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TS A BEREB LR, KO % H Ecopath A P4 TIRMNEEEERTHAALE,
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BN EEARENETME, R0, TEER T2
Gralias IR, — ST Bl 77 4 25 B AN TG o, 5 A
R K, XY B IR 7 XS X IR A AR
B SO AR RGN R — R YIRS, AFET %
o AR ORI | PRI R . PRI YRS
G540 SR Z AR A A8 45 (Prins et al, 1997; Velasco
et al, 2009), k47 i OR B D1 2SR5l Y 4 e T
K, BUEFRAE N 2R S A EAE DGR« BIHA DL
R FRIE A BN EE

Inglis %5 (2000)F VIR 50 4 25, W)
AR FEAE ., ERF Rt SRR, HESR
GeK- b, DUEFRIE I R e SUCAAR SR AR RS
) 245 ) R 1) R 325 ol ik 25 52 e (B AT 482232 7 ) ) e R
FE5H % B (McKindsey et al, 2006), K, 7EPFAL 85
DU A AR AR BT, 75 B —Fh 7 i AR 1Al
FRAE DX AR R G A5 . DI RE DL S A D) RE R 152
W, HYEEFEBh 1R P, Ecopath FEHI My i FliiE
AR R, A FIE T YN ERR. &
G R R GERAE, BIAGFRE N RS RW
£ %% T. H.(Jiang et al, 2005; Byron et al, 2011; FREESE,
2013), H T, FIF Ecopath #5581 ik PPk D1 264 25 45
EHFVER O 23 8] 32 W . Byron 55(2011)F]
Ecopath #i5I#fi %€ T Narragansett 12535 FE 4105 1) A 25
#5297 t/km®, Gao %7(2020)F] ] Ecopath #7173
& VR V5 K 4 W (Crassostrea gigas) i AR S 457 M H
HIAEYRAY 1.8 £, 4 976 t/km?®. Jiang %(2005)F]H
Ecopath £ B3Pl T Tasman F1 Golden 7555 74 >% 3522 115
1 (Perna canaliculus) i A4E 2575 e, 145 IR DAY A
BN 65 thm®, LT HIFMARGBI0 tkm®), —
Bl A SA e, RS REEM STk &
AR EMR A, BART A FH R T Ecopath BT
i T D128 3% BE 16 o 6 e 1 T I R A A &R G5 Y 5
(Han et al, 2017, 2018; S#4F, 2018), fEIE
THARHSCE A 5 R A9 A S48 Dame $845F1 Herman
RS TR T MV S R = I I SR A 45 e (R ™
AR AR RS BN 755, 2015; 2 5%,
2020), 1HZ AR Wiz Il AE A 22 I AT A S 25 1 1 AH
KA

bR T BEAHEENETIMESS, iR B D
BB R K AR RIORL P B (B R SR TR BN, PR
LY 38 KB . G2 s 8 IR AL S5 D7 T A 4% L
14 250k 55 T g (Dowd, 2003; J5 %%, 2011; Filgueira
etal, 2015; fHJ5F+4E, 2016; Alonso et al, 2021), 7EiT
RS R, IR gL = AR
s, UEEE D2 — Ty Tl X VR Y K R, W

SR HILB G Tb R 08 AR B 2, sk T A BLik
[ G A Ak b A 5 5 — T T3 e WSO FK TE ML
PR R ES D15, 78 SRR (W) K BHA7 h 2 15 )
RE(TERAE, 2014),

3 44 5 4 {1 (Ruditapes  philippinarum) & — )™
W TTERIE R DU R R Tz, R
A T I K DL 2 T K b o BN A F LI AR
R R R 2N 350 km?), 2REILTEER
ARSI S . AP R B, SRR RIS AT SR
TG sh B S M S SRR AR S R G i L T —E R AT
PR SR, 2014; T HOHEE, 2020) AWF5E LIRS
FEA G AT ARG, W0 M S T 38K 1) Ecopath 55,
TPAL TS N AE R AT 0 AR R 1, IR T AR R =G AT
RIS S L, BIFFE 25 T R SRR B IR AT i 34 5 4 T
FRe & J M LA R 55 DI RE I R PRI R 2448 S

