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Carbon Budget of Seagrasses in a Small Lagoon of Dongsha
Island
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ABSTRACT  Seagrass beds are important coastal ecosystems that function as food
sources and nursery grounds for fish and crustaceans. Our study site is located at a small
lagoon on Dongsha Island, South China Sea. In order to set the carbon budget and
calculate the proportions of flow pathways, we investigated the leaf production, detrital
export, herbivory, decomposition and carbon storage rate of the dominant seagrasses.
Our results revealed clear seasonal variations in the leaf production, detrital export,
herbivory, decomposition and carbon storage rate, with higher values in the summer and
lower values in the winter. On average, very small proportions of leaf production were
directed to herbivory (0.73%) and export (6.76%), with 86.97% being decomposed and
5.54% of which was stored as refractory material in sediments. For the belowground
part, 86.97% and 13.03% of the production was decomposed and stored, respectively.
Taking account of 90% coverage in a lagoon area of 64 ha, we estimate that the carbon
stored in the seagrass biomass was 191.93 tons C and the storage rate was about 63.40 g
C m? yr. In estimation, 36.52 tons C were being stored per year in the seagrass bed of
the small lagoon, suggesting the lagoon being an important natural carbon sink.
Keywords: carbon sink, leaf production, herbivory, export, decomposition
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I

VR (seagrass) & /I PR EE E AV SRR
EE - RETE - HEENRA &R IVARE
ThgE(Stapel et al. 2001) » =] DAE REEC IR
WA BYIHR o TEELPR (seagrass bed)
SEHEAEE DTS 1012 g dry weight(DW) m (9
4 FE & (Duarte and Chiscano 1999) » ifi H @rfs
T g VA 1Y) E 1 7K 88 (Barron and
Duarte 2009) > L H3% AR S P R A 1%
SEKL > B ERREER T AR R S E A2
# < JF(Cebrian and Duarte 2001, Vonk et al.
2008, Williams et al. 2009) » f UBE R E
AR A4 Th B YA B A BE & AL R (Thresher
et al. 1992, Hyndes and Lavery 2005) - /&R 7,
B S A YN E P L S 4 BRI
Y EERVES > ALK E B E R
A= REAR % TIAE(Orth et al. 2006, Z7&§k 2009,
PhsEBNE 2010) - AT - TBERAERE LS
e s LA AR S Y Bf 715 R 20 % BL Bje DEE (carbon
sink)ZAE (Nellemann et al. 2009) » 265 ~ &A1
BT ZAYEEE R (Romero et al. 1994) » R
TR HE R Y B G R BlgE B
HEZ AT -

KRB BIRERS ERETE PR
BEDL AV ARG - 1 — SRR RS R R R (R
FECRERS Y —  BFEEFER ORI
g 9 [EMERYRRE(Smith 1981) » [ HELRGERY
e 4= i & 5 2 BRI Ay 15% (Duarte and
Chiscano 1999) » 7] R EER AU A
B %L (Fourqurean et al. 2012) » i
B SRATRYE - AR REMAERR AR
PIHErIRE BACK - Mg SR et Fy 2 — Ml [l hik
HRIEHE RV AERR LS AAMAE 8 25 23K
IRIIRIE T TBEIRIIREEFRE 1 T BE R R
W& i B 1Y B R 25 B 2 — (Nellemann et al.
2009) -

H A2 R BE IR 7E % LUGE
IRPEVEYIZE R ~ XEAER ~ EESTEER
EUEZ/iE NN S S 7 et L )

e

FAEREHR _O—FHF T+ EH M

BOD By INEEEHIBRICE

5% » SRR A TR S A/ © T
T EEEERY - &P 45 - /NIRERA
S EE0EE 11 R RS (4 2004, Lin
etal. 2005, FIENE 2010)  H LRIV E HiE
TS EPRETREA » S 1185 ha - BI/bIgE
PR SR i 75% » LTI i
w2615 g DW m? yri(bksEgh - AR
2010) - ELFREERTIIER 2.5 £5 - HE2AH
FiTE S (B D G B A e - (LR
TAHL AR e B [ BT R A T R 22 -
LA DABED B /N 5 P 6 S PR R 5%
BRI » R B PR A B BRI, DIIRE
T RSB PR T RS BT 1 D R AR

