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HAl, WKER . WEfsid. 5% DNA RESF
S A A 7 72 W 9T S I BV 1E AT K i is
T B 3 2 9 32 % )5 1% (Filbee-Dexter et al, 2018;
Wernberg et al, 2018; Kaehler et al, 2006)., i1 & i 34 3
LIRS 2 DI Z I | W . RS AT
BF 23 AR A0 B2 ), SR 47 R A 6TV R O R 2 0 A
i BH S 1 JRy BIR 1 o A B R A 3 B Y e O T
SRS [A) v BE A ) AR Ak i 32 S RRAE (MR B A05E, 2019),
AR FERF AR A A BRAEAS A, I AT Rk e
PEVPARARDE o B VA BB R T K T i, BB A
HRI A% B H T ASGE B A R Ok Tz, BT
TN T . e m . KCHRBE ) . Y il
15 gL W) B as BOWE B A AR ) IR RS B AR S A
(THRASE, 2016; fiTis#E 55, 2020; k555, 2020;
RS %, 2020; @ ANFESF, 2021; Saidi et al, 2014;
T4, 2011), bR BF oY £ 56 v o A Bl I I 10 7K
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R TRIEE 3 R [ B iy 3z 5 /R I & 2 0t i 2
] LR
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J AT IE R, R A A R R AR ) VA 9 A S 1 L o
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TR AR A B 2 DL I R R B 7 22 BRI, A X A i
Tp S A TR, LI O ] A 8 1 AR TR A A e AR
BRWREEIER RS %, JF ik — D@ sr ik
SFRSRRITT R A
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A4 X A B KT L AT M T B AT 1 B
(P 2a), = i b AC S R 3 A 35k D A LA PR TE X M A
By VG AL AR iR 3 (B 1) B2 Ab Bl R KU 7 4
A DL FR 58 X AR IOURS B, 7K 30y 32k o5 00 P b,
ERIR B Arakawa C %I 7K - [ 4% (Arakawa et al,
1977), RV s 55 7K A7 fSORH 25 21 A A% BE B 1Y) 28 4
RS, KOS TS s b, ACERE S u, v I
SYBILT y ], x T A 2R i Lo ARSI 336%256,
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31 JZ, H AN MAL S A U SR FE SR K DL ER BT AE 1)

AT AAC B VUL R AR S 0 B, 2% W (0~3.8 m), T il M FE R K IR AY 0.01 8
30.865° N = T T T T -
2 ST
o gl S1aNE N fa'an Archipelag
ithua Islany \ ’ ETE
- Bixia Island

34°N
33° 13
320
31° N

3000

29°

28° (80"
120°

121°

122° 123° 124° 125° 126°E

30.75° N

30.73°

30.71°

30.69°
122.718°122.738° 122.758° 122.778° 122.798°E

L T——
0 10% 20% 30% 40% 50% 60% 70%
TR R

Coverage of seaweed

B BRI () WL s 23 A (b) B TR R 3 70 i B =5 5 (o)
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MR JF 3 S 3k oy, L5 8 16 A E 24y
W, W AR AR R R A BE th TPXO 7.1 SR A
B8 58], % 8P 7R 0 PR m o] ik
1/30°(Egbert et al, 2002; JHIE%E, 2022),

1.2 HigEAHRRIEERREE

121 K3 H A M A A BIF 5T B A8 0 1Y
ECOM-si = 4 5 v B0 {H 5 2 (estuarine coastal ocean
model, semi-implicit)H POM (Princeton ocean model )&
HET R, & J AR IE AC A bR SRR (R HE 5 4%, 2003;
Wau et al, 2010),

AT 5% PG AL AN 35 35 A AR TR RS A Ty DL

A TR B, FEXT K 3N 7 (S ANT] 200 . ABIESE
K FH Bl e Y 12 5 B 3 488 X 5 4 1L it B 3 280 iz P A
0, B pe e 4 =X 5 4 BEL U A P = B0 /K R 1 3
SR, TERALAY i )y B2 i AR X A 43 5
e (Yang et al, 2013; Li et al, 2017), SCERXF IR
TR B I 500 1 B8 (A4 (il 9 45, 2022)
1.2.2 3iA6 P B R S S P I H A GA
ERBIE T N s S HE 3 AN AR TS BRI
APt A 5 B S v iV T R BEAILIZ Bl 5 B A
KA B E RN T Utisd. RN (Al
et al, 2013; Ju et al, 2009):
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oA,
L(xy, Z)t0+At =L(xY, Z)to oV +W At+
oK,
M 0z I
\2A, 0 0
0 2A 0 |yAt (1)
0 0 K,