1 #MRlEF*
1.1 Ecopath &It

Ecopath #RI G —HL M e, #iid TN
B RGN RERERY R
B x (P/B), x EE, =

Zn:Bjx(Q/B)jxDCij +Y, +E +BA ()
j=I

K, B A B Al Bl S ReRE | Al S DI RERT
A PraE; (P/B) HDIRERE | A= s/ Y s 4
BREREBOH TR EILT- R, EE NIIRERE | 194
BRACKE, Yo AR RGPz e e iy F A H
i, (Q/B) KNI EINRERE | (I EWIHFER/ APyt
DC; /e EIIReRf | B &Whpdlias i isl; v,
SEINRERE | WAET B B OMSIERE R, BA IR
B | A AR B X T RASDIRERT i, T 24 A DC;;
4 ANFARZSH(B. P/B, QB Ml EE)yFZELD 3 4L
P A

%8 Han 252017, 2018)H1 5 i £ %5(2018) 8 <7
FYALRY | >R Ecopath with Ecosim (EwE) 6.5 444 4
JIE N VS 1 7 FR A AR A, eIV Ecopath LA 23 4>
UIRemral i, WIGEE . Ry . s . Bk
;Y. 2K FEEER . LRI IR ISR
RIRIZEAI A K IIfERE B (Ykm?) . P/B (/yr). Q/B
(/yr) R B FE A B £ )4 4 2 BR Han 45(2017.,2018)
M H#EFHFQOIMIIF . S IBERE P S ]
CUIAR AW GE A58 ) LA S A 2R E AR DAY 3 0 v V6
B AH SCHR B (L AR B 1 S5 0ILT, 2019; Gao et al,
2020), 7E 4 Hi MV Ecopath HR g Eeal |, AW
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E AR AR R R IR AR L, WA S RGP
PRI . PRV SR AE Y B S DD RERE (AL, YRS
HE R LA T RERE 1Y A A FRRACR R T 1 A, RS
o ¥ A SR A AT ) A= 25 45 i (Jiang et al, 2005;
Byron et al, 2011; #REESE, 2013).

1.2 Ecosim Zh#stEHl

7E Ecopath #8818 1 2LAill |, Ecosim LA R[]
BRI, VA AN [ SR S i £ SR 08 e L X S 2
ARG A BCH MHE RIS , AT R AT

dB/dt=g;> Q; -2 Qi +1i ~(Mi +F +&)xB (2)
] J

A, dBy/dt SHDIRERE i 757 B R Y A A it AR AL
B A 5 4 B3 4 (Walters et al, 1997); | &iF A
By M HRIET R FREIIE T3, o BT,

Ecosim "HAEAIIRERE M S i B (VI EH
YL & B E R R EATEHIER, T
IR CRFMEG X R), HHE Cheung 55(2002).

Christensen Z5(2004) Kluger Z£(2016) 53 fAH
PR (E 1)

Vi=0.151 5 x TL; + 0.048 5 3)
A, TL &ilid Ecopath #5278 115 2] i A4 D e #E
ME SR, v & Ecosim TG &/, T 051
ZIa], Hodr 0 AU EATEERIDCR , 1AUR MTIEHIC R,
FE 53 I TE BT 5 19 2 £ 38 53 (Vnew) A2 38 335 41

T RRARAF I (Kluger et al, 2016):
In(Voew) = 2.301 985  v; + 0.001 051 (4)

13 FRFERRGFLNBETEERLE

WA SRR T A 1 AR W B 43 0l TR R Y i
(5 D). IRBESRR(ER 2). EBER 10 51
5t )AL TFREE G 5 4), WWRARNE TR
S RGeS, BB RG R
AP IE R T AN T P bR b7 R AE . 1) R G S i (total
system throughput), B4 RGERE & shv BF, af
RS RGN s 2) %5 HE (capacity), NS
RY g IR LR G, RER TR B I

