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h BRI E . PP 5 Rk R BR RS A
O T DR A B e i R Tk R
SOCHY iy A AN 2T A IR S IR B SR 3G iSO C i)
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Figure 1 Schematic diagram of loss of organic carbon in degraded sediments of seagrass meadows
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Table 1 Carbon loss in degraded seagrass meadows sediments and its causes

HIX AR IS /TN BRI ik
SE - 0.01~0.09 Pg C/a NS R [25]
B U R A 58 7 (Gullmar Fjord) 8 E (Zostera marina) 55%+1.7% C DI 0T [26]
T M B 60.2 Mg C/ha TR R [27]
Jin#h e (Little Cayman, Cayman Islands) 248K 5 (Thalassia testudinum) 51% C DU R [28]
15 JEF(Gazi Bay) WED R 2.21 Mg C/ha RS [29]
PUHEF AN PG ¥ (Toralla Island) i EE 2 kg C/m’ o B [30]
% F (Ria Formosa) T [RBB F (Zostera noltii) 28.9 Mg C/ha TRt 5 [31]
FETH BRI KW B35 Wi (Posidonia oceanica) 15% C ol 75 [32]
£ E 5 JE M (South Bay) (- 321 g C/m’ IR [33]
WS F T - 3.3~4.6 Gg Cla EXREES (8]
IFI PG A (Cockburn Sound) T O";i;(_’fi;fg ¢ 14 [34]
BUCHT AT Sunday Ioland) DAL Posidonia austa) 39,54 LR [35]
WKHI T AR5 (Jervis Bay) W I ~0.6 kg C/m’ TR IR [19]
RN B 7
JRAH T PG+ (Shark Bay) AR 0.55~2.45 Tg C AR [36]
(Amphibolis antarctica)
1500 g C/m’ KA [37]
TR FI AV PG5 (Oyster Harbour) TR I 35 B 280~310 Mg C e 58]
9.27~11.18 Gg C Pk

a) “FRSCHR P AR RAR KA R U L

S RIS A R R A Y, ki B A
SEAERIA WL -1 8 2.5240.48 Mg C/ha, Hirh2/3% %
Bl T 2L AR S, R A N41~66 g C/(m” a)>"),
Vi AR R 2 B N AR e AR O, T R fhad e e
T A AR 2 B R AR A AT DI b Ak A= W AR AL i 38
B BEE O IALAREE N, B YN 68 EE (Zostera
marina)E@#E*%%T&F}J\292H€/m2_lrl3%§u24l$ﬂi/m2, e
K M 31.83~34.02 cm T F#518.60~19.37 cm, Hi A
Yy R T LR B R T 50.0%8187.7% . Ak,
VPRGN S 8038 [ 3 JE PN B 15 (South  Bay) 8 Hif
PREE FE M 599kk/m”™ R EI43kk/m”, 1/ T 93%, fii )2
SOC(0~5 cm)M 571427 g C/m* F 5250421 g C/m*™,
Y ELAE R SOCHY FZRIE Y, XFSOCH) -2 Tk T LA
IAFN50% ), A5 HeiE L 2 21k 80% Y, HAE, gk
RIEAb 2 SO FXF SOC TR & FEAK. 1, LA f
H B 5 (Balearic Island) K% 5% ¥ (Posidonia oceani-
ca) TEPRP b 1) S AR B R P X SOC I - 1 ik e i 1
80%+9%, HFEZH . B ANEIIMIENT, 5Tk
R R 52%+12%, WFEXFSOCHI BTk T R TR+ IT

30%%.

