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Stock assessment of

southern bluefin tuna (Thunnus maccoyti,

using age-structured model

You Jung Kwon

URIP of Fisheries and Oceanograply, Graduate Sc/ool,

Pukyong National University

Abstract

Southern bluefin tuna (7/unnus maccoyiz; SBT) is one of the most
important tuna species in terms of the significance in the ecology and the
economy. Catches were highest in 1961 with 85,000mt, but declined
substantially as the catch rate dropped. Recent studies indicated that there
were large declines in spawning biomass as well as in recruitment. In
this study, a stock assessment of SBT was carried out using the
age-structured MULTIFAN-CL model. Catch, effort, length-frequency and
tagging data were stratified by quarter (for the period 1965~2004), by

three model regions and by 5 fisheries to be used in the analysis. The



instantaneous coefficient of natural mortality (M) of SBT estimated from
the Zhang and Megrey method was 0.103/year. The sensitivity analysis
was carried out for the uncertainty of two parameters, that is, movement
and natural mortality. Results showed that biomass and recruitment of
SBT had significantly declined after 1965. The acceptable biological catch

(ABC) was estimated to be 5,375 ton, based on the £, reference point.



g&ol® (Genus TZhunnus)= 74=°17% (Class Osteichthyes) %%
(Order Perciformes) 115 ¥} (Family Scombridae)dl &3}= o] FolH, wth
o] (Bigeye tuna, Zhunnus obesus), ‘g/NThO  (Albacore, Thunnus
alalunga), G+ (Yellowfin tuna, Zhunnus albacares), 7}ok ] (Skipjack
tuna, Kutsuwonus pelamis) 2 ZFtheo] (Bluefin tuna, 7hunnus thynnus)7}

Nom™  (Table 1), Yo} FAFE  (tuna-like species)SZ & A A

i

B
b

(Swordfishes, Xzpluas gladins)s MAF7F Atk ol BT oA o

55402 A oF YL AAmgon, & YPEe Y T T

K
k&
d

N AxFez FAHI Idg (FAO, 1997). B Holie UREE d%

=
2
o
(i,
v

(longline), A7 (purse seine) % =7 7] (pole-and-line)®] <l
Ageld 0 Arlolde Bl GUolRE gy e wa, A

Age 4YF Aolol Y RS W FOE P (An, 2001).

w=ohEo] (Bigeye tuna, 7. obesus)= A HEF] 2o H Gois Gl FH
AetA ExsH, dF 5F 24 E= TF F9 (FA 0~250m)elA A
g3tk (FAO, 2003). THEIH SN E 10°N~10°691A A7 s 3ty

ol 4E 4-99, WAL 1-380] F A@vlolth wriele A



ol FE37] WEol 24 MAsgo] wet #esi= ALV 44 g2
o (Table 2). THEBEYG AHFY wuIdods Anddivtzo] s d3]
(Inter-American Tropical Tuna Commission, IATTC)dlA] L&A E 3},
T - AFHF G F - AFEHHSEFH D3] (Western and Central Pacific
Fisheries Commission, WCPFC), tA &M diA g BES s
(International Commission for the Conservation of Atlantic Tuna, ICCAT),
Aol X =gt o]$1¥3] (Indian Ocean Tuna Commission, IOTC)
AM #YE Utk B FAALY ALGH = JA=FSs A3 HH G
2 A FY] woFole FEojgozm Qg HE A Ae AR Hrly

A3 (Maunder and Harley, 2005, ICCAT, 2005, Hampton et al., 2006a).

1.2 I Fetol
Nt (Albacore, 7. alalungc A Wl Aol £ uisiy @45°
N~40°S)ol FR A B2, 5 FAHAAMRE TFo F2 M43 4

(FAO, 2003). T ejHE alFe wrt&dol= IATICA A #A2E 3stH, 5 -

A FE 3 F A= WCPFC, tiX &A= ICCAT, A= gollA= TOTCAA
}

B8 %
Bol Hmz ddd A9HE HEH Sl s Aoz WAHn o

il
Ol
=

STk (Table 2). GrATHEolE ojP&nh Ao o ol

(IATTC, 2000, Langley and Hampton, 2006).



1.3 oo

gt&o] (Yellowfin tuna, 7. albacares)= 7 tFe Edl & of<dd] 34
o ZAA FHYsHA B FsH, T2 EZHE FIE Fd AT
(FAO, 2003). &tizdo] HAl A el de w2357 Wil #Yste o=
of A3 THHUIY hge wrFol= IATTCA #&E 3, T - A
HejH Sl A= WCPFC, tiA Foll A= ICCAT, A=l A= I0TColA &
g5 3sta Uk (Table 2). FohFojo] ALddele A FAFAHILT Y
S AlQdstaie Axojgog Qg FEH dornE, oFS 243 =
oJof Itte AT ZAI7L Yk (Hoyle and Maunder, 2005, ICCAT, 2004,

Hampton et al., 2006b).

