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PR SR AE X O ST X, R AR E R R LU
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BWARIR, LU O S7 R 2545 IR AR AR S e A7 43
ST RS

1 #MEEFE

1.1 HRRERTMLE

W LA BT &, SR AR
FLALFE AL . FIFLE DL L A S FIFL B DUAN
KAt WhiE e 4—5 HIFIRFR5HE, W7 11 HJk
B, WAE 5 AZEATFIRUOR™), 2020 4E 10 A7EZH
75 1 25 [X (bivalves area, BA, i [ 37°02.565'N,
122°32.635'E B 3t 7K 380) F01 D1 3% IX. (bivalves-kelp
area, BKA, U 37°02.772'N., 122°33.184'E [ it
K3 T FE 5 s UL 0 JICRE R S0, TRV E Y
KR 7.5 m, WEIXIRIAIR 1.1 km, JBE BSR4l #y
B ASHESE P A AR IR 2 N 120 Ki/m®, et
FORAE R N 15 ki/m®, 2021 4E 9 A, Kl (ifF
PEPHAT I ) (GB 12763—2007) 43 BiIAE Wi X 48 %
LR KA S 5 DT AL i, R AR 4 D1 28 SO A
BYIIRRE S, SRRSO WA 1 s
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Fig. 1 Location of sampling station in Sanggou
Bay, Shandong Province
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Yo MR A SE LI B S, 2
FE TR ZEAE S VR Rty [ S 220 CRAF, =il
a2 R R R A B -80 CERAE, N T k>
DURAS R[] R 25 40 22 Sk, % 10 DL 2RpE i
)8 S YIRERAE MR — I E A REA . DUISRE Y
A= BRFERR o SRAE B FH 22 S 0K ot W A3 30 47 0
FEGEWG IR X A ST SR, FFic S = A [ o
1.2 BERAMEHRLE

BT AR TN 60 CHET=[EE, N
P 5 LG A DETER 78 70 F 5 e FH I3t g ¥ i (H
B Ay k=211 0.8) MR, KT
FEINEE ML RS 5 F 1 mol/L EhERER 1L L) L BR
BRRER, MEGXt 61°C PR T, BT RES & Al
HOKVEIG, FREET, BHE, fFlFaEssEh, +
WEARATE o FTARES FEE R R (6 C. 0PN)
I o3 A AE B K ™= B2 it 5 Bt BV 7K P 5 B
AT, HARE R ER 53 (Y (IsoPrime100) P 1%,
FEE 10 AR S A I — S BRiERE 5 DU IE S5
FUERTE, 6°C. 0N FoRkE S ShREY) R A]
255 Tk, A

513C or 8N (%) = (RS‘““—?‘ - 1} x10°

tandard

L, Reampre A FE S8 BR U 45 09 W] A &K L6 (H
(R="C/*C 8 PN/N), Roaraara 9 18 BRI JTT A7 D)
(V-PDB ARl sl it R A A SO R R H A

0C 1 oPN IR BE 4y BN T 0.1%0 Fil
0.2%0. iz IsoSource F AT A YU X% U1
5B ARRT TR, 128 A e IR T o 1 Ay AR i
THE, EHT n AR R >+ FE, FiHY)
P L5 5 BT A b ok VR L 1) 34
2 (increment) XA 1%, Jii i V- 252 2% 2 8 (mass
balance tolerance)i¥ A 0.01%o.

1.3 SEENFEFERLE

i FHi 57 &5 (Omega Bio-Tek)$& BUREAS ) F [A]
ZH DNA 2R HT 1%3 B BHE e o Uk A ) DNA B 34,
fdi Jf] NanoDrop2000 (34 [E Thermo Scientific 23 )
I 5 DNA ¥ BE R4l B . ok F 51 %) 454F
(CCAGCASCYGCGGTAATTCC)-V3R(ACTTTCG
TTCTTGATYRA)*H/ 4% 18S rDNA V4 [X, PCR /=
W2 2%Bi NE BEEE I LUK 2 2, IFH AxyPrepDNA
EEE MG & ik, SR NEXTFLEX® Rapid
DNA-Seq Kit XJ2lifk )5 i) PCR /= H & g, 4 8H
SCFE 20 B MSCEREI, A 4% 5 A A Tllumina 2
H] i) Miseq PE300 V-5 #4700 3 (il 3E 5 A Y=
R BR ) o R AR B A T DR 0k, 15
N BEHE . I T AR 97% 07 FI AL
HEATIHIEA OTU X4y, #EHUEAS OTU Haf i fx
BT SIE RiZ OTU AR FS, 5 NCBI £idiE
JEFEXT, i ik GenBank %8 2 OTU A M ¥ 51 1Y 1k
W oy He s . R, ARE BT SRR Y
Alpha ZFEVEFREL, LIS BIRE S NP Fp 45 A
eI Ren ;o (= S NN N i = S s R R B SR i €
OTUs 5 B 5%,
14 HESH

