46 % 2 Wl B % U R Vol.46, No.2
2025 4 4 A PROGRESS IN FISHERY SCIENCES Apr., 2025
DOI: 10.19663/.1ssn2095-9869.20240725001 http://www.yykxjz.cn/

R, RS, BT, RBIT, RE, skEFe. R Z 0B R 5 5 IR 0m DU i e e | S R 3R S g~ Sg l f

b B HERE, 2025, 46(2): 40-52

ZHOU C X, WEN J W, ZHAI F G, SONG C Y, SONG G D, ZHANG G L. Distributions, influencing factors and fluxes of dissolved
methane in the coastal waters adjacent to Yangma Island aquaculture area, North Yellow Sea in summer. Progress in Fishery Sciences,

2025, 46(2): 40-52

BE L EE%DBRERBRTRRE.
BINRERE STHREE

AEE'™ B#x" AXE]

KEBm3 REHE? kR

(1. HR TR R 2 T B 2 5 Bk R ST T B b O R AL e 5 TR R B Al BT S

AR HE

ME

2661005 2. 77 BiGFERM OB ES SRR A DIRES I E IR
3. R E RS R SRR B

FHE 266237;

WA 5 266237)

IR R KR FEKFR(CH) A E X, AFRET 202356 AJK. 8 Axf8 A

BAGERERD G REREEHATT 3 MIKAE, XRET X, REEARLE, AAXHEHE-A
r kA B AT T, VAR B 57 Kl K P YR A CH, th 4 A7 B AT O 1 B H - X
HE, #RE7, EFAXL G RARELS L. KEEMH CH RE B E 25 3.32~25.29 nmol/L ¢
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HUT S FREh i A S R R s, i AL AL 4 BRifg
PRI 16% , {0 CH, A HEB R H1 ik 0.8~3.8 Tg,
24 5V BB 1Y) 75% (Bange et al, 1994; Weber
et al, 2019), BEAN, A1 1 K230 BV SR CHL, B
2Bt NS B (A5 K HERL « 7K 7™ F558) i 484 56 1 444
fiN(Zang et al, 2019; Hou et al, 2016), HAi, /Ki=3:5H
o A E 3K AR R B A2 771 3l Z — (Froehlich
et al, 2018), Forb iy D1 g R A M A2 FE 2 A R I el
P (EAEAESE, 2024), {H IR 3R 58 16 3t 2 S 85Uk
R E SR G N, iy CH, i~ AR R AEA R SE ,
M= CH, %% 54K . Rosentreter 25(2021)HF 57 &
B, AT KR IR B XA CH, 27 /K I 4%
w, PEARIE AR SR A R (B An2I AR . VR L MR )
ik 7~430 15, IR R T 7 000 £, R,
TFRE KT R FRAH X CH, 7= A R B s i R 3
PIBFR BT B R L

B A T I AR & | IR B Fsi e 5 2
V) P 2 o P AR, 02 VG AP 3 R g 2 P
R 2R i 2 —, FPIKTE 38 m (Yang et al, 2010),
T A0 BT b HLA 22 4N L sk 40, R
2 T B K PR A b (Yang et al, 2018), IT4EE,
B N JF R T — R4 b B I R 57 58 X i
CH, MWF5E. Fltn He Z5(2023)HF8 5 T8 41 11 Fft
G EEI S R CH, W20 A0, I 36 B0 o IR A 15 A
A 43 M7 32 52 s 50 AT S [) 7K P TR A5 5% 98 7K e 35
CH, i IURZ IR, e BRAL 8 A AU AUT e v R B A 7 At
CH, EZIH T bR KA, PR K2 ik
JEE RV AR CHY ) 35 2 9 PR T AU 0 v 7K AT B B 3t 114
AR Yang 25 (2010)A 2 K BL, dbBEH 3R )2 K5
CH, BRI B0 = S AR A8 E, %
B CH, (AR HGH B 29 }(2.4x10°~4.2x10 %) Tg/yr,
Hou %5 (20161 X g B 165 5% 1 V5 g S AN [R] 7K 7= R 51X
(AnF TR X HEWGFRAE I . B DUFRAEIX . DL iR
FR X LA B FR 0 X BE B 67, R ST K PR R I
XPUF K CH MR BE RS2, ZIELE . Bk K i
fitt CHy MBS . &2 3~10 5, 7SR5 X AN B
D1 F 50 X M K 322V Al CH, W I i s TR SR IX
H AT, X b 55 K = 7 50 0 0 Vs A CHL, 43 A S
IR B Z RGN, L, Ao AL
T 3% 5 B FR A DR IO RS X 52, 38 Ao I R I B
T KR CH RIS, BRITIXFRI X CH, 1Y 25
O3 AR RS sl i, IR — BT A | IR
TG sl LA S VF WA ) 7 A A5 A 1 sz S ik CHL
SRR, A B IR ARG S KA CHy 1Y
Tk, AR IRAE X VY CH, HER LR 22K 5

