWMNER
Table2 Summary of hydrological data

i ] VR M 7%
20023 H1HZE2H Z1. 74
200249 H22 H&E 23 H 73, Z5
VL . A
20073 H4HZESH 72, Z3. Z7. 78
200748 H 16 HE 17 H Z6

.12 BREERAAE

U T A SCUSCEE 1A T TR BRI TR 15 B K, A T B 9 S Sk I R BR VD TR R R B ARk, T
GEE “¥ &£ 3k Landsat %1 P& 1993 £—2022 £ 7T X B4 =&/ T 50% [ 136 ME 2 K544 (Lou et al,
2022a) . A, 1993 4-—2011 F{f | Landsat 5 T2 4, 2013 45—2022 41 ] Landsat 8 T2 ¥4 .
G KA B 5 R R AR 22, SH AL B BOE R R, R BOH AR R AR, 1R
B HEE N 30m, 3#EN 910 km?, KR . W5 M5 8 BRIV B I XS0 S 2% R X
(E 1, @ N H A3 LABE HLAE AV AR % 3 000 AN FEAS 55 (Long et al, 2022), Ak & 5L 1500
AMFEAR R, B 70% MIFEAR s Tl ge, HARBEA SUR T #E A 4 V7 45 (Lou et al, 2022b) , i i #E B
SRS B K Kappa £ 20 GEAAE R S5, 2023; Yang et al, 2023) i1 5. 45 R R 0 2 KK £ 5 Kappa 20T H51H
KT0.98, Ul BH W X 35 OORS B FEAR O o B S 0 0 2R 45 RAR BT B DGR X8, o B3 D DX s P M
HACE 2,



666 I N T I 2%

12 +
10 +
t 8f
X
Z s
£°0
4 —m— LN
2t —e— BRI
0 L

19IQS 20IOO ZOIOS 20IlO ZOIIS 20IZO
A
2 RNAMEIHEKIPEREN
Fig. 2 Area changes of the Chongtou Shoal and the Xinyue Shoal

1.2 #MiRAZE

121 HBHEAE

NARGEIR KIS E B M A 7, B S A AreGIS 345 ifs B 55 Rk dE AT #o 4k, ik
HY 8 A [i] 52 Hb AR A b 38 2 25 i) i, K AN [ B B T ] O 0HE 48— K2 OE B WGS1984 A bR R 5 3
W ET ;2R )5 R H] Natural Neighbour 418 7775, #4 @ VL H A6 32 F B X AN [ 4F 63 1 £ v
FE 5 8 ( Digital Elevation Model, DEM) ; 1 F] Minus T B #4F 1t 32 _F B X b it B B, REUAS [
Ay DEM (8] (IR 5 @2 A2 4k &5 A H Contour . B2 HUAL 32 FEBOAFHE4Y 04 2 A1 5 m 257K 2k,
FEXFH AT EE I, Hrom PL B X IE0E CONME, 0m BLT X808 CONAE, B I 3 B DX SR A
VAT e Y
122 RFRK. RBDHHE

£T 2002 4 5 2007 4F AL 2R UL H G SOK ST S 3RAF B K STV Hdm , xF Kk, Va2 i
Tt EM G, i ER B R (RO R (R

0.
Ry = , D
¢ Qe+Qf
G.
RG_Ge+Gf’ 2

KH: QA O 7r il o T W B ALKk W W s G AN G TR I B AR RN D . RoRMLTK . 75 W
FEIF, Ro>50% I LR TERIN G Ro<50% i Rk Ml it 5 35 Ro > 50% I R 7n TE WA 470
R <<50% I M) & 7~ ik WA A0 35 00 OBk 2 1L 5%, 2015)

2 &% R

21 kX EEMETK

632 b B MERE TP A 7E A Il 30 4F M R) AR B B 2 . 1992 4E—2000 4F H ], b2 A bR E R
2310 km?, AR FLENINE, JEXANRFAE R T Ry 78 s 31T 20 4.9 km® (1 H B,
5 B A VA R R T BE AN 3.5 km KR Rk & 2.5 km, AT S b S S 3 0 K T AR 7 4 Ok 3a) .
2000 AE—2008 4 (8], 52 B0 20 v e A DR MR A ok, HG o 5 Sk 1 B VA K EE O 9 ks BT BR VD B 3T U T
a5 km*CE 2D, 3 BEESk SO R VD B AT RT3 2 4 7 22 800 m /e A . 2008 4FE—2013 AR A, kil
MERL/NEY K, BRI REEE R R, WEAZRSENENE. 32013400k, Jb3 FBSEk
1M 5 TRV T AR BN IR B R 2D, (YA R K R R AR KA A


https://www.ams-journal.org.cn

41 TR, 55 KT Odb 32 b B il v A8 5o AR A 9% 667

31°54' |
N
310517 | N
~
31°48' |
— 1992 L —— 2008 4R /7 Lk
31945’ 2000 4F 4k i 2013 24K
—— 2008 7Lk — 2016 ‘EjRLE
121°06’ 121°09" 121°12 121°15" 121°18' 121°21'E 121°06’ 121°09" 121°12 121°15" 121°18' 121°21'E
(8) 1992 #F—2008 4F- (b) 2008 -—2016 4
31054 |
N
31051 |
31°48' |
— 2016 fE 4 — 2019 fE 4
31045’ 2018 4F itk i 2021 R
— 2019 7Lk — 2022 fE R4
121°06’ 121°09" 121°12 121°15" 121°18' 121°21'E 121°06’ 121°09" 121°12 121°15" 121°18' 121°21'E

() 2016 4E—2019 4F (d) 2019 4E—2022 4
e RN,

3 KIOXEBEE&SH
Fig. 3 Shorelines of the upper reach of the North Branch of the Changjiang Estuary

Wi E 2, b3 FERMEEAZ 584N B 1992 4—2000 45, 223k T 5 Bk 4T 4 10
km® (L B, ARG FATINE, W B R A, AT B8 NI Ak 1 o A8 S A ) 3 R 0D B B 5 5K
K b 5 R THI 5 B R 5 4 ek . (©2000 4F—2008 4, 5% Sk AT ET BR VD AR R IE R K, A AR S B
T TE P HE— P . 32008 42016 4F, A6 b B IE A 2R AE A2k T BN AR AL, ORI
W) YT 25 e A8 S e i AT, LR o WAR R Fe e (B 3b) o« @2016 42—2022 4, Jb 3¢ b B As T
SEAGRERE(E 3¢ fFE 3D .

22 X EBRFRZELN

1992 4F—2000 “EHAE] , KILIE 32 F B A K IE R AL : Sk 2 m FIRE M AL B st 1 km, %3k
BT JEA SmiRfEE Ak, A OB, 2m 5 5 m 2R &AM X8/ (B 4a) . 2000 £E—2008 4
), AL B 2 m 5 5 m SR LH MR Rk, Jb3 L BUARE 2 m SRR K I K B FORIIT 4 5, H
3km K ZE 11 km, [FEHIGET 7m @EE. BRI AR, 2m Al S m S REH AR
PREFFEE (] 4b) . 2008 4E—2013 HHTE], JESZ AN TTB 2 m 5 5 m SRR 28 i J5 R ) b2 il 1 2 & 5 Ap
NFEARE, S5 RmERE. BT BB GERFAE MRS, 52 Sk UL ¥ V0T 38 B 2 B vl
HRERES 6 m RS . Bk amEEER R, S 2mE SmEFREKEHK(E 40,
2013 42—2016 “F 1], J6SZ AN T AL 2 m S IR G vy B A6 S 70 B0 32 3k 0 () B ZE A, T 5 m 55 R 42 ) /)N
W ) B 4 R o 7B 523k R 5B BR VD BT X 48, 5 m SR TRER KB 4k 2R R FE 2 (1) %4 (B 4d) . 2016 4F—
2018 AR S IE], I THEM BB 78 2 m S5 UK 2k, IF HAE S SL B IR FE B T 6 m MUAEVA . BRIk 2 4,
163 b B i KR AR B N de) o TE 2018 4E 2 J5, b 3¢ b B 1B K IR 3 A B R A B R 1k
(| 4t~ 4h) .



668 M S - S 2%

31051
N
e - - low fEa m Rk h — - 2000 42 m 25 R
31045 ¢ 2000 42 2% I -~ 2008 4 Zmlw k 2013*F—2mT;
1992 45 m kg2 2000 45 m 2552 2008 45 m 4% éi
- - 2000 -5 m %mﬂz - 200845 m %m@% 50013 45 m kiR
121°06 121909’ 121°12' 121°15' 121°18 12121 121°06 121°09' 121°12 121°15' 121°18 12121 E  121°06' 121°09' 121°12' 121°15' 121°18' 121°21" E
(a) 1992 4E—2000 4 (b) 2000 4£—2008 4 () 2008 4E—2013 4
310517}
N
orer - - 2013 42 m S5k % - - 2016 -2 m VRLk — - 2018 4F-2 m R4
31°45" ¢ 2016 - Zmﬁ?kiq I 2018 4~ 2mﬁ 39 2019 4~ 2mixéi
2013 45 m 25 2016 4F—5m % 2018 45 m ZEVR 2L
- - 2016 ¢ 5m ﬁ,/;ké}q -- 2018 $ 5m #m& -- 2019 ¢ 5m ﬂx&
121°06 121909’ 121°12' 121°15' 121°18' 12121 . 121°06' 121909’ 121°12 121°15' 121°18 12121 121°06' 121°09' 121°12' 121°15' 121°18' 121°21" E
(d) 2013 4—2016 £ (e) 2016 4E—2018 4 (f) 2018 4E—2019 4
.-é'"‘-‘..‘;_-\
N
5 sﬁy
iy
31045 — — - 2021 ¥F—2m ﬁ«;f
- 2022 -2 m SR 2k
2021 -5 m :,_g*’dz
- 2021¢F 5m ’Lﬂ;‘r{’E — - 2022 -5 m AR
121906 121°09 121°12/ 121°15 121°18' 12121 E 121°06' 121°00' 121°12' 121°15' 121°18' 121°21" E
(9) 2019 4:—2021 4 (h) 2021 4—2022 4

B4 192F 2022 FKIOETER2mS55mFRELSEN
Fig. 4 Evolution of 2 m and 5 m isobaths of upper reach of the North Branch

of the Changjiang Estuary from 1992 to 2022

2.3 db X EERX I IR 4FAE

N 7 AL 32 b BRI G BRIt AR A R AE R K VT b S B BT AR BT AR AR A ( DEMD i3E 4T X B
AT CELS) o 1992 45 —2000 4F, b Sk 1B f b Bl A8 kA KT AR AR, WA AR R B & iE8 3 6 m,
TR 5 ™ FE A X e oA B2 S R b S HE B RS BB (] 5a) . 2000 £E—2008 4 52 Sk i) A A AR R R, S 23 )
EE%ElMﬂ@ﬁ»%%ﬁkfﬁmw@m,%ﬁ*%%ﬂﬁi¢@%ﬂ,mﬁ§ﬁﬁ%
/N o 2008 - —2013 b 3k F B S b B A AR TR AR, AR R E I XS O i T TS R
W%EﬁﬁsmﬁuwoT%ﬂﬁ%%ﬁwﬂ$@%T%%M%emwi—mmikiﬁmﬁﬁﬁﬂﬁ
DB IR AR, 5 [ A b S b B T R TR A 2 R AR R, R i 7 B X 3R AR TR B BR VD RN,
JE P B i 6 m, 5% Sk VAT Rl SR BR VD TR R R A s KR T 1 A (BT SdD TR A R Y 8 KR T 20%.
1 2017 4 2 Ja A6 3t 1 B DA K b B o] Al A o it i BE 30, e T AR e RS (B8] Se~ & Shy o B AT
DL, Ab Sk OB B B RS AE 1992 45 —2022 4F B TR S 3 Y AR - v ) - 9 AR - R - AR E T IX PR AP AR
HTIRES


https://www.ams-journal.org.cn

41

FH, & R H LS b B i R 2 BT 5

669

31°54
N

31°51"

31048

121"09'-121."12’ 12]..“15’ 121.°18’ 121."21’ E
(8) 1992 4#—2000 4

- . . .
121°09' 121°12' 121°15' 121°18 121°21' E
() 2000 #—2008 4=

(c) 2008 H4—2013 4=

121°09' 121°12' 121°15' 121°18' 121°21' E

121."09' 121.°12’ 12115 121.°18’ 121.°21’ E
(d) 2013 #-—2016 4=

121."09' 121."12’ 121.“15' 121.°18’ 121."21’ E
(€) 2016 —2018 4=

(f) 2018 4=—2019 4F-

31054/
N TR /m TAFAREE /M
s <50 - >50
310517} 5. 0-<-4.0 == 4.0>-50
= 40—<-30 == 30>40
. = 30—<20 ==20>30
31°48" - =3 20—<-10 =3 1.0>20
£ -1.0<-05 =3 05>1.0
& £1-05—<0 31005

12109 121.°12' 121."15' 121."18' 121.°21’ E
() 2019 F—2021 F.

12109 121.°12' 121."15' 121.°18' 121."21’ E
(h) 2021 £—2022 F.

E5 1992 F—2022 FKII AL ERMIREN
Fig. 5 Bathymetric changes of the upper reach of the North Branch of the Changjiang Estuary from 1992 to 2022
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BT U g 55, 8 1) PR T B VD A 5 VR M

4 % g

I 1992 4F—2022 4 30 4= 1 S2 I b 72 A1 KT N WK vl &80, o Ar K 0 b2 EBEAR R
B PP AR A R M 3 T AR KR AE R LR ML, AR EE T

DAbSE FBEMEREE AR W4 N 4 AN B BB I BEC1992 552000 ), b 57 b Bl A K i A AR
5 F B (2000 E—2008 4F), 523k H SRR EK I 9 km?, HTERVD IR EK L 7 km?, S LRI, 52
SRl AR R G, TE R R MR T IS B = B (2008 4F—2016 4F ) b 3¢ b B R A
KB R EIRAS, T AR S PR S DB B (2016 4E—2022 4F), db3E b BRI ERE R G 4E R R E

2) KT L 3k Sk Y0 A 25 T v R 5 Sk ady e R BR VD () T AR AR AL, 28 W VA FH 3k N b S il SR v
A& 0 AR K 1 32 B VD Ok YR
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Study on Evolutionary Process of Shoal-Channel at Upper Reach
of the North Branch of the Changjiang Estuary

WANG Lingxiao', DAI Zhijun', MEI Xuefei', WANG Jie', LOU Yaying', QIAO Hongjie’

(1. State Key Laboratory of Estuarine and Coastal Research, Shanghai 200241, China;
2. Yangtze River Estuary Survey Bureau of Hydrology and Water Resources, Changjiang Water Resources Commission,
Shanghai 200136, China)

Abstract: Shoal-channel system is a common estuarine geomorphic unit. Its evolution process directly dominates the channel
stability and tidal flat utilization. Based on historical bathymetric charts, Landsat remote sensing images, fluvial water and sediment
discharge records and the discharge diversion ratios, this study explored the shoal-channel evolution process of upper reach of the
North Branch during 1992-2022. The results showed that Chongtou Shoal and Xinyue Shoal exhibit an average annual siltation of
0.32 km? and 0.25 km?, respectively, with over 50% of siltation occurring during 2000-2003. The channel of the Chongtou Shoal
experienced significant erosion during 2000-2008, with the volume enlarging by exceeding 50%; while the channel of the Xinyue
Shoal changed relatively small. Landward sediment transport from the sea to the North Branch driven by tidal current supports
siltation of the Chongtou and Xinyue Shoals, while fluvial sediment supply has a slight contribution; The curved channel pattern
around the Qinglong Port and tidal surge are responsible for the Xinyue Shoal siltation, During the flood season, the ebb and flow of
tidal currents are responsible for the Chongtou Shoal siltation. Due to Coriolis force and shoal expansion, flood current flows to the
north and generates flood channel in dry season, and thus the North Branch s is featured by "channel erosion and shoal siltation" .
Keywords: shoal-channel system; morphodynamic evolution; tidal asymmetry; Changjiang Estuary; the North Branch
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W OE:2022F1AXRETEMORASAER 6NN XREARYHESR, LEHISHFERECE
BUBABIMIMAEMN, AP A FERREAR . JE L F ¥ (Brigantedinium sp.1) . J& 75 #
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spinifera %1 % # & ¥ 3% Lingulodinium polyedrum) 7, % #n 3 ff 7= R E M L X & £ (PSP) ¥ 3 (&R T 7 1L A 3%
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76 % A 6 FH ¢ 3B 20T 1 CRn K VD L BRVL R R VL A% ) 9 A, JE AT AT AN 4R CCF R Ak
2003; JE I U6 25 2004; 5 Fi 45, 2004; B2 2016, 2004b; F #H145 2006; £F 7K FE 4%, 2009; B i 3 2
2009; Dai et al, 2012; FE{F %, 2016; 8REZ 155, 20210, {H X T 0] 11 K A 3 6 38 0 A% 4 vh R 5 71 32 1) Fob
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FAFE KR #4876 30T 11 S AR I CR AR T 16 AN sz fRZ DT, F B HIE SR (AR 5 em)
AR RV 2% R Z B X R E R Z 2 em FIFE S . FERCREEIS, N 4 °C UKFE P B e R A7 .

F AR S A BB . — M AE 60 C A Rt R EE, DLIE SRS KR 50 gk
TR AL B, BN Eh R (w(HCD=10%) M1 &9 R (w(HF)=40%) , FRE8 AR, ks, H
P AL HE 30s, AR ST 125 pm AT 1S um AEFEN G, AN 2 R R R R 0
B, ERZE 2mL.

S HT S E R, REX 0.10~0.70 mL . Ab B AE 2 7F I A 40 1T ZOHE CHY DRO-BIOS, Germany) 1, Jf:
TN & 2 1R 4l K BB, SRS TE 400 £5 18] B B il 8% ( Olympus CKX41) i3k 47 B 2% % s A1 iF %k
( Matsuoka et al, 2000; Fujii et al, 2006; T 1%, 2007; ¥ 4 JL 5%, 2014; A F %5, 20200 . 5 & 43 #1452 40
WK AERANFERZE DTS E S 100 MEZE; X TREFEEMMAES, EEohEsin, 2045
Frism 2] 50 A%, MZEEE ST EITRMMBELRR A/ TR X T IREEE R
SRR, DUBERER

12 it ot

X 7 2 i W Fh = & B TR B (dy,) (Margalef, 1958) . W) Fh % #£ 14 #8 21 () (Shannon et al, 1949) . ¥
Rl 241 5] B 48 B0 (D (Pielou, 1969 FlAI 35 B 5 A ( V) #E47 1 5
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Table 1 Distribution of dinoflagellate cysts in the surface sediments of the Yellow River Estuary

uli fir

R VES i 44 ¥4
1234567891011 1213 141516
RN AN Alexandrium catenella +  + + + + + + +
TN g LK Alexandrium minutum tH A+ o+ + + +
By i Spiniferites bentori + ++ o+ + + + + +
B IR J Vg 75 Spiniferites membranaceus +
o P R 1 8 Spiniferites bulloideus +
iiﬁo%fhi% W ve FL i I v Spiniferites hyperacanthus  + + + ++++++ + + + + +
cysts Gonyaulacales  J, i Js v 35 Spiniferites mirabilis + +
i v Spiniferites bentori var. truncata  + + + + + + + + + + +
i 1 P Spiniferites delicatus +
i 1 Spiniferites spp. T
ZiHEH ¥ Lingulodinium machaerophorum + + +  + + +++ + + + + +
MUARIR A B Operculodinium centrocarpum + + + + + + + + + + + + + + + +
i . R Gymnodinium catenatum + +
Gy%iiffniaales B R 2T Polykrikos kofoidii + +
A E2E Polykrikos schwartzii + 4+ 4+ +
A R 2 B Votadinium spinosum + + + +
HETE IR 2 W Selenopemphix quanta ++++ +++ + + +
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Fig. 2 Spatial distribution of cyst richness index, species diversity index and evenness index in the Yellow River Estuary
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Fig. 3 Spatial distribution of dinoflagellate cyst abundance in the surface sediment of the Yellow River Estuary
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F O 3b A 3e) o BT I S QAT g I e SR A A g S | R A T f 2 2 L (H/AD D 0.40~5.00,
SEIME N 1.80C K] 3d) o A7 1/ H/A ey, IAES; Wiwhifr 13 19 H/A 1%, X8 0.40C & 3d).
b SR P AR S M P AT L (H/A) P8 3 B (A AT AR AN [R] . Ak b 5 M B3]
T 1 A0 3T T SOR T [ e 34 (B 3D .

3 1 8
3.1 FWONRSRIIIEE B E S HERIE

FE B 1 R AR I 16 AN uli AL R R TR h . ARHE S 3L B 35 b g A 3 Jhrh, RS

3 %6 58 M A BE RN R BN 14~22 Fh (G 1o 10 3 B A8 20307 11 XU AR W) o H 8 0 M SR B0 17~ 55 F

BRIk, B ] 1 R & i 4 S R E 2 A BT 5T A XTGP R AR S R SR BOE (R 2) . AR,

P R AT R R DU o W YR 2 FER L H ) D 272~ 3.68, T IYME DN 331, HiEH
{RIL IS A W TR i XU T () F 2 R SR S L (R 2D

*2 REMSAOXMPERE

Table 2 Dinoflagellate cysts in some estuary areas of China

X E E A H* HPEF /(A gD EE BN
BN O R ARIT RS, 35(14~22)  3.31(2.72~3.68) 346(35~921) KA
KT 38(10~25) (22~42) (12~587) F WIIE 5, 2003; Wang et al, 2004a
Ko 24(11~18) (2.57~3.27) (189~ 846) FHi55, 2006
Ky 27(1~15) B AR, 2009
KT 28 JEE s W 45, 2004
Kirn 46 366.2(125.0~722.2) fF 7K [ 4, 2009
KT o 55 (2.0~2.2) (1427~1533) Dai et al, 2012; ¥ 2 }& 5%, 2021
FE & (BRI D 17 350 Wang et al, 2004b
FE S (BRI ED 21(6~10) 202(100~315) A, 2016
i) YL 17 (0~169) 77 Br &, 2004

e RN EE N S B D s RN B Y B E D s 2 AR R TR .

A S VAT 1 R A0 AT g 3 AR 2 DURR A S R BRI R 35921 /g, PRI 346 1N /g.
T 1 S AR 5 KV ORI BR Y D pc AR 0 R IR R R R R AR (R 2, (ER T R E R R
(Wang et al, 2004a; £ #1455, 20060, . 3= B J7 Ry WY 35 0 98 - FE 2 PUA G R e, U AR 180 2% vy D) HH 98
B AR, B WK VL 1 (Wang et al, 2004a) . 25 J7] [ 2 A1 3T 5 38 5T A2 3 % 2~ 9.6 cm/a ( Yuan et al,
2020), KT IR RN 0.64~ 7.5 cm/a( Dai et al, 2012; 3 g2 14555, 2021), BRIT H g3k y0 A7 5 R
N 1.58~7.25 cm/a( X1 & B 25, 2010; 5K 5545, 2016), X S0 I AR & s U R X, IR R 9 A 9 S P AR
ik ARHFF S Rt —DuE i 7 3R E KB O Xyl AR ) b R B AL, R TIRERRE
75 (491~3 552 /~/g) (Wang et al, 2004b) .

BT 1] % A0 I ¥ 3ok 3% J2 9 70 3 22 5 1 R 3= 5 43 AT R AIE D A BEIRT T 1 28 g 9T 11 Y & (1 2
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A 3) . BEHRAE 5 KT 11 (Wang et al, 2004a) F ] VT 111 (5 8745, 2004) 2880, =5 B2 A 38 30 11 &% 4
T Y 358 7 B (1 b 5k S A 5 BT 1 R VR A SRR AR B D) AH G, AR 00 ORI S KL R AN R Tt T R SR
o B BLAKD VD ZE R, AR R K SC G SEI R, 2000 4 2 2017 4F 3 P ) b & O 1.13
¢t BTV R pE A B 4y AR L KR DU RR W) R B TARAE ] 11 (Yuan et al, 2020), M7 5 28
T 1 R A0 g 38 5R 2 ORI v )t B P AR R AR DU BURRE . D R v TR T g SRR, T
TP 28 25 Y] A 4 v A R R

BEUA] T S A I v e e R A A AR S R Y S 5 2 L (H/AD N 0.40~5.00, “F3{E N 1.80,
AP EEAETHARUTRMERE, 5K HMBRILHERZTOR Y H 562 7 A
5 E A ALl ( Wang et al, 2004a; £ #1145, 2006; FE %5, 2016) . BEAZF (20160 X6 BRIT K HE (5 ¥ 480 2% J2 0T
R rp FR 70 B 1) A T SUREAT R AT, BRYL VBRI AkE U R AR R A 4 L (H/AD
N 56.5%, H/A R TIG QM s 8RN E B bR, R T B S EEFRUEE. FE, #
KT s S HEREN SRR E I, ZERAEAEENE SRS R AT
(Wang et al, 2004a) o B¢ Y] 1140 1T ¥ 3ak 1149 1) 1 75 A0 SR VS 2 JR B = B2 & 8 % 4 X s O [8) N IR 3R AN
B AR AL, 2019—2023) . VIS5 (20190 BF 7t tH 5% BH 3] 1 & A0 i 3k 2 5 8 RIS, JEH
WAV SR T U B EE S R ACRE . Rk, AREEE ST R, B 0 &AL
WA AR RBELGR &S ZEEEREEA K.

32 EWMORBIEEBEHARMTESAEERERRNSHRFABLERNGE

B 1 S A0 AT W 3 O B R A W O T i R R S, 20200 o TR AR AT 3R K LR RV E
Z0E . BEIRYE D7 R, BN D R AR AR R LR R A E R S M,
J3 L1 K 7 S JRR 98 1% DU 2% 7% &K (Paralytic Shellfish Poisoning, PSP) Ji [K #f, 7E % [H g 5] K& T £ g 5 i
(FAZ A% et al, 20200, [F) B 30 7 Ly K 3 1 28 )92 43 A 7 3 BV DU W CRIER 45, 20200,
PSP 1 7E V7 i A 4 A0 DS RE S P 432 K6 (Liv et al, 2017) o ASHIF 5% 48 58 H 840K S0 1 1l K 38 0 /s
3 KRR G KA e, A PSP R A AP . BEIRWE T KEMEEEN T 0~37 4N /g, T
BN 10 A /gs /NI DTt K FE A3 =E BE N 0~24 /g, “TFIIME N 3 A /gs HER AR T 8 7t 38 th 75 A i
R, EENO~61N/g FHHEDNT 14 /g, X~ PSP IBEENTEE M HFEERMIK, 5H
fth 45 PSP i g 1 76 2 =F & (Wang, et al, 2004a; 2= 5255, 201 7) AH G, BT 11 K 4030 g 48 A8 0 )7 1l K
FE TR R IR B S A PSP A B AR 1 RS AR o H T PSP S A T g 7K % BE b (1) B EE )
R F5 PILEE (2009) 78 ¥ I W Uk 1) R B 3 5 BRF U v 3 R ST 77 Ly K 9 1 A, RT kb 7 T ik S g 1 K
0 T R PR R R 9 A B ) B 5 T

L ) A ) 9 R IR TR A TR BE P AR R 3 B DL EE K (Yessotoxin, YTX) ( Chikwililwa et al, 2019), 1fij H.
Hp s BECEE N 0~361 /g, FIHERN 104/ FIAR IR A EMECERERN 0~
18 /Mg, “FIMENT AN Bz AFEERAK. BARE B AT I8 YTX J5 B R R, (22
IX B 8 SIS 1 B AE PUAR W R X 3 4 AT (i 2%, 2011; Tang et al, 2021), YTX 4% 75 15 i FEL 9 FF
il A DTS AL 5 oh B K HY (Tiang et al, 2017; Liu et al, 2021) .

4 % B
AKX EMEECEAR, MHEE O AT ER 16 N5 A0 3R 2 DT W) i 9 v 1 28 1 40 Ah

TEOLREAT TOEST, LB e W 32 A P A BN 3 M OR R, IR EON 346 /g MM E
FEERR B (CH ) EIME N 331, WP F & AR Cdy) FME N 4.68; ST FEIRECD ~FIME N 0.65;
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WY, PR AR R I 3 AT M TR 1 B Q8 I SR SR M 1e) B il R BRI OB AT G 2, SRR A A 1Y
FEET R EMAERF R 2 E TR .

BEAL . 2 = A 0 TR UL B A A AN 3 R ROk DL S B 3R 0 A B AR BT 1 B AR 3 i 3
Aoy, (HFREHEAL, XRVIX AT 5] KR DL B4 % F AR 1S BK

Bi: A ANKEAHRRERINBRARAFELAER A X FMAMTRAE (R E K
B 421493008 KB, MK LA F . NORC2022-304) % “4)#—" S A XA %6, Fib—
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Diversity of Dinoflagellate Cysts in Surface Sediments in the Yellow River
Estuary and Its Adjacent Sea Area

GAO Chen', WANG Xiaofeng®, SHI Yajun’, MA Yuanging', SUI Fu', JIANG Xiangyang',
LIU Lijuan', JIANG Huichao', SONG Xiukai'
(1. Shandong Key Laboratory of Marine Ecological Restoration, Shandong Marine Resource and

Environment Research Institute, Yantai 264006, China;
2. Yantai Institute of Coastal Zone Research, Chinese Academy of Sciences, Yantai 264003, China)

Abstract: Dinoflagellate cysts in the surface sediment were collected and analyzed at 16 stations in the Yellow River Estuary in
2022. Thirty-five dinoflagellate cyst taxa of thirteen genera and three uncertain taxa were identified from samples. The dominant taxa
were Cyst A, Brigantedinium sp.1, Spiniferites spp., Brigantedinium spp., Operculodinium centrocarpum, Cyst C and Cyst B. Cyst
richness index (dy,) ranged 3.66-5.91; species diversity index (H’) ranged 2.72-3.68; evenness index (J) ranged 0.53-0.73. The total
cyst abundance ranged between 35 cysts/g and 921 cysts/g (in dry weight), and the average was 346 cysts/g (in dry weight). The
results showed that the total abundance and diversity of dinoflagellate cysts displayed a gradually increase from both Yellow River
Estuary and Laizhou Bay the central to the central Bohai Sea. The high ratio of heterotypic dinoflagellate cysts indicated a high
degree of eutrophication in this sea area. The cysts of two toxic dinoflagellate species (Gonyaulax spinifera and Lingulodinium
polyedrum), which produce Yessotoxin (YTX), and the cysts of three toxic dinoflagellate species (Alexandrium catenella,
Alexandrium minutum and Gymnodinium catenatum ), which produce paralytic shellfish poisoning (PSP), were distributed widely in
the Yellow River Estuary, but with relatively low abundance.

Keywords: dinoflagellate cysts; Yellow River Estuary; sediment; harmful algal bloom
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Fig.2 Horizontal distribution of temperature in the study region
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Fig. 7 Horizontal distribution of the dominant phytoplankton species abundances
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Fig. 8 Characteristics of phytoplankton community in mesoscale eddy region
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Fig. 9 Vertical distribution of chlorophyll a concentrations in C-section and Z-section
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Fig. 10 Spearman correlation analysis results of phytoplankton and environmental factors in mesoscale eddy region
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Response of Phytoplankton Communities to the Physical Processes of Mesoscale
Eddy in the Northern South China Sea in Summer

FENG Youfei', LI Jiaxuan?, YANG Shimin'

(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China;
2. Faculty of Information Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: This paper aims to study the response of phytoplankton communities in the northern South China Sea to mesoscale warm
eddies. Phytoplankton water samples were collected in the 19 stations during summer cruise in 2021, and a series of analyses were
conducted on the phytoplankton abundance, diversity index, evenness index, etc. A total of 307 species of phytoplankton were
identified in 3 phyla and 82 genera. The results show that dinoflagellates and diatoms are the main phytoplankton groups in this area,
with 176 and 129 species respectively. The main dominant species are Thalassionema nitzschioides, Nitzschia spp., Gyrodinium spp.
and Scrippsiella spp.. The depths of chlorophyll maximum in the eddy center are deeper than those in the edge region, and the
nutrient concentrations show a similar distribution pattern. The abundance of phytoplankton in the central region is lower than that in
the marginal region, suggesting a significant effect of the physical processes of mesoscale eddy on phytoplankton community
structure. The Spearman correlation analysis showed that the diatom cell abundance began to decrease with the increase of
temperature in the central region of the warm eddy, and the diatom abundance in the central region is lower than that in the marginal
region. In contrast, dinoflagellates have a higher cell abundance in the central region than in the marginal region. The abundance of
Thalassionema nitzschioides and Nitzschia spp. in the warm eddy center region is lower than that in the marginal region, whereas the
abundance of Gyrodinium spp. and Scrippsiella spp. exhibits the opposite trend. The analysis of community characteristic index of
warm eddy region suggested that species diversity decreased significantly from marginal region to central region, and species
distribution tended to be uniform. This study provides basic data for future exploration of phytoplankton response to mesoscale eddy.