TR BTSRRI 0 A AR T 0 o VA e 2 A AR
FE AR S AN, B R P A% [) Ayt
VORI FEE IR P, T NSOCHk &, filln, Ri-
cartZ N\ HEPEAR M BT PR SOCHH B 1 5E 0 S kb, %
PR FE R (1) A8 VR UK A o SR A R VA 56 1
3~5f5. UEAb, PUHEAARAGHS T 28 B AR A PRI 5 B
VB PRUTR T L7198 g C/(m’ a), Hh72%3k A
K T R, S U IAR L, 12T LA
ROBH ARV PR, DU T > T3R5 LA
PR, SEAESR, M R AL H A5, SR
T AR UR AT AL AN RE L U AT HLY) TR I RE D T RE,
HEMAL T SOChE =" Salinas@ APHAK, 20 cm/s
JESOCHEH M A/ IR H CHE B, DahlZ A% 1,
FE PRI PRSI v B 5K U B L B TG, 24K
T EE S /st SR RERE A S 0.1340.02 mg/L;
KU R FE BN EN26 cm/sHf, X8 PR R T U R A B
1.26+0.2 mg/L. TR PR 2 I S R SOCHH
B, s R e T s B A Ak B
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(Thalassia testudinum) 5 2RI D, FEOKETIR
YIREE, 5 B AU RS 1%7Y, i R R
ARUS IR (Dosinia exoleta), TEVGHE A (1) H R 6 HAE
MR BRI AP o 3 ) T B T 63%F164%, 1 I PRI
P RETR, RASOCH/D T50%, “FHHiJkiks]
2 kg C/m*P",

2.2 EFRRB AR YT HLERTEE L

DURR AT LA R A BLas B I R 2 e e B IR AR B,
H97%SOC LAME RS A (8 AT 28 BB AR S TE UAEAE, 31X
JE VL R SOC/ i 2% 12 LA K AT LA 4Fe ] ]RUBE R A d5f
TR B S > 5 KIS SR s ik
B2 T, DU EIAEE . TE W iETs A Al 1
PR AR AL, SE T R R SOCH 2, M I Ble 28 i FE
PRSOCH# . filln, NG Ay Refe . RIATE s
IS RNIR) 5 B0 B R AL A B ELR AR IR,
IR Y KRR AT 35 R 4K LT )
HIRA, WIMTE#E S A TR R 2Ry 35, S3%
IR R AR D AR AT TR R X = BE T, IR B
TS, IREIRZ TR A MR PR 1k, A PLEK JE
HEAHANN T 34~384%, AL B R IRTURY £ A7
fISOCLLCO, B T H B>, 7E2010~201 14FH4
W2, AR U 7 5 PRI i K AR Ak,
SOCHE FE AT FEEV L #e Rk, Bk 10%~
50%ifE L RSOCR I E AT, A F7802~9
Tg COMBMENZ . Pedersens AP 7E % P IR
SR T BRI R R U = 5 B SO CRY M [ SE 55
KI, M5 CTH R F25°CHT, SOCH fhl K42 5
T 455, XFRPLIRTHE S B0 FIRWA YIS
i, WEASOCHIJ. A, WK A = i oy R B,
23T S5 W I =35 B (Posidonia  australis) iR
W) v e S S R 0 T A3 B U 7 (Pseudoalteromonas)
(L1 2 T, S ELSOCHR R 1A 572%™, il
KA PEH & 8 IRk s [ R i s PRSOC - 1L 3
HUR A 34~41 Gg CO BRI,

NI 85 | v AR Aid 2 el 28 HESOCHY SR IR
LR, P MTsZm HSOCH AL fE. LU H R M 1A,
BB FEIE SN SOCH) BTk, 19704 LK,
A TRV R PR UURR ) R R B2 [ A, 2 T i e,
P A 0 BRI A R H 25 Y. fEie
FHTR S SR, M T B FRAE X, FEVTIRIEIX Y
Y 5 PR X SOCH) TTRRIE AN T 16% . #k 1L i
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A B EA HURT, DR Sk R i £
SEOE R R A MR BS I, N, FEiEsR
B DX P B RAAE R KA B, KAy
MR U TS A B S s DU
A PR PR & 35 50260 mg/kg, TMIKE 7= XALH
200 mg/kg®™. BRI PEA HLERZ SOCHIE BR AR H
SHRPE, FEAFEBOKIL G EAER A AR
R, RS EERR . AKIE S SE0E
PEBR I, AEHETTARY) s W P PR BILA (0 e
feidf. Livs AR RS T 2 B, WE
M2 SECE RV MR R B W72, UNTrapeliales. BK
$EFF (Glomerales). £ 4% H (Diversisporales). [ JA
T H (Hypocreales) f13%5¢ i H (Sordariales), i £6 B 1# B
A HEE AR BT R o S T ae, wTL
P2 HEGTAR B i P A LA L 21 4 2 FUOKR &R 19 0 i
M FEARSOCHY K IIfEAE. & TR A e s
KA RL0 P 7% i A s 35 {04553 1
A DU B MRS P (2 W A AL . o-HI AT G -
HEPET I . AP R AL R b ge L R
R 70 1.2~4.6645 2, SR iR S U B, 1
HI 25 (Cladophora spp. )Mo 21 B 16 A LR &
i, B RSOCH IR CO," . Tre-
vathan-Tackett% NV 28 N SC o4 SRR W, BrEERR Y
VS IIN BB 5155 S AR W I g, T FR ) R T
1.7~2.75HCO,. I, TEEREITRR Y G BLaR A R 5
YL A4 B R T HSOCHkf7RE ). (HSOCH Bk
TEPERPLIRAL, & &6 F & WtE A Pk, TEPEA DL
JESOCHE i AR E A PR IE, 3 EE A5 AR
RAHAEY Y, RESA BB EY i, 2
SOCH B A KB AE A . B, (UTR T
T B PRUTRI TS Pk B B AL R, 10, 16 R i X
ZeR B (Thalassia  hemprichii) M Ei# (Enhalus  acor-
oides)ITE A HURIAE 153 3135 5]303.3~496.6F1330.2~
690.1 mg/kg, it FISOCHAE 1)24%~44%". W L, H#i
22 R g B PR SOCHIHE A HUAR R IR . 4Bl S
1k, TR BTV ML S SOCH B S At 24 47,
KT ORI A AR AE Vi BB A ik 78 19 A48 Ak S H:
AR, Mtz R,