FRHERTT A

— &

KGR G B E ERY/INE A (B
1) > FEEREEAE By 20°42°277N > 116°42°26”E o
/NEHRTEFE 64 ha » KA 0.2-1.5 m 2
[ o ZACREE(ES 1Y 18-36°C - HE & BRI
e B ERAE E 2R 8 H (34~36C) » iR All
HIREAZTR 12 A EXA 2 H(20~217C) -
[~ KA A iR (E e (L N EH A
FEAEF1 1y 33.48 = 0.04 > /KEASE HIE R
8.61 + 0.15 mg/l > il (£ 7+ B 8.44 + 0.02 -
T iial

Mainland China ¥
A T
zr:( \ \J,

G
TS

Tongsha istand

2043’
o

| 116243’
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ELTE) - TR AAUE - MREERD

AT/ NN E 3 7k 50 m HYEE
HER(E 1) - FREERERPRNT 7 2 90%
BLE - DIZEAE (Thalassia hemprichii) B » H
oy AR 2B /K 44 55 (Cymodocea rotundata) &1
EEk — %% (Halodule uninervis) o [R BB /AT
A JIE - FREEREAIR - HIFUHEEE S
R EED R B HES T — R B © FRFTRFA
B {7 2 Bvb% - IRBBORGE + 25~30C » & ¢
30~36°C » Fk : 256~307C » & : 20~25°C){f#=EEf
ERAHEE 7y » DARSER AN 2 AR -

=~ BRI

FODEE PRI A UG R E R
4 7 & (leaf production) Sy tERE » HRET H AL H R
B 1EH (herbivory) ~ 15 =5 4 & (detritus export)
B} figé-E: (decomposition) A1 5 7 fifé 2 i fE fh
= (refractory material storage)dy43#ic & 47Eb
(B 2) - BERERZE T EE R A E R IR
AR 8 DR 347 B8 SR S e st s o
RIS R > BT N AW RV
& BRI RIERR  (EEAR 55 fRaIRTE i
% RIENE > WELEATEEN TIREE | - Rk
HpF S8 A H IR HAEF A LR
TEEE - RS S TEEIE B A ERITH
o HOVEAMMEE S E Sy T &2
B A AT b B2 52 > B PP s
— BRI & - BEIFSE DL 3 FRIE ST E R
K5y fEAE FHAT ~ BEVRRE AR Z ikt Z A
TR R AT S T BAR I (G B L - U
Y EE R A2 & (leaf production) & H H$ R
7 J3(mg DW shoot™ d™)se LA BE (i IR 1
#[ (shoots m?) » WHCATRITZ & B ITIVE
FHR BT 4 AR (mg C m? d™) - B
QADRER (e wiINSE R I rfunh a0 VA==
b Rl E R A Y R R A A
TR E IR E - 0S4 E R AR AT SRR
1% » &5 s B4 o7 fiF (decomposition) & st 17
(storage) 1y & » i /2 F 7 RS RIgR RS E &
BT E SR (SEEEAEYRIETE SR
BB R WA B R EE R (mg C m?

30

d?) - iR E R AR A E e fE
A i L T

Leaf production

. . Herbivory
Biomass accumulation o

\ Export
—

Detrital production ..
pr Decomposition

—

Refractory material

Storage

2. VHHEEER 4 FE R MR E
LBEEER 427 & (leaf production) FsERk - HIFRAE
FR S R SR A A BN Yy B /F A & (herbivory) ~ i
R CEL R4 By WS B = (export) B 73 iR =
(decomposition){% » 2R REEAVEL /TR 5
Iy fiE > 1E ) (B 17 = (refractory material storage) » t7.5k
TEATEERY TEREE

=~EEN

WERAEET) - BEE BEHAEYE Y
SHEHART By 2009 4F 11 F1 12 H » 2010 49 3
4-~6-~8F110 H  (REACRAVE(L - FF 11 H
1 12 AERERERAZ - 3 Al 4 ARE
Z6 Hf18 AREZ 10 AR - BFRAE
#7714 Short and Coles (2001)Ffilt > g tiE3k
flE - FEE RIS AT FEATE 2 {EERHE
(10x10 cm) » S50 6 {EERHE - DASHEEF(EEE
NENFTA B EAERIER R (F Facs% > kR
EIRERLNE— R L - 49 5 RIgOBCA LR
2D I SRR EE SR 2 $HLR
Ry EAERL M TR ESFURAVEERE -
PRI EAMIE R B R RV R B - B N iEtk
Bt B EZRRI LB ERER A EE - &
&R rE EPRDURE - #E R S1(mg DW
shoot™ d™) - A e BHILIA )& (g DW
)B4 FE (g DW m* d) A9[EIERRH (%

