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Fig. 1 Schematic representation of the k-rule dynamic

energy budget model of hard clam Meretrix meretrix
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(BT AE A i R BR (K), Ty R TH 32 TR (KD,
Ty R AR AR 23 B A BT 48 AL 30T IR 1 PR (KD,
Ty HIEEmZ ER (K), ¢ HEEEBEALL (-), e
FbRERRREE (o), vHRRRELEFE (em/d), [y
N B R BRI A0 B 4 R RERE SR [J/(em’-d)], KM
KE BAAERRPR R (1/d).
1.2 #HESYHE. BIT5HEIE

FH Ak SRR XL DL 2 S A 3 AR 2 T TS
RIS 80 0 Bt 52 I s SCERY Y, AR R
oA 0UERSE 2 I SO B S ae s i)
Bl , W1 g BHE=0.12 g LK T E (AFDM),

1 g AFDM=0.4 g C, 1 g AFDM=23 kJ #7457,

FHIELET R 153 19 WHDEBSTD v1.0 5 {445
FELIR M T T DX 7k 2 ] 34 57 B DX RS G 5% DL 2 S
SRR, IR AR 5 SEME L DL S AR R
AR DA B A AR A R T SR SCuG A K B BE
T2 BF ] Sy 2008 4F 3—11 H, 45FE 2 4> H BEALI
TR SCUE , GRRE T TE Ky R (A L M v K
F%2.d, HeAS HARTE P93 W e T R SCG A 2 B
(# 1)o HFBIAYEIE P KR AL 15.6 °C, I
325 °C; BYIMRETFIAE 450 Jm’, BYIRIE
FoA o ERVELHIRI AR ] A 2008 4F 3 H, SCIG Y
BIR7ER N 0.93 ecm,

®1 REMFHEMNESE

Tab.1 Measurement method of growth data of hard clam

fihr &7
index measuring method

W TR
measuring tool

5%/ cm  shell length HAEN
WH/g total weight
AR E /g soft tissue weight

BRI T H/g  soft tissue dry weight

PEARWR AR K53 JE PR
FLEATIT U5, T DB AR A B 2 T K 23 JE A
FE60 "C HIHE A B3 dJE AR

HO AR R R (RS 290.01 mm)

TR (R R FE 20,000 1 g)

1.3 #ENHA

K B e i A0 R T T DLV 548 7R e v iEE
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S L

6 10 2 6
i 1E)/ A

month

(@)

FU IR Sh B B Wik K IR AN T 2 Fis o AR AU
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Fig.2 Water temperature (a) and food concentration (b) used as the input data for

model application in mudflat area of Southeast Jiangsu Province
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Tab.2 Parameters of dynamic energy budget model of hard clam Meretrix meretrix
W SRR 15 Hife Lk S50k
definition of parameter symbol value unit reference
TR R EL 5 0.57 - AHWFFE  this study
shape coefficient
ARV e [Eq)] 2056 Jem® ARMFSE  this study
volume-specific cost for structure
A1 HA A R EY 3550 J [19]
maturity threshold at puberty
BRI dy 1 glem’ [20]
structure density
T A B IR Wg 23.9 g/mol [20]
molar weight of reserve
T A 23 B 5850 00 J/mol [20]
chemical potential of reserve
HALAR R TR B KRR {Pam} 391.68 J/(cm?-d) [9]
maximum surface-area-specific assimilation rate
A JE K A A E} 0.003 63 J [19]
maturity threshold at birth
E2ViIE e K 51.92 I/’ AWF  this study
half-saturation coefficient
AT 4 411 40 L Ta 9278 K AHFFE  this study
Arrhenius temperature
SHRE Ty 295 K AHWFFC  this study
reference temperature
AR FRACH AT BRI AG AL BT T IR TaL 1311 89 K ABIT  this study
Arrhenius temperature for the rate of decrease at lower boundary
TR BETR 52K PR Ty 281 K AWEIT  this study
lower boundary temperature of the tolerance range
AR B A T BB BTG 21 TR IR Tan 31206 K AHFF this study
Arrhenius temperature for the rate of decrease at upper boundary
BT 52 IR Ty 301.5 K AHWFFC  this study
upper boundary temperature of the tolerance range
BN PRFRAR AN 4 R FEBE 2 A 2.37 J/(cm*-d) [9]
volume-specific somatic maintenance rate
R BB R R Ky 0.002 1/d [20]
maturity maintenance rate coefficient
(i R r 0.9 — [20]
fraction of utilized reserve to growth and maintenance
o4 RCR AN RV BURLAT HLA) (POM) &R SC -1
A BB 155 POM VR XU 2 )7 AR 4 .
Batamm, 5192 Jm’,
-3 .

