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Barm o ox B KUk #MAT W O ALY FWE e
(1. _EWETERSFOKFER 2 AR R LR H ARG O KFESh A2 E Aodoe B T B [E 1058 e
KSR TR ARG i 2013065 2. 9 EUK R AR 5T BE R K =0 5T T
LR TR IFE O At R R E S SIS HS 2660715 3. BUBEKEEERHERGARAT  SEER 264316)

TEE VIR LU #i(Haliotis discus hannai)/ME £ KAZ AL T F 6N X458, it T kA6 .
REMRAN TN EMKEE LR, WHRIALTSHME, ENEREFEEETNEpy]. PR
BAGREND T FENREM[E;] . RUERRKAEERE(E, | th&EEE u 4058, &
HHESENEHBEHIN R BEPIREER R AL TEAH TR EERFA T RN EMETE;
IR JE & B F Arrheniusif B T, (W BERBEH S AT R REME TH R T ERLALN . 1HE;
R AZABEmERR AT N EN K, RALRESFAENFSENAEARFE, £RET, HEH
T E, PREAFEMEA LT E LA BEIKT 263%F170.0%, *FR 2 % H2.69 mg/(ind.-h)& #
PEAK I 74 2 £20.8 mg/(ind.h), 3 41 40 F F i1(5.2120.89) gf# 1% % (3.84+0.22) g; RAEA R HEZ [y, ]
o[ Eg | MM 2 A1 4120.18 J/(em™d)A78120 Jem; 4% S0 #HLH AT B A LA 4B 25 H80%F158%, £
w#E, [E,]F pp EF H2726 Jem’Fn32583 Vg, [ ML By 41 0 #4E KR A 5TC~20C 3
BN, RESEMTERAXEEN; YARMEE20CZE, RESEMTEREAXER L, EH
B20CZar, BATERAETWWESEEGRAFRE, QWERELHEXR, ABEATEFEX
iy 26 %18 4 Arrheniusifi £ T, 8(T,=7196 K). £ F Gt M7 KL G ERMNEZ KRB H X .
V=0.0639 L*'%'(R=0.9852), RIEAXMHALBEN T FRE FKIATERMEEE, AR A
TRk F B Om B (6m=0.43). AHF 58 5t 2 5L DADEBIE iy 48 5 00 4% 204 ¢/ MR A KA AR A T 3038 303
FHEE 4isudb#; DEBHEib; HASHK
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S5 BE & W ¥ (Dynamic energy budget, DEB)¥{ 18 & Kooijman(1986)3&T  JEMHE H 1), HfiidE W E
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[F Ak Y B 1 — &R 53 (o) FH T AE R SR S5 M A4, 5 —3
53 (1—1c) TP B LA N 4 B8 £t 48 (K ooijman, 2000).
A DEB FR Mg i MR A KA | FREh A g i
W AR . DEB BER, RURERS hE b gt R
YA T s B B 4 B Dl (Sousa et al, 2010; Ren et al,
2001; Kooijman, 2010), fij H.fEWS A0 A= ¥y 7 — Be st
N B A KRG . DEB FRIS ) B 2 36 T Wb 2 1]
U B AERIE:, HAREE « 50, DEB #AES4
AR 00 R[] A S b A AR 25 4 o] T R A 19 AR
YA, BERRILE A A A sk R R R
T DEB 285 4 122 5% (Sousa et al, 2006), H it
ZH06 T DEB BRI AR EE oy, SEUERIE,
TR ) 0L AR B AT (Ren et al, 2008; ik 4k 21 %,
2016), HT, DEB #RIC N Tk 5558,
$E£12%(Orestis et al, 2019) . D125 (Bourlés et al, 2009)
KT e (SR 3 2225 2019) M1V 2 (Ren et al, 2016)55

