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B b — AR5 1 A A, T A R el D =
B EI MR BUAER, X 2ol AR R R
M 22 R AREEREE A Oy . SRAEE AL
AWK DA AR KR E | R -R KA
KHRBFEAFS, ML L5 R BATR K
AN E PR SRS R B AR B 4 A £
PR TEAL 25 A AR D, il A AR
[, AR 7 BRI ok K S i a4
A s, ifrfa . gt B, Jovk EEEM A
VBGF (Von Bertalanffy Growth Function) 4§ 4=
TR, XA B AR BB . A, A
AR AN FERIEA AR TR, kR IA
YR N R ALE S A e, ik R
XL R AR PE . B, SRR,
AR HERE . PO, SET N B EA NES
— Mk, ANAF . G TR A PR B AR AT 5 e A £
PR, EIA BRI AR X R OE R Y
A [v] SFe 5 A A 08 ARG L IR - 7
K HARFET: R BB AR I, B 2 8] AT BE AR B P
JE e SR PR SRR S RS AR I R AR
T FETHSR AR A AR PE LA
FIARE R W IN (Dynamic Energy Budget,
DEB) #lig4e it T —E R G ) ik THiR A Wik
FRAF I Be i S AR B B AR G AT R
7, REIARBEEREE B (W B R )
X AR A AR e R e R B S P,

DEB BHi¢ n] @ 57 2% DEB & AU, DA 40 2%
MEeAEmEmAERK ., 5. 570, BRI
SEaE AR, AT s A s A AR Y R R L
1O BRI BRI 14 5 M B RS AR i A
KM NIERRRTE. b, A5 T DEB #
w, FHSAEE, it s 4410 DEB R
S8 BT KEES M 4y S DEB AL, [H]
BF, 256 3R B SR S A o by A M
FF X B AR AR 0] BB AF AE A9 (] B E AT 40T
VIR A BRfR K EE Aoy A K . 255 AR5
T2, SRR GE G460 A KA oY S R i & B
PEAG PR R S

I #MRSIEA

1.1 #FHIFEKIE

K BE S AR O AR 54K CR KA
Garcia 551", R AT K FRK H Penny™, 4F
R XK A Xu EY, KK S5EAEAF 005
KF K A Farley M, MR K 5 i KAR R
PR 85 em 5 15 (G 1), MR 1, {1,
55 1~18 KL= A 18 MEWR-IR K5 ; 4hifal
WA, AR N 1.37~1537 a, RAEWRTIRE 1 a,
ey 15 AR RH N R SR E G X
e FH T DEB 28094kt MRk | 4R
1%, B RAR AR 2 A J I 2 5 S 80l

*1 KESHBEVFRIEREXIR

Tab.1 T. alalunga biological data and its reference
data type data reference
F@ik”ﬁ . SL=0.294+0.0331x 365 [12]
arva growth equation
Wyt g A KR _ ~0.248(1—1.0)
juvenile and adult growth equation L=112.379+(45.628 - 112.379)e [13]
AR T 3097
length-weight equation W=1372¢-2xL (3]
ESSESREEREsS Y EpIP S (87.0,62.4), (88.0,69.7), (89.0,78.7), (90.0,87.2), (91.0,96.0), (92.0,104.7),

relationship between length and potential
annual fecundity

PR /em

length at maturity 85
P IR/ il
age at maturity ’

KA a s

maximum age

(93.0,112.8), (94.0,121.2), (95.0,129.0), (96.0,136.4), (97.0,143.6), (98.0,150.1), [14]
(99.0,156.5), (100.0,162.4), (101.0,168.1), (102.0,173.5), (106.0,194.8)

(6]

(6]

(6]

I SLAARHEARK (cm), AR (), LXK (cm), WHEE(g), FEINNIFAET 25K (em) 5 @%@ AN, FHE.
Notes: SL denotes standard length, ¢ is age (a), L is fork length (cm), W is weight (g), two numbers within brackets are length (cm) and eggs (10° eggs),

respectively, the same below.
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T R 2 I T A B AR £ A A I
AR OCR, LI DEB BB 25 SR AR

— e AWFIE Rk A SCHE, AN
BATARI S 5250 B ARG Sy A2 B ]

