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AR R FREE T SOME Sk I e H et

F T RIS T A R, R R R DL
R TR EVIRY A, XTRERE T HA
=] A A1 /0 A 05 B 8% T v 5 3 SOMK TR 1 F 5%
ARSI 3 0o AV P KR [ EPVCE, B
BIEOK IR mIPVCE , R15 A ZRRETT 19 35 DT
By, JFR AR E AL RBEAR, LLC/N,
8" CHIS NAH g 458 b A 43 T ¥ 8 37 SOM I K I,
A3 AT K IR I E AR S b X SOMBY BT ik, o I R T
Wb A RS R SR

1 MRS T

1.1 WX EER

58 XA AL 1 (30°41'~30°44'N, 122°44'~
122°48"E)Y(i T Wi LA LLAE & ZR ALl bk, 5 05
PR A ERTFE, REEK22.5km,
R 2R R AR AU R AR A 240 Vb M, R 2 90%
ff . 2014475 H i Ffi Biosonics DT-X[a] 75 #8104 2R
By 74 07 45 5 B T K WL 55 SR A e A R B
RS & ¥ BE S JL A 317] S 7R R AL R, LA
MBS N 3, H VR B (Sargassum horueri) R 45 X}
PR, R AN A Y B 19 85.8%. HARR
PFR IR R LR S R (S, vachellianum, 6.7%).
LA ZE(Ulva pertusa, 3.3%). FWi2% (Hizikia
Sfusiforme, 1.7%). M E K H B (Chondria
crassicaulis, 0.9%), X5MEFRF G4 =
1598.4%, T 1 K RUIE HE 43 A0 1 SN K IR 206
m, B R E/NT20 my FEKPTr 0, AR
KAV EE A M D, I E RN 28%, AR
JUAS/INEE NP5 A /D o3 A5 T 08 36 A0 0] 23 A 85
NIz, B BBEHOR (K 1~30 m) A 22 1) 7
AR, PRI AR 86%.

AWFFE % AL I J e TR L v R LA
Fe N3 8l 25 T BE X I 3% SOMAY 4 1 5 43 A1
JIT 7P A B RE ), 3 BRI R P B R
) 5 Sk TS (HT W) Rl P4 Jb &8 B & 5 15 55 A7 R
(HSDY KBS K 1), J5 S MR iR
BN R PR EES.0), BA—E & 1R Sk
IKFEA s A R N2 T R B 1 TF X
I, S2ARAEZE AT | RS A I TR R I 52 W) A (R B
SR EEA.1) o BE TR B T e 3 R B T ok 0 M A
B A AR A T LB B (4 & K B BEs A —
3T AR Bra—5 )1 . IR &P TR

Bro—7 )My e s, AW 5201447 H |
20144 10 H M120154F 5 H X iz i e 7 #5471 17 UL
W By HAAE S R SR A T A
1.2 HRXESLERZE

AR S R FEAR O R Py 4l A 4 1)
S H AR Z R T 15 Al A RCR & DT T A
AN R, ARSI R I SCUBA WS K A5 15 3 37 7+
[ E PVCE (R £ 80 cm/H 445 cm>15), 7
HTWHIHSD /3 51 BE L% 3 4% 3 B £k i REHF VR
JATRE, BRI S m, e (K &
SBEARTE2.5. 3.0, 3.5H14.0 m/KIEAL H EPVC
&, DUERBTEI 10 d, SREEETE] 2014457 (R
UM FE P T 4) . 20144F 10 7 (R 18U i 3 A K 1) Al
201545 7 (R B 3 S B8 ) o # R DR Y
FH63 pumiii 28 12 38 , P AR A% 1) UKL 1) 76 HEAS
60 °CHE48 hEH T ; 5 H 1 mol/LAYHCIFR fL LR
YRk, BRI MRS IR, HERA S
Ay BRI 28 F KR P SOMEE fh Sik, 2
BRFE S AR A AIHCL, 5 ¥R AL 5 A9 SOMAE i
BT, 60 °CHE48 hF H

N
30°44'
& A
H 00 m
HSD \
U ~Lss,
* o ouqi Islan
-30°42'
o
— b -
122°44' 122°46' 122°48'E