B AR O — AR B



7 E=0.02x 418 *%, R?=0.25, p=0.0002) &
(Duarte and Chiscano 1999) -

VU - FERE - ALY R

2% Short et al. (2008)49773% » M
4 FREiRTE 12 (HEHEE T EEL - >
e I 1 T B 7 25 T Y
(L - HEENETRERNANEE 25 /)
&2 50x50 em JTTAEIE - ELHEE T E
b B IME RS R S K EEA
4% ; SYRIEEIEN STEEENEEE - Bk
TINAAEN L T B S T2 - IE E A
B e Bt 2 A -

BERERUE 3R BT VSRR 10 m fH
PIER 7.5 cm ZIREEENERE LT 10-15
om R MR(EHE T ) » EHAHIAREST 5
B SMRE TR - T E S
BRI » BT B B TR AR P A5 R 2
fé£ (shoots m™?) - HEZK L FEEE FKIE /TR
ST 5 BETERSHTHY ¥ (above-ground) » DL
EFTE LT SR ZTH T 35 (below-ground) -
FERCA 60°CHIBLREPY » % S (R RE B Hy
EE(DW) » D3 ELH Bl - 308 b T 30 B
E41E (Mg DW shoot™) » S4NEL & & BEE A %
TG 25 - BITRT i BB iy TR B4 )
E(mg DW m?) o [HIE H A8 s i B 7
EER

I~ EafEd

EalFRIST IR 2010 4267 4~6 A110 H -
DUR 2011 4 2 FETTHRE > TRKIRZACRATEE
b IRFEERE - 2 - MNLFHER - 2
=5 Unsworth (2007) Ffr{i FHEUREE % » AERE IR Y
HYEEEAE W A% E 10x10 cm ATREHE - BEIR
15 fEEHE » BRI RHVEIRIER (F AT
a0 ° WECERFUAHVIER R - 468 2 HIRF]
WoE SARECHIME R B 3 2K - Iy
HEER R - iR ZE R R
A B T PR B e B Y TR © T B TR IMR IR
IRH] 53 ok fa S B A A B PR I & (Kiirsch et

e

RABESEHR _O—ZHEE -+ 2EE

BOD By INEEEHIBRICE

al. 2002) - & B EU A TSRS - FIRFLIHE
T 758 B {31 #2 B HH e 260 43 Y 4= 1) & (Heck
and Valentine 2006) » izt E RV E & EFHE(mg
DWm?2d?) -

N IR R

L4 2011 £F 2~ 4~ 6 J 10 B {5 R PUZEeT3
HIER - TR R - EEE
PIHECRR |- L 30x30x30 cm ) 17 A4t
HEREE A RER o B2 DI T 7 2B AE
(RS S BRI SR - I I 30x30x45 cm
ZBSEEER/NE 1 mm) > DUEUSER R
B T S 8 0% e ot S S
RIS o JRHE 2 AR R R gl
SR SRR TSRS » B RS
it B A S R P R i L i - ST 8 R
o R B— B H R EX
BULAE By 8 BB R T A EE A B SR
i - BRI 5 B R e R B R R
I8 > 1%Ll 60°C RS 48 /NI HEES (4 FTEE » B
ik L B AL AT R A 7 B (g DW m 2 )

t BRI RN

£:°% Mateo and Romero (1997) > 7574 » i
2011 4F 2 FHEE, FEB U Bl SE K4k - B
Ak — BE R RN 2 AR B KO A R T e
(W REE) - (E Rt L3 fRLSHIAPEL -
N ERIDA B A SRR T AU EE - PR
BEEEMIEIFE o IRE R B I RS
(10x10 cm > #H K/ 1 mm) » F{E 73RS
LSS 10 g AUMTEK} - BEEREEA I AR
B RS A E R E B RLR 3% 4
T EBAY o LS A AR YR £ 9 (5-10 em
%) 0 & 3EME o SR EHE RN 2011 42
FRta » AGAE S FEIE FIH#EST 85 Ri& » oy hillElk
RS SRR RIER AR - BIE]ET
B fRFIER = (%) -

