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2. HEUKFRFEB T B K TR AT R AR R TR L T R R RS E F R 266071 ;
3. BRIBHRES AR S ERLR WA S EY - Hid R RRE HS 266071)

HE oy B AT E AR IO B 3E A E 1T (Ruditapes philippinarum) ¥ 35 25 £ K I, KR E T3
A it 24X X (Dynamic energy budget, DEB)#it, F|J python 2k {F44 2 T JE 42 = sAT 8 /MK £ KR
A, L2018 4 F 24 H~2019 4 1 A 9 B WM & fix M & g 3 vt 4 % o A0 KR 4 58 4| o 40, B3
R X R RBAER S, ENT FEER T REALAREMR KA KFN, HFRE
RN 78 M3 FE AT A K M B AR A AT T Il £ RRW, WENMRAEKER BB R
AR N B S FRERZSTFRERALTEMTKNAEK, REALTEMRKAEIUE S N
5B B R A XX A(P<0.01), R 2414 09374 1 09168, HUEZ 15 4 &% & th 2 P64 Hr i8 F
TARBERE T, R TA% T\ 23 RE 10%, FEZEBFREAR T EH InEik 8.86%., AL
RAREFEETESZAD N FHEANKARESSITHERA T Lt E L3,

KA FEEZBRT; FAREREL; ABRLALTE; nk; RMNE

FESHES S967.2 XEMRIEEE A XEHES  2095-9869(2020)04-0094-08

AE RIS AT (Ruditapes  philippinarum) J& T 5%
FRPA LS, A2 T P ek e e P SRR DL, AR
L3007, AR R 90%(F B R A,
2017). MTAER, FEAIEIAAFFRAE L K SR GE , TR
P i RSO | PR TR A S R SR S5 D RESE O T A
YE T HEAR (| 54, 2009; Chauvaud er al, 2003;
Yang et al, 2013; RWHREE, 2018), TERBIIL I

LT, RIS AT B0 AR KA DU R R B R B =R
ASCHRE N 3R, AR R R S e DL AR AR R ML
RA R TR AR S 7 vk, DR AR
FE I AR R IR | RIS | AR A
PR TR AR 25 A BT DU S o A A K 2 A TR
ERiE C R E RSP S B A I SN
Vi PVESE AR O SR B ST [ AAF % A9 28 R
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MR J7 R AE AR AR P 1 A= AR S PR B 1] 722 4k
AR &y, 324 45Brody . von Bertalanffy
Gompertz ., LogisticflIRichards® = AR, 4l K
LAY RORE DU A K G PREE S R OCHE, PRI, AN
T A SR X FR 50 A= W) B 5E (Urban, 2002), ZH4E
THBE AL 58 o Ge 2 O T 1 DR A KR 5
BHREE | Bis . RSB R A AR, A B
TR DR A K ) F IR, (HARHZ IR DK
) A 28 A A R W, B TJC T S e DL 2R A B 2
EE R 2 0] 1) 5 mAE H (Goulletquer et al, 1988).
PR SRR TE ] T 2 2 W o e R D E AR AR
ANRBLHED, H A, Powell 4 (2002) B2 81 T K 41 15
(Crassostrea gigas) ¥ Wi S IRE N IR AKILE D) . R
BN S Wi/ e e A LA 11 1V ) 2R N
e R MAEC, 08 1 38t 1% 22 S RBP4 B i 0 &2 & 1Y
SO o A A5 A B 2R AR R X DL 28 A KB e R e L
5 R eI 25 TUAE B Bl G S0l R AT A AELS 2H A R AR
AL, PR EAT AT AN BN 204k, AT LA Bl A b S
U245 B 5 DA I (2 B2 0 5 ) B AH BRI AE T
HAr, NA&RZHESEMZEREZLTARNT
(Scope for growth)H & HE 7 (1) SFGHR T I L T~ A 5l
ZREE I ¥ (Dynamic energy budget)Flif i DEBAE I
(Bayne et al, 1978; Kooijman, 2000)., SFGH G55 4>
TR b S5 W 114 i B 0 TG B 45 PR R KT RE 1t 3 C A 52 ), AT
DA b T D12 (4 A K, (ER B DL 23R 4 21

W SEA B Z B Y RE 5 53 JF . DEBRLAVEL & 1 W) e
SRR RE 1 3 BC SR, AT DAAR I AR I ) 4% B A A
355 A5 5 1 78 Ak TIOIN A= A B0 Cln A A AR R B v
J1)(van der Meer, 2006; Filgueira et al, 2011; Sara et al,
2013). DEBAS R i) B BRI k- S5, i A7 BE fE— 7
53 (k) T 850 1 2 () A= A RN A A6 a0 3, FR AR
-k T ZFH MY :5 E T, IS G H0 3 D2k
A R EFEARAS .