1 #RE5FE
1.1 WEREXE

FRO IR XA AL (B ), mERA N
500 km?, SEH/KIE 15 m (Yang et al, 2022), J& T ik
AU AR, 327 30 5% 20 B U5 A i AR e (B 247
4, 2023), MEIKERBEAE BEAR AL /N, JEEIZh 30.5~
32.5, I AR FE AW BRC N £, BAH
B 5 A 2= R 4 (Chen, 2009), EZEZ MK, &
Z ALK BRK T (~750 mm), EEEFHEES
(6—9 J1) (Zhai et al, 2014), HEJIV-22 H F 2 LIARD |
WP LA R Bk bk 3 (Yang er al, 2018), 3251555
B DX 96 35k, = L A7 B U R O LA S R R I Y S
2 B3 G R B R, IR IEOK B SR R T
BR o 77 5 5 372 56 DO S8 S 3R G 5 R SR A i X
Z—, FEHHIEFZ) 150 km®, LA B3 UL (Argopecten
irradians) . FifLR3 DL (Chlamys farreri). 12 F4t 15
AR, 2023 AEZIXIE AR 6.5%x10% t, I
SRR 1.8%10° t GBI IR [ M0 6 T & T AN it
Ak JRr, https://www.yantai.gov.cn), 5T VA2 i IR 55
ETUNENE,

12 H@mRESNUE

AWFFE T 2023 4£ 6 H 22—23 H. 8 H 2—
3H .8 H 31 H—9 J 1 HEETMMXN G 57 5 & 57 5H
DO (K D TR, ERS SRR E 271
BRI K SCA RS 07, SREEFRBEEKETZ 1 m). JIE
(BEWIRZ 1 m)WZWAKEES . T 2024 4 8 H

N
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Fig.1 Sampling sites in the coastal waters adjacent to
Yangma Island aquaculture area

a: FEI; by MW o WKF; d: BT
€: A{E’,\\/ﬂ‘, f: $$’(ﬂo
a: Xin'an River; b: Yuniao River; c¢: Qinshui River;
d: Han River; e: Nian River; f: Yangting River.
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27 H, FEELW | £ K B0 R AR R
T KA i o

CH, FEShIEFH 116.5 mL SRATRAE (B2 2R XL
), A 0.5 mL R SEALRERAIE 2R, R
SEFE S B B T RS A ORAE, ISR ET 60 d N5
WAE . K %R A(DOYRE % ] 60 mL ¥ Ui
KA, FH Winkler B E S 7 DO (Carpenter,
1965), 1Z )5 A PR A 0.4 umol/L, X5 % M 0.05%.
M-24# 2% ¢ (Chl-a)fdi i} 1 L Nalgene 5 (iR K FE
FH GF/F25 JE(0.7 pm)id g 300~400 mL 7K HAKE 5 IR
M GRRFEN, I PO (Trilogy 5255 3 AIHHEIY)
% (Parsons et al, 1984),1% 7 AR 4 0.03 mg/m’,
KR 3%, EHFHFERA 0.45 um FLERER K IE I
J€ 50 mL KARAES,, JFET 50 mL BT EOE PR
TRARAT, 7 [l 5258 = (3 3R A 8h 2 Hr U (SEAL
Analytical #ELEF BT, BIS . AAS)EATINE , %
IR R 0.01 pmol/L, K2 N 1%~3%. % &
ST B L R BOHE R 2 2 80K 5 5 BT A (JFE
AAQ-171)E o Kk i T3 K ([ 5 V8 ik 2
T AZ8910 ) E .

VKRR i R i CHL 1R B SR Tl 4R 3M
O R (P SE, 2023) o FID A 75 X CHy 4 1 i
FHERER R TR (4354 0.5 mL .1 mL F1 2 mL)f% CH,
PRUEFRE 1 (4.02x107° CHW/N,, H ETFRBF2EHFST B)
PATAZIE, IR0 s BT f R SR . %5 )
K BR A 0.06 nmol/L, A5 %5 BE<3%. T i M it
FEFRRE S A i CHL VR BE SR I A T 28 <M £ 150k
HEATIN A2 (PMVBLAE, 2023) FID I 28 %t CH, 1 0 13 {3
5 R R BE (4 B R 4.00<10°° . 15.0x10° |
50.0x10°° CHY/N,, HEIFEBFEBIIEEE) CH, brififE
AEATRCIE , FEIC BRI R AR SR

1.3 EEF® CH,IZFHFESLW

Bt R4 22 Y 3 (Pseudo-nitzschia pungens)(_ i
e A YR SR BT 116.5 mL KSR b 2% 1 5%
7% (Klintzsch et al, 2019), ¥R 16 mL AI=R,,
KM F24Si WFREEAE BRI, PR K &
T R K . TEOCBIE IR (GXZ B, TR &%
i3 ) EIR L 20 C L OBIEREE 6 000 lux,
W92 12 he12 h AT )P 90 3G 3R 5286, 2 A
B0. 1. 30 KA 2 RXHER AT —UONE , Frgk
B 15 K, SCRAERH] 3 APATRE, BT AR TR
JCFAGE R R AT E o E S X IR, H
IMAGEE K R IR 3, HAb 264 5 S A ), e 4l
SN IREH A IR 2 22 R 5 R /K A4 CH, 3

I A2 5 CH, W BE MR A IR % 34 20, T
MR 1 mL BT A Lugol 20570 % 5 40 i & 2 . 4L
o, SRJE DG 2E WU WS 87 7 I 0 B 4 i i A 73t
B, ARSI 3 R, BOFE.