4% 2 5861 (Haliotis discus hannai) & 3% & 5 2 1Y)
FRIH AT 2, FE AR AL AR B Al AR 2 5
(FWHFSE, 1998), BORI A+ 5 1 EFR T,
K2 M5 2% (Koizumi er al, 2017; 25 KR4, 1995).,
Bt T 7 SR A 3G R UL BOK P R AR B, S5
B 2SR T FR5 (W LAE, 2007; 5KIGEH
55, 2010), 3 HENT LA R AR ABIRL, Ik —
A HIRA B X TR S R0 B AL
FROH A B AT R (KSR, 2018), [ N AP XX
SeUE BTN 2E DEB BRI C AR 2l .. EAh
B ZE N7 IR U1 (Mytilus edulis) (Saraiva et al, 2012) . 4t
Wi(Crassostrea gigas) (Rico-Villa et al, 2010), M5Z&
(Macoma balthica; Cerastoderma edule) (van Hare et al,
1993)% 1% DEB 541 ; [ PN A HF5E B DL (Patinopecten
yessoensis)(HKRAELT 5, 2017)F) DEB #i71 f F [ 4h
] % A AR A T LA AT 7 DL it P s /D [ PR X S A
BRI AT E AL B, DRI, PR S B DL 2 (Anfif])DEB
BRI, FE DL G R = Iy B E o &
(Fang et al, 2018), A5 ME N 4H I 2544 DEB
LRI 5E Dy v, aE A A 3 S B B A A AU i DEB
BRI 6 DAHXESHL, 46 B0 e R FE e %
(Volume-specific maintenance costs, [p,,]). FENARF
o5 K Wy i Br 7 B9 BE & (Volume-specificcosts  for
structure, [Eg]). SR FR B KA A7 fE i (Maximum
storage density,[E,,]). fi#i#AE# 7% H (Energy content
of reserve, ). JEAIRF KU (Shape coefficient, dm)Fl
Arrhenius i % (Arrhenius temperature, T,), BJ A4%4C

B R KB 4 85 SRR
1 #R5FZ*
1.1 SLIE#HR

TEEFE K M (5.91+0.26) cm A4 48 20 566 FH T 1Lk
SCN . BEHURRIELAE [0 h 3 4l: a dekK N(Q2.37+
0.18) cm,b 41 #(4.65+0.11) cm, ¢ £ 4(6.21+0.51) cm]
39 FH T % AR B 52 M S 35 R A 40 2 I o A
PIRCA IR AR T INER . e i o pi k2
WEYZ G S TmE Kl 24 h B, B
KI8T, EhEEHN 30, 33 d, BIEFRBEE
Ja TG IE S5

SIF 2018 4E 9 H~10 A%, 10 AJE~12 AFE
JB T T U TR By A PR 2 ) 5106 7 DL 5
HLG SEE R AT .

1.2 ZLEAZE

1.2.1  WUAk 5 5% R — #A% . e KA (5.91+
0.26) cm FELCELAR 70 4>, FEATULERCE: . SLE (]
AEEHE, AR A S L E H A R, s
TE 18 C iy, & 7d 4K 3 K, 3R/ o iy K i
W EHAS W, BB 5~10 d U5 ANatscapf, i
:(GB/T 7489-87)ill 5 FWF WL FE A%, JF L
W), WALHEEWW), AL T EDOW)AIHRH
LU 2 (%), LT EH 50PN R AR
FRIEE A5 RS8R (35 d). Hidr, BB E NS Mk
RIKENEER; RHLWRERNHE TG, Fx
SRR A A () e AR 2T R R SR A 2 R
ZJa, 15 60°C N AHLTAHET 72 h iy &L, AR
ALY &R K231 (GB 5009.4-2016 { £ 54t 4
FhRUE BB I E ) G5, RRREFR S T
AL NI =T, REHER S h, 7
450°C TXIkE 4 h JEFRE, BEZENRALAE LY
FA 5 R o A0 0 2 G AN ALk s i) 17 28 £ 1) I I 4R %6
F AR FRAERFFEBE R [Py ] :
[Py ]=R xE,xt/(p,xV) (1)
A, R SR MIUER 5 FEASTH R (17 I I FE S
#[mg/(ind."h)], E, N O, IEEME(1 ml 0,=20.3 J)(Ren
et al, 2008), t NAFEFEALRE(1 d=24h), p, N O,
16 15°C T BB RE(1.226 mg/ml), V R4 8035 i i 4 F1
(cm?),
A S0 A PR A 2T EE AN Bl L B TR) AR AR B AT L
Yy 1) B e R SRy 4 S0 e S5 A FR 25 4 ) I i R )