JiE M ¥ 2 e ] b O H 2 i AE AR R AR AT LA 57
FEIETE , AR TR R R IA 32.5 0 t, (I
K FRIE AT B 90% LA B (BKRIAZE, 2008; 13454,
2012), AR AR AT IR A 7l 00 e R T RS R R T
FEOT RAFEIN TS 1) A= 35 R 55 DI RE B OCE 2 4 T
ZIE AR Z IS G FIELRS S 2000~3000 Hi/kg, #
Fift % B2 750~1000 kg/F , 7% F I [0 M FE4E /Y 4~5 H
By, 2 7T~8 A B BUG KU, A A AR AR
XF T S AR M I AR R R AT R S S AR KR AL, B
- b 2R 7 S e HL AT R A R L S R S AR
UK python B HEIE T 3h A5 B8 S B Y AE
AR AR, B XTEEYMUUM SR o
FAE)F K I X FEHE F2 05 A AR PR (B ) FBE 1 0

FECHERF . AR RN RN, ARG IR
S A1 A R I 530 5 AU R B Y LB HEAT R e 2 A
AP , B AR VS SE R s R P AR S 2
ARG AR, DRV FE AR R U A B SR A A i PTA
o7 PR A EE R I DR SO

1 MRIERFE
1.1 FHREHE

JiE M 5 (35°38'~36°18'N,  120°04'~120°23'E) {3 T
AR 2 B g R A PG 0, I R T PR 3, b h AL
PR RIS, RRE, mdbkK 4R 33.3 km, AR5
2% 27.8 km, ETEFLZN 362 km?, I a4 EVR m AR
250 125 km?, KRN 7 m.

1.2 RESH

F20184E4 24 H~20194E1 H9H , X M5 JE A
RIS A KA ORI BE S B T T BREE W, G
FFFE58 X B A IR A28 2 ot S e N, B R
22 3 4 2L (INFINITY-CLW, HA)RE, A
B SRR kB, A4 hiE 71k
om0, R I 34 R, e 2 R ] e s TR A
10 min, RF34LEHRBCEIME , 0 A i) B) 8 £
THQO1HFFTFRI, MBI R IR)E EEAREEN
FTERARE, RIKEZ/N, A3 miye skt
SRE AR AEMT R AL b, M 8 A R [ AR AT R
FE X B FIE A7 (36°11'14.0"N, 120°15'2.9"E), M4t &
IR E K Z KR 1.5 m.

1.3 FERERFERHE

FEAL B2 UG AT 0 VR e M VS VR R AR 3 SIS K 5% 4 1Y)
() — AL Al o JE AR R A AT R R R IR e K R
(0.93+0.10) cm, “FIHAKHALITH 40.02 g, 20184
4 F RN ORHE, KW R4A~T mo LHMN, &
30 dZEATFHAILER30~50 A AT 07 A K Al il e, 2
KA AR PR AT HE (g) . AR LUR HE (g).

oK (cm) . FE9E(cm) M52 Hi(cm).
1.4 EEREFINSE

A 5% A8 B9 20 2 fig f I S B AL R B T A
RE B IS BRI A7 Y, A KO 5 Y sl A nT LA
3N TR . IR (V). S RER(E). B
HHEE (ER)o BUE AL BRE 1 e et TR, SR)G7E
WG k-JE B 00T AT 4ERE . AR KRB B BE &
SrHC . BRI 3R SR B LR TR 2,
Yokogawa (1998)ff 5% 42 BH , A~ [m] it ak % 5 JE A 2= A A1
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TR 22 57 B35 o ASBIR S SR T 58 A AR (AR 21 4000 = [l
PIIE TR AR R B O o P B A TS B v
A, HAl S H0 U 32 2R 3T SCHK (Deslous-Paoli

et al, 1988; Laruelle, 1999; Park er al, 2004; 5K4k¥£T %5,
2005; Kooijman, 2006; van der Veer et al, 2006;
Flye-Sainte-Marie, 2008; Kooijman et al, 2008),