HTHBEAFEBEEN CH, AR, 2%
Klintzsch 55 (2019) % 77 ¥ 15 HA B0 K H CH, ™
_m(CH,)

cell
Kb, v SR CH 3%, FALK ag/(cell-d), ag=
107"% g3 m(CH,) B 37 S 445 SRR CH, 193 (ng) ; 1
HEERR AR, TR TR

In(N,) = In(N,)

S—

Kb, No AEEOGKITFIRET B R, N RiREOY
KINEE RN %8, B8 cells/mL, ¢ HIEFRIN]

1.4 BKBHBCH,ANESE STHEBSHWITE

TR 7K A fiE CHL A0 A BE R(%) LA B i~ 38 e 18
& F [umol/(m*-d)]43 I i AR A2 15 H

)

)

R =S 2 100% A3)
C
eq
F =k, x(cy,— ) @)

K, covs AEMEK P E CHy B9S2 BE (nmol/L),
Ceq R IF IR G R AG I 7K HP i % CHL RO,
3 AT AR E B R CHy WRBE, HOR
NOAA 4= BRI 55 H 23 A 14940 3 b 2 v LI 35 (TAP -
Tae-ahn Peninsula, Republic of Korea) 2022 4FEX} 1 H
T 1P H 572022 47 6 A 22 009.49x107°; 2022 4
8 H: 2018.16x107%) (https://gml.noaa.gov/gmd). ki
e UASE e A (em/h), A KU A 25 R A (S, 7K Y
Bl IR EE S5 R AR T O R Z LR R, R
FH W2014 23 (Wanninkhof, 2014)# 171145 .
1

S. Y2
k. =0251xU2 x| —¢ 5
w 10 (660] ( )

A, U Mg _EJ7 10 m A BERT XS . BT AR
G T EJ7 2 m AR RGE, BeRHTELUT A
(Bafiuelos-Ruedas et al, 2010)¥f H5% 3 0 i 7 b 7
10 m Kb KA T
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1.5 HIESH

XERTA e R . #RBE . DO. Chl-a. WEfRER
(PO )R | VAR CH, YREE . CH MR | 1S58
3 ek A% 3 LA ] Excel 2016 8K BEA 75T Ab 3,
25 S LUV 39 (B 55 0 22 (Mean+SD) /58 3 £ [ i HJ
ODV 2024 %} F1 OriginPro 2022 #

2 #HR5WR

21 FORFEXR. RKEBKPBEE CH RER
KXBHSH

Ir- 1 15 IR H X M UK BREGH , IR ER Y 5) =2 BIAM
FAFRYsZm, ARAECR . 2023 AR E 3 MRS
By R B IR | R | R LA S % CH,
YR PE B KF oA AP 2 Brs o FER AN, 322K
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Fig.2 Horizontal distributions of seawater temperature, salinity, and CH, concentration in the surface and
bottom layers of the coastal waters adjacent to Yangma Island aquaculture area in summer 2023
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FER BE Y L4 1R 19.2~27.0 °C F1 28.20~30.51, JiK)2
K L RN R BE E FE 43 B M 15.21~26.10 °C Fil 29.40~
30.73, 2023 4 6 HJK, FRIZMEKIR R R PTERAL .,
RN AT REAE IR ST RGBT
FRAE, RIZ B AR, 2023 45 8 A4, #f
78 XS PE L i 2k H BRI . (IREhi ok, RIS 2216
KRR R . R IR REIE, X AT RESE 2 F
W TR T B AR5 IX IS 2 1 /K IR B R 30T+
L RN A AR A, RIS 6 HIK<8 H¥I
<8 AJE. 6 AIZXEEK B IZEI S, BEE A
W, = 8 AWIKIRZEIM ST, 8 ARKIKZEL
THR oI55 5 37208 DO IR 2 1 K 3 A 5 KRG
AR, BRI R ER AR . R R A AR AR
(8 AWIBRAY), Hm H EZ M EANT N ZifEIX, RN
6 AIE>8 AwWI>8 AKX, (HERE AR/,
2023 AF K =57 I 5% GE DO 3 3R 2 1 K U
CHy WL & 3.32~25.29 nmol/L, JKZ N 4.13~
33.29 nmol/L, H:H i Z /KB CH RS TERIZE
6 HIJEIT R DA CH, WM W ET 8 AR
8 A, 6 FJRWTR CIALRY CH, ¥ B B o ik S
i3 Y e S T I WA It 1 B W A N S R N m R )
3T A R A 0 2 B T B ) A A R AE, HL ST, S2,
S4 B ALFTAET R CH, R BE 5 e 7 T JUAH L g
i 20 nmol/L. 8 H ¥ /K H i fif CH, HeBE 19 = (i
PRAE F% 5 5 BT DL S R A i 3R AL (BS A1 €5 bz ir
FEXIR), Hib, WAL CH T 6 A KM
WFE, 2915 nmol/L, XTI RERZ RN IL U R
SENA) 5 PRAEL U] s B 9 A VA B P R (AL R A2 A
6 HIKA 8 AWK fiR)Z CHy YR EE LR )Z
2~6 nmol/L, X FEE LM TRMEZBH I T IR Y B
HEY) CHy Ia] b 2K 5% . 8 A i TR IR E LI
55, 2% )2 CH, e B 22 (H P W IRAIG, A8 W0 /K m] ()]
F1(S2 vl ) KA i M 430 (E1 . E2 Fl E3 v 7)) )Z
HWEL 2 A4 CHy B{EIX, A& 2 5 nmol/L,
JEE 2 7K CH, 1Y e {0 =5 22 s 7 R A Vi S AR, &2
2R 1) VG 220 4 B AR 9 A A R I o BN 2R, TRk R
RV AR CHy YR EESAE 22 (ST 35 40) B b 7K
(S2 h A7) A H B R, 33k 35 B S p T YT O s R )
5 HAIRIE XM B, 37 5 B 3% 58 DX 3 1Y) - Y 9%
fift CH, W AT 424G, N 32 2 i JR A i 3k 36 2 CH,,
PRS- 4146 B 2R (9.77+4.46) nmol/L, I T 3& 1 75 F5 51 [X.
KB RZE CH, W (38.3+21.9) nmol/L (2012 4E 6 H)
H1(53.0+17.3) nmol/L (2013 4E 7 ) (Hou et al, 2016),
[ T2 8 DL S S0 X CHL R (11.65 nmol/L)th
TR A5 (2017) 76 3R 10 75 B3 D1 %54 1X.(49.60 nmol/L)