K FH Excel .SPSS 27.0.1 #il origin2018 T H.jf
TEIEGE BT RER . RSB E I 2001
B DURE i 5 B W IR S R B 25 Sk, U
P<0.05 N2ZEREFEH, P<0.01 NZERWBE., miE
B AT A S A o & T

2 HRESH

2.1 REXEBINEEHT
KEERT IR 5 XS5 E 1 pr
TR o P IX ST B2 B X Dok b ok 32, (HL DL

F1 RERKXSHRERRYRRER

Tab.1 Hydrological parameters and sediment type of sampling points

n=3; x £SE
X 4 Kt/ C ENi pH JG A Y PR A2 /mm
area water temperature salinity sediment type median grain size
JIZKIX bivalves area 22.35+0.13 30.44+0.03 8.29+0.01 BP(T) 16.18+3.85°
DX bivalves-kelp area 22.63+0.09 30.35+0.02 8.27+0.01 b (T) 10.47+1.80°

T8 FFVEHEA /NG 7k 2 DT 2H 18] 77 6 .35 22 57 (P<0.05).

Note: Values in each column with different lowercase letters are significantly different (P<0.05).
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e XU 2 v fEDRE AR 2 2 v T DL e X TR B 25 57 (P>0.05).

P-4 FRE KL AR (P<0.05) Ty 5 DL 0 R BT R 2R DL R 2 T 7K
22 RBERMERNKXRYKIFEARL R A LY (particular organic matter, POM)AYZH i%

A AL A5 H 0 R (25.68+1.21) mm WL 3, JEJZ K POM 5 012 & ¥ K I8 A TR I
1(26.81x1.80) mm, FHARF T FH 45 B—8M. FIHEY S R TTEIR R R, N
(0.18+0.04) g f1(0.32+0.07) g, ML HIEEEY)  40.4%~79.6%, WA LM EEAYRIR ., HK
VR . RIRAE ROV C . OON )R E S R ILIE R TR S, TR Sh i L ) TR R (35.6%~
2. [l — XK PR UL RRER o8C HERBE  373%) 0 E 5 FHIB(13.3%~15.9%)(P<0.05).
(P<0.05), {H 6N ZF A BEP>0.05), FM—FIl  WAEY APt KX AL E X POM K
RIEWI X ] 6°C 5 0N ZF MM ARE BN, UL U R T S X
(P>0.05), DIZRIXEWIRN 6°C. o°N (HAYASIR 845 B & 8 STk R A7 X Sl 22 57, DK IX
W, IR SRl 0PC, 6PN IR 2.7% (W2EWTIRY 2.0%, WA IE)E