2 KESHGHK-HFERFER-FKFRE
Tab.2 Length-weight and age-length equation for 7. alalunga
VX Ji e SCik
ocean equation reference
Q¥ Indian Ocean L=136.0x (1 — ¢ 0-199x(+1.685)) [17]
LR North Pacific Ocean L =124.1x(1 — ¢ 0-164x(1+2.239)) [18]
bR P North Pacific Ocean L= 108.5 (1 — ¢~0292x(-+0.768), [19]
B P South Pacific Ocean L= 104.52 x (1 — ¢~04x(+049)) (7]
MARF¥E  South Pacific Ocean 3 102.09 (7]
T 1 4 061x0-112)
MK South Pacific Ocean L=121.0x (1 — ~0-134x+1.922)) [20]
JEKPEPE  North Atlantic L=122.2x(1— ¢ 0209%(t+1.338)y [21]
JEKPE#:  North Atlantic L= 12474 x (1 — ~023x(1+0.989) [22]
FMKPE¥E  South Atlantic L =147.5 x (1 — ¢~0-126x(+1.89)) [23]
®OKVEYE  Atlantic L= 142.28 x (1 — ¢~0-145X(-+0.674)y [24]
ENJZ¥: Indian Ocean W =5.691e—2x 275! [4]
ENFEVE(Z:#) East Indian Ocean W = 0.08 x L.27?7 [25]
E[1BEVE(PERB)  West Indian Ocean W = 3.254e — 3 x [3424 [26]
JEAR P North Pacific Ocean Wi = 0.087 x L27 [27]
Wa =0.039x L284
W3 =0.021 x L>%
MAF¥E  South Pacific Ocean Wy = 0.028 x 1292
W = 6.959¢ — 3 x L33 [28]
JEKPEF: North Atlantic W = 1.339¢ — 2 x 13107 [29]
R KIEYE  South Atlantic W = 1.372¢ —2 x [3:097 [5]
1.2 DEB ###! fik & 48 & T AL E o A2 H= (DH)~4)
KI5 DEB FIH™ AP 9F Bt Grfofa (1. HAHERE R
orientalis)DEB &A1 5 K 68 S 46 £ AR 5 dE bamp )
N - S . . —, — PA—PC
Jy A B A SR oy, R A 50T (reserve) | dt
ZE s structure) . ZHH ¢ 1 JC (reproduction .
K (strueture) BHEE I TC (reprod ML o
buffer) S i 2% (maturation), A, BLEVE
Ny b
BRZSH RS BE . SERBUAE B, O Ay AE 1 En<Ey
HEELRENC, PRI, (LTS5 9T Loy g
34 SRS 43 SR 87 4 AR A R M=ol 1 " 3)
REHE (E, fAL: J). S5HKEE (L, Hf7: cm). L gicg,
BIHAESE (Ep, SAAL: T) BURBOKT (B, B Ly f
N AR XK RN E, | Bl E. X "
EY, AWK EE A R 53 5 A BB - X+K

Bi: 00l (Ey<Ef). {70 (EY <En<Ej)). 4
5 (E), < Ey <E}). % (E), <Ey<ED) &
EE@. (El-l:EZ)o

S (pand WU AL, X £
W, KRR R, ML, AP s
WAEH (R 3), L, Wt RS K E, LW
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B, %
ARSI EKRE, PR e (5)~(7) TT5H.
MV[EGIL? + ps
pe=E——— 2 ()
KE +[Eg]L
ps = [pmIL* + Ma{pr)L? (6)
0 Ey <EJ,
Ey —E;{ i .
M, = s E,<Eg<Ey (7)
H H
1 EL <Ey

v I VIV B R VR AR AT s e N 1)
TRER BB . RSEAC I B B e e L Wi TKE
SEREFL IIHAE; {pr) N BN T RS A 44
HTRZANRLB BRI ETHFE, —i
Bt BT IR, B (pr B8 K, KR sr 4
Mo i A AR AT (thermos-conservation ability) HE 7J
B WG R, IR 6 Sl 0 B A R i
4 (regional endothermy)™, & & ik {pr)iZ i 4
KW, 51 AR M, XK FNTF

# 3 DEBRESH (BEIEE 25°0)
Tab.3 Parameters of DEB model

(Reference temperature is 25 °C)

