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2017), it %, BT AEESFAMEE T, JH
5 5V 3 ) AR AR R B AL PR RS2 B T — R
M, JEAER, B 5 AR A SO RS XY BT
AR e X 2% DX 3 R A 25 B BT RN A 0 B VR 1 R A
PRI T A AS A BE R SRR AT, I T T B
J1o WA, B 220N R i B R A A AR F
FEMGPERIAIL AR il B2 T BAR A B X 38

AWEFETF 2020 4E 9 A X 5 BE S (120.5°0~
120.8°E, 37.8°~38.0°N)JESF A, HLi5 30 4~ RAEuh
PL(E 1), BFAMRAE £ ZALFR R B A HLTT(SOM) |
EIEBRA ILY(POM) . B (FRUFREY) . KALEER)
TRy . KAETCEMES P A,

N

38°50" |- Je B FER
N Miaodao Archipelago ‘
A 2% 17 ¥ g 19 25
o [ ) [ ] [ ] [ ] [ )
Bohai Sea .
3 i 9
38°00' -
20 21
[ [ ]
i i
Bohai Sea Yellow Sea
37°55 | 22 23
[ ] [ ]
26 27 28 29 30
[ ) [ ] [ ] [ ] [ )
37°50' -
Lovaliil
120°30’ 120°35’ 120°40’ 120°45' 120°50’ E
BT i S A S R AL

Fig.1

The location and sampling stations of the Miaodao Archipelago
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Origin 2021 #KA{Fi17 .

2 #HR

2.1 HEmER

AR YR R 5% AE K5 M 40 VA 3ui ) A A 5% IR AR B A )
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Tab.1 Values of 5"°C and 8'°N for the potential carbon sources
S it S CHbRifE 2 81C i 8 N 22 8N L
Category Number 3'3C£SD /%o 3'C range /%o 3'N£SD /%o 85N range /%o
IS Phytoplankton 12 ~19.44+0.80 -21.85~-18.52 4.39+1.99 0.38~7.54
Wk A L4 POM 11 —25.14+1.24 —26.54~-22.29 3.23+1.73 1.38~7.59
JJEAE HLY SOM 11 -21.38+0.28 ~21.85~-20.69 4.7042.11 0.85~8.96
K HBESE Macroalgae 6 ~19.65+2.31 ~22.05~ -16.92 6.10+1.81 3.64~8.58
141 —= BFEERAYLY POM
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Fig.2 Two-dimensional distribution of 5'°C—8'°N (mean+SD) of main biological species
in the waters around the Miaodao Archipelago
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BT 4 PhBOIR R Y STAR BRI 45 SRR, LA
JE AT A= ) Sy 3 4 7K AR TG HE Bl 1 B W e ok TR = 22
R RIS, TIRRZI N (63£11)%, HIRJE SOM FlF i
Y, 2 BI5TER T (18+11)%H1(15+£10)%, POM ik
B fIG, h(4+3) %o Z B i S 0 35 AR OR JR AR X1
AN Tl A W% H £ v %) B R B B Ay Y Ay, 2R
9 SOM., KIUH K B 4 B RO WAy, ook
I (29+14)% . (29+13)%F1(28+13)%, POM Ay 5Tk
BAIG, (HAR3(148)%. LURMIA ¥ & Ry £ B 2511
TR TR R R AL . SOM FIFIHEY), HoT
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BAK, AR (T+5)% o IR EE 1 £ 2 3 B 45 4 R s B
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schlegelii) S &P R XA A 28, IF Uk BE T4, 16
Gz, UBEEn, uF, EIChE, Hd, Bk
VR TR A = R TR A ), R 3 (32+14)%, HRAK
RIPBERF SOM, TTHRIT A0 (29+13)%F1(27+14)%,
wRAKHN POM, TTHK N (12+8)%. EVAKRE , Jii &Ly
WL 405 A S5k 11 9 B o SRR R R VR . SOM. I
KAV M5 2, POM I 2% 5 5k ke IR Y BTk
BAL, B 4%~14%4A4(F 3),

2.4 . SMRKIR

I I 5 i 4 v B R AT 4 W I ) Vi i A B AR
FH Y, AR U8 5 2245 P9 R B RN AMIR AR o P R o
BFGVRIE ALY . KA B I A i 2 RER 4 SOM,
AR EEALTE POM FI#E 53 SOM., AWF5EH, POM
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1.24), WRIFENLER HOREAE, MRIEIRIEA ZA, POM
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54 Bl AR 20 (Darnaude et al, 2005), 3= A4 il A Fiti U5
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KAVFE ISR A S FE I T B RS 45 . % SOM i)
KR — AT g SR R, AMEYE POM VLR
X SOM il R I A DRk (204 40%, HAY R PE Rk Sk
PR TTHR A B R BRI 42% . KIREIEE 12% . 3
YIEIE 6%,

454 POM il SOM H A JE P e %o = Bl R Yt
15 AN R TR AT o Wi 4 BIEoR, PR A i
BE 5 A0 T P R E ORI, SR
74%~89% 2 ] ; AMIRAR DTER R RN, AU 11%~26%,
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3 itig