E1 #iEH2MIEXEAIE
Fig.1 Map of Gougqi Island showing locations of
the two study areas

KA AL RE F H SCUBA K
I AT K R 2R AL, FEHTWHIHS D 3 375 43
FEMLRAE3NEETT, FE 5 AL N30 cmx30 cm, R
EEBFE 2014455 H o BN FE D7 AR Y K 70 1A
PR A ], A ORI . K
AR R T e AR S AR L g K g vk, &
I ViR i 2% T BRE 2 B — S A AL EUORE AN B R AR
Frvkd e, FZRE 7oK eheifE s w3k, mk
SRR S ZEHEAS T 60 °CHE48 hE fH

F M R E FH 3 7K TS 37 3 A=
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PN (77 pm) I B HE D7 20, CRAETRIGIEY . SEBR
LRI S AR S A, IR 28 (160 pm)PEA 73 8
B WS 25 5 3R 451550 °CHIbe4~6 i GF/FIE |, R
FERF[E] 201447, STHTWAIHSD X 3543 51| B
PR3N FEANE R FEATHE

& ¥ Bk A A (suspended particulate organic
matter, POM)# &= R & FHRK £ R B JZ K
1~2 L, BWHA 500 mLid 170 pumM 485, H
ST S 36 47 550 °CHIBE R 1 GF/FRE L U8, B s
FEA B POMEE & . SRERRE] 20144E7H , XTHTW
FIHSDIX 3 53 HI BEAL R FE 3 AEAAE R AT
1.3 SHONZERE

K H Varie EL TTIJG 2 43 A 5 B (POM
SOM ., KAV i 2 A V2 Uie A ) B TOCHI TN &
i, PR HM AL C/N, RHDELTA V Advantage
W) 3 2 H % 5 1% X (Tsotope Ratio Mass Spectrometer)
D5 B i AR e R R AL (8 CNS N) . H s B
Sk I B i A T0 2R A3 AT AR IR R R TS AR AR
CO,MIN,, I id K CO,H “CH *CEL 3R LU KN, )
PNEUNIER, If 5 E BRREY (PDB) X 5 15
HE R i 1 8 CAE (8P CA I Il 2 G B <£0.2%0), 5
] B o o 40 (404 1 DR AN LU S 31 B8 R
(14 8 NAEL (3" NAHL 1 I 2 K5 <£0.3%o0)" Y,
1.4 BIESH

- AT AR U N D B /N2 i A =

X (%0) = [(R sample/R standara) — 1] x 1000
Arp, XICEPCHPN, RILFEC/CHIN/PN,
SME MR/ S RN bRIEA &, TR 50 H7
B H 2 22 B A 38 AR M, AN [ RE i R) A H A
Wh R B[R] — R oL

FT A G T 25 5 W AR, RS
A4 SPSS 19.051 K 2 J7 22 73 M1 (One-Way ANOVA,
Tukey KK 40), HHARIKESOMAC/N,
SUCHISUNZE ST, 22 5% B 3 /K F-P<0.05,

2 4

2.1 SOMHYETERIRS CHNIS "NLH AR 4F1E

201445 A 7 HTW HIHS DI 4 37 2% 4 1 R Y
T BT RS B A R R KRN A
FRI 8 CIE I Bl H—14.4%0~—18.2%0, FI{H M—16.4%0+
1.7%0; S"N{H Il 93.9%0~5.2%0, A1 M4.7%0+
2.6%0, 20144F7 A {EHTWHIHSDYE 35 37 5% £ 1 7%
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Ui A ) FNPOMAE i 1) 2 e &L R o7 ZE {8 . TR Ui
R B8 CIE YL Bl H—21.3%0~—19.2%0, N
~20.2%0+0.6%o0; & N{EIE[F}3.8%0~4.2%0, ¥
HH3.9%+2.1% ; POMMS > CIH It Bl H
—20.3%0~—19.0%0; M H-19.2%0%1.4%0;
S NTH I M 4.9%0~5.2%0 , 4{H H5.0%0+1.4%o0
(F)o BHEIFZHITER, 1E20144E7)] Fik
LMPOMAIEIF MY SV CE 25 A0 &
(F=4.583, P>0.05), 201447 R4 I POMH
201445 H R B R AL B 4 () 8 C Il 25 73 W 3%
(F=8.972, P<0.05), 7EAWIFLH, P HPOMAHITE
TFEPIS M EH 2 T AN, HEWES, P12
SIPOM == B VR T R U 4 o

