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e, BTSRRI BE AR, AT AR AR
AP s B HE e, DL el A X
SREE T A B4R AR D AT BN shTE
O, T2 B AR5 e B A P A i) A B 3R
TG ALY, AR, 4 ¢ DEB B O 4k 2
N HE M DUEAET R A AP,

Wk WG (Saccostrea mordax) VF R e 1E 7 i
TR A OGS E D R, R B0 2 W i AR LA
TRIR . kK BT AR R TIRE . R, ZER
BTG s . o FERT MO R TR, HARFI R &
iR, ek N T e 52 1 B Kk hE A Y &
FHYRIMEBIFRY], Bkt & BB 2 i n
HEATHEY . DEB SRR 20 AR L e,
REAS SN EDULHbASHDL D1 2 7E A SRSl 2R AR
7 39 3 PR A AR I S B B X, e ST
DEB £ n] 474t Wil e ikl BAE T, B
T AR A 3 P DX

JS 4 DEB AU TERF 3 5 D (Patinopecten yes-
soensis)™', K 4EHi (Crassostrea gigas) 55" 455 Il
KOS SEUL, EE R H W ST
25 o AFGEIE 15 P A B SR T S A A
DEB BRI AT 19 7 %S5, i 3 SR AR R
WL RE RIS 2022 4F 6 J§—2024 4F 5 97K
TRANH SRR (Chla) B8, 1EIREIR T, #
FH R A T mae U 4 005 1) 20 245 B e A S A
DA S50 WA 198 A T 5 0 6 5% AR VA X P W 1A 2 g
B A KA OO A TR N7 RS E , 1B A ST B R il
FHA 0L 5 4145 DEB ALY | F 58 45 5 vl PEAd AN [R] i
Sl 0 0 A A BB L, O S b A g A AR
BHE

I MRS IHA

1.1 SHIRE

AR Z 20 (0,)  WCNHTERE B rE RIS AL,
REALPEE 100 HA4EW5, FRSE A 0.01 mm B bR
R R K (L, cm), FIKSE N 0.001 g (Y
L KRR ARG 72 N R 2 iR, BA K
RIERE (w, g), BRI LE N 1 g/em™,
Wt A A EHZRE 5,

w=(6,L)> (1

PTG 2 R )% (Ty) AR YEBURER S AY 7K
T, WHRHAMEE (25+1) °C B35 7d, B H#K 1K,

W FEE N 10, 15, 20, 25 130 °C 5 RREE,
FEAFAG B 3 AT, 22 X, FEACRIY
D R &K, 2 L Fe i 6 /K i S8R A 4
Wi 12, T2 he T SN 55 50 T IR I R4
FHF IR K P BT R AR S i (DO SEI 4G U T A
FEWE AT T, ARSI AT 1 DO A4k, it
TAESE [R, mg/(g DW h)]:
DOy — ADO — DO,
- Wxt
K, DOg. DO, 5 55 #5 2H S 56 FF 46 FH 45 o if
K DO (mg/L), Vo k5256 BT /I 8 HA i) 4
(L), W R ¢ 43 53] Sk S 56 i P 05 1) 2 A T B
(g) FISEIRHFLLATH] (h),

R RE SR (R) SKIREIE RIS, 3
BT AR Ty, A,

R x Vo @)

InR=axT ' +b (3)

Kb, a MEMERNE T RA R, 4 X0HE R
Ty, THKIBEPSHERE (K), b ALPERIETT
FEAAEE .

DU R BR300 B IR RS 4 e U A g
B 2 um i 8RR, PRAFIEK IR EE . FhEE
SRR X R . Eh 8, ST RS RN
45 d PYYVARSE S o B SR RS O A 0 5 HI s B g
FEACR, kR L. 510 REsek . BigE .
BRI E (w). BARESTE= (). BAEEA Y
T (C)o AT E THAE (60 C)fr 72 h, HtH
TEHE G, PRE AR T 5 .