BAT 48 20 T R R L A B QR R R BT 16
AR LRRATFRR, R TOR R R A S0
FEACRIT AR, 4 A FUAS 24 1Y SCIA FE SR T
5K (AT 240 ) BB Lt 1 56 R an &l 3
7R o BEBT A 23R BE R 5O 2k M3 Jy R b,
ARAFAGEAY FIr 75 (1) 2 B BT 48 201 307 T R 8K (+£SE) A
(9278.74+528.83) K Bl &> 2 Hir ik - R AR BRAEL
JE M SUG AR P 69 Y% FY R AL T 15 BRAR A 40
P,

FH Al B BN B 235 4 0 S5 T 9 i e 110 5
VT SCHRY, 2 H SCG B 2 A AR AR AT
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Fig. 3 Relation between oxygen consumption rate of
M. meretrix with different sizes and the reverse of
thermodynamic temperature
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FRZ5°H 8.35 mg/em’ (] 4), F% i van der Veer %57
P& B AL, RIEA VLY YRR (23 Ki/g).
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Fig. 4 Monthly variation of volume-specific somatic

mass of M. meretrixatic
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WG 2008 4F 3—11 A, ek, WE ., Ik
FOE S S U A £ PR IRl 45 R 45 R R

PPN 55 S 45 SR AR DG My, B 2 e 2 A v AH
KK FR (P<0.01), et . 0 AR SRR & 19 AH
KRB R 435120 0.998 ., 0.996 Fi1 0.995 (& 5-a~e).
READUE -5 S 2t [ &% (£SE) 230514 0.98 +
0.023. 1.028 +0.036 1 1.035 + 0.04, 5 HLLHIK
13 (18] 5-d~f), Uk I RSE Y RE A% 45 4 M
B SCHR e R L T R AR O B A (] A9 AR Ak
T
23 RENHA

2018 4% 6 H 40 A Vi it IX 3k /K L A 23.6 °C,
29 H LA), BAK A ERE A Y & AR At s ]
BOE, SCIM AR BRI, 8—11 1, JKIRZW
TR, SCRARKGEE A E , KR 12 7 LA
B2 10 °C IR, SCHAAERASHE, P4, &
FORAE 3 H FAKIRIF G T Z ik E B K, &
6 H SCH AR T 5 M 0.48 g, 75K 3.12 em (K 6),
BRI B AR T E Ay 0.476 g, WRHAIUE
J6.6g, 5e N 3.2 cm, MAERM LI T SCHATEIZ
VRIS A T R, L S 5 2R R e A A
PR B F LM R (P<0.01), AT EMY
HRZRE R M 0.997 (F 7).

5 ¢
- 4 t oI5 (:\0%0 4 o SEU{H  observation
= 2075 i . .
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Fig. 5 Model validation: comparison of measured and simulated shell length,

total weight and soft tissue weight of M. meretrix in earth pond
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Fig. 6 Comparison of measured and simulated soft tissue dry weight of
M. meretrix in mudflat area of Southeast Jiangsu Province
5 0o | 0.374 HI7E 7 iy H DU RHLIE I Y 22 520
- JE R T A2 74 5 6 SR P B R 2 i 1T S 2 5
S2 o0 PR
&g M0 VLR RS SN, R DA A OF
= L .k ST e "
@g“w 0% . A4 B 37 A T TR B (R LT
= 8 PR T Y S ap L LD
=200t It B8 B A M S W 7l T P DL S i Al
2 0t . . . AREEKIR B, DN E P AE 22 R AN [R) RA D12
6 10 2 6 AARSECRM, g H K2 )E T A, S5R4E
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7 LA ERERIEEMRXE
MR E AT HARIE
Fig. 7 Simulated daily variation of soft tissue wet
weight of M. meretrix in mudflat area of