Keywords: the northern South China Sea; mesoscale warm eddy; phytoplankton; community structure; environmental factors
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Fr 5 Yy F T 4 Fr 5 Yy F AR
FEBE [T Bacillariophyta 25 T Chaetoceros laevis Leuduger-
Fortmorel
1 AR T Achnanthes brevipes Agardh 26 5 IR B Chaetoceros lorenzianus Grunow
o e e e _ o Chaet j
2 BRI E B KA Actinocyclus ehrenbergii v. ralfsii || 27 % X fE ACroceros Messanensis
Castracane
3 \IEHE IR Actinocyclus octonarius Ehrenberg|| 28 & ffl £ Chaetoceros pelagicus Cleve
\ e Acti hus h G e
4 7N FH A . ¢ mopt?/c us pexagonus LIunow 29 JEIEM B Chaetoceros pendulus Karsten
in Schmidt
s MR Asterolampra marylandica 30 FhE Ch‘aetaceros peruvianus
Ehrenberg Brightwell
6 KETE Asterolampra vanheurckii Brun 31 WMEBMERE Chaetoceros pseudoaurivillii Ikari
. . v e Chaet d iset
7 3k I5R J E Asteromphalus heptactis 32 e HE B ae f)ceros pREUGoCUIVISEIS
Mangin
. e Asteromphalus rubustus o e . ..
8 B 33 WARAEE Chaetoceros radicans Schiitt
Castracane
9 IR Bacillaria paxillifera 34 BBLEMEER Chaetoceros saltans Cleve
10 N\ EARAT Bacteriastrum comosum Pavillard || 35 fAE# Chaetoceros spp.
i Bacteriastrum comosum var. . o Coscinodiscus apiculatus var.
11 BT BN AR 36 KA B R
hispida ambigus Grunow
N I o Coscinodiscus asteromphalus
12 RERITE Bacteriastrum delicatulum Cleve 37 B [ P
Ehrenberg
13 K Fa A5 Bacteriastrum elongatum Cleve 38 B B Coscinodiscus bipartitus Rattray
14 W ERAT Bacteriastrum hyalinum Lauder 39 s[5 i Coscinodiscus centralis Ehrenberg
Coscinodiscus curvatulus Grunow
=] §EA . . Bl (7
15 /NEEFT 5 Bacteriastrum minus Karsten 40 = W IR G i ex Schmidt
16 FME Y Biddulphia rhombus 41 BF BE (R 1 Coscinodiscus debilis Grove
17 JFTE 45 55 i Campylosira cymbelliformis 42 ko) [ 9 Coscinodiscus decrescens Grunow
18 WU A8 B Cerataulina bicornis 43 W T [ 0 Coscinodiscus deformatus Mann
19 K¥FEME Cerataulina pelagica 44 EIR 9 Coscinodiscus gigas Ehrenberg
20 7R B Chaetoceros affinis Lauder 45 H% IR [5] 9 E Coscinodiscus granii Grough
, . Chaetoceros anastomosans 1 o e Coscinodiscus janischii A.
21 MRk BB Grunow 46 i E [ i 5 Schmidt
22 K VHFE A B Chaetoceros atlanticus Cleve 47 BRI (R 0 Coscinodiscus jonesianus
23 ;ﬁﬁ HAEBEEAY Chaeto'ceros atlanticus var. 48 ELiNE LGS Cosci.nodiscus marginato-lineatus
1 A5 Fof neapolitana Schmidt
24 &t ffEE Chaetoceros aurivillii Cleve 49 e [ 977 Coscinodiscus nobilis Grunow
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o S . . Y g Coscinodiscus oculus-iridis
50 FfUfAEEE Chaetoceros brevis Schiitt 79 TR [ i 5k
Ehrenberg
51 RIKAE#E Chaetoceros castracanei Karsten 80 R 4 F1 15 i Coscinodiscus radiatus Ehrenberg
52 JwHI A E#E Chaetoceros compressus Lauder 81 17 Coscinodiscus spp.
53 FMEE Chaetoceros danicus Cleve 82 4 §5 [ 7 5 Coscinodiscus subtilis Ehrenberg
54 I Fi T 0 A A Chaetoceros decipiens t. singularis| 83 R B % Coscinodiscus wailesii Gran &
Gran Angst
55 Xt EE Chaetoceros didymus Ehrenberg 84 ZKBUNINE Cyclotella striata
W T Cylindroth losterium Rei
56 AT Chaetoceros diversus Cleve 85 B HZEILE VAR .ro eca clostertum Bemmann
et Levin
57 KA A B Chaetoceros femur Schiitt 86 L i A AT Dactyliosolen mediterraneus
58 KM B Chaetoceros hirundinellus Qian 87 /N Detonula pumila
59 JHIK#EE Donkinia sp. 88 HUARE WA Rhizosolenia hebetata f. semispina
v o . s v Rhizosolenia hyalina Ostenfeled et
60 VEBNL M B Eucampia zodiacus Ehrenberg 89 % MR & zzoico et Ayaina Lsienieied e
Schmidt
61 FiadhEm Eunotogramma debile Grunow in 00 T T AR S 40 42 A5 Rhizosolem:a imbricata var.
Van Heurck schrubsolei
Rhizosolenia robusta Norman ex
62 Matt i Fragilaria spp. 91 FHMRE B
Ralfs
m Fragilariopsis doliolus (Wallich .
63 BB YA Me(iin & ISjims ( ) 92 WIEME & Rhizosolenia setigera Brightwell
64 FHT IR Gossleriella tropica Schiitt 93 HAEHEE Rhizosolenia sinensis Qian
65 LT Guinardia cylindrus 94 ERTUIE Rhizosolenia styliformis Brightwell
. {r/r 7N } M ?:E’.‘ R /X R . . 3 . .
66 TERE 1Py Guinardia flaccida 95 LR E EMZ hfzo.solema. styliformis var
A Fh latissima Brightwell
67 Hr LN 5 Guinardia striata 96 T E Ak Skeletonema costatum
68 W I 1IN LU Gyrosigma balticum 97 B A Skeletonema tropicum Cleve
69 B B Hemidiscus cuneiformis 98 WLZE Surirella sp.
70 4055 B A Hyalodiscus subtilis Bailey 99 EF T Synedra spp.
71 GO R Lauderia annulata Cleve 100 ffh IR 26 % Thalassionema frauenfeldii
o e e e Thalassionema nitzschioides
72 2 Y FE Leptocylindrus danicus Cleve 101 TG 25 % G
Tunow
73 KLY Licmophora abbreviata Agardh 102 5.0 31 g 55 Thalassiosira eccentrica
74 WL i B Mastogloia rostrata 103 204 %71 it % Thalassiosira leptopus
75 MR K Meuniera membranacea 104 555 5 Thalassiosira spp.
, L Thalassiothrix longissima Cleve et
76 IR Navicula spp. 105 K i B % Grunow
77 KERE Nitzschia longissima 106 4040 = ff ¥ Triceratium affine Grunow
78 IR B Nitzschia lorenziana Grunow 107 W5 = S Triceratium favus Ehrenberg
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108 = X ZETH i Nitzschia panduriformis Gregory 142 BRAR AU 355 Diplopsalopsis globula Abé

109 ZE % & Nitzschia spp. 143 A7 oK Alexandrium cohorticula

110 A DR 5 Odontella sinensis 144 Jm T2 31 K i Alexandrium compressum

111 B A i Paralia sulcata 145 W% 37 (K Alexandrium concavum

112 PoE Pinnularia spp. 146 TN T 1l oK Alexandrium minutum Halim

113 &V Planktoniella formosa 147 057 1K Alexandrium sp.

114 32 i A Pleurosigma acutum Norman 148 35 5 30y 1l K5 Alexandrium tamarense

115 7 il 3 Pleurosigma pelagicum Peragallo || 149 — 5 B F Amphisolenia bidentata Schroder

116 A Pleurosigma spp. 150 45 B XU Amphisolenia brevicauda Kofoid

117 B EARE Proboscia alata 151 ZBRBUE i Amphisolenia globifera Stein

118 F 2T % Pseudo-nitzschia delicatissima 152 Ji MK U i Am[.ah.isolenia inflata Murray &

Whitting

119 J 00 Ph 25 % Pseudo-nitzschia pungens 153 00 B8 Amphisolenia spinulosa Kofoid

120 36 31 B & Pseudosolenia calcar-avis 154 310 22 H i Blepharocysta splendor-maris

121 8 1K [ 44 5 Pyxidicual weyprechtii Granow 155 2 il /iy A 3 Ceratocorys horrida Stein

122 BAREBWEAER  Rhizosolenia alata f. indica 156 LU I <= FH g Corythodinium belgicae

123 10 IRARE % Rhizosolenia bergonii Peragallo 157 o <= H Corythodinium carinatum

124 R RARE ¥ Rhizosolenia castracanei Peragallo|| 158 Jm J¥ <= H Corythodinium compressum

125 FLRARE 5 Rhizosolenia clevei Ostenfeld 159 45 45 <= % Corythodinium constrictum

126 45 i AR 7 38 Rhizosolenia cochlea Brun 160 %5 <= & Corythodinium curvicaudatum

127 5 AR 35 Rhizosolenia crassispina Schroder || 161 3 <= F i Corythodinium frenguellii

128 HIREFBELAMAZR  Rhizosolenia gracillima Cleve 162 58 i) < FH 8 Corythodinium latum

F ¥ Dinophyta 163 307 A1 35 Neoceratium belone

129 PR < F 3 Corythodinium reticulatum 164 545 & Neoceratium biceps

130 77 H& < F i Corythodinium tesselatum 165 M PRHT A1 i Neoceratium bigelowii

131 Bif &k fi i Dinophysis amandula 166 % K HT A1 5 Neoceratium boehmii

132 5 g Dinophysis argus 167 U & %7 M1 Neoceratium candelabrum

133 koIR8 5 Dinophysis capitulata Balech 168 & & %7 M1 ¥ Y5 i L Fh Neoceratium candelabrum

134 IRAR 8 Dinophysis circumsuta 169 1753 47 1 5 Neoceratium carriense

135 15 53 fif Dinophysis favus 170 I % 9 #f 5 Neoceratium contrarium

136 7T JE g5 Dinophysis hastata Stein 171 i 3% 37 A1 ¥ Neoceratium deflexum

137 /)N 8 5 Dinophysis pusilla Jorgensen 172 415 87 fA v Neoceratium denticulatum

138 4K £ 5 Dinophysis reticulata Gaarder 173 15 KHT M & Neoceratium ehrenbergii

139 |5 fi& & Dinophysis rotundata 174 &K H A& Neoceratium extensum

140 % 5 B % Diplopsalis lenticula Bergh 175 SRR M & Neoceratium falcatum

141 EFEE Diplopsalopsis bomba 176 R M % Neoceratium furca
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F 5 Y Fif AR Fr 5 Y b AR
177 #OIRH0L R Diplopsalopsis orbicularis 207 SR T A 5 5 JHE AR o ggofzjr};zZZme Jurca var.
178 R4 H & Dolichodinium lineatum 208 IR HT M A /N Tl Neoceratium furca var. nannofurca
179 ¥R¥ )= H & Goniodoma sphaericum 209 BT M Neoceratium geniculatum
180 J1-3 M va) i Gonyaulax birostris Stein 210 KT A5 Neoceratium kofoidii
181 H7 A %) JE8 VA 38 Gonyaulax brevisulcata Dangeard || 211 8808 f # Neoceratium lineatum
182 XU VA Gonyaulax diegensis Kofoid 212 KPHHT A5 Neoceratium longirostrum
183 H ¥ i Gonyaulax digitale 213 B/NHT A Neoceratium minutum
184 Jid 55 W 74 i Gonyaulax fragilis 214 PR A Neoceratium pennatum
185 37 R R V) & g:}:lgilgfax hyalina Ostenfeld & 215 HAHT A Neoceratium pentagonum
186 F} 1% A Gonyaulax kofoidii Pavillard 216 it B KT A1 5 Neoceratium schrankii
187 ERJ| J VA Gonyaulax monospina Rampi 217 &7 W7 A Neoceratium schuettii
188 i [5A] Je VA 5 Gonyaulax ovalis Schiller 218 EFARHT M Neoceratium seta
189 K-V IR VA Gonyaulax pacifica Kofoid 219 W& A 5 Neoceratium setaceum
190 24U Gonyaulax polygramma Stein 220 75 112 BT A Neoceratium sumatranum
191 Hr 5o 55 g Ve 358 Gonyaulax scrippsae Kofoid 221 X R HT A B A Fh ﬁ;ii’gz:m symmetricn var.
192 BRAR v 8 Gonyaulax sphaeroidea Kofoid 222 [RIFEHT 15 Neoceratium teres
193 . 0 vy Gonyaulax spinifera 223 R HT A Neoceratium trichoceros
194 S5 SO Gonyaulax striata Mangin 224 =S58 A T Neoceratium tripodioides
195 4l % B v i I\G/{(;:l})::::rzx subulata Kofoid & 225 JUJE ¥ A1 i Neoceratium vultur
196 5 W) 5 Gonyaulax verior Sournia 226 W Noctiluca scintillans
197 A {5 4 5 Gotoius excentricus 227 LY R Ornithocercus heteroporus Kofoid
198 £ KJEH G Gyrodinium dominans Hulbert 228 K152 Ornithocercus magnificus Stein
199 TF i Gyrodinium sp. 229 J5 R i AR Ornithocercus quadratus
200 K5 R Heterodinium blackmanii 230 FHE SR Ornithocercus thumii
201 XL 6 35 Histioneis biremis Stein 231 A MRS & Oxytoxum challengeroides Kofoid
202 HETE IR i 5 I\LVh;tilt(t)ii:lzs para Murtay & 232 JE B Oxytoxum crassum Schiller
203 K IKILIE#E {\(/z)r:gz}:mklmotoz Hansen & 233 il g & Oxytoxum curvatum
204 210 H Lingulodinium polyedrum 234 Jwi JE 9 H i Oxytoxum depressum Schiller
205 7 9% llz/iis;ilnzum taylordi Carbonell- 235 JEK I F Oxytoxum elongatum Wood
206 i F S H Oxytoxum laticeps Schiller 236 ¥R 2 H g Protoperidinium depressum
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237 KMIH Oxytoxum longiceps Schiller 269 T £ A g};(;ézﬁeridinium exageratum

238 Hi g 4R FH Oxytoxum mediterraneum Schiller || 270 BKE J5 2 H i Protoperidinium globulus

239 KRG FH i \O;}J:li(t);ugm milneri Murray & 271 & IRJE 2 i Protoperidinium granii

240 TE AR H Oxytoxum mitra Stein 272 R 2 H O Protoperidinium heterocanthum

241 FIYRRH Oxytoxum mucronatum Hope 273 R JE £ F Protoperidinium hirobis

242 /NBIZ H Oxytoxum parvum Schiller 274 5 2 F Protoperidinium latispinum

243 5 I 4 W Oxytoxum radiosum Rampi 275 G5 RE R 2 H Protoperidinium latissimum

244 RO H R Oxytoxum sceptrum 276 Mo )5 2 H Protoperidinium mediterraneum

245 J 9 I35 Oxytoxum scolopax Stein 277 iR £ R Protoperidinium melo

246 BRAK IS H Oxytoxum sphaeroideum Stein 278 SRR JE £ FH i Protoperidinium ovum

247 £HIE AR H Oxytoxum subulatum Kofoid 279 TN JE % FH g Protoperidinium paradoxum

248 JiE R F & Oxytoxum turbo Kofoid 280 M i Ji % B i Protoperidinium parcum

249 GAF e Oxytoxum variabile Schiller 281 /NEUJE % F Protoperidinium parvum Abé

250 TR ggllltilﬁthalacroma unieinetum 282 K W £ Protoperidinium pellucidum

251 WUk % H Peridinium quadridentatum 283 TLff )R % H Protoperidinium pentagonum

252 TR FEMIRE RN Podolampas bipes var. reticulata 284 FARE 2 H i Protoperidinium pouchetii

253 HOR 2 HE Podolampas palmipes Stein 285 R E % FH Protoperidinium punctulatum

254 Ff 2 H Podolampas spinifera Okamura 286 HRJE Z H g Protoperidinium rectum

255 VR RO g}zzzrcézzca pelagica Fabre- 287 i B R £ H Protoperidinium schilleri

256 B 5 Prorocentrum dentatum Stein 288 W JiE Ji & H Protoperidinium spirale

257 A6 F Prorocentrum micans Ehrenberg 289 HilKJH % FH i Protoperidinium steinii

258 Jx 1 JiE F Prorocentrum sigmoides Bohm 200 FEHE 2 H g Protoperidinium subinerme

259 = fiE Jii Prorocentrum triestinum Schiller || 291 WAL R £ H i Protoperidinium subpyriforme

260 TGt )5 £ F Protoperidinium achromaticum 292 BTN £ F Protoperidinium wiesneri

261 MUHE R 2 F B Protoperidinium biconicum 293 AR IR 4 Schuettiella mitra

262 PRI 2 Protoperidinium brochii 204 HEAR M7 o B 5 Scrippsiella trochoidea

263 PRk 2 H Protoperidinium cerasus 295 T FI R i Spiraulax jolliffei

264 E AR Z BB Protoperidinium claudicans 296 B =8 Triposolenia bicornis Kofoid

265 XM JE 2 H Protoperidinium conicoides & #I17] Chrysophyta

266 HETE )5 2 Protoperidinium conicum 297 /NS5 T Tk i Dictyocha fibula Ehrenberg

267 LW IR E 2 H Protoperidinium dakariense 298 7 S5 Tl Tk i 5 Dictyocha speculum Ehrenberg

268 V5 £ F Protoperidinium decens
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Fig. 1 Sampling sites in coastal waters of Sanya Bay
L1l By F A
KRR AR 1L, N AR AR 0 B 2%~ 4% 1 F R U, e 2R LR R oy T e &
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HT ( Detrended Correspondence Analysis, DCA), HR#& DCA 5 — i+ 25 F ik UL 1Y 7 A7 3% Ui HR 3 100 35 Fh
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Fig. 2 Distribution and abundance of planktonic dinoflagellates in the coastal waters of Sanya Bay
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H i 2 H 3 ( Protoperidinium pellucidum) 7 % A 3k fi I 00 R i 5y s A5 4F S4 i ) Fh 2R £, S6 i
R

=0T T WA 3 AN K TR U R v R R VU A 37.333%10°~39.733x10° AN /L. Al K 5 FE K F
i B E AR ZE AN K, PK I s K 2 i H F AR & KA N B MK =F B &
1o PO U HR 3 N 18 R B 5 C Prorocentrum rhathymum) ,  =F /K AT/ 4 e m R IE R i B 2 |
MH, 2R 0E 2 BB IR . 20 S4vh SRR @FERE KRG, S vk S ®FEE
AR S6 whi fUVE U R T FE AR A B K, FE NG K B BT A Sl st R A, R TR B Al R
A%
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PLY>0.02 fE Nt M, SR 8o, B R HE 108, HrhREM oM, HFIRE S5 F
(R2HE3) . AFRZKIAF LB FAEAEZES, M 32K WA 7K 3 2 Ui B A 35 Fh 40 30l o 7
6 A6 Fls AR FARM. FARME —RBF DN AIAE. W2 FiEE, R 2EE, RBE
53979 0.102, 0.361 A10.216. BEFIE 7 1L oREE . FORFIEEE . RTUFIRE. WKL HE. =M=
H ¥ ( Heterocapsa. pseudotriquetra) J JK W J5 22 W AE 3 DK 43 A H 2 /D78 2 AN 7K 9 L 3580
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Table2 Dominance and abundance of dominant planktonic dinoflagellates

Fili 7K FIKH K
FH 38 44 R o iy
e 54 5 (x1(f’%/r‘) PEs (Xl(jf/lr%'/L”) PEs L (xl(f/%\z{r‘)

B4 353 7 11 K % (Alexandrium tamarense)™  0.077 3.000 0.084 3.333 0.051 2.833
AR 7 3 ( Heterocapsa circularisquama)™  0.009 0.500 0.054 4267 0.216 9.667
th = ff1 7 W8 ¥ ( Heterocapsa pseudotriquetra)™  0.057 3.333 0.019 1.467 0.030 1.667
IS ¥ ( Karenia sp.)® 0.102 6.000 0.017 1.333 0.005 0.500
K K P16 ¥ (Karenia mikimotoi) ™™ 0.013 1.000 0.002 0.267 0.149 6.667
VU % £ W1 ¥ ( Peridinium quadridentatum)® 0.056 4333 0.361 17.200 0.049 2.167
18 J5 F # ( Prorocentrum rhathymum)™® 0.029 6.833 - - 0.002 0.333

/N 5 % E ( Protoperidinium parvum) 0.023 1.333 0.029 2.267 - -
K H R 2 W ¥ ( Protoperidinium pellucidum)®  0.017 2.000 0.043 2.533 0.108 4.833
TG K ¥ ( Serippsiella acuminata)® 0.043 2.000 0.034 1.333 0.011 0.833
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R B =E B e A2 58 R A M IS R R g, L UAE Se uli A s FE K AT K B =E FE om0
VIR — RSB M, o5 80032 BRI MR S e e, A 3R K DU O 22 FE R R R N T VR U AT
—/KWIEEHEE, 15 17.200x10° 4~/L.
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Fig.3 Dominant planktonic dinoflagellates in the coastal waters of Sanya Bay
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WD sh AR5/, FR A B BN . P R B NH]-NBE R FEE =F K R sh e ok, Rl K 30w o 28
B NOS-NJT 89K BEAE R KR S BRI SR/, &K A A0 22 A K NO;-NJi &
WEETE KB BN, KB BB K A R A%; PO -PIl IRk JETE & /K Bl /N, W Ar 28
Pear, BUEBAR T . 8 IEH S P 3h Ve BB 5 58 S1 8k S6, ST 3wk s A K B pH,  =E /KA S A
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Fig. 4 Boxplot of water environmental indicators
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WH B ¥, NH;-N. NO;-N. NO,-N} PO; -PAH H 5 i % IE M 5%, H A NO;-N5NH;-N. NO;-N£
2E IEMHXR(P<0.001) . =S EMEHEFERERBZF LML, HEMES I %
SO AR ARG . PR REVE K 52 BODs. NH;-N. NO;-N K NO;-NFZ Wiy 8 3%, 7R i
FEE R R R A B K B 5 NH]-N. NO;-NX &%), Ho b2 %5 NH; -N 2 % 8 2% 7k
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Fig. 5 Heat map of correlation between dinoflagellate community and water environmental factors
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BRI Pyl K. D = A i i e g o2
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A= N A AN AN S E 7 N =
5NO;-N& F#2%, 5 S. DO. BOD,. NH;-N. 02
NO,-N POy -PRAAHIK: 5= N2 HE. o
IR Z BB, 560, pH. BODs £ 1EMHK, 5
S. DO. COD K NO;-N& ik, . . . . . , Perl
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
fh 1 (40.16%)
3 1 i VE: Alel ARFIEFL I 1l KV Hetl 1R FFIR 508 9
Het2 fCE AN = £ B 18 % ; Kar {CR YA B, Karl ALK
3.0 R EERERETEASE IR TE; Perl TV Z B, Prol RN H FEE; Pro2
RF N L F P Pro3 REIKF R Z
=V T R AR 3 LA IR e 50 A Serl AR R T ICE

B, PR K 33 A, K31 R, SRR 25 E 6 B RisEEEESKIFERETF RDA HF
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HEEE, HhZHEEME, FEH MRS, HROCEBRWEH. BA /8RR R 25 H e
Tl S H ) 50%, {H = I HYEE R ) 86%.

MK TE] B, FARIA SR R FR R E, MK, PR SR E AR, HFK
MR, ERMAEQ2DTE 2019 F = WiB MR IHE K HEMBEEEKEHZEZAR, EEMH
(2014 7E 2011 FF =y MR A R R R B E T b . MAERZ, 54U 27 i
B B 1) AR A A AR ARL,  E P IR A R IR A RO R SRR A E R ROR, HENNE A
RNZHEBIE TR IRFE T, MAHEIEH 7K, MR EEM S A0 R RN R A
%, flan, FEBERASEC2021) W & g5 BB IR = M HT M 3 (Neoceratium tripos) N HAF 2 —, % R~
6K TR K IR P i AR N ) B R SE (77 um), AT 245 2010 10 FpA 35 9 i RS B/ T3 K TR 7
WA EH RS, B =A% RN KRS FERIK.

TEAS oA b, 5ol s F RN R S F R ARSI, =i R M R S = KR 2
A il p /b L AR )G R 2 IR . R A ZE (2021) 7 A T A S2~ S4 AL R B T 1 A Ak B FR R AR
FEEBMES, FEEMHEQ014 FFE RIAE AR S4 AP L F Y FEEAN B m, &M
BERE AW AT B S4 h fUFE 0 H A S . 3= FE AR B At sk 2R 2 B 2 R AE A AL

PE 35 Fh Bl S H vk e HoABE VR S5 i IO AR e 1t PhR B2 | IR RN, B V& 45 1Bk A2 %€ (Jin et al,
2007) o AWFTER I3 ANIKIFM AR Z . MR EBRAKR, BHWHLKRE. FRBEE. RN
WriQuE. DY 2 FEE . O = ff B R S K R JE 22 PR R SR R SBECE 3 AN OKIAI B v An, HB MR
DIE2 A KIS, R B 6 M I A & K R T 0.02 IR # FE AT vk, KL P E AR
0.09, HAH 79% ML BEHAEAR T P34, BB R A D0 AR A oy B &, 003 B BN
LT G L E 2, DRt = 0 V8 0T R v 30 Ui PR VR AR B IR S M B AR E

3.2 RFEREEEROKIMERFHXMS N

AWEFEKE 0. pH B E & T HAKE, SEAK, WEFEE R, FEARE Q023N HIEKF
ik 2 25 1 ik 25 1 465 5 /K VR A i P2 25 f pH Bl S BEAR I v, 10 =F /KO 242 IR 52 ) 22 pHL B AIR, A
WHE pH 5 S 2 3 UM O¢, 3L 32 22 R R T R 2 52 Bk IR h i 25 P15 SOK BB A SR R g e, = 3]
PRI R = T 75 AR pH BB MBS/ s A 2845 (2019a, 20190) 1A 9 6 T =5 4 5 BURE P O6 & 1F Wl o,
BE 1698 MM pH TH i, IR ARG, pH MU, AWK 0 Th e 1A A A 4E
eI B T DA O AR R TR U ) A B N S B pH JH iR . AHF ST COD 5 BOD;s £ i 3 1E A
%, {H KA COD &k 5 2% m T HAR KW, BOD, i 8 94 B 84K S i G, e 32 i R 7 K
W oML, DL EANRBNFREYFEE WD SR, EEHRIE. BODs 55 A9 1 it
R KRG SR (&R IR, 2012), AW BODs 5 0 2 %3 IEMH I, [k /K ] BODs i & i /& i =
H ¥ 3 /NeTRE R RN — E FE BE I 0 T i A R T 528 P R S5 VR e AR 3 e v, AR BILTE SE K
BOD; i & i FE# s 10 FH R AR 28 5 BODs 2 W 35 7 AH O¢,  F2 B K2 Al K B P /K &l o 97 3
JREWEEE 2 M ALK FAIIEB S IR, B AR A LA R I N I A
Fi(Butleretal, 1979), FJEAFE, T3 BOD; K E N, HEMAEEL,

NH;-N. NO;-N A NO;-N/& = V. ¥ /T 52 g 35k e B v &5 M ) 2 B2 (R 7 . X B (2012) SR8
SRRIKRRICEERKIENEARERBHRERETRE S, EARANEARERBHET,
HAPNH NG TAKL AR, X 5K 5% NH-NS F BB RENSEE 3, JFHR
1 A R K 5 PO PR B B A DS, B = I I R I 9 A2 PO PRSI N T ML K E
o AN EBE S F7 Eh o0 A 5 B oty St A5 R PR v L o T Sl TR R AR R A, R R
DR A2 32 = 0] A i S i, a3 v 5 80 = 9T B A o s e ML B R Eh PR R R v TR vl A, Ak,
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5 0l AUV R T AN [ R R S e TG ML U S IR R R B, R e T M 1Y) S6 sl s T LU B R Hr
JRE KR e o VU TR S . FES EHLEIE TR AR A A A BN R AR OC, R T e TRl R
TP E R A OV ER S R R RO, LRGSR AN AR e )0 KA
N, WAL T AT HMMIE, NIREEE . WSS N NG K S4 S A, % T U
MEE R, TIRIKE R TPHENL S RK. B5 QOIS KU LN EFE =, REKH
RN Z IR R R IR I N AT A SR (202 1) B 5T R IR EE O R CE LA, YRR IO WL H
FERKMRBME, JEHF LR AN A R AT S A K T (2018) R I VT Ui AR A7) o A
FETCWE FR AT S et AR Kb, SRS FBE R R 5 — @ AR KAy i B = 03 30 2 Vi 3 ) P 9
ELHERE R =0, WTUAESEBRH AN, 4FFa S B AR, MR S4 5l i
HEMEARZFEE RS THIARERB T ERE R, S6ui fUE MR EMAMHE, TTHLEZIK
EVRVERI, AN IR EAR , FEOZ UK B R TR AR T, X R 1 A A 2R
DL EER SR RRIER L A, KREFU AL G TR D 4ERE T %0k s e A Ve b
(JTIR%E, 2013)

33 MBBRHFREESKIMERFHEEMESH

331 REFHEG KL AFREEFHXELSHT

BEFLAY 1L R AR 5 WK A B R 7 BRI R EAR K, XF 6. S 5 7% 3L S /K M 85 R 1 1 A2 4 e B2
& B CEUR 55, 20025 77 35 5, 2006, X1 F 55, 2015), K AR J9il B2 A AE 3 AN /KA A 40 A B =F B2

PR 508 ¥ AR R A T 3K S4 3l 25, P KT S2. S3. S4 i i, R A A& NH-N,
NO; -N 2 NO;, -NJiii 2 ¥ B 5 24 [7] B 5 (% H. PO, -PJii & & BEAIK T [F B~ {8 . 7E 6k = EHLE 77 Eh i),
HA R A VLE 7= Y W ¥ iR A BB BR 25 ( Dissolved Organic Phosphorus, DOP) Y ¥ fi# A H i B h
( Dissolved Organic Nitrogen, DOND §& /7 B 4) Fl At 35 14 15 L™ 2 ( Butler et al, 1979);  Yamamoto %5 (2017)
AN NIR R IR REE LA . OBk =, AR HBRMEHAR. BREHR. KRR
W 5 200 A TARE LA OHLBEuL i, FTRE S PR R IR B A SR M H AV E R R A K %
FESF K IR B 2, SFKHA COD Jit &=k B B B Ty, COD X AE A A A fli & 7K 4k o A WL o o &K
FE % /B4R FR, Uk BT 2K B K A A LA o B R R v T A K, R ERR S 0 9 L
B2 1 32 2 A

IR TR A (20200 N K IRYUR BEXT 0. S S AR UK, HL bt 9 10T ] 1 2 {2 A5 oK R B AL 8 7 T
TR I e FEL D TR S5 A b AL R R o A 9 R Uk 1 I B K B LA T 51 R AR R I R & P —
12 R 1 = ) = K (A e S )l P =i B 17 N N il RN [ 7 ) 2 A B 8l
(Hartman et al, 2014) ; A8 50 =F /K3 0 3% 38 & F HAR K, FKRABEFKIE O BZEFMK, HZ “&
wOCBEET R Cqivb” g XEEm, Bk 2, SHWAETEAK, BUE-PKIERRE SR, X2
KRS 8~ K HA 3= B 36 i = EE R R s (H RDA HEJP (B 6) AR ILA oK IREIUAE ¥ 5 S B A Q1
B FE RS A K R R R ARAK, KA POk SRR, R, 0 B E R K & T EL
) i R J2 AR B B A oK P EILAS 5~ K S A0 25 W S 1) 3 2 LA

ST R 5 NH -N IR 25 A 5¢, ST, S6 wh i Y NH -NJJ i B2 46 28 B v, e Hh NHG-N &
W FE d5 v (1) S6 sl mURG 7K AT P K S8 R A e, 3 AN /KO B STl s KA S6 B fUAR T I
P FE ) N A — KA B Al iR BB . NH-NJT R s R R T IR A K, HmkAE
NH; -N 2 THU 37 K 38 B A — 52 1 85 4 ] (Cooper et al, 2016; F & & %5, 2018; Liu et al, 2021) . #E S1.
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S6 il s NH,-N ¥ & AT 8 O 2 % A T T Qe A K3 A 3 — @ I sE R, SEOZEE = WS 2
IR AR
332 REBEFEI RS AKEE FHXELIN

VUG 2 H RS U 2 B A DG, WK T 32 BEAS AR TE S6 Ul pi, %l AR K I POL P & IR 4 4F it
w, SFIKIAPO, -PJit &K B2 3 AN /K IS A H IR AR R BV 45 2 H % . 1X 55 Rodriguez-gomez %5 (2021) Xf
ik 2 HiEEdKEEE R, FPOI-P/KIEH AW 74— . Okolodkov %5 (2016) W 58 & 31l
VU 5 2 FH 8 5 7E 52 0 BEVES & Wil s 10 iy (4 B &= 10 AD 5 R ARE, B B 2002 4 2 406
R BB Y BF VS 5 P 0 B W VU T TR A N . R R K 0 M T LA OK I, A2 R K R
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Abstract: In order to understand the distribution of planktonic dinoflagellate in the coastal waters of Sanya Bay and its relationship
with water environmental factors, samples of both planktonic dinoflagellate and water environment in the coastal waters of Sanya
Bay were collected and investigated during the dry season (April), wet season (July) and normal season (November) in 2022 during
dry season (April), wet season (July) and normal season (November). The results of sample analysis showed that, 50 species of
dinoflagellates were identified in 5 orders, 13 families and 17 genera, including 25 species of red tide dinoflagellates, of which 13
species were toxic. There were 10 dominant dinoflagellates in the water of seasons, of which 9 were red tide dinoflagellates and 5
were toxic red tide dinoflagellates. The most dominant species of dinoflagellates were Karenia sp., Peridinium quadridentatum and
Heterocapsa circularisquama in dry season, wet season and normal season, respectively. The fluctuations of water environment
factors at the same location in the different water seasons were small, and the concentrations of inorganic nitrogen and phosphorus
were high at both ends of the Sanya Bay and low at central Sanya Bay. Spearman correlation analysis showed that, NH,™-N, NO;-N
and NO, -N were the main driving factors affecting the community structure of planktonic dinoflagellate in the coastal waters of
Sanya Bay. The results of RDA analysis showed that, the distribution of dominant red tide dinoflagellate in the coastal waters of
Sanya Bay was significantly correlated with water temperature, salinity, inorganic nitrogen and phosphorus content.In general, the
planktonic dinoflagellates, especially the dominant red tide dinoflagellates, responded most closely to inorganic nitrogen and
phosphorus nutrients. In general, results of this study could be used as a supplement to the statistical data on the distribution of
planktonic dinoflagellate species in Sanya Bay, and provide basic data for both analyzing the correlation between dinoflagellate
species and water environmental factors and monitoring the risk of red tide in this sea area.