14 7t9 30
7heb& o] (Skipjack tuna, Kafsuwonus pelamis)= % Ukl o] 2 20

Tl FHASA X, g xFH FoJA ofFew & Al i

i
Y

AT (FAO, 2003). 7t o= ERFEl B & sl 9o wrhdol= IATTC
M & E &k, F - AFHBFAN = WCPFC, thA ol M= ICCAT, <
TGl I0TCAlA #EE sta Jvk (Table 2). &9 thdolf/7t A

ggel X BEolgoz A% FHAYHel 9oy, sthaels Aol v

rO
o2l
it
4
AN
2
%o,
rr
S
(o
fru
o,

7bElal It (Maunder and Harley, 2004,

Langley et al., 2003).



Table 1. Tuna species and its management bodies

Species Scientific name Management Body Stock Status Reference
Bigeye tuna Thunnus obesus IATTC'!, WCPFC?, Overfished Maunder and Harley,
3 4 2005; ICCAT, 2005;
ICCAT’, I0TC
Hampton et al., 2006a
Albacore Thunnus alalunga IATTC, WCPEC, Stability IATTC, 2000; Langley
ICCAT, IO0TC and Hampton, 2006
Yellowfin tuna Z7Zunnus albacares IATTC, WCPEC, Overfished %S, and Maunder,
[CCAT. I0TC 2005; ICCAT, 2004;
’ Hampton et al., 2006b
Skipjack tuna  Katsuwonus pelamis 1ATTC, WCPEC, Stability Maunder and harley,
ICCAT, IOTC 2004; Langley et al., 2003
Bluefin tuna Thunnus thynnus RS WK Overfished

ICCAT, IOTC, CCSBT’,
1SC°

ISC, 2004; CCSBT, 2006

1 IATTC : Inter-American Tropical Tuna Commission
2 WCPFC : Western and Central Pacific Fishery Commission

3 ICCAT : International Commission for the Conservation of Atlantic Tuna

4 IOTC : Indian Ocean Tuna Commission
5 CCSBT : Commission for the Conservation of Southern Bluefin Tuna

6 ISC : International Scientific Committee for Tuna and Tuna-like species in the North Pacific Ocean
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1.5 Zg9]
#Zth#o] (Bluefin tuna, 7. #ymnus)~ HHFETHEO] (Northern bluefin

tuna, 7. tynnus)®t 233k o] (Southern bluefin tuna, 7. maccoyi) 2 T

oft

5™, ol ST dele HESF WMSF 2 A=F] AA F2 3R
[ez]
=

o A4stn o

%

Ru
o,

Foh&o] (Northern bluefin tuna, 7. #ynnus)= 5% 30° o] & 3 H <

F 2 AmGelA NS Frigel Folth BBY Aol ANse

A
of

Aoeols QT BB AoldlA 4-8Lo] AL v, ZFad B

gl gudel AHs wa Re gow, YRAM FA vE
Fol7h gBoE Y RARARE F IFRAA viE GO el 1
SERES EEROES

5]
g Eos 2xste sige] W7l #WEol WM IHTARESALS
(International Commission for the Conservation of Atlantic Tuna, ICCAT),
AulEdithare] 9 93] (Inter-American Tropical Tuna-Commission, IATTC) %
SHE S 738 332 93] (International  Scientific Committee  for
Tuna and Tuna-like species in the North Pacific Ocean, ISC) & 371 ¢ o}
Fol f1d3]eA #Hstar Ut (Table 2). HLFTHFAE HFoZ o] F3}
= E2UEL I3, 4, U vs, Aun SolH, tdd2 A, IS,

=9 WA o] Fofxa )

ol
ﬁl{
ol
2
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ol
o
k]
ofj
2
o
o
rlo
N
r2
N
r d
Q1
R

9. 2Rgaels] AQ4EE 196080 ol F ddage] AEHow 7



Table 2. Management area and assessment method used by tuna management body

Management Management Target Memb.er Assessment Methods
Body Area Species  countries
o YFT, BET, 1
IATTC Eastern Pacific SKJ, ALB 15 A-SCALA
. 2 3 4

ICCAT Atlantic YFT, BET, 42 Production models (ASPIC®, PRODFIT’, BSP",

Delay-Different model), Age-structured models (VPA,
SKJ, ALB .
ELBUEY age-structured production model,
MULTIFAN-CL’), Yield- and Spawner-per-recruit
. YFT, BET, ASPMé, Bayesian age-structured production
10TC Indian SKJ, ALB 2 model, CATAGE’, PROCEAN®
. YFT, BET, 5
ISC North Pacific SKJ, ALB (5 ADAPT, MULTIFAN-CL
Western & YFT, BET, 5
WCPFC Central Pacific SKJ, ALB R0 MOL TR N
Habitat of SBT 9
BT BT
cCS (Indian & Atlantic) 5 2 L,
1 A-SCALA : Age-structured statistical catch-at-length analysis 5 MULTIFNA-CL : Multiple length frequency + FA model