ZH R0 ZHE SCHR
parameters unit value reference

[pm] J(d-em’)  17.395 [11]

{pr} Ji(d-em®) 2215415 [11]

KR - 0.95 [11]

T, K 4622.495 [11]
PE J/g 6 800 [37]

dy g/em’ 1.0 71

sG 1.0e-4 http://www.bio.vu.nl/
f 0.82 A FAR
Pl 3/12 [34]

[E_B] Jem® 100 AR TR
hy 1d ER7IRn
v em/d AR FAL T
ky 1/d HFFAG
{Pam} J/(d-cm’) AT
K AHFA
1 AW ST
) ARBEFAL T
[Ec] Jem? AT
Eb ] BT A
Ej, J ABFEAT
EYy, J ERviAn
EY J AHFFA T

ESIE, My BER 0 (BRI IRTE), 24 B
KFPEFHRTE N, M8 1(HA T2
FEPIEYE), BOK AR B B 2 TR, A
FHCBOK - AT e M N AR T M, M, DISR
78 Jr0 S PR U 1 R T S KT B i T 1 5
BARBLE (D™ v A BB AL 33, [Ec]l N AL
B ARFERE, M iERBER A SR K
B HERF (1 LA

LE M K A T A2 ZE R AR
EHEE (8) 53K (9) 5.

dL DG

aL _ 8

dt  3L2[Eg] ®

PG =kpe —[pu|L* = {pr)L* )

RAE KT T4 MR

HCFARIE B BELEY, I, A AR R 2t
HAWIY it .
dEy

e pr(Eg < ED) (10)
pr=kjEy (11)
pr=1~-)pc—ps (12)

B 7E 26 2 e o S
5 fe = ARG T A2

AL K

TARFIED A, AR A SR o 5T LU T
G, BT R BT
P — puten = ) (13)

1.3 SRRy AR

F T 6 4 M £0 2 7E AH X 1812 19 H 4y 44t
FEON, WENEERKEE S, FHFE I H )y
K 11—12 H, M, ARG AFRESZ &
Eg, HAnirte.

dEp .

5 — P (14)

PeLEAE= B H i 05 TE7=88 H1n, PB
KT kP A

pL? + kp L?
po="2|1-0IEM = | (9)
1+-
g
_ {pAm}
[Em] = p (16)
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g= % (17) Cor=eP™F (28)

Am
o] A, T ONBEe SR, T oMIRIE (RIF5
m=£% (18) & 25°C), Co WIETERS., Wi, M TR

K, AP A KR B, ke
ENiiza g

Ey /WNFE%T Ep, 4 Ey KTIE_BIL, 1
B tagn, IR Ey 5 Ex HANERIZ IR BE
. [E BNt MO A AT RER, 1ENSEL
AN, TR EE A= R a2 ALE], R
W, A KegEaema 10 4 15 H 2 28H4E
1A 15 H=EE0, LIS BB 6 Al 2540 .

1.4 TFiEELE

# Kooijman™, 3G MER H 2 (19)~(24) 11
S, HAHR AL (25)~(27).
di L’

E:(qESG_’_ha)e(z_r)—rq (19)

dh ;

i _ it (20)
E

o w 21
o 1

F=vlp - |/e+e) @

e ;)_AT/I}] (23)

dPr{dat> 8 —Pri{a > t}h(r) 24)

PGS

0 =0 (25)

- (26)

Pria>0}=1 7

A, Pria> AR o>t LR, sGH Gom-
pertz [\ 7] Z % (Gompertz stress coefficient), J,
R AR IR AL TN (Weibull ageing accelera-
tion), WNSEL, WMBIAEETT,
1.5 BREMRBEESHAIEIE

K Dortel 25" AHFFT R RIS JE 23T (Arr-
henius) XTSI (T, ABFFEBEN 25 °C)
T HACEPRSEO B LE

ST TR, AERAREPRS BN py] . pr) 5
B e LLZ R, X S50, T 3 LUZ #2807
T LMB IE IR B2, HARS DL SRkt

1.6 DEBRESTEEMERTENXR

EMRE (L) SRR (L,) FIRER .