%[EG]:
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[Egl=kxW,xC, /(T xV) ()
AP,k NAHIIIEEE (23000 J/g) (Brey et al,
1988; van der Veer et al, 2006), W, J 5255 25 S LR FF
E2E AT (g), C, MRS, g D 2 HR 41
B i (%), T, A KRR e R0 T, =40%)
(van der Veer ef al, 2006), V NHIAAF (cm?),
] e KARAFBE TR [E,, ] W) IR RE 1 5 VLR 5 7 4
M ZEF ) BT RE 1 22
[E, 1= kx(WyxCy—W,xC,)/V 3)
K, A AEPYIRIREIE (23000 J/g), W, RHRA
LT HBWILRTE(R), Co I WA I SR R 2
LURNLI S (%), W, R 2545 A DR 1E 2 A2l 21
T H(g), C, MILEEEHRE KA G Y &=
(%), V AR (em?),
fift & RE & it ARG AR BE i 2 25 5 A
ST EZ 22 A :
pp = kx(WoyxCo =W, xC,) | (Wy =W,) “)
K, O AAEPYRIREIE (23000 J/g), W, AR
LT ERPILARE (), C, ML ih 4R 2 20 AL
Y&t (%), W, hSsnss iR e 2 R 4T 8
(g), C, HTIEEHET VAL A (%)
122 #EFEHRAEGY A RN 3 L
ARy R S A, M S K, hER 18CiE
LIRS 5°C. 10°C, 15°C, 20°CHI 25°C
5ANURERRREE, By 1k A 0 4% 0 PR I B R AR AN 3 [ T 48
Too VAR IR e, FEAESC0 1T 1~2 h,
TE 25 P (R W W 2 v 5 W) i PR FE 48 32(DO), I
E B AR 2T H(DW),
BN T HEFEER OR ITH A
OR = (DO, -DO, )xV, /(DW x1 ) (5)
X F, OR 4 gr 4% ) 5 i 1 8 FE 4 %
[mg/(g'h)], DO, AW LH % (mg/L), DO, Z5 %
A (mg/L), V, HIFNEAF(L), DW HEKHL T E
(g), 4 AFER LI E] (h)o
1.2.3 A HC 100 HAS [A]REAS B 00 e
HAW 25, A R@). BREW) . AZNR
H(WW) BT 8 (DW) . 72 KRR - R Ok B
0.01 mm)il 2 ; F R A HF K FGEE 0.01 g)fkiE.
PR (V)38 B o, — PR A 4 20 800 o R 4% B
(1.1 g/em®) By T 145 5] (Sablani et al, 2004) .
V =(6mxL)* (6)
A, v oRHAIE (ecm®); om WIBAR RS L
JEEFE R (cm); DW NI 21T E (g).

1.3 HiESHT

S ZESIE ] Excel 2016 #HATHUES S5 4k
ARG IR SR SPSS 22.0 43 &k {4 317 BA
E 7 2250 H1(One-way ANOVA)TS FIbR1E Y , Fe&ah
P-4 R 1E 22 (Mean£SD) R /R

2 #R

2.1 [Egls [Pyl [E, 150 pp W16

SHGILIEAT 35 d, WIRIOREEME Rl ILER A )
RER Al 230 5 00 R ] 2 R RTRE SRR R T R AR i
I 132 A 480 % F ) 2.69 mg/(ind.-h)iEHT T B, FI4E 30
KA B ELE 0.8 mg/(ind.-h) (B 1), BHL T &
1 (5.21+0.89) g MK % (3.84+0.22) g(I& 2), FfHELAfH
e R . B ST I AR RE SRR AW BR 1 T R
26.3%F1 70%, A ECELIA A ZUE HLY) i A 80% K%
F] 58% (£ 1),

2R AE VUG FE R IEA YRR R e, R
AR AN R AR R FERE R [ p), 1 U (H
9 20.18 J/(cm*-d).