DL R WG F 551X (51.34 nmol/L) A 45 5 . 5 Hofth g
TEAR L L 3% X O Y 1 i CHL e BE -G , 491140 20064F
8 H M EKJZ IR CHy 1Y F 23 Bl (15.64+
3.11) nmol/L (Z=filfi 55, 2009), 2007 4 5 H FLiliE %
JEV AR CH, (T3 B 4(59.90+7.75) nmol/L (F4H
4, 2008), HEREHRXAMILL, 77 5 5 350 X 3 5 2
RIZVHM CHy MR = F 2018 A E Mk b8
B26 i o (4B 57 B FE5H X)) (7.40 nmol/L)
(Zhang et al, 2023) K 2021 4E 7 H #)iF (8.31+
4.01) nmol/L % i CH, e (FMIEE, 2023),
22 HMigKkPBAECH,2GTHEERE

TA] UL A\ — BB R T D R Rl SR i 2 T
fift CHy MEZRIE, & HE5E KPR CHy 1Y
FEAE MO o 37 I R A DR SR R A S
LR INSTNY S b I E ST K2 1P AN =S R I N N
WAKE 20 89.5%10° m/yr, i HE/K MAAFY 0.7%
(Yang et al, 2020), T RGP E & CH,,
%[ (283 nmol/L) . i [ (77 nmol/L). /K[
(200 nmol/L). I (455 nmol/L)45 i) /K B Z= 15 fi# CH,
R S8 37 1 TR0 B 3 R ¥ 7K (9.7 744.46) nmol/L],
P, ] A 2 BRI CH, 43 Fi o 2023 4R %,
Ir Ty 5 FRPH X I R 2 K S i CHL VR S AR R 3
B 5K ER BEAR SR oA ka (K 3) . il , 6 A RTE
i1 B Y] g o ] 1R, B S1 A3 EE(E
I % (29.7) . HVXF N E B B9 CHy ¥R BE{E
(25.29 nmol/L), [RIAY, [ ATeE S #EH K ERi
T 30T 3 VAR 3B VR B, AR 490 o8 A< 3 ik o8 T R T o
HEFNIRZDURY), 43 CH, B 5 WK JZ TR
72 HE BT (Borges et al, 2017), MLAN, TEJLHETREIL AR
e M8 ST 3T I (He et al, 2023), ERIT I (Ye
et al, 2019) LK B3] L1V BR (FMBE 4, 2023t W 2E 5]
FEAERG, DL, Y00 30 i A S 5 0 5 I 5 5 A DX A 4k
Vsl CHy /3 A B E

EAER R IF ST & B, 7K™ 37 5 I Bl 23 5% i 7K AR
H CH, 94015, 140 Hou %5(2016) 78 5 14 V5 Vi 35 1) 14
BRI, SZIRFEIG SR, Be DL SR KRN 05 57 A
DCHIBE T W % CHy = {E(3 5128 49.60 nmol/L
F151.34 nmol/L), AT 2023 4FH %= 3 ik A 45
R, 6 HIK. 8 A%, 8 HIRIZMEE I 237518 X
JRJZE M CHy WREES3 4 (17.16£7.70), (18.89+6.73)
A1(10.82+2.78) nmol/L, Bk 8 HIJEAM, Hm TSR X
W CHy M BE (12.28+8.01) . (14.48+5.09) F1(11.22+
4.82) nmol/L ., 37 T I 3% 5 DX 13 38l A Ay 38 [ 0% D 2k
(EZE R ML RS DLRTIRE VS B DU) | b 45 28 55 7K 7™ i 1)
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45