Ko, L(x,y,2),, For R R B BT
L(X, s 2y a0 F TR A ETE 3 AT B 75 D B
Uy o W R AE o 25 S, —w

7N L RE S TR 5T T00 T B9 35 R I8 K DR B
Ay Ky S BIERKE TR IR s ]R B,y R
RPIE N 0, FriEZE N 1w BEAL A 17 5
T S R i T 7K U A R AR o 1 DR L i S
5%, VIKIAC B L 3 sE fhfL 47 26 (Ulva lactuca L.) Fil &tk
W% [Grateloupia livida (Harv). Yamada] (3 51 3-4F,
2018) fi J& R AF 5T Xt 4, 3l 3k ¥ 8 1R ) = N R K DR
T2 56 FR AT A [FIRLAR T /0N 5 A TS 114 U o2 ok S TR
0.5~2.3 cr/s, A A EAALAINHL 0.5, 1.4, 2.3 c/s
AE R ANT) R/ INKL AR 1 BE 0 B P DR S &I g ik
BT I8 B AR 0.98 475 /K A 2 7% I 5 DS o
i e B R A K RIYE AR S R4, 6.
7 AR, 8 F AR ik B S T
JATE , RO A HLIE G E AR 7E (MR 2SR 55, 2015,
W ZE 245, 2016) . BUEA I BT I 3 00 4A 7 5
RHAEIR F 2018 A AT 5 PH JL N B 28 KR 1 B 37 A
HLER, WA MIER Sk 22.33 h?, FIE
K F 20 23.6% (P12, 2020); 2BRiGHAT RS
SR Wl 22.38 kg C/(hm?-d), % 79.5%7E ifF
B IR TR DL HLIE TS 1) JE =X A T (Mateo et al,
2006), L7 1. BA 0T B AT 5 VG b A0 K 4K T
1) JE SR 2 PO RRI RS Cryy TR ASRANTR
Cni =(79.5%xW)x Sy x F (2)

A, (79.5%x W)y i 337 I I WA DILASE 8 ot 7% o,
T4 200 35 5 ) W S 2% 1Y) C i 93.76 kg Cld
BERB KR E 1c FrniEEgEER, EARH
23 (AL B He LA R OAN R B50i: ) B, ARSI 3 0%
Tia] A A 06 7 ML B IR 1) 255 [B) 40 A 25 52 o B B
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T 113 ) AR Vg 58 3 1) V3 ik R S R L,
AT AR B R 1264 AT 6 8 RS . AR
e B U5 A, C 5 5 B U B B T A R o2y
3.1 go BRICAE CoMRHE I 5 A It 5 AE B 55 X 38 9
[P AN ) D385 A AT B3, BIRLAS B H A bR P (MR L
25, 2019) 1T B AF A X ek Ja) 43 Ay T AR 45 A 1)

®1 BREESRZEERERGIVNEESME

Tab.1 Carbon sequestration and organic detritus erosion in seaweed ecosystems

= (= rh 2% % R A T B
L ocation Species Carbon sequegtratlon Erosion Loss of organlc2 detritus Source
/[kg C/(hm=-d)] 1% /[kg C/(hm=-d)]
H7 Japan  H# Ecklonia cava 23.31 91.00 21.22 Hayashida, 1977
4Pk Global ¥ Seaweed 22.38 79.50 17.79 Mateo et al, 2006
¥k Global 17 Kelp 23.67 81.70 19.34 Krumhans! et al, 2012
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1.2.3 £ BIZR AR Kl 2 SHHias B H B
Vb (TR ) A 15 2 B0 T3 v &4 30 em,
TR K EE ) 10 ecm, AJKER4F#) 20 cm. LIARGE A
JorFL, GPS % B FRh/K B, 8 K IR B r
NN =0 S N o5 41 S K o S N S VTR U RV WG
B ATK A, 7] e B AT O SRR AR E P o T E i =
KRS, RGP BT, RIEE R AK G
TEME I 5K TENG A, S SRR SRRE
IR B 5 S 45t LA B/ v 2 1 KU, 7 7 R 3%
e PiA% B H BRI bR BERG 10 s BRI B AR BT i
%%, B 10 min SEXAEAE R, GoiHAE AR TR
ZIHIAEE T 2021 4F 5 H 21 H AEMAC 5 15 AL i
MR 6 MEEFUR (A 3).

Bk B

Waterproof cover

GPS

Stabilizer \‘-\\.