N W

W (=) wn
T - 1

FESH A

Oxygen consumption rate/(mg-ind-h?)
&

— N
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Fig.1 The change of oxygen consumption rate of H. discus
hannai with the starvation time
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Fig.2 Changes in dry flesh weight (A) and storage of reserves
(B) in H. discus hannai during the starvation experiment
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Tab.1 Parameter calculation value related to the starvation experiment

WiH Items WIURE Initial value KA {E End value 25 Result
KA T HE Dry flesh weight (g) 5.21+0.89 3.84+0.22
AP & Organic content (%) 80.00+6.01 58.00+4.65
ALK RREE R Wy B i s (R RE e [ Eg ] $1204328
Volume-specific costs for structure, [E; ] (J/em®)
B AR KAk A e i (£, ]
. . 3 2726+168
Maximum storage density, [E,,] (J/cm”)
PAALARTRAERRFERE R [Py ]
. . 3 20.18+2.71
Volume-specific maintenance costs, [ p,, ] [J/(cm’-d)]
s P = RS = N
@l‘%’ﬁb@:ﬁ@:#ﬁ 3258342810

Energy content of reserve , g (J/g)

FEPUVERCE 25 d N, RS TH FREHR, 7F
s dzEEAETRE, RIEANQ), HIKHAR
AL R AR TR ) o BT A e B (B [Eg ], M
8120 J/em®,

RIGAF(3), KB YLR S 5040 bh 9 BE 2 (H 5
YUK 7 4% i o 19 22 18 5% A6 R B0 (AR B R A7 e
W[E,], 42726 Jem (F 1); RERM2E(E SR
55 0] 4R 55 25 AR A 4T R 25 (Y LU AE R i 45 e o
Uy, N 32583 J/g.

2.2 Arrhenius B E T, H{&E

FESEE 56 R, 3L ARSI ) AL T EAE A
SR A A TSI 3G I T s (813 o FE S 3R B IR B2 52 5
TR PR, fE5°C~20°CHE, Hf T B AR
BETREE A FH i oK, 7E20°Cikfe il ZJn, MR
JEFb i, PR T HAFE RN . 7E20°CHEHT RUZ AT,
R A T T 4 0 Ak o B T EE AR SRR I OC R LA a
b.c HBIFEERNY In {85 R (R 298 B BRI £&
PEXZ N InR=—6201.17'+21.377 (R*=0.9914),
InR=—7578.7T '+25.87(R*=0.9126) . InR=—-7807.6T '+
26.104(R>=0.8656) (IF14), 3475 F2 &R il £ XHE Y 7
YIEA7196 K, RIS #LHIAY Arrhenius W T, o

R2 JHEBYEMEYFEE
Tab.2 Biological characteristics of three groups
of H. discus hannai

219 Group a b c

72K Shell length (cm) 2.37+0.18 4.65+0.11 6.21+0.51
)

AL _ 1.28+0.27 10.90+2.58 28.75+5.60
Shell-on wet weight (g)

WAL +E

0.15+£0.08 1.98+0.35 5.63+0.89

Dry flesh weight (g)

14
12}
10}
08
06|
04t
02}

B FEEAR
Oxygen consumption rate/(mg-g'-h™")

(=)

10 20 30

{5 # Temperature/C

B3 AR RN B B B AE AN R IRRE TR F) B T B 4R
Fig.3 Oxygen consumption rate per unit dry weight

of abalone at different sizes

(=]
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8 ».. x10+
=] 0 WL P 1

gg 335 M. 35 36 36 37

25 o5t .. ",

% g . O
151 .. o

¥ 5 -1.0 L

il

g c -15¢F Y

Zﬂﬂ-‘g ma
5 2.0 ®b
& c
= s

HEIEKI{EI% Reciprocal temperature

K4 S f T EFEERRY In (65
T B B R e M o &
Fig.4 Linear relationship between the logarithm value of the
oxygen consumption rate per unit dry weight
and the reciprocal temperature

2.3 HREH om HE

LA E , SRR SRR & IR R
B (E5): 7=0.0639 L*"**'(R2=0.9852), MHEAR(6)7
K 53 200 H 14 57 7 AR St ]I B AR (1 S) B
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%41 %

TR 250 om M 50.43,

357 )= 0.0630x6
30 R2=0.9852

25
20F
15
10+

f#FR
Volume/cm?