Keywords: dinoflagellate; water environment factor; red tide; Sanya Bay
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AR G 4 58, 2023) 5 6 3R 2 1 7K R Al 2B W e i A R DAL S T e 3k DR 22 A5 428 384T 1) AR S F 7T 40
A R

ARSI FIEEN AR, 0 KR 6 A 5 AR R KRR i A R AL VR A
L2 FEPERAZA A, JEXSE R DD AEREAT O, vt 0 T RS B A S R AR E R
A IR 2 TR I R I HR AU S, ORI A B I — PO R MRS %

1 #MR5REE

1.1 #&EXE&E

G A ST AR AT X RIS AL, EE S Q). AIE(SY) . RIS(YY) . ARG . HE
B (GQ A (LY ASAS B 53k 48 3 MR A (B 1D, T 201949 H 24 HZE 9 A 30 H i F
ey LR Bt ity A2 MR B F I B M AE BN 67 2040 0 R BE 3 4 R Z K FE BRI FE N
B RES, KRR TR B3 K 5 A A CAZ8603 1) Ml & 75 K AF AL i & %
(Electrical Conductivity, EC)« I £ () Fl pH {H o & 3 /K £ B 0.5 m B K FE S 151, 8 3 pm f AL
PO L R KUK A2 RIS, 548 0.22 pum A 0.1 pm il FL 38 B 23 9 3E AT B 25 flh o8 o K b 9E 52 BE 1 0.22
pm A1 0.1 pm JEME G I EMCE T 2mL BE & OE T, T-20 C UKFEHRAFIH TR LEE . SKER
Z & (NH;-N) . &L fi# ( Total Phosphorus, TP) il & % ( Total Nitrogen, TN) ] Jii & & & 1 F] 2 2 Bk sl
SE A (JH-TD403) 7E 512 56 5 58 el 22

16°35'

16°30"

111°36' 111°40" 111°44'E

Bl1 R#E#=o2%H
Fig. 1 The geographic location of sampling sites
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1.2 = DNA 2B 16S rRNA £ & 5514/ 1

41 P4 A DNA 42 BRI PCR 4 3 DA K 7 B0 5 375 1l 35 & A W IR 29 BB A IR A &) 58 il 40 1A
& DNA #EUR) FEERFEN: F—, 1M FastDNA® Spin Kit for Soil i 7| & ( MP Biomedicals, USA) i #&
JEJELFE G S DNA; 28, KU DNA I BE A4 R 5 458 A 1% 3506 0 46 I H vk & I DNA 2 B o & o
PCR 434 e 5 51 1) & B AR m AR e H %%, RA 914 338F(5'-ACTCCTACGGGAGGCAGCAG-3")
A1 806R(5'-GGACTACHVGGGTWTCTAAT-3") % ¥ fit 16S rRNA Z& K ) V3~ V4 X #4741, H Ik,
¥ [ — FE K PCR Y3 = WiR &, R 2% Bt G B8 &8 A B0 0 F 0 [0 0l 7= 4 e = ks ), fi
NEXTFLEX®Rapid DNA-Seq Kit # 17 & ;5 , fE lllumina 2 & ff] Miseq PE300 “F- & #4701 JF
1.3 £MEERFESH

MrHEEaEKETE. ERKEG KA AMNATH, RIE 97% 1 AH L X 7 51 317 OTU
( Operational Taxonomic Units) %35 . 4 OTU 183K 7 71| % & Silva £ ¥ & (silval38/16s_bacteria) 73 2K Lt
X, SRR G AR YE OTU. 25 B bR 30 i 2 AR F0ZR0 4K 1) OTU F 2E 47 31, KRS0 5 1)
OTU HI ¥ Ja /) 73 #r

BUE 3 W 1E 36 A4S = 40 M1 °F & (https://cloud.majorbio.com/) _EHEAT, BHEXF 6 A~ S fERE AR OTU
R Alpha ZFEME 7511, Beta 2 PRV A R 4L 1R] A9 2 S5 A0 F0 41 B LA & PICRUSt2 T fig Ll <% .

2 HERESR

20 RHESIERES

6 M By HE 18 AN RFEAL Rl 10 & A S 7 AVE IR sh B WAk 1, HAE AR AT i & dm 4. 1
R, AR SRR KR Z /£ 30 °C /o4, pHAE B, S5 & R FE 5 i i 5 26 B 3 O
B ARS, HARBEARME, BES0uSem At. A EFRLEHEES, AN EREATRE
FEdh s, T A B R AR AR E s BV R AR R R RORE R R SR R R
TE 72 SE RG22 By 55

x1 BEXRERTREEFRYER

Table 1 The environment factors of each sampling station

NH;-N Jifi &R &/ TP 5 &k JE/ TN Jf 29K/

FE & 44 FR #/°C pH EC/(uS-cm™) (mgL) (mg L") (mg-L)
GQ-1 33.7 8.25 49.6 1.132 0.083 19.99
GQ-2 312 8.24 49.8 1.269 0.051 20.68
GQ-3 31.7 8.35 49.2 1.779 0.042 20.28
JQ-1 30.4 8.47 29.5 0.531 0.019 23.59
1Q-2 30.3 8.49 29.8 0.543 0.021 23.42
JQ-3 30.4 8.53 29.4 0.537 0.024 23.63
LY-1 27.7 8.22 49.6 0.346 0.357 34.37
LY-2 27.7 8.28 50.6 0.307 0.409 34.79
LY-3 27.6 8.06 50.9 0.200 0.371 33.09
SY-1 21.6 8.25 49.9 0.418 0.056 19.04
SY-2 21.8 8.29 50.1 0.426 0.052 19.06

SY-3 21.4 8.24 50.2 0.436 0.054 19.30
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R I e T
YG-1 28.2 8.32 51.2 0.433 0.055 32.48
YG-2 28.0 8.27 51.2 0.445 0.052 32.46
YG-3 28.0 8.24 513 0.447 0.062 32.37
YY-1 28.1 8.30 49.1 0.336 0.069 20.80
YY-2 28.1 8.28 50.6 0.245 0.062 19.43
YY-3 28.0 8.31 51.1 0.387 0.058 23.12

22 YIMERSITEM

22.1 OTU 447

XF 18 17y 16S rDNA SCEE AT 7, L3RG H R PEFE 7 51 552 366 2% - X BT A 17 51 4% I8 97% FH AL
KFHEAT Y R, L7224k 7364 4 OTU, RIET 43407, 138404, 383 NH . 652 MFF. 1264
A @ 12 280 AN F

2.2.2  Alpha % ¥ 237

FIH ACE. Shannon. Simpson F1 Chaol & % A } Coverage( 7 75 % ) &5 Alpha £ TR ERIED)
RS EMZ R, WR2 A, MW EREIES 97% LA b, R BEAFEARE SRR
AT, Wl HSER (S . Chaol 1 ACE 45 #5 AE S i 20 18 FF V& 10 & B2, LU MR AR A A 4
WHEVEFE M. H R BFAT Chaol f1 ACE F 8 EiRfimm, REMRI, RHHRIFEAR
FIME TS £ 5 E i B EMERAK . Shannon A1 Simpson 8 % s M 1 2 LAV BEVE O 2 FEME, &
Mras R A FMEAH R SR 2 PR, TR A SRS YR 2 R K.

®2 TREISHEAME Alpha Z 415 H

Table 2  Alphadiversity index ofbacteria in different islands and reefs

By e OTU % Chaol 45 %k ACE 1% Shannon #§ 31 Simpson fi %1 B R %
GQ 1260 3018 3525 4.950 0.034 97.2
1Q 842 2540 3296 4251 0.043 97.6
LY 1042 1231 1255 5.073 0.026 99.3
SY 781 2020 2709 4.172 0.059 98.1
YG 973 2485 2908 3.572 0.160 97.6
YY 959 1523 1915 4.290 0.083 99.0

2.3 LB R AT

231 RALEHM XA

ST S FEARK R KIL, FrAFE MBS & 182 TE 1# [] (Proteobacteria) « ¥ 4l 14 [ ] ( Cyanoba-
cteriota) « UL AT B4 '] ( Bacteroidota) «  Ji{{ 2% B4 [ ] ( Actinobacteriota) « & 4l [# ] ( Patescibacteria) il J5 BE
B '] (Firmicutes) (& 2) o AR T TR [714E & AN & #EFE A o (1) A0 X =F BE 350 50.0% LA b, HA 805 5y s
5 75.0%:  WEGHTE A A U5 FE AR RO R B AR R, N 26.0%, 7 B IR A A v R R R R R B A
N 0.6%; FUFFEE T BCER T A PE L ] ( Verrucomicrobiota) 75 15 Wl & BE AR HH AR X E B8 w9l
& 23.0% 8.1% FI 2.7%;: - 40 B 1] A% 9 B 1] ( Bdellovibrionota) 7E H % & AH X £ FE e iy, 40 5l o
4.6% 1 1.8%; T J5 BE B [ 145 32 F /AR = B =, O 3.9%.
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Fig. 2 Distribution of microbial communities at phylum level by circus plot

232 BELARLT

O B WL R LA S5 R AU B A I AR AR DL AR AR, R R R G T R 44 T 20 40K ST A TR 4
B E, B 3 AR, ARTEE T T o8 T2 B AT y-78 T8 1R 20 2 B A FE R AR A 2R . BRI
By FE S b -2 T B AR B e Ah, A B 3 DL o B TE AN ON . AT R AN L R B 49 A
TR 20 L 5 DD I8 g K PR R T T FE R o WA A R AN LE A WS R R R G SR R e, (R T A b
FHXT = FE AR AR

T8 K1) 6 AN B A w Va2 B 4 o, BRER D RMEN, &SRR
B A RSORT LG22 S O I S AR AR S B MG (Alteromonas)« 75T 1 J& (Erythrobacter)
Ji 23 BK 8 J& ( Prochlorococcus) ~ % ¥k 8 J& ( Synechococcus) VA X F8. 3% . i 1 J& ( Brevundimonas) 55 . 15
AR AE AL ERRE)R, HAHANFEER33.0%; RIGHLBE AR ER, HATFEEN
19.0%; A U5 AT H SR & B 00 35 B 9 TR AR R Ja ,  FLAH R =5 2 20 50l O 19.0% A1 9.1%: ¥ 3 1k 1 10 35 i
NRIREEE, A 300 8.7%: & W By A0 45 B O R BRI R s, FLAH N 2 O 11.0%.
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Fig.3 Heatmap of bacterial relative abundances at class level
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Fig. 4 Barplot of bacterial communities at genus level
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24 HEAREEEDH

Beta 25 £ 1 AT s A [F] BE AR Bl AR 0 B Vs 2 1]
VRl dH i) 22 S o BT B G 2R 5 A FE AR B
17 9E JE & £ 4 R ( Non-metric Multidimensional
Scaling, NMDS) 43 #r, AN [F] ¥ it 7E A [7] 43 28 /K ~F
4 T RE Vi AL R AR B DL R T B R R
B R B R PR T LU A TR 1 22 S B 5 BT
5 A B WEAH G, TR 5 A I R R A 1 4
WA EARAFENENEE, MEA . HR
By SNV UG RE AR 2 8] R B AH X B, 3R
I LA REAS IR 40 B B VR 2L 22 b o WA
WLk G, WA B A1 H SR B 19 FF A BE 5 A XF
IXHEL, 3R AR S B AR A 2 DA Y 4 T R T 4
F 72 ALK .

25 WEEREAMSHERETFRMEXMY

TETTKE B, R T 45 B S % 30 5
F 2 [] f/] RDA/CCA(RedundancyAnalysis/Canonical
Correspondence Analysis) 7> 7, 41/ 6 fras, Xf
T 7K G B T 9 B2 MR e K R K B R 1 O H S
pH B MR B2, T RLBE . S U 2 BN % B A
b A 52w A 6887 o RDA 23 8T 45 B 82 7S 5 — il
A LA 37.09% 11 30 55 R 7 e A8 57, B Bl
FE25.19% B AL 5. 55 — Bl 52 IR AH OC Y B B [
TREASE, BN, WHHEFEERE
HIX3ANHEH FE MG g . kb, BE
TR A UG HE AT V& 73 A7 AH T 5 Wi AR

B X T K P RORT 20 £ f8 BN R KR S
B 7 A Ok P 2l I, R IR R R T
(Planctomycetota) 5 M1 7 %\ 25 IR A OC; W 4 16
M5B SREFEMK, 5N pH H R 2%
A BB W S& A &M pH IEAH K,

731
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0.25 F R=0.488 9 : 0
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Fig.5 NMDS analysis based on the grouping
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Fig. 7 Heatmap of correlation between dominant microbial group and environmental factors at phylum level
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2.6 g7k 4B 18 5K Th e B E FU 43 4

F5T 16S rRNA FE[A, il it PICRUSE2 AR FF 70 % AN &5 1 1 4H B8 AH OC Th BB 77, 15 31 KEGG & 1%
o3 AN K I T e DRURH O 35 B e — 0l B 4% R 6E =F BE Bl s B A AR (76.56%~ 78.24%)
WAL 5 B AL T (6.34%~7.34%) « M85 B AL (4.63%~5.49%) « N ZKIEIE (4.05%~4.87%) « 40 i it
FE(3.84%~4.81%) FI AP K R 58 (1.89%~2.00%) 5 — 25 8 1% 345 21 ¥ 7K 40 B AH 5% Th RE JE (A 46 1,
FES = B bl O A R AORE R H B L B KPR & AR . BRI . Re AR BV R A 4E AR
ZRRU. PR, E9S. Righ. ERFMEE, MEXFEE SRS S5 T A IAE R DK
WRGE; =W B ILAE B KA B A S T AEFE N 399 4, & 8 D KEGG ¥ 1% Lb it 21 1) 50 AN HI*t
FERCE I = I Re E RAE], A FREAR D) Re kN 3 B R R R


https://www.ams-journal.org.cn

4 11 &7 IOMF, S5 JRORFIE R )Z K AN R K 2 RV B D) RE TR 733

Metabolic pathways

Biosynthesis of secondary metabolites
Microbial metabolism in diverse environments
Biosynthesis of amino acids

Carbon metabolism

Two-component system

Ribosome

ABC transporters

Purine metabolism

Oxidative phosphorylation

Quorums ensing

Pyruvate metabolism

Glyoxylate and dicarboxylate metabolism
Glycine, serine and threonine metabolism
Cysteine and methionine metabolism
Pyrimidine metabolism

Fatty acid metabolism
Glycolysis/Gluconeogenesis

Carbon fixation pathways in prokaryotes
Aminoacyl-tRNA biosynthesis

Porphyrin and chlorophyll metabolism
Amino sugar and nucleotide sugar metabolism
Valine, leucine and isoleucine degradation
2-Oxocarboxylic acid metabolism
Propanoate metabolism

Alanine, aspartate and glutamate metabolism
Butanoate metabolism

Bacterial secretion system

Homologous recombination

Flagellar assembly

Citrate cycle (TCA cycle)

Phenylalanine, tyrosine and tryptophan biosynthesis
Folate biosynthesis

Peptidoglycan biosynthesis

Methane metabolism

Mismatch repair

Arginine and proline metabolism

Cell cycle-Caulobacter

Fatty acid biosynthesis

Pentose phosphate pathway

Protein export

DNA replication

Fatty acid degradation N
Pantothenate and CoA biosynthesis * @Zf%f}%ﬁ
Glutathione metabolism '
Photosynthesis 0.15
Nicotinate and nicotinamide metabolism 0.10
RNA degradation

Tryptophan metabolism 0.05
Histidine metabolism 0

8 ZRINRETMHE
Fig. 8 Heatmap of functional prediction on the metabolic pathways at level 3
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3 %W #
30 HAEHEEMEESHENXAR

AT, AT A AR S AR 2R R, RS R AR R Y AR AR, Har AN
AT 1) A T I AT R R D) R R U 45 R — B4R, 2017; He et al, 2019; T ¥ W 25, 2019; 7 %,
2021; J£ B, 2021; Liu et al, 2022; & 25845, 2022; ©4HESE, 2022) . W E T AE ~ RMHEH KR, 18
FH iR 2% K 5 & FH SR BRI JB V0 K S 2 A, O AR XS 3= FE AE 45 B A [A) 1) A2 A B K (0.6%~26%) o i 4%
BRI R ERIEAE NI P B B, R ENIR A JMBAEHR M E Az —, NPI%E
7' 7145 # % 5Tk (Flombaum et al, 2013) . 45 Jiao % (2002) 18, JR 4 BR i J& iz 43 A1 76 8 F= 20 I
W, REERBWAERBRETWEKTESE, AFRBEIRMOER. Al52 6 A4 5k —
BAERBEAENXE, @S, S iE a8 a TR0 M SEIRE, R0 7 KRSk JE A iR
JE WK AR A (19%), 5K 2 B0 X 1) R 4 Bk R AH 6 3 A £l ( Partensky et al, 1999;
Johnson et al, 2006) ; EREJE £ EE L E T EIRER S MG A AR EMPEE. R, EERE
AN B R AR R, BRBRE S AN 5 2 3K JE 1 AR T S B S AR (43 3R 0.2% FH 0.016%) 5 Ji Rl T]
AE 5% SR B KB S 3G 0, AT REAZ7E JoAth 2R Bl 78 1) 0S4 8 45 1 RS ) IR B TR 1

PR U R VA X3k, R AE P EM/K 2 BN TG B R B K s R B ¥ SE A2 DU R SR TE X,
WK E SMEAEKFOEIDR. BRI, KEE I=90 048R DL 53l A 7038 B 4% Fl
WEECERRYE. Btk B EFRADEFRNED, WML T A% 8= 1358 i1 (Gibson et al, 2018), [,
PEMERE AR 2 HEME R S TR S5 1% B AR FEE WAV A AR N HKFRGEIX R
FE KA 2R, BB DUR TR R A0 O B S BT S 2022; B U AE,
2023). WFFEERBM, fE BT RS H A R JE 2 K25 I0(Sun et al, 20200, fEAB T, T
P T R MG 2N I A N B A (33%), TS A B BTS2 A UG TR ER UG T TE K TR SR, A
B 3 e AR IR R B PR, DT I AE B B A K B R AR TR SR T RE S % B SRR R OK A R . NS
SE S FE LY E SR S HE AR B T K SO AR PT Re e TR T 2 A R AR AR I R R, SR T A
T E T Z MR R L RAE

32 AEIDHEHNAENEMES

PICRUSt 87 BT 4 SR AR W], & I By e /K 20 1 DO RE 2 TN R B ey, HLUON R 5, WS 20 B iR IR,
R8RS ME SRS 8, PR & WM R 2 FEE W Rt s VR FEE IR 2 A, @il
I3 M A0 T RV AL IR AT TR LA AT B AL TR AN W #4 B 2X ( Thermoleophilia) F1JE o4 B 44 24 3 2
P FE B I, Ud A Th e R R A L R R T S AR R 2R G, IE R S5 M A R )
R AN, 20210 BRAh, G IE LB BATT A BUAT Jor B A 10 &5 AR AR O iy R % e EL 4 1 A ¥ 1E T g
HEEEZERAUE, 5FAFEQODOMPI AL IR B, X FRRY SRR KAEKESD)
HE AR P 9 8 Al B 9 N D93 Bl 52 1R o

4 & i
AW FEFI ] 16S rDNA =il & 0 7 B AR, 57K SR A HE R 6 A & i 38 )2 W 7K 41 1 R 78 70 &5 ) Fn 2]

JRAHEAT T 0, (RIS X 0 R VR 2 R TR S A S D A SR MR EEAT T 0, JFSR AT PICRUSH # A F0 H
hfg, EELZRWT.
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DR RIETF5H, K 16S tDNA JF I HJE TR H 1. WK, o8 TE PN y-E K
BN T A S RERE R AR A SRR, TR B KT, & S RERE 0 B R R R ROK . 2 B A R 4
HEEWTESRE SR, BEMpH MG, M2 A% Su A & 05 m A xRN

2)PICRUSt T & T 43 B 2 BH 2% & 1k 1) 3R )2 W K 40 1 6 2098 AR 8% (5 R AL B RIR 5 B
W EREE 6 KA GE B, =R EhE B AR B . IRAERBY I EY S AN R E. 55
WEHE K E R EIReEE LA ZER, P EWEMheEEEReE, HEKNS, AFR DM
6 R I A % 2 T 7K %) 4 B R A 7E AR A8 Dy e O T AR AL/

AT SR VG V0 B 5 20 1R B AR RN PR 1) 0% R DA S AR B Th BB R ) — 2D i AR At T EIR S5
EHTAMRESEAR, 3 H8Z 3R EZNMER RS, R TE 55 7K R PR 40 R 7R
BEAT RN
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Diversity and Functional Prediction of Bacterial Communities

in Surface Seawater of Yongle Atoll

SHU Aimei'?, GONG Chunguang', HUANG Huiqin?, HU Yonghua®*?, MO Kunlian®

(1. College of Oceanography, Agriculture University of Hebei, Qinhuangdao 066003, China;
2. Institute of Tropical Bioscience and Biotechnology, CATAS, Haikou 571101, China;
3. Zhanjiang Experimental Station, CATAS, Zhanjiang 524013, China )

Abstract: To investigate the bacterial community structure, composition and diversity in surface seawater of Yongle atoll, Illumina
MiSeq sequencing was used to analyze the difference in composition of the bacterial communities at six islands and reefs. The main
environmental impact factors affecting bacteria community structure were explored and the functional genes of bacteria communty
were also predicted. A total of 891 892 high-quality sequences clustering 7 499 optimized OTUs were obtained. These OTUs were
subordinated to 49 phyla, 144 classes, 392 orders, 663 families, and 1 274 genera. The bacteria communities were dominated by
Proteobacteria, Cyanobacteria, Bacteroidetes, Actinobacteria, Patescibacteria and Firmicutes. Redundancy analysis revealed that
the conductivity, pH and temperature were the main environmental factors affecting the microbial assemblages. The results of
PICRUS analysis showed that 6 biological metabolic pathways and 46 subfunctionalities were predicted; a total of 399 functional
genes at level 3 pathways were obtained, of which the most abundant functional genes were related to metabolic pathways and the
biosynthesis of secondary metabolites. This study analyzes the bacterial community compositions in surface seawater and predicts
their gene functions at six islands and reefs of Yongle atoll, providing a basic data for further investigation and development of
microbial resources.

Keywords: Yongle atoll; bacteria diversity; environmental factors; functional prediction
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BE AR B N Xt 55 BR 20 & Sulfitobacter pseudonitzschiae
H46 4 312 7 4 A1 B B 5=

RIGHE, H KL KER,ARELE R R 2
L. AR V30 5 — I P 75 8 7 DA 43 7 5 30 8 2 25 R 35 e 4 {0 I T 5 s 0 3,
%R & & 266061;
2. U5 Ly S AR S S AL AR SE R R, LR F S 266237)

W OE: AN EFHEHARLFAE SRR R E A, R T ¥R A E Sulfitobacter pseudonitzschiae HA6
MHERN ARG EMHIOWAES IR EEN T H, BRI TETHEARENSFHETMEIEA X
Fo BITI AR K BE AR R R AT H N (B-FRMIAE D), A AT T LA AT B HA6 fk M . DMSP M % &8 77 . 47
BEMEHEIN, TRTIAAETHOHFARNRAZHE AW AE . EREH, pAMBEAE—TRE L
BEXRT T ATE HA6 (9B R R 55 4 7 AHLs W iF S 78 M, P L5 AT B H46 09 & E &8 /7 . DMSP &
Mg MEEEZENE ., AXUBRREBETHEESFIRAIMANR, HiIT T ETHE A HEE
KW sl R, YREFIENANARRETNAA.

X EWEME, RNAE;, TRAAE: H#ERE;, MEEK

FESES: Q93-3 XEkFRER: A NERS: 1671-6647(2024)04-0738-15

doi: 10.12362/j.issn.1671-6647.20230915001

Sl BEKE, Bk, 5K ZH, &, 2024, R BN X 3 bR 40 B Sulfitobacter pseudonitzschiae H46 A BEIE P
VR RO T [0). R Rl 20 R, 42(4): 738-752. CHI X H, YANG L, ZHANG Y C, et al, 2024. Study on the biological
activities of phycospheric bacterium Sulfitobacter pseudonitzschiae H46 regulated by quorum sensing[J]. Advances in
Marine Science, 42(4): 738-752.

W PEOEAE N R BRI A R W R A 25, H AR ARSI X AR5
2 77 5 (Falkowski, 1994) o 75 FE R M A Kok R rbr, 388 40 Ji AN W7 m) G ) 134 355 40 b 22 P AR 7= 4
wiffgl . 2R, BERE. mWAER. AR, TR, DLAAEKMEIAE R 75 (e I, 2000, gl
YN R A, XY B L A M I R R R 1A X R E (1) 38 B 34 35 (Phycosphere) ( Zhou et al, 2020) o
TEBEPRIAE, Aw AEa id s E R AR BEES TR, SEMER. HmEERLR, —
J7 T, A T DA BB I B AN i AR AT, FE Wb AEAE R B2, AR KR A Mk 2R S AR P e gt
PN A K, S H B H R (Wagner-Débler et al, 2006) o 53— J5 TH 5 43 4 1A 23 43 WA T 0 5 A 45
FEON PRI TS, DT A A A W B (Park et al, 2007) o HoAr, 8 BR 40 BA G AR0ER 2B K R 400 ) 2 TR 4
TR R M EE AR FZIER, Rl — 2SR e, g /R m A H IR,
BIF TR T, 4 T O TR R A o O A R A B T TR R R AR R, 2 52 BIRE SE AL I I

Yt HEE: 2023-09-15 Mg E % BER: 2024-06-20
BFOB: PREA RO E AR S LR & R IE (2021Q100; EFRARF¥ELTH
(41776176 A1 41806200 ; Z& Ll 7= ML FE N\ 7 L8 % T £ 28 I H (15cx202306084) ;  [H 5K B % 1k 4> T H
(2022)
EEE N BEE996—), &, WEHFFA, FTMNFE R SR 7T 5. E-mail: x.x.x.chi@163.com
*BIEEE: B L 1976—), B, Wi A, 4, T MNBEMAEY I H A . E-mail: zhengli@fio.org.cn
(HARRE i
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43 RHRE, 55 FEAAR RN XT3 BR 40 B Sulfitobacter pseudonitzschiae H46 A= P15 4 P8 2 AU BF 75 739

(Furusawa et al, 2003; Paul et al, 2011; Liet al, 2016) . M E X LR B G &WER, BT EEH W
FEORE RV B I AR, 45 0 R IR SR R IR AE RS, R TS TR A Joit 2R AR T 4 i 5 G R
Yi(Lietal, 2016) . 74b, fEEFEMGR AT T, A0 7] RETE 4% SLEE S8 AT SR I 40 e b =F 8 10
FEPET, G AR BT R A S B R PO Mg B L A7 AH 5% (Fursawa et al, 2003) . 53 4h, AR A
KA EHE ) ok R S m A5 W E S F——B R $ 4 (Autoinducer, AD (Miller et al, 2001), B
IR EE LR, B9 T8N 2, M HIWRE AR R — BRI, 8 W4 B Sz A8 g0,
J& B FH O B DRI 3Rk, O AH L IR AU I8 K, U T BRI AR B, TP R G R R D T A R
(Quorum Sensing, QS) (Waters et al, 2005) o 4t & X {75 (14 1 1] 419, 52 S 3 44 S S0 (1) Y 455 o 41 1T 11%) 22 o I
RERF MY QS %, BFAMEMIEK. WAKIZES) . TR W . PiAER AR RN -4 E
(Papenfort et al, 2016) . {E 4 & 7 &% 4 % i 1) 52 B N-PBE 2 =y 22 & B2 Y 1 2K ( N-acyl-homoserine lactones,
AHLs) N HATAYIRE S0 70 FH QS R4, %% AHLs & Bl LuxI £ 5 3 2 K 7 LuxR P fh &
HTE . 2 TUFE S O 4 B B 1A 86 B 2 788 5 R 3L AT 41 T 2 [R) B 221 {5 B AZ WL 1l ( Tang et al, 2015;
Zhou et al, 2016a, 2016b, 2016¢), fEZ X TG T 5, MDA LK EEN RGEHHEESS. it
B A 5 KA A L B BRI 2 H I A R s, RAYAwm AR —E%E, 42
%A AR 0 5 T 0 R 2 T SR K 2%, 2004; Sohn et al, 2004; Volk, 2005; Paul et al, 2011) . X fh
H— € 4 TR R A R MR W] BE 2 B QS RS T (A T, 2014) . 2011 4F Paul 1 Pohnert & 3 40 T
I V40 B Kordia algicida [*) 30 5 85 B A7 75 H¥ 44 BB AR R HF 1t AL 1 (Paul et al, 2011), /2 QS #2410
BT R ) — AR PR o A SCAL A (2011 K B/ BRPEE 1) AT B PR Z-QS01 410 38 P 5 11 53 W A7 AE W]
IR BN, idE— 20 U B QS RT B IR BV AT N . Zhou 55 (2016a, 2016b) K I = K B AHLs 1 fiif
JE A5 BL IK B ( Shewanella piezotolerans 34) W ¥ 62 715 AHLs WK & 2 2 X &, H.{E /3 Wl C6-AHL 77
¥ W VE W 4 B8 ( Enterobacter sp. ST3) 1t & 3L 13X Bl 411358 B2 ) 1 AHLs 73 1 BOAH G 1% o H 56 T 3 b
2 A 0 3 A U A0 T M ) R A A R L ARG

M AT B Sulfitobacter pseudonitzschiae J& T o~ JE W N 1 404 B B 20 4 B8 FF BB AT 5 25 B
Rosebacter KHf, PR WA S H P EZNMAME LT, BT ZRRIIRE, W18 5R KR
JREE, R R EEVE PR S, 36 W] DARE AR 48 25 4k A W) (Hara et al, 2003; Buchan et al, 2019) F1 — F K 57 5t
B2 P £ ( Dimethylsulphioniopropionate, DMSP) ( Zeng et al, 2019) . H A, AT B o 11 0 6% AT B 75 WF
FE BNy b e R AR ) — R R (B T, 2016; OB SE, 2017; Bigalke et al, 2019), H A A
77 A 5] s 7, 182 M i DMISP 1) Th BE (56 RE 45, 2017; Bigalke et al, 2019) o 38 i % 2 Br 41 B 22 #E PR WF 5T
KB, MU A B AT AE T 2 P v kT 5 B PR 55 o (Schifer et al, 2002; Kaczmarska et al, 2005; Grossart et
al, 2005; Sapp et al, 2007a, 2007b, 2007c; Hiinken et al, 2008; Hong et al, 2015; Tdpel et al, 2019), {H & Xf 4
] 4 2R 1 E FH 5 A7 1E % 55 (Amin et al, 2015) .