3 HESRAE SR DU AT BLER Gi% A7 110 5 i)
RSB

FURG, R RS 7 ik 2 RIS . Fhy



Pk

PR A R R A O, S g X B R A T R
B, BETIRE IR . IR 2R, 1R
B fEh, RN IR, iR R
BN, R DR AR . BRI AIE AL, ff
17K 2 PR R A5 DA B B AR DR T Ok, - H
B AIRE R VR H IR BRI, ORI P R AR
B, B SOCH R I 31 TSR T B PR Ay A -0,
HJE, HAMEESZK 5T 35 1 5 A A TG R

255 R SOC B A (1Y, s & i L i SOCZH 43
G PEA HLRR A P AILER ) AR A A% A R A 4R H,
IR ARSI

PRI SR RUSR NI TR I AT LR
A

VAL I S R A 7 A R 5,
VB PRAG 52 T LA 368 3 14 vl B A AR 2 B SR AR T A
FERBE AR Yy, SR R AEAR X SOCHH S A BTk, 7F
M RIS SR R, AERR S AR b i B 2 AR AT,
T RO R I M A ) ARG, [RIL
E R G g BRSO IR R P
R PR 52 S die KA B b ik /0 Vg R ik 24 i 2 1 G
S g B PRSOCTE A R SRR 3 B R 2 S B
FW2ERE, BRI HARIES A B RIS D e
INERYEE (Cymodocea nodosa)’". 882 A2 [T a8 L

3.1

(Zostera muelleri)*” . faZ4783k B FI3E [C 225 (Halo-
dule wrightii) VSR RUTRW), 23 ORI BEHL A5
7R B PRYTU AR AR 22 51 7520% 19 SOCT?. - Samper-
VillarrealZE A5 Ny, 1648 K 52 2, B 17 AR
EEC b AR R S A Y, I EXTSOCHY
srmkiE R, SEEFE S (Hog Island Bay)ifg HPRARITAY
Rt P 8 FON SOCTTRR RN 29%, B R AFES, R
TR IAF50%, 1552 156 1 04ETRE R R TR 2/ nT LA
FH 2877 14.3 g Cm™ b, kR TR E
5 [ I 7 JE W g VL RO DR, il B R L g R
PEITRTE T 2045, MERIIRS emiRITERM BB Ak AR
TR 248, 433 H278.9F1138.7 g C/m’, Hirh150%
A WL e I TR Y. FEARBR 22 B Kapisillith X, 68
FA Y RIEXTSOCHI DTkt B K, 75 Kapisillitht,
IXSOCIAFI595 g C/m”, 3L i T+ B STk /MK K obbef-
jordHh X SOCHRf# (446 g C/m) "™, HNWE i
HRIBE MG, (HZ 8P TR R A B AR AR
PEAE R, B, dkiR S AR R T iR TR
FEHECA, AN bR F R RR AT SR AE P 1y 1 0o
FATEAE, AR T B R R T AR XIRARRSE
NEVIRRG R B, RHIEG . R AR AR LR
3 ol 7. AR = 7 G 7 S14) i e o SO SL S 2
P RPN R AR R o d. e N
N, MRS RS R NI RS S A T . MR IR

F .