AR AN P A LR S R RS T
W, T E AR RRAR R I A HLA I A B A 4
WA ARG ) BT BT s (e & [Eg), AP

Wi xCi xk

[EG] = W (4)

A, Wy RS T R R E I R BT (), &
BN IIRER, K8 000 /g™ C) AL
LRI ALY B (%) T, 8 ERBERK
B 280, 940%™ v AR (em®),
MFE AR LA E RS, B A FEE R
YRR IR A A TG ST R RARRE [Py]™, A
R, X Eg Xt
poxV ©)
AP, R WU 52 56 #E 48U it L AR B2 R I A9 6 S
K [mg/(g DW-h)], E, A THIRELR(EH (1 mol O,=

-
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1 e, &

W A7 5 50 & RE RSSO ) 25 B IR ey 50 %

203 1), ¢ KR R AL (1 d=24 h), py WES
£ 25 °C B Y% (1.292 mg/mL),
FANLAR TR KAEAFRE 1 [Ey] R S0 S5 R0
sk inem 2z 25, .
WoxCo— W xC;

[Em] = kx v (6)

K, Wy AUV T R ET R AU T 8 (),
Co NEBFF AT AL A WY &7 (%)

fifi & AE L [up] M PANRBUR KRR RE 2 22
SiGE LR E 2 220 e, A0,

] = HOX R )

BEER IR 25 ¢, $hE30F, M
INEREEAE M ORE, B S AR TR B Uk A WL
(POM), HEE/HHI K 4.9, 104, 16.5, 20.0, 25.6
mg/L, BEAWEHEE 3F17. RATKKIE
b B VA AT G R, BT SRR
1L RO, BARTcE 1 e vidtdy, 52
B IR 2 he SEHGHT IS 23 BIBUKAE 500 mL, 4l
F| GF/CUEE I, VUMEA LY & &, 4 450 C
LB R bE 4 h AR UEE AR AR (B Wy, FhIEJE Y
UE WA ML 60 CHETF 2 dFRE Wy, JERE
450 °C B 4 h S RRE W, SEIRAS RIS
D AW () 52 4 (L, em), BRFRIRE (w, ). 3K
HHTE W, g)o HEFRIFHEAK,

_po=p)) )
Wo X1
Ko, o WERFRLENIE], po. py 4 BN LRI
RIS TR R e
B T AP I R R () [(em?d)]:
{ij} _ IR hax :2P xW 9)
A, IRy FEKIEEHR [mg/(g-h)], P} POM K
fEE (1 mg POM=20.78 J).
B A7 A 3 T B R { P} [I/(em®d)]:

IR

F —E
{Pam) = AEx {Jxm] (11)

A, AE NWILEER, FAEYTEIY & &
(%), BUPHRLETCIKATTE LG, E-N3EE A
ML (%), BRFEME R BRI T Ay Ll
1.2 fRAFE

FRGEEL SEVRHE (9°52'~9°56'N, 115°30'~

115°35'E) Ay e [ i V04 5 o 2R A v 3 i) — > 3
Wik, BEMEE, SR 60 km®, N A
W, MAN 30.62 km®, EHH) SR AN 22 8] A i
FTHE T KA, AR S A= S R

K (22°30'~22°45'N, 114°30'~114°45"
E) 0 FJ AR A AR R B 2 5 P T
A, BEAZN 600 km?, KV 5 5MEZ
(i) 308 3 e A ) K T HEA TR K 28 e, HLA ARG 1
FESREMERTNEWEZFEME . KIS RKIE
AR, IR JL oK B 1 LKA 4
WKL R, 156 Z M A 0 A KRS
S T B R e IR X RN AR R X