R BERRNRERMREM KL BRALL
Tab.1 Stable isotope and molar C/N ratios of

the potential sources in seaweed bed

s:iﬁe 5C/%o 5'*N/%o C/N .
ﬁfﬁ:ﬁﬁkm —20240.6  3.9+2.1 73+1.2 6
ﬁ&mﬂ% ~19241.4  49+14 7.6£1.6 6
njfaﬁﬁéiﬂ ~16.4£1.7 4726 8.242.4 6

2.2 SOM §"CHIS""NLA B & 4 # 45 14iE

BT R A R AR AR TR S B B, 7EHTW
FIHSD %X B By Bt #8 A 241 SOM ] {3 2 A iy
3™ R TR T 3 A 3% SR B B 3 43 T T 724~ SOMIF]
PERFEM, WEAEHEAT T KB, TR R AL
MT-W(7H), HTWHIHSD SOMHY 8" C{H 7t Fl 43
B —18.9%0~—17.6%0 F1—20.3%0~—19.1%0,
& N 78 Bl 43 51 2.3 %0~3.0%0 F112.3%0~3.0%o ,
ANFEK RS PCHIS NI (B WL 62, HIN R Ty 2257
Mrign, TEHTWAHIHSDAS ] 7K IR ) SOM 8"CHH 22
S5 (Fyrw=8.078 . Fysp=7.154, P<0.05), AJ[d]
KEBHS NEHEF AR F (Fyrw=5.451.
Fusp=4.737, P>0.05),

TE R AN #E AR K (10H ), HTWHIHSD
SOMHY 8" CAH . [l 43 31 2 —22.3 %0~—21.7 %o Fil
~22.3%0~—21.8%0, & NAH L} 53 4 3.5 %0~
4.0%0F13.1%0~4.4%0, A [A] KIS CHIS NAY
W3, PR ZSM R, EHTWAIHSDA
[ 7K PR 1 SOM 8 CHH 25 5 A 1 3 (Fyrw=5.325.
Fiusp=6.836, P>0.05), A [E /K18 NE 25 A~
i F (Fyrw=6.445 . Fygp=4.221, P>0.05).
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*2 AETAHTWHHSDUR AR ER M RAR LKA
Tab.2 Stable isotope and molar C/N ratios of SOM from HTW and HSD in July

Km 1C/% §*N/%o N
depth HTW HSD HTW HSD HTW HSD
25 17.6+0.5 19.1£0.7 2.940.1 24402 6.0+0.2 6.0+0.1
3.0 ~18.120.7 20.0+0.5 2.6+0.2 2.940.2 6.1:0.2 6.2+02
35 18307 ~19.9+0.6 2.740.3 2.6+0.2 6.4+03 6.5:0.1
4.0 ~18.4£0.6 -20.2+0.5 3.0:0.2 2.740.2 6.0+0.1 6.4+0.1

#* 3 HEI0FHTWHIHSD R BN Y8 E ML R AR Rk AL
Tab.3 Stable isotope and molar C/N ratios of SOM from HTW and HSD in October

Ki/m 51C/%0 §*N/%o CN

depth HTW HSD HTW HSD HTW HSD
25 21.8+0.4 222403 3.7£02 3.5:0.1 6.5:0.2 6.7+03
3.0 21.8+0.2 22,1203 3.6+0.1 3202 6.2+02 6.5:0.1
35 220404 21,8403 3.6:0.2 3.4£02 6.5:0.2 6.4+0.1
4.0 222.0+03 222403 40203 3.6£0.4 6.6+0.1 6.4+0.2

TE KBRS H), HTWHIHSD
SOMY 8" CAH 7 [l 43 3 H—21.3 %0~—21.0 %o Fl
~21.4%0~-21.0%0, & N{E 43514 0.9%0~1.5%o
F1.0%0~1.6%0, A[FIZKTESCHIS NI A {H U,