#z1 DEBHREEAFAMNEEXRER
Tab.l Main functions in the DEB model

€ X Definition

Ji# Equation

RIS &R Temperature dependence

{RHHf% Catabolic rate

A #F Ingestion rate
R L% Assimilation rate
EYRThEEE W Functional response

452 Maintenance rate

EH iR Maturity maintenance rate
fEREX AE L% Reserve dynamic
BEHHREAE L * Reproductive reserve dynamic
RFR K A% REAE L% Biovolume growth

PRFL Volume

BWAKTHE Dry tissue weight

-1
k(T) =k, exp{?‘—?‘}[l + exp{T;L—T]‘fL} +exp{T;H_TATH}]
0 L .

b Bl dpa)
[Eo]vr-p| B

,+[pM]~V

by = (T)'mi“(V’VP)'[PM]'(I_TKj

aE_
d Pa — Pc
dEy
=(l-«)p,. -
dt ( )pc pJ
dl:K'PC_PM
dt [£6]
v=tv
[Eq
DFW:£+7KR'ER+V~P
Hg Hg

1.5 HBIEITHHIE

i HH python 2.7 B A TS AURLHL . RS AS HE Y
WIGRTE 2R 1 UORMERII AL, BEMEEE Er
VIR 0. KR (ORI 42 a He B (ng/L) 2 7
AT B R PR . NS FE AR A AT ) AR KA
2018 4F 4 H 24 H~20194 1 HoH, KK 1d, It
11217 260 do VAiZE H 3RS B SRR I8 A7 A4 KB (52
FRN AR AR ZH U ) AR AL ) ik .

1.6 SRS

R T B R AE A [R) R b L il
Majkowski(1982)1) 7 54T S B UM 70t o B9k iE
FTASERLRT , 38 sk b 55 AL i 25 SR Y B S
B [ 2 b, SR T EL AR TR A 2 L A A X AR
o BUEPERS BB AR

1 Xi,t _XIO
D, :;ZX—,O
K, D A BURIEFE R, n AR R L) KL,
X, TEREL ¢ RIPBER 45 5, XD B ¢ Kt
SRR [ 5 T 43 L AR R A s 4
ST IS HE AR A AT 260 d B AR 21T B AT
TRURRAE 3 AT, 3 Ik d > B8 10% I B 700 4 1 245 SR AR
TR B D BURE TR b5 o B AR S B M T
B BARXT A, B 2 A S B A S e R T

2 HBRE5HH

21 RMERBKEKENHEE a ESEETL
B
2018 4 4 J1 24 H~2019 45 1 J 9 H N IEHE
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*2 FEEMKF DEB EEMSHEE
Tab.2 Parameters of the DEB model of clam Ruditapes philippinarum

24 Parameter 74 Symbol By Unit %U{H Value 22 ik Reference
AL RFRGSH W) o 5 Re i [Ec] Jem’® 1900 van der Veer Z£(2006)
Volume-specific costs for structure
F RN AREU#ERE Maximum storage density [Ewm] J/em® 2085 van der Veer %5(2006)
SERAERE LA S A K B A 0 K - 0.89 Flye-Sainte-Marie(2008)
Fraction of catabolic flux to growth and
maintenance
FHH e 4 L Ky - 0.95 Kooijman %(2008)
Fraction of reproductive reserves
ZEFY) AT Structural body volume at puberty Vp cm’ 1.18 Flye-Sainte-Marie(2008)
JEAR 2280 Shape coefficient om - 0.365 A5 This study
LAV SN ER SN ek i} Jem® d 10881 fiifit AE P15
Maximum feeding rate per unit body surface area Calculated base on AE
AN A 2 T R i R U {Pam} Jem? d 64.20 Flye-Sainte-Marie(2008)
Maximum surface area-specific assimilation rate
AN IR FR YRR fE R [Pl Jiem® d 27.12 Flye-Sainte-Marie(2008)
Volume-specific maintenance rate
SR ¥ Reference temperature T K 287 van der Veer %5(2006)
B[ 48 201 i B2 Arrhenius temperature Ta K 5800 van der Veer %5(2006)
R 3Z B Upper boundary temperature of the Ty K 290 van der Veer %£(2006)
tolerance range
HRET 5 T B Lower boundary temperature of the Ty K 273 van der Veer %£(2006)
tolerance range
Az AR 2R B 1% BT A 0] it B | FR Tan K 49368 van der Veer %5(2006)
Arrhenius temperature for the rate of decrease at
upper boundary
A BRI T B 0 AT A 4 3 R T R TaL K 6700000  van der Veer Z:(2006)
Arrhenius temperature for the rate of decrease at
lower boundary
SR BT AR S N R B ko - 1 van der Veer Z£(2006)
Reference physiological reaction rate at 287K
£ BEE 1Y &1 Energy content of reserves He Jg 17500 Deslous-Paoli %(1988)
AN RSN T P g/em’ 0.216 Flye-Sainte-Marie (2008)
Volume-specific dry flesh weight
K1 F1H %X Half saturation coefficient FH pg/L 22 Kooijman(2006)
[F{b3 % Assimilation efficiency AE - 0.818 TKARLT 5 (2005)
77 B R AR GSI - 0.42 Park %£(2004)
Gonado-somatic index triggering spawning
7 ORI B R Ts - 285 Laruelle(1999)

