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Fig. 1 Location of sampling station in Lingshan Bay, Shandong Province
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Tab. 1 Carbon and nitrogen stable isotope values of A. broughtonii and food sources under the two culture models

n=3;x £SE
B sample 8"3C(%o0) 3" N (%)
EFR X RMA JE#% X BSPA X RMA JE#E X BSPA
JH 3% #E consumer
(5 H) A. broughtonii (May) —19.12+0.08 ~18.99+0.06 8.90+0.11 8.63+0.11
WL H) A. broughtonii (Sep.) ~18.77+0.03 ~19.46+0.09 9.07+0.03 8.40+0.06
WIEE Y AR food source
5 H May #ZBRAHLY SPOM —22.40+0.08* —23.26£0.10* 7.06+0.11° 7.12+0.12°
Ji% 2 ORE AT HL%) BPOM -21.55+0.22° —21.37£0.16" 7.28+0.12° 6.60+£0.23%
R 25 Il AM ~16.810.08° - 6.16+0.07" -
A BM - -18.99+0.11° - 6.07+0.20°
9 [ Sep. 2K ALY SPOM -21.77£0.07* —22.10£0.13° 6.77+0.15" 6.26+0.18%
R 2R A HLY BPOM -21.2240.02° -21.62+0.07° 7.96+0.12° 7.20£0.03*
[} 5 e AM —16.40£0.02° - 7.40£0.07° -
R BM - —18.72+0.04° - 6.40+0.02°

TE: AM USRI S, BM AR, BPOM R R Z BN ALY, BSPA fUFRIRHEHIFIX, RMA fRFRE I IX, SPOM RERE
BRA Y. [F—F b /NG TR R & P IR Y 22 5(P<0.05).

Note: AM stands for attached microalgae; BM stands for benthic microalgae; BPOM stands for bottom particular organic matter; BSPA stands
for bottom sowing proliferation area; RMA stands for raft mariculture area; SPOM stands for surface particular organic matter. Different
lowercase letters in the same column indicate significant differences for food sources (P<0.05).
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Tab.2 Seasonal shiftsin carbon and nitrogen stable isotope values of A. broughtonii and food sources under the two culture models

FEHL sample 71X RMA JEEHE X BSPA
5H vs.9 0"3C(%o) 0" N(%o) 0"3C(%o) 6" N(%o)
May vs. Sep. ‘ P p J3 ‘ P ¢ 3
JH 3% #E consumer
WL 4. broughtonii -4.207 0.014 -1.525 0.202 4.300 0.013 1.848 0.138
WIEE YR food sources
SPOM —6.081 0.004 1.556 0.195 -6.976 0.002 3.924 0.017
BPOM -1.514 0.266 -3.964 0.017 1.415 0.230 -2.580 0.118
AM —4.713 0.009 -12.076 <0.001 - - - .
BM - - - - —2.418 0.073 -1.625 0.179

TE: AM ORI B B, BM AURIET R, BPOM fURIK)Z B HLY, BSPA fURIKHE A X, RMA fURIERFRFE X, SPOM UKL Z
ORI ALY . i A EE ¢ A 56

Note: AM stands for attached microalgae; BM stands for benthic microalgae; BPOM stands for bottom particular organic matter; BSPA stands
for bottom sowing proliferation area; RMA stands for raft mariculture area; SPOM stands for surface particular organic matter. Using
two-group #-test.

(F 2, K 2), FEEFIX, 9 HREM SPOM fil AM
[ty 6"C A B L 5 H & #(P<0.05), BPOM Fl AM
i OUN R ET 5 H. HIEIEIX, SPOM Hy 9°C
fEA 6°N A HA7 B & A 245 48 1k (P=0.002; P=
0.017), {5 BPOM Fl BM 70 g % 2 5%, LA, K
[ B SR B AR SR A IR 0°C L 6N [ AEAE
—EZERE 3, K 2), KFRX AM B o C B
B TS X BM(P<0.001).5 H, 37X SPOM 1y

o°C {HM B K FIE#EIX (P=0.002); 9 H, &3 IX
BPOM [ 6"°C 6" N {EAH HeJEEH% X T & 4£(P<0.05).
22 MMEFEEXATAREWENBHENE
Fr TTER

FE % DX R4 DX A% £ W VX ek it 1 P B ik
R HBAAME 3 iR, £FRIX SPOM,
BPOM Fil AM (1R STHERAEAE 5 H 43500 25.7% .
37.2%F01 37.1%, 9 H, AM MR STECRIG K T
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Tab.3 Comparison of carbon and nitrogen stable isotope values of A. broughtonii and food sources under the two culture model