2 ASPIC : A stock production mode incorporating covariates
3 PRODFIT : Generalized stock production model
4 BSP : Bayesian surplus production model

6

ASPM : Age-structured production model

7 CATAGE : Catch-at-age model

8
9

PROCEAN : Prodution catch/effort analysis
OM : Operating model

_8_



& FAE Holm glow, 1990delE HA Y AdAAAS ki vl g,

g 19909 ol Fel AEAY L oAgele] AYFoe] ABHE FFL
!

gr g F S A2 HriE Ao (ISC, 2004).
GBI F o (Twnnus maccoyine AT FANA AA FHFzohaol
of drbo] &= 73%7F oJHEH ™, BB FolM 21%, HA FAA 6%7}

t} (ICCAT, 2006). 359} d&o] 195230 Fdrigolo] Ao =

S AARE oY oy X7)de Asoldel &FEo, 1961 85,0002 F
A oFFE V15 en (Fig. 1(a)), ©lF zAstod dA= 15000 W <]
2 o]g3ta ok (CCSBT, 2005)

N
H
2
Ir
o
rie

90%°]4 olgsFoer TFE= 10~-20% 3 == oJdsidoy, H2
i3

d

Ak v &2 o]F3n Utk (Fig 1(b)). 2 <, WEl, A=u Ao},
= g FARETE 1980 TR A FEH &S A1 o) 10% ~30%
2 olgstil ot =g 19919 A =FH

HE oA dAEsojgdoez 4SS AF3F FT 19979 680E ST HIZ o
3)



2. 3ol 7 AR}t T

2.1 AArFERd

ol

ASPIC (A stock-Production Model Incorporating Covariates)= & -&
ICCATS M wur@dole Ada7 oz, odd 2 =89% A8S
AFE-3}E Schaefere] YA HFRAS 7uto g 3= Edo|th (Table 3).
ASPIC 2492 Fortran T2 1Y LS AL31H, 7|2 d8 A 8E CPUE, U3
Z7HE (1), ANAEHANRE (MSY), A8 5E (q)°] AH&H.

PRODFIT 292 ICCATS WM wrdol B Iupagolof g7t w0
Hog HALASHY FHAE o 3t Pella and Tomlisond] A2A+% Zd &
7IRte g sl REolth 71E A9 Ame AE AT ¥ =HF A7t
A& €T (Table 3).

Bayesian Surplus Production (BSP) X &2 ICCAT®] A< =th#o] 9
A4 % 7 ez CPUE AEE  AF838Fe  Schaefer model H+

Fletcher/Schaefer Z &S 7|We 2 3sl= Edolt. 7|E 48 g o,

CPUE, A A+ (K), 855 (q £ W

L

S 7HE (1) 5°] AL&% T} (Table 3).
Delay-Different =22 ICCATY thA Y ool A7 e s

dE-7x2 Zd AdF Bl Abel9] ghEo] P H AT (Table 3).

S theo] (YT, BET, SKJ, ALB) 49157 $H o= 7 ojglo] tja o 2s
2 Aol ik A8 Ho s B9 FAHLLAE XS vF o
Aol HHE Pella and Tomlison Edo|t}. o] W JA], Ho] x|t HZH
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Fig. 1. Variations in annual catch of southern bluefin tuna, (a) by year,

(b) by countries and (c) by fishing gears in the world oceans

(CCSBT, 2005).
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Table 3. Tuna stock assessment methods using production model

Committee
Category Model Species Input data Features
(Area)
Schaefer surplus production model
Production
Fits a several forms of surplus-
model
production model to catch and
relative abundance (or effort) data.
ICCAT CPUE, r,
ASPIC Bigeye Include the logistic (Schaefer),
(Atlantic) | MSY, q .
exponential-yield (Fox), and
generalized (Pella-Tomlinson in
parameterization of Fletcher) models.
Fits the generalized stock production
Bigeye ICCAT model of Pella and Tomlinson by
RPODFIT ) v Catch, Effort o
Yellowfin (Atlantic) least-squares and equilibrium

approximation

_13_




Table 3. Continued

) Committee
Category Model Species Input data Features
(Area)
Fits either a Schaefer or a
Production ICCAT CPUE, K, r, | generalized surplus production
BSP Bigeye . .
model (Atlantic) |q model to CPUE data assuming
observation error only
Considered intermediate between an
ICCAT age-structured production model
Delay-Difference | Bigeye Catch, Effort
(Atlantic) and a biomass aggregated
production model
Catch, Effort,
Catch-at-age, | Non-equilibrium Pella and
Bigeye ; )
[0TC Growth Tomlinson production model
PROCEAN Yellowfin
(Indian) . |parameters,
Skipjack
Length age
key