F1 KME Ecopath HMEFFEM S HEMHISH
Tab.1 Vulnerabilities for the Jiaozhou Bay Ecopath model

yheht S SEBR G A B AT

Functional group Vulnerabilities (V;) Actual vulnerabilities (Vpey)
/NEIFR)Z 43S Small pelagic fish 0.515 3.274
KAEMIf2S Large benthic fish 0.695 4.954
/INALEA 2 Small benthic fish 0.565 3.674
HEHFHA2E Gunnel 0.534 3.424
/NEE L Small yellow croaker 0.586 3.861
WRE Rl fJE Pinkgray goby 0.556 3.604
KAEZ IS Large demersal fish 0.659 4.562
/NEIRZE 2% Smal demersal fish 0.574 3.756
il Fl a2 Gizzard shad 0.415 2.605
&2 Crabs 0.493 3.114
#R2&  Shrimps 0.480 3.021
¥Rl Mantis shrimp 0.572 3.739
KA LSS Large cephalopoda 0.636 4.324
/NS R ZE Small cephalopoda 0.540 3.471
58 Squid 0.556 3.603
JEFEEHA 1 Manila clam 0.352 2.248
HALZSEZ AR 5Y  Other molluscs 0.369 2.340
£ F3J% Polychaetes 0.360 2.294
Pl 3% Echinoderm 0.400 2.512
HoAhE 2 T EMESIY)  Other demersal invertebrates 0.374 2.369
FF3h%)  Zooplankton 0.352 2.248
Y Phytoplankton 0.200 1.586
W8 Detritus 0.200 1.586
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FR 5 3)f 3 & (ascendency), TL5E
H AR HAE R 4) P32 H A5 B (average mutual
information), 25 th T A 25 R 48 N 4 Joia 52 46 I 2% 1) AH O
HE SPEIFEE(Finn’s cycling index), AL T4
RGEH PG IR AR B, J A i 2R 40 s A e M
A 25485 6)Mi(entropy), Zith T AR RGN
B Z R AR DA B 7)RE R FE . 850CK (transfer
efficiency), R ih 5904k & 2 f15 S & 1 HfE
R TZE RS RGN FHRCE ; 8) Kempton's
Q 8%k, M ARREAY & Z PRS2

M B FER Eha 7 A R T B K Ry Rl 32

FE T R AR(2018) 4 A [ I B2 N A [F] HLA% 3
AT AR K S PEWAE L, AR B (2018) 48 S
VB IRA ML B A AT 0L, 7K AR (2005)F % 2 14 F
AT AR EE B (AN 5.95 @)U K SR B4
(2002) A KA B IG AT D78 BRI 20 ik i,
AR AER A, 25 730 d)RIFHEEKE (S
HIA: i FAE S A ) B PRAS FE B S R AT A B S
O, DAL BT B M S SR A = I AT A RV BE ) o

2 RS9

21 BMEFEERFHESTESN

FIFHAE E2 4 e M5 Ecopath B8 TEAR e 75 5%
FEAF AT SR . BIEREBR A Y ik
F 239.9 t/km® i, MBS RGAL T HRE, JE

R A SRS

Ny
SN

14

et 1, MR Ecopath #EEIJC Jo -4, H LA I

M A AT A A S5 RN 239.9 tkm?
VS SR RIS AT . BB AESSE R B A

BEBLILFHER T ESRE DR FES AR

4&%2% 2, MR 2ATLEH, HEINEIEFRERIFA
Yk F) 239.9 t/km? (ARSI, R R 2

SRR R A P LR A A TR, T e g
WO RE . RemdrrE . Bl
RAEYIEA TR, HAAS RERE TS 5220 A
Tﬁ AR RIS A Y RO A AR R 10 A5,
AERRBMAESEI LA T B EE, H, S
E L e E*ﬂ%éﬁ@ifnigitﬂﬂTﬁ
8 ; MRS HNE S R AR AR IS AT SRR, )
R JE R BRI e B | BRI ARRE
L4 4R, TRITEAEL B I o bh S AR
M 3 aLUE T, BEE SRS a n
i, BEMTE AR R G A VU B FEBROR | MR =
ORI R ORI B e, Hrh, A
LI B R B T i oK, iR B FE A= G AT AR B
A, BEFRG 1 ~ 1 Z 80 DL S 5308 . P14
A 7 3 T AR B i R R ROR R R TR T