5& K Shell length/cm

W
W

[ y=0.43x
s b R=09922

PRTRE ST AR
The cubic root of volume

0 2 4 6 8
55K Shell length/cm
K5 Ssutise K S RAZURERCR
Fig.5 The relationship between wet flesh weight and
shell length for H. discus hannai

3.1 N2 DEB HESHIFKEB A%

PRBUR AR RS A B G R TR R AL
om JERIEBEBUR R R EESH, ik, om
{ELAO AR A XA AR A 43 B 2L PR DL 2R AR BN e 1
FRUEOHE 4t , 38 5 (P ) el e . —Fhor ik B
DN FER LRI E e E i, HEEN 1 gem’ Y
T (AN 5 4% 2 ) B0 DL 7 PR YR FR EE (van der Veer et al,
2001, 2006), i 2= A DL BRAARRR, SR A O
ANV = (Smx L IR R B, X Fh 7 sk
B A FUEL B S PR AR ) i B2 S5 (van der Veer et al,
2006), om (AL o R T kR, BT I
AR, HENERAS R E, Wi R U T
ALK o ARBFITARSE 5 —Fh 7 ikl e

[EG1 RN [Py 1 ETCTE B2 A5, AR van
der Veer 55(2006) 5257 [Eq 1A AT DL L 1154
VUYL G ELAE T Z 1 4l 201 5 9 LU G 4 ROk 1
B [Py VEE 05 B 25 DUARES [ A HERS , PR ICHE
SRR, (HEERIURELR ALK, &
M5y 29 o3, SEUE S A%, [E, METT L HE

o

38 4 R B AR R ) B R DU S (HE TS 2
THE B A E AR, rT ) AR TE A A KR
BEZET e 10 22 SR EAG TS Y, (EX R 7 sk RERTHK
HERE RN 3 S S5IURS A, B,
YU S0 AT LRI 345 [Eg ] < [E,, 1R [Py 11
RIS 3 DS ARIOR R R VRS2 56 18 5 12 o
JUT i DL i AR I 32 1R B2 Y 52 il (A R4,
2014), [A Arrhenius J5 R T, {258 fP AR 8528 () — A4~
SR WX AERK . BRE . FER. HEE R IR AT
2N, P, Arrhenius i TT DL o 00 S R X6
AWK JLIRAR AR I 52 e 3R A5 (SR AR 2155, 2016) Hir,
TR Xt A W R A K R R SRR A 5 i 3
P ORI 5 0B A I 5 A AR, W B
Bty 5 AW FEE ARG WCER 25 T i URICHE D v = D
i s I R SR X R U AR I ELVE B SR A X e, R
U, A 2 5% 3 3 T Y X R A S i) ok A
Arrhenius i & (E . ASAH 5T BV O I BE X RE ECR 1Y
SRS B Arrhenius 15 BI{H

32 AENEDEBHEESHMER

HiT A 2858 1125 DEB BS54
Hoh, JARARB T TAE 0.17~0.39 JEFEIN, WAF7E
%W (Crassostrea gigas)i) om {H A 0.175, G D1
(Mytilus edulis)>} 0.287, HF3E kD14 0.32 &5 (van der
Veer et al, 2006), ASHF 58015 0 G20 £ BRI R R 802
0.43, b HRIEMYAFE DB EE R, W59
FefUE ST DU A GO E Soe KM IHEZ & T
WFE I,

D12& Arrhenius J8% T, MBUEZ S8R, —B
FRDIZS Arrhenius i B 50E £ ZE4E 4000~11000 75 [
W, IR R DL T {6 R 4160(5K 4R 4145, 2016);
BPY 2= K G DL (Perna canaliculus)®) T, {6} 5530
(Ren et al, 2005); KA W% HUW T, {E A 11000
(Rico-Villa et al, 2010), AWFFEMAS BT T, (5N
7196, fECHMFF AR EIEBIN . 8 T, EH2E
SRR A 3R R AN [ i, A [ D1 A R X IR
F14) Wi 7 35 N7 BB ) A 22 5 (T, 2007) 6