r . Cyclina sinensi - D¥EX bivalves-kelp arca M ¥4 Cyclinasinensis
12[ a %X bivalves area & Eﬁ }i’;::a:z‘rz?gl;lonii 127p 7 WX P ° gg s ;mg:nmm
11F _ : Y54 zooplankton 1F b v Bl ol
- * ﬁgﬁ% ﬁhlyt?lmn v >4 @ AR Kelp detritus
10F ® < ﬁﬁﬁmﬁ#j !znee:;;‘;;sedjmm!s 101 : FURTBY) terrestrial sediments
1 D MEELRESE seagress detritus ?g%ﬁﬁlﬁ seagress detntus‘ »
9Ir D124 H191A ) shellfish biodeposition 9r . éﬁﬁc lﬁ% shellfish
ég gl —_— @ Ciiff)Cs plants o\g sl < '+ plants
z z
s T ® N s . >
of ol
=
S5k 51
4 Y 4r .
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Fig.2 6"C and 6"N values of shellfish and food sources
The date of kelp detritus, terrestrial sediments, seagrass detritus, shellfish biodeposition and C4 plants are from references [27-28].
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Fig. 3 The food sources of shellfish and the composition of POM in bottom seawater
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0.7%), BLIHHR 10.3% (WRAEVVIRY) 7.4%,
WHEIE 2.9%); DBEXEB N 8.5% (NZEAWit
TR 5.1%, HEHRE)S 3.4%), Kbl Ry 7.4% (D184
YWl 4.3%, RS 2.1%). W2EAYTTH
) VIR A B S XoF JBL T 1) TR R (17.7%) i T A
(11.2%) . FEDIZEIX AL EEDK, XF 75 05 FURLm Y
T oIk, BRI AR R ek RS T
TR 19 BT 3R (P>0.05) T 5 8 % DL 3 X DL
510 BTk R B R TR DL S IXDT 28 A T kR
(P<0.05), At Jig xF U1 356 X DU 2 19 BT ikt 4R L
XU 2R IX 5 (P>0.05) WIZRIX 2K POM H 32
SR IR S RIT A Y, FLARE JE o A
D AU 3.3%, 0 DL X JZ K o AR S

5 HEak F] 35.9%.

23 ARFERBNEBTESYRRIEREZE
I E4 =3

231 NABSYRMEREZEWAEABR X
W R IEE R A A K . DU R IR AE )
18S rDNA #t4T Illumina M5, 3G 51
423015 4%, FHIFHIKE 376 bp. WA WHEE 1)
FREMZAEPE T i Alpha 2R LML (3 2),
JIT A BEA Y Coverage 85034155 0.99 LU I, #£H]
W p 25 ot e R R RN . DR IABEHEA
Shannon $8%UAHEE T DU X321, [ ASIRBEAE A
) Shannon $5%U T DI 2EHEAS, RIAIRETFEA H
HAZAE W) Z R T DL AS

R2 FRFERNEZEVEHEZESHEEY

Tab. 2 Alpha-diversity indexes for eukaryote community in different samples

B e Ace Chaol P TR

area sample good coverage Shannon index
HIA Cyclina sinensis 53.30811 53 0.999982 1.681357
12K X BEdlf Anadara broughtonii 25.23432 23 0.999947 1.012575
bivalves area 7K seawater 217.7785 218.7727 0.999316 2.094591
VLY sediment 610.3389 602.2113 0.999219 3.935396
HUG Cyclina sinensis 89 89 0.999933 1.849468
I 35 X M Anadara broughtonii 58 58 0.999921 1.248492
bivalves-kelp area 7K seawater 295.6262 298.6897 0.998894 3.079603
UIFRY) sediment 410.2637 407.1163 0.999209 3.187144

DRSS 5 A BAEA T B AE W 20 i L #
4, MK EBRBEALET] W] BRIY
T EFRATAE, PN & e . Hor, DLk
DX UK A R e ] o R, DU X TR K P g e 1]
7 LR o R DX IR AR i ECRS A W 2 AR AL,
BT o LA 3 25 R (P<0.05) . AR
T EEERAEYATE YT, WS,
FERAEYT . RIS, WRHEh S . I
RIXPURRY v FZARHT TR T ST, 1 D
XYY b EZRRATT TR T, A X
DU I B W r o BE 9] 22 57 38 3 (P<0.05) . I
KESY T EFEERAEYASEE] EIEAYIT .
BRI, BT TE Y15, Hrp, 2
P B S, 400 o T G RS S P S A
I 56.55%F1 47.27%. TEH I E &Y+, §E
YRS RIS, S EBEEAYE 44.35%;
TERL S S, BRIWITEE ZRITE, &

SEAZAEYN 30.3%. [Al—F DUTE R X5 1 1
WA= Wy 21 A 8.3 22 57 (P<0.05), P IX I8 g A
b, DX ERE SYh R e HErT, &
RANW TR ST, P I St it A L4,
DLZEIX bk B B b R B sETEAE . TETH]
— X IR E DL B S, P eh Al s L K B
i B B S AN ]