_14_




getrlHER AQUNE AREYE F4HE AW FAYESC 239
o]

al., 1998).

flo

A-SCALA (Age-structured Statistical Catch-at-Length Analysis) =32
IATTCS) ERelg ol HAshe woieol, Fohare]l 2 sloiaols A4
7} o2 MULTIFAN-CL 229& 7juto 2 &t} (Table 4). 712 48 =

= o8F (% "), =

)
ofy

2 A -2 ARV AMEEY, JAEHER
Uil EAEY. oA 2E (Schaefer, Pella and Tomlinson)® <& -

TZ Ed2 ALg3t. A-SCALA EdS AD model builderE A}-&3+

[H
f

e, g%, A2 AL 59 Aoz AW AHHL &

o
A

lowl, 24 He 2A2E ALY, AAG, AU, 08, AFIY,
HA S HAYF (AMSY), d= AdHF 522 YElhdy. MULTIFAN-CL
wdze t2A BE Aol %2 ABTL QolE G, 2AA mdol
N #4714 avl, AR B BFH 24 (SSTYTE REE At a2y

MULTIFAN-CL 29X 3 g fFAde] 2 thdoe] ulsh

o
oi
)

°
-

z Jid el

on, FA-ANE ASE AEHA Lo} T AEE AHE3Ie] A-SCALA
2 d3 MULTIFAN- CL 2d& FAlo] 4 e w, 2= o|7p &
ok SHAIRE, o] ApolH el Ui E oFF IATTCAAME FA A= EE3 4
#7h gloh,

VPA Ed& [CCATAA tiMo] MAste ZE thgo] (ALB, BET,
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YFT, BFT, SKJ)o] ¥ 7} oz, o, =87, I= & FAAE =
71 AHgE e d¥-7x 2dolth o] RdE Fortran QoS AH&3tH, tha)
o] AL Fxy AEE FAHS fIs AL ET (Table 4).

ELBUEY % 7x Ay 2de ICCATY WA g wohaole ¢ 7}
g 5% 9dY TE=AFE 2HT 5 T (Table 4).

MULTIFAN-CL (Multiple length frequency + FA model (by Fournier
and Archibald); MFCL) =492 WCPFCS FAMEHIFEYF sido MAse

Sgole] AQu AFHE ARL MoE HE AYTE RdelT

(Table 4). AHE5E Az 9%, ez, AF-24 % BAAE 427
AHg R el T AN S PR AuAQ) 3 wAE A4AY

o
Q
<
%
o
=
r
o
-
BN
82
>
ot
td
i)
rlo
r (o
k
02
=2
>
1
ol
rr
A
ol
2
Ll
=2
ox
lo
fr

e A7 W olH, Xojek go], F AR GO o] Ao g
A4S A eIt o] WA AT steepnessE 092 F3loH,
A 277 s FAE & AT (Table 4).

ASPM (Age-Structured Production Model) =& Q1= thafo] 24

B HReE AHEEHT, A CPUES ddd oI sEATE ARt wet

O

dAgstthal 78S stk 2y o] W o A= steepnessE 0.992 Fo] &
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Table 4. Tuna stock assessment methods using age-structured model

Committee
Category Model Species Input data Features
(Area)
Catch, Effort,
Age-structured . Length-
Bigeye Based on the MULTIFAN-CL,
model IATTC frequency
A-SCALA Yellowfin Including the environmental
(East Pacific) |environmental
Skipjack factor
factors
Discards
Assesses the abundance and
mortality of animal populations by
Bigeye fitting age- structured population
Yellowfin equations to catch, effort,
. IATTC
VPA Skipjack . | Catch, Effort | abundance and tag- recapture data
(East Pacific)
Bluefin Can set any parameter constant,
Albacore rather than estimating it Can

apply constraints to any parameter

Accommodates Bayesian priors

_17_




Table 4. Continued

Committee
Category Model Species Input data Features
(Area)
Catch, Effort,| Fit a single abundance index to
Age-structured
) IATTC Selectivity, catch data using information on
model ELBUEY Bigeye
(East Pacific) [Weight-at- selectivity, maturity and weight-at-
age age
Bigeye WCPEC Catch, Effort,
MULTIFAN model, FA model to
Yellowfin (Western and |Length- ) . )
MULTIFAN-CL o estimate the parameters including
Skipjack Central  |frequency, { \
the migration factor
Albacore Pacific) Tagging
. Assumes that the catchability
Bigeye
I0TC coefficients relating the longline
ASPM Yellowfin Catch, Effort
o (Indian) fleet CPUEs to abundance are
Skipjack

constant over time

_18_




Table 4. Continued.