HERRGIHR AT, A 50% k2
VR AE W BTl AR 0, e AR AR FE b R AR
+ /3 B ) /E F (Nellemann et al, 2009), C 1 HA &
BRI DI RE MR W) F BRI A ) L KA
KLU DR IR IR A S R S A
VLA 7= 35 0 1 e VR R A DL 28 A 5 A4 FH R 32 (B W
8, 2012), MBFHEEYMHATERE, igEmaZs,
ToHHE SN ) A AE i T A E AR AR A, 2
T3k i R s i) R AT i — 2B 9%
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Fig.4 Proportional contribution of autochthonous and
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LI POM FIiB4> SOM k= My AN AR ST lkECA%, B
VR TG ME Sl Rl v £ 28 35 R Ok I TR A TN
TEPERR , IR . KIS A E = A A L
o SHRAKESRGEHEARCEEE, 2018; ZE=Hl
&5, 2014), I UG EROAR AR 32 N KT o) A i A
H AR A, (B W B R R SR LA 1R
F o X GHABFIE A R A FTEE R IEAR—5, FETHEE
S5 (1999)FE U7 111 T 4 77K A4 A6 £ 0 I ) s el 2 B
T AE PR R BRI SR (201 7)FE R AR E
(A7 28 AT 5% A 2 1 P VB VA Y O g S R B, )
J 3T Vi R 0 s VA A A e T S AR ) 1) ok TR
Z—, TTERCEHEIAE] 80.8%, i POM (1) BT HkAHXT
BAR, R 8.4%; mithBFSE(2021)7EXS 2018 4FH Z=
030 ¥ 37 30T VA 3 3 A R 2R ) TR A R R TR 5T
FRRIRE R BE, TR SOM 2R W Rh S iy 3 Hpk
KU, POM MITTHREL /N, BRI SEQ013)EM RS
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RN FBR A K AT R TC LR, SRR Y
B Al (Gillikin et al, 2006), ASAFFTFE LIERF5T,
T IR R R ST RIS AIG, W BB h IR A o
K55 B REE A AR LR, BN, M4eEnE.
T BE YR A RIE R R vk BE 51 R 9 AR L (Mills et al,
2012), BFFEERM, RAHE B AL S50 ] A 2 40 il 77
TP AR, I B SR Y s s g e i, A
R AT VAR 1 A i, /D LA R TR 1Y) T R (Xie
etal, 2021), 7k, FRHDURMAFAAE ] RERAE — 72
JEE 1 5 0 AR 1 A

SOM fENEY MRt IRRIR, hTHASZ
T, BA—EmiRett, HHREIERE L, £
BLALRE IR TERR I DTRE, anshd )7 ik w8 . R4
B ITEIE PR, WA ANIEYE BORR TR, sk [ B
i N 283G 8 = A ) POM i A (Miyatake et al,
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RS G A= 40 114 o it e R R

R BIEESREN — K EEAFEE NG
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M S EREE (T 1 R4, 2015), 125, XFFRMME
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AW A BB A7 (Currin et al, 1995).
Vizzini 55(2003)0F 58 & B, TEHLH T 1Y Sabaudia
FI R, KOS 23 1) EE YR . Magni
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HINEYRIE KNG 3N F . BRIEE(2013)7EXT
SO X BB Y A TR R I R B, K
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S 5 W 08 Vi T o A I ) ROk TR —
RN AR 7K A= TG ME 34 1) STk e TS,
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3.2 ERBFRIESKRIC

ARG, BEE BRI Y MR
RS RGN R H A= o BRI B B
S Wi 2R R SR A K A TC B HESI Y L 2R RO 2E | IR
P £ 28 P B M 2 A R OR R TRk 4 R 78% .
57%. 64%M1 61%, LA UL, #E3REIK o) 5 W5 HE 4P
T RV £ 0 T 1) o B R R

FEUERE ) I AR TR, SR T T DI Ui
S BTG AH B H B B W EE(PNE, 2011), B AE
YIVERN BRI, AU W) M v 2 5 10 B 2ok
U5, R P BRI A R . o, RERE
(Diatom) F1 il £7 3 (Coccolithophore) & X v v A= 4 bk
ICHAEEZWE 2 FEp Y (@NE, 2007),
T T8 ) Ak SO 471 5 R A S 1) 5 I A R v T K L
5 THRER TR , FE S5 i i A0 8 2ok TR T
BT AR A aIT R AR AT, 2020), HEK B & H
A8 H 22 1 i 3 (Dinoflagellates) S & %, K=
FH SR 2 o 90 Ak P O B A A AT, B K b R AT 3
HUFAT SRRV RE ) (A, 2019) FRIFHEIN 75
A — 5% T BRI R A% 2 Ao 20 M B W [l b
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A% (Sun, 2011),