D12 5 W v e V% A R 1) 25 S P R AL
Bl 5, PIKEER B SYHNEZEY S 114
A~ OTUs, Hirr, DIZRIX IR E WA 1) OTUs
254, 295 E OTUs 4 21.93%; DIEEIX 64 H &
YIPREA B OTUs A 614, i OTUs 14 53.51%;
G X A BH RS (A OTUs A 104, 29,5 4 OTUS
[ 25.64%, DU X 2 5 F DR X (P<0.01).
232 NABESYWEFRBEREFEZEWAEARDN
Ee#r D125 oAb IR A8 K AR TR ) v 3 V% 4 K
() 25 S AARUPE LR 6. DIZEE & #H OTUs
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PR H ] Endomyxa
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© FEEH[] Ascomycota
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+ IEshY0] Playthelminthes

+ HAih others

B4 DURE &Y LT A SRR B AR v B LE W W A AL (1K)

Fig. 4 Eukaryote composition in the stomach of shellfish and aquaculture area (Phylum level)

Cyclina sinensis in
bivalves-kelp area

61
(53.51%)

K 5

Anadara broughtonit
1 bivalves-kelp area

48
(64.86%)

ANTFIFR B X UG AR OTUs = LA

Fig. 5 Veen diagram showing the OTUs of Cyclina sinensis and Anadara broughtonii in the two areas

H 37.74%~60.34% 5T OTUs H 4,
43.40%~82.02% 5 F 5 K& OTUs F & . FuK ik
HAH YR, AE1TKF BRI B R 3
TR TR W TERIYIT;, Myt
YA YR, A R R R AR T
FEUAEY) ). T STz e AT, DURE S
Yo EAZ A Bk A P ERAUK A, SRR R
P REER

3 iFig

M KB Y RIBEAR ST

DU YR IR R TR sh Y . TR
Yy, A EEE . RRIRDORY . RS . D2
YT AT Cy K o A5 P 7 I A 400 1) BTk R

3.1

(40.4%~79.6%) 75 P # D1 2 vh 3 g e v, AR
WERHFEEEYRIE, X5REZBMRFE ML
— U PR R T SRR T AT, X — g
52 RS 2B Huang 25545 5% 41 5
TR B S PRI A5 R — B0 B e Bk,
TF U 31 0 1) 5Tk 28 (35.60%~37.30%) 5 17 e ke 4
(40.40%~43.90%) 1 22 B AR /1N, 28 3 i 2V g i 5
S5 AL R TR B 2 AR R DL ok R
Z—o U8k, TEVZEE S e AR 2,
FEWME YT, 2R, BRRTE, CAZ
TR R, R T v 2 B R G R A T D 28 A b
DX, A0 M3 TR I P 34T U AT 400 0 o 32 38 6 /N 1)
Py B O Y, R 3455 1 SORORY i A
)5 B D1 2K 22 ) 75 24 3 T B AR AR
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Fig. 6 The veen diagram showing the unique and shared OTUs in shellfish and environment samples in two areas

W 7 Uit s ) FUVE R P A, AR TS Y
TR ZA A 1] Z 0% Pleadin 25 05SWIFST & 30 D1 2575
TF WA ) B (R B TR I Y, B SR E
TR SRR o AR SR RS IRV 3 A B 4 2R
b VT RSB T PR R DL 2R Y TR R 0.7%~3.4%,
AL 75 3 I 45 R P o o R Y R A AE
T AR A 28 1A B 1 25 SR DL 2R K 4R
25, SRFER IR A AT IR0 . TR L AR AF
FEIN R AT REAE 4 ZRifgaly FRAE ], DR &k e
R A AN TE ORI . [FIRHA5R7 | Both 4587
(B FE 25 R R I, A S R T 2 4 W5 DL 26
Pt — S MV IE IR . AHESE T DL A Wi AR
SF RN DB BTRRE N 2.0%~7.4%, 1 T i
J8 1R TR, 3 2% BH I o o0 A Vi 4 2 3R E
7 A 0 AR W UURR A AT R JES 3 DL S BRI LY
J% . Sakamaki 25855 thn 32 BF 405 A W0 AR M 43
25 AR A= MR BEAR AR, 1T AR UE S B Y
A FEFRAH DXIR BT R R R, AR A
RI45 R F RS B STERE A 0.5%~3.3%,
o T R 4 SR R AE DL S A s I B T
K38 (Zostera), VLW FERE 8 F1H i3 5 9