. Committee
Category Model Species Input data Features
(Area)
The process error model for
catchabilities combines a random
Age-structured ) )
Bigeye walk that allows for slow trends in
model ] I0OTC "
CATAGE Yellowfin (Indian) Catch, Effort | fishing power and a robust error
ndian
Skipjack that allows for high frequency
random variability in annual
catchabilities
. Separate two age groups, juveniles
Bayesan age- Bigeye ;
I0TC and adults, to avoid the problems
structured Yellowfin : Catch, Effort | ] ]
) o (Indian) introduced by the uncertainty in
production model| Skipjack
growth
Catch, Effort,
CCSBT
Catch-at-age,
Southern (Indian and Fit the every parameters for only
oM Catch-at-
Bluefin South southern bluefin tuna
length,
Atlantic)
Tagging
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CATAGE (Catch-at-length model) =& A],

o|)

B
]

™

X

fol e}

°

Q

A8

=

=

MCMC (Markov Chain Monte Carlo)
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=
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o} (Table 4).
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Rom, ALdFrt A74E uge = #HE A (Management Procedure)ol] <]
3 TACY FAHHF Aoz Ad 1087 #YHD Joh. 2P x B3,

2
APAAG FEe M Fe Ayeln, AAe oJAFFoRE 2020497}

o

2] 1980 9] At Foz I HA] 7| AT CCSBTY #&Hx7F E4 57
ole& AHlolth (CCSBT, 2000). o]t wAHe] dAsA @ AJ=L (1)
o=

qaAFE PPRTFe] gy SHAE 7o, Y8 A

o]
ATH (2) CCSBTHOIME FEA A

EFAAA ol tetulE F40

ne

webA, 2 dAFoMes dA FRFTEolE Yo E ofgsta = 570
oY gAY A5E AR, 3
HZ oFolF AdB 7 dE AR
and Fournier, 2001) 2@ ol & 8-3}
ojo] AAGEE HItstna ot
shAIRE, B =M e I TGoE e ® TAC AHE WiES 9
dto] 2o MEd FHER MP)EL AT Ao wFo] A
He 2
o},

o

BE w A9 o]dg $HAEY] WEd BEA 1w 3

X

32
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1. A5 9 AT+4

MULTIFAN-CL 2d2 7|&E

Y
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fr
>,
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A=)
R
=X
tote
Jo
o
=)
i
12
i3
2

YARE T4 Hol Qe oFrlE, wPY, AINE L EAYF A5}

599 JYAEE ASE

1.1 3G A

CCSBTY] A FES 7|2 oz 3o A /e sfdez Yy (Fig 2).

ok
18

12 9% 10~20°S, AE 100~130°Ee]] sl & 3t= A Zud Ao} =upAal 9

i
1z

sl fNsE Te=A daRvFels] FUW NEFos Feix

rr

X o]t} (CCSBT, 2005). 3l < 2+ $I&= 30~34°S, % 120~140°EE *Z

%2

Fgote A9or 559 iy olgelth 59

W

2 A% 20°50)3ke] B

WA, B A=Y

ek
ot

2 oHRG Ao upte) Aol doju

+ M Folt} (Fournier ef #l, 1990).

1.2 A|1zte] A9

2 A7l AMEE AR = 19653 FE 20043 7hA] sl AR O

o

JFs =8, AZNE=AR 2 FXARY, 27182 UFolAM AHESES

o (1~3, 4~6, 7~9, 10~129).
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1.3 oJg<9 A9

we dzoly ¥ xFe EFoldel s oo HEw 3

uel ZA 57HAZ /AT (Table 5).

9 weler ARE  CCSBT YALlERRE  §Eager

(http://www. ccsbt.org, ©]3F CCSBT web-site), ©] A&+ Table 5914 A

ogd oS E7IEE yro] ARESH IDAHS Aefd EE Asold
o olgFe olfuFE A&, DOl AUSOPAME T
kg)= AHEstATH =" Ze IDOHE AL RE dFoldolA FAut=
ZF &4 (inds./hook)E T Z A&l om, AUSOHFA = ZHLF
g o (kg/day)E D= AFESIAT. IDOJFL A5, =HFY AwT}
AsHA &7 wEel, RdelA FAFHUAT Asolde CPUES 4%,
GLM (Generalized Linear Model)& AF&3}o, Zt=1¢] CPUEC tisiA EF

sl3t At (Fig. 3).