2 SOC MRESN!

QEDIAquhl

6

&

SOCEM? MEMBHE? FiL?

&l 2

A RAG SRR UL BRI HLBR A AE AR SRR Sk AR WU B sl LA, i B MRESOCH# i, =B R

WIGAET 1 I8 AN TR RS R/ i B L AR e 2 A B oA 2L IR B £, B0 A STk 61]

Figure 2 Schematic diagram of changes about sediment composition, sediment particle size proportions and sediment organic carbon during seagrass
meadows restoration. Arrows represent particle resuspension or deposition; block size is SOC storage; triangle is rates of primary productivity; the ratio
of circles with different sizes within the big circle is equivalent to the change in particle size composition during recovery process. Modified from Ref.

[61]
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Table 2 Changes of sediment carbon burial rate and carbon storage during seagrass meadows restoration

X EAEREIES (=R BEE itk

250 g C/m’ 317 g C/m’ [33]

249 g C/m’ 372 g C/m’ [33]

138.7 g C/m’ 278.9 ¢ C/m’ [64]

- 36.68 g C/(m” a) [65]

ZE[E (South Bay, Virginia) 8 ¥X(Zostera marina) 2489t C 3662t C [66]
630t C/a 15000t C [67]

1130tC 2010tC [68]

196 g C/m’ 292 g C/m’ [68]

346 t CO,/a 1070 t COy/a [68]

TRAHI PG (Oyster Harbour) MY 55 5 (Posidonia australis) 16.2 g C/m’ 26.4 g C/m’ [37]
SR 514 Cockburn Sound) PRI #3555 (Posidonia sinuosa) 0.6 kg C/T2 6.0 kg C/n;z [69]
ZINES 1.2 g C/(m” a) 12.1 g C/(m” a) [69]

INGE R (Cymodocea nodosa) 2.4tC/ha 90.27 t C/ha [70]

IR 2y (Halodule wrightii) 14.73 t C/ha 364.64 t C/ha [70]

LLMREF W B (Syringodium filiforme) 8.89 t C/ha 175.36 t C/ha [70]

i3 0.71 t C/ha 4827t C/ha [70]

W CI8 5 (Zostera noltii) 3.52tC/ha 106.91 t C/ha [70]

a) “FUR SOk AR AR B ORI HLs

s NISURIN T SRV RS . MR R K EL
Lt R AR bR DA B T RS A AR BT
Jo 2 N AR R K, H A8 (Zostera japoni-
ca)~ YR EEL ¥ (Halophila ovalis)F 1 58 E-Eh ¥ (Halo-
phila beccarii)i&i BAL] VYR FATROAE. SR, EAN
AR A T JR i W AL A A8 B X SO C i A BE 1 52 M R I 5
CA MY F 2 b Tk 68 B p RS A S I
B i PR SOCTEAik AR AE ™, (HR T P Al
PP S IE H R PG AT PR B AL A X SOCH 1 52 i 1Y
WFFE, AT DL AR,

T R RAG 5 ) i v T RS J2 AT DAl 2ok 9 K i Al
ARALARLAR B ORI A INSOCH# ik (15412).  Barcelona
2 NSOBRGE R B, W I 08 4 R AR T
70%~90%, IR BERRAIR T 45%~70%, 41 a2 5
BT 52, 1%, I 2 R A AR 2 1 i U
Y. P} FERRIE (Horsens Fjord) KRS BEREAH 132
AR, DURRPIRLEEREAIS, TIE SRS A Fr 8 B i o Xl 240 A
(R B R DURR Y i ML Y 22K B N 2R, A HLE N
TEAILBR T 24 T] L3k 333+7.5F1290422 g/(m” a)*7).
AN, MR 8 5 3 HAE 5 SR W, BEE TR AE
IRIEHHE R, W F RIS MR RE 135 m, Hrpi
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TR 5 BISOCII27%, Vi TN 12%, HEE R
1858 SUGHEATI84E ST, MBI RSOCIAH252+38 g C/m™Y,
5, U PRAG S T L3 e O Ak i
T I KA R AT B TR B L DU PR TR, M
TR GTR rh R OrthZs A SE rh P4 38 7Y
TR 08 0B A S v R B, iV PR T AR
K, SOCHEE IR Bb K, TURWIRR g B n] LIk
#3000 T.