3.0, 1.4 F12.1 %,
22 AEEERERTFEVEZTETERMNEESES
ZEHFNINEEM T L

T Bcosim HYZHABIAUL R Al 71, BEEAEH T
WA e R BB, RS A 25 R G B LA

it — B AR, ERAESERSEE PR, HREAERARN, RENBE . AR
x2 ARFERERFEVERETESEREFLESHNETL
Tab.2 Ecological indices of the Jiaozhou Bay under different scenarios of Manila clam biomass
5K Mur o RS EREE TAEEERF g
Current  #im 10 1%  F%5H No clam .
ftems condition ECC  ECCx10  aquaculture Units
BE#R R Sum of all consumption 35312 72945 653743 841.2 t/(km>yr)
B Sum of all exports 3189.0 1169.9 —34620.2 5146.6 t/(km?-yr)
S FE Sum of all respiratory flows 2066.6 4286.8 38551.7 479.6 t/(km?yr)
WLEEE B2 Sum of all flows into detritus 40037 17552 -32946.3 5610.9 t/(km?yr)
B = Sum of all production 63846 71750 193739 5819.6 t/(km?yr)
SRR PR BT B Total primary production/total respiration 2.7 1.3 0.2 11.7
A5 i Net system production 3559.6 13394 -329255 5146.6 t/(km>yr)
BRIH AT A Y Total primary production/total biomass 33.3 18.2 2.3 81.7
BAEY /RO Total biomass/total throughput 0.01 0.02 0.07 0.006 yr
B e (BRIEJE M) Total biomass (excluding detritus) 168.8 3087  2467.8 68.8 t/km?
PRI fER 5 b Contribution of phytoplankton to the 53.6 37.8 15.5 46.6 %
ecosystem energy
REH UL AREE L] Flow to detritus 30.6 121 -90.6% 46.5 %




%5 FPRYRAF: ROV FE A B iR A AR S A VPG SRR T fiE 65
R3 FARFEERTFEYVEBS TESEEAZERAERAENEN
Tab.3 Transfer efficiency of trophic levels under different scenarios of Manila clam biomass
el BRRCHA/E S F R/ E SRR 10/ 0 R IR 157 5H)
S - Trophic level (Current condition/ECC/ECCx10/No clam aquaculture)
ource
| I I \ Vi Vi Wi X X
H 7= Producer/%  — 14.40/18.49/ 1.64/4.62/ 5.18/7.79/ 4.22/11.33/ 4.28/6.57/  —/6.79/
18.60/13.69 4.62/3.92 7.79/6.70 11.33/10.66 6.57/7.16  6.79/7.23
HHLEJE Detritus/% — 10.61/15.35/ 3.03/5.80/ 5.65/10.45/ 4.71/8.09/ 4.31/6.75/ —/~/
18.18/5.45 5.80/5.02 10.45/9.68 8.09/8.29  6.75/7.27 —/6.95
MR All flows/%  — 13.40/17.72/ 2.15/5.08/ 5.39/8.96/ 5.15/9.67/ 4.26/6.64/ 4.21/6.59/ 4.0/5.86/ 9.29/1.19/
18.52/8.66 5.08/4.34 8.96/8.18 9.67/9.42  6.64/7.21 6.59/7.10 5.86/6.66  1.19/6.32