HEFIEX Z—, HIFEEBL N 150 km®, FFHHJE
W RHEAER) 5—11 A (Yang et al, 2022), WFFEEH,
CH, 1T LATE & 580 3R J2 7K v B 17 JUR ) Y IR SR P A B
VLT sh . 28 3 AL 38 P = 4 (Karl et al,
1994), Kk, DZAEYiIE LA HE ) 45 R A OA
e AR CHy o] LASE 3 A= 0 HE VR F RS 3 K
(Reeburgh, 2007), [FIA}, DUZEAE Ko A8 7 A4 1 AR T
T 5 HE I ORL 4 25 38 K A4 b s S A BILI ) 2 77
ORI B (Yang et al, 2021), M hskik CH,
FIFE A R T BRI IRES . AT BoR, BOAE S
350 1 3R 50 X M B R )2 DO B AL Tkt FURAS , [A] it
KR CHy 33 7 (ACH=[CHy]ops—[ CHaleg 2 1E
E( 4), B EJZKIART CH, R AT HER A A Fok ik
HH ) PR ARSI B8 o MFL RS DA v A R 3 (B 3
4, 2003), CARAEYDURRY) K R)ZER, Hr
SR BILR AT LATE LA 90 VR R B CH,, IR 2
IR ) ) BRR A 2 AR 1) 1 J2 S R AR A9 1 5 7K
i CH, ¥R A F 483 K F o Yang %6(2018)XF b i ifg
2R 22 5 AL BRI v I A T I B 7 A A B, I X 3k
T IR 7 ) AR AR S 3 T TR A HLBE (SOM)
W EE, EERZVEY TOC W& THEKZE,
WV H A A HUR 5 (75.443.3)%, & CH, 077 A= 1)
THMEN. 6 HEIE)Z ACH, 5 DO A # W Wy i
XK R (R=0.71,P<0.05),8 H¥5 8 HIKJK)Z ACH,

5 DO AR RELHI(R=0.48, P<0.05; R=0.39,
P<0.05), [AIE}, @itk 1 BT LIRS, 2
JEJZ MK O CHy WREE 385 T 3R 2 15 K v i i
CH, W BE o FR G HE s 7 19 D1 230 fin skl 1 A6 iR
I REUURY & A £ 5 ALY R & Y
T, Xtk AR E T UURY ) CH, PR AR %
PRI, SFRBEE B0 AT DA 2 52 w7k A v i 20 R 4 A
KUTR A B B i, AT (B2 CH, YR EE .
A KPR AEAS Y CH, R A R, AL
TR CHy . LAY R SN IR N EL
LIRS, B) DMSP. MPn)Rfirs CH, %, W
Wi 7K FP g AR CH, 94347 (Karl et al, 2008; Repeta et al,
2016), 5 LB, W . BRICRA B (Emiliania huxleyi) |
P} YNFE ¥ (Leptocylindrus danicus) . ERIEAZHE
(Phaeocystis globosa)f14: (AEK ¥ (Chrysochromulina sp.)
SRR ET Ak S PR A AR L CH, (Giinthel et al, 2020;
Klintzsch et al, 2020; Schmale et al, 2018; Zhang et al,
2023), AREE WA B, T IR A R
¥ (Prorocentrum dentatum)FHT H 22 ¥ (Nitzschia
closterium) Wl i3 Y6 A VEH EH#™ 4 CHy (1P £ 3R), [
Bf B 2 55 5 1 AR Mg WU A ) R R, 8 F)
2.89x10° cell/m?®, H:f LA ] (Bacillariophyta) £l FF 35
I"J(Pyrrophyta) iy FZEEHE, ALFale 32 4065 L 5522
i (Pseudo-nitzschia delicatissima), RAFAZEIE 3
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Fig.3 Relationship between CH,4 saturation and seawater temperature and salinity in the
coastal waters adjacent to Yangma Island aquaculture area in summer 2023
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Fig.4 Relationship between ACH,4 concentration and DO, Chl-a and POI in the coastal waters
adjacent to Yangma Island aquaculture area in summer 2023
F1 20BFEINMMAFDLHFAEXBER. KEBKEE., BEMUR CH,RE
Tab.1 Surface and bottom seawater temperature, salinity, and CH, concentration in the
coastal waters adjacent to Yangma Island aquaculture area in 2023
1 hiE CH, K JE
A ] JEIR Temperature/C Salinity CH, concentration/(nmol/L)
Time Layer i T fi i P i T
Range Average Range Average Range Average
6 A % )2 Surface 19.20~23.74 21.79+1.42 29.60~30.51 29.97+0.22 3.50~25.29 8.88+4.99
Late June Ji8)Z Bottom 15.21~18.14 17.28+0.75 29.99~30.73 30.23+0.22 4.13~33.29 14.25+7.99
8 A% )2 Surface 24.30~27.00 25.78+0.76 29.40~30.20 29.91+0.17 3.32~21.26 11.30+4.81
Early August  Ji¢ 2 Bottom 20.20~25.10 21.70+1.07 30.00~30.40 30.20+0.12 7.71~28.99 16.15+5.93
8 A Z%)Z Surface 24.90~26.70 25.90+0.44 28.20~29.80 29.46+0.41 4.70~16.49 9.10+£3.03
Late August  JiKJZ2 Bottom  24.70~26.10  25.34+£0.37  29.40~29.96  29.67+0.11 6.20~20.66  10.88+4.08
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(5K 3 55, 2020) . W I M B % (Chaetoceros
compressus) . F}2Z 40 HE BN H ) B 453 (Skeletonema
costatum) (FEETH4AE, 2019), Bizic (2020)fki8 T 1% i
A B EE R —— P} 40 kR e R CHy RN
0.0136 pmol-CH,/(g-dry weight-h), ASHFE %% 5
Z o — AR —— R RS Y BT T = N2
BEFRSL  TEREN IR I, X IR v CH, R BE R
BB (] B RS TG I, FRBHHAS ™Az CHy; 240
FILEWEEFRY T CH, WREETESE IR A N kA T W]
) B F——MEE 0~9 KR RS LT, fREun K
WINIZEE R R AR K R o 0.12 d7', CHL, R FEERT 3 d iR
WETE, 857 KikF) CH W R RAE(11.45 nmol/L),