TR Ie b, M AR R H 3 CH 8 ) Prorocentrum donghaiense A 75 W] 5 25 3 C4F Mo 38 )
Heterosigma akashiwo [ br ¥4 358 w1 73 B9 43 21 38 bs 40 18 Sulfitobacter pseudonitzschiae H46, 5 I & 3 H
A7 75 B N-T9t 55 = 22 2 R N B CAHLOAE AME 5 70 70 SRR R, R Gt o 038 3% PR A I 2 7 H 7R A
H46 X FH s 28 1 85 39 30 [y Ll K SR A BB AN 0 R S A0 B A R B B ki se 70, H AR —E 0k
JEFT DMSP [ fif 8 7 (Hu et al, 2021) « {H /2 H46 (42 BEIE 1k, 455 Joll o 0035 ¥i% k55 0 £k 2 B2 A7 6 4] i
KER, FERBNPIREDIR M 4 MATERE. K, K5 L Sulfitobacter pseudonitzschiae H46 91
FOXT B, 30 AL B A S ] 75 B-2F W RS (Tkeda et al, 2002) 9% K AHLs {5 5 4> Tif Pk, 38 7081 BN
X H46 [ s 1% . DMSP B fif B8 77 S F - i 88 R 400 38 v3% P PR R 45 4 A, b T PR st A A UK R E 9 B 1
MRRFAESAE, AR A 2B AR — A H 1 Bk
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1 M5

1.1 # #®

L1 FTRAWHk. ik

SIEBG AT B 13 BRI Y OR BT B AR BE VRS — Mg VR SO AN, g e W L) SR (R
), BFE/NEKEE (Chlorella vulgaris) « 75 & K i # C Platymonas helgolandica tsingtaoensis) F1 £k A 1 [
# ( Dunaliella salina) ; T3, 5K ZE H B (Nitzschia longissima) « #1 A 22 ¥ # ( Nitzschia Closterium)
A = ff #6345 35 ( Phaeodactylum tricornutum) ; & W /R8I #E, 0045 R 35 J5 F 35 ( Prorocentrum lima) 1
/N JiE H 3B C Prorocentrum minimum) « 7R ¥ i W 35 C Prorocentrum donghaiense) < K X JL 16 ¥ ( Karenia
mikimotoi) F1 ¥4 ¥V JJ3 1l K 8 ( Alexandrium tamarense) ¥ H 3, J& ] 7+ 25 ¥ ( Heterosigma akashiwo) -
15 VE R J& # ( Chattonella marina) Wi Fh &} i 3 .

S U6 BT FH B AR S B AT 1 Sulfitobacter pseudonitzschiae H46 Ny A SEUG 20 5 #A S2 46 Fr 45, ik B i v
Tl 8 7R ¥ )5 HE Prorocentrum donghaiense A1 7% W] 5t 25 & Heterosigma akashiwo W] ¥ bR 3 58 o K5 I
AHLs {5 5 4 F 00 48 /8 # %k N IR 98 K # 1 Agrobacterium tumefaciens KYCS5 ( pJZ372) ( p)JZ384)
(pJZ410), 3 [E 5 B 22 K 220 VR PR 55 5 1R 58 B Hill 38095 250
112 #ExE

Xt H46 4l 5 K ] 2216E #EAT % MU E: 77, FI ] DMSP £ 75 B E AT PR AR 5250, JF R LB 55 7% 5 il
1T E. coli 5 77 (B 1, 2014; Hu et al, 2021) .

AT [E A SO AR 3G 77 2 (1, 2014) A T-Ha /R Bk KYCS5 iy 2iiflh . #5975 AHLs fll, ikt b
AR KYCSS B B R RL, FTAE AT 8537 5 KW JE DU AE 3= (DY 3R 32 K 4.5 pg/mL,  JR K%
FKAWE R 50 ng/mL, HW & R AWK E N 50 pg/mL), A 0.22 pm K98 FE T € % B (Hu et al, 2021) .
/2 BE IR T % i B 7% (R 27, 2014; Hu et al, 2021) .

1.2 LWL

1.2.1 H46 W3 FF 5%

EER 13 Fh vk e AF 3 H bR R . H46 7E 30 °C. 150 t/min. 2216E £ 3% 24 h, 4 °C. 8 000 r/min
ZAF T B0 10 min 15 2] BVE, K H46 15 % &R BE 10%CV/V) ¥ n B 6 £ AR KO s, B
2216E R AR 55 75 B A B I8 . K KB NI B TOR R 246, £E 20 °C. DGR E A 76 pmol/
(m*>s ™). 12h I, 12h BB TRIFE Sde BURE 200 pL 38 i B AR TE 488 nm UK K. 682 nm &
%ﬁ&%ﬁ?%%%%%aaﬁﬁﬁﬁﬁmﬁﬁwéﬁﬁﬁ%ﬂ%ﬁ%iﬁﬁﬁ%%é&%%ﬂzmmwz

IR = —=x 100, (D
A IONBAPERT I IR T 28 38 @ OGIRSE ;s 1 O ERZH i Hae biE A B 5 NS R o WILTR T .
122 HAERNETITFHHR

1DAHLs 155 7 T I A HY

¥ H46 15 9% & 0Dy, =0.7, 2 % Hu %% (2021) Al Zhang %% (2022) J7 % H £ 1R £ 1§ (43 #r 4l ) A B
H46 Bl L3l K LR LBRA I 500 & 1 iR46 2 LR LB (5 0.01% LR, V/NDOMAF, JAE-20 C
UKFE T ERAF o

POL /= RS ARl R X UNEIVEES

¥ 0.8% BEiR R R M R KB fa, B TAEGHL 10 mL 4 75 o i 35 7 b, Af5p 8 ] )5 T X
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43 RHRE, 55 FEAAR RN XT3 BR 40 B Sulfitobacter pseudonitzschiae H46 A= P15 4 P8 2 AU BF 75 741

20 uL H46 1) .18 2 BE A Ui A3 g v g o 7E 55 °C 19 AT AR R 3 b, 4 1%(V/V) B2 Rl KYCS55
(Hu et al, 2021; Zhang et al, 2022) . #%5] J5 {8l X 5 mL £ Fl KYC55 () AT 15 9+ 578 o5 T L ik 0.8% B g
Rigedt b, 7630 C BB KI5 24 h J5 AR 5 .

3 AW H R 53 Bt AHLs B 28

# 5 uL 100 pg/mL AHLs #5 #f & ( C6-HSL. C8-HSL. 3-0x0-C6-HSL. 3-ox0-C8-HSL. 3-ox0-C10-
HSL) #1 10 pL B # H46 1) AHLs A £& ) 3 47 W AK X 7£ TTL-DC C18 [ AH ¥ )= 2 BT €4 385 4 (35 [H Merck
ANFED B SR, F 60% [ i BB R EEAT 2 . 2% Hu 25 (2021) F1 Zhang %5 (2022) J7 7% W 2
TLC i St W5 BE A7 & FI 20 H , +f & b #% {8 ( Retention Factor, Rf) JF 5 AHLs #5 1 & #2417 bb X
(Ibelings et al, 2004), MM € H46 40 1 7 4= AHLs 52K .

4)GC-MS % #T AHLs 15 5 7 F [ Fp 2k

B 50 pL A 0.22 pm JE 3 € J5 19 H46 1 AHLs FH 32 9 96 46 W1 T SH /0 il P i3k 4T GC-MS £ 1,
I+ LA 100 pg/mL AHLs A5 #E 5t Ay BH B, A58 FH =0M 65 3% 52 3% AR 1 J7 ¥ ( Cataldi et al, 2007) % AHLs
(Rl 2 DL R B AT A I
1.2.3 BRI A B-RBIR A 4 H46 A KW E

F B-FRBIRG VR B AR B S A ) 7], AR T B-PA MG v K B A R R 2 J5 %t HA6 H i vg e, 75 %2
JeHfy 5E B-FRRIRE X HA6 IO A KR TG PR AR . B 9% H46 & OD=0.7, K5 i& 1k J5 i H46 1% 2% #EFh T
2216E 5 95 %, R IM&WREZ N 1. 3 A1 5 mg/mL () B-FF 81K, 15 9% 54 ho 8 WIEURE, W0 % T W
ODy H il A K il 28, DL IR 40 B 1 2R KA
1.2.4 BAERMLIMF R B-2AME T Hao BER M55 2 F AHLs & 4 %

B 7% H46 & ODg=0.7, B354k J5 1 H46 1% 2% H Fl T 2216E #5374, FEIR &R E N 1. 3 M
5mg/mL ) B-FAWIKG, K537 24 he KA 4R QPR AHUE (Hu et al, 2021) 3813 H46 L& W H 1) AHLs 15
ST, RAEYE R 775 (Huetal, 20214 5 A [ ¥R BE B-A 01 K 3L 35 7% 24 h J5 2 HU3R 15 11 H46
(1) 18 BR ZE B R B 20 pl AR IR ASTE A [F] 0.8% BRI~ Alk b, B 55 & KYCSS5 [ AT [ 445 77 3
Ji, TE30 CHEIERKEIF 24h G MR AN . WESAFWKE B-HMHEILE 3% 5388 11 H46 L1 &
P 25 B 1) Sl e PR S, R EA PR B ON ASORE Ab 5 L TR TR PR L AR 0 1 WA B IR ) B AR PR .

1.2.5 3 RKABR R B AT 40 W HA6 R JBE 8k 77 #F 52

43 5 B 10 pL 1) H46 T ¥ (ODgy=0.3) A& 2K FEN 0. 1. 3 A1 5 mg/mL B-A#1H5 1) 2216E #5757 Jik
% 190 pL I B 96 FLAM & B 7Rt b, £ 30 C #F B 9% 72 hy R 45 50 5 4L 5955 (Hu et al, 2021)
Kol HA6 20 B 1 A BV BE 70 T g AR A& ODggp AL I WROGAE FF80C 5% . BL E.coli DHS5a Jy P X HE,
EE L HA6 T 1 B BE )

1.2.6  F KB KR B X 48 B H46 By DMSP [ 42 3 REBF &%

¥ H46 £ 3% & ODy,-0.7, B G 7688 1% & 7K 180 uL DMSP 1% 3% 3 F1 20 uL ) H46 B N\ 2 <,
AN IR IN& W E N 04 1. 3 A1 S mg/mL ) B-PRM KRG, SLEDF B a5, 7E 200 r/min, 30 °C &%
B3 ) 028 - AOH 68 0 ORI % 9% 48 h 5 H46 & &R () DMSP {4 & 5K I HE FE  h DMSP [ B# fif
& (Dacey et al, 1987; Williams et al, 2019) . 3 i<t il i A [7) ¥ £ 5 B2 () DMSP A #E V4, 2z 7 DMSP
JR B R S A VT AR 2 R DR R AR AE I 2, HARHEII R I X RN

VA =199.07p+0.582 2, (2)
s A NFIETH AL p o DMSP i &R, %2k R*=0.999 2.
1.2.7  FRBARR R X H46 33 EH B

DAYV R 5 5 D 400 88 3 A U e 1 A K I RS R 4 R N 10% (13K . 2216E B

FRFECHIN G S0 A — R FE I B-FR MRS ) F1 H46 135 9% 24 h B0 BTG M W EiE . & KEL 1 mL 3



742 o R % # R 2%

W, N 10 pL & KW E € 2 h J5, WL 100 pL 3 R AE F A 1H BOE N, 10x20 15 B s T~ 3EAT
M. H46 B L iE X R EFE S FH IR(%) kKR, iIFEANXMNT:
Po—p
IR =—x100, (3)

Po

Kfe po NEATERT ML BN 5 B s p O Ha6 b i A B AL 3 41 i 5 12
2 HERESR

2.1 Btk H46 AUINE L

I X B R HA6 PR SE PERE FT . R BB PR Ha6 XK 2 Bt Ak B — e B AE B CE D,
0 2N 17.60%~89.17%. B #k H46 X} 3 # ] ( Xanthophyta) &1 il 78 £ (1) 5 v - J5 5 22 B L % o 1 310
PETEYE, HDEEER AL 89.16%. BA Pk H46 XJ T i [T (Pyrrophyta) i R 35 J5 B G L oK IR L 50 8 A0 15 3
VB LK i 2 B0 A B I B E R, 20 BN 34.28%. 33.95% Al 25.18%; X fE # ] ( Bacillariophyta)
MK SETEHE . /B A 3T R I S R AR, 408 30.84% F1 17.60%. 138 45 B 1 B
Bt ] — TS M v, 3 R SR th A 2 5%, (BT A )8 T %% 3 11 ( Chlorophyta) {1 55 & K i %+ /N
IR 88 R A A PGB (0 ik SR S AN B R
100
80 r
60
40 +

20

] 2/%

1 B Hde HIEIE AN E
Fig. 1 The Algae suppression spectrum of bacteria strain H46

22 H46 EHREFRNES S TFHOMH

I Ha6 TP A RIE S FEaEMEBE S e (B 2), H46 Wik EESH 2 AHLs (5 5 5 1,
HRf{H 5 3-ox0-C8 Al C8-HSL W #1155 2> T I RE(E S £ 4, 70 %) 0 0.32 A1 0.09, & i 45 5k
H46 21 T F 7= A2 1945 5 4> T 7] fig )y C8-HSL. 3-0x0-C8-HSL. iBit GC-MS kil 7%, %k# m/z 143 1E N
Fric BE A, X H46 FH 32 W 3E 17 AHLs # ¥l ( Cataldi et al, 2007; Guo et al, 2011), 75 %] H46 (1) {0 1% [
(B 3a). 5 AHLs b5 i €238 & CF 3b A1 3e) Eb Xt R B, H46 (0% B (18 3a) b 78 {4 B I 18] Dy
6.845 min Al 7.075 min 4 # 0§, f&4% 5 OC8-HSL A C8-HSL tb %t F . Bk, At — 5 W 7 H46
REf% 77 4= C8-HSL. 3-ox0-C8-HSL iX 2 FhFh K115 549 1
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41 IR JEME, S AN X 3 R A0 B Sulfitobacter pseudonitzschiae HA6 A B P8 32 (AT 58 743

W ARKCIEMREE S Thrdls, BAKRCIENRKES o ThrlER, CREFZFR
24 h ¥ H46 1§ BN ;. C6 ALK C6-HSL, C8 f{3 C8-HSL, OC6 f 3 3-0x0-C6-HSL, OCS8
X3 3-0x0-C8-HSL, OC10 f{3& 3-0x0-C10-HSL.
F2 £$YMEEEZRNAHLs F5S 0 FHEER
Fig. 2 Results of AHLs signal molecules types detected by bioautography

8 12
/CB
& 6 —— extracts of H46 49 ,ocs
X 4 X6
= /OCB "
H#o2 # 3
0 , . . . . . : , 0 : :
5.0 55 6.0 6.5 7.0 75 8.0 85 9.0 5.0 55 6.0 6.5 7.0 75 8.0 85 9.0
t/min t/min
(@) B59% 24 h (11 H46 (HFEUY i (i K] (b) 15 5 7 At OC8 1 ik &
6
g 4 8
= o2
# 0

5.0 55 6.0 6.5 7.0 75 8.0 85 9.0
t/min

() 15 54> FhrEdh C8IY i A
. C8 A F C8-HSL, OC8 {3 3-0x0-C8-HSL, extracts of H46 13 3% 3% 24 h 1Y) H46 MI42 B4 .

B 3 GC-MS &l AHLs 55 9 F# 2
Fig.3 AHLs signal molecules types detected by GC-MS

2.3 BERRRRLAMEIF p-FAMIRE XS B AR Ha6 S KBk BRI

Bl 4 24 1E 2216E 5 77 5 AR I A [\ 24 0R B2 B-H0 905 15 21 10 48 18 Hae A=K th 22, B & 4 w) 70,
Rigtah)a, HA6 HEANGTE; K598 32hJ5, HA46 EANF & 535 0~12h 1A, Hae EKEAMN
ZB-HAMIKE R . KR 16 h 5, HXFRRALA L, STI0 4 A B 0 A R R LI B AR 4L (P>0.05) . X
8 4 B fit K (ODgo=1.581), IR N 1. 3 F1 5 mg/mL ) B-FR I AS J5 . IE I H46 1 H2 K ODygo 2



74 N RN 0%

R 1573 1.550 A1 1.506, e K30 R RALA 4.74%, 0 WL P-4 85 K X6k 40 % Ha6 AE K mA K. [
BEARIN 1. 3 A1 5 mg/mLp-3A 4 4G 55 7215 B H46 L3, Hmldb47 5 SNy se i .

16
141
1.2+t
10+
g 0.8f
8 : AU/ (mg-mL )
0.6 w0
0.4} —1
02t —3
—-5

0O 8 16 24 32 40 48 56
th

VE: 20T 4 K AR IROGAE Y ODgoy T IUAS
B4 BEFEDRMAELRE B-IFMRFHER T HE H46 B4 KL

Fig. 4 Growth curves of bacteria strain H46 under different p-CD concentrations

2.4 BEORERRZHNEIF B-IAHRE X B Ak H46 BHARRNES 9 F AHLs =~ 2 E M

PEW)E SR T aE R (B SORWT, WS B-MABIRS 5, HA6 7 A4 AHLs 197 25 8 Cli 4 8 € [ K /)
Btur R ZH B0 B g2, JF ELREE B-MABI RS 8 D BE XG0, 2 1R H46 1) AHLs 2 055 B Z Wil 95, it
W20 F H46 1] AHLs )28 7 R & 52 2 B-IA MRS 0 o ol iR U B-SR A J5 ,  B-2 0 G e 0 2%
5 AHLs 7 1, 4535 97 2 v AHLs (1095 K0 BE 820, DR B A0 65 o e 4 JB ML AT — 5 ) 470 1
fER.

12
e o1
o
s 1
2 08} o
H_,
& 06 o
iy
{E
] 04 r
T
<
02t
0
0 1 3 5
B- IR IR S/ (mg-mL ")
(@) A= E BRI B-HORIRE X HA6 1 (OEX/IERS-25E
AHLS AL S 154

E: B afre3R P<0.01.
5 4B EFAN - XT He6 533k AHLs 0B & 521

Fig.5 Chelating effect of B-CD on bacteria strain H46 secreted AHLs detected by bioautography
2.5 BEORRRIZINEIF BRI HE X E Ak HA6 A H R T2 AR BE J1 89 S M

AW TUR 45 0 5 G (02 PP il AS R IR BE 1K) B30 B K X6 HA6 A 4% SR ¥ K I HL RS fE 77 1R K/
e HA6 52K EN 0. 1. 3 A1 5 mg/mLp-M B REILHG 9%, 240 31 10 RS 6 7 22 40 LA 45 i 5K ¥ LK) ODygop
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43 IR JENE, S5 AR N X 9 BR A B Sulfitobacter pseudonitzschiae HA6 A B P18 72 AU AT 5% 745

BoR(E6). HE 6 FTAl, HA6 AW 45 df 5 S5 ODyg 18 A BN {5 5 40 T AHLs [ 58 B2 (I 5O
KIBE B-A WIS IR S I 2B HEM FTHBaHA, —HTFTRBARAR 8. HYB-AMHELKREN
Smg/mL B}, EXFRHZE R HEANEZFP<0.0D, FHIFEH &M, ZiA 5] 46.46%. 45 Lo DL H,
TR BER RN 5, HA6 BRI AE 7152 B4, L4 B 8 14 1 30 ) A0 B-24 40 4% X H46 43 4 ) AHLs
EEKEH 8, UL B HA6 BB VIR G TT B8 52 B B4R N (S 5 /T AHLs .

20 112
—e— AHLS 301

-
I\\ {08

7 4 0.6

{04 =

/%
i

1 3 5
B-FARI RS ¥ £/ (mg-mL )

6 ERIREF KRR X 20 H46 AY AR BE 1 R0 R D
Fig. 6 Effect of quenched quorum sensing on biofilm formation of H46

2.6 BRI AN B-FR R HE X B AKX H46 I i DMSP [ #2 5E J1H R Mg

HR 3 DMSP B fifdf i (B 7D, & B35 B 41 B HA6 W5 B f DMSP JF| H DMSP M — B I A= K o
ESAWENO0. 1. 3505 mg/mL (1) B-FRMIAG L35 9% 48 h J5, H46 B Ik & DMSP [ f#f 3 15 43 il 8
2.29. 0.74. 0.08 F10.02 pmol/L. 2 B H46 T X} DMSP (¥ B& fift 65 77 B8 B-PA 4G R B2 1 hn S LB B (0
B %, R H46 B 1) DMSP [ fift 6 71 b8 B 44 K RIS 5 73 F AHLs 38 K0 52 21 8 2 ), 1B Hae
B 1) DMSP [ fift g 77 1R 46 7] 66 52 3 BR8N {5 5 4> 1 AHLs 4% .

12 ¢ 3.0
—— DMSP =
LO | — iz = 23 I
08 g 2.0 |
s =
a 06f ¥ 15
° %
04 F Z 10f o
W T
02 F o 05
0 0 —E— o
2 4 0 1 3 5
B-HMIAE %/ (mg-mL ")
(a) H46 L. DM SP AyHE— T s 1 A K h 2% (b) K HEARB RN HAG B DM SP B#fift 58 1 1521

v K P<0.01,

7 RIRBHAR X H46 B DMSP [ A7 62 71 B 200
Fig. 7 Effect of quenched quorum sensing on the rate of DMSP consumption by bacteria strain H46
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2.7 BRI B3R M HE X B AR Hao HISETE M AR

E 10988 ¥ PR 45 SR CPE 8D T 1, AN R X R AL I R TR N BRI RS 1 97 15 B (0 Ha6 L iE X e R
RIEEB AN R AIHER, b5 IR 30, &40 s RG0S R B-IA
R )6 HAG H 75 M A B2 w25 S5 o o, S B ZE X M R R S EEAM R ROCR emn, BE A RIS VS
H46 T Xt 15 & 8 03 35 PE B B 55, T IR B (5 mg/mL) K B-FR MRS 5, HA6 41118 XK 5 5% IR 4
FHECBEAR T 21.56%. RIULUERH, [A) H46 15 7% 2 R s B-SA Wi KS J5 , fEBEE H46 18 AHLs [F2E =1 8
B ORMRE B> (] 8b), HA6 48 7% PE 32 B H ), 1X LS E 4 78 H46 [ QS R e 2 5 4
[ 00 35 5 A

100 12
- P o —&— AHLs

101
80 5

% 08t
X 60 :v'»;?-

s AR @ o |
ﬂ_é a0l (mg-mL~) z

oo 2 04t
20} B1 =

s o 02f
<

0 B  ms T . . . .
24 0 1 3 5
t/h B-PHIRE R/ (mg-mL )
(@) VERBEAERSINS HAG - JF 15 1010 12 1 5 1) (b) B-IHAS I KAV J5 HA6 E3 1) AHLS 5%
HE: *U& P<0.01.
8 ERIREEARLR X H46 1 & EE M A R0
Fig. 8 Effect of quenched quorum sensing on the algae suppression activity
of bacteria strain H46 against Chattonellamarina
3 i i

FEAAR B NAE N —Fh WL T B S A T mM RS, KIS 5 41 AHLs B 7= A fifL i,
R S I AR WD AR RE AR I SR R 4, IR DR R R R RO, T TV 2 A DR, Bl
EME RIS G B TR P2 A2 45 (Croft et al, 2005; Geng et al, 2010; Albuquerque et al, 2012) . A iff 7 %
B, QS MRt ATP BIA B, MRS R AW 70 W, 070 240 P 5 2 1 R 1 FO A0 B iz 3y, I 1 AR
IR T 1, AT 5200 4 1 5 5 25 B 6 36 42 (Geng et al, 20100 . QS B T Al LUK 15 40 1 v — R 54
R, EWAEVEZ T I R 2 A AR, B WE SRR AR AL R RS PUM 3k [F AL
(Hiinken et al, 2008) . — J7 [, QS /& ik BB A R B A L AL IR K 2, A =4 8 QS 43+ (i
AHLS) X ¥ R A K . AR 7 S AL R R I8 B W5 /E A (Huetal, 2021), B U405 QS &4t
VAT B A ) P A DA 3k T R 2R A2 K (Sapp et al, 2007b) s 55— I, #E SR AT DLEZT 40 1 1 QS
55, FHr=a4 QS | 7+ kM T4l TR vk A A AR5 Thag, MMk BEPEH R B X 18 R H W
21 B A ¥ (Kaczmaeska et al, 2005; Sapp et al, 2007a, 2007b) .

AHLs fE N 41 AT 2 [0 1 QS5 5 0 F 22—, BEAF K2 FE A LB DI 6E 2 #F M (Ziesche et
al, 2015; Doberva et al, 2017; Ziesche et al, 2018) . %141, Ziesche &5 (2015) 7E ¥ v B PR AT 1 43 & Bk 46
TWE) 19 #RASF] K7 AHLs i Pk CAHLs ) 8% 135 [l 7y C10-HSL~ C18-HSL) ;  Stock 4% (2019) & I A Al
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43 RHRE, 55 FEAAR RN XT3 BR 40 B Sulfitobacter pseudonitzschiae H46 A= P15 4 P8 2 AU BF 75 747

AHLs K T AR AESIEH, Cl14-AHL 7] LLAE #t 7 5 Seminavis robusta £, OH-C14-AHL I oxo-
C14-AHL I ik 8 A= KA J0HI4E F ;. Stock 25 (2019) & Il oxo-C12-AHL . %F = ff #8385 % Phaeodactylum
tricornutum W] 42 K 77 A2 30 . Stock %5 (2019) Al Gao %5 (20200 & L, ¥ /K 644 F - 28 AHLsC fi oxo-
C12-AHL. oxo-C5-AHL) <= H & th EH Y B VY KR, 5@ U401 P. tricornutum (W AE K TG A R . K
SCAE T BA B e Al 2 6 S BR QS 41 B HE 4T GC-MS 2> #T & B, H AHLs 2y T 28 K £ $ &2 0C10-
HSL. C8-HSL. OCS8-HSL, 2 % QS 4 i K il th B . DMSP B fif A 4111 il 788 25 2B K 2% M. ( Decho
et al, 2009; Ziesche et al, 2015; Chi et al, 2017; Doberva et al, 2017; Hu et al, 2021; Zhang et al, 2022) . AW 5
Iy B HL K HA6 40 T 77 42 2 2% AHLs: C8-HSL. OCS8-HSL, J& T "4 5 AHLs 7> 7, ELIR /K 3R
KB AHLs 43 F (9 1 C4-AHL Al Co-AHL) K, L ¥ v 35 5% o & B B9 AHLs %5 ( Ziesche et al, 2015;
Doberva et al, 2017), {H F1VE i 3 b A8 P9 AR bR 40 18 7 £E () AHLs K B2 AH A Stock et al, 2019), IX AJ fg
A A E A QS E 5 AL, HATiX 48 AHLs A4 S e ib 5 f5 ik —
W

B-FRRIKE/E N QS ¥ K5, AT LAHNH] AHLs 7r FigPE, MM b 528 &, WK FIERD
Rk, I8 B B AR BN /9 4E B (He et al, 2015) » Rahman %5 (2009) H /& 57 & 1 B-30 Hi ok B #5252 1 9%
IR 1) QS ik, X KB Al LLA H B-2F W1 KG v K BE AR MR B 78 QS = i g . J5 ok
Nakashima % (2005, 2006) i i B-¥ 81 ¥ 5 QS 4l B Hahella sp. 3L 85 7% J5 , & B H 13 €4 % Prodigiosin
(7 B BEAK: Chi 25 (2017) F B-FF 81 KS 7E T QS 4 I Ponticoccus sp. &, < B i% B 1 7% B8 7% PR W) 2
B, R AH B QS F G0 vl LA TR 2 088 0 1R K 7R A o AR S VA D B-FR TR 5 Ha6 SRS IR SR VK
QS, &I HEYH B GC-MS £l 56 1S 2], 0 B-FRBIRE B9 5258 4 5 R VA 0 B-FR BT RE 1 %) R ZH
FHEL, AHLs 70 ¥ B9 PEA B B B BRI, 10 BH B-PORIS R 40 i Ha6 B Bk (10 BE AR B B A4 K R A5
SO TR K E R, HAG PRI U BE 1. DMSP B AR 6 0 R0 0 B0 1 B B 59, R MR LT R T
AESZ 2] QS MY .

BURAT AR e 2 g AR 35 288, AE REMMEME, HXEY4IE 1 QS 52 F %
EED R )= . BURA T Phaeobacter gallaeciensis 1] Lh-& B4 #: 9 JiT roseobacticides( Seyedsayamdost et
al, 2011a, 2011b) , HEIRAT B Phaeobacter gallaeciensis W] LA 7= 4 tropodithietic acid( TDA) 1[I ] 7 8 A4 K
(Ziesche et al, 2015), J ' roseobacticides F1 TDA H] & M %2 QS 15 5 4> T, ##Jl /&2 OH-C10-AHL 11
7 (Berger et al, 2011; Wang et al, 2016) . Guo %5 (2016) 8 it [A] Y& 5 2 iiF B Aeromonas sp. GLY-2 107 7= 4
fR 2 b 400 38 47 5 3- Y 18] 1 R ERCIR — IR BF ( Gly-Phe) (7% 2E 32 ) AHLs( C4-HSL) /1 5 19 QS 3 34 .
B9 T3 B 20 55 1 QS 4 B A 411 88 24 N 2 75 52 QS MR % I8 R WAk & . Rk, A SO QS i %  br 4t
B H46 [ v MR AT THR 9T . 24 H46 5 A FIRFE B-IA WA 3L 3G 37 )5, AR K 4R R A B A2 1k,
AN B AR — B, UORH B-IRRAAS X A AR KB PR AR R . TSN B R RE 1) 92 36 4 S et R
AL, BEE M A AHLs B 2 5 (198 /> (QS TRV KD, H46 T bk # 5E v& 1t B W8 55, R B H46 1
PRI 2 75 1 2 2] QS R G4 o 1% 2 B Ik B3 B 40 1T 1Y) QS ] T 4% 4 U ME I ARE, D
V(1) £ PR UE S E PR A TR 1) QS A G R IR VR S A A HE AR T E L.

W 50 3 B 2 (8] QS WX T I B i 2k 5 M M i A EAE e HE, X T QS S HIE E
MEAEFABTRIRD, REAAGR —RYP Mg, H5 00T ZF R QS A ¢ & IR 1w bk A
G50 T RIANSEL, Skt — B0 IE R4l # QS WIZ M A B AL .

4 & i

AR SR B-F1 K5 7 S 00 38 88 b5 40 B Sulfitobacter pseudonitzschiae HA6 ) FE AR BN 3 K7, il



748 oW R ¥ i R 42 %

53 T A A B L VR ORI B AT B HA6 AR BRVE ME R RS, BRAT T QS X ¥ b AN 1R H4a6 (1) AR 2 Ve M R
MEAER KRB W SEN, B3048R,

D HE R4 B HA6 BA B I (AW TS, X B B i Q7 5 G 82 ) 28 30 A o 1 41038 75 1 (89.16%)
BN A [R] 8 b (O 0 R AR AT 2 57 o

2) PR H46 {7 7E AHLs /- F BRI RS, R84 C8-HSL. 3-oxo-C8-HSL P Fh 2 24 (1)
B9 T.

3VVRIN B-FRMRE VK BEAR R RS, T Rk HA6 KBS 7. DMSP & i B8 71 F0 09505 P 35 %2
PR B ANH], 2B DL AR T T A S AR RN T 8

S & SLHK (References):

BERL AT, 2016, 15 AR 43 o R 2 V0 41 A1 07 328 B VA AR SR AT 8 [ D). Ab it JERIMRl K. FAN Q L, 2016. Study on the isola-
tion and lysing effects of algicidal bacteria to the Microcystis aeruginosa[D]. Beijing: Beijing Forestry University.

FERE, 2001, MG PEGE A AR KAEMEE R FI]. BITRZZME REE/R), 40(2): 566-573. GAO Y H, 2001.
Studies on taxonomy, ecology and bioactive products of marine microalgae[J]. Journal of Xiamen University (Na-
ture Science), 40(2): 566-572.

FHOCHE, IR, ROk, 5, 2017, ¥ B0 B DH-eA QU 72 W0t A i I S i M VR I LD, 2 Ve 27 22 4, 36(2): 151-157.
HAN G Y, XIE L L, BI X, et al, 2017. Inhibitory effect of metabolites from algicidal bacterium DH-e on Prorocen-
trum donghaiense[J]. Journal of Applied Oceanography, 36(2): 151-157.

ZEET, 2014, WP B PD-2 SIS VR 5T KBRS BE R z1b-1 iR JTE RIS (D], H & B R 28—\ 5.
LI X Z, 2014. Study on algicidal activity of microalgae-associated bacterium Rhodobacteraceae PD-2 and gene
knockout method of quorum sensing regulating gene z/b-I[D]. Qingdao: The First Institute of Oceanography, State
Oceanic Administration.

SE, X7KGE, TR, 45, 2004, HEDC, o KR LRSI T ZAE RS2 mI[)]. P EREACHE: ARy, 34(6): 564-
568. SHIS Y, LIUY D, SHEN Y W, et al, 2004. Alalolytic effect of bacterial DC,, and the influence of environmen-
tal factors on this effect[J]. Science in China Series C: Life Sciences, 34(6): 564-568.

JSCAL, HEL FR95 5, 45, 2011, Z-QSO1 B Mo /INEREE (1 AR 25 22 RS B UV -BER S R RE[T]. b 538 R 24244k, 31(1):
109-112. ZHOU W L, XIAO H, QIAO X T, et al, 2011. Quorum sensing of an associated heterotrophic bacteria-Z-
QSO01 with Chlorella vulgaris and response to enhanced UV-B radiation[J]. Journal of Beijing Institute of Technolo-
gy, 31(1): 109-112.