I\~ BRITTER ST
T A CABIEE /KR 5~ BRIk — SR F IR 2



ELTE) - TR AAUE - MREERD

55 3 FEHTREE R L EORIM T8 > LA Lt
KOS 85 Tz SRR AIIRIE TS bk
A HEES - T2 4 LT 6 1K) % (Retsch
RML00) 2 Fic i 3¢ + LT 2 4347 6 (Elementar
vario EL I (TS50 & 53 H -

GEREERTER

TR A E VAR R T 2 B
PR RILAERT 85 K » SRR AR A
Gt 85 K2 1% - a2 bA 85 KAV £
ST B SN RRAR » TR Sl T R E - (A
T EFIRIE R 8 - R E RS I AR
ARSI BT 0 il 22/ NS L mm R
1L INEETRS B BRI HRR A
BT RS ERES - P AR BRI RE S il T 70
fie & o (RAL T 78 AUk P& 5 7 & (Harrison
1989) - ZAIMM » S ARLSE PHEE A 1 mm Ay
REEEEYIHEARE  ERa i
BRSNS - IR P RE E (AL T A MEFRRY
TR R i oy fiF-E (Fenchel 1970) - 32 S E A
FTRE B ARHRES » RIEEA o s st o iR 52
1572 H e M S dm PR Y 7% -

R4 H AT SR B/ NR B R R A &
GHAL  PEVUEZRERABRIC, T LA » N
EREER  HEFHE - R RBREEF
WA FRE S MRAVERS A IR EI:
%8/ (McKenzie 1994, Lee and Dunton 1996,
Lin and Shao 1998, Kuo and Lin 2010) - #EZR40
It EE R SR mAEL B A SR [E -

DIAZLA - HERAEERE  HA
1019.18 mg C m? d* » R F|E2(2883.88 mg C
m? d)i—(E 3A, C) 5 HEE i EIHMER
BEE HAFWEEHE SR £EERERF
=R PR (2 9.95% ; [EH 3A)
RFFER DREARER(K > 145 846.46 mg C m?
d*: EREAENERE  REER EERN
0.29% - BRANSH] © XRHVIER EEEERF
HIRE B LUR AR E LB & E -

SV E /NSRRI UZ Pk &

32

(136.27 mg C m? dY)ifi= @ fHE I 49.74 g C
m? yrt s HUEEEH A R 6.76% (B 3E) -
Eh AR Y Y EL (Posidonia oceanica) il
90% 1 i H = K {8 2 (Cebrian and Duarte
2001) - B {RAZE T AL R A B R
FREIREIE i d & 636.18 g C m? yri (BB (i
2009) - & ZE WARFY KB S E OIS =
150-513 g C m yr*(Krumhansl and Scheibling
2011) - DIMITERERACE - /RN = T <7
HOREE > AU T AR EIRIERERE  HUER
BUSR BB R AR NE 1) 5 F
o B0 B R SR b R
N2t 2 (5(ELTE) 2012) w] SV ES/INRH
HTERE RIR R T ORI B R E RS »
g i R E )

LR ARk 1706.88 mg C m2d™t >
5y B 0.63%Ei 5.33%¢3E F 4 7 B R AL 4G L
BEASDEE T S e EA S
TR R 0.54% - 855 Bl N AR A A
TR EE{F %R 55 k5 95.31 B4 69.91 mg C m2 d™
SRR A5y R By 1509.85 F1489.13 mg C m?
d™(fE 3B) -

HFE#ER RS 2883.88 mg C m?
d* > H A V= b & A9 5 & (8 A EE B
(0.97%) - ifi At A fx = HUR 7 HOR (FE F
R343R By 152.48 2 73.05 mg C m2 d?) (&
3C)

ERUEERSEIMN S - 5D B/ NN
HYSEREE R B T E 4y 54 2014.83 Ed
476.97 mg C m? d (b ER > HibiEdEE
H 6.76% F b E i - HA 0.73% i
BEYEENE - A 86.97%E# /1 #E » &%
A 5.54%E EZRE 2K > M T EAEEERIAE
13.03%th & 2 T2k - i E AV E/ NS
HREER PRI A E#F 173.71 mg m? &)
ie(E 3E)