L=L,S5y 29
(62— 01)(En—EY)
Sp =61+ (30)
! Ey~E
L, sy REIRAT, 6156 S5,
Wl (W) BHET .
W =ds L’ +(E +Eg)/pE (31)

K, ds WESWIREE, pe H E R AER A
HF

BT RHE] (BIR) P2 .

_ KRPR

F= Eo (32)
K, Ey WUNIRER:, # Kooijman™ 7714,

B KAFIE E AT

M Pria>ay} <0.010F, W a, R KAER
1.7 HBSHIGEREMT

AEAE T PR 5™, frf
ERY SR . AR 5 PR A E A ol R
AR, AT AS RVECHE T RE RS2 R, AR 9 i
BT 3MSEMITE R, B 155 ST AIrE
BE B 1E 5 S2 NBRIAK S nEdEsb,
HADEE 2B ;15 S3 NBRIFfaiEik 5
KBRS, HAb R 43R0 .

O R O b =X 8 K SR e ]
TS HOLE 3. S8 BRI 2 0
ﬁ[ls-m, 36]O

2 gER

21 B¥HEIT

AWFSE DEB R 4L 20 NS, 8 NS
{ERVE T SCHk, 2 S8 T AR MsE, H
fl 12 4~ 280 (5% 3), 104558 2 4L (intensive
(EG15, | IEZEL (extens-

parameters) Uiy, «.
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ive parameters) U1 {pam}. E255, T 4 5045
PEAT TARTE, HEER WK 4. 5 S15 S3 Y
ZHAHEREA - R 4), Hik, AOFTEAX
T35 S3 WLRIEAT 0. 15 S1 5 S2 IS
fEIHEAAAE—E 25, W ST A« (E/NT1%
St S2 UAGTTEL, T {pan) BIMEAETS 5 ST T AR
MR (R 4)o HRV-PEIERE A0t BNV REVE B
fi& 4> A £ (T, thynnus) 1) DEB #5% 1 2 80 HH L,
BEFESE (v, k. [EGI5H) FAER R ZES, M)
HEZ B (A {pam} . Eyy) AS 58 42 38 1F REE FL

(body-size scaling relationship),
22 %K

EfE 5 S1 5 S2F, DEB Rl 1 RE &5 4t
A KESRAaRKESER . KKSEELR
(K1, E2), MXFT Xu & HRL, 7E 0~0.40
i, DEBHIAIGELS HAF IR SRK R, 1 Xu
Uy VGBF BRI 7E IL B BEASTE FH 5 7 0.40~
8.76 A1, PilE R Y DEB #E AUk A A K 14
R T Xu 50T S5 MR R T 8.76 T,
DEB #5% B Al 11 ) 44 4 1 /N F Xu 550 [ 45 3R

&4 DEBRESHMEiItE
Tab. 4 Estimation of the parameters of the DEB model

. SRR
ZH parameters estimation scenarios PFB* YET
parameters
S2 S3
ha 4.786e-09 5.142e-9  4.772¢-09
v 0.084 0.085 0.084 0.33 7.056*

2.095* 2.125% 2.100* 7.056"
ky 0.073 0.070 0.072 0.061 0.061

{Pam} 176112 167.678  176.290  224.0 4370.394*

4397.932* 4192.041* 4407.945" 4783.707*

K 0.733 0.772 0.732 0.781 0.781
01 0.267 0.261 0.279 0.225
02 0.237 0.250 0.236 0.270 0.256

[EG] 6708230 6540.947 6657.165 8563.387 8 563.387

EZ 0.109 0.109 0.109 0.764

E)Jq 1525.458 1523.579 1524.682 6902.209 1368.719

E}i 9.971e5 6.861e5 1.023e6  9.695e5 1.922e5
6.139¢6  4.700e6  2.548¢7  5.054¢6

4
El 4610e6.

e ARTRBUIE: R BRIER A STt
Notes: A denotes the value for adult fish; *denotes the data source from

reference"".

(% 1-a). 7E 0.40~20.00 #HF, 5 S1 A4 AY
KA KR 25 S 2.250 cm (2.160 & BF), T 1% 5
S2 4 1.380 cm (4.340 I 1F), 1% 5 S2 HIA4E I
SRR R HIREmNL £ A 0.79(HH
2 AR ARAR) 5 0.85(THRE 25 B AH X 45  ) Bt
R K 8 44 8 ) VBGF A= K il 28 36 AR
A& R (] 1-b, & 2-b).