Bed sample 5 H May 9 H Sep.
KFX vs. EIEIX 57C(%o) 5N(%o) 5C(%o0) 5 N(%o)
RMA vs. BSPA ' P ' P P P ¢ P
‘?‘ﬁ ?}%‘ consumer
L 4. broughtonii -1.317 0.258 1.683 0.168 7.096 0.002 10.075 0.001
TBTEBWIR food source
SPOM 6.835 0.002 -0.324 0.762 2.168 0.096 2.177 0.095
BPOM -0.658 0.546 2.615 0.059 5.212 0.006 6.219 0.003
AM vs BM 16.164 <0.001 0.402 0.709 47.180 <0.001 13.640 <0.001

TE: AM U B S, BM AURIENT S, BPOM fURIE)Z BRA HLY), BSPA fURER A X, RMA LR TR X, SPOM LR LR

BURA LY. B « K

Note: AM stands for attached microalgae; BM stands for benthic microalgae; BPOM stands for bottom particular organic matter; BSPA stands
for bottom sowing proliferation area; RMA stands for raft mariculture area; SPOM stands for surface particular organic matter. Using

two-group f-test.
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Fig.2 Seasonal changes in carbon and nitrogen stable isotope values of 4. broughtonii and food sources under the two culture models
®: 4. broughtonii in RMA; O: A. broughtonii in BSPA; l: SPOM in RMA; [J: SPOM in BSPA; 4: BPOM in RMA;
<&:BPOM in BSPA; A:AM; A:BM. Error bars indicate standard deviations.
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IR RET 0.7%F1 1.2%, KX BM A 5Tk R
M 51.7% (5 A B KR E 72.5% (9 H), ZIKiE
REERH I EZLEYIRIR S A, IR AR X SPOM
P EERL SRR FIE B, JIEHE X BPOM 1 BTk R AL
TR 14.7%; 9 H, JIEHEIX POMs 1Y 7H B 5Tk
BN 27.5%, BEDNTEFEXD 61%, WK
7% Wb o6 1) F B UE B UUR L R T o
23 RMHBAUMERERZFHEYEENEML
ML

PR A7 PN R AR B KR L M0 T IR A ) 4
1] 33 J& 51 Fh(EAEFARIAZRY), B A0 SR,

e [5] 7 & (Coscinodiscus sp.) . 1 & LN W
(Guinardia striata) . WF}3 (Pleurosigma spp.) IR
J L 22T B (Pseudonitzschia  pungens)TE Wi vE 7 15,
AR HAE R, BE5Woird R s,
FEFR R AR HE Ll AR Bk e o, RS
iiii ¥ J& (Coscinodiscus) . M £} 3 J& (Pleurosi-
gma). Z2IE W& (Nitzschia) F1FHE 3 & (Navicula)
s HK, A —E &I E 45 38 (Skeletonema)
FfEAE B R (Cyclotheca)Fh2E . W PEAE LIS &4
HT LA D

FEFRIX 5 H SRR KRS e IR A 3 1]
11818 )& 22 Fh, Horhikie 18 Fh, AHXT -1 95.33%,
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Fig. 3

Seasonal changes in contribution (%) of food sources (SPOM, BPOM and AM or BM)

of A. broughtonii under the two culture models
AM stands for attached microalgae; BM stands for benthic microalgae; BPOM stands for bottom particular organic matter;
SPOM stands for surface particular organic matter.

i B B 4% W (Skeletonema  costatum) R 46 X} AG A
(90.51%). 9 A4 317110 % 19 J& 27 #, Hrhsk
25 F1(99.76%). 5 H, FEFFEIHAE S E
PIZEEwE . RfsE . AR . g REEM
FhE, 9 ANPEEREIE . A E#IE(Chaetoc-
eros). [BITHEEIE . AR . B 20 AP
JERNE G A XU, AR R S Wb A IR A
Y E B A He B T AR B, HLSAETR
KK AR PR U 0 £ AP BB 2R, AW
FEVE AR RITE R %0 PS UK 22.80% (5 H)F1 38.95%
9 H) (k4.

JEHEIX 5 H )2 RAEM KRR L4 2 Rl il
2111 B 18 Jm 20 Fh o H Ak 13 F11(98.62%),
JREA 3161 JE 145, HAprkie 11 F1(97.48%);
9 HERZEA 217111 FF 21 8 29 Fh, Hobprkie 25