ALBUQUERQUE P, CASADEVALL A, 2012. Quorum sensing in fungi (a review)[J]. Medical Mycology, 50(4): 337-345.

AMIN S A, HMELO L R, VAN TOI H M, et al, 2015. Interaction and signalling between a cosmopolitan phytoplankton
and associated bacteria[J]. Nature, 522(7554): 98-101.

BERGER M, NEUMANN A, SCHUIZ S, et al, 2011. Tropodithietic acid production in Phaeobacter gallaeciensis is regu-
lated by N-acyl homoserine lactone-mediated quorum sensing[J]. Journal of Bacteriology, 193(23): 6576-6585.
BIGALKE A, POHNERT G, 2019. Algicidal bacteria trigger contrasting responses in model diatom communities of differ-

ent composition[J]. MicrobiologyOpen, 8(8): ¢00818.

BUCHAN A, GONZALEZ J M, CHUA M J, 2019. Taxonomy, genomics and ecophysiology of hydrocarbon-degrading
microbes[M]. New York: Springer: 93-104.

CATALDI TR I, BIANCO G, PALAZZO L, et al, 2007. Occurrence of N-acyl-L-homoserine lactones in extracts of some
Gram-negative bacteriaevaluated by gas chromatography-massspectrometry[J]. Analytical Biochemistry,361:226-235.

CHI W D, ZHENG L, HE CF, et al, 2017. Quorum sensing of microalgae associated marine Ponticoccus sp. PD-2 and its
algicidal function regulation[J]. AMB Express, (7): 1-10.


https://doi.org/10.3109/13693786.2011.652201
https://doi.org/10.1038/nature14488
https://doi.org/10.1128/JB.05818-11
https://doi.org/10.1002/mbo3.818
https://doi.org/10.1016/j.ab.2006.11.037
https://www.ams-journal.org.cn

43 RHRE, 55 FEAAR RN XT3 BR 40 B Sulfitobacter pseudonitzschiae H46 A= P15 4 P8 2 AU BF 75 749

CROFT M T, LAWRENCE A D, RAUX-DEERY E, et al, 2005. Algae acquire vitamin B,, through a symbiotic relation-
ship with bacteria[J]. Nature, 438: 90-93.

DACEY J W H, BLONGH N V, 1987. Hydroxide decomposition of dimethylsulfoniopropionate to form dimethylsu-
Ifide[J]. Geophysical Research Letters, 14(12): 1246-1249.

DECHO A W, VISSCHER P T, FERRY J, et al, 2009. Autoinducers extracted from microbial mats reveal a surprising di-
versity of N-acylhomoserine lactones (AHLs) and abundance changes that may relate to diel pH[J]. Environmental
Microbiology, 11(2): 409-420.

DOBERVA M, STIEN D, SORRES J, et al, 2017. Large diversity and original structures of acyl-homoserine lactones in
strain MOLA 401, a marine Rhodobacteraceae bacterium[J]. Frontiers in Microbiology, 8: 1152.

FALKOWSKI P G, 1994. The role of phytoplankton photosynthesis in global biogeochemical cycles[J]. Photosynthesis
Research, 39: 235-258.

FURUSAWA G, YOSHIKAWA T, YASUDA A, et al, 2003. Algicidal activity and gliding motility of Saprospira sp. SS98-
5[J]. Canadian Journal of Microbiology, 49(2): 92-100.

GAO C, FERNANDEZ V I, LEE K S, et al, 2020. Single-cell bacterial transcription measurements reveal the importance
of dimethylsulfoniopropionate (DMSP) hotspots in ocean sulfur cycling[J/OL]. (2020-04-23)[2023-09-15].https://
doi.org/10.1038/s41467-020-15693-z.

GENG H, BELAS R, 2010. Molecular mechanisms underlying Roseobacter-phytoplankton symbioses[J]. Current Opin-
ion in Biotechnology, 21(3): 332-338.

GROSSART H P, LEVOLD F, ALLGAIER M, et al, 2005. Marine diatom species harbour distinct bacterial communi-
ties[J]. Environmental Microbiology, 7(6): 860-873.

GUO X, ZHENG L, ZHOU W, et al, 2011. A case study on chemical defense based on quorum sensing: antibacterial activ-
ity of sponge-associated bacterium Pseudoalteromonas sp. NJ6-3-1 induced by quorum sensing mechanisms[J]. An-
nals of Microbiology, 61: 247-255.

GUO X, LIU X, WU L, et al, 2016. The algicidal activity of Aeromonas sp. strain GLY-2107 against bloom-forming Mi-
crocystis aeruginosa is regulated by N-acyl homoserine lactone-mediated quorum sensing[J]. Environmental Microbi-
ology, 18(11): 3867-3883.

HARA A, SYUTSUBO K, HARAYAMA S, 2003. Alcanivorax which prevails in oil-contaminated seawater exhibits
broad substrate specificity for alkane degradation[J]. Environmental Microbiology, 5(9): 746-753.

HE C F, ZHENG L, GAO W, et al, 2022. Diversity and functions of quorum sensing bacteria in the root environment of
the Suaeda glauca and Phragmites australis coastal wetlands[J]. Environmental Science and Pollution Research,
29(36): 54619-54631.

HONGZ,LAIQL,LUOQ,etal,2015. Sulfitobacter pseudonitzschiae sp.nov., isolated from the toxic marine diatom Pseudo-
nitzschia multiseries[J]. International Journal of Systematic and Evolutionary Microbiology, 65(Suppl.1): 95-100.

HU T, WANG S, SHAN Y, et al, 2021. Complete genome of marine microalgae associated algicidal bacterium Sulfitobac-
ter pseudonitzschiae H46 with quorum sensing system[J]. Current Microbiology, 78(10): 3741-3750.

HUNKEN M, HARDER J, KIRST G 0, 2008. Epiphytic bacteria on the Antarctic ice diatom Amphiprora kufferathii Man-
guin cleave hydrogen peroxide produced during algal photosynthesis[J]. Plant Biology, 10(4): 519-526.

IBELINGS B W, DE BRUIN A, KAGAMI M, et al, 2004. Host parasite interactions between freshwater phytoplankton
and chytrid fungi (Chytridiomycota)[J]. Journal of Phycology, 40(3): 437-453.

IKEDA T, INOUE Y, SUEHIRO A, et al, 2002. The effects of cyclodextrins on autoinducer activities of quorum sensing
in Pseudomonas aeruginosa[J]. Journal of Inclusion Phenomena and Macrocyclic Chemistry, 44: 381-382.

KACZMARSKA I, EHRMAN J M, BATES S S, et al, 2005. Diversity and distribution of epibiotic bacteria on Pseudo-
nitzschia multiseries (Bacillariophyceae) in culture, and comparison with those on diatoms in native seawater[J].
Harmful Algae, 4(4): 725-741.


https://doi.org/10.1038/nature04056
https://doi.org/10.1029/GL014i012p01246
https://doi.org/10.1111/j.1462-2920.2008.01780.x
https://doi.org/10.1111/j.1462-2920.2008.01780.x
https://doi.org/10.3389/fmicb.2017.01152
https://doi.org/10.1007/BF00014586
https://doi.org/10.1007/BF00014586
https://doi.org/10.1139/w03-017
https://doi.org/https://doi.org/10.1038/s41467-020-15693-z
https://doi.org/https://doi.org/10.1038/s41467-020-15693-z
https://doi.org/https://doi.org/10.1038/s41467-020-15693-z
https://doi.org/https://doi.org/10.1038/s41467-020-15693-z
https://doi.org/https://doi.org/10.1038/s41467-020-15693-z
https://doi.org/https://doi.org/10.1038/s41467-020-15693-z
https://doi.org/https://doi.org/10.1038/s41467-020-15693-z
https://doi.org/https://doi.org/10.1038/s41467-020-15693-z
https://doi.org/10.1016/j.copbio.2010.03.013
https://doi.org/10.1016/j.copbio.2010.03.013
https://doi.org/10.1016/j.copbio.2010.03.013
https://doi.org/10.1111/j.1462-2920.2005.00759.x
https://doi.org/10.1007/s13213-010-0129-x
https://doi.org/10.1007/s13213-010-0129-x
https://doi.org/10.1111/1462-2920.13346
https://doi.org/10.1111/1462-2920.13346
https://doi.org/10.1111/1462-2920.13346
https://doi.org/10.1046/j.1468-2920.2003.00468.x
https://doi.org/10.1007/s11356-022-19564-6
https://doi.org/10.1007/s00284-021-02632-4
https://doi.org/10.1111/j.1438-8677.2008.00040.x
https://doi.org/10.1111/j.1529-8817.2004.03117.x
https://doi.org/10.1023/A:1023052810463
https://doi.org/10.1016/j.hal.2004.10.001

750 oW R ¥ i R 42 %

LIY,LEI X Q, ZHU H, et al, 2016. Chitinase producing bacteria with direct algicidal activity on marine diatoms[J]. Sci-
entific Reports, 6: 21984.

MILLER M B, BASSLER B L, 2001. Quorum sensing in bacteria[J]. Annual Reviews in Microbiology, 55(1): 165-199.

NAKASHIMA T, KURACHI M, KATO Y, et al, 2005. Characterization of bacterium isolated from the sediment at
coastal area of Omura Bay in Japan and several biological activities of pigment produced by this isolate[J]. Microbiol-
ogy and Immunology, 49(5): 407-415.

NAKASHIMA T, MIYAZAKI Y, MATSUYAMA Y, et al, 2006. Producing mechanism of an algicidal compound against
red tide phytoplankton in a marine bacterium y-proteobacterium[J]. Applied microbiology and Biotechnology, 73:
684-690.

PAPENFORT K, BASSLER B L, 2016. Quorum sensing signal-response systems in Gram-negative bacteria[J]. Nature
Reviews Microbiology, 14(9): 576-588.

PARK J R, BAEJ W, NAM Y D, et al, 2007. Sulfitobacter litoralis sp. nov., a marine bacterium isolated from the East
Sea, Korea[J]. International Journal of Systematic and Evolutionary Microbiology, 57(4): 692-695.

PAUL C, POHNERT G, 2011. Interactions of the algicidal bacterium Kordia algicida with diatoms: regulated protease
excretion for specific algal lysis[J]. PloS One, 6(6): e21032.

RAHMAN I A, VEJAYAKUMARAN P, SIPAUT C S, et al, 2009. Size-dependent physicochemical and optical proper-
ties of silica nanoparticles[J]. Materials Chemistry and Physics, 114(1): 328-332.

SAPP M, SCHWADERER A S, WILTSHIRE K H, et al, 2007a. Species-specific bacterial communities in the phyco-
sphere of microalgae?[J]. Microbial Ecology, 53: 683-699.

SAPP M, WICHELS A, GERDTS G, 2007b. Impacts of cultivation of marine diatoms on the associated bacterial commu-
nity[J]. Applied and Environmental Microbiology, 73(9): 3117-3120.

SAPP M, WICHELS A, WILTSHIRE K H, et al, 2007c. Bacterial community dynamics during the winter—spring transi-
tion in the North Sea[J]. Fems Microbiology Ecology, 59(3): 622-637.

SCHAFER H, BEN A, HARRY W, et al, 2002. Genetic diversity of ‘satellite’ bacteria present in cultures of marine di-
atoms[J]. Fems Microbiology Ecology, 42(1): 25-35.

SEYEDSAYAMDOST M R, CARR G, KOLTER R, et al, 2011a. Roseobacticides: small molecule modulators of an algal-
bacterial symbiosis[J]. Journal of the American Chemical Society, 133(45): 18343-18349.

SEYEDSAYAMDOST M R, CASE R J, KOLTER R, et al, 2011b. The Jekyll-and-Hyde chemistry of Phaeobacter gallae-
ciensis[J]. Nature Chemistry, 3(4): 331-335.

SOHN J H, LEE J H, YI H, et al, 2004. Kordia algicida gen. nov., sp. nov., an algicidal bacterium isolated from red tide[J].
International Journal of Systematic and Evolutionary Microbiology, 54(3): 675-680.

STOCK F, SYRPAS M, CREVELD S GV, et al, 2019. N-acyl homoserine lactone derived tetramic acids impair photosyn-
thesis in Phaeodactylum tricornutum[J]. ACS Chemical Biology, 14(2): 198-203.

TANG K, SUY, BRACKMAN G, et al, 2015. MomL, a novel marine-derived N-acyl homoserine lactonase from Muricau-
da olearia[J]. Applied and Environmental Microbiology, 81(2): 774-782.

TOPEL M, PINDER M I M, JOHANSSON O N, et al, 2019. Complete genome sequence of novel Sulfitobacter
pseudonitzschiae Strain SMR1, isolated from a culture of the marine diatom Skeletonema marinoi[J]. Journal of Ge-
nomics, 7: 7-10.

VOLK R B, 2005. Screening of microalgal culture media for the presence of algicidal compounds and isolation and identi-
fication of two bioactive metabolites, excreted by the cyanobacteria Nostoc insulare and Nodularia harveyanalJ].
Journal of Applied Phycology, 17: 339-347.

WAGNER-DOBLER I, BIEBL H, 2006. Environmental biology of the marine Roseobacter lineage[J]. Annual Review of
Biochemistry, 60: 255-280.

WANG R, GALLANT E, SEYEDSAYAMDOST M R, 2016. Investigation of the genetics and biochemistry of roseobacti-


https://doi.org/10.1038/srep21984
https://doi.org/10.1038/srep21984
https://doi.org/10.1146/annurev.micro.55.1.165
https://doi.org/10.1111/j.1348-0421.2005.tb03744.x
https://doi.org/10.1111/j.1348-0421.2005.tb03744.x
https://doi.org/10.1007/s00253-006-0507-2
https://doi.org/10.1038/nrmicro.2016.89
https://doi.org/10.1038/nrmicro.2016.89
https://doi.org/10.1371/journal.pone.0021032
https://doi.org/10.1016/j.matchemphys.2008.09.068
https://doi.org/10.1007/s00248-006-9162-5
https://doi.org/10.1128/AEM.02274-06
https://doi.org/10.1111/j.1574-6941.2006.00238.x
https://doi.org/10.1021/ja207172s
https://doi.org/10.1038/nchem.1002
https://doi.org/10.1021/acschembio.8b01101
https://doi.org/10.1128/AEM.02805-14
https://doi.org/10.7150/jgen.30559
https://doi.org/10.7150/jgen.30559
https://doi.org/10.7150/jgen.30559
https://doi.org/10.1007/s10811-005-7292-7
https://www.ams-journal.org.cn

43 RHRE, 55 FEAAR RN XT3 BR 40 B Sulfitobacter pseudonitzschiae H46 A= P15 4 P8 2 AU BF 75 751

cide production in the Roseobacter clade bacterium Phaeobacter inhibens[J]. Microbiology, 7(2): ¢02118. DOI:
10.1128/MBio. 02118-15.

WATERS CM, BASSLER B L, 2005. Quorum sensing: cell-to-cell communication in bacteria[J]. Annual Review of Cell
and Developmental Biology, 21: 319-346.

WILLIAMS B T, COWLES K, BERMEJO MARTINEZ A, et al. Bacteria are important dimethylsulfoniopropionate pro-
ducers in coastal sediments[J]. Nature Microbiology, 2019, 4(11): 1815-1825.

ZENG Y X, QIAO Z Y, 2019. Diversity of dimethylsulfoniopropionate degradation genes reveals the significance of ma-
rine Roseobacter clade in sulfur metabolism in coastal areas of Antarctic Maxwell Bay[J]. Current Microbiology, 76:
967-974.

ZHANG Y, ZHENG L, WANG 8§, et al, 2021. Quorum sensing bacteria in the phycosphere of HAB microalgae and their
ecological functions related to cross-kingdom interactions[J]. International Journal of Environmental Research and
Public Health, 19(1): 163.

ZHOU J, LAO Y M, CAI Z H, 2016a. Draft genome sequence of Providencia sneebia strain ST1, a quorum sensing bac-
terium associated with marine microalgae[J]. Journal of Genomics, 4: 10-12.

ZHOU J,LAOY M, MA Z P, et al, 2016b. Genome sequence of Enterobacter sp. ST3, a quorum sensing bacterium associ-
ated with marine dinoflagellate[J]. Genomics Data, 7: 195-199.

ZHOU J, LYU Y, RICHLEN M L, et al, 2016¢c. Quorum sensing is a language of chemical signals and plays an ecological
role in algal-bacterial interactions[J]. Critical Reviews in Plant Sciences, 35(2): 81-105.

ZHOU J, LAO Y, SONG J, et al, 2020. Temporal heterogeneity of microbial communities and metabolic activities during
a natural algal bloom[J]. Water Research, 183: 116020.

ZIESCHE L, BRUNS H, DOGS M, et al, 2015. Homoserine lactones, methyl oligohydroxybutyrates, and other extracellu-
lar metabolites of macroalgae-associated bacteria of the Roseobacter clade: identification and functions[J]. Chem-
biochem:a European Journal of Chemical Biology, 16(14): 2094-2107.

ZIESCHE L, WOLTER L, WANG H, et al, 2018. An unprecedented medium-chain diunsaturated N-acyl homoserine lac-

tone from marine Roseobacter group bacteria[J]. Marine Drugs, 17(1): 20.


https://doi.org/10.1128/mBio.02118-15
https://doi.org/10.1128/mBio.02118-15
https://doi.org/10.1146/annurev.cellbio.21.012704.131001
https://doi.org/10.1146/annurev.cellbio.21.012704.131001
https://doi.org/10.1007/s00284-019-01709-5
https://doi.org/10.3390/ijerph19010163
https://doi.org/10.3390/ijerph19010163
https://doi.org/10.7150/jgen.14051
https://doi.org/10.1016/j.gdata.2016.01.008
https://doi.org/10.1080/07352689.2016.1172461
https://doi.org/10.1016/j.watres.2020.116020
https://doi.org/10.1002/cbic.201500189
https://doi.org/10.1002/cbic.201500189
https://doi.org/10.3390/md17010020

752 I N T I 2%

Study on the Biological Activities of Phycospheric Bacterium Sulfitobacter
Pseudonitzschiae H46 Regulated by Quorum Sensing
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Abstract: This paper focused on the hot issue of quorum sensing regulatory function of marine bacteria. The influence of the
quorum sensing system of the phycospheric Sulfitobacter pseudonitzschiae H46 on its ecological function and algae inhibition was
studied and algal-bacterial interaction modulated by quorum sensing was explored. H46 was co-cultured with different concentrations
of quorum sensing inhibitor (B-cyclodextrin). Then the functions of biofilm formation, DMSP degradation and algicidal activity of
H46 were analyzed. And the potential regulation function of H46 quorum sensing system was confirmed. The results showed that the
induced activity of the quorum sensing signaling molecule AHLs of H46 was partially quenched by B-CD. And then the biological
ability of membrane forming, DMSP degradation and alga-inhibit of H46 were inhibited. In this paper, we explore the inhibitory effect
of bacteria on the growth of microalgae, which provides a new perspective for the study of mechanism of algal-bacterial interaction.
Keywords: algae-bacterial interaction; phycosphere; Sulfitobacter; quorum sensing; algicidal activity
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SWEL RS TR S, Wu 8820210 (BE ST R BT, S il A8 F7 B L ATE & H 2001 48 DKkt
THR R 5 DAE L H RS ETEARIP T BEES . XS Ry], Bl a2 K., |k
] RV AR R AP A AR “ OB )T R0, AR ZBUJT R ST T L e R L R C S b AR
VR B AL L AT IR, 9 B K3 — 2D i) 8 R A A PR B AR 4P T AR A A R B I R R

T, AWFFT 2021 4 11 H 2 2022 4 10 JAE T T ik b 3047 7O — 4. B4 —KX
IR, M5 K H DOC. A i i A HL4 ( Chromophoric Dissolved Organic Matter, CDOM) . %% J¢ ¥
fit 5 L9 ( Fluorescent Dissolved Organic Matter, FDOM) . & 7% #h (i B, L J& SPM H AR J5 2 55 45
(POC%- 6"C 1 6"°N), A58 A Fl X L K048 42 HR 78 1 300 N /K A b b3 18 A 3 390 B 28 A0 P ALE
JEHRVE P K Vb xF EIRABFR I FE I . AL, 7R R G AHIE 5T SR B 5 P s SOk A i AL
B — B RN 1 E A R R AE K D S DA K ST 20 4 A R AR AL
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1 MR57EE

1.1 HARKXE

B 4K 5464 km, FIRTE A 79.5 x 10 km* (K 1a), A TFRENE. SmARKENTEMETE
Hh 77 (Ding et al, 2011) o H ¥E Sk 2 4 5 i U W B0, 4K 3471 kmeo  H ] FEE 2200 B Bk 18 0
JH A, &K 1206 km, ZBIAAE LA, GGk 7R KA S SV E R A . Hd 1999 4 10
HIFE & K 2000 4 5 H IF 4R AT 19 /N IR JE K FE CBE 85 N 11 870 km) ,  FE X A=K 25 130 km, 7 T
PO O A fE — BRAS B DAL BRRER BN DO R UECE 1), 4K 786 km, AR Th )
IR FU NG = /71 2 W G 7 7 =i 55 2 ATETIDN 57 N M W = S I W N b < B e o
% (Ding et al, 2011) .
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Fig. 1 Topographic map of the Yellow River Basin and its lower reach

1.2 INIHWW . A5 RE T AL I8

2021 4F 11 H 2 20224 10 A, 7585 2 35 3 AN ¥ 0 29 280 km ) T 7 ¥k 1 35 (117°00'13 "E,
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36°43'53"N) (B D AT & H — IR B R)Z W KA fh kA, Hod 2022 42 4 RIS H I 2 AR o BT 58T
b R R RE R AR, EARIG —EMIMHZ N 10 MR A RS . ERRCREL RS, Bigl
HF HACH #; & 1 (A5 8 HQ-40d) M 5E 38 J2 0] /K 1 B (10 AN FE 5 2R B 35/ T 0.54) . 1 H Nalgene 15
HIER OGRS, R MBI RIZW 240 DL B, 2 5 H Milli-Q & 2l K A i 3 U -
EREMRES 120N, HOHRRE. fL1EN 0.7 um 1) GF/F 3% 35 4F 4§ i ( Whatman 2~ 7], 3¢ 1 ) i
& T 00 A AL 0 RE S Gt SR TS B SR A, AR AT EAE 450 C PRI S . R LA
N 0.45 um [ B R £F 4 I ( Whatman /A &), 38 [ i 38 F T 90 52 75 % 25 (0 FF Qi B8 78 1 il & 7
pH = 2 [ F £ BR IR 1 3F 46 A Mlli-Q 7K b i 145 ) 3 BE 5 10 I VAE I N AR R 43 0K 1.5 %o 1) 1 Al
FUWRBBET 4C FRAZEFRHWE . oI5 B 4R 7 T -20 °C T FH T J5 4 SPM i
FWE . POC M1 PN WK JF & HoAa 52 [ A7 25 (01C A 0N I 58 o 78 33k 38 27 4 ik 9% /5 i b, |
T 5E DOC # FE /3 43 /£ -20 °C FARAFE 2 E, M Tl CDOM F1 FDOM ¥ FE 4 Jig 135 4 T
4 °C T i B ERAE I TR AR O H T SE o

1.3 #@mllE

1.3.1 SPM REWE. POC. PN, 4"C F1 ¢"N

RE RS BB IS AT YRR AE S0 °C FHLT 48 h DL B H ABHE, K iZ i E S s AR R 2 E,
ZEAH 5 o B AR AR B R BRI M AE S ) SPM B B K FE CRRA N mge LD o X T 5 B0 s, R A T
5E POC A 6"CCHEXS T V-PDB) f ¥ 73 TR\ ¥ 5 R 251 JE 72 h DA B 5 fR ot i A 300 %€ PN A
SUNCH X T RAH I A0 86 40 o AT AT LR P IR . s B AR 5 R ST 45 A+ 3548 A 1R A7 3=
Ji HE A% (15 4 Delta plus XP, Thermo Electro 24 &, & E D Wl 72 . XF T 6°C F1 6”N X 2 M e Ar, HbrifE
FE G 4 SR S AR v A L, IR ZE 2 B/ T 0.1%0 F1 0.2%0 0 % T 15 &L R AL 28 53 s A i Mk 40 715 =
W, Gao 55 (2014) .
1.3.2 DOC. CDOM # FDOM

DOC ¥ & CELA7 A pmol- L) AE FH & A HLBK 73 BT A (AL 5 9 TOC-VCPH, B AR, HAD, K&
TR A% (Guo et al, 1995) W 5€ o A iy £ I 5 F A58 H s 40 FE i) ik SRR MR AL 22 pH < 2. BT A FE i 4
H A ME 3~5 R CAPRUE AT I 5 45 5L 00 A0 A5 8 i 22 /0 T 2% B AN DN 1 25 28 5758 10 v il 4k
W5 B AR 3 AR S — A Milli-Q /KRR BLIR e R R e . Ak, ek EH
B 1) DOC F 14 v VAN >k 15 58 [ 3 Bi] 25 K 5 (1) B 4 VR ¥ DOC A ity DA DR IE £ 488 7 & .

CDOM Wi it 85 A5 F 58 Ah- 71 WL 23 0l 06 2 i (L5 Jy TU-1810DPC, 8 7 i FH A% IR A &), JE 50
W 5E , AL I A 9 b (5 I DB AR D9 5 eme U € 45 21 B9 IR 5 19 U KT L D 200~ 800 nm, K K
Ak 1) T 46 WO B2 9825 650~ 800 nm AL R~ I IR O, DLV R A S8 RKOSE RS2, 45 3 dee A8 FH I A%
BT o S BRI R B () CRAL A m™D IR Ay

a, =2.303A,/L, D

KA 4 RSB RKEHRICECTEEN; A NBERKCEM A nm) ;s LR 0.05m) . fEARMFFTH,
18 F 254 nm Kb IR IR R B aps, O 52 BT 7K CDOM WK B, 1 FH 254 nm 4k )W) % & (A4,54) 5 DOC 3K
JECE AL BB A7 N mgC-L™) Y ELAE SUV A, ( Specific UV Absorbance) ( FL A7 N L-mgC™'m™) 3K 5 & F£ fh
% % A WL ( Dissolved Organic Matter, DOM) 1] 7% 7 {4 #2£ & ( Weishaar et al, 2003), i H i 4 275~ 295
nm AL G REE S5 005 (ALY nm™ ) KAl THFE 5 CDOM 43 18 K /)y (Helms et al, 2008) .

fi %2 O 43 ot BETE (5 O F-2500, H 57 2 ®], H A Il € FDOM 1 %% 06 UK - & 5 = 4 1%
( Excitation-Emission Matrix, EEM) . Il 72 izt #2 A7 58 FH i) A7 9 b E8 ML A AR A% A 1 em x 1 eme 30K B K
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VG 220~450 nm, PKN Snm. BRI T R S 14 #EE Fl DY 230~ 600 nm,
€I 2 nm il % 1 AN o ORI SO B 4% 5 2 35 € 8 5 nme HiR 4 Kothawala 55 (2013) (1)
WEF, HIRKARLEN 2 FDOM A — A 75 M 8, P JE 208 Cinner filter effect) R 77 224 # W o6
FES G TSR A RI AT o 3@ IR IR B B SR T N B AR IR AR B L, K 5 40T bk AL I S i EEM AH
e, LA BRI PE RN IR . N DR RS IE A B T 50
I/lex,ﬂem — lOO,S(A/[ex +Ajem) , ( 2)

XA AL RBRBEE TR AL RSB T 199 % B (Murphy et al, 2010, 2013; Kothawala et
al, 2013) . BN E H 48 F 24 K B I H ) 0~ 6.4x1072 pmol- L™ /K B BR 45 bRl i 2%, W52 1
EEM 45— {7 B Ab 1 5% 't 132 B0 1 38 1 B DL Ex/Em = 350/450 nm 4b 1.3x107° pmol-L™" ¥ B — /K B B2 45 7 119
WO T UK IE. Bk, BT % 6 58 FE 1 547 4 ppb-QSE( ppb-Quinine Sulfate Equivalents) o
FDOM I & 4115 2 W, Gao 55 (2010) .
133 Ex#

5 A 4 BEAL Bl 23 BT AX (245 4 Sanplus System, Skalar Analytical, fif == ) Wl 58 & 72 21, 54 2 NO; -
SiO . POy . NH;HINO; FLLUE F=Eh MWK FE . AN H ¥ @k br et 42 . H 84 Cd-Cu #F
B INOSIE JEUANO, . T 5E 45 B (NO; 5 NOS IR FE 2 FD) 5 78 B 5l 384T 38 1ok 38 5 R 15 o R 75
[KINO; I Bl 2 2 Bl Y NO; MR . NO; . SiOF . PO} . NH; FINO; (1) 46 H R (10 4> 2 (3 BE & il 2
g5 bR IR 22 1 3 /%) 40 50 0,05 0.04. 0.01. 0.36 A1 0.01 pmol-L™'. & 7% 2h Mk 9 B AR 45 2 W
Gao 25(2012) F1 Wang %5 (2023) .

2 2022 FEFANEAKIFMD

FE 9 1 — 4R 10 S RE 9 (2021 4 11 H & 2022 46 10 H D, R4 i1 3% ] 7K S )= B9 3 Chttp://www.
hwswj.com.cn/) 3K U H ~F 35 42 i & A& vb s ds , 3 Uk 113k H 342 & 5 v & AR AL R AE o
Bl 2a iR TEARSCH, “HID&E” Fefa s K SCJR Mk 5 f8chE,  “SPM R 7 FEHE AT
FUMAF ) 10 AN FE S B4, 2 AN S 300 B T 3R] K AR 7E 45 8 B[R] Y SPML (1) IR B, # A A [
—Bfimg L EE 20, K AR 202246 H19HETH 7THU LT A 17 HE 28 HI
AR MmO, N EREZ X THAREMH S E Bkt B mgi1y .

M 2a 7] LLA H, S99 1 ufi 4 4F H AR R A H & v & 0 i 8 325 LR WK v e, 9F
Hix 2 M EFRE WK 1A A A= T RIZI 4R A8 40 . 2022 45 5 IA7 VHCET I 2K U 70 517 319 18 7K B
BT e H19H, 7H4HERENHDI B, BENMATHAKRDERT 7H 7 H 22:000 Ko H
19 H/NRERK EFF GG N KB B, 3 REM 6 H 22 HIRDui HRREFE S RIEK, M6
H21HWS10m’ s 2 EAR7H 1 HM 2 HRYWEMHE (R 3930m’s™), 558 /NEH % 2 7
He HM2630m>s™, ZJakid H/KIRW AR B B 2R LA GRSE EA27 H 8 HEY3900m’s s
WE, BE7H7H/AMREREFEKEDRES R, SO HRRERRFERTH 12H2 19 0K
1010~1130m*s ',

TERFT AR BRI B, 56 H 19 HE 20 HIE =& W EC 318971 1970 mg- L™ A L,
HBOMREE6H 2HE27TATHEWERKSA LA, HEFEEIFAKR, BARFERE, X116 K
PHEWEEN3610~5590mg L' 7 7 4 H/AMRIEKEFHFENFWH B, K24 RIGEH Huk#%
R RES, T7THSHERBHEWEG6200mg L) EFHHZESR, HF 1 RKEM7H9HIR
WK FEAE (36 200 mg' L), ZIEEMNLERF 1k, BIT7H 10 HXJFE R TR, JFT 7 H 18 HIH
V& S AP R HIKSF (1580 mg L) (E 2b) .
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Fig.2 Variations of daily river discharge and daily sediment concentration at the Luokou Station

in the lower Yellow River during sampling period and WSR period

T RO E 1Sk, CRBE SO R R 4, AMRIEKE T 7 A 17 H & 28 H I U kvt HE
Wiste, JFRE T —RINIEKE Y G2, 2023) . 3 KRGk D0 six —(E5, 7720 H £ 31
HEHAREMHOSEWENE —RPEA SRS BEE 20, BHESMNHNAETH 22 HRRE
3140m*s A7 H 24 HCH &V E 30900 mg-L™), X 2 ANEAE 43 5 A0 24 F i 99 7180 18 2K 38 70 399 1) 7
H1HZ 2 HREmEEERK 80% 7 H 9 H & W EIEMEM 85%. 7HH, 56 H19H27H 7 HHHE
WK WD A A 4 FF — RIIEGUAREE, 7 H 17 HZ 28 HR AR /K AV D ui H R EMH SR
PIEAE I 4ERE T 3 KU b Al — 440 52 2 O KRV 78 DU S A Se 61, 40 2007 4523 T 2 Ik,
2010 FEEZE LG 7 3 IR, B —IKES T ORI R AR A M — R H AR R EM H S kb A2
L 2 (Yu et al, 2013b; 52 & 5%, 2017) o bAh, A 2022 4= YR T AT P IR 18 7K R 20 38R 1130 1 i )87 s
[ RE, kg A /NRJERHUH R H ol KHERR 23 K.