IR =B AR AR (B 5). RS RHFREUE K
] CH, PR %N 46.59 ag/(cell-d), 54 Bk
[44.5 ag/(cell-d)] (Klintzsch efal, 2019) . % Bk ¥
(Synechococcus) [57.7 ag/(cell-d)] & #r H 2 & ¥
[51.3 ag/(cell-d)] (FF K 3R)FE B CH, L FE AL, J)
A, W58 2 B 43 F R R 5 45 7= 42 DMSP (Keller,
1989), Jf-iiit DMSP F#fi# M I ] 3 B CH, (Damm
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6+

B FE Algal densityx10%/(cells/mL)
S
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F} 18] Time/d

s

et al,2008). % &3] 8 H¥KJZACH, HJZH Chl-a F
WLE W IE A E 56 R (R=0.77, P<0.05), UF B PR EA 4l
fie BBk ) et K AR T ACH, A STk, B4, 6
KR POI AT ILFAER PR (E 4), 8 AW
HFREZMMS, £ IKZH K EEIEHZ
FUBHAT , 210 5 BUR)JZ2 MK RALE B S R R
FZMEKH PO IREZ, HAKIAT CH, B9 N
PIab F it FeR A . BFss R B, POL BRI, 3%
AT LA A BLBE LA P (n MPo)fE R BEIR, Jf7E
R ftad FE P r= A K CHy (Karl et al, 2008; Ye et al,
2020). Yang Z5(2022)MAIF5R 45 3RM, 75 5 Mt it
B FRIEIX DOC F i 3 5 TAEFRAE X, MK
A C-P M ANB SRR A S EEE
LA YI(Young et al, 2010), MUK HH LB & P k%
fif AT BE R KA CHL IS FER IR . Weber 45(2019)
KIAEEKIEFE ACH, 5HWI M E ™ J1 (NNP) £ IE A7
X%, M5 PO W E MM (R=0.59), KNI, IFiFtE
Yot G A B J AL & WA SR R i S5 AR 0 B xR
I SR DX B A CH, 430 A A — 2 52l
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25
20 -
15+ -u- RHFUZEIE B Pseudo-nitzschia pungens
-e- 75 [%{ I 4H Blank control

10 -

il W

0 | | | | | | | | |

0 2 4 6 8§ 10 12 14 16
ifiE] Time/d

A ZE I 8 B B M CHL ™ AR B B 57 (8] ) A2

Fig.5 Changes in algal density and total CH, production of Pseudo-nitzschia pungens with incubation time

23 BKBHCHMNEE B SKHRES

IR S FRAE T 2 3 MR R Z KA
CH, (-S40 BE | A AN S —S 38 ¥l 1 91 T35 2,
Sh4 R 6 S BRIZ IR IR 2 1 K I i CHL AR R EE A7 75 A
WARZES, 8 AmT 6 H. 6 AIK. 8 A¥IAI 8 HJK
Ir T 5 5 DX IR JZ KA CHY A HR R B S 161 4 31
9 147%~1009% . 149%~955%F1 208%~736%, “F-14
H](364+201)% . (499+212)%F1(402+134)%, HAH
Ze % T I FR 0 DRI Al CHL, 2940 T Ak 2 .
W2014 A AEFARE] 6 K. 8 HWIF 8 HIKFR 55
FREH XK CH, i3 3840 1 4331 4 (12.42+10.82)

(23.17+41.55)F1(21.11£25.24) pmol/(m*-d), A H ==
(I E RN 8 AWI>8 AJK>6 HJK . A g3
THFL(5.3x10° km*)Z5 A1 CH, 1SS il sy 4
A, XS CH, AR BEHGE 290 5.87x107° Tg.
gE L, SR IR IX IR KA CH, VIR