IRIE A K H 2022 4E 6 H —2024 4F 4
1 2 U5 REE AN A T8 VA I 5 3l AV 1 T /K 3R S TR
Chl.a ¥ FE AE S W 1 41 155 DEB #5578 (1) 38 55 444 .
F )2 R BEFN Chla ¥ B2 £ 5 U8 T 56 1= i 25 i K
Ji 2 S B R R v A R AR G A (MODIS), 2R
F L3 84, 4y #E% 500 m, fiiH MATLAB
R2021 F PR BUE U, X Bl 2647 25 (E LA 3R B
(ENINpUES 2 &)

AR R RRIR T IR S Y R —
HEDU, K Atk DUy S0 48 ik 2 55 Ak RN A V8 R A
AR TR IR A T F5 00 o FE S BRI, e oy 4t
WIE5e K (33.89+4.67) mm, FHJHLHLIT T (0.40+
0.10) g; 78 KW V% Mg 3, 0 1 4 W5 ) 4R o2 K
(35.45+ 0.45) mm, “F¥ERALTE (0.31+0.13) go
HUREITE], B 6 D 430 DA KO T8 R0 S 5 Al 57 7
XIS I 30 e i At WA T A KB o, AR
B A5 AR TH (g). BUAIIRE (g). 7Tk
(mm), 5EE (mm), 7 9E (mm), SLH I A rh e
N BT 3 SE T T R 2 S5 3h W) 4 BRI
W), I HE SISl AR R B A P TR T
PAT o

ARA R AL BT R RO R 1,
A7 TiC RN & 5 A A A LU0 K 388 3t AR 3 3
AREL, WA XA AR AR A R Fy 1 TR
AR RE A B e AR . R TN, k(D) K
Tk T O AW 0 A B B R TR KR (0);
T, WAEMIR NS ERE (C); k ASHRET
AT SR ; [E] A PAAATRIA#EE (J/em?),
P 0l [Ey] ZIE] Vo DA AR (cm’);
V22 S DU I R T AN (em®); &k MREE LR
B FRIRETEYMEE, Fy b BiE w5
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#1 DEB#REFFAMEFEXARN
Tab.1 Main function in the DEB model

5 JifE TE X
number equation definition
-1
T T T T T T § N
1 k(T) = kiexp| =2 — 22 ). |1 +exp[ 2L — ZAL ) 4 exp( —2H _ AH REMKIHIER  temperature dependence
T T T T T
; 2/3
. [E] [EG]-{Pam) V¥ . ‘
2 P=k(T) . +|Pm|-V it % catabolic rate
[EG]+«-[E] [Em] [ ]
E v .
3 [E]= v RERTETE  energy density
4 Pa=k(T)-f- [pAm} Ly23 Wi #  assimilation rate
f= - Difettk ) B functional
5 = F+Fu et M. functional response
6 PM =k(T)- [PM] Vv #:4F%  maintenance rate
N . 1-
7 Py =k(T) -min(V, Vp)- [PM] (TK) EHYEFFE  maturity maintenance rate
dE : g .
8 @ =Px-Pc f%RES) S reserve dynamic
dER o o . .
9 T (1-k)-Pc—Py EEHHREZILZE  reproductive reserve dynamic
-Pc—P
10 v _xPePu VAR bio-volume growth
dr [EG]
E k+E
11 DW= —+ 2Ry, HIAFH  dry tissue weight
HE HE
Eg Mo BEBIEF Y RER (J)o 2 g

RAEAT HEE T R A TR
Pho WA APIAE S 1 UCRFE A I = E A
B, BHMEE Er RIIRE B 0. KR (°C) A
Chl.a ¥ (ng/L) JEARALZ T Y5 i PR AL, KIS
Mg A7 4 W 1) 2B B ADLUN O 2022 4F 6 H —2024 4
4 H, HEE 7700 do LAEE 6 AN H 2RA 0 g O 4t 0
AR Ge K BRI T ) ME A A 56 E