AR EAEE G ojdold APE AAS] A8 (CCSBT web-site) S
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Table 5. Definition of fishery types exploiting southern bluefin tuna

No. Fishery type Nationality Gear Region
1 LL1 AUY, JP?, TW? Longline 1
2 ID D* Longline 1
3 AUS AU Surface 2
4 LL2 AU, JP, KR, NZ°, TW  Longline 2
5 LL3 AU, TP, KR, NZ, TW Longline 3
1 Au : Australia 41D : Indonesia
2 JP : Japan 5 KR : Korea
3 TW : Taiwan 6 NZ : New Zealand
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Fishery 1 (LL1)

1965 1970 1975 1980 1985 1990 1995 2000

Fishery 4 (LL2)

1965 1970 1975 1980 1985 1990 1995 2000

Fishery 5 (LL5)

1965 1970 1975 1980 1985 1990 1995 2000

Fig. 3. Standardized CPUE for longline fishery of southern bluefin tuna.
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AFE3EL] 2eme] @Y E 30~31emPE 272~273cm7t A o] A AZAHY A EE

A3

16 XA A&
B AFoq AlgE FAAMEAE (CCSBT web-site)= 19909 WH{ F
200437bA A E"E 14,0007 ¢ ARE wtgew WF AEAY AGE

BME Folq AgsdT

1.7 & A QA LA F

A CCSBTAAM = T FAY AAH7L AolM d5AP 104 ]

M
Y

9]

AAAGAFE 014/ Ao E ARS8 EHIT o, o] Fe 19913 FH

1996 A7+ 2] A AEH 64 uigd sk A

o=
2L
o
o
gL
o
fu
Ay
ol
i
3

)

(Polacheck e al, 1998). WetAx & AToA e FEFvholo SHAAANE

X,

| = S oA FelR 1}, Zhang and Megrey (2006) ol o3 73}

=

Zhang and Megrey "ol &gt S AXARAGT= 2 (1)F 2ol ALt

&t o

1

? Hd A=, T

rid

AMANAM, 4,=Cxt. 01 T AT, LT

von Bertalanffy 8&AF, Be AG-AlF WAANLEZREH FAHHAC
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Zhang and Megrey ¥ 7]&9] Alverson and Carney (1975)% %S 7|4
st WH o2 Alverson and Carney WHolX = 60709 T o=z 74
s g 038/9S EE T AL oY, Zhang and Megrey'd 2 2
SHAS FolFet AAFE Urol 247 03029 04408ks A&t ©]
Feghe Aadd Ad@ZFol AU AF (4,) FHE (. tun) S W

BUiH, 3159 FojFe 6052 A7 T F 9159 A SAHAS AHE
ko] 3 ol AR-AFTHY BAE Fal AHALEHAAE BRS AHEF
o2 A4 Fo 5AS ¢ ¥FEs] AL

Zhang and Megrey WHeog FAHE S vdole] EAAALA S

= 1 AL u 05/3, 104 o]FolAM= 0.103/de2 FGF o, 2~94 A}

F-|>

ole] &AAARAFE @)l & AFH T (Fig. 4).

M, =05
a0.7
M, =M,y =M+ (M, = Ml)]_OT
M, =0.103 2)

ANA, mF m,y e A 1A 10419 S A A T
Zhang and Megrey "ol A &2 AATRA T A4S 2 B)FH 2(6)

THAE ARSI A AlEE A
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var( M) Z(%éﬂ) 2 . .7/47(5)+( %) ’ - varKA) —I-( %501) 2 - var(4) ()

oM _ K 1
aﬁ efl,(fm*fo) _ 1 ( )

Y B Bl’ efl,(fm*f[ﬂ_Kiméelfv(fm*fo)+K/0efl,(f/nﬁff[))_l'l _____ .
3/( o [ €K</M)7f0)_1]2 ( )
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Rlog(#)a. v, ;a=1;1<t<T
' N rl<a<A;t=1
e Na‘“‘lf e rl<a<A;l<t<T
Noyg € % +N, 8 ja=Ajl<tsT 7 (7)

7NN, N, FH7E doitdr] Rl A ,elA Az S AFHeR s
B A AASE, p, e BT Lol T 9 LelM A & AR

S A9 ARSI, pe BRAoE FFE A AA B
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i
il
>,
)
k3
>
of
e
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>
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S
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iy
o
ol
ol
rr
o)
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i)
auh
o<
N
rlo
o
12
x

= Zizre] AAl s dEaT. 28 dle el Az L A

o

o ale el AZE L e el AAEAS, £

-

e B LelA BHE oS AGAF, s E DD SN EBAAA

2.2 3+
e ZF Azt g2 ARF A FhFe g BATS g 7§
A =1, A v ok v, 2 asE M v 8 e IAE
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Natural mortality (yr*)

Age (yr)