3 3 SCHR O AR A [ P SR X T R
Rl AR DX A A CHL, UL 2S5 (3R 2) & B, K i i
CH, M Kt~ A4l i AP fE T 28 25 52, il
FAFIE X >FEFRAE X, 1T X >3 fhi 4R X, Ho
It H5 I8V K P A CHL 1 NS R R 280%~529.4%
TS B BN 9.35~23.9 pmol/(m*-d), 45457 2 1]
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Fig.6 Horizontal distributions of surface CH, saturation and fluxes in the the coastal waters adjacent to
Yangma Island aquaculture area in summer
x2 ARBEHREBKEHE CH,MNRE, BMEMEBSTHREE
Tab.2 Surface water concentrations, saturations and air-sea fluxes of dissolved CH, in various seas
i e GGHEE it 2 ik
Study area Suryeymg concentration Surfgce 0 Flux 2 Reference
time /(nmol/L) saturation/% /[umol/(m=-d)]
I T 83 5 58 DX U3 2023.06 8.88+4.99 364+201 12.42+10.82° 3L This study
Coastal waters adjacent 2023.08 11.30+4.81 499+212 23.17+41.55° Z<3C This study
to Yangma Island 2023.08-09 9.10+3.03 402+134 21.11225.24° A3 This study
aquaculture area
TR 5 2003.08 1374224 4800+7800 132+220° Zhang et al, 2007
Jiaozhou Bay 2006.08 15.64+3.11 771£151 33.62+11.54" 2R EE, 2009
2007.10 12.17+£5.96 4334221 19.85+13.26° AW EE, 2009
#L11% Rushan Bay 2007.05 59.90+7.75 / / FIH4%, 2008
E=Mab 2013.10 63.8+59.5 2704+2532 15.0+26.7° RS, 2017
Sanggou Bay 2014.05 9.3+7.9 329+275 19.9421.5° B, 2017
2015.05 22.6+10.1 857+417 3.9+4.6 g, 2017
KAV 2009.11 56.01£69.39 2205+2713 113.46+146.82° FE %, 2011
Dalian Bay 2010.01 59.41+£81.97 163142221 286.96+416.98* FE 4, 2011
b 2006.08 12.02+5.71 525.2+231.5 21.1+16.4* Yang et al, 2010
North Yellow Sea 2018.07-08 10.34+3.02 529.4+275.8 9.35+10.98° Zhang et al, 2023
2022.10 8.3+7.4 2804232 23.9432.9° He et al, 2023
M 2017.03 3.3+1.1 181+60 4.145.2° Ye et al, 2019
South China Sea 2020.09 8.0+4.2 4124219 11.3+7.9° Xu et al, 2023
i 2018.08 3.14~10.48 285+99 6.5+3.4° Zhang et al, 2020
Bohai Sea 2021.07 8.31+4.01 360+160 7.5+8.8" MBS, 2023
%<1 East China Sea 2013.08 6.26+4.96 317+236 11.5+11.9* Ye et al, 2016

TE: a RN kMl W92 230 b 2R kM w2014 2305
Note: a: k,, was estimated by the W92 equation; b: k,, was estimated by the W2014 equation.

DI, 77 5 1 R X 3k 8 A AR (i it CH, 1R
FRE AT B IS IR T Yang 25 (2010) 76 Jb B ¥ [X 8k

[(525.2+231.5)%] ) Zhang %5(2023)7E 8 . i X I
[(529.4+275.8)%] M =ML &5 5, (HAIE T He
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S5(2023) 7E b v X 3Rk 2 i Uk A 08 0 45 2R (280%+
232%). PRI R CH, W BE[(9.77+4.46) nmol/L)N%
T He Z5(2023)945 5 [(8.3£7.4) nmol/L], MAKT
Yang %(2010) [(12.02+5.71) nmol/L1VA f Zhang 55
(2023) [(10.34+3.02) nmol/L1#RiAAIZE R, A3
i 45 5 5 He 25(2023) [23.9432.9 pmol/(m*-d)]k
HAHN, W& F Yang %5 (2010)H1E (45 SR [(17.1+
13.3) umol/(m?-d)] (ffi Fl W92 AR5 Fr i85 (e . 7%
b w2014 25X IR EE ) L M Zhang 55 (2023)
[(9.35£10.98) pmol/(m?-d) A &5 H: . 2 B 25 V6 duk Vg —
SASHRA N BN, VRN B R i< 58 $8e 8 e i A 35 1Y)
R RIZKIR CH, ¥R K RS CH, ¥R 1R[] 1
BEHHER,

3 #it

B2 5% 0 I 3550 X OKAR V- CH, R BE M AR AEAE
W28k, 8 AW s T 6 AR MK 8 HIK,
JIJZ K T CH, Ve A 5 5 T 3R )2 o 2 BT 4 A LA
K FERE TG B BRI, R X IR AR A CHY AI7KSE A
M 1 E 1t R R g, HLDLZRFRAE X CH, YR I
i TARFRIE X RN ZE T 345 7™ CH, PL BRI 1)
AR FH = AR DL A W B A AT DL 38 1T BB R I X
BUKIR CH, BTRTESRIR, % CH, 0943 fi e & B2
YERT, AH AN, Kok T ik — B RA
W%