F4, RHEFESHER, EHTWHIHSDA [
KIEHISOM §°ClH 22 7 A B & (Fyrw=4.095 .
Fyusp=6.636, P>0.05), RN[EIZKZRMS NI 25 57 A
B (Fyrw=6.673 . Fysp=5.886, P>0.05).

x4 GEEFESAHTWHHSDIR MR ER M REMRRIREL
Tab. 4 Stable isotope and molar C/N ratios of SOM from HTW and HSD in May the following year

Kim 1C/%0 §°N/%o N
depth HTW HSD HTW HSD HTW HSD
25 212403 21.1+04 1.0£0.3 1.0£0.2 5.7+0.1 5.5:0.1
3.0 212403 212403 1.240.2 1.540.2 6.0£0.2 5.7+03
35 21204 21202 1.5£0.2 1.540.2 5.8+0.2 6.1:0.2
4.0 -21.1+0.4 -21.4+0.4 1.4+0.1 1.6+0.2 5.7+0.3 5.7+0.3

SCH AR R, fERANGEE M T OH)
HTWHIHSD SOMAY 8" C7s ] 22 5 i 2, #RFiti %5 /K
VRSN 9/, HHTWAS [7 7K 7 SOMAY 8 C I
R THSD (K12), 8RR A KA (10 )5 7%
BEWI(5H), HTWHIHSDA [l 7K R SOMI#) §C =5 [i]
AL I . SOMAY S CAE 77 7E I 7] 22 57,
HTWPETH . 10H FERAES H 18 CH{E 43 51k
—18.1%0. —22.0%0H1-21.2%0, HSDHJS"CHI{HE 4>
B H-19.8%0. —22.1%0 F1-21.2%0, H7H>%4
SH>104 .

2.3 SOM C/N, d“CHI"NZ B xEREE
Sk iR HY 15 18 36 [

A 53 DX 5] Rl T T 0 A e B B A H B AR
A X, R B TR) PN AT HE B3 el DA ) ) R
N7 A R B AT DL K 0F A W8 37, 4145 IA
Sk i 37 SOMUR W W R B AL R R, VR M
B oK T AL 36 KB 3% . POMABITE Ui A 9 45
ETH I HZG(HTWHHSD)SOM C/N I E
(5.9~6.6). 8" CH(~20.3%0~—17.6%0) 15" N{H
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—a— 7/ July —a— 7H July
-16 ---@--- 10 H October —16 ¢ ---@--- 10 H October
- 4—-5H May - 4—- 5H May
-18 ¢ }\H‘{ -18 t
& &
2% 20 22 20
= =
= %————g————}———@ = }————}————g————;
2t Y §oe 3 2l I §- g
724 L 1 1 724 L L L
2.5 3.0 3.5 4.0 2.5 3.0 3.5 4.0
/K% /m depth /K% /m depth
(a) (b)

&2 FEHTW(a)F1HSD(b) LI B HL 4B "CED
Fig. 2 The distribution of °C of SOM from HTW (a) and HSD (b)

(2.3%0~3.4%0)f & 75 W 75 2K I (K AU i 3 |
POM IV i A 40 ) ) (B 3 s JC Y R =2 P, 3k R 1
SOMA 3P TR UG, BN KA i . R IFAE B A
POM ([813), T A% 337 POM & 2 KI5 T 17 et
Y1, BrAARTESE N AT A i 3 SOM F: B2k IR T
K AL RNV R TR A BTk . 10 H AR
57 1Y 3% 37 (HTWFITHSD)SOM 8V CF- 1448 43 )
H-22.0% F1-21.2%0, EA15IFHFAEY A8 CIE
—20.2%0 B 3T, T By T R AN R 2H 198 ClA
—16.4%0, FTLAAAHEIEIN 100 F28AES H i
SOM == 24 5 PR Ui A 420 1) B ik

2.4  KEEENTSOMAY TRk

S CAL 2 B AR X AR SF, T 8 UNAE T B L Ak
R AL B, BT LA BESY is R Fa E 6

—l4 7 o HTW AHSD
=16 , )
8 Pt
%\ﬁ ” macroalgae
iziaj -18 ’
=
B
-20
Y
phytoplankton
_22 1 1 1 )
4 6 8 10 12
AL C/N
B3 7A5%