Temperature threshold triggering spawning

TEIAT IR XK IR 4R o WREEASfE A 1 s .
JK IR A AT S —0.5C~31.4°C, e B BAE 8
H, BARERIAE 12 A, MERE o WE ARG R
9 0.53~10.89 pg/L, HEm{EHIAE 6 A, BANE 1

1A,

2.2 IFEREWBRFHREAATENERKOEMNSHEIE

2018 4E 4 1 24 H~2019 4E 1 F 9 H NI IEAE
TR AT B9 A K I FBE I 25 5, A K 1 SR 5 A4
(HARLL PR IAZ5 5, K 2 BiR. 4558 ER, Bk
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1T M A M REDE 5 SEIE 2 0 35 2 MR A O (P<
0.01), R> 435114 0.9374 1 0.9168 ., HLHE 4025 Fm] 1,
FALIRT 30 d, JEAEIAFEARA T AT KR
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Fig.2 Comparison of observations and simulations of dry tissue weight and shell length in the clam in Jiaozhou Bay

2.3 HRMESH

BB T4 R ] LR Y, AP R 4T
AR R 2 B AR S ) R (AU (BT 3), 3%

W], AR £ PR 2 211 FE 0 K D7 T 2 4 B
o BURFEFE BRI IS Ta B0 Ty, X AR R4
KA R . AR Ta A Ty 530 % 10%, FEREEE
AP T B KE 8.86%
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Sensitity index/%
oo

6
24
52
g
8 0
Tn. T FH [Es] x [Ev] [Pl #= Kr
FESH Main parameters

Kl 3 DEB R SR UM S A 25 R
Fig.3 Sensitivities of indices computed for
DEB main parameters
Ty: FTEAMIREE ; T 2% EE; FH: R0 E G [EG]:
BAALRTREE Y BT AT B 5 A SRR AESR LA R A KRR S L
05 [Em: S RBAATUERE ;s [pm]: BAOLFRYERFFERE R ;
up: TERBEE O, Kp: ZHAER AT HLAI
Tx: Arrhenius temperature; 7: Reference temperature; FH:
Half saturation coefficient; [Eg]: Volume-specific costs for
structure; x: Fraction of catabolic flux to growth and
maintenance; [Ey]: Maximum storage density; [py]:

Volume-specific maintenance rate; y¢: Energy content of
reserves; Kg: Fraction of reproductive reserves

3 it

A R AU SR, R A AR AR KB R BB AS 4
U b A HDLIE N VS ¥hg IX JE R = AT A A KIS 0 . DEB
RERULE 405 | T DUAN B D145 2 Fh g & DL 2R B
ST, PR A I 22 0% DL 455 A Bf7 (Ren
et al, 2001; Filgueira et al, 2011; k4k£15%, 2017), Fifi
0T A W A AR S AR O A T R D BN
Fe AR BIASWTIE A | S8 i fa] N R i R & Wi 1)
KA LM, ARLE T, &R o AUKEAERLL
AF 1] B P B R 18 WK, SRS 4 Ak Hb AL T
BT AE R XA EE A 15t o