3.2 FRRESINHIDIUBR A MLk L

TR B PR UTRR ) A 1 B 16 sh AE SO CH % Ak & rh
A A TS, I B AR B (] 4
YIREYE. BIAN, VR RNV I S TR R R (U i R
ZER ) AR BRI A ) = 22 LU AR JEAT 7 (Proteobacteria)
h A, HACH RIS AR PR AR Y T 8 3 2B R (De-
sulfobacteraceae). M2FT %l (Helicobacteraceae) Ml A
BERTEFH(Desulfobulbaceae), T AHAI i #R i I 3 22 LS RE
I"J(Firmicutes) >y . VR[]I FARPR AR/ 3240
FE9NE BH(Vibrionaceae) M AR AT R, (HI2 AR AL
PRRE I Woeseiaceae™. iX— i 5BrodersenZ: A"
WFFE LRI, BT REAR PR AT 3 BT & A R 4



P A

T (S e S e & = N S 3 N YT AL 7 )
(6" CL5 9 AR, Y6 B PR PR AR I R A A S
TR T, SLITAN R L e i A ALY, i
BEAR VT AR TR P AR T A S T AESOCP . FEfE
A R RO~10 e IRUTAR Y, A Wi b7
SOCHI24%~38%, Ifij 1 EI A IR A4 15 5 RUTAR ) i A=
PR 5 B SOCHI 17%~20%>". 3 RBLEE & o
T R R PRUTRR I S A VA A A T W 3 AR A
T M R0 3 25 SR, IR LA SR B4R
PRELIE, REMSAT LB LT B R SOCHY FAfk. IR
FINERIFFE AR, DA AZ R IR B b 381 228 Ak 52 1 i
IR, PR Y0- A8 FT i (0-proteobacteria) 1A% F &
(Clostridium) ) == B2 i 30, Mdf B Sl e
J& (Pseudoalteromonas) & & iz #iw b, #15SOCE &
W BI, SAFIR 2 2, A, R RS R
AT AR O A 1 SR AR A R R o A AR A O B R
WA MR L, YEIMTRERSOCHI P fk. filhn, %%
FE PO R TV O ST e I, Vi B PR LA b ) R A i
HLAE((—146.718.1)~(=97.1+12.1) mV)HEAEAK T4BIT 4
HB TR B AR R L3 (—22.9+55.1 mV)™, HLig#E
UURYTh BA 2. 3 R A B T AR
FR B S R AR P () S AR A S B Ay, o T ek 555 T £ R
JE B R, A R T I 5 R UTER ) B 77 3 2 19 A HL
PO PRI, HRTE B PR A A2 i R ORI A B2 S
M AL B4R L, X R R IR AL SOC
R TFHAILH B B . AR, H ATk R IRIEE
FHEAERTHBE SR MSOC E R THHi®, HiE
HSOCH 4 FFAL X B A (i 7 1 R EN6E DL A3, %
I REA AT

4 W

Zi LR, SR RR A S0 SOCHK A7 1Y
AT TOTIE, (BRI A R ZAL, RAATI G i
FTRA LT g,

(1) FFENIEE S AR 2 15 AR X
M RERSOCHHAFRYSZ I L B, NI s g, 2pR

B P b KRS S O R
Bk, B R AR B R A R 7, B
KT B By R 2R vl R R UTCAR P i ke s i) 0 5 8
%, 122 T X 25 3 AR A 6B, 22806
FIFAR R AT, BRIRZ B Z R A
FHIE AW, RAETTEI L HF X PRI
TEIRZE G2 IS, TR A HE 7R T B R UT AR e fig Xo)
52 7R AR e o 1 A