WIRA 7= B AR Transfer efficiency from primary producers/%

A WL E H 3552 Transfer efficiency from detritus/%
R Total/Y%

4.97/8.73/8.75/7.22
5.66/9.76/10.33/6.42
5.37/9.31/9.44/6.75

PUEEECY R HIEN 1 672.7 t/(km?-yr), 1190.8 lowbits
H14363.0 flowbits; [FIRFEE 5 2 H, BB RGEIEH
FEEL(12.7%) FPE 3238 B M 2405 B 2 80(1.1 bits)BE i
S AERE T 103.0%H1 26.8% (& 1), #R1M, FERTELS
T A= Wy i %8 B 185 0 2 56 e N VS A 28 R e 2k e
W B, BRI RGN R 2.9 BFILE
2.6, Kempton's Q M1 0.7 FEAIKE 0.6, 7E 5 1 Fil 2
, RGHE R IRACE A K, 7E Ecosim BILLY)
T 2 4F RS0 e it S ORI S T R, B S AR
FRRRE o (EAHE IR, AR 1A 2 ) i %

BNERAR 10 A, EMBESRERLTM,
B Kempton's Q #8#oh, HARSHIYRI N Mok
T 05 MR IR EISAF RN, SRS
FRHES BRGNS )R A W) 0 O, SO R A & o
JEIR

FEH B U A A ) R A 4 o A ) RS e
(4 A Pyt 2 T A — R LAY, AL T AR )
ANBUJRIR A S | MR AR SRR B W A D RERE Y
AW B —E TR LR T, TR S D RERE A A=
Y A IEAA K (A 2).

f‘g 16 000} 2 — 47 Current 45000 B — 247 Current 20000, € — %3 Current
S 14000 \, —AESFRECC 24 — HEARECC B 15000) — /AR BCC
mgilzooo- 23 516 000[-
EES 237 B 14 000F
25 10 000 BE 3 &RE
wEd w23 2 2 12000
N{'%h 8000 §3 2 10 000
| 53 L
o 4000 1 1 1 1 1 1 1 1 1 ] 2 1 1 1 1 1 1 J 1 1 1 1 1 1 1 1 1 J
= 0 5 10 5 10 0 5 10
AR AU E] Time of simulation/yr FR AU E] Time of simulation/yr #R AU} E] Time of simulation/yr
é’ 251D —— 57 Current . {:451: E —— 457 Current 351 F —— 43T Current
5 201 — EBBFRECC m 5% %% - — EBAEE ECC 5. 32 -\ — EBAEE ECC
=] Pilld 21 o
ﬁ; 15+ Eg,g L1F £ 29r —
ﬁs 4@( g’o‘é 1.0F o
5 10 PE09F =26t
g3 XE508) =
g < 071 23
Ll: 0 ! ! ! ! ! ! ! ! ! J . ! ! ! L ! ! L ! | 2.0 L ! ! L ! L L ! L J
0 5 10 0'50 5 10 0 5 10
#E AU [E] Time of simulation/yr FR U EFTE] Time of simulation/yr FECALIESH ] Time of simulation/yr
&3 14fC —— 4 Current SYrH —— M Current
gngé 12 — AR ECC fér g g — AR BCC
o5 1.0 2
20 08 K2 ¢
g% 06 #o 3
g0 22 2
,:2 g 02 = § 1
g 0 £ 0 T
0 5 10 0 5 10
AE4LLHRH ] Time of simulation/yr B} E] Time of simulation/yr
E3I VN [ E =t R e ot i 3 L R e N B2 = ) B