2022 45 F ] VAT AR PG R K Vb TR, A BT T AE SR 11 3 SR RE IS TR 4 0 6 H 29 H R 7
H25H, HdeH 29 HikT AT KRR KH B, 7H 25 HA T #UA KR 7 1 H Br B
6 H29 HM7H2S HIWHARRE B AN 3540 F1 1990 m*s™, RiExMHES T/EHE, MHEWEDH
94750 F119100 mg'L™', BIE A BT /EE(E20), XMW HEOW2HRAH T “maR K
FVWE” M “RAREMES SV E” FRFIE. AKX 2 WM EE R AN " B 7 E K
WY NIESLIERE SR, BRI 23 il A T TR ZK R HE YD B R se 2o R PR .

3 & R

3.1 DOC # CDOM

AW FT 4 R AR 10 AN FE i A 75 79 SPM i &k B A AR L YE LN 264~ 11 633 mg-L7'(FR 1),
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o 0 A A B v B 2 o) B AE 2022 4E 10 H 29 H A2 K AV HEVD Y BE RS Wi 2022 %2 7 H 25 H, &
FIRRA A WL 4415 . FHAN, 1552 KR Y K B B2 i 2022 42 6 H 29 H 43 (9 FE & SPM il
EIKEAN1254mg L, X487 B 25 HI 11%(E D,

F1 B THEROWEREN10MERSPM BRERE . DOCIKE . ayyn SUVA,5 Sy, BN ELE R
Table 1 Results of SPM mass concentration, DOC concentration, a,s,, SUVA,,, and S,;5,9s measured

in the 10 samples collected at the Luokou Station from the lower Huanghe River

TRER 1) s fg fffg/ ?fnfoﬁﬁ%; s P Sprspg/nm”
2021411 A 23 H 330 222 15.2 2.48 0.0167
2021 4E 12 A 17 H 444 187 13.0 2.52 0.0155

202241 A8 H 577 167 11.7 2.52 0.0167
202242 A 23 H 1257 172 12.2 2.57 0.0165
202243 H 15 H 1398 186 13.5 2.63 0.0159
2022 4 6 H 29 H 1254 160 11.3 2.54 0.0254
202247 H 25 H 11 633 235 16.6 2.55 0.0145
202248 H 19 H 489 217 14.4 2.40 0.0179
202249 A 12 H 4479 180 12.9 2.59 0.0156
2022410 H 29 H 264 177 12.2 2.49 0.0180

R 13 R B AR o o A R T 2R IR B ARV o S B T L R K R A DG FR AR AE A AR IR B AR AL
FEMC A b, /N IR ZK B B K Y it 7 — P R . A4 10 AN i DOC K FE 1 S AR B (160
pmol-L™) H LAE U 7K 1 0 i I K B BE (2022 4F 6 H D, T & i 4B (235 pmol- L) W) H 30 AE 1 7K 3 ¥ (1)
HEVD B BE (2022 4E 7 ), 10 ANFE SIS 348 9 (190 + 25) pmol- L™ (& 3a #13E 1). 5 DOC ¥ & 2511,
AERAE CDOM IR B 1 aysy MR (113 m™ ) MR = {E (16.6 m™ DI HILAE 2022 426 H. 7 H (K 3a
MR D, GadRERY. HAKE X HH R ¥ DOC Al CDOM KW P24 7 EE g, {#15iX 2 4
FRARTE KT 1A H A A A R AR Bl v 7 e AE & R AR TE

300, 20 28,
_ 0028} 14000
Tosof 18} ~
= A g ~
£200f 16} \ 5 26, 0024¢ 13000
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Fig. 3 Variations in DOC concentration and a,s, value, as well as SUVA,;s, and S,;5_,5 values

at the Luokou Station in the lower Yellow River

FAE DOM 75 7 A2 BE 1 SUV A, 1B 7E 4% 4F (1) 248 A6 6 Bl H AN K (2.40~2.63 L'mgC"''m ™), HAKME
B v o ) BLAE 2022 4F 8 A A1 2022 423 H (K 3b Fik 1), Bb4k, XFF3RAE CDOM 43 T & K/
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(] Syrsn9sr e 4 4F 56 K AE AN 5 ANME B 23 1) U BAE 2022 4E 6 H AT 7 H (B 3b AT 1) 0 Syys00s 1H B
CDOM 75 T Bl /1Ny Syrs005 (R, 1) CDOM 43 5 ik K (Helms et al, 2008) o HH It ,  S);5005 22 44 4
SRR, D AT 0 T K B n) R A R T K &R AK 4 & CDOM )i, i B I K R VD HE
B Bk, R WA AR 4> TR AR CDOM W i S)CRGE 7R 1 AN H 2 B4 AR 4y TR R 1
CDOM ¥ Jiii it B AR .

3.2 FDOM

M A=4E 10 AN FE 5 FDOM f EEM A A] LA H (B 4D, BB B A9 1452 47 T Ex/Em = 230/350 nm 4 F
FKEH R Ar I (Coble, 2013) o X UELE 2022 - 3 H IFE dh 1 6 AH % =1 (298 ppb-QSE), fEFEW A 12 H
B HE3 H AR KAV RIRIC6 AR 7 A #E BEM i B, 8 HIFah, 1ZIEZHEH &,
I Ac 1§ it BUAX CEx/Em = 260/440 nm fif i, H iy 44 AR Coble (2013)), M8 AP EH 11 H
Ac WET7E EEM W35 G e A B (B 4. B BiR 2 AN LL4L, 7E Ex/Em = 285/355 nm {7 & i i 22
IS Ap W R IR T I (Coble, 2013), ZIEFRIFENREATIE; 5 A MR, TIEES AZE 11
ARBHE(E 4,
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Fig. 4 Fluorescence excitation-emission matrix spectra of the samples collected from the Luokou Station

in the lower Yellow River
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A FIENTIFE] Ars Ac FIT =4 FDOM B9y, @R WK S fion. BRibz 4, 85T BT
R HP 28 RO 1 S8 B C 1% (Ex/Em = 350/450 nm, iy 4 {752 % Coble (2013)) . 7E 4 M4
SEAA A, 2 ARG A 5 (A T C) 2 18] Je 2 AR T 4H 53 CAL T T 22 8] 1 28 A0 88 X #8434
L, Hodr A T C 44306 2 A FH 9% R R* = 0.90, A AT 41406 v 2 (A FH 9% 28 R* = 0.99. {E /K
WY, 7 H A T HEW B BRE ) 4 Ao e B R T 6 H KB BORE i i s (LS, R
KR VD 1 3 7K B B R T v AR R N FDOM [ 4 N 3724 T B B “RRBE RO

5000 80 5000
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% = H 60} :‘\
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Fig. 5 Variations in peak heights of the two protein-like components and the two humic-like components

in FDOM measured from the samples collected at the Luokou Station in the lower Yellow River

33 POC%. 8“C 1 6"N

POC% £ H] T SPM T WU 4L 0 I LBl . 4 4E POC% A T 0.36%~ 1.44%( & 6 FI £ 2), A%
B AN S5 = E 43 ) I AE 2022 4E 2 H AT 10 H o B 8K POC% & il 45 /1, 1) e 5 1% 2= 715 7K 44 A 4 HE %
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Fig. 6 Variations in the proportion of organic carbon in SPM (POC%), as well as 6"°C in POC and 8N in PN,
measured from the samples collected at the Luokou Station in the lower Yellow River
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x2 EWTHROWSREHSSPM F POC%. 6°C F 6N KM E L& R
Table2 POC%, 6"°C, and 6"°N in SPM measured in the samples collected
at the Luokou Station from the lower Huanghe River

K FE I 1H] POC% 5"C /%o 5"N/%o K FE I TA) POC% 6"C/%o 5""N/%o
2021 11 H 23 H 1.12% 244 6.0 2022 £ 6 A 29 H 0.67% -23.9 4.4
2021 £ 12 H 17 H 0.77% —-24.5 -5.0 2022 4E7 H 25 H 0.60% -25.1 0.2

2022441 H 8 H 0.56% -24.4 1.0 202248 H 19 H 1.04% -25.1 3.5
202242 A 23 H 0.36% 242 0.4 20224F9 H 12 H 0.86% 242 0.8
202243 A 15 H 0.52% -23.9 2.7 2022 4£ 10 H 29 H 1.44% -24.8 1.6

MAEDNE A K, TEFEA A TIZE — BBAR, X0 682 1 K U8 ¥ 2] 38 n 10 42 9 & A v
B AEYNES IS . 2022 4 6 H A7 F 2 AN TR 2R H POCY% =ifd .

oBC F 6UN IX 2 /N bR #8 AT LR - ] 7K SPM R AR A HLA A B AR SR I E HLA I AR X Ee ), 2 A
AR =, SPM H E A4 A AL 1 B A7) 8 55 ( Ming et al, 2023) . TEE 6 F1R 2+, 44 §°C Ml
SN ) AZ AL T8 BB 23 531 N —25.1%0~—23.9%0 F1—6.0%0 ~ 4.4%0 o 0°C HI F5e AR AR A 3¢ 1o 18029 29 ) L0 B AE
KV AL B 2022 4E 6 A AN 7 H L UV K U ¥ X B ] S SPM R POC 4H BRI R A8 Ak B AT
o, 0PN B EMEHMELZM 2021 FE 11 AR 12 A, &EEHMEEZSM 202296 A8 A
(£2). Hr, 202247 H 0N BIMEAE (0.2%0) I B 5 R kE 2 4b T 58 — UOEKIR %

s

A 4E 10 AMFE R NOG IR FE7E 205~309 pmol-L™', “F¥J{H A (253 +43) umol-L ™, i A8 Al 45 & 1 5>
S BLAE 2022 4E 8 A F12022 4E 2 A (£ 3). #H CKT 280 umol-L ™) ¥ H BILAE 5 N FE VA 1) 2021 4E 11
HZE 202243 F, AR N T 230 pmol-L™) 2 HUBLAE & IR IE 1) 2022 45 6 H & 10 H, %45 Bl g
R T AR AR K R AEYES) KRR E . 52022 4F 8 H % 10 A 145 8 (205~225 pmol-L™)
FHEE, 2022 4 6 H A7 F ) K v 78 3 ZUH 202 DOC WK 2. CDOM K J& . FDOM ) 38 i 5 Joit 20
Iy BRI, X NO; ¥R B 7= A 1 5w U AE X8/, 3 2 AN H NOG R B 43 518 210 A1 212 pmol-L
ZERR/N,  IF HIX 2 AR B AE I 4 4 1) B E B R E

34

il

®3 ARATHIOMREFRTEFRNMNESER
Table 3 Nutrients concentrations measured in the samples collected

at the Luokou Station from the lower Huanghe River

T REI A NOj i &/ SiO3 ™ #k FE/ POk FE/ NO; ¥ FZ/ NH;} ¥/

(umol-L™") (umol-L™) (umol-L™) (umol-L™") (umol-L™)
2021 4 11 H 23 H 282 116 0.44 1.83 7.5
20214 12 H 17 H 291 106 0.39 1.76 6.8
202241 H8H 292 105 0.45 1.76 1.5
202242 A 23 H 309 101 0.38 223 0.9
202243 H 15 H 292 98 0.41 1.85 1.5
2022 4 6 H 29 H 210 63 0.38 1.18 3.6
202247 H25H 212 117 0.43 0.14 7.6
202248 A 19 H 205 109 0.31 0.89 2.6
202249 A 12 H 212 122 0.53 0.06 8.0

2022 410 H 29 H 225 87 0.33 1.30 1.3
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AAE SIOT WKEAE 63~122 pmol L', “FIME 9102+ 17) pmol- L™, FeARAR Al 5% 843 il U FAE 2022 4F
6 H 12022 49 A (R 3). K ID H i KB B 538 B 452 I 20 Si03 I B [ FE 7= A 7 B B 1) “ B BE
RORL”, 45 2022 4F 6 H B Lk B4 AR . 2022 4 7 H HEW By B B & T+ = (1) SPML it = 9K
JEE R A% SiO3 I B AE T 18] A BT v, AR IR RO B 4

AR 1 3h 4 R PO IR — BRI AE 0.31~0.53 pmol-L™', “F )18 5 (0.40 £ 0.06) pmol-L ',
H AL IE A K, KRV A BB A PO Bk (£ 3) . 5 KITHH EL (Gao et al, 2012; Wang
etal, 2023), B 4 4 B = () NO; U AR (Y POS MR B2 56 B2 1 B 9] 1 3 3k 11 30k W00 45 ) 4= 4 A% v 1)
NO; /PO fH KT 397,

42 4F 10 AN FE i NH ATNO; 948 46 95 L 4 531 9 0.9~8.0 umol-L™' A1 0.1~2.2 umol-L™", ~F¥J{H 43 5
H(41£3.0F(1.3+£0.7) pmol' L7'(K 3. H5NO;WEEAMLL, NHjFINO, 1R B — M EEHLL L.
i ah, KR YD 3 18 NH; R NO; 1) WK FE 78 H R A IR FE R TE B 2 N . NOSIK FEAE B FE A I
2021 4F 11 H#2022 43 H(1.8~2.2 umol- L D& THONIR I 2022 46 %10 H(0.1~1.3 umol'L ).

4 i ®
41 BEREVABSERERRENZI

Creed 25 (2015 F8 tH, R EATA MRS E R R IR E T REr= A “ PRI RN B “FRBERLAL”
AT RIN TR 13N 5 804 IR 2R E 13 m, 1 J5 # WAH % . Zhao %5 (2021) Al Ming %5 (2023)
WFRWEY, EKIL T, RHENFWNAMNT DOC WK AR A MBI ZR, DOCIKE 5727 &
KINIEMHEX KR, B — M, GaoZ5(2012) 1 Wang 5 (2023 WF R M F B, 4xEEE:, KILE
R ZET AR R UENO; MIPO; RILH “HRBERL” , 1% Sio; W BEAN R I Rl R R 7 A
RIA “WRESL” .

TEBW R, AWK, T RSB MSEIWERIEIR, W DOC. ayy» FDOM H 1] 2 4
G FE R AL (A F1 OO FISIOr, EAKIE R/KEY B, BEE i E K SURIE i, LR fEAris
AR E M BAE. HE— DoKW, WF L 2022 4F 6 AR A, WS KT TFHEM, &
TR AR I B 6T DOC ¥ BE A ays, (H B SR BRI “ il 287 CEL 7D, 1 2022 42 6 H i3 — 20 2k
BmmARRE R AT CRBERL , X 2 MR R A E R R IRE .

270 20

(a) DOC ¥k % 5 HAz i i (b) ay, 5 HFHE
—~ 18
T, 240 7 .H 75
= nH (]
g ° 1=0.03x+156.80 - 161 ¥=0.003x+10.73
= 210f Re=0.37 £ Re=0.54
2 p<0.05 ® 14| p<0.05
o 95 n=9 9H ®3H n=9
K 180 °_8f .

2 @ o.
017 e%pg 6 /1 0 520 °
1/ *
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Fig.7 The relationships between daily river discharge and DOC concentration, and between daily river discharge

and ays4 value of the samples collected from the Luokou Station in the lower Yellow River
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XFFNO; . PO} Al FDOM (1] 2 N2 AR 4r (A F1 T, R 2022 4E 6 A Hk B 5 HAth A 475 A
Eb A T 3R, (HIFE AR B &FERMMEGE 3 ME S, USSR T 23 ERE R,
B 52 B AW E B 2 A DR R 4 ] . Ming 25 (2023 WF 7T R BT, K I T3 SPM i (1) 6°C Al 0N 4
AT R T POC H iy E il 1Y) B 2R A LY B H A& BR I AE WD V& 3l . TR TE 2022 4F 6 F 1 3T R Ui IR
Flak, AREFFEINATH) 6°C A 6PN [F ik 2] 7 2 FE W mE, X—IRE—PEIETBRZITRE
S DAL, TA) K R AR R R 82 AN [R] 2 S () 5 B AR VS Bl I RS

Sas20s [ETE 2022 4 6 H (0.0254 nm™") 378 78 /& T HAh H 43 (3 /5T 0.0180 nm™) (& 3b fIFE 1),
R4 Helms 25 (2008), b3 25 B — 25 3% B /1N YR RS /K B 1 K U 70 19 1R ZK By BE R 38030 Rl ok 7 K&
I 5> T2 CDOM W) i . 2 J5, 7E 2022 4F 7 A K BIHEVD B B, FE S A SPM R 2 3K FE SR T
&, DOCKJE | ay, 1 LA K FDOM A 1) 2 AT 5 0 4H 5 CAc BT OO R [A B A 3] T A fF e 1, IF
H Sy5 005 A1 0°C X 2 AN FRFR B IE B T S AR . HEVDBY BOKWE T+ 5 (19 SPM i 29K FE N 3 R
Ui 7 ok T 6°C A1 OUNAE 1 SPM W) K 4y T B BRI CDOM. X 26155 0 Ui B, 1 7K 18 v il i 4%
B E SRR, XK AR R B s e o s B A

42 FHREFEHBED

Wu 25 (202D B 78 7 At 28 LK (2001 55 22 2018 45D B F i 8 77 shik B tb s, R ILE R
& ML % (dissolved inorganic nitrogen, DIN, Yy NO; . NH; fINO, =% Z fil), SiO; . PO =M & # thik &
EOLEFF SN B, B V3 R 30 4 R U0 Sk A L e P o 1) P A A L 5 KA B T 2 B v R I A T A
BB RY TR A RS . AHFF T 2021 48 11 H & 2022 4 10 7 76 3% ] K i ik 1 38 3 45 1) DIN,
SiO; A1PO; ¥k B ¥ Bl 43 1) 209~312. 63~ 122 1 0.31~0.53 pmol-L™'(% 3). %t T DIN, 5 Wu %
(20213 5 4F (2014 4 2 2018 ) B AR EL , AW 58 2021 45 11 H 2 2022 4 10 H —Fh F 542
0 BB R R N, eAh, AR ST 1S A DIN & & {E (312 pmol-L™) 5 2014 4 3 2018 4F [8] i =i { (31X 5
SEAE N B R B AE 327~373 pmol-L DA U IR A F&MK . X T Si02, AR F) 2021 4F 11 A & 2022 £ 10 H
(AT 045 ) 5 2014 4 £ 2018 45 (Wu et al, 2021) P AN I 8] Bt (0.52~ 136 pmol-L™) 2 [8] SiO; ¥ F£ #A
B . X T PO, AWFA 2021 4 11 A 5 2022 4F 10 H FIR EH — & T Wu 2 (202D F
2014 % 2018 FHIIKFEME, 1H5 Wu £5(2021) 5 2001 4 52 2013 4F {9 Fods A1 LL U5 2 80 B 8 R B0
. Bz, AR EHHEE B IESE T Wu 25 (2021) 2 H 0 A {40 DL B T i IR ShIK
Ak T BT B R A R

Liu 5 (2015) T 2005 4 42 2007 4 LLAE 10 Kk — RS0 28R 48 1 5] T Ui R 13l B o, 0 TR
B 2005 4F . 2006 - 2007 1% vl 51 DOC ¥ BE 1 4F B2~ 25148 73 731 79 380 pmol-L ™' (U [# 7 216~ 847
pmol-L ™) 305 pmol-L™' (Yl 7E 83~598 pmol-L™")+ 319 pmol-L™' (Y& FI7E 130~569 pmol-L™') . Ran %
(2013)F 2008 4F 8 H & 2012 4F 7 H #E B T Y A A il CHE N 129 110 k) & Ji] — UCRFE IR 45 R 36
B, X 4 4F DOC K FE ¥ {H 8 275 pmol-L™'. 5 2005 4E & 2007 4F B9 ¥ 5 AH EL, 2008 4F & 2012 4F 2
NI DOC MK O & 2B H W R T . AW 03— 2R, B R DOC K JE T~ [ %
A 2021 4F 2 2022 FEA R A 1, DOC ¥ FE ) 4F FE 7 24148 1 2008 4F 2 2012 4 1) 275 pmol-L™" 4% 45 %
ik 2021 4F 11 A & 2022 4 10 A 19 190 umol-L™' (3 [ 7£ 160~ 235 pumol- L™ (K 1 A1 8a) . L ik
PR AT RE AR B NG B IR AR DLRB DT . AAE AR S 3 A 35 IR AR AR 1 5 it 45 R
oA 1E H 0 25 B (Kong et al, 2015b; Zhang et al, 2021) .

64k, Ran 55 (2013) 78 ) 3 uli (1) B S0 R B, 37 K i SPM H POC% ££ 2008 4 8 3 %2 2012 4F
7 H BB YME N 0.37%, T ASHE 788k H 36 2021 4E 11 H & 2022 4 10 A #°FH41{E N 0.80%(0.36%~
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1.44%) (& 6 F13 2), i B I 4F KA 8 45 75 300 R 0] BB A7 AE A B R (B 8b) o 1% L FHEH 548
A KT R I R 5% R B — 30 (Ming et al, 2023), ] BE S i T T 4 SR K VTR AT 45 ] K] 3] K Hp
FIWEE N, KEEEEEZEK. BEGI G RCR . 75 B R, R AR
S HE AN AE B TR0, H P s 2 (A AT A FE £ 170 km, P 2 0R) A U B K & (1) 23 1) 2 B ek Bk
AN R A B3I B — s B T3 (H B OC T8 FR A A ML S A R E R e bn @ AR R 9,
F KL —FE, BWERIE L8, JCHEE 2002 FERKRD LG, LKW ER, AFEERSE
AR RG G EIES P& R MIRZ AR, 102 57 1E A T X — 5 805 P2 1) S B[R] 75 450

() DOC ¥ Ji I Liu % (2015) Kol it s 129, |(P) POC%

400 ] Ran % (2013) #iit 5745 5 [T Ren 4% (2013) Hu#fi it 57 45 4
[ ERER et Lo I 7 7 55 o 4
. (N
o 3001
5
g
2
2 200f
%
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o
100}
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F20124E 7 J] % 2022410 /] F2012 47 J1 % 2022 4 10 J]

VE: 2005 4E & 2007 45k 3 DOC B4R (40 6) 3 E Liu 2 (2015), 2008 4 8 H & 2012 4 7 H )t o B 47
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Fig. 8 Variations of DOC concentration and POC% in SPM in the lower Yellow River over the past 20 years

5 4 &

AW FUAE 2021 4 11 3 22 2022 4F 10 H A, SRAE 7 200 N F Uk ok % 2 WOKEE G, e 78
5 DOC 1 CDOM # £ . FDOM. POC K E 72 #h 5 — R AR br, R ERH, KR CE BNk E
TN AR E R IR E M R EE AR EER R, WA B 2R AR e W
RN B PR T R 2 84 YE B &K (41 DOC. CDOM. FDOM H 2 R JE 5 SR 44« SiO2 ) UK BE
EHIREER T EFERBARME. T, X B Sys 05 0°C Al 6N H 5% i {8 1 2 0k 25 1 K v 1
W K I FE 9 B R A SR T £ 19/ 2y 7B CDOM AR B E A A N EL ) SPM W R . fE S
H—ANAZA, EAKEYEHHEE B B b DOC. CDOM. FDOM 2 Fil 24 6 5 Jifi 25 4K B 8 bk ) 30 58
B HEFER R EE, R Sys s 6°C WRIAN 2 F P BARME . AW FEAHEE — P UE L T KA
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T U A U R AR R FE R ZE R

JEHT I 75 (Wu et al, 2021) L4 IESE, ERRA SRR AP TR ML, 20 N %
BEEFRBRWECE LB FMERR B, B 20 a0 T e mh 10 FF S T 3 Sy A 4 iy
0T 20 SEH N BERaA . A RNEE— PR, DOC WKL AL 20 E Al a] 7= A4 1 B & 10 N Bk 34,
M [F] B 1 SPM. 7 A ML 2H B2 EE A5 CPOC %) JUI AT BE A7 76 F+ s B 78 o b AR YR B2 32 F A 1) AR Ak e 35 %
FosZ N TR B4 5 75 B8 KSR A A28 FH AR R B8 22 300 37 0 00 50408 1) S i b 3t — 205 B A R 1 R
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The Impact of Water and Sediment Regulation on Monthly Changes of

Downstream Organic Matter and Nutrients in the Yellow River in 2022

GAO Shuming', YAO Ailin', MING Yue'?, WANG Xianye', GAO Lei'

(1. Institute of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China;
2. State Environmental Protection Key Laboratory of Marine Ecosystem Restoration, National Marine Environmental
Monitoring Center, Dalian 116023, China)

Abstract: From November 2021 to October 2022, 12 monthly samplings were conducted at Luokou Station in the lower Yellow
River (Huanghe River) to measure dissolved organic carbon (DOC), chromophoric dissolved organic matter (CDOM), fluorescent
dissolved organic matter (FDOM), nutrients, as well as the proportion of POC, 6"°C and 6"°N values in suspended particulate matter
(SPM) in the river water. The results indicate that water and sediment regulation (WSR) has become a key factor in controlling the
pattern of annual changes in various biogenic elements in the lower Yellow River, and determines the upper and lower limits of its
annual variation range. During the early stage of WSR, the pulsed increase of river discharge caused the concentration of DOC,
CDOM and humic-like components in FDOM, and 6"°C and §"°N to their lowest values in a year, through water dilution, while the
CDOM spectral slope (S,75-205) reached its highest value. In the late stage of WSR, the above parameters reached their annual extreme
values in the opposite direction. In the past 20 years, under the influences of WSR, watershed ecological environment protection
projects and climate change, the concentrations of nutrients and DOC in the lower Yellow River have shown significant downward
trends, while the increase in the proportion of organic matter in SPM has also shown preliminary signs. The concentrations,
compositions, properties, and output fluxes of biogenic elements in the lower Yellow River are undergoing complex and profound
changes, which will directly affect the marine ecological environment of the Yellow River estuary. This study helps us further
understand the response characteristics and feedback mechanisms of major river biogenic elements, as well as their potential impacts
on adjacent marine ecosystems, in the context of human activities.

Keywords: the Yellow River (Huanghe River); water and sediment regulation; dissolved organic carbon (DOC); particulate
organic carbon (POC); chromophoric dissolved organic matter (CDOM); fluorescent dissolved organic matter (FDOM); nutrients
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L) K YR R IZ % . 8 FF 6 3 Il A S5 (Matthews et al, 2007; Tateda et al, 2008; Yang et al, 2011; Su et al,
2017; Subha et al, 2018; Bam et al, 2020; Zhang et al, 2020) . 3k N FIJJF 2 (1) 75 G4 52 31 K 8 BRI Y 1 #H
AR RO B)) 72 B R ( Wei et al, 2012) o F50RL ) 7 5 78 I BB 3R CRORLA HLER O AL &
BER, WURCAE HURK 01T F% 00 B 4 I i EE R BB AE 7T, T R UKL KT B A Bl T 0T U R AR R
TR KA CO, [RE T, A A BRI A8 A6 (1) B 70 MK 38 ( Wei et al, 2011, 2015; Subha et al, 2018) . fii
RLAEHEVE TR — RV ERAL2E SRR, W R BRI = A i &, DIRERMIE R, BORLIE
TR PR ZAE N R IR EERIA BT 7 i b ) — 245 2 . R H>Po 1 3 35 1 4 K 01X — R AE 7] 3%
HAE R -ZE 5 8] R B B0k ST {5 B (Ma et al, 2017; Zhong et al, 2023) . It4h, *PofEA—Fh B A
EVIEF I PERZ R, HAT AR T E IR0 = (B, #07 WE RE 1 W W s 32 N 31 48 R o 0 240 g
BE b, PRt AT D B S 0L AR Y i ER A 2 R AE 1 3 fth 4 5 ¥ AX 3% ( Bam et al, 2020; Zhong et al,
2023).

JbEsE A T o E R AL A, SF KRN 38 m, e RIEFE/NT 100 mo b BV IR 2,
BRI B, dbeim. B &EmmmA. el . WA FEXAE, WEMREESH,
R 2= 24 B K 58 1 500~ 1 800 mm, - 224~ 45 [ 7K & B 2 10~ 120 mm( Chen et al, 2009; Cheng et
al, 2017; Guo et al, 2020; F A4 855, 2022) . Jb#E BA F 5 0 TR, 78 4 B AR 1) 2 5% o R 15
#H B{E H (Cheng et al, 2017; Gao et al, 2017) . [ 5 N3G 0, KA Ge ki, B koK R 1) B &
A6 J1 1% %2 5% (Baskaran et al, 1993) . db#E K2 FE XM, HC A WA P FEEREEXIAEN
SR A EVS PRI s R 2R . RIS PR 2 ZE AR By, B 2RI U R 2 XK 3 Vg ke DL B R AR
R VE 2 N A == {1 R | = W A D D N | o 7 = 1l V2 N A A 3 D N 2 S R W v 27
(Gao et al, 2014) o ¥ J 58 % I (1) B ity KA 45 2R T L3008 (1 UK Y0 e B 0F 7, 40 2009 45 ¥ B 5 176 51
R T RAE G I “HLGEEE” S2m T K3 A hnag, UKL 1T 78 RE 0 i, {803 i Vb ) 25 46
H) &% 4 2028 (Ma et al, 2013) .

TE K PR21Po [ ER Ak 22 AT R IR 78, DA 32 2 SRR 10 XU S5 i T I R A1 52 e 4y — B ar
AE 52 W [A & ( Baskaran et al, 1993; Zuo et al, 1993; Yang et al, 2013), &R/ 5 X it S % 55 14 T 2'°Po HuBR{L
SEAT O IR ELAAR IR o A . FRATTEE T 2021—2022 SE A F AL BRI (KKK, 0 M & T X R R AR R
N BB Po Hh Bk AL AT L A& 2R FE W B I b Wt AT A [F A2 Po B A AT RRAE, i —
WARVE T REIR R A% A XE21Po W FE 2% [R] 43 AT 1R 52 W A& 21°Po 7E bV B 0 S L BR AL AT N . X
H 9 AU TR P A R B AT IR L VS e IR R RS B A R S A O AU SR R A . X T
P 5 0 R B A R R I R K A B R ORI R F A A s e R s i B A HE R L.
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2021-12-26—2022-01-04 FL A1 44 3 “ v [EH i W 203 5 7 AL EBIES W L #E (107°30'~109°52'E,
18°51"~21°15'N) SRR o AWFF P I E 29 MRS AL CE D, BRERBHAKFE, Hf
A LA F IR SE R 2 KK RE, R R4 40 DN KFES, BT E S AZ VCRBEGE BELE 1.
BN FE 0 IR KAR AR 9 20 Lo SRAE A 18] J6 30 75 0F 0 g 4852 B — JOR 2L S8 Wl AR g . o dbilg
AT IHs = R G AR B, R SE W R R I R S 2021-12-25—2021-12-31CE] 2a) o KA 3 A) b 5
TSI I 30 3R R ) AT R o 52 FE W R T T AR G B X AT 7 26 B AR 200N BT (B 2b) . BEAN R
FEIATA],  BIF 509 30K 350 2 1 IX g 3 KU K F 10 mes ' (& 2¢), KU IA) 32 224 NE.
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Table1 Sampling stations and meteorological parameters
vl AL K HE B %) i & P =4 KE /(m-s™h
S1 2021-12-28T12:44 108°18'E, 21°15'N FZE. KEOKE27.8m) 10.7
S2 2021-12-28T11:00 108°30'E, 21°15'N FE. KEOKIE252m) 13.7
S3 2021-12-28T09:17 108°40'E, 21°15'N FZE. KEOKE23.8m) 12.5
S4 2021-12-26T15:38 108°54'E, 21°15'N FE. KEOKIE22.0m) 11.9
S5 2021-12-26T13:58 109°06'E, 21°15'N FE 9.0
S6 2021-12-26T12:33 109°18'E, 21°15'N FE.REOKE174m) 9.1
S7 2021-12-26T10:44 109°30'E, 21°15'N KIZ. KEOKE 19.4m) 11.9
S8 2021-12-28T16:34 108°30'E, 20°51'N xRZ 11.5
S9 2021-12-29T06:08 108°42'E, 20°51'N FKE. JREOKIFE373m) 10.6
S11 2021-12-29T02:50 108°06'E, 20°51'N FZE. KEOKE255m) 6.1
S13 2021-12-26T08:03 109°30'E, 20°51'N FE. KEOKIE 148 m) 11.4
S14 2021-12-28T19:31 108°30'E, 20°27'N FE 7.6
S17 2021-12-29T00:13 108°06'E, 20°27'N =R 5.3
S19 2021-12-26T02:10 109°30'E, 20°27'N KIZ. KEOKE 23.0m) 13.3
S20 2021-12-26T00:22 109°42'E, 20°27'N FE. KEOKIE 194 m) 12.0
S21 2022-01-03T13:25 108°18'E, 20°04'N KB 9.0
S23 2022-01-03T16:45 108°42'E, 20°04'N FE 9.0
S25 2022-01-03T20:05 109°05'E, 20°04'N KE 10.5
S27 2022-01-03T23:12 109°30'E, 20°04'N FE 5.1
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$29 2022-01-04T02:24 109°52'E, 20°05'N xZ 33
S$32 2022-01-03T07:40 107°54'E, 19°39'N £E 8.5
S34 2022-01-03T04:17 108°18'E, 19°38'N Ed 8.9
S36 2022-01-03T01:05 108°42'E, 19°39'N *KE 10.3
S39 2021-12-31T18:34 107°30'E, 19°15'N xZ 10.1
S41 2021-12-31T14:50 107°54'E, 19°15'N *2 115
S43 2021-12-31T11:10 108°18'E, 19°15'N *E2 12.7
S46 2021-12-31T21:35 107°30'E, 19°51'N xZ 9.3
S48 2022-01-01T02:13 107°54'E, 18°51'N *E2 4.8
S50 2022-01-01T05:53 108°18'E, 18°51'N %2 4.1
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Fig. 2 Maximum and minimum temperatures of Qinzhou, Beihai and Fangchenggang City from December 1, 2021 to
January 10, 2022 (data from http://www.tiangihoubao.com), distribution of sea surface air temperature

and sea surface wind speed during the sampling period
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12 Sh7EE

IKFEPo H) & H K ] FeCOHD , JLUTHEVE (Bl 9B 58, 20200 o B {3 11 0.45 pnm FLAR 0 155 R 2T 24 g it
(G HREEBE RS RS ARARDEJE. JERHKRIER (O ral, W E bR 26 A RARDR
R pH N 1~2, SR JE M A 2] 1.82 dpm( 1 Bq=60 dpm) **Po 7 i 51l (1 H 3£ [E Eckert & Ziegler Isotope
Product 2> 7)) 1 100 mg Fe* # & (FeCl,-6H,0, Zr#ral, W H E LB A G R AR, Wi,
FrE 6h LA . AN 20 mL &K Cop#r 4, W H 78 BB B0 A PR 2 =D R pH 2908 8, Bk
Fe( OHD ; FEPTE o 388 ik 0L MR 88 0 (5 38 4 500 r-min ™D WA PTHE FF TN 9 mol- L' SR ERIA R, M4
0.3 g PUdk MM BR CorArali, W B V8 B Ad TR A BR & 71D 2B T 308+ Can Fe* D X Po H UTA I 52 A,
Po HUIR AR F b IR TS, AR TR K B & 2 % BURLY) ( Total Suspended Particulate
Matter, TSMD () Jit & K B2 . TSM W 73t 2 2% £ 4 Je 55 (2022) ff B9 77 o 1 DB B BT RF J5 TN 13
FEROR B A, N 1.82 dpm *®Po 7x BR 7« SR oy Mr 4, W 3 Ph BB} 2% I 40 A BR A 7)) Fl &5 R
Cordra, W E E 2558 A5 5 R A TR IERHEfE . Po BT RSIE S MMHEE. &
J ¥ 5E 1 Po B YT AR B N AR K £ 18 o B8 1 X ( Alpha Ensemble-8 %!, 3% [§] ORTEC A & 4
PR REAT I E o PPo M1%°Po £ o BE T /AL & 73 il ££ 4 800 keV Al 5 300 keV /£ A7, I H E K *PPo Al
*%Po [ U THI FL>400, i R *Po F12"°Po M & AH XT iR 25 <5%, £ RN E a1 R Po I E BEARAK, £
BT ORA LAE & . 2PPo 1 & A X R ZE VS LA 1.3%~8.7%,  *'°Po [l & AH X iR 22 Y B A
1.6%~23.5%.

