J. Kor. Fish. Soc. 40(6), 367-373

k42, 40(6), 367-373, 2007

MULTIFAN-CL 2@l 0|28 uECiEo]
Thunnus maccoyir2| Xt "7}
ARY - Bojol - BEY - nEY
SCfetn ofehuAmz Sty "REISATIEE el RHeE
“Tpiainstel Khels ZARES

Stock Assessment of the Southem Bluefin Tuna Thunnus maccoyii
Using the MULTIFAN-CL Model

Youjung KwoN*, Dae Yeon MoON', Chang Ik ZHANG and Jeong Rack KoH?
Department of Marine Production Management, Pukyong National University,
Namku, 608-737, Korea
'Distant Water Fisheries Resources Team, National Fisheries Research and
Development Institute, Gijang, Busan 619-705, Korea
®Fisheries Resources Restoration Development Management Center, National Fisheries Research
’ and Development Institute, Gijang, Busan 619-705, Korea

We assessed the stock of the southern bluefin tuna (SBT, Thunnus maccoyii) by applying the MULTIFAN-CL
model. The model is spatially disaggregated, with the population and fisheries stratified into a number
of regions within the overall stock range. Catch, effort, length-frequency, and tagging data from 1965 to
2003 were stratified by three regions and four quarters (Jan-Mar, Apr-Jun, Jul-Sept and Oct-Dec). These
data were used to estimate the instantaneous fishing mortality (F), biomass, spawning biomass, recruitment,
and so on. The Commission for the Conservation of Southern Bluefin Tuna (CCSBT) used only Japanese
data and did not consider migration for the SBT stock assessment. By contrast, we used Japanese, Australian,
New Zealand, Taiwanese, and Korean data, and considered migration. As a result, the estimated annual
average F of all age classes was 0.073/yr and the F of age class 6-10 was the highest. The results also
showed that the biomass and recruitment of SBT had declined significantly after 1965. Compared with
the CCSBT results, the estimated spawning biomass in this study was lower and more uncertain. However,
we will conduct a sensitivity analysis to get more accurate biological parameters and results. In addition,
we need to use the bootstrap resampling method to quantify the uncertainty.
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ATt (Fig. 1). 31 12 Y& 35-50°8, AL 40-160°EC. 2 F3
WM, G5 Aed 2 3 g g slgos grie d%
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g es FEHANY Y 2 =2 k8= CCSBT YA
C|Eo| A A2 (http://www.org/docs/data.html; CCSBT web-
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2 o] AR =8 FL WAulER o) 804 (inds./

AR -2Ua- g -1y

hook)E G E AHE3HETh APNE A5 E 9 ool
A A-E A2 AE (CCSBT web-site)S AHESHEE] 2 em
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200337k AT HE 21620k2] ] ARE vigko 7 WHol XL
AlY) S BTER FolA ARSIt MA TSR
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bagu

=L, (1—¢ <)

1 .

I length at age t

Le: asymptotic average maximum body size

K: growth rate coefficient

to: hypothetical age at which the species has zero length

ARG E S A CCSBTAA AHSH I e 3
AHE-3FA T (Fig. 2). CCSBTOA FAHE wHAAAISES
19909 the] EXAEE vlgoz FAHE g, 1494
0.5/yr, 2-94] Atele] E2kAAANT-EL 2(2)l 23] AlLts
Rem (IATTC, 2005), 104 ©]F= 0.14/yrE A3
(CCSBT, 2006).
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Fig. 1. Designated regions for the southern bluefin tuna Thunnus maccoyii included in this study (modified from Butterworth

et al., 2003).
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Fig. 2. Instantancous natural mortality rate by age of the

southern bluefin tuna Thunnus maccoyii estimated by the
MULTIFAN-CL.
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Fig. 3. Regional variations in the observed (dark circles) and
the predicted (open circles) catches of the southern bluefin
tuna Thunnus maccoyii.
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Fig. 4. Size frequency distribution (histograms) and predicted

(line) length-frequencies of the southern bluefin tuna Thunnus

maccoyii by the regions.
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Fig. 5. Observed (dots) and predicted (line) tag returns from
the southern bluefin tuna Thunnus maccoyii by time period.
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Fig. 6. Fitted von Bertalanffy growth curve (line) of the
southern bluefin tuna Thunnus maccoyii based on the observed
length (circles) by age class from 1994 to 2003.
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Fig. 7. Estimated instantaneous fishing mortality rate by age
groups of the southern bluefin tuna Thunnus maccoyii from
1965 to 2003. Solid line: mean age=1-5 years; mean
age=6-10 years; mean age=11-40 years. Broken line: mean

age=1-40 years. '
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Fig. 8. Spawning stock biomass of the southern bluefin tuna
Thunnus maccoyii from 1965 to 2003 estimated by the
management procedure of CCSBT (CCSBT, 2005b) and by
the MULTIFAN-CL.
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Fig. 9. Catch per spawning biomass of the southern bluefin