H5RAMI, B AR ZEKIEM CH,
BI A F 3 i FOR A, RS H il i R [(18.53+
28.41) umol/(m*-d)], AEREIE K 5.67x10° Tg, &K
. CH, Wi

ot KX KA TAEFE TP EEERST
X FH . s, k2B, KREE, ETH. M4,
BRI AG I B, e — BT
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Abstract

The oceans represent a natural source of atmospheric methane (CHy), with estuaries,

shelf areas, and near-shore seas collectively accounting for 16% of the global ocean area and

contributing approximately 75% of the total annual CHy4 release. The release of CH4 from estuaries

and near-shore areas is influenced by human activity such as sewage discharge and aquaculture.

Hence, it is a scientific priority to study the production and release of CH,4 in near-shore aquaculture

areas and understand the factors influencing its distribution.
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Three cruises were conducted in the Yangma Island aquaculture area of the North Yellow Sea at
the end of June, and in early and late August 2023. Surface and bottom seawater samples were
collected to understand regional dissolved CH,4 distribution characteristics, and sea-air fluxes were
estimated based on the CH,4 concentrations in surface water and wind speeds. The dissolved CH,4
concentrations in surface waters obtained during the three cruises during summer were (8.88+4.99),
(11.30+£4.81), and (9.10£3.03) nmol/L (Mean£SD), and the dissolved CH, concentrations in bottom
seawaters were (14.25+7.99), (16.15+5.93), and (10.88+4.08) nmol/L, respectively. The CH,
concentrations in the bottom water were significantly higher than those at the surface, because of CH,4
release from the sediments. The bottom CH,4 concentrations were 2~6 nmol/L higher than those in the
surface water at most stations at the end of June and beginning of August, owing to the presence of
water column stratification, which effectively impeded the transportation of CH4 produced by the
sediment, to the upper seawater. By the end of August, the water column stratification had dissipated,
resulting in a notable reduction in the discrepancy between the surface and bottom CHy
concentrations. The distribution of dissolved CH4 concentrations in the Yangma Island aquaculture
area was predominantly influenced by river inputs, aquaculture activity, and algal and microbial
processes. High CH4 concentrations were observed in the nearshore estuaries (Xin'an, Yuniao and
Qinshui Rivers) throughout summer due to river input. Dissolved CH4 content in the water body was
strongly influenced by aquaculture activity (primarily bivalve shellfish), which provided favorable
conditions for CH4 production in the water column, thereby affecting the suspended particulate and
organic matter contents in the water column and the sediments. The anaerobic microenvironments of
the intestinal tract and excreta of shellfish also represent an optimal setting for anaerobic CH,4
production. Consequently, the dissolved CH,4 concentration in seawater within the aquaculture zone
was markedly elevated compared to that in the non-farming regions. Phytoplankton abundance was
high in this area during summer, with Bacillariophyta and Pyrrophyta being the primary groups.
Previous studies have demonstrated that the dominant algal species in this area, Leptocylindrus
danicus, can directly produce CHy at a rate of 0.0136 umol-CH,/(g-dry weight-h). Moreover, in this
study, another dominant algal species, Pseudo-nitzschia, was subjected to laboratory-controlled
culture experiments, which demonstrated that it can also produce CHy at a rate of 46.59 ag/(cell-d). In
addition, some Bacillariophyta and Pyrrophyta indirectly produce CH, through the degradation of
dimethyl sulfoniopropionate (DMSP) released from the algae. Simultaneously, this area showed
phosphorus limitation at the end of June and beginning of August, and the high DOC content in the
aquaculture area provided rich C-P bonds, allowing microorganisms to degrade organic phosphorus
compounds to produce CHy. In early August, the ACH, concentration in the surface layer had a
significantly positive correlation with Chl-a, verifying that aerobic processes such as phytoplankton
production and methyl compound degradation can provide ACH4 sources in aerobic surface waters
during summer.

Spatiotemporal variations in CHy4 saturation and air-sea fluxes in the surface seawater showed
trends of aquaculture area > non-aquaculture area and bay area > coastal shelf area. The CH,4
saturation in the surface water obtained during the three cruises in the coastal waters adjacent to
Yangma Island aquaculture area during summer were (377£209)%, (527+224)% and (391£130)%,
respectively, and were all oversaturated with respect to atmospheric CHy. The air-sea exchange flux
(estimated using the W2014 relationship) of CH4 in the surface water during summer was
(18.87+28.82) pumol/(m*d). Overall, we estimated the annual CH, emissions from the coastal waters
adjacent to Yangma Island aquaculture area to be approximately 5.87x107 Tg/yr, indicating that this
region is a net source of atmospheric CHy.

Key words Yangma Island adjacent coastal area; Methane; Aquaculture; Air-sea exchange flux

LU | A S SO A - 46 %