ANF DU SE B A XS BUE [Eg] < [Py ] - [E,]
Mo EWA —ERNZER, WK(p, 1 ME,] ETE
10~26 %1 2000~3000 & E A (van der Veer et al, 2006),
T2 i DR AN () DL 2 L il g e 1o e AN [ 5 [
BF, XIS EERSERBUA G, Hik, a2
BB SEBUEAE, BIAnTFsE 5 D (R 4k L1 %,

¢

g
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2016)7EYLER 30 d JF, SIS TH RIAESECRIEAL T
56%F1 81%, TMASHIFFE I 15 PSR MIAEYLER 35 d )5,
AT B RFE AR IR T % 26%F1 70%, Hirr,
FEA R T REITE 60% L I, X 5 N AU 1 ol
AT A B A KT RS N A AR AL, D RE
HITHAER = (fiT B W45, 2010; Mehner et al, 2010);
M 2T T BB AR 220K, X F B PR o 4
SUELTTYLERRE TR, — AR E TR 12%~24%A4"
FFERFET- (Leighton et al, 1963).

DEB A H A 1) 240, Wil B ok A5 b I B 1Y
R PR AT AR i A KR B, A5 AR R AR FUAR U
it R R B BCGA FE R R, RRCRE TR IR O A
WF5E A o

DEB #AIEL ) yZ AR DL, (B T 45
HSE LR D . AV SEEE SRR T 6 S
BAE, At — M a8 DEB AAR L T 055
SHUE , i — 2P W oA 5 DU SR AL T B
WA

& % x #

Bourles Y, Alunno-Bruscia M, Pouvreau S, et al. Modelling
growth and reproduction of the Pacific oyster Crassostrea
gigas: Advances in the oyster-DEB model through
application to a coastal pond. Journal of Sea Research,
2009, 62(2-3): 62-71

Brey T, Rumohr H, Ankar S. Energy content of macrobenthic
invertebrates: General conversion factors from weight to
energy. Journal of Experimental Marine Biology and
Ecology, 1988, 117(3): 271-278

Cai BY, Zhu CB, Liu H, et al. Model simulated growth of
kelp Saccharina japonica in Sanggou Bay. Progress in
Fishery Sciences, 2019, 40(3): 31-41 [#£28 % K,
XVE, S RV IR E I AR B R T el R
HERE, 2019, 40(3): 31-41]

Chang YQ, Wang ZC. An energy budget for individual pacific
abalone (Haliotis discus hannai Ino). Chinese Journal of
Applied Ecology, 1998, 9(5): 511-516 [ .5, F TH.
GO MR R E WL, B AT EIR, 1998, 9(5):
511-516]

Chang YQ. Mollusc culture. Beijing: China Agriculture Press,
2007 [WAETH. DUEHIFRGEA. JLnt v ERME R,
2007]

Fang JH, Zhang P, Fang JG, et al. The growth and carbon
allocation of abalone (Haliotis discus hannai Ino) of
different sizes at different temperatures based on the
abalone-kelp integrated multitrophic aquaculture model.
Aquaculture Research, 2018, 49(8): 2676-2683

He MX, Yuan T, Huang LM. Preliminary study on

compensatory growth in pearl oyster Pinctada martensi
Dunker, following starvation. Journal of Tropical
Oceanography, 2010, 29(6): 143-146 [{i 5%, ® ¥,
WRIR. SRR YR E RS0, A
HEPESAIR, 2010, 29(6): 143-146]

Koizumi Y, Tsuji Y. Abalone Haliotis spp. Application of
Recirculating Aquaculture, 2017, 12(30): 175-211

Kooijman SALM. Population dynamics on basis of budgets.
Dynamics of Physiologically Structured Populations,
1986, 266-297

Kooijman SALM. Dynamic energy and mass budgets in
biological systems. 2nd ed. Cambridge: Cambridge
University Press, 2000

Kooijman SALM. Dynamic energy budget theory for metabolic
organization. Cambridge: Cambridge University Press,
2010

Leighton D, Boolootian RA. Diet and growth in the black
abalone, Haliotis cracerodii. Ecology, 1963, 44(2): 227