(97.17%); JEZAE 3119 R 198 30 fh, Horprkw
27 F1(99.08%) . 5 H, JIHE RELEH Y B 2 9y LA i
J& . ZEICEE . FHIE R R E R S H
therm, ARG RE v 32 B f i 1 4 SR A — 2L
TH AR T J2 A v 3 B i DU A7 1 P2 DA ) b
J& o JECHE L S A S R 2 K A
TEFEP LI PS (E 73 %28 85.30%F1 55.60%(%
5 9 M, IKIZKELUA BERMIERZ(59.77%),
JLN WV 3% J& (Guinardia) FHR 4 182 J& (Rhizosolenia) X
Z, (BB E SR PR O R iR . FHE
wE . AR | EIE R LN E A,
P TR WO IR VR 454 . RIE R E S5
JIE 2K AR PR AR P SO B e V% 1 PS {E 43 5]
H33.10%F1 77.20%(E 5), RGBS S Ak
5 AP T P AR I A (L B s
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Tab.4 Proportional similarity of phytoplankton abundance between water and stomach contents under
raft culture model in May and September 2014
%
5 H May 9 H Sep.
2 species EREEy/ENY IKAR TR iR ) 21 EREEy/EENY IKAR R e A A0 2 B

composition of
stomach contents

composition of phyto-
plankton in water column stomach contents plankton in water column

composition of  composition of phyto-

TE#ET] 5538 Achnanthes 0.00 0.08 0.00 0.00
Bacillariophyta SR Asterionella 0.00 0.08 0.00 0.35
2 W8 Nitzschia 18.60 1.66 22.30 3.80
YR8 Bacteriastrum 0.00 0.00 0.00 1.23
fTEBE Chaetoceros 9.10 1.20 10.70 25.01
[R5 3 )m Coscinodiscus 16.00 0.04 8.70 0.35
WUEEWEJE Diploneis 4.20 0.04 0.00 0.00
AR Cyclotheca 0.80 0.77 1.20 1.05
JLN W& Guinardia 0.00 0.31 3.80 18.76
I )& Licmophora 0.00 0.08 0.00 0.00
FHE # 8 Navicula 1.20 0.50 8.50 0.47
7+ )8 Pleurosigma 13.70 0.04 16.90 0.09
&ILHIR Odentella 0.00 0.00 0.90 0.12
25 W B Eucampia 0.00 0.00 0.00 5.20
W& W R Rhizosolenia 0.00 0.00 8.60 28.63
AR Hemiaulus 0.00 0.00 0.00 0.41
kLR Leptocylindrus 0.00 0.00 0.00 1.81
B 5% # 8 Skeletonema 18.40 90.51 9.80 10.52
HEEW R Melosira 0.00 0.00 0.00 1.87
WEHE W Thalassiosira 10.70 0.04 0.00 0.12
L] ¥R Ceratium 0.00 0.15 0.00 0.00
Pyrrophyta W R Dinophysis 0.00 0.04 0.00 0.00
WIS Gyrodinium 0.50 0.12 0.00 0.00
ZW g Peridinium 0.00 0.00 0.30 0.18
4] Chrysophyta ‘B #J& Dictyocha 0.00 0.00 0.00 0.06
#L3% "] Euglenophyta XU & Eutreptia 0.00 436 0.00 0.00
HiAth others 6.80 0.00 8.30 0.00
BEVE AR I 22 %L PS proportional similarity 22.80 38.95

3 it
31 #EHEAERXMBHEESMERER AR
FFAE BY B2 M

WFFE W, TR R R B 6C
19PN H43 3 H-23.3%0~—18%0Fl1 3.3%0~11.1%02 21,
R NI FHEIX N POMs [y 6'°C H N
~23.26%0~—21.22%0, 0"°N {H 4 6.26%0~7.96%0, #
o1 87 e 2 PSP N B R VAN S S T v €
ML) T2t PR AR D A B, A2 Bl DR A HILER S 52

BN B KIR T, 3R A X P I Ui R A
AR B, R 5UC Bk B AR 1 N R TR
Mg 20 9 AR X POMs FEHEIX
SPOM [ 6"°C {HHKTF 5 H., MR L,
AM 5BM E#£ THEZM Pc, Ho CEhutre
£ Y B A2 1 (=19.7%0~—11.4%0) 1™ V11 JEE 4G
THCHE (—22.2%0~—13.7%0) 27 25 35 Y, H AM 1Y
OPC HRT BM, HEI B 25 108 (14 4 P 26 B
HEH PCEE, 9 AMM SCHBREST 5
H, 2Bl g 5 Bk i 15 258 3% XY K BH 4R 5k
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Tab.5 Proportional similarity of phytoplankton abundance among underlying water, benthic microalgae and
stomach contentsin BSPA in May and September 2014

%

5 H May 9 H Sep.
)2 KA -
R N © e e e A . 2K AT -
ik HEWAM AR R SR R4 PG 5 2

composition of

species composition of composition of composition of composition of o ¢
stomach con-  phytoplankton benthic micro-  stomach con- composition of - ponihic micro-
tents underlying algae tents phytoplankton algae
water underlying water