Fig.1

Dynamic analysis of the network indicators in Jiaozhou Bay under current and ecological carrying capacity (ECC) conditions
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@ /NBLJE R AR -2 /NRURIR AR o 1.0 BEESY-MET —— B AR
m é 03 Small demersal fish-Current Small demersal fish-ECC m é 08 Echinoderm-Current Echinoderm-ECC
SR s |
H g 0.6 H'o 06}
Er %5
EZ 04} B S04t
~ ~
02+ 0.2 +
0 L L 1 1 n 0 1 L L n L L )
0 5 10 0 5 10
AL As}E] Time of simulation/yr AR AU E] Time of simulation/yr
1210 gexum RN AEER 14 U YU A
1.0 Polychaetes-Current Polychaetes-ECC Phytoplankton-Current Phytoplankton-ECC
w HARBE RS- 1T —— HARE SRR S5 w 1.2} PRl 2 TRl Y- A A
a Other molluscs-Current Other molluscs-ECC a Zooplankton-Current Zooplankton-ECC
g E 08¢ g £
Hp 06 H
%2 %2
E E 04} Z E
0.2}
0 1 L 1 L 1 L 1 L 1 ] 04 L 1 1 1 1 ]
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AL BT E] Time of simulation/yr AL BT IE] Time of simulation/yr
B 2 OR[N S B RE R AR X A ) sh AR 1k

Fig.2 Dynamic changes of biomasses of the functional groups in Jiaozhou Bay under current and
ecological carrying capacity (ECC) conditions

23 BMEFEEBFMERMEIK TR

e 1 AMERRFEBIE 730 )N, FEREIRFAHE
B 3310.1 mg file, Horr, 2947 46.2% M BUTIE 21,
YA 40.6% AR5 FH 0 Wi R85 £ F T R e i A KA
29 13.2% 1B R RS (1E 3),

AMEKE IBERES H ARk Harvest ~13.2%

Idividual vl 2 i g sof s

343.3T 932 BRI
BRIVA]F Uptake Release ~40.6%
CTTUTTTTTTTT26235 0 10009 T
B Ingestion ——> £% . ——> | I Respiration !
L HCO: s 3435 | Ptk Calcification

il 529.4
A M1 AR Biodeposit ~46.2%
B3 FEEREAAT 1N ER RIS,

Fig.3 Carbon budget of R. philippinarum
during a farming cycle

v LU VS FE R B A A7 Y T A Wy i 5, B
TR A 0.6 1 t BRI, A 0.3 F t
W RIBGR R 5 i Y FE A= I A Y s B AR R
B, BONES AR A 1.5 7 t g DiRR, A 0.6 J1 t
et R% th (1 4)

3 i

AWFFEH ] Ecopath BEARITFAl 1 NV FEA rE g

RS E, HiE— R Ecosim BiH s 0 Hr
TR IS AR Y R R M TS AR S R SRR
[FIRELESE I AT SE H, Jiang 25(2005)F1 Gao 45(2020)
I F Ecopath 55U 1 K i 58 D1 28 A5 4y (A5 A2
RAAFBVE BRI, 2 BIPEAS T AS [R5 58 145k
T DU | 40545 DU SR 1) A S o ARFSE DA Hh i
WS SR A R 239.9 thm® (£ 2). T
EA SCHRGEE(Han et al, 2017; Sk #5%, 2018; T Huh
&5, 2020), YHTIINVE AT A A 097 25 A ) i 2
BARH AL R HASE &, (A7ERMN ST FRFH X,
A ISR R B Ik 3 444.8 t/km® (JEF, 2015),
L T AR = I AR S A

MRS AR, a . RRE . 1EA5. seE
R Kempton's Q S AE B RGFHIES BN A1k
AL, AEAR RIS AT AR P i RS R N TS AR A
RGUTE Y — 7 PSS N VS A = A A7 AE P i A
METHIN EASE RN, ARG AT . AR AL
PEEI B RME 1), ULEH LR RN TS AR S R G
B HARPL AN R BE AR s i RE i385k . #R4E Odum
(1969)F1 Finn (1976)[ i, — AR LR RGN
R F B8 ) FEE IA HA 48 v TR (B AR . ARBIEE v, 24
ISR SR A W i &2 239.9 vk’ B, AR
BRI TR B Y BT T 103.0%, MR EC YRR T
10.4%, PR A I e M T A6 28 2R 498 ELAT O e 1) A
BESHRE M. SR % JE A 0 A AR W e R Y
e, 358 H N 2% {5 B R R AE S 80 PR S (H
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A M1 AR Biodeposit