P 7 4R 35 2 KPR o AT AR 1
N5, EEYERAE R —ENEL T, B
(1) T e S L AR B A 5% v & vk B T AR AL
A S e P55 o A 0 % 5 R AR A AR K A 5 T
0L AEA T 0~1, (EME/)N, UEBH X5 4K L fg
RGP, 2 1P AR OMRERBER
K(T), W] 2B I 24353 Kl X6 D1 288 A 38 o 2 1Y)
SCMATE DL . k(T) P(E>0, fEER/N, U KX 4t
W AR B BRI PR, AR KRN fE TR
K(T) KA
1.3 HIESH

SCIS RO SR ) Excel 2010 ki f o i | &
PEFNEPIA FHAER], 85 R PSEEEARMEZE RN

-

2.1 BRESHIKEL

O XTI A G SR A 8 4 14 7 7 AR R e
KT, SEIRPRRIR 6, M 1
ARG ) 6, fHM 0.270,

To  TE15~30 °C, W oq 4t i #E S0 R Bl K
ETFREmRN, 7E 30 C ik EE)E, BEKETH
I IMREAR (K] 2), HAEE AR SRR AT 2 1R R ]
BULNERIFE AR (K 3): In R=—4900.107 '+ 15.73
(R*=0.79), HHEATARFGRSAHAG T, 2 4900.10K,

[Ecle [Evls [Pyl FFREEVRIG , W5
RS T i YRS AE (0.4320.06) g W) UR AT
BHL &N 89.80%+3.67%, SCIGAE AU, ik
WA N & B TR R 65.46%+2.80% (& 4), YLk
ST HEAT20 d B, FEREIE TARRE, mo A L
B4R R R E7E 0.18 mg/(g DW-h), HHEE THIHAFE
HETRET 50.00% (& 5). R4 GEEE# (1 mL
0,=20.3J) S &, FRAFWEIG WA SR A A I 5 e
[Pyl M 26 J/(em’d). HRAEAVIREIE . 6 FIS N
HERAE R 40%, RGN R FZEF ) ot BT 75

%
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Fig. 1 Relationship between body wet mass and shell length of S. mordax
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Fig.2 Effect of temperature on

oxygen consumption rate of S. mordax
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Fig. 3 Arrhenius plot for the reciprocal temperature

and oxygen consumption data of S. mordax
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Fig. 4 Changes in dry tissue weight of S. mordax

during the starvation experiment
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Fig. 5 Changes in oxygen consumption rate of

S. mordax during the starvation experiment

RETE [Eg) A 5862 J/em’, HRAEHWIUH 5 FI R G519
JTRE B 2 25 K Sy, BRAT BN A BB K i A7 fE
[En] 2%;‘;5(%7 6382 J/em®,,

A5 R AR RIERF Sy Ao IR KB E
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6 ARIEREREXR YRR RAIFME
Fig. 6 Effects of different feed concentrations on

feeding rate of S. mordax
Mg K, 7EHEHK E N 16.5 mg POM/L I,
TR RIRIEE ; 2S5 BEAE VERRIR B2 B 3G I B A1
TE VR Bl 25.6 mg POM/L I (1) 35 1 5 1K .
MR AR 0 A [S = GmL)*] FIA HLY RE 2 3 e,
FRAG WG G (T} 325 T/(em®-d), HR 0.751"
WA R RS, A5 Py} K 244 J/(cm’+d).

22 REEEXSY

WA WA RE S SR IR A5 S5 ()
{Pam) [Egl\ [Eml\ O S50 3 0 DR 5/ BRI

*2 WEHYEISE

AT, HoAt S B i SCHRECHE B 72 AT 3 1
AW SRR NGRS AL 2.