(2) R RIBAXSOCE E R AL, 15
A HLBR 2 E S 761 F PRUTAR ) h KA A T SR I8
WArSOC, 103 T SOCkKRaEED. sk, AFTZ%
TV BRI AR X B SO C AT LG M A HLAKk 25 12 52 I,
K Tl R UURY) T s M LR O F 5 A BR, X
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Seagrass meadows are important coastal ecosystems with high levels of productivity. They generally have significant
carbon storage potential and are important components of “blue carbon”. Seagrass ecosystems can store up to 19.9 Pg
organic carbon, more than 90% of which is stored in sediments. Protecting the organic carbon stored in seagrass meadows
sediments is therefore considered an important means of mitigating climate change. Unfortunately, approximately 29% of
seagrass meadows have disappeared due to the influence of human activities and global climate change. They have been
declining at a rate of 7% per year since 1990, resulting in the release of up to 299 Tg of carbon per year. The restoration of
seagrass meadows has become one of the most important means for mitigating the continuing loss of seagrass habitat and
preventing them from being a significant carbon source. A systematic review of relevant national and international research
was conducted to summarize the response processes and mechanisms of sediment organic carbon (SOC) during seagrass
meadow degradation and restoration. Seagrass biomass carbon is an important source of SOC. However, eutrophication
and ocean warming have important negative impacts on seagrass biomass carbon, thereby reducing its contribution to SOC.
Suspended particulate matter contributes approximately 70% to SOC, but the increasing patchiness and fragmentation of
seagrass meadows significantly reduces its capture by the seagrass canopy. This significantly decreases the sedimentation
of suspended particulate matter. Furthermore, the degradation of seagrass meadows could lead to the exposure of bare
sediments and deep sediments to human activities and wind waves, which would alter the microbial environment of
sediments and induce the remineralization of SOC. All of these directly or indirectly reduce the carbon storage and carbon
sequestration capacity of seagrass meadows. Recently, the response of SOC to a single disturbance factor has been
estimated, but the uncertainties of multiple factors remain. In the future, the comprehensive interference of human activities
and global climate change will drive SOC trends. Approximately 68% of the global seagrass restoration experiments have
been concentrated on the temperate and subtropical coasts of the Northern Hemisphere. The main restoration methods are
habitat restoration, seeding, and plant transplantation, all of which can effectively increase the carbon storage potential of
seagrass meadow sediments. Seagrass shoot density is the key driver of seagrass primary productivity and the most
significant indicator of changes in the restoration process. It is closely related to the aboveground biomass of seagrass.
Rapid plant recovery after disturbance is the key to minimizing blue carbon net loss in seagrass meadows. Increasing the
density of seagrass shoots would increase the complexity of the seagrass canopy. On the one hand, this is beneficial for
trapping suspended particulate matter. On the other hand, it can effectively reduce the flow of seawater, thus promoting the
sedimentation of suspended solids and increasing their contribution to SOC. The microbial environment of the sediment
changes during the restoration process, which can weaken the remineralization of organic carbon and enable the storage of
SOC for a long time. As the most widespread area seagrass area in China, the seagrass meadows in South China are
severely degraded and SOC has not yet been systematically studied. Several key points of research on the response
mechanisms of seagrass meadow SOC to degradation and restoration were proposed. (1) To determine the comprehensive
contributions of human activities and climate change to SOC storage in seagrass meadows. (2) To elucidate the mechanism
of seagrass meadow degradation influence on SOC stability. (3) To investigate the effects of seagrass restoration on the
composition (labile organic carbon and recalcitrant organic carbon) and transformation process of SOC. (4) To develop a
technical system for seagrass restoration based on the enhancement of SOC storage. Such studies based on local seagrass
ecosystems will contribute to improving research on the global seagrass carbon storage system.

seagrass degradation, seagrass restoration, blue carbon, sediment organic carbon, carbon sinks

doi: 10.1360/TB-2022-1284

2972


https://doi.org/10.1360/TB-2022-1284

	海草床退化与修复对其沉积物有机碳储存的影响过程
	1�� 引言
	2�� 海草床退化对其沉积物有机碳储存的影响过程与机制
	2.1�� 海草床退化减少海草和颗粒物对沉积物有机碳的贡献
	2.2�� 海草床退化促进沉积物有机碳的转化

	3�� 海草床修复对沉积物有机碳储存的影响过程与机制
	3.1�� 海草床修复增加海草和颗粒物向沉积物的有机碳输入
	3.2�� 海草床修复抑制沉积物有机碳的转化

	4�� 研究展望