K4 S SRR b AR F BRI 1 B
Fig.4 Carbon budget of the Manila clam, R. philippinarum population in Jiaozhou Bay
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Manila Clam, Ruditapes philippinarum in Jiaozhou Bay
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Abstract Bivalve filter feeders, such as oysters, clams, and scallops, are an economically important
species in China, with a total production of up to 14.8x10° tons in 2020, accounting for more than 69.3%
of mariculture production. In recent years, the density and scale of shellfish mariculture have continued to
increase in some areas owing to economic benefits. The crude farming strategies have a series of negative
effects on the cultured organisms and marine ecosystems, such as inhibiting the individual growth rate and
increasing individual mortality. The negative effects could then lead to the attenuation of phytoplankton,
changing the structure of the phytoplankton community and benthic environment. To manage shellfish
farms and the industry properly, it is important to understand the interaction between shellfish aquaculture
and the marine environment and evaluate the ability of the marine ecosystem to support shellfish
production.

At the ecosystem level, the carrying capacity of shellfish is defined as the maximum mariculture
density that does not significantly affect the structure and function of marine ecosystems. To evaluate the
ecological carrying capacity of shellfish, a method that assesses the overall impact of cultured shellfish on
the structure, function, and other functional groups of the ecosystem is required. Based on the principle of
nutrition dynamics, the Ecopath model (Ecopath with Ecosim software, Version 6.5) is a scientific and
effective tool for evaluating the ecological carrying capacity of shellfish from the perspective of material
and energy balance, and fully considers predation, competition, and ecological transformation efficiencies
between functional groups. The Ecopath model has been widely used to evaluate the ecological carrying
capacity of shellfish in mariculture ecosystems.

In addition to their important economic value, bivalve filter feeders play an important ecological role
in carbon sequestration, storage, and water purification by ingesting particles and changing the nutrient
cycle. In offshore ecosystems, the primary productivity is very high. Filter-feeding bivalves ingest a large
amount of phytoplankton to convert particulate organic carbon into feces or pseudo-feces and accelerate
the transportation of organic carbon to the seabed. Moreover, calcium carbonate shells are formed through
absorption of inorganic carbon from seawater, which plays an important role in long-term carbon storage.
Jiaozhou Bay is an important aquaculture base for the Manila clam, Ruditapes philippinarum, in North
China. Studies have found that the cultivation of Manila clams caused disturbance to the benthic
ecosystem of Jiaozhou Bay. To explore the ecological carrying capacity and ecological service functions
of R. philippinarum in the bay, Ecopath with Ecosim models were applied, and the effects of further
expansion of clam biomass on the community structure and functional characteristics of the Jiaozhou Bay

ecosystem were evaluated. Furthermore, the effects of Manila clam aquaculture on carbon cycling were
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quantified. Results showed that: The ecological carrying capacity of R. philippinarum in Jiaozhou Bay was
239.9 t/km?; the average biomass of cultured clam has not yet reached the ecological carrying capacity, but
the clam biomass in some areas has far exceeded this limit. When the clam biomass increased up to the
level of the ecological carrying capacity, the total system throughput, capacity, ascendency, and Finn
cycling index would also increase by 16.0%, 3.9%, 47.1%, and 103.0%, respectively, whereas the entropy
would decrease by 10.4%, suggesting that the increase in clam biomass would lead to an increase in
system maturity and stability; however, continued expansion to 10 times the ecological carrying capacity
would adversely affect the ecosystem. At the individual level, a clam ingested approximately 3310.1 mg of
carbon during a farming cycle, of which approximately 46.2% was deposited and 13.2% was removed
through harvesting; at the population level (scaled to ecological carrying capacity), 15 000 tons of carbon
could be deposited, and 6000 tons be harvested annually. These results provide theoretical guidance for the
sustainable development of clam aquaculture and its ecological service functions.

Key words Ruditapes philippinarum; Ecopath model; Ecological carrying capacity; Carbon budget;
Jiaozhou Bay