tuna Thunnus maccoyii estimated by the management
procedure (CCSBT, 2005b) and by the MULTIFAN-CL.
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Fig. 10. Relationships between estimated spawning biomaés
and catch of the southern bluefin tuna Thunnus maccoyii
from 1965 to 2003 by CCSBT (a) by MULTIFAN-CL (b).
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Fig. 11. Biomass of the southern bluefin tuna Thunnus
maccoyii estimated by MULTIFAN-CL from 1965 to 2003.
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Fig. 12. Recruitment levels of the southern bluefin tuna
Thunnus maccoyii estimated MULTIFAN-CL from 1965 to
2003.
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Fig. 14. Ratios of SB/SBusy (a), B/Bumsy (b) of the southern
bluefin tuna Thunnus maccoyii estimated by MULTIFAN-CL
from 1965 to 2003.
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Fig. 15. Ratios of F/Fusy of the southem bluefin tuma Thunnus
maccoyii estimated by MULTIFAN-CL from 1965 to 2003.
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A Akl B39 ol F AR Hla) ARAo] BolRey)
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713 Uit E8 0] AA) wolx7] Wil gt 1
U MULTIFAN-CL 293} 22 dg3x vde ¢gy=
sepuE So] Aol we} YAsal 7HgHE VPASH 2
ARl w} AenEES 48] wEol F © A& e
3 ¥ setulE ES 28 Fk vkl 1Y sleluE
ol ZX FAEAL BS, EEFE A9 94 FE FRHE
2, B E FAd AFE Z)Fok sle o] qth
go 29| AP MULTIFAN-CL Edo] AL4EHE
ADANRE, ARAST 2 A5E T3 2L AYEhE 545
o digt AL dax A7 e BA9 e 248 AA)E)
32} 31, bootstrapT 2L resampling HH O 2 BEAAS

s & A olt) w3, A FUHE A Y BZolgd
g ARE FHASY =EHE 2o A S FHolaa
B} B3, CCSBTE ARG oM B4 248 118
Bh YA Bk lou (JATTC, 2005), A44L 2 o7
FRAY 24 WFo ZA 3F3Hs tdole EAS uwd

o, FF AT ol aryidjer & Aol

= LR |

Butterworth, D.S., J.N. Ianelli and R. Hilborn. 2003. A

kol o) 49 B} 373

statistical model for stock assessment of southern
bluefin tuna with temporal changes in selectivity. Afr.
J. Mar. Sci.; 25, 331-361.

CCSBT (Commission for the Conservation of Southern
Bluefin Tuna). 2000. Report of the Special Meeting,
Canberra, Australia

CCSBT (Commission for the Conservation of Southern
Bluefin Tuna). 2005a. Report of the Tenth Meeting
of the Scientific Committee, Narita, Japan.

CCSBT (Commission for the Conservation of Southern
Bluefin Tuna). 2005b. Report of the Sixth Meeting
of the Stock Assessment Group, Taipei, Taiwan.

CCSBT (Commission for the Conservation of Southern
Bluefin Tuna). 2006. Report of the Seventh Meeting
of the Stock Assessment Group, Tokyo, Japan

CCSBT (Commission for the Conservation of Southern
Bluefin Tuna) web-site, http://www.ccsbt.org/docs/
data.html.

Fournier, D.A., J.R. Sibert, J. Majkowski and JI. Hampton.
1990. MULTIFAN a likelihood-based for estimating
growth parameters and age composition from multiple
length frequency data sets illustrated using data for
southern bluefin tuna (Thunnus maccoyii). Can. J.
Fish. Aquat. Sci., 47, 301-317.

Fournier, D.A., J. Hampton and J.R. Sibert. 1998.
MULTIFAN-CL: a length-based age-structured popu-
lation model for fisheries stock assessment, with
application to South Pacific albacore (Thunnus
alalunga). Can. J. Fish. Aquat. Sci., 55, 2105-2116.

IATTC (Inter-American Tropical Tuna Commission).
2005. Introduction of a statistical age-structured
model used for southern bluefin tuna in CCSBT, CA,
USA.

ICCAT (International Commission for the Conservation
of Atlantic Tunas). 2006. Report for biennial period,
2004-05 Part IT English version SCRS. 2, 120-127.

Hampton, J. and D.A. Fournier. 2001. A spatialy disag-
gregated, length-based, age-structured population
model of yellowfin tuna (Thunnus albacares) in the
western and central Pacific Ocean. Mar. Freshwater
Res., 52, 937-963.

Hampton, J. 2002. Stock assessment of skipjack tuna in
the western and central Pacific Ocean. 15th Standing
Committee on Tuna and Billfish Working Paper
SKJ-1.

Polacheck, T., N.L. Klaer, C. Millar and A.L. Preece.
1999. An initial evaluation of management strategies
for the southern bluefin tuna fishery. ICES J. Mar.
Sci., 56, 811-826.

2006 d 59 39 Hee
20073 119 209 59