RS aFAENEE RS KR
ENF VR EE R R B AR B8
—ELBEEF F R} (Scaridae) Ay F g M fa e - RN
S TR L AS B A TS B S (bR

B AR O — AR B



Winter

BOD By INEEEHIBRICE

A Herbivory 029% Leaf production 9.93% Below ground production
294mpg Cu?d? 1019.18mg C m2 & 440.35mg C m?4*
A 7% T60; I

0.12% ﬁ 0.17% 89.76% 13.43% 86.37%
Grazad by invertebrate Grazed by fish Detrital production Detritus export

123mg Cm?d? 1.71mg Cm? d*! 91482 mg Cm* 47! 10142 mg C m2 ¢!

6.71% 33.05%
storage decomposition storage decomposition

68.36mg Cm= 4!

846.46mg Cm* d!

3915mg Cm? g

38120mg Cm* d*

B Herbivory
10.72mg C m* 4!

Spring

0.63%

0.09% F‘ﬁ/ 0.34%

Leaf production
1706.88 mg C m2 d!

Below ground production
559.04 mg C m*d?

Grazed by mvertebrate
1.46mg Cm?d?

Grazed by fish
926mpg C m? d*

94-04%\L 12.51% 87.49%
Detrital production Detritus sxport
1605.16mg C m>d? 91.00mg Cm*d*!
5.38% \L_ : \l/ 83.46%
decomposition storage

storage
95.31mg C m? d*

C Herbivory
27.88mg Cm? g

Summer

1509.85 mg Cm2 4!

0.87%

Leaf production
2883.88 mg C m* 4

69.91 mg C m? d*

decomposition
48913 mg Cm*d?

397%

Below ground preduction
54827 mg Cm3d?

02%% ﬁ 0.68% 05.06% 13.32% 96.63%
Grazed by ivertebrate Grazed by fish Detrital production Detritus export
341 mg C m? 4! 1947 mg Cm= d? 2741.49mg C m?d? 11451mg Cm? 4!
I
329% \L_ d{ 80.78%
storage decomposition storage decomposition
15248 mg Cm? 4! 258801 mg Cm? 4! 73.05mg C m? 4! 47522mg Cm? 4
Fall
D Herbivory 0.71% Leaf production 8.72% Below ground production

17.49mg C m* 4!

0.24% ﬁ 0.47%

2449 40mg C m? 47

89.57%

36021 mg Cm2d?!

12.96% 97 042,
Grazed by invertebrate Grazed by fish Detrital production Detritus export
6.09mg C m? d? 11.49mg Cm? d! 220833 mg C m2d?! 238.13mg Cm? 4!
4.72% \L, ' \l/ 84.85%
storage decomposition storage decomposition
129.99mg C m? 4! 2078.34mg C m? 4! 46.56mg Cm* d?! 313.65mg C m? d?
Average
FE Herbivory 0.73% Leaf production 6.76% Below ground production
14.76 mg C m? 4 201483 mg Cm? 4 47697 mg C 24
I
021% ﬁ 0.32% 92.51% 13.03% 96.07%
Grazed by mvertebrate Grazed by fish Detrital production Detritus export
430mg Cm? d! 1046 mg C m? ¢! 1863.80mg C m? 4 136 27mg C m? !
3.54% \l/ : \1{ 36.97%
storage decomposition storage decomposition

111 54mg Cm2 d!

175226 mg C m? !

62.17mg C m* d!

414 80mg C m? 4!

3. UM NEHNEFEIRL(A) ~ H(B) ~ E(C) » Tk (D) AR IUZF P4 — R (B) AR
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ELTE) - TR AAUE - MREERD