Fig. 4. Natural mortality (yr') of southern bluefin tuna.
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Table 6. Estimated natural mortality by Zhang and Megrey’s

method
Natural mortality . 95% confidence
1 Variance .
(yr") interval
0.103/yr 0.0014 (0.1172/yr, 0.0886/yr)
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AN, pE H10)sh 2ol verd & ok

1+ 0 O O -V
j£1
m W W Y
B wv, RIS ELS -
A j#i
N =0 O [0
Vo < JHH Y| (10)
L i#R ]
uekbA 3fo wE Hile )y 22 oz yed £ dy
Ng =B Ny oo (11)
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A7NN, K,=(2a— A-1) [(A=DOZ ERRoIAR, o] ghe 13} +14be]
of AT orE 04D W S HA 2 AfsE Mseln, HFE
orel 3ol Zakel met WESin, Ay BotE A op S gEel &

7HE o

23 AA (L)-AF W) ZA
AZF-A T BAANS FA4317] Hstd, Fzoadole] 1215870419 A%

W A FAR (CCSBT web-site)S A1 oStk Aaar A4 w94

d
Lo
i)

NHFEE F4317] Jalde AHgd AF5Y QLA ZF (error structure)S &
sk Aol ogHolth eATEE F5 SHWGA el oA 2717
U o] A+ XE (additive error structure)®} o ZHH o ufhet

Q37 Z7he

rr

H9 QAFE (multiplicative error structure) Y&

AT (Quinn and Deriso, 1999). &9 QAFx 9} ¥ A}FFZAFO] oA 9



AubA e A (13)3F A (14)9F 2ol yEbd 5 gl

o wiZiH s o, B FAES FY AFERY e HAdE HALASH
(nonlinear least squares)= AF&3til, 9o LAFxY W A% HAAS
H (linear least squares)= Al&38tth F, #9 LAFXE 7HA= 2(14)°

TE F&A okl & 2(15)
o).

o
il
‘L
rid
&
-
»
rx
ok
A
QL
£
o
k)
sy
n
i
o
ox,

In ;= Ina+BInz,+¢e, -~ (15)

24 A3A

2 d7dAde =9 AEES Yehled dirHoes AHRstE von
Bertalanffy g2 dS Adesto] 2ol dgergE FA38A. 4714 von
Bertalanffy 47 detvlHE FAHs= de d8¥E A A8 (CCSBT

web-site) & o] &3k, WA S th5o 2 (16)F 2t
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A
Btr = ;Natrwa ; Btr ZNaIr AY (27)

A7, o, = HIEATAH, pre Ao Asviset. AR8E Asvle

a

< dHARAM nAH e, HEAFTS A4 (28)% 2ol FHHAY.

ANA, u BRAR, oF M ALY BEAFCM, Muo,)e B

T e FFAA oS M Ll AFEEE WEY. o A2 FFAZ

Ll

352 7|3ty 059 AAASZE UFoRit),

210 A3 AL ZFIIEF BA
AAs A aAdFE =S 2% 7tAAFd g3 AdEF p,,, 2

AA A A oA Beverton and Holt AFLHF-7d = BAZS 71AS

™, 4(29)¢F #Ze°] et
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Table 7. Maturity rate at age of southern bluefin tuna

age (yr) 1 2 3 4 5 6

Maturity rate 0.00 0.14 0.22 0.30 0.38 047
age (yr) 7 8 9 10 11 12
Maturity rate 0.55 0.64 0.73 0.82 0.91 1.00
age (yr) 13 14 15 16 17 18
Maturity rate 1.00 1.00 1.00 1.00 1.00 1.00
age (yr) 19 20 21 22 23 24
Maturity rate 1.00 1.00 1.00 1.00 1.00 1.00
age (yr) 25 26 27 28 29 30
Maturity rate 1.00 1.00 1.00 1.00 1.00 1.00
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Table 8. Tiers used to determine acceptable biological catch (ABC)
in accordance with the level of information available for

fisheries management system (Zhang and Lee, 2001)

Tier 1. Infromation available : Reliable estimates of B, Bmsy, Fmsy and Fxo
la) Stock status : B/Bmsy >1
Fasc = Fumsy
1b) Stock status : a< B/Bmsy =1
Fasc = Fmsy *(B/Bwmsy - a)/(1- a)
1c) Stock status : B/Bmsy = a: Fasc =0

Tier 2. Infromation available : Reliable estimates of B, Bxy and Fx
2a) Stock status : B/Baoy >1
Fasc = Faou
2b) Stock status: a< B/Byy =1
Fapc = Fapy X(B/Baoy - a)/(1- a)
1c) Stock status : B/Bsoyw = a: Fagc =0