Southeast Jiangsu Province
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RIS HZ —, it N K SRS
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BT USRI £ B A= R A% B 8 i R R E
SAEERIGILE DI, Qs bl (Patinopectenyessoe-
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POV A SR (2 o S RO R A iy 1 45
SRR, e (E e RO P %

NS TE FELE PR BTt [ AR R B B 4Dl 45
GBOokE, UGB BB S R, M
KRB R R 0.996, BLAE S SZINAE 1)1
BRZEH 3.58%, AT LA S HE ST 1 SO B A E B
W SRS Y A A P A vy o R BRI UMD IX, 2
A KRR 10°C DIF, UG5 IR 3 i ik A4
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23 AR TFAKIR EAHE, OB TR K,
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Construction, validation and application of dynamic energy budget model for
benthic bivalve clam (Meretrix meretrix)

ZHANG Hu '?,  ZHANG Junbo *’, YANG Chenxing , Ben Chengkai', YUAN Jianmei ',
HU Haisheng ', XIAO YueYue', LU Zehua>”®, WAN Rong >*”
(1. Maine Fisheries Research Institution of Jiangsu, Nantong 226007, China;
2. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China;
3. National Engineering Research Center for Oceanic Fisheries, Shanghai Ocean University, Shanghai 201306, China;
4. College of Economics and Management, Shanghai Ocean University, Shanghai 201306, China;
5. Zhoushan Branch of National Engineering Research Center for Oceanic Fisheries, Zhoushan 316014, China)

Abstract: Benthic bivalve clam (Meretrix meretrix) is one of the most important economic shellfish and widely
distributed in the coastal tidal flats of China. The coastal areas of Jiangsu and Liaoning Provinces are natural nurs-
ing ground for clams, and the amount of clams had reached more than ten thousand tons in the history. However,
due to overfishing, the fishery resources of clams generally decline. Understanding the growth process of M. mere-
trix in natural waters is of great theoretical significance and application value for the quantitative research on
assessing the ecological capacity of M. meretrix. Because the matter circulation and the energy flow are complex in
marine ecosystems, it is difficult to evaluate the dynamic growth changes of benthic bivalve clam in natural waters
through experiments. A mathematical model, as a research tool, provides an effective tool for the study of shellfish
growth in varied water environments. In this study, a new model of the clam, based on the dynamic energy budget
theory, was constructed. The developed model was parameterized based on the physiological and ecological data
of clam obtained in laboratory and field experiments, which were analyzed by linear and nonlinear regression
methods. The relationship between shell length and wet weight of clam was verified based on the comparison
between data observation and simulation. The change process of shell length and wet weight of soft tissue was
simulated by using WHDEBSTD software, which was originally developed by the authors, in the field environ-
ment. The results show that the shape coefficient of the clam is 0.57, the Arrhenius temperature value is estimated
to be 9278 K, and the volume-specific cost for structure value is 2056.3 J/cm’. The good agreement between
measured and simulated results of shell length, total weight and soft body weight change can be found in earth
pond culture of M. meretrix. The average correlation coefficient R* is about 0.996 and the average discrepancy
between simulated and measured is 3.58%. In the coastal area of Rudong, the shell length and the soft body dry
weight of M. meretrix were observed as 3.12 cm and 0.48 g in June, and the simulated value were 3.2 cm and
0.476 g, respectively, which indicate that the numerical model could reproduce the growth of M. meretrix in the
natural sea. This study provides useful information for research on constructing the clam module in ecosystem
model and evaluating the ecological capacity of clam in natural waters. However, some discrepancies can still be
found between the simulated and the observed growth of clam, which might be caused by the difference between
the sexes of the clam in terms of growth and the fact that the hibernation state of M. meretrix cannot be reproduced
by the numerical model. Follow-up studies will focus on the sexual differences and the hibernation state of clams,
so as to further improve the accuracy and stability of the model.
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