E X SOMK 17 E Al 5 . 7£7H HTWAHIHSD
SOM =& 2 3 Y = K 7 if 38 A PF i A 0 TR A ot

Wk, T R s IR 2 R O A VR A R
K I 3 X SOMY 5T HiR »

XX nXon
A X, X, X R FESOM . R Y

(—20.2%o0) K H ¥ 34 (—16.4%0) RIS CIE , fif1
S0 AR R TR AR 0 RN R 6 8 1) BUR
gE R, £E7H HTWHIHSD K % ¥ 4 X}
SOM Y BT #ik 715 Bl 43 53l M 46.09%~66.67 % Al
0.79%~28.65%, 1A 73 51453.71%F110.23%,
27 DX R 78 3 6 SOMIFY) w3 ik 56 41 b 5 7K TR 38 Jin
Tk 2, FLAS ) 7K PR R 75 1A 8 X HT W I 57 ik R
KT HSD (Fl4), 76107 M EAES H B %%
(HTWHIHSD)SOM &"° CH 785 [l 43 51 1 —22.3 %0~

10 1 O HTW AHSD

8 L
2
A 6 +
e
H% 4 j@%‘;?ﬁ
K macroalgae

. 2%

TFIERED)
" phytoplankton
—22 -20 —18 -16 -14
B[RV 25/ %0 61C

AR BN CFIS"N, C/NLL{EZ BRI X &

Fig. 3 Relationship between 8"°C and "N, C/N ratios of SOM from seaweed bed in July
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O k3 contribution rate
B 7 i % coverage rate

80 4 100
260 | 1%
g
2 N
5% £ 1% &
g2 3
i E 140 g
g
S 20 120
0 L : : ' 0
25 3.0 3.5 4.0
JKIR/m depth

(a)

coverage rate

O 5Tk contribution rate
W7 ifi % coverage rate

80 ¢ 4 100

060 | 180
£ - 2
R g 160 = E
S 40 L B &
= 2 s
= {40 E5
g ® g

320 t
120
0 : : : 0
25 30 35 40

7Ki#/m depth
(b)

E 4 HTW(2)FIHSD(b)F [E3R B ARG RN B & R FMoTm xR
Fig. 4 Contribution rate and coverage of macroalgae at different depth from HTW (a) and HSD (b)

—21.7%0 Fl1-21.4%0~—21.0%o0, 435 5 ¥ e A 4y )
SUCIHIAH L #, 107 1 #%SOM 92%LA | R 4
FIFWE Y A BTRk, AR5 H G SOM 95% LA
R T TR U A A 1) DR

3 iR
3.1 EEIHSOMAIKIR

i 5 0 A DS R DR A ML 7K 9 8 CAiE 43 5]
H—=26.5%0~—22.4%0 F1-28.1%0~—25.5%0"", LE
TAV S WY . KA A MSOMM
UCHH, NS EMMS CE L EES, lHR
i Y5 AL 42 1 T8 R ki R AT WL K TR AR R R . AR
Scg . 7 HTWHIHSD SOM C/N- 2 [ 8 3
Bl 73 9 4 6.0~6.4F16.0~6.5, 10 HTWHIHSD
SOM C/N-#4 LU AH J [ 43 1] 4y 6.2~6.6F16.4~6.7,
FUAE S5 F HTWHIHSD SOM C/NF- 14 [ {# 78 Bl 43 1)
H}95.7~6.0F15.5~6.1, 34~AF ] i C/N LA #/NT
8. SOM C/NIGAE # HI R 45 78 J2 15 VE AL ) I 3k J2
fili AR R, PSR C/N A 4~10, T i Y5 k4 A
WIAN A REDAER ST, FC/NIEE &
T20, PP EEIE R TRETHDF4ER,
T2 0T o v, LKA AR A B B B
A SOMHTC/N EEAEL /N T 8 Shy L 78 1) ¥ Y5 4 A5 AL
Y, MR T I22RREEA LY, G5 S A
FEIN 0 3 3 SO M J2 1 VR 4 A7 AL 4 ok U AH W)
B o MY PO R SOMSK R 411 3% KU I E
POMABIVEIFHE Y o A3 WIF 5% M AT 5 96 35 3 17 DA
WYIHE 5 2 2 FIRKA ZE 18 CHIE 43 51 h—20.0%0+
0.7%0F1—20.2%0+0.4%0, POMTEH & Z= Mk & 2