2 FHRFATE

21 REBBEMPo MBAISPoEERE. TSM REXKESH

FE W I 15 1) 3R 2 K A TR R AR OPo U B VR B AE AL RIS I o A (B 3a) R, s fE N 1.39
dpm-(100 L) 'C#5£7 S4), HAKME A 0.36 dpm-(100 L) '(25 467 S1) o 2B 20 A B, 708 AU M 2 B us 5
VR 35 1) V5 A 252 0Po T FE IR BE R T AR R SN R e v K T, AR 1 b i A AR 452 1Po JE AR B B BE
F R RS ) B 0 T 2 AR ARG IR A AT R AIE o A T AL T S o e 1) 22 Bk A7 4 I 0 R I
S41C K =14 1.27 dpm-(100 L)) ¥ fift 25 *'°Po ¥ BE W FE L6 JA Lk A vy, RIHEAS w5500 0 38038 I R VA R S
20pg ) 53 — AN TEAE X o JB RS 2 K AR R 25 21Po i FEIK T ) 0 A (B 3b) W, R 21°Po ¥
W FE A8 A0S B A 0.60~12.15 dpm-(100 L)™', M iy B AR IR R B M 2 B P8 B 50 2 9 48 Gl A7 S20)
WA S PE AT R . A ERTE - P AR A2 S39), R B4 BH R (A B R RS ) 38 T O v
BTG 1 43 A AR o 000 3R T b 35 7 R J2 K AR TSM i & 9K B 8 2.21~33.52 mg L', 76T 7 ¥ 2 ¥ 45
WK, FETR I B v R g ORI F 5 VG AR R R, AR b R LR AR B R I 3 0 T A i
IR BIREAE (P 30) .

SE W I B 1 18] b0 2 2 K AR 2 0Po  BEAFAE T KON BRI A (18] 3d, s Ar S34 ¥ [ S50 a)
BRI o AH B H A ¥ X R R AR B XU 5RO I R U1 L W Al 2 2 1°Po FIRRL 252 1"Po I B2 IR (2 2D,
A 25 L W R 5 1 bV SR R KR (1 I A AS 1 OPo I B R B R A A T AR R 1R K S T R A5 2 Po TR
FEW L S T - 25K . Hodh Wi 1C8E A7 S1~S7) BIVE iR A521°Po(0.76~1.39 dpm-(100 L) ) . ik &
2P0 (0.64~1.97 dpm-(100 L) ™) A1 TSM(2.21~3.84 mg-L™") 5 A 4F ) 2021 £ & Z= 4L 58 7 74 30 5 40 b
(EA w4, 2022), #JE THARKY o X—I QU , 5150 11 8] A6 5 7K 7k th2Po 48 ) 4 & 7
FIRL A MV RS T BURLAS IR 1) “I B AR
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Fig.3 Distribution of dissolved *'’Po and particulate *'’Po activity concentrations, TSM mass concentrantion and the

cumulative histogram of dissolved and particulate >'"Po activity concentrations at each station in surface water of Beibu Gulf
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Table 2  The activity concentrations ranges of dissolved and particulate *'’Po in surface seawater at different sites

VR AS"Po TE BEWK B/ UKL A Po & FE MR FE/

i ){—i 5& - - - Ny < :/\
= - (dpm-(100 L)) (dpm-(100 L)) BRI
AR X7 0.4~15 0.11~0.97 Chung et al, 1982
e O R I 0.1~8.7 5.0~27.6 Carvalho, 1997
T A% 0.3~11.1 1.2~64.3 Hong et al, 1999
TR G Ny T =2 3 1 HZE, KE 0.1~6.7 3~1405 Theng et al, 2005
T 5 7 H 7 0.66~10.38 1.14~4.50 Yang et al, 2006
SRR HE 0.8~3.4 1.1~29 Wei et al, 2012
HE 5.40~11.04 1.24~234
, o S 3.00~29.28 3.00~4.32
1 & rE A i 4%, 2013
= 1.14~3.60 2.58~6.54
R 6.06~12.78 1.86~2.88
LRSS N HE. BE 1.3~4.7 1.1~18.0
. Marsan et al, 2014
I R v FE, HE 0.8~4.4 0.3~31.0
o ImEXMEE HE, K=E 0.064~7.900 0.330~6.430
AL UK VE o Bam et al, 2020
i 27, KF 0.290~15.200 0.023~7.600
JEEBE P R H 7 0.96~16.68 0.84~14.58 T 4, 2022
JbEE K 0.36~1.39 0.60~12.15 AT 5

22 deEREEIEIBRETSY Po FNBKLIZS "Po FEEIKE . TSM JR 27K B #Y (1) 47 75 1

FE W 1 55 B [A)21°Po I BE W BE A TSM T 2 iR FEAE Wi 1~ 3 B9 3 7] 70 A (B 4 R BH, 3 AN
2Po i B FE A TSM it &K B 2 I 5E AN R 0 A s o Wi LCAR P MDA T 523 T 75 3T 2 (1) i
W WA PoIEEIRELEMRES . RKERM D AARAECE 42); FURLA"Po i E IR E 5 TSM i
IR R AR A — B 4b F1E 40, B ARRIN B PG 17 R IZH AR . B3R AR IEETE . X R
SYATRFAE R B W 1 3 ) AR R B R AR, TR R S e 85 A S 1S T e N .
2 5Wrim 1 P47, AT Wi 1 DL K2 6.5 km &b 1A R 257" Po 175 B IR B BE /K - 38 Inma 384 m - 7K
S B A, AR A Po 1 f i (B A H BRAE S AL SO IR E (B 4d) o FURLAS *'OPo i K AN
TSM J5 5 W BE 1R 0 A A3 0 -+ 4 43200 (I e I 46), 78 W7 TET 2 R 75 799 o A0 i 437 S13 AT ST11 & iy
A3 ) 1) o R T AR SR U ) 4 T 2> o AL S11 AT S13 kLA 2Po I B Mk B AT TSM R &
TR S T K R B N g2, A R Sk A S9 T W) by AR A) . R E BRI Po AT TSM [ 43 A7 3% B W T
2 A7 AE (T R I R IS AR, B 7R SR N AR I Il 5 K B R A, I 5 B R ORI 1)
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Fig. 4 Distribution of dissolved *’Po and particulate *’Po activity concentrations, TSM mass concentration

in section 1 to 3 in Beibu Gulf

23 FFIIEHEALARE RS Po “ER M MER

5 FH # {4 SPSS 24( Statistical Product and Service Solutions, 3£ [E IBM A @] ) X} TSM i &K & . &
it 2571 Po % PR RN R 252 1°Po ¥ B 9k JE E 4T Pearson AH M 0 BT (3R 3) o BRI &2 Po VE K E 5
TSM Jit & BE7E 0.01 K FAFTE &2 HAH G, Pearson AHIE R EN 0.968 (R=0.94, 3K 3), WiRFkL
BMPoiH HIRE L TSM R EKE R G WMGMEEEME KRB S, MEMRES " PoiGEIRES
TSM Jii ik FE 2 (8]t S8 A A 252 56 &R (3K 3) . 21%Po & 5 MUK V5 M A O PR AZ &, 0T DLt R B 1) Sk
R, R K AR R B R R 4 R DL 21 Po 1 4 A AT N, AR SR I R R 4 IR R AR B B
PEBE & ¥ R 257" Po 105 IR B A 9k 2 A0 R 2521 Po 11F B IR B Y 38 i ( Carvalho, 1997; Marsan et al, 2014) .

R3 TSMRERE . TR Po MR RS Po J& E K E Y Pearson 18 X 1% 2 4
Table 3 Pearson correlation analysis of TSM mass concentration, particulate *'°Po and

dissolved *'’Po activity concentrations

UKL 521 Po ¥ B2 9K FE TR Po ¥ BE VR FE

o H Crs/(mgL ) /(dpm-(100 L)) /(dpm-(100 L))
crsw/(mg-L™) 1.000 0.968" ~0.190
HURL A% 2'Po ¥ B /(dpm-(100 L) ™) 1.000 —0.144
A5 Po ¥5 E WK E /(dpm-(100 L)) 1.000

e *FROR B IR 08 0.01CD .
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Fig. 5 Correlation analysis between particulate '’Po activity concentration and TSM mass concentration
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HI2015 4F 1 & R <l 5 e i S0ET 0 2 1) & KU B8 s 52 & TSM BT E R E LR, IF HAE & X,
FE ] S8 SN LR R B i 34 RE AR — B 18] Y BR RF B R ) TSM i &R (L et al, 2018; Lu et al, 2018;
Cong et al, 2021) ,
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A B 2 I H PR A ) b Ak B R AR, B IR T 1 S A LA . 3R JE TSM ATEURL 2571 Po (1)
B 3 Ul i i ) ) P AT R A BT i IR AR T RE S IR R (Gao et al, 2017) o W T 3 AL T B i Uk
Ml Hy 1, A 2R I R IR K ) T B U 0 3 N BB TS ( Gao et al, 2017; Chen et al, 2019), 7E B
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K, 138 (Su et al, 2017; Zhang et al, 2020; £ 51 51, 20200 . 55 75 1) b 3875 BF 70 6 38021 °Po 70 it R ¥ K, N
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Table 4 Comparison of TSM mass concentration and K, in different locations

35k crsm/(mg-L™) Ky/(x10° mL-g™") =] B4 Sk YR
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BRI 53~87.2 0.09~12.71 CES Zhong et al, 2019
R 1.31~33.17 0.73~7.05 ES PhomEE, 2020
B[ o i g == 3.06~25.22 0.37~3.71 CES T A5 4, 2022
At 3 v 2.21~33.52 1.16~17.95 R ZE(FEW]) AT A
& v g 0.76~35.84 0.64~148.33 P Zhang et al, 2020
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Fig. 6 Comparison of the distribution coefficient ( K;-*'’Po) of the actual measured *'’Po values in different sea areas with

similar mass concentration of TSM (data cited from Table 4)
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Distribution Features of Particulate and Dissolved 2'°Po in Beibu Gulf
Under the Influence of Cold Wave

LIU Wenjing'?, ZHONG Qiangqiang'?*, WANG Hao'?, CHEN Suiyuan'?, HUANG Dekun'?,
LIU Jinwen"?, YU Tao'?

(1. Third Institute of Oceanography, MNR, Xiamen 361000, China;
2. Observation and Research Station of Coastal Wetland Ecosystem in Beibu Gulf, MNR, Beihai 536015, China)

Abstract: *'°Po is a natural radionuclide with strong particulate activity, which can be used as a tracer to investigate both the source
and transportation of suspended particulate matter and the removal process of pollutants in the water column. The distribution of
activity concentration and characteristics of geochemical behaviour of different forms of ?'°Po in the study area of Beibu Gulf were
investigated during the winter cold wave from 2021 to 2022. The results of actual measurement showed that the activity
concentration levels of dissolved and particulate *'°Po in the surface water ranged from 0.36 to 1.39 dpm-(100 L)™' (1 Bqg=60 dpm)
and from 0.60 to 12.15 dpm-(100 L)™', respectively. The particulate phase was the main existence form of '°Po. An excellent positive
correlation (R*=0.968, P<0.01) was observed between the activity concentration of *'°Po in the particulate phase and the mass
concentration of total suspended particulate matter (TSM), suggesting the phenomenon of significant scavenging of dissolved *'’Po
by particulate matter. Further analyses revealed that the distribution coefficients (K, values) of ?'°Po in the water column were from
1.16x10° mL-g"' to 17.95x10° mL-g"" during the cold wave in Beibu Gulf, which was significantly increased compared with the
same TSM mass concentration conditions in other sea areas, once again indicating that dissolved *'’Po was intensively scavenged
during the transit of the cold wave in Beibu Gulf. This may be due to the increase of water mass concentration of TSM driven by the
enhanced resuspension and transportation processes in the water column, and enhanced removal of dissolved *'°Po by adsorption to
particulate matter in the water column after the cold wave transit in Beibu Gulf. Strong convective weather processes, such as cold
waves, which occur frequently in the Beibu Gulf waters in winter, can make the hydrodynamic mixing intensify. Not only it can
affect the distribution of TSM, but also change the distribution of *'°Po in the water column of Beibu Gulf. This is of great
significance for understanding the transportation process of both suspended particulate matter and particulate matter carried
pollutants in near shore waters under the influence of strong convective weather events such as cold waves and typhoons.

Keywords: dissolved *'°Po; particulate *’°Po; cold waves; total suspended particulate matter; Beibu Gulf
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BRABYMAENTREEMBEERBLSKANERAEREREBKEBCH,KE®T TR EHBK, R EHRE-
S CH, X # & € % 18.4~578.8 umol/(m*d), £ AR CH, ¥ iE; WHIL OB R E- A CH, XHLBEFT
HRES, BTN, XEREFRAKRANNEHAREBERECH, KREME- AR ERELT L ENXE
ER, BXBe THRELMEE, BT 0 URGERERRX T EHIT 4K ELLEE CH, W H &,
B A% CH, HE AR LA f B 2 CH, BREFM A R B E R EE

XHI: EE;, BMFR, B-ACHLXBEREE;, wRAKMA; AINLRREAKE
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CH, /& & Bk KA ALK T CO, 2 2 Rl == A, X4 BRAZ IR (1) 57 Bk % 29 9 18.2%( IPCC,
2021). CH, R AR . FF a5 00 Rr mi, DRItk CH, 9k =2 78 500 B[R] A i 300 9k 2% <0 A8 A )
RERAH TR —. 2021 5 26 Jm & B A Z R 100 NMEKEF T (4K CH, K
WY, A B 2030 5% 25 F [E CH, HEit & 2> 30%( United Nations Environment Programme, 2021) . &
M, FEAEE Sk . R BT 5T IR B9 B HE % 5 804 B RE CH, HE & AL J i w22 . ik, EFRH
$E HE 7F & (the International Methane Emissions Observatory) J& 31 1 %% F 4= ¥k T & 28 )& 1) CH, = HE T
T RGL(H%, 2022) .

Yrfs HEA: 2023-07-29 MEE & HBHE: 2024-04-22

BHMTIE: EBXEAREELTH (41876128 F1 412060600 ; K 7% 7 ¥ P VL B A5 SR8 = W H

EEEN: S92, &, ®mE LR, W4, =TG5 0E 2000 VF Ak 7 T T 7.
E-mail: xmxu@nmemc.org.cn

*REEE: TWHW981—), ¢, mg TR, fid, =52 R8P 7 1 o 5t
E-mail: wangml2996@163.com

GR 1R giiE)


https://doi.org/10.12362/j.issn.1671-6647.20230729001
https://doi.org/10.12362/j.issn.1671-6647.20230729001
https://doi.org/10.12362/j.issn.1671-6647.20230729001
mailto:xmxu@nmemc.org.cn
mailto:wangml2996@163.com
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn
https://www.ams-journal.org.cn

4 4 RSN, 45 2022 4F 8 F LB R AL SR i Y e S0 A L V- S B R (R R 783

WG R CH, IR, X ARSI R I A /N B4 18 KSR CH, 858 2.2~6.3 Tg
(Weber et al, 2019) « 52 N\ J8 3 50 52 W 1) i 22 120 25 36 10 RRUAN o5 4 BRI 7 T AR K 16%,  1H CH, HEBUE 29
5 4 BRI VE CH, FEUE 1 75%( Denman et al, 2007) . il 4230 2 i V5 i CH, 7> 4 B B N & 2 7
PEH MR EME S, B EREEREARSER S E N E S, HE e ez,
Fit: 2830 5 i CH,, HEJBCE: Al 55 10 /N 52 1 58 K ( Bange et al, 1994; Zang et al, 2020; 15 55 45, 2023) .

JE# M T AR L 7.13x10° km?, P HIKIERZI 8 40 m, & 7 Jb KV 7 3 Y 7 2 J P il 48 2 %5 ( Sun
etal, 2018). Jb#EH T R4S H A 24 HmARTE K REN, ERYMRFEE HE
Yot IR 2 g B AR v s R O T L Bl R O AR P R AR AR R SR ) B b e R SC SR
20100 . A F 7038 B AL 38 g & KR CH, VR, 5 I 2 T 3 ¥ 3800 Al CHL, K 98¢ 1 ( Yang et al, 2010;
TR MGEE, 2023) 0 MY SRVE 2 I A AL BB U B A R IR, I AN 6.19%10° km?, ARG E A
300 212 m®, FEHIVPEN 113x10* t(XF4], 2013), SHALEEAED BRI ABEA G EEE LN, OF
Wt 5032 B Y S VT 5 A 0 A6 B0 S CH, A B E 2 (IR S M55, 2023) . SR1f K 2 0 A R AR AL 3 2
J5 U 38 Ak B B2, 20045 VF i, 2006; Yang et al, 2010; 5 B 5 %5, 2014, 2018, 5% F- g 4 V1 %5 s 9 b 3% 7K
o NS W) PR M IR A DG AR IE AR B = . BEE IR T AU R R, WK, AR K
R 7K~ 0] 7K S5 Bt Y05 e 38 7K A B T A VT 1 96 3 B 5% 52 B T8 I & AR I s e Gl 40, 2013) o BT
ity A T] 2 775 1S S VT 55 B Y5 i v 7K i N 0 A6 B0V R CHL 1 0 A SOl -[c s E e, A B Tk
YU 1 % i 22300 250 CH,, 180 43 A7 REAE Je X KR CH, (0 DX 38k Tk, thm B2 IE TR W25 5, i)
A RS CH, I3 ft L Al S 4

1 MRFTEE

L1 S mREERRE. WE

2022 4F 8 HYEdb g At R T EEM WA, Ak 41 D uiAL (B 1D . @i SBE 19plus CTD
(EEH SN m AW EA RSO KEE . BEESH, HFH CTD i R /KE RERT K.
WA AN [R5 A7 K IR DA R BE . ShFEBRZ IE I BB Z (B 1D, RERE 4D RIERE 291
HERE T ANSEAL, FETF 87 ANJKAE. Wil AB LA 2E B e K 19 35 7 AC123°58°E, 39°46'N ) Fl #1 & i /&
(R uk 7 B(123°22°E, 38°58'N) Jyify st » 2\ 53 Bff F0 g 3ol AR b & i 2 il 38, v i da . 78 v 0 d = A
X3k, AT DL S e AIF 5T i ok g 7R f) K SCHRRAIE « 3 A2 C1C123°147E, 38°52'N) N K« i JZ I /K IR B 25 (8 B
Kbz, u5AL C2C123°54°E, 39°44'N) F1 C3(123°40°E, 39°34'N) 4 B A BF 7L HF AN [F] X 3k % . K2 i
TV Fiff A T R R 2 A A K IR 7 o

Zim
W%
39°48" = ' 52
N 3 FEL c2 .
: 36
. o .
L vl ol -
% . i 20
« T . LI Ec it A
; ~ - -~ Wil AB
38048/ L 1 1 hd 1 B] 1 4
121°30/ 122030/ 123°30 124°30' E

1 deEiE 4L 3R & uh i A B T 43 75
Fig.1 Distribution of the sampling sites in the northern of the North Yellow Sea
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KR R CH, SRS AN 5 (4 K o o i FR e 0 5 T2 P s - SR e il vk ) kAT, iz ik
CH, ¥ H PR N 1.2 nmol/L, 55 & 1 A1 5 A v 1 25 <5% (4 B g VEAR HEAL B R = B 25, 2018) s K 4
1A I A (GC-7890A %Y, 38 E e R A R A 5 A=) 347 40 b, /K CH, W& RS & T
2% HE#R AR T 2% B I 2%, 2014, 2018), CH, b 4 5 53 1 FH 6 A 7 I 22 <<2%C Ul B2 IS &%,

2014) . /K ¥ i 2 (DO) #% 1 Winkler i £ ( Intergovernmental Oceanographic Commission, 1994) i3t 17 %
B . T E RN T

1.2 BKBECHIEMEME-RXRBENITE

WK R CH, R B 1 1F 5 2 X (Johnson et al, 1990)
cen, = € (BR'T/ Ve, + Vo / Vi) 5 (D
e con, NHEKE R CH, WK IE (nmol/L) s ¢, AAH AN TE (1) P45 5 A CH, K FE (nmol/L) 5
S A CH, ¥ f# J 2 80(L/(L-atm)), 1 atm A 1.013 25x10° Pa , Inf =—68.886 2+101.495 6x100/T+28.731 4x
In(77100)+S%[—0.076 146+0.043 970x7/100—0.006 872x(7/100)*]: RN KR A& H %, 0.082 057(L-atm)/
(mol-K) 5 T AN E(K); Veu, WIRHEIRA T CH, 1 BERIKA, 4 22.356 L/mol; ¥V, F1 ¥, 43 5 R T
25 S 467 B SR AU AR R (L) &
7KV R CH, MO RN BE (S e, , %) S-S, CH, 28 #38 & (F, umol/(m*-d)) 11 & A
S’ e, = Com, [ Ceg X 100%, 2
F:kwx(ccm—ceq), (3)
s e ARZE K G KA1 5 I K i CH, W 5 ( Weisenburg and Guinasso, 1997) . K< CH, i
J& K F b 3% ¥ Tae-ahn Peninsula 3531 5 a 19 8 A KA CH, “F#4¥ & (http:/gml.noaa.gov/aftp/data/trace_gases/
ch4/flask/surface/txt/ch4_tap surface-flask_1 ccgg month.txt) o k, s& AR HiE K (cm/h), k= 0.251U,%
(8¢/660) *( Wanninkhof, 2014) ; Uy, A TH L 77 10 m [ X# , 78 B 37 92 i RCGHE o 7 2098 B = 10 30
RF, FATRHA 2022 4 8 H CCMP( Cross Calibrated, Multi-Platform Ocean Surface Wind Velocity) ¥ %
X 1) B ~F- ) {8 (Physical Oceanography Distributed Active Archive Center, 2022); Sc AN Jiti % KE 40, Sc=
2 356.2-166.38 ++6.395 2 £—0.134 22 £+0.001 150 6 #*( Raymond et al, 2001), ¢ AEJZHEKIFECC) .

1.3 DOEMERERAFESE(AOVHITE

DO 1 F1 & 151 7K DO W B (o) 5% 2 M F 7K 15 KP4 1 ¥ 7K DO R JE Cepo, ) ( Benson et al,
1984) I 1 73 LE (S7po, %), HI(4) 15

S"po = ¢po/Cpo,, X 100%. (4)

WL #E % & ( Apparent Oxygen Utilization, AOU) 457K DO,, 5 DO Jii & B /K ¥ J& ) %2 (pmol/kg)

R

Maou = Mpoeq — Mpo> (5

{52 #EK DO BT 5 KT M RTIR T 5 maou>0 27 B 5 R AE JHL I 46 DO, oy <0 75 7 Ui 4 400
64 fF H 7 2E DO(Li et al, 2021a, 2022a) .

14 FiRTEAERER

G 25 YT 25 Pl YR P vk /K 5 A B K VR & I R S R W S IS i CH, IR FEE I B E N &R . AT
ik Y vk 7K 5 g K TR A ik FE G KV CHL I 52, FIFH P uh oiR A B, DLEL B (COME MR TS
B, 6 FCT) T B IR PR K 5 K R & L] (Fry, 2002) -

fitfw=1, (6)
S Xfi+SwX fiw=15, @)
e £ L o BN BE VR R K 5K FIR A LR, S, RS, 23 5 A B v v K ORI K G L
WK AR CH, IR S W 2 ) B IR A 3 F2 428 1) 0 BE AR VR A 18 C comymin ) TH LA 20


http://gml.noaa.gov/aftp/data/trace_gases/ch4/flask/surface/txt/ch4_tap_surface-flask_1_ccgg_month.txt
http://gml.noaa.gov/aftp/data/trace_gases/ch4/flask/surface/txt/ch4_tap_surface-flask_1_ccgg_month.txt
http://gml.noaa.gov/aftp/data/trace_gases/ch4/flask/surface/txt/ch4_tap_surface-flask_1_ccgg_month.txt
http://gml.noaa.gov/aftp/data/trace_gases/ch4/flask/surface/txt/ch4_tap_surface-flask_1_ccgg_month.txt
https://www.ams-journal.org.cn
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Cetymivy = Ccty X fr + Ccmyiow X fows (8)
X Ccm(r)ﬂzﬂ Ccm(sw)ﬁ%uy‘jl%ﬁmj WK 5 K% f# CH, W,
CAcmy\j?ﬁﬂ(%% CH, wE Y CCH,(mix) MZEE, TEAR:

CacH, = CcH, — CCH,(mix) © (9

1.5 X9

9 VP Ak AL B8 I IE B K VA R CH, W ) 70 A S S i 3R, SR A 36 [B IBM A W] SPSS( Statistical
Package for the Social Sciences)27 3K, XJ /K& il CH, WK % 53 /KR . EEARFSHIT AR
IR

2 & R

21 SEKERERRERSM

2022 4 8 H b i i AL 3 % 2 i KR FE Y8 Bl N 21.79~27.45 °C(E 2a), £ V5 HI A 15.48~30.65
(B 20). JEZE#KIEETEHE N 13.53~23.72°C(E 2b), #hEFEH N 16.36~31.62(& 2d) .

1 cep/(nmol-L ™)
58

40
22

4

1 S /%
1970

1070

8048 = . = . 170
121°30’ 122030 123°30°  124°30'E 121°30/ 122°30" 123°30°  124°30'E

B2 JtEBILEEKEE. HE. DOBMAME. CHIREM CHIGMENTE S A REE
Fig.2 Horizontal distributions of temperature, salinity, DO saturation, CH, concentration and CH, saturation
in the northern of the North Yellow Sea
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BT KR IE . R 2 ) o0 AR AE, R SIS A D 3 AN X8, B ARG HIE R i
B, VH R AR . W T I AR A I v S TS T ek R P 9 K RN B R T R AR AR £ X
H#R. REEE . A A —3 VR0 38052 3 A /K B 52 ma Cgk E WIS, 2012; Xu et al,
2016), JEEFAEEEMAMEXMEEEEMEX, i Cl R, KERKIEE ZH R KN 12.78°C; H B
AR AR AL R W S T R S O KR A R I, KR . B E S S BN T AR
T RS T R R IR KR . B SR AE 2 R, DU A E A E ST

N HE 5 T K SCRFAE 38 HUON B3 0F 7 I AR AL R g 3. TP i e, 7 R A B = A X3
W7 T ABCIET 1) 23 BT i 7K 2 B0 T B A0 A 40 o W07 T AB ¥ 7K 3R, 3 R 3 B 14 351 T 20 A7 s 2 I (B 3a
A 3b) KB, W FC i 2R L BB AT R TR BT 1) B R M KR AN R 22 RN, R R R
R V3 1) VR S RV R B S K IR G 0, R OKIRE B AR T RIE, EEE A KB m E
R B K A 2

t/C S
, 30

245
25

19.5 20
14.5 15

S'50/% Cena (NmMol-L 1)
124 62
106 42
88 22
70 2

100
AL A akm S B

S'en /%
1700
900
100

0 50 100
AL A i B

d/km

3 JbEEALEETE ABE/KIEE . BAE. DOEME ., CHOIREM CH, EMEMNIE»H ~EE
Fig. 3 Profile distribution of seawater temperature, salinity, DO saturation, CH, concentration and CH, saturation
at the section AB in the northern of the North Yellow Sea

22 BIKDORERERDOEMENDH

2022 4F 8 H b 3% ifg 4k #6 3K 2 ¥ /K DO Jii &K BN 5.73~9.19 mg/L, “F¥J{E N (7.43£0.73) mg/L;
DO WA FE N 79%~ 132%, T A g4 % 2 K DO 2B R ALIR A, 1 5 5 i 38 K DO & 311 Fl
UL M AR (B 2e) . JRJZ K DO Jit 8K BEAUIK, 5 5.16~7.66 mg/L, T34 1H 4 (6.45+0.55) mg/L;
DO M1 BN 70%~93%, “FI{EH N (84£5)%, ZIMRMWFIRE, KTREE 20 . /K DO B E
T A (B 30 R B, IE R E K DO B R MANRE, HIKZEE /K DO WAME T TEREZE, W
I C2 &\ K2 7K DO WA B 1) 228 (19%) e K . 55 i 38036 2 3 7K DO 1 A B 320 38 1 v Ak T 3 s
AURZS, MR 2K DO ISR A T RUAVIRE, S C3 K. JKJZ /K DO A FE 1) 2 {E (37%)
K.


https://www.ams-journal.org.cn

4 4 RSN, 45 2022 4F 8 F LB R AL SR i Y e S0 A L V- S B R (R R 787

2.3 BKAMR CHRE R CHBMERN S

2022 4F 8 A At B AL R 2 KA iR CH, WK E N 4.0~63.3 nmol/L, “F3J{H 4 (20.6£16.9) nmol/L;
CH, LA A 177%~2 360%, T3 N (678+541)%, 0] WE 2 /KIEM CH, 2L WARE, &
1B DX A, T 4 78 v ek AR A6 3 30T 2 v I C I 2g N 21D o R JE W K VA CHL K FE N 4.5~ 17.6 nmol/L, -3
{8 4 (10.9+3.80) nmol/L; CH, 1 F1& K 168%~707%, “FHIMH A (4111600 % & 2h F12j) . T H J7 1
B AR A AT R v R A K A AR CHL VR AT CH, B RN EE AR AN K, AR 2 LR SR A (I 3d A
3e); B H KIRINIR, FEWT 5T 35 78 B 35 i 4802 i th 09 7K CH, R BEFI CH, WA FEE I 2L 5, iR
JZ 7K CH, IR FEA CH, WA i TR Z, H5IRZEEKIKE . 8 DO XAHX M. &5 Bk, Jbimigdt
A X33 R )2 KV A CH, R FE SIS R 40 A0 B, W 90 o 380 2R L 0 3 52 9 38 i /K 0% % CH,
W RO, HMES RSN, RZEKEMCH, KE 2 BURE IS, 0708 7 5 &
R ZE K CH IRE & TRIE .