Anadara broughtonii

MK

bivalves area

MFEX

bivalves-kelp area

St

#FIK seawater

295\
(50.34%) | VLB

sediment

i

Anadara broughtonii

M#EIK seawater

JBT [ A S 7 s AR L ) R R [T A e 3 o
7285 R vh R A £ OKJE (Zea mays L)WIAETE,
XA RESE TR A XU 30, BHE A RAEY
FhAE, Cq AH )23 BEAE WURNTEE 8 2 A VT Al 1 38,
M AE DL 28 BB AU 1) B K& A7 e, SR
20O e A 48 SR — 5K
32 BRSEMHAERERMESH

JUE A A TR] ) FE A X B, AN TR] DL 28X iy
PR AFAE i3 22 5 (P<0.05) , 7717 sh 4 ok et 8
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Study on the food sources of bottom-sowing cultured Cyclina sinesis
and Anadara broughtonii in Sanggou Bay
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Abstract: Cyclina sinensis and Anadara broughtonii are economically important bottom-sowing farming shellfish
in China. Understanding their food sources can help quantify the interaction between shellfish and shallow sea
aquaculture ecosystems and provide data support for the construction and screening of suitable bottom-sowing
shellfish varieties for shallow sea comprehensive aquaculture models. In the present study, stable isotope and
high-throughput sequencing technologies were used to determine the food composition characteristics of C.
sinensis and A. broughtonii cultured in bottom sowings, and the differences and influencing factors of the food
sources of the two shellfish were analyzed. Samples were collected from the bivalve culture area (BA) and bivalve
kelp polyculture area (BKA) in Sanggou Bay in September 2021. The results showed the following: (1) The food
sources of C. sinensis and A. broughtonii include phytoplankton, zooplankton, kelp detritus, shellfish
biodeposition, seagrass detritus, C, plants, and terrestrial sediments. Among them, phytoplankton were the main
food source of C. sinensis and A. broughtonii (accounting for 40.4%-79.6%). Zooplankton are the second food
source and the contribution rate of zooplankton to A. broughtonii (35.6%—-37.3%) was significantly higher than
that of C. sinensis (13.3%-15.9%). There were regional differences in the contribution rates of shellfish
biodeposition and kelp detritus to the food of C. sinensis and A. broughtonii. The contribution rates of shellfish
biodeposition to C. sinensis and A. broughtonii in the BA were 2.0% and 7.4%, respectively. The contributions of
shellfish biodeposition to C. sinensis and A. broughtonii in the BKA were 5.1% and 4.3%, respectively. The
contribution rates of kelp detritus to C. sinensis and 4. broughtonii in BA were 0.7% and 2.9%, respectively, and
those to C. sinensis and A. broughtonii in BKA were 3.4% and 2.1%, respectively. (2) The main component in the
stomach contents of C. sinensis was chlorophyta (the proportion reached 56.55%), followed by streptophyta
(44.35%); the main component in the stomach contents of 4. broughtonii was chlorophyta (47.27%), followed by
chordata (30.3%). This was closely related to the feeding mechanisms of the two shellfish species and their
physiological structures. The feeding mechanism of filter-feeding shellfish includes active and passive
mechanisms, both of which are related to feeding organs. However, C. sinensis have water pipes that extend their
feet and pipes before they are exposed, relying on the inlet and outlet pipes for feeding and excretion. A.
broughtonii does not have water pipes and is selectively fed through gill filaments. There were also differences in
the gill structures of the two shellfish. Different physiological structures lead to differences in feeding behavior
between two shellfish species in the same culture area. The eukaryotic composition of the stomach contents of the
two shellfish species was predominantly phytoplankton and came mainly from the bottom seawater; this was in
agreement with the stable isotope results. (3) In BA and BKA, the contribution of organic matter (biodeposition
and kelp detritus) produced by the raft culture to 4. broughtonii was higher than that to C. sinensis. The
contribution of kelp detritus to C. sinensis in BA was higher than that to 4. broughtonii. From the perspective of
food source structure, both A. broughtonii and C. sinensis can be used as bottom-sown shellfish in the
comprehensive aquaculture area of Sanggou Bay, and C. sinensis is more suitable for bottom sowing in areas with
algal cultures.

Key words: shellfish; food source; stable isotopes; high-throughput sequencing; integrated multitrophic aquaculture (IMTA)
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