BT i B8 Chaetoceros 6.40 0.00 6.20 8.30 59.77 9.60
Bacillariophyta e Coscinodiscus 17,80 2.99 21.50 13.80 0.29 18.60
JLNEH)E Guinardia 8.30 7.58 3.40 10.50 11.74 6.50

FHE R Navicula 12.60 26.41 17.20 10.20 1.64 12.80

38 Pleurosigma 12.60 1.03 15.30 10.60 0.29 15.60

ZIE IR Nitzschia 15.80 39.72 16.70 12.50 3.75 19.20

HEEERE Thalassiosira 3.60 1.84 3.80 6.20 0.38 0.00

BT Skeletonema 11.20 17.91 13.80 0.00 0.00 0.00

%I % Amphiprora 0.00 0.00 0.00 0.00 0.48 0.00

EFTHJE Asterionella 0.00 0.00 0.00 0.00 1.15 0.00

58K )R Bacteriastrum 0.00 0.00 0.00 0.80 1.44 0.60

YHEMUE Leptocylindrus 0.00 0.00 0.00 0.00 1.15 0.00

FFEMR Cyclotheca 0.00 0.00 0.00 8.60 0.19 8.50

HHEEE Melosira 0.00 0.00 0.00 2.40 5.87 3.60

WAEHIE Rhizosolenia 0.00 0.00 0.00 2.60 10.73 3.80

LR Thalassionema 0.00 0.00 0.00 1.20 0.19 0.00

] B R Ceratium 2.10 1.49 1.30 0.00 0.00 0.00
Pyrrophyta WIWHEIR Gyrodinium 1.20 0.81 0.80 1.80 0.34 1.20
L PE Peridinium 0.00 0.00 0.00 0.00 0.19 0.00

45¥1"] Chrysophyta X ‘B # & Dictyocha 0.20 0.23 0.00 0.00 0.38 0.00
HiAth others 8.20 0.00 0.00 10.50 0.00 0.00
FEE AR 225X PS proportional similarity 55.60 85.30 33.10 77.20
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(0" C AR A 16 BRBE (0 K TR AR Ak I 71 22
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WX, o0 2 Bl K PR 5 K SF B H IR RS [f] i) 444
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Comparative study of food sources of Anadara broughtonii in raft
mariculture and bottom sowing proliferation
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1. College of Fisheries, Ocean University of China, Qingdao 266003, China;
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Abstract: Marine coastal ecosystems are commonly used for the aquaculture of suspension-feeding bivalves, such
as oyster, scallops and mussels. The food sources for these bivalves often depend on particulate organic matter and
benthic microalgae. Recent studies have suggested that attached microalgae and bacteria also become important
food sources for suspension-feeding bivalves. Knowledge of the dietary regime of bivalves is crucial for under-
standing the coastal food web and cultured bivalve management. The ark shell, Anadara broughtonii, is one of the
most important commercial bivalve species in China. They are usually cultured both in raft mariculture and bottom
sowing proliferation. However, information on the food sources for cultured 4. broughtonii is still limited. Based
on stable isotope (6"°C and 6'°N) and stomach content analysis, this study analyzed the dietary regime of A.
broughtonii under two different proliferation and culturing modes in May and September 2014, aimed to approach
the potential food sources of A. broughtonii in this area. Results showed that there was a clear seasonal variation in
6"3C values of A. broughtonii. The ¢"*C value in the raft mariculture area (RMA) in May was significantly lower
than that in September, but there was an opposite trend in the bottom sowing proliferation area (BSPA). There
were no significant differences in 6'°C and 6"°N values of A. broughtonii under two proliferation and culturing
modes in May, but the 0"°C and 6"°N of 4. broughtonii in the RMA were clearly higher than those in the BSPA in
September. The POMs, mainly including phytoplankton, were the greatest sources of food in the RMA, with a
contribution rate of 61.0%-62.9%, followed by attached microalgae (37.2%-39.0%). Comparatively, benthic mi-
croalgae was the most important food source in the BSPA, with a contribution rate of 51.7% in May and 72.5% in
September. Stomach content analysis showed that 4. broughtonii filter-fed mostly on Coscinodiscus, Pleurosigma,
Nitzschia and Navicula. The similarity analysis results indicated the proportional similarity (PS) values between
stomach content in the BSPA and the benthic microalgae community were 85.30% in May and 77.20% in Sep-
tember, which may suggest that A. broughtonii show a certain selectivity for diatoms of weaker planktonic habit,
which sink easily, and for benthic diatoms. Overall, the results can improve our understanding of the biology of 4.
broughtonii, and provide theoretical evidence for scientific aquaculture management of suspension-feeding bi-
valves under these two proliferation and culturing modes.

Key words. Anadara broughtonii; food sources; raft mariculture area; bottom sowing proliferation area; stable
isotope analysis; stomach content analysis
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