3 %W #
3.1 SHHKEETHX CH, A FEIEN

TR IR P AR Ak B W Y A CH, 43 A 1) B8 B[R 3R (I HEHE, 2015, — 7 T /K IR & 7 &0 A CH, %
iR BRI, — 7 THD VA KT P AR A 4 2 ) Rl A 9 Bl g TG RS CHL 1R 77 A o B I S0 K R R CH,,
WA T SRR ES,  H 520 K R 52 A B B (B 4a) o 3R KIS il CH, R B 230 HH B
W KR B T T BEAR I S, B OC, con,=-7.2x¢+198.8(n=41, R*=0.5) . W 5 i I AR I 5
AT R I 7K i CHL R B 5 3 7K 5 1 0% 28 (i 25 ¥ Al CHL, R 5 RN 70 B2 () 2 P B4R, DRI ki 7K
AR AT CH, 20 A7 52 /R A R o 15 2 B 03 38 2R b 3030 52 0 3 DA % 28 /52 IO 2 9 3 B 1% A7 E
FAR DR 3 = WK fF CH, BI040, G0 Bt YR b i 7K S N B 5 Tl 45

3.2 BRI PRI AR KN B 20

Wi Y e vk K S N 2 5 B0 g 380 K CH, WK FEF+ iy, 5218 7K CH, 1 53 4 ( Ye et al, 2019) o
FUE I AR AL ER I AR #h XK CH, 2 8L SME o 8 K il CH, WK FE Bl g /K 35 BE 00 i BRI, 3%
EHAMEK, co,=—29%x85+955(n=87,R*=0.8) (& 4b) . #F /K it CH, K AL T B AVIRZS .
1M 3% BH g K L B AR A0 BT RAE VR UK IR & i FE X CH, M A A B g /e . 2T W imociR &
B, 3 BRI 90 3 3ok AR AL 30 0T 2 VA ek R B A K 0 0 A A D Bl YR R K i G s s BF A U 8 TG R
0 SR B S vy B S A BAE K B o0 A, PR FU S SR VTS B YR R UK 5 I KR G BE 6 K R CHL,
IR . 45 RN, /K CH, WK B BE & CH,(mix) W E T mifh &, —#H 2B IEMIE, coqn=0.86 x
Cenymn(n =87, R*=0.9) (B 4c) . UL WL, il Y5 i 38 7K A 7K 1 IR & A2 Bt 98 8 3800 /K V3 i CHL, 8
Oy A 0 B BRSO DR 2, R CH, 9 B 10 9 2 V1 25 ok 0 P vk /K 10 B N 5016 AT 9 U6 el 0 K VS A CHL, 9K
FEF S . MeAh, A5 B2 B 70 38R J6 ik 5 8 7K DO R ML AT X 3k CH, 5 CH,y(mix) fhi 25— 3%
()25 1 B 28 (B o) o TR It Ik ol 9050 3 9% K B0 N A 38 A7 76 L Ath DR 2552 i) fF 90 9 35k /K 9 @ CHL, 1) 43
i, R Z VTR YA BT R SRR A 77 AR R e 1) AR . K CH, 1 AL OB LA K-S CH, 32

E U
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o K7 o tfiZ e XJZ o KE o i e KjE
60| b 60| o0
5 ¢ g ~°
= o = L ]
g a0l °® g a0} "\
£ N =
< ° < %
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o HE o fZ e 2 -, o BEEE G =0.1 XMy 2.2
d  ELwR R=0.5(% /%)
_ ®g L

60+  Con,=0-86XCop(mix) / 10 fe JEJZ e
= R=09 ¢ ee = Qﬁ# b
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CE] ™ : e 4
° cACHAQO.g Maou—1.9
0 ° R=0.5(8 7% 2)
0 20 40 60 80 -100 50 0 50 100
Cepmind (NMOI-L ™) Myou/(pmol-kg™)
(C) CH, ik 5 CH, B R Ak ¥ (d) CH, KJZ 5 CH, HitRA

KL ZEE 5 RMFE =
B4 dLEEGIMEKCHIRESEE. BE. CHLIREERREGENXER,
UK CH REZEMRUAEEN XA
Fig. 4 Relationship between seawater CH, concentration and temperature, salinity, CH,(mix) concentration
and the relationship between ACH, concentration and AOU in the northern of the North Yellow Sea

3.3 BRI AR SRR

DR 555 Bl 26 00 B8 i o 7K B AR 0 o A Lo ) 26 0 A 2 0ok R O R e i 7K CHL IR BE 43 A 18 o —
AN B A 3R (25 R 25, 2022; Mao et al, 2022) o [ & VT 25 [ Y5 v 98 7K A S BT 58 38032 40 A 1) i UK 57
BN G AL s g AL ok 7w B SR, WK PIRR YA AL A LR R R, A LT
A2 W) IR R B A 2 5 B30 CHL 19 R 803K 1T 5% e 3 7K i CHL 19 20 A (IR 55 Mg 55, 2023) o 4R T g 7K H DO
() A7 A 2 A3 15 7K AR UK A5 TR B A 8 T35 1) CHL, 8 A AL TH R, DRI T AR A ML o IR A0 B i 72 A= CHL, i
W B E L0 K] & (Marty et al, 2001; 2% BLFy 45, 2022; Zang et al, 2022) . ¥ /K ACH, 7] % B -4 IR
A R R K il CH, R BE (52, R 7K CH, Y1 FE CRL 75 A0 s B DA R - RS #) 5 AR (2 BN
DURRW A WL ) RS S D 1 22, 2418 7K CH, VE #E K T 28 it ACH, N M, R ZNIEAE . 2022 4
8 It F g 3 i JZ W K ACH, N 1~10 nmol/L,  Hccn, 5 maoy EIIEM K, cacw, =0.1xmyou+2.2(n=29,
R=0.5) (K 4d), JKJZVTFYAE VL4 CH, BRI R Z WK, 750 7 BF 50 5 3805 7 350 52 3%
WA KRR Z B Rem , PR A AL PR 4 B A 7= 2E 16 CH, 72K Z il Kb R, 115K 2 /K CH,
W m T RE(ERRE 2022; 12 F M2, 2023) . X 5 1 b g p5 AL 30 0000 7385 . 2 443 3 32 v ek 2%
FLAh i 22101 2% (Marty et al, 2001 JE AR — 2, 4875 1 il 4200 219 K J2 5 7K 0 il CH, VR BE T 1 iR [ o

AfF 5 ¥ 38R AL I R ¥ 380 7K DO MR EE HH I B AR A, R4 T RAIBAIRZ, AOU 2L IE{H (& 4d
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HE AN, =12 R KERBEIRA LRI, REAG VR M40 CH, 3 5 T B s -
oKk . B R 2K ACH, N—14~—1 nmol/L, # ] BRJEE A WLR MM~ CH, 5% T %
KRR ER, HiZid R i K CH, 1S40 OB A K i - < CH, 28 #5533 1% 5 B0 /K T ¥ i CH, W [%
K. Ak, & FREEZRK DO WA 24 3k 47 (B 2e), /K ACH, BEE AOU FHE M+, —
HEIIEMA R, caen,=0.2xmuqu—1.9(n=24, R*=0.5) (K 4d), #t—PiE B K 2 ¥ /K CH, B B #8
R—AEEMTRE., X5 Mao %5 (2022) FIHF L ® — 8. BT, BRI KBNS TR
A WL IR S B& i 1 5 i #5046 b 24 A6 S0 Mg 380 K CH, T &, (g K CH, 19 4840 S B LA K i - <0 CH,
AT 4 S5 I FE A 2 5 Ve A 9T U SO A CH, IR BE I B B 5K .

34 1tHEEE-SCH,XHTEE

2022 4 8 b g AL BEE 5T i I BN KR CH, B9 . FE T Wanninkhof(2014) A R, 1515 5
HIF 5% 42k ¥ - <, CH,, 22 #38 & 18.4~ 578.8 pumol/(m>-d), T~ 1518 A (178.4+172.0) pmol/(m?>-d), T #f
FOHE R AL R R I m X, B B R B ) 1S N - CH, 28 #i i &R s BRI .

ANFIZET - CH, KB R EERGE DER, LEBEFERINKS CH, K. HEE
B 2 AL 3 2 2R KU iR CH, 9K FE R <0 CH, &2 4l & 5 T % 2= ( Yang et al, 2010; 1% &5 #g 55,
2023). #kZ(Yang et al, 2010) PL 2 %& 7= ( Yang et al, 2010; & B2 5 %%, 2018), & Z= b # ¥#§ i - < CH,
A R AT 3~ 446 fif . H ARV, B NIRRT SRR, W 7-9 AR 4RIT
BREHEFRMEEN 36%, 8 HRZ, 15 15%(m#EELE 2003); KEREMRKK KNS5
TR AL KIS R CH, R F B E s RIB B 2 KR T S e E = Jide &, Il CH, IR E I8 3
AR AN, AN[ETE ST IR AR I A — 2= M KA R CH, IR B R ilg - R B EAF AR K &
Sl B TT A AL AL R 2R A AR CH, YR FE AN -, CH, A2 4008 & 20 72 Yang %5 (2010) W & AE 1 8 fi% .
W 0 WG AL T30 2R B P R SR 3, IR EE 1 KA R CHL, 9K B2 RN - S0 CH, 32 #0368 72 45 ey 1 9 4R VL
PSP I 380, 1 Yang 55 (20100 (49U I DX 435 0 2 mh 78 30 2R 21 B 140 75 i 00 o 4 DA R i) 1 1 52 S g
T U A B VR R K A N B RS A 3 o IR AN, BEE T SR AR I IR AP B A I X A s A TR K TR
TR CH, ¥R FE AN -0 CH, 2 460 388 52 450 1=y PR IRT A0 558 s Y06 N 1140 52 T o JR 42 O i TR 3% BT 7

*1 LLEEREBKEFBCHIRERE-SXHRBE

Table 1 Dissolved methane concentration in the surface seawater and sea-air CH, flux in the North Yellow Sea

#H 2= (Yang et al, 2010) 3.0~14.4 6.4+2.5 —-0.3~36.6 6.9+7.3
BEURTME, 2023) 32~11.2 5.942.4 0.7~61.1 20.9+18.2
H Z=(Yang et al, 2010) 5.1~39.7 12.045.7 1.0~72.8 21.1+16.4

FEIC NS 4.0~63.3 20.6+16.9 18.4~578.8 178.4+172.0
K ZE (Yang et al, 2010) 2.4~204 5.743.5 0~110.9 14.6£22.3
& 7% (Yang et al, 2010) 2.4~4.9 3.440.6 -3.0~114 0.4+1.7
2 2= Ol B S 45, 2018) 43~173 5.440.9 0.2~17.4 6.3£5.1

Jb o W AL HEAF 7T W A R CH, A IS [ R B 44 240, R m il /KIR ARtk . Wit N (VR s,
2006; X T 1155, 2011; 4255 M55, 2023) . UIR A HL R B (R 55 2022) &% 2 0 /2, [
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- CH, 22 e 38 5t B 25748 S PR K L8 3 vy T LAl /52 i 3, G B ORI B 1 36 9 30 52 5 45 ( Borgess et al,
2018)« JNEE K% kg 43 W5 (Li et al, 2021b) J& & 55 46 W] [ (Li et al, 2022b) 55 . 25 E Rk, 10 K&
Wit 28 300 25 36 5 K VS A CHL, 1AV JE R - SOA8 46038 5 A7 75 ORI I 5 748 S P, ok 318 T 10 9 30 - X
CH, Z#ud s A AR Em T HAEEHR. AMCAMHA KNS RETHREEE, X T 0828 55 kI ik
I B N B T PR T VA 3P R S UL B b e BE AT B G B = (AR S M A, 2023), BRI TR 0 R Bl 2R
U - CH, 28 #0085 (O B 2 VA% o im0 DA R B 2R 1 il A R ZE 1 IR N BB AL, A R
TR 2 M OF Al [k 58 30 2 CH, 10 40 A3 R E B i -/ CH, A8 #6388 =, 33F 1T 5 0 B A CHL, 50U 300 1)
4 1 o

4 % it

b2 VP Ak it 28 100 %8 V4 Al CHL, 1) 43 A S g - A8 H il &, ] B 0 ofe i b A 1802008 350 CHL 1R R T
X KA CH, B XM DTk . FRATTHE 78 40 1 1 2022 4 8 b 3 ifg b g K W5 M CH, 0 A o - <%0
il & G R R, AEIDLN EELWR

1)2022 4 8 H At 38 i A6 FB I K B A CH, W BE R AR E X IRME 2 e, 17K f# CH, =B X H 31
FEMS 20 VL 11 BT g4k, BE 5 28 5 00 1 B 0 2R 2 M /K T A CHL, I B2 G PR A

2) [ Y5 K i N R A U K R DU AR A HILTE I DA B AR B0 i 0 K CH, R TR (1
MR K 5 KR A R i K CH, AL R R AR 2N E B 2. & 5 0 K Ll A
BLJST IR S B A 18 B0 12 7K T ) A S 15 I 2 8 /K T A CHL WK B2 v TR 2K .

3) 2022 4 8 A AL 3 i AL K CH, 4b T i AR &, & KA CH, I 85 CH, 28l &0
18.4~578.8 pmol/(m*d), ¥l & FY LR VL i g 3800 - < CH, i@ &2 0 3w T B R ik, HASHR e 2
e T A g 3

Wi 22 100 5% R Sl o YT A D KRR CH, B EE IR, KIS R CH, 10 i B A B3 1 28 2=
S B e PR B R N A o N 1 DA K ik AR 00 2 AN TR ZE T AR NBIE TR0 TR 2 VA B 22 1 2l
WE-< CH, 28 #3d & J 5 K< CH, 1 X3 Tk B B 2 3L
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Distributions, Influencing Factors and Sea-Air Fluxes of Dissolved Methane
in the Northern of North Yellow Sea in August 2022

XU Xuemei', WANG Mingli?, HE Zongcai', HAN Jianbo', XING Qinghui',
WANG Xinyi’, CHEN Hong'

(1. National Marine Environmental Monitoring Center, Dalian 116023, China;
2. Shandong Provincial Qingdao Eco-environment Monitoring Center, Qingdao 266003, China;
3. College of Environment Science and Engineering, Dalian Maritime University, Dalian 116026, China)

Abstract: Scientific assessment of the distribution and sea-air fluxes of dissolved methane (CH,) in the marginal sea is important for
understanding the regional contribution of CH, emission to the atmosphere. The distribution, influencing factors and sea-air fluxes of
CH, in the northern of the North Yellow Sea were studied based on a survey in August 2022. The results showed that the dissolved
CH, concentrations range were from 4.0 nmol/L to 63.3 nmol/L with saturations from 168% to 2 360% in the study area. High CH,
concentrations were observed in Yalu River estuary, and the dissolved CH, concentrations in surface seawater decreased rapidly as
the estuary extends to the sea, while the input of diluted water from terrestrial sources such as the Yalu River coupled with the
degradation of seawater and sediment organic matter leaded to an increase in CH, in inshore area. The oxidative consumption of CH,
in seawater mixing with the terrestrial diluted water was also an important process that could not be ignored in controlling CH,
concentration and distribution. The action of North Yellow Sea Cold Water Mass coupled with anaerobic degradation of sediment
organic matter resulted in relatively high dissolved CH, concentrations in bottom seawater than that in surface seawater in the
offshore area. In the study area the sea-air CH, fluxes were from 18.4 pmol/(m*-d) to 578.8 pmol/(m?-d), being the source of
atmospheric CH, and it was significantly higher in the inshore area than that of the offshore area. Therefore, the dissolved CH,
concentrations and sea-air fluxes in this area had significant differences due to the inputs of diluted water, and the variation amplitude
was higher than that of other sea area in the world. It is crucial to strengthen the investigation and research in coastal areas such as
estuary to accurately assess the CH, emissions and emission source composition to formulate effective CH, reduction measures.
Keywords: the North Yellow Sea; dissolved methane; air-sea CH, flux; inputs of diluted water; anaerobic degradation of
organic matter
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ZE, P A DGR 22 SUAT g3 g P 2 AT S 2 AR ) AR R MR R 22 o A AT I iR 2 AT DUE I S AR
ERE AR AT A R 55 0 R /D 75 ] AR R ZE R e, )RS A R S RS A KR A I R
RCER G, 2023) o 7K b R i 78 I 18] A2 (8] b O AN 3 5], A B AE i K OF A R I B AR 4k,
1M 72 34 Snell 5& HE W AN FLI A 2645 8% . O 7 I 89 A B ARl K Hr iy sl ke R 22, B Al E2RAHE
Tofs 55 75 206 IR B A 75 3l ) TR AR (R 75 S 4, 20120 o 7 Sl 5 T ACHE ) 3R B 2 B B W v R ) 4
SRV, o BN B E Ay A A (SVP O BRI B DL R A 5 A X0k . SVP BN &
EREE R, (HHETHEEEED, B3RS W8GR A S s e R R B IR . SREEE R
PR 20 A kR I R R A CCTD SO R M Ew KRR . WEA LTy, A5 s RAE% A K
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) ( Saunders et al, 1981) . [ifi 45 B} 22 Wi 7T F0 A2 7= A= 3% 060 i v 75 {5 2 73 SR B9 38 hn, 1A 422 I i1 3
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FR) BTV AN B T L 28 5 2 I sV 5 o oK R B S5 R R T B R RH o0 R 1Y o A 4 A 2 W O3 A vk
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Argo SERFBERF 0, 2021) 0 73 8] N R AN 2 R A TA)RE 1, A1 O A %) 75 ) T 52 7 T A A TR 5 e 4
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EHEAHKRKN RGEZE; e NMEHBRIRE.
TR CD LM 15
pi—f(X,-,Xg) = q;dXy+6d;+6p; +6c;+ & + by, » 2
L=AX+YV, 3
e X dXo 73 il O BB A AR B B AL ALME FH AR BR B IE AR s ain B3 N F (X6 X00) X N R AR bR
Xoﬁ?ﬁ%ﬁ'éf%%}(é@){*?&ﬂ‘]—Bﬂfﬁgiﬁ: e, N EHAEEHEMBEMEHKEN ®ZE: L NHE KN,
- 1> Xo
Zz—fEXz,Xo(’g
- ; C AN R R . X AR ET, X=[ Ar Ay Ac ] VL
p,,—f(X,,,XOO)
Bk 22 T
TR SR RFREZNER T, EERDZFMN:
X=(ATA)"A'L. (4)
EZE /D ZRENFET NG T HRRG R E R, HAE SRl & TAE 0 306 % 28 R G0 2 04T
. RAHaeas 5N A A E LR 5o 5N, A REIRIEK N EALHRE B . (H i T
W M, WK IFAE IR RN BT, WK b () 75 A AR I AR 2 (] B i) AR A, BR T RIS AT
RE 1 FH S 0 75 3l 5 T SR R AT 58 A, 38 B2 7 AR AL B AR AT BR IR, AT RE M I 55 75 A A BT 5
i 1 A7 1R 22

1.2 BHEFRLIRIRER

PR PRSI K 2 2% R8s S 3 ELT A AR AL, HLHE A JB AR R /K 3 BT 170 0 A TN K=
RIE A KR EAG S, 030 & A KR 75 b AT ERER AT A5 H 8 A 75 T 1) T ) 3 AL A% 3 4
CBti 75 75, 2012) o W B S5 P 2 BB 925 A2 H TG B2 5 e 19 75 R BRER 7 9%, AN SR AR 5 50T e Wt 7T

OB AR AR R A R I R A TR, B RN E AR N E L HIE)R
SN T v B A B A% R S () DA A% R B AT (SE AR, 20200, H R R S E A0 2 s

_ Rcos 0, A
AX R,cos 6.,
Cf
ST p
TR B B P S .
Cin A Fe1
b 0, " R
C = ) z
3 s
éi‘ Rq
o > =0
' z X X X

E: B s HE B E % (20200 .

2 EBEHERZREEREREE
Fig. 2 The plots of ray tracing with constant gradient
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H /0 03 K #5277 F2 G 1980 45 A vT 1 [ B g 7KCIR 25 77 #2 EOS-80( Fofonoff et al, 1983)
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A [ By i 7K #1472 75 F2 TEOS-10( Millero, 2010) . 5 EOS-80 #H Lk, TEOS-10 {1 & F R B Z HEIANT
Gibbs FR AL, FF5 — IR ARG E T KB 123 [ 254 o b 248 A0 0 TR 50K 7 Hp K 5 5 s 2 L
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XWFE 1 PR,

%z 1 Leroy 38 REH#ANXIEREEN of(P) KA

Table 1 The applicative marine areas of the Leroy’s pressure-depth conversion formula and expressions for of;(P)

75 i& X 3 g g Sfi(PYRIEA 5 B /m
0 HRIG 26 U 3 i ek 60°N~40°S P/(P+1)+5.7x1072P +0.8
1 K8 AR AL it 3 30°~35°N P/(P+2)+3%x1072P £0.3
2 PR B Hh K 78 v i FLA LT 4%1072p-2x10"4pP? £0.1
3 Ho ey ~7x10"2P+2x1073P? £02
4 ARE: £0.2
5 LK +0.1
6 H A i 6x1072P £0.1
7 TR AR 8°N 0.9P/(P+1)+0.17P+7x 10~*P? +0.2
8 Iy SR i 3 0° 0.8P/(P+0.5)+0.125P +0.1
9 75 BB 7 i I 4°N 1.2P/(P+1)+6.7x1072P+2.2x107*P? +0.4
10 B 43°N 1.1P +0.1
11 R 60°N 1.8P +0.1
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Fig. 3 Distribution of Argo monitoring stations
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Table 2 Information of Argo monitoring stations
I T 00 A B Hdhs R % 4 L WS
Pl o E Argo SERFEERLHL 146°15'25"E 32°15°25"N 2023-06-04 PROVOR_CTS5
P2 IMA 156°25'41"E  40°28'34"N 2022-11-13 ARVOR
P3 AOML 45°10'59"W  19°18'00"N 2023-08-17 S2A
P4 CORIOLIS 25°18'11"W  12°16'16"N 2023-08-20 PROVOR_V_JUMBO
P5 AOML 32°46'01"W  12°16'30"S 2023-08-21 S2A
P6 AOML 71°55'19"E 8°19'55"S 2023-08-17 NAVIS_A
P7 IMA 125°35'31"E  22°16'59"N 2023-08-27 ARVOR
P8 CSIO 87°33'54"E  16°01'23"N 2023-08-25 PROVOR
P9 CSIO 41°05'20"W  42°27'50"S 2022-11-12 PROVOR
P10 CSIO 96°46'41"W  30°24'54"S 2015-01-08 PROVOR
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Fig. 4 Sound velocity profiles at each monitoring point
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Fig. 5 Sound velocity differences between sound velocity profiles constructed by different models
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Table3 Sound velocity differences between sound velocity profiles constructed using different methods

) THT WA B i KAH/(ms™) I ME /(ms™) 4 THT W0 A B e KA /(ms™) P ME /(ms™)
P1 0.186 8 0.0179 P6 0.248 7 0.008 7
P2 0.261 4 0.008 1 P7 0.121 6 0.0252
P3 0.124 4 0.007 2 P8 0.0259 0.004 3
P4 0.247 6 0.007 0 P9 0.076 8 0.007 8
P5 0.1792 0.008 8 P10 0.1121 0.007 1

3 X5
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Fig. 7 Flowchart of ray tracking positioning using non-

difference least squares constant-gradient
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Table 4 Positioning results combining a 1 000 m deep circular walk and cross-shaped measuring tracks

PRI AL E AER AR X/m Y/m Z/m XEPiRZEm Y RFIRE/m  Z AR %E/m
P1 EOS-80 0.000  0.003 999.974 0.019 0.049 0.329
TEOS-10 0.000  0.003 999.999 0.019 0.049 0.329
P EOS-80 —-0.001  0.002 1000.013 0.020 0.050 0.333
TEOS-10 —-0.001  0.002  1000.000 0.020 0.050 0.333
P3 EOS-80 —0.002  0.002  1000.008 0.020 0.051 0.331
TEOS-10 —0.002  0.002 999.999 0.020 0.051 0.331
P4 EOS-80 —0.002  0.003 1000.011 0.020 0.050 0.334
TEOS-10 —0.002  0.003 999.999 0.020 0.050 0.334
Ps EOS-80 —0.001 0.001 1 000.010 0.021 0.050 0.331
TEOS-10 —0.001  0.001 999.999 0.021 0.050 0.331
EOS-80 —0.001  0.002  1000.003 0.020 0.051 0.335
Fe TEOS-10 —0.001  0.002  1000.001 0.020 0.051 0.335
P7 EOS-80 —-0.001  0.003 999.957 0.021 0.052 0.328
TEOS-10 —-0.001  0.003 999.998 0.021 0.052 0.328
P8 EOS-80 —0.001  0.001 999.992 0.020 0.050 0.335
TEOS-10 —0.001  0.001 999.999 0.020 0.050 0.335
P9 EOS-80 —0.001  0.003 1000.012 0.019 0.049 0.332
TEOS-10 —0.001  0.003 999.999 0.019 0.049 0.332
P10 EOS-80 —0.002  0.003 1 000.008 0.019 0.050 0.331
TEOS-10 —-0.002  0.003 999.999 0.019 0.050 0.331
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R W E s, FE R ESHFEARKNAIem (HEZ. ERERSERKTEMS, X RGN
HEATZAM . fELRNEF, EOS-80 H i IR B % #1588 IF I A 2 18 AR 3 1 I 25 40 A A 35,
W YN FE SR JR SR VR T S e () 2 R R 2, 10 TEOS-10 I 8 1 5 57 b RDRE AN 7] J2 10 9 /K 3 R
EIE . EERCRSHE BN, HXTT EOS-80 iR B JE 5 4 ik B4 B 48 37 (0 75 3 % 7, TOES-10 3%
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Table 5 Positioning results combining a 1 800 m deep circular walk and cross-shaped measuring tracks

WERMAE AEATEHEEY  Xm Ym Zm  XFAHEZm YEFRZEm ZA$REm
EOS-80 —0.002 0.000 1799.984 0.032 0.015 0.194
P1 TEOS-10 —0.002 0.000 1799.998 0.032 0.015 0.194
P EOS-80 -0.002 0.000 1 800.016 0.032 0.015 0.195
TEOS-10 -0.002 0.000 1 799.998 0.032 0.015 0.195
EOS-80 —0.002 —0.001 1 800.012 0.033 0.015 0.195
P3 TEOS-10 —0.002 —0.001 1799.998 0.033 0.015 0.195
4 EOS-80 -0.002 0.000 1 800.013 0.032 0.015 0.195
TEOS-10 -0.002 0.000 1799.997 0.032 0.015 0.195
EOS-80 —0.003 0.000 1 800.016 0.032 0.015 0.196
ps TEOS-10 —0.003 0.000 1 799.997 0.032 0.015 0.196
EOS-80 —0.002 —0.001 1 800.001 0.032 0.015 0.194
P6 TEOS-10 —0.002 —0.001 1 799.998 0.032 0.015 0.194
7 EOS-80 -0.002 0.000 1799.971 0.032 0.015 0.194
TEOS-10 -0.002 0.000 1799.998 0.032 0.015 0.194
P8 EOS-80 —0.002 0.000 1 799.989 0.032 0.015 0.194
TEOS-10 —0.002 0.000 1799.997 0.032 0.015 0.194
P9 EOS-80 -0.002 0.000 1 800.013 0.032 0.014 0.196
TEOS-10 —0.002 0.000 1 799.998 0.032 0.014 0.196
P10 EOS-80 -0.002 0.000 1 800.013 0.032 0.014 0.195
TEOS-10 —0.002 0.000 1 799.997 0.032 0.014 0.195
4 %
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The Impact of Constructing Sound Velocity Profiles Through Different Pressure-

depth Conversion Models on Underwater Positioning

WANG Song, HE Kaifei, JI Shengyue, TANG An, WANG Yue, YAO Mingfei

(College of Oceanography and Space Informatics, China University of Petroleum, Qingdao 266580, China)

Abstract: High-precision underwater acoustic positioning requires high-precision sound speed profiles. Currently, the depth
information in the sound velocity profile, measured by the sound velocity profiler and the temperature salt pressure instrument, is
calculated using the pressure depth conversion function. In order to solve the problem of high-precision underwater target positioning
requiring high-precision sound velocity profiles, this study investigated the impact of different pressure depth conversion models on
underwater target localization. The pressure depth conversion model derived from the EOS-80 seawater state equation is commonly
used, but it considers fewer influencing factors. The pressure depth conversion model derived from the TEOS-10 seawater state
equation considers factors such as temperature, salinity, and pressure that affect pressure depth conversion, and the model has a more
rigorous calculation method compared to the EOS-80 model. This study selected 10 sets of CTD data collected by Argo buoys
worldwide, and used the sound velocity profiles constructed by the two pressure depth conversion models mentioned above for
underwater target positioning. During the positioning process, constant gradient sound line tracking was used to calculate geometric
distance. The results showed that the sound velocity profiles constructed by two pressure depth conversion models produced a
maximum difference of 4.1 cm when used for underwater positioning. In high-precision underwater target positioning, a more
rigorous TEOS-10 pressure depth conversion model should be used to construct sound velocity profiles.

Keywords: underwater positioning; sound velocity profile; TEOS-10; EOS-80
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The Application of High Resolution Multichannel Seismic System With Small

Group Interval to Stratigraphic Exploration in Bohai Strait

QI Xiaoyu

(China Railway Design Corporation, Tianjin 300251, China)

Abstract: The Bohai Strait is located between the Liaodong Peninsula and the Shandong Peninsula, with the shortest distance of
about 106 km from north to south along the strait. The trans-strait passage project has been under discussion for many years. In order
to investigate the thickness of Quaternary sediments and fault distribution of the proposed trans-strait passage area of the Bohai
Strait, we performed a multi-channel seismic reflection exploration survey in the sea area. Based on the experiments of comparing
different source of energy, such as 1000 J, 2000 J, 3 000 J, 4 000 J and 5 000 J, the field acquisition parameters were determined. The
multi-channel seismic acquisition system includes an electrical sparker with a maximum energy is 5 000 J, and a 24 channel seismic
streamer with a group interval of 3.125 m. In order to eliminate noise and multiples, a set of seismic data processing methods suitable
for the study area was determined, and a high-resolution seismic profile was obtained with a resolution better than 1.0 m. This data
can provide a reference for subsequent geological interpretation and geological suggestions for the construction of the trans-strait
passage project.

Keywords: Bohai Strait; trans-strait passage; multi-channel seismic; high resolution
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Table 1 Locations and dates of the selected Argo buoys near the Ryukyu Islands in the Pacific Ocean
and the Canary Islands in the Atlantic Ocean
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Construction of Sound Velocity Field Based on Deep Learning Combined
With WOA18 Temperature and Salinity Model

TANG An, HE Kaifei, WU Yu, WANG Song

(College of Oceanography and Space Informatics, China University of Petroleum (East China), Qingdao 266580, China)

Abstract: The change in sound velocity is an important factor affecting the precise positioning of underwater. Due to the existing
sound velocity profile acquisition methods, the current sound velocity representation error seriously affects the underwater
positioning accuracy. In view of the difficulty in realizing continuous temporal and spacial observation in a certain sea area in reality,
this paper uses the temperature and salinity data of the Array for Real-time Geostrophic Oceanography (Argo) as the true value and a
neural network model based on Long Short Term Memory (LSTM) with added attention mechanisms as well as the World Ocean
Atlas 2018 (WOA18) historical thermohaline data to construct local ocean sound velocity field. The results show that this method can
be used to retrieve relatively accurate sound velocity profiles in the depth range of 500-1 500 m in local waters of the Pacific Ocean,
and the root-mean-square error of sound velocity inversion by LSTM neural network model with added attention mechanism is 0.34
m/s. The root-mean-square error of sound velocity in the local waters of the Atlantic Ocean is 0.78 m/s. Compared with the
traditional Back Propagation Neural Network, the accuracy of BPNN and Back Propagation Neural Network Genetic Algorithm
(BPNN+GA) neural networks with added genetic factors has been improved.

Keywords: acoustic velocity profile inversion; WOA18; Argo; deep learning
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Fig. 1 Location of survey stations in the western Indian Ocean in the winter during 2021-2022
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Fig. 2 Light micrographs of Tripos acuticephalotum sp. nov.
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A New Species of the Genus Tripos Bory From the Western Indian Ocean

LI Yan'?, SUN Ping"?, LI Ruixiang'?

(1. Marine Ecology Research Center, First Institute of Oceanography, MNR, Qingdao 266061, China;
2. Key Laboratory of Science and Engineering for Marine Ecology and Environment, MNR, Qingdao 266061, China)

Abstract: A new species of the genus Tripos Bory de Saint-Vincent, 1823: Tripos acuticephalotum sp. nov. was reported in this
study. The samples of Tripos were collected from the western Indian Ocean (63°E, 2°S) on January 1, 2022. The morphological
characteristics of the new species are as follows. They are large cells, cell considerably flattened dorso-ventrally and leaf like. The
total length is 348 um, and the epitheca is much longer than the hypotheca. The epitheca is sharp leaf shaped, and the widest point at
about one-third above the cingulum with about 112 um. The top of the epitheca is blunt, and the edges on both sides of the blunt
protrusion are not smooth and serrated. The hypotheca is short, with a slanted and straight bottom edge. The two antapical horns are
relatively thick, with the left slightly longer than the right. The sulcus is straight or inclined towards the lower left.

Keywords: Tripos; taxonomic identification; new species; 7Tripos acuticephalotum sp.nov.; the western Indian Ocean
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