WM R, /18 NS EEXT T DEBREI AL
N % ¢ 8 % (Stéphane et al, 2006; Troost et al,
2010), ZESHT DIAE L5 = N7 T el = Sh it
TWED, CFRIR R EY) . BORTEIE AR i T
VAR, (HOR R SE T A 2 R A R A 1R
KR, RIS EE AR (van der Veer et al, 2006;
Flye-Sainte-Marie, 2008), X FfA: #3148 b A fig
S BT AS A BIRE 0 ) A 22 A A AR 25 R R B
(Ren et al, 2000), 7EASUEHELE B v 2 8UE 11 B
T, HE2DEBELRIN H T ARIAES RE YA &
AEHR . FARTEN T, DEBRAL S B0k 0 1% 3 T
K A A SR B o R, TR R ARG TN
2 b BIRE I A o 70 T 2R 5k e AL R S A1 F 4

AR, HAE AT DL o S AR 0L B0 i E A 25
(Stéphane et al, 2006) , HAMBHIZALF 2 2% van der Meer
(2006)F1Flye-Sainte-Marie(2008) T iS4, #H 4, M
AW ST WU T 25 T DL, B 2 S i
Ta ZZRBET, | PR R EFHA A AR RSG5 14 ) o
JI R RE R [Eq I AR R S A1 AR RABTRL A S A K 1)
m, AR EGIHE R 10%, APl A% D12 AE K #amT
FEE6%, I, XSSO R .

JUE 4% S A ) AR R T S A AR K B0 52 B A K R
FREE P45 o ARG LR R o KIR SIS R s,
U P Y5 Sl S 4L ek A v DS 3 R TR] A U X iy A2 4
FEHREHE ., 4. 5 0, KEIFGRITE, B4k
HAEK, 6~8 H, BRI —EPREHE, HEFS
RESIEREEI L IRER, 9~11 Adf, &
Y 5K IRAESA S B, AT AR R IE O R, E AL TR
J&, FEREE B MK RS, AR 2 3
IR RKE R FE A . R, &R IR
AT e 2 P B RIS AE I RE = AE)T , o A4 3
AR B LA W B 43

A EE L Y FE R TS A7 S AR AR R, 7R
25 5 TR KR BE T B Wk FE S R B 2R T, RO M
T ISAFAE B AR T ARG . (B, FEFEE0G
PR R L 32 B AR PR B i 52 AR K, 1T L3 el
IEEASE NN AT FE 1, T LAz A (1) JR AP R M 22
HE— PR IE . FER AR B YR ALY
BYRBFEANCR A TSR o, JEHGE, MEYRIE
(A A AL B 1 AT DAt — 2D 4R R AL A HERA P,
Troost %5 (2010){fi 4% o FIFR A WL (POM)iT
FEYEE, WAL T S5 (Cerastoderma edule)
TEEY S22 Oosterschelde M A KK . I
Hb, TEHAB A Sh W s SR Tt ey, AR Y
BA 25, 3 AT e AR AL A0 S I A7
TE22 SR IR (E B4, 2014 ). Ik, JREERFIH
TEPA AR b, XSk . BREE 5 i R i 22 S
AT ANBURAT , PE— 2D 4R R ALY ME T M AR E
Pk, DTG 4 25 R G030 7 S B e 2 DL S 57
B2 I PEAG SR AR Al B
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Abstract
Ruditapes philippinarum in Jiaozhou Bay, an individual growth model for R. philippinarum was

In order to better understand the dynamic growth condition of the Manila clam

developed based on the dynamic energy budget (DEB) theory. Seawater chlorophyll-a concentration
and temperature were considered as influencing variables and data were collected from April 24,
2018 to January 9, 2019. The DEB parameters for the clam were calculated based on field experiment
measurements and previous reported data from literatures. The growth of dry tissue weight and shell
length of R. philippinarum were simulated in the model. Field observations (dry tissue weight and
shell length) were used to validate the sensitivities of the clam-DEB model. The simulated results
concur with the observed results. Regression analysis showed that there was a significant linear
correlation between the simulated and observed values of dry tissue weight and shell length
(R*=0.9374 and 0.9168), respectively (P<0.01). The model was relatively sensitive to the variations of
Tx and Ty. If TA and T; increased by 10%, the dry tissue weight of the clam showed an increase of
8.86%. The results in this study established through the DEB model provide a helpful basic module
and data support for the subsequent dynamic assessment of aquaculture carrying capacity based on
the ecosystem model.

Key words Ruditapes philippinarum; Dynamic energy budget; Dry tissue weight; Shell length;
Jiaozhou Bay
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