2.3 EFHESATEKAEEF Chla FIZLIER

2022 4F 6 H—2024 4F 4 A, SEFFiE/KIRTE
h 27.48~30.97 °C, VN (29.16+0.77) C, Chla
LR 0.10~0.35 pg/L, V194 (0.24+0.11) pg/L.
KOV K U TE B R 19.94~2091 C, F ¥R
(25.7845.37) °C, Chla #yE Bl & 0.08~0.32 pg/L,
SEIE N (0.14+0.11) pg/L (K 7). 41, SR
FHLG, e P RE IR AR i FLIE B8/ s SR
MY Chla “FYENE &, 5RE AR BRI .
24 REHIFRERTFESFT KRN SIIE

AR T E N TS AU 5 S e Y e
W B, RN S L i A K s A
(&l 8). W #E KW V5 #4) £ ) DEB A% 2 H F 35 ¥%
BEAT WG 0 A KBTI, SR BoR, FETEHEA WY
R UUE 5 S 2 [] HL A A 8 38 i) 2 1 A Ok
(P<0.01) (K1 9). #AAES T ABLRIE S SEE Y
LR R AR H LT Y=X 26 (I1H 5 2 R y=1.049x,
R*=0.973), FEAK MBI 5 SEME B 2RI R 47

EEWXRE S HEE

Tab.2 Parameters of the DEB model of S. mordax

ZH 5 L SHHE BUE AR

parameter symbol unit value reference
TR ARG R BT 5 TR RE [Eq] Jem® 5600 PNt
volume-specifc costs for structure this study
SN RN A i [En] Jem® 6382 FNGIE
maximum storage density this study
AEE LA k 0.80 B
fraction of catabolic flux on growth and maintenance model adjustment
I 5 75 G e ) AR 5 i % B A1) kg 0.60 R
fraction of reproduction energy fixed in eggs model adjustment
ZERIY TR AT Vp cm’ 0.40 [20]
structural body volume at puberty
TEAR R Om 0.27 AHEF
shape coeffcient this study
R AR TR K B i} T(em?d) 325 K5
maximum feeding rate per unit body surface area this study
AL PR R T AR R {Piym} J/(em’-d) 244 AHEF
maximum surface area-specific assimilation rate this study
AR R R AR [Pu] J(em™d) 26 AHF
volume-specific maintenance rate this study
SHE T, K 303 AW
reference temperature this study
BT 46 2 7 Ta K 4900.01 ENiit
arrhenius temperature this study
R 2 FIR Ty K 305 [21]
upper boundary of temperature of the tolerance range
RN 52 T BR Ty K 297 [21]

lower boundary of temperature of the tolerance range
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1 4 YA, A WU B A e B SO T 0 2 R IR R 50 %
R 2
¥ 5 LA ZHHUE BUEHRIE
parameter symbol unit value reference
AR T W ROBT A AL L PR Tan K 98321 [22]
rate of decrease at upper boundary
A AR T B A BT 40 ZH 30T RS T R Tar K 10710 [21]
rate of decrease at lower boundary
&R S = g g 4500 [15]
energy content of reserves
S AR A p glem’ 0.21 ESTIW
volume-specific dry flesh weight this study
WSR2 AE 0.75 [19]
assimilation efficiency
AR 5L Fy mg/m’ 2.20 BETLT

half saturation coefficient

model adjustment

e el R R

Notes: In the table, "-" indicates dimensionless.

""""" FPFHE  Mischief Reef —— KL  Daya Bay

Kif/°C
temperature

051

4R IR/ (ng/L)
Chla

It ]
time
(b)
7 55 A TR R R R f 1 SR

Fig. 7 Continuous observed data of

seawater temperature and Chl. a concentration in
Mischief reef and Daya Bay
1. 2022-06-01, 2. 2022-12-01, 3. 2023-06-01, 4. 2023-12-01.

f— 2 M (19105 97 78 4 y=1.021x, R*=0.911), UEM
T ST ) DEB AR W U A A KA rh B T
PRI M
2.5 WS R4 K PRSI E F

TEREA BRI ], 55 U Ak 0 = W B 5
{H R 0.02~0.13, & & FR il I + &(T) {H & 0.53~
1.12; KL £{H M 0.04~0.13, k(T)fH M 0.38~

0.44 (€ 10). S TFRlIEIR -5 RIS I AY £ EEIT
T K(T), B P 3eF 06 DAy b 005 14 26 A IR e T il
JEE BRI o S ik T S R 7 VAl ) R o 22 B
RN, B T I A AR, S Tl T Sl ) a2
FFRER WIS E NG, ZZEFIE, LU
T WA A AR I