Li TW, Su XR, Ding MJ. The determination of some nutritional
in abalone Haliotis discus hannai Ino. Chinese Journal of
Marine Drugs, 1995(1): 47-48 [Z= K, 7754, T
BE. AU JURNE IR K E . 2,
1995(1): 47-48]

Liu H, Cai BY. Advance in research and application on
aquaculture carrying capacity. Progress in Fishery
Sciences, 2018, 39(3): 158—166 [XIE, &2z K-35k
FHA AT AU BE I S N vl A R, 2018, 39(3):
158-166]

Mehner T, Wieser W. Energetics and metabolic correlates of
starvation in juvenile perch (Perca fluviatilis). Journal of
Fish Biology, 2010, 45(2): 325-333

Orestis SZ, Nikos P, Konstadia L. A DEB model for European
sea bass (Dicentrarchus labrax): Parameterisation and
application in aquaculture. Journal of Sea Research,
2019, 143: 262-271

Ren JS, Ross AH. Environmental influence on mussel growth:
A dynamic energy budget model and its application to
the greenshell mussel Perna canaliculus. Ecological
Modelling, 2005, 189(3—4): 347-362

Ren JS, Ross AH. A dynamic energy budget model of the
Pacific oyster Crassostrea gigas. Ecological Modelling,
2001, 142(1-2): 105-120

Ren JS, Schiel DR. A dynamic energy budget model:
Parameterisation and application to the Pacific oyster
Crassostrea gigas in New Zealand waters. Journal of
Experimental Marine Biology and Ecology, 2008, 361(1):
42-48

Ren JS, Stenton-Dozey J, Zhang J. Parameterisation and
application of dynamic energy budget model to the sea
cucumber  Apostichopus  japonicus.  Aquaculture
Environment Interactions, 2016, 9(1): 1-8

Rico-Villa B, Bernard I, Robert R, et al. A dynamic energy



116 ook B

2 R ERAES

budget (DEB) growth model for Pacific oyster larvae,
Crassostrea gigas. Aquaculture, 2010, 305(1-4): 84-94

Sablani SS, Kasapis S, Rahman MS, et al. Sorption isotherms
and the state diagram for evaluating stability criteria of
abalone. Food Research International, 2004, 37(10):
915-924

Saraiva S, van der Meer J, Kooijman SALM, et al. Validation
of a dynamic energy budget (DEB) model for the blue
mussel. Marine Ecology Progress, 2012, 463(3): 141-158

Sousa T, Domingos T, Poggiale JC, et al. Dynamic energy
budget theory restores coherence in biology. Philosophical
Transactions of the Royal Society B: Biological Sciences,
2010, 365(1557): 3413-3428

Sousa T, Mota R, Domingos T, et al. Thermodynamics of
organisms in the context of dynamic energy budget
theory. Physics Review E, Statistical, Nonlinear, and
Soft Matter Physics, 2006, 74(5 Pt 1): 051901

van der Veer H, Cardoso JFMF, van der Meer J. The estimation
of DEB parameters for various Northeast Atlantic
bivalve species. Journal of Sea Research, 2006, 56(2):
107-124

van der Veer H, Kooijman SALM, van der Meer J. Intra- and
interspecies comparison of energy flow in North Atlantic
flatfish species by means of dynamic energy budgets.
Journal of Sea Research, 2001, 45(34): 303-320

van Haren RJF, Kooijman SALM. Application of a dynamic
energy budget model to Mytilus edulis (L.). Netherlands
Journal of Sea Research, 1993, 31(2): 119-133

Wang YJ, Li LS, Li Q, et al. Research progress on
eco-physiological responses of shellfish under ocean
acidification and global warming. Acta Ecologica Sinica,
2014, 34(13): 3499-3508 [F A, Z=Mib, o, 2.
B T R A R A BRAZ I 0 D1 S A= T A 285 1 2 i T S
B, SR, 2014, 34(13): 3499-3508]

Yang Y, Jiang SH, Tang L, et al. Advancements in studies on
energy budget of abalone. Science Paper Online, 2007,
2(2): 149-152 (M X, Z=AHRM, MKk, 5. SaeE Ao
FUERE. T ERHIR I, 2007, 2(2): 149-152]