—

T
Sinker

Kl 2 hrkg ) H R IEAR
Fig.2 Lagrangian drifting buoy

2 4R
2.1 LR R IGIE

I 0B 1L 32 (T L) &g A L i (T2) 2 456380 3t fr R
DNESCHIE 50 VI ASS R0 iy 1 8 0 2 BeF R P 371, 45 S J s A A
KRR (K 3)e 3 2 FmRtH M RE(r) . B RER
2 (r ) AT SKill B (SKill) =Fh T4 5 (Lin et al, 2016;
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Tab.2 Error of tidal elevation modeling
vl /5 Site Fms r Sill
Ig1l; Shengshan T1 0.063 0.998  0.999
Zr4E1l) LuhuaT2 0.116 0.994  0.997
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2.3 firks ) B AV MR B IS LB L P o
AT

WA R R Sl Sy B AL | 3L R S
BORHOBLRS BE R AF, PRI T AR B R AR T e b M
FLAT I v S K 3 R AR (IR DL 4E, 2022), ids I H
Jot A B AR 3 5 T AL I A U TR A BRI
A Ao T AN R A T B S 9 T R RN [ R
TR Pl S5 i LA 0 148 TS i s T e 1 A e 3L
IR AR R AN, BEREEY A B H RS B
R G KRR, T 358 3 T 2 JEE 5 K R R
ZE5e, Fi B (MRBERE, 2019), BE/KIA R IE 317
e Je B PEAE T o ELER R b A ¥ o0 3 HH K T 4%

WAL A5 S, 2R XVE . e %
BE/IN, 5K A B BT R SR AR O, B KA Y B

A T ALK BT A . 25 LTI, AT LA
S BB AR TR 35 i B R RS B E X VAR 9 R AR
LRI s S VA S BRI O, RS B H R B
TN T R O s DR R R oY B R e a T
(R
24 BEEBWIENEZESHNE
TALAE A 2 Wi T R ) 5 A B Y B B R R,
TR 2] 5 Vi T 5 1 T8 WA A 1 25 TR ARG Sy o s R )8 TR

B &5 SO AR KOV iz R v A ) 2 e TR
0 2 5 M Vg PR S U o A S [ A R I B N R 2
— o ARWFFEBEE T AR A R 2 R . /N
AR 4 5 (0.5, 1.4 F1 2.3 cm/9) 45 F T 114 6 £ 5
R, BRI R 94 800 /N BEREE B . 45 R
R, VEEEREE A AR AR, iR ZEUE 240
Wm%i@ﬁ%igm B 7 Beit T R it e s
J s, BAUTRE R, 25 WoR, KORG8 3748 1T 6 4
SRR B VLR R I, AR R AE T T e 3 e i
o T P AU K AR A R DR A SR A, R
KHHIES T /K 8h J15m B, N2 3 ot 7K R R i s 1 )
B B UK R, 1 B 8 78 28 AT [ Vi 5 i
TR 25301 R I o 1E AT DS80S 1) 1 B i g 22 Tk V%
W AER, UURECE RIS 0 5 km A4
0 A (B DX, I ) P Jb—2R B ) 29 0 A 4 () 43 A
A, HizMEEkE 207 ) KB TR bRz s R E —
B0 3T 5 TR A A U B IR R R i T DR AR e e
{78 Bl 7E 549~813 ind./hm? 2 1], [K K 3 7 FTIC R
JF 2 S S B0V R R T T S TR R A 2 R o A 22
(R 7 2),
£ 3 Gih TR B DR R B S R
A) (5 Bl o ZNERIIR], V7K Sl X it 8 5 S ) 32 BE
55, WGEEREE E R R ART I, fMisiis L



H5H e MRA . FETFHA% B H 32 691 A DR S B s g 55
30.9°N - 30.9°N - PN
@) ® 309" Ny
s >10
30.8°F 30.8°F s0.8°F
9
30.7°F 30.7° 3070k s &
g
o 7 %/
30.6 . . ) 30.6° . \ | 30 go ! . | 8
1226° 122.7° 122.8° 122.9° 1226° 1227° 122.8° 122.9° 1326° 1227° 122.8° 122.9° p ﬁ 2
30.9°N - 30.9°N 30.9°N - “fi‘g
' @ ’ © ’ ® 5 B,
& &
o
403
30.8°F 30.8°F 30.8°f c
=}
13 g
30.7°| 30.7° 30.7°F ) “
30.6° ! I | 30.6° I ! | 30.6° ! L | — 1
122.6° 1227° 1228° 1229° 1226° 122.7° 122.8° 122.9° 1226° 1227° 122.8° 122.9°