(98 CHIME 23 5 —20.6%0=0.3 %0 F1—21.1 %0+
0.8%0, A NIFIFHY FIPOMZETY 225 AU E,
HPOMEZRIE TV Y Y, Z 4 RS
AT IN A T 3 POM 3 B2 58 Y5 T 17 Ui AT 4 A
W4, I, ASHFSE X R I 5 3% SOMUE: Kl
T VR WAL A B TR B TR

3.2 KEBUEEAE & 5E B M B X SOMEE X HY

A0

FE AT 5 T 5 g v A e R A X L SRR, B
A= gy v 3k (R 3 9 3 R E W B 80% LA 1, 4
B TE BN A A s AR WS R R AR 0 R T RN B T
XF T 5 SOMAN L RZ M 5L R, JFAS B i#k A AH
LB R rh R T S 6 A W R R B T
AE A P ot LAl 24200, i BE A 8P CIE (—15.9 %0+
1.0%0) AH Eb T JH Al < 78 ¥ 356 58 823 T SOMIY)
8VCHE , il 35 Xt SOMIY BT ik 473 i ¥ T 2L 1) 1 11

KIS A S 2 i o & B, #E /KRS °C
S 3% B 0 A 9 o8 A A TS S 0 i 0 O 1Y
I [ 15 3 ] K 1k 6~70 7V, MDA O R 7E
6 H W tr iR T, M6H BI7H #l s e kA4 —
A2 H R PR T o . AR TH AT R
TG T4, SOMAY S CHIME (—18.9%0) B 4% i/t
TR B A8 CIH (—16.4%0) ,  FIF LA 7= A K
4 F A 70 35 1 T 2H B A SOML, 4] 38 I K B
S8 RE W YA AEOH IR B8 — R AE, A
10 #HBL—A B8 AME, B K AR
ATREFRAR /I, TXRE 9 28 Ak 150 W A 8 2 i e
ETEHRER, EWHFSEEWT, BAH
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Identifying sources of sedimentary organic matter in
the rocky reef seaweed bed

WU Chenghong '?,  ZHANG Shouyu ', ZHOU Xijie', WANG Kai', CHEN Liangran '

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China;
2. Hainan Academy of Ocean and Fisheries Sciences, Haikou 571126, China)

Abstract: Sedimentary organic matter (SOM) in seaweed beds provides an important material foundation for
implementing seaweed bed ecosystem services. In this study, SOM samples were collected from the seaweed bed
in northern Gougqi Island during the death period in July 2014, growth period in October 2014, and bloom period in
May 2015, in accordance with three macroalgal life history stages: germinate and grow, mature and bloom, and
decay and die. The sources and variations of the SOM were determined by carbon and nitrogen stable isotope
analysis using the molar carbon-to-nitrogen (C/N) ratio and stable isotope composition (§"°C and §"°N) as
indicators. The results showed the following. 1) The molar C/N ratios of the SOM varied in the ranges of 5.9-6.6,
6.0-6.9, and 5.4-6.2 in July, October, and the following May, respectively, indicating a typical marine source of
SOM from the seaweed bed. 2) The 5"C values of the SOM were significantly different at the various water depths
in July (—20.3%o to —17.6%0); however, no significant changes were found in October (—22.3%o to —21.7%o) or in
May of the following year (—21.4%o to —21.0%o). 3) The 8"°C values of the SOM showed temporal variations,
whereas spatial variations with water depth were found in July. 4) According to the relations among the §"°C, §"N,
and C/N, the SOM was mainly derived from the mixed contribution of phytoplankton and macroalgae in July, and
it was attributed to the contribution of phytoplankton in October and the following May. 5) In July, macroalgae, on
average, contributed up to 53.71% of the SOM from the seaweed bed, as estimated by the carbon stable isotope
mass-balance mixing model. 6) The proportion of macroalgal detritus in the SOM was significantly affected by

waves, among the various hydrodynamic factors in the marine environment.
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