3.1 DEB {&E8I#yiE

¥ 5 DEB #5875 B2 () LA G A 35 3 K34
ORI P R EEAR S H (£ 2), QBALE R IR SR
# (W Chla. KEE), ORBAYAEKEFNIE
FRBE AN FERE), XS
WEWAZREL, YiE T DEB MBI RE 7 s f

DEB 427 & ;LK S diey 3530 {6 DEB H
W, o, BR— RS, HTREYRNIE
AR Q] 5w FLRE B B A AR . 6
AALATFE AR LATEZS ANk AL, Rl
) SR Rk, 1 AT A T8 I A kY
TR AU SRR O &R o e O 45 9 A AN B
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Fig. 8 Comparison of observations and simulations of dry tissue weight and shell length in Daya Bay
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Parameter acquisition and model development for
the Dynamic Energy Budget (DEB) of oyster Saccostrea mordax

MA Haojie '?, ZHANG Yuehuan®, WANG Xinmeng’>, MENG Rongzhao?, TAN Liushuyi °,
GAO Tianxiang ', ZHANG Jihong **
(1. Fisheries College, Zhejiang Ocean University, Zhoushan 316022, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
3. South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China;
4. Southern Marine Science and Engineering Guangdong Laboratory, Guangzhou 511458, China)

Abstract: This study constructed a Dynamic Energy Budget (DEB) model to gain a deeper understanding of the growth, repro-
duction, and energy allocation of oyster Saccostrea mordax in different marine areas, providing theoretical support for the site
selection, design, and sustainable management of oyster reefs. Through model construction and validation, the research
explores the impact of environmental factors such as water temperature and chlorophyll concentration on oyster growth, offer-
ing technical guidance for optimizing oyster farming strategies as well as marine ecosystem protection and restoration. Seven
basic parameters required for the DEB model were measured through indoor physiological experiments, while other parameters
were obtained from literature and model calibration. The shape coefficient (J,,) was determined by regression analysis of shell
length and soft tissue wet weight. Based on the measured oxygen consumption rates of oysters at different temperature condi-
tions, the arrhenius temperature (7,) was calculated. After 45 days of starvation experiments, volume-specific costs for struc-
ture [Eg], and maximum storage density [Ey], volume-specific maintenance rate [P);] were obtained. Maximum feeding rate
per unit body surface area {Jx,,} and maximum surface area-specific assimilation rate {P},,}. Remote sensing technology was
used to obtain chlorophyll-a concentration and water temperature from June 2022 to April 2024 at Mischief Reef and Daya
Bay. These data were used as forcing functions, and an individual growth model of the S. mordax in Daya Bay was constructed
using R software and validated against actual growth data from Mischief Reef. Seven basic parameters required for the DEB
model were successfully measured in indoor experiments, with J,, = 0.270, T, = 4 900.01 K, [Eg] = 5 600 J/em’, [Ey] = 6 382
Jen?®, [Py] = 26 J/(cm’-d) {Pjy,} = 244 J/(cm’-d) and {Jy,,} = 325 J/(cm’-d). The model simulation results showed a signific-
ant linear relationship between the simulated values of soft tissue dry weight and shell height and the measured values, demon-
strating the effectiveness of the DEB model in this experiment. Regarding the growth of the S. mordax, the model indicates that
food limitation has a higher impact than water temperature. The constructed DEB model can effectively simulate the individual
growth of S. mordax. The temperature and food conditions at Mischief Reef are more suitable for the growth of S. mordax than

those at Daya Bay.
Key words: Saccostrea mordax; dynamic energy budget; model parameter; individual growth; Mischief Reef
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