P 7 B IR (hm®) T 8 S T et 0 R i
Fig.7 Number of seaweed detritus particles settled per hectare

a. b, c: KEHIME, BIREHE AR 0.5, 1.4 F1 2.3 cmis [ 3R 8 TR ¥

WA

d. e, f: /NEIHUIE], UUMHEEE A 0.5, 1.4 F1 2.3 cm/s AY VA B R 5 0 H00 0 o0 A 5
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a, b, and c represent settling velocities of 0.5, 1.4, and 2.3 cm/s during spring tide, respectively.
d, e, and f represent settling velocities of 0.5, 1.4, and 2.3 cm/s during neap tide, respectively.
The black circles indicate the range of 5 km and 10 km from the center of the seaweed field (the same below), respectively.
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Tab.3 Percentage of transport distance of seaweed
detritus at different sedimentation rate

DU w 1 Tide Wiz FE B Transport distance /km
I(cm/s) 0~2km 2~5km  >5km
05 /IN# Neap 70% 23% 7%

K Spring  47% 23% 29%
14 /N Neap 84% 13% 3%
K Spring  69% 20% 11%
23 /IN# Neap 83% 13% 4%
Kl Spring  74% 18% 8%

/NF 5km, QK 7d., e, f R, RS DI EE X
FAETEIREE TG 5 km P, A 70%0 i
WEREE RS /NT 2 km (38 3), 1M 5 km LIAMNAE A
AN ARV i R T 5 B AR AN B 10 ind./hm? K 30
(B, WEKEEERE SI0R, DR 2 AN 1 e e Al
A, DO (W=0.5 crVs)# /NG, Vg T 37 1) S
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distribution of seaweed detritus sinking in feature zone 1, 2 and 3 during neap tide, respectively.
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Abstract

An important driver of coastal marine ecosystem processes involves seaweed

photosynthesis converting atmospheric CO, into organic carbon and internally storing it to achieve
carbon storage, which is of great significance for the realization of the goal of carbon neutrality and
carbon peak in China. Seaweed fields transport alarge amount of organic detritus to the ocean during
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the peak period of seaweed withering, providing primary productivity for the surrounding area and
realizing the function of a carbon sink after settlement. The transport and settlement processes of
seaweed detritus is one of the key dynamic processes connecting the circulation of important biogenic
elements in different coastal habitats. It not only affects the primary productivity of the sea area
around the seaweed field, but also affects the temporal and spatial distribution pattern of its carbon
sink function.

In this study, a three-dimensional Ocean numerical model (Estuarine Coastal Ocean Model,
semi-implicit, ECOM-si) coupled to a Lagrange particle tracking module were combined with tidal
elevation, current velocity, and drift buoy trajectory to investigate the dynamic mechanism and
carbon sink function of organic detritus transport and settlement processes in a natural seaweed field
on the northwest of Gougi Island. The model revealed the spatial distribution pattern of the organic
detritus contributing to the carbon sink, which presents a high value area centered on the seaweed
field and decreases in the northwest-southeast direction. The difference in the hydrodynamic
conditions and particle size of the detritus leads to significant variation in the spatial distribution of
the settlement. During spring tides, the highest carbon sink was 699 g C/(hm?-d) and the carbon sink
contribution of seaweed detritus was not limited to the adjacent sea area. The smaller the particle size
of the detritus, the larger its contribution range, contributing approximately 7.5~33.7 kg C of organic
carbon daily to the sea area 5 km away from the center of the seaweed area. During a neap tide (with
lower flow velocity) the contribution of the seaweed area to the carbon sink was concentrated in the
coastal area. The radiation range was relatively small, but the carbon sink intensity was high,
reaching approximately 817 g C/(hm?-d). The tidal current direction when seaweed detritus drops and
the geographical location of the seaweed site are also important factors affecting the contribution of
the seaweed field to the carbon sink and ecological radiation function. When the seaweed was located
in relatively open terrain with less shielding by the tidal current, the settlement and distribution range
of the organic detritus was wider and provided a greater contribution to the carbon sink in the
surrounding sea area.

The Lagrange method is feasible for investigating the offshore transportation and settlement
mechanism of organic detritus from a seaweed field. This method can effectively evaluate the
contribution of a typical nearshore seaweed field to the carbon sink in the surrounding sea area and
the role of the main dynamic factors. The research results reveal that the temporal and spatial
characteristics of seaweed detritus transport and settlement and the carbon sink function are affected
by many factors, such as tidal current magnitude, seaweed particle size (with different settlement
velocities), detritus shedding time, and the geography of the location of the seaweed field. This
research provides an important scientific reference for investigating seaweed fields and evaluating
ecological radiation range in China.

Key words Lagrange particle tracking; Natural seaweed farm; Organic detritus, Marine carbon sink;
Numerical model
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