FEF DEB £ B 4K 5 1A H G 3R 7 1 A
M 2RO R, TEMERAG , R E I e i 1
It R, Rk R R,
RE RSN R (Bl 1-c, [l 2-c), 5 Penny"
PR R E S R AL, 7255 1 k=00 AT, DEB
MR AR E s, HAESS 1 05, DEB
AU A 19 74 F (B 3230 Penny FE AT (8] 1-c,
K 2-c), 7ETE S S1 K, Penny £ BIPT (1) 95% &
Z X 8] B A & 45 7 DEB #8284 34 (14 1 T 3
(I 1-¢), EFEM S S2F, DEB ARG A
T B AR A R B s D (] 2-¢). TETE
S1 T, PEACEET, R4 Hsu R AR F A 4k E
WK, HEEMNRRVE, AT E S DEB
RERLAG TR R & (B 1-0). 7ETE R S2°F,
K /NT 65 cm I, Hsu #5589 A5 T 44 & L
DEB FRIE K, Wi KT 65 cm B, ARl
{4 B /N F DEB iR (4] 2-¢), 5t SI K, 14
MMERK 5KRECRERK KT 84 cm BF ML
F DEB £ B Ak 31 (9 R B 5 B, HAR K 7
65~84 cm i}, DEB FEUHI AT /N (B 1-d)
MAEN 5 S2 ~, DEBALIFARK SRE CHR
HE e gz M (& 2-d).

55K B8 4 4G A AT £0 A K G U0 DAL B 4F % 38
JT S AN, DEB AR S5 1) 41 2 4=
KEWHE IR, FEBAEZE 15 dRHET0
ME (& 3-a, [ 4-a), mWifei4E 15d)5, DEB
ABEAEN T A AR D) R UL

A, T AR 2R 2 AN B A 5 e KA
WA G, XA R AR TR 2BV (K 3-b,
[ 4-b), 1f5 S1 5 S2 FHHAEARRR /510 1.920d
52051d, HAEKKSHIH0.142cm 5 0.151 cm
(#5)

2.3 E

1% 5 S1 T~ , DEB AUl i 1Y £4 U RE &4
0.522 J, MR 5 A 53 51 o~ 78.093 ¢cm
5344214 (& 5), BRAMRAKSN, DEB ALRLT
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20 —DEB
-=--Xu FRAT model by Xu, ef al.l™

0 5 10 15 20
Fiib/a
age

(@

40 r
——DEB

——Penny #%61 Penny modell®
—Hsu BA®  Hsu model

30

R kg
weight
[}

(=}

10
0
0
A /em
length
(c)

— — DEB-f=0.85
— — DEB-f=0.82
20 ~ — DEB-£=0.79
——F 2772  equations from Tab. 2

O 1 1 1 I
0 5 10 15 20
Fib/a
age
(b)
40

—DEB
—— 2 7  equations from Tab. 2

20 40 60 80 100 120
A /em
length

(d)

E1 EFS1E, FR-FK. AK-EERBEXRHELRS Y

(c) AL L)y Penny B 95% BAE X, FIH.

Fig. 1 Comparison of fitting relationships between age-length and length-weight under scenario S1

[4-5,13]

Red dash lines in Fig () is the 95% confidence interval of the Penny model, the same below.

T 8 V8 A A A T A AT T LA, {E P {EAH
M (K 3-0). TETE St S2 T, DEB AT
F A BIEE R 0.610 T, PRV K 54718 7 51
7 92.811 cm 5 5.691 #% (3¢ 5), DEB #& A1 i ]
PITAEAE BT, H2E 58K (B 4-0).