SERD ~ AR 2011) - EERERERMERYE R (R
EEYL - BVERER - NEHNIEEER- R
FHHEEF 4 8 0.73%YRE (B 3E) [HHER
BN/ IR KGR » BT ARBIH E & Ui A
HAREE) - HAEF/OREBLA  HMEHEE
FRImEVEREE T - (E1S AR S B M A )
5120 5 M T D AT Y R TR I (PR R
B~ @A 2011) - BEAE B R G RE
TR A BRI ARKRYE(L 772
HIfSNE B G 50% Y4 B A
(Cebrian and Duarte 1998) - L HEGER
(dugongs) B4 75 Lo B A (R ] & A\ /Y KA
Ea#f(Valentine and Heck 1999) » {HEEZR T
KOCHIZE A E G EPRAY 26.14% (Bl 2009)
{&{E 2% > HiEE Kennedy and Bjork (2009)g44H
SREY 18.60%(E » R RAEAIAHE EHE/DHY
BT BEUEHEREE B A IR -
TRELRERE O & FH S B R R e
YrE &R EYIE - I b ReE SRR
EYIP A ELER R EEIIRE
JE &t R B YA B S & B A (Thresher et
al. 1992, Hyndes and Lavery 2005) - ff 28 /[N 535
NERRAVREE SR 2 A5/ NRDEI S 35
HYEE |7 AR & 19 86.97% & i o fif (&
3E) > [L#E Kennedy and Bjork (2009)#%
50.30%38 % - 1 HAE/INEHA » BERY iR
SR > AR 2167.06 mg C m
Iy - Al A RIS AV iS4 P1F F (Peduzzi and
Herndl 1991, Pollard and Kogure 1993) » t7, 7] §E
TR R 7K ER % » ELE an i /KRB 4R Y
HUBER - IRAVIE ] T &R RS R
1k » A5y fR1S 5 [ (Mateo and Romero 1996) -
11 7 B o 1 e e B A2 v S R L VA Rt
15 (dissolved organic matter) L7 fig M- fEtie e
(dissolved inorganic matter) (Bourgués et al.
1996, Apostolaki et al. 2010) - [K|[H: 32 LLF% )& At
RAENEEREEYERERELYIIEEEE

(Peduzzi and Herndl 1991, Blum and Mills 1991,

Williams et al. 2009, Kajihara et al. 2010) - 4£&
bl ] H R R AR A T E R AW AR A

34

EE W HA (R EY)E TR B EIRAEE T
A EIEER A — E RS -

R R AR EE T RE — B T AR AV 4T
EEL  JERPRIR o] RE R S BRI IEER TR OM LAY Bk
PEE(missing carbon sink)fy 2= =~ —(Nellemann
et al. 2009) - MBELEHEME 2 Tt ST
H o S ERAIREEERE S/ 19-195 g C m?
yr' 7 (Romero et al. 1994, Duarte et al. 2004,
Kennedy and Bjork 2009) - .5 Kennedy and
Bjork (2009)§w4n i s it b fr B4 G A E R
15.90% - [fri/ NS AP A EE R SRS T R
fFERIH 5 5.54 B 13.03% - {HERDE /N
PR PR FE RS Y bR B F B R AR
127.51-22553 mg C m? d* >R - MHE
46.54-82.32 g C m? yr* > #5015 63.40 g C
m? yrt s BT HIERE R A 5 DUINEDSEY
[HIfE 64 ha f HOBE A ZETE 90% ARl - 5D
INEBNIBEIREYERGLERFT
191.93 tons YR AT A fE{F T~ 36.52 tons
R > ] R B/ IR SR R R E AR
SRRIEE ©

51 ST
FR B - 2000 « B T AHEF A B —
SR SRR B (LA E N &)

WE9E o BT BUKE2 4 RHER 2 hH 15
X TAH -

FRSERS ~ 2Rk ~ E0TH) ~ EETT - REREE -
2010 ° Rz tAkEA - BRDIRBERI R AR
BEHERR  BEERAEEHEE -

FRSEB) ~ FEMEE - 2010 o BEYDSR AT SEkE A
VRS ~ R JTHE  BEER
AEEHEZ L - 135 H -

FRSEB ~ FEREE - 2011 - BRYDEECEERAEY)
PG B ERS < SRR A E
EHE TP - T8 H -

BIS{h © 2009 « 2B T RS 2 AR B R 7 i
BHEENYIRTE RO B - R KR AR
aRHEE AR S 86 H -

B AR O — AR B



(= - 2004 - GG ESHBLAT Z 5T -
BT AP LIRS A VTR A BE e S > 99
H -

BEATE - 2012 o HUDIRHECRR A E T SR IL
7o PELRE A an R R E RS > 147
H -
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