TE AT A B 2 £ 1) I ) e R IR SRR g v, K22
PLFFI A E 9T 3 o BPIEE(2017) | = HERNSE(2021)
HEBUF Y . POM Al SOM MV AERK I, 325
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BORR W J7 28 BURRIL , 2 TV e 1 A 1 o 2 — 3R
(575, 2012), AT, REIEESES R K
A TEAFHESI TN B # RN DL 2. | g AE | HRER )Y
T ok U5 DT R e ELIA S 3 T 28, i — 2D U0 I R R 3
FMUAE H B L it B R 3B RVEH, #E9K
SRR Y M 7 T AT RE R AR A4 —E iIYE T (B
Tl BETR | il A BN A T ATk, iR
T BTG 5 U I 2 BN TR BE IR, S BOR AR K
RIS BUM(FAO, 2009), £ %F X —IFdl, FEE
ZEIF R R RN S A R AP SR, i an A T I il
WM R IR GBS (2058, 2009), KA FE A
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Abstract

Oceans are the largest carbon pool on earth, and marine food webs play an important role in

the carbon cycle. Research on marine food webs has revealed many key processes in ecosystems, such as

nutrient cycling and energy flow. However, the complexity of basic carbon sources complicates the study

of trophic structure and carbon cycling in the food web. Many studies have focused on the contribution of
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food web carbon sources in rivers, lakes, estuaries, and other aquatic ecosystems, but few have considered
the contribution of food web carbon sources in the sea adjacent to coastal islands. The adjacent sea area of
nearshore islands is a transition area between ocean and land and plays an important role in the carbon
cycle and ocean carbon sink. The Miaodao Archipelago, located in the Bohai Strait in northern China, is at
the intersection of the Bohai Sea and the Yellow Sea. Its ecosystem includes sea, intertidal zones, and
island land and is extremely rich in biological resources. It is an ideal location to study the carbon source
and sink dynamics of the food web in seas adjacent to islands. Isotope ecology provides a unique
perspective for the study of carbon sources and sinks. The isotopic composition of an animal’s tissues
depends on its food and reflects the overarching environmental conditions assimilated over time. An
animal’s carbon isotopic composition can reveal its food sources. Because stable nitrogen isotopes are
typically enriched in the consumer’s body, the amount of "N increases with higher trophic levels. To
investigate the contribution of different carbon sources to the food web and the mechanism of carbon
sequestration, we studied the basic food resources and food web in the area adjacent to the Miaodao
Archipelago in autumn 2020. The stable isotope analysis in the R (SIAR) package in R 4.0.5 was used to
estimate the contribution of multiple food sources to each consumer species; this model incorporates
stable isotope values (5"°C and 5'"°N) in the siarmemcdirichletv4 command to estimate the relative energy
contributions of different base energy sources (base food sources or primary producers). Based on the
stable isotope method of carbon and nitrogen, the Bayesian mixing model SIAR analyzes the relative
contributions of different carbon sources (phytoplankton, macroalgae, and attached algae, suspended
particulate organic matter (POM), and substrate organic matter (SOM)) to the main consumer groups
(aquatic benthic invertebrates, omnivores, benthivores, and piscivores). Based on this, we discuss marine
carbon sinks and carbon sink fisheries. The 8"°C isotope ranges from —26.54%o to —16.92%o, 8'°N ranges
from 0.38%o to 8.58%o, and 8'°C ranges from —25.43%o to —16.74%o, 8'°N ranges from 2.84%o to 13.06 %o
for benthic invertebrates. Fish 8'"°C ranges from —22.26%o to —15.10%o, and 8"°N ranges from 7.35%o to
14.54%o. The results showed that algae (phytoplankton, macroalgae, and ancillary algae) and SOM were
the main carbon sources in the autumn food web of the waters adjacent to the Miaodao Archipelago, and
the contribution of algae was the highest, while the contribution of POM was relatively low. The carbon
source was mainly endogenous. Macroalgae and attached algae contribute more to aquatic benthic
invertebrates. With regards to carbon sink fisheries, increasing algal cultivation and mixed cultivation of
shellfish or shellfish feeding fish can increase carbon sink capacity and promote the development of
carbon sink fisheries. The contributions of large algae, adherent algae, and benthic algae to the marine
food web are controversial. In the present isotope study, large algae and adherent algae were the main
carbon source of benthic invertebrates and fish, and their contribution to the carbon source was relatively
high. Although food webs play a very important role in the ocean carbon sink and carbon cycle, the
specific carbon sink process is still unclear. This was a preliminary study on the ocean carbon sink from
the perspective of stable isotopes, and the results contribute to our understanding of the ocean carbon sink
process. Through research on the contribution of carbon sources to the food web, the carbon intake of fish
can be calculated more accurately, which helps us further understand the pathways and processes of
carbon sequestration in marine organisms, the carbon cycle at the sea-land interface and promotes the
development of a more reasonable carbon sequestration fishery management strategy. However, the food
web is a dynamic and complex process, and many uncertainties underlie the carbon sink mechanisms of
marine organisms. The carbon source contribution is only a relatively simplified model, which cannot
fully interpret complex carbon source mechanisms. In future studies, the selection of carbon sources
should be optimized under the guidance of the carbon sink fishery concept. The biological role of food
webs in marine carbon sinks should be further studied.

Key words Miaodao Archipelago; Carbon source; Food web; Stable isotope analysis in R (SIAR);
Blue carbon sink; Carbon sink fishery