Zhang JH, Wu WG, Liu Y, et al. A dynamic energy budget
(DEB) growth model for Japanese scallop Patinopecten
vessoensis cultured in China. Journal of Fishery Sciences
of China, 2017, 24(3): 497-506 [SK4kZL, )™, X%,
&R B AR EBCC A KR, hEK R 2,
2017, 24(3): 497-506]

Zhang JH, Wu WG, Xu D, et al. The estimation of dynamic
energy budget (DEB) model parameters for scallop
Patinopecten yessoensis. Journal of Fisheries of China,
2016, 40(5): 703-710 [Fk4kar, =30, R4k, &, IF
F MR WS Z B I €. K7™ # ik,
2016, 40(5): 703-710]

Zhang XM, Wang CL, Li LG, et al. Oxygen consumption rate
and effect of hypoxia stress on enzyme activity of
Octopus variabilis. Journal of Hydroecology, 2010, 3(2):
72-79 [GKWEME, EFH, FRE, 5 OFRHELEA
36 GE B A A S T ISR KBRS kA, 2010,
3(2): 72-79]

(3 H )



4] BlfF 4. 25T DEB BHIE B9 45 a0 Ak A R AR KBTI 2801

117

The Measurement of Parameters for the Dynamic Energy Budget (DEB)
Model in Haliotis discus hannai (Disk Abalone)

DUAN Jiaoyang'?, LIU Hui*", CHEN Siging®, JIANG Zengjie?, LIN Fan?, CHANG Lirong’, LU Longfei’

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University,
Shanghai Engineering Research Center of Aquaculture, Shanghai Collaborative Innovation for Aquatic Animal Genetics and
Breeding, Shanghai  201306; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory
of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071,

3. Weihai Changqing Ocean Science & Technology Co., Ltd, Rongcheng 264316)

Abstract Six key parameters for the dynamic energy budget (DEB) model of the disk abalone
(Haliotis discus hannai) were obtained through physiological experiments. The goal was to determine the
influence of starvation on energy consumption and the influence of temperature on oxygen consumption.
The value of four parameters, i.e., Volume-specific maintenance costs [p,,], Volume- specific costs for
structure [E;], Maximum storage density [£, ], and Energy content of reserve p, was calculated
through measuring energy consumption when oxygen consumption rate and dry flesh weight had ceased
to decrease and remained steady during the starvation period. The value of Arrhenius temperature (7))
was determined by measuring oxygen consumption rate of abalone per unit dry weight under different
mperature gradients. The value of shape coefficient (dm) was calculated with a regression equation based
on length and body mass data. The results showed: After the starvation experiment, dry flesh weight and
oxygen consumption rate decreased by 26.3% and 70%, respectively. Meanwhile, the oxygen
consumption rate increased from 2.69 mg/(ind.-h) to 0.8 mg/(ind.-h), and remained constant. The dry flesh
weight decreased from (5.21+0.89) g to (3.84+0.22) g. Calculated according to the standard formulas, the
values of [p;,] and [EG] were 20.18 J/(cm>d) and 8120 J/cm’, respectively. The content of organic
matter before and after starvation was 80% and 58%, respectively. Through conversion of the organic
content, the values of [Em] and up were 2726 Jem® and 32583 J/g, respectively. For abalone of
different sizes, temperature was proportional to the oxygen consumption rate at water temperatures of
5°C~20°C, and the temperature was inversely proportional to the oxygen consumption rate over 20°C.
Before the turning point of 20°C, the In value of the oxygen consumption rate was linearly correlated to
the reciprocal of the thermodynamic temperature. The absolute value of the slope of the linear regression
equation was the Arrhenius temperature 7, value ( 7, =7196 K) before the turning point (20°C). Through
biological statistical analysis, there was a cubic function relationship between abalone shell length (L) and
volume (V): ¥=0.0639L™*'%*! (R*=0.9852). The slope was shown as the Shape coefficient om value
(0m=0.43), which was calculated by linear regression of volume of the cube root of the soft tissue and
shell length. This study provides scientific data support for the construction of an individual-based model
following the DEB theory for H. discus hannai.

Key words Haliotis discus hannai; Dynamic energy budget (DEB) theory; Model parameters
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