3 The
3.1 ¥t

B D s BAF B AN A SR
DEB F5& 1 W] 1 $fd FHAH Iz 19 528 5 2 50 AR
e L EE R el FHH ™ SE SR (E s AR BT

Hr, i RSB AISL, BRAAR R GERER
SRR RS LI T 5K 4
£ A T B ARt I AR D . R AT 5T 2
AR, S HEUE AR AR )R] AT REAFAE
WRES, WA v 0.084, DTk
fig 4 #6101 0.33%, [HEZE Add-my-pet 048 &
(http://www.bio.vunl) K & 4 ¥ 14 (% £l 3T 5
(0.138); 7ETEHE ST F, «MIfEIHE (0.733) 4/
TSR 0.7811"; 25 Z WSV AEEZ5 S
B, IR 5 S2 F, «MANTHE (0.772) 5
fig A A B P (EAHT 5 b, BB K RE
([EG]) WA T b 5 6 S A ffa /N

[ K 722 2: 32 /5 sponsored by China Society of Fisheries
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20 —DEB
— — Xu ZEHEAI0T model by Xu, et al.['¥

0 . 1
0 5 10 15 20
b /a
age
(a)
40
—DEB
Penny %51 Penny model! /,
—Hsu B4 Hsu model™ ,
30 +
o
&=
g 20 ¢
® =
10 +
0
0
K /em
length

(©

— — DEB-f=0.85
— — DEB-f=0.82
— — DEB-f=0.79
—— K 2772  equations from Tab. 2

O 1 1 1 ]
0 5 10 15 20
Fiib/a
age
(b)
40
—DEB
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Fig. 3 Comparison between predicted values based on

DEB model and observed values under scenario S1 ">
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Tab.5 Predicted value according the DEB model

B SR ZHiTH% 5 parameter estimation scenarios
parameters prior value of parameter S 2 S3

fYIBERE/)  egg energy 0.522 0.610 0.521
HZE4EI/d  age in birth 1.920 2.051 1.921
HA A K/em  length in birth 0.142 0.151 0.143

PR EAGERY /2 age in maturation 4.1 3.442(-0.658) 5.691(1.591) 3.421(-0.679)
PR BE K /cm  length in maturation 85 78.093(-6.907) 92.811(7.811) 78.101(-6.899)
B KR /a maximum age 15 14.972(—0.028) 14.929(—0.071) 14.974(—0.026)

T AT A EEEE TR

Notes: The data in brackets are estimated errors.
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A full lifecycle dynamic energy budget model for Thunnus alalunga

GUAN Wenjiang ">, YU Yongheng ', HE Weiwei', AN Kang'

1. College of Oceanography and Ecological Science, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Sustainable Exploitation of Oceanic Fisheries Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China

Abstract: Biological parameters, including growth, reproduction, and natural mortality, are critical factors influencing the stock
assessment of albacore tuna (Thunnus alalunga). However, these parameters are often derived from disparate data sources,
lacking internal consistency and uniformity. Moreover, they fail to cover the full lifecycle of 7. alalunga, leading to uncertain-
ties in stock assessment results. To address this, we constructed a full lifecycle dynamic energy budget (DEB) model for 7.
alalunga based on the DEB theory and available growth and reproduction data. Model parameters were estimated accordingly.
The results demonstrated the following: (O The DEB model accurately fitted the growth process of 7. alalunga throughout its
life history, estimated its potential annual fecundity, and integrated the processes of growth, maturity, spawning, and
mortality. Notably, the model provided a growth equation for 7. alalunga larvae without requiring age and length data, which
the von Bertalanffy growth function (VBGF) cannot accurately provide. @ According to DEB theory, the growth of T.
alalunga exhibitd two distinct stages before and after sexual maturity. Before maturity, energy allocated to maturation is dissip-
ated and not used for body weight gain. In contrast, after maturity, energy was stored for reproduction and also contributed
to weight gain. Consequently, the length-weight relationship was influenced by the proportion of mature and immature indi-
viduals in the sample. Our results indicated that using a single power function to fit the length-weight relationship for both
stages is inappropriate. 3 The natural mortality coefficient was typically assumed to be constant (e.g., 0.3/a) in 7. alalunga
stock assessments. However, our findings revealed that aging mortality varies significantly with age or length. Given the sub-
stantial impact of this assumption on stock assessment and management, we suggested that the natural mortality coefficient
for T. alalunga should account for age- or length- dependent variation. Although parameter estimation in the DEB model was
subject to uncertainty due to limited observation data, the model effectively and accurately integrated the growth, reproduction,
and aging mortality processes of T. alalunga. This highlighted the valuable application of DEB models in such studies. The

findings of this study provided scientific support for the growth analysis and improved stock assessment of 7. alalunga.
Key words: Thunnus alalunga; dynamic energy budget mode; growth; reproduction; mortality
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