Tier 3. Infromation available : Reliable estimates of B and Fo1

Fasc = Foa

Tier 4. Infromation available : Time-series catch and effort data
4a) Stock status.: CPUE/CPUEmsy >1
ABC=MSY
4b) Stock status : a< CPUE/CPUEmsy =1
ABC= MSYx(CPUE/CPUEwmsy- a)/(1- a)
4c) Stock status : CPUE/CPUEmsy < a: ABC=0

Tier 5. Infromation available : Reliable catch history
ABC=PxYam (arithmetic mean catch over an appropriate time period),
0.5=P=1.0

For tiers 1, 2 and 4, a is set at a default value of 0.05.
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Fig. 6. Variations in observed (dark circles) and predicted (open circles)

catch of southern bluefin tuna by fishery.
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Fig. 9. Proportional distribution of total biomass in each region

apportioned by the source region of the fish.
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Table 9. Proportional distribution of total biomass in each region

To

Region 1 Region 2 Region 3 Export
From
Region 1 44% 28% 28% 56 %
Region 2 28% 54% 18% 46%
Region 3 28% 19% 53% 47 %
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Fig. 10. Relationship between total length and total weight of the

southern bluefin tuna.
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Table 10. Regression statistics for the relationship between total

length and total weight of southern bluefin tuna

Statistics Value
Ina+ S& -10.891+0.04985
95% CI for Ina (-10.7932, -10.9887)
B+ SE 2.9781+0.00981
95% CI for B (2.997329, 2.958874)
a=exp(lna) 1.8626E-05
95% CI for a (2.0538E-05, 1.6892E-05)
7 12,158
7 0.8835
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Table 11. Estimated parameters of von Bertalanffy growth equation

of the southern bluefin tuna

Parameters Value Variance
Lo 185.39 cm 0.4945

Ve 0.169 /yr 2.9906E-05
% -1.448 0.0240
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Table 12. Mean weight and length at age of southern bluefin tuna

age (yr) 1 2 3 4 5 6 7 8 9 10

Weight (kg) 4.19 9.23 15.76 23.22 31.09 38.99 46.62 53.78 60.38  66.35
Length (cm) 62.68 81.71 97.80 111.39 12287 13257 140.76 147.69 153.53 158.48

age (yr) 11 12 13 14 15 16 17 18 19 20

Weight (kg) 71.69 76.42 80.58 84.20 87.35 90.07 92.40 94.41 96.13  97.60
Length (cm) 162.65 166.18 169.16 171.68 173.80 175.60 177.12 17840 17949 180.40

age (yr) 21 22 23 24 25 26 27 28 29 30

Weight (kg) 98.85 99.92 100.82  101.59 10225 102.80 103.27 103.67 104.01 104.29
Length (cm) 181.18 181.83 18238 182.85 .183.24 183.58 183.86 184.10 184.30 184.47
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Fig. 12. Estimated selectivity coefficients of southern bluefin tuna by
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Fig. 14. Distribution of effort deviations over time of southern bluefin

tuna by fishery.
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Fig. 15. Estimated average instantaneous fishing mortality rates by age

group of southern bluefin tuna.
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Table 13. Relative levels in the relationship between spawning
biomass and recruitment of southern bleufin tuna
during 1966 ~ 2004

Stock level Years

1966 ~1975, 1977 ~1979,
High recruit, High spawner

1983 ~1985
High recruit, Low spawner 1986, 1988, 1990, 1991
Low recruit, High spawner 1976, 1980~1982
Low recruit, Low spawner 1987, 1989, 1992 ~2004
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Fig. 21. Yield per recruit curves of southern bluefin tuna by surface
fishery: Y/R against the age at first capture (t) for various

fishing mortalities (F).
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Table 14. Yield and spawning biomass per recruit of southern

bluefin tuna under harvest strategies on Faio%, Fasc

Age at first

) 0.1 Fao% Y/R (kg) SB/R (kg)
Fishery capture 4 4
(yr) (yr)
(year) Foa Fao%
Surface
1.47 0.091 0.074 42.02 137.69
fishery
Longline
3.66 0.118 0.094 39.92 137.69
fishery
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Table 15. Acceptable biological catch (ABC) estimates of southern bluefin tuna

Surface fishery

Longline fishery

Feurrent 0.223/yr 0.242/yr
Fio9 0.074/yr 0.094/yr
SB/R]ruo%) 137.686kg 137.686kg
SB/R]current F 53.834kg 53.834kg
Beurrent 66,059,000kg 116,509,000kg
Ba0%=Bcurrent*(SB/R]r40%)/ SB/Rlcurrent £)  168,953,000kg 297,984,000kg
B/ Baox 0.391 (stock status : 2b) 0.391 (stock status : 2b)
Fasc =< Faou*(B/Baoy- a)/(1- a) 0.027/yr 0.034/yr
ABC= % 1,673 ton 3,702 ton

(1—exp[— (FABC+M)])
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