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Development of the stock-fishery model for yellowfin
tuna(Thunnus albacares) in the Indian Ocean

Tsutomu Nismipa*

Abstract

The stock-fishery dynamic model is developed for yellowfin tuna (YFT) in the In-
dian Ocean. This model treats fisheries and resources as one unit system. Thus, once the
features of the system are estimated, it is possible to establish the desired production
levels according to the levels of the resources by controlling fishing efforts. Unlike past
analyses done by traditional models, this method includes information on all types of
YFT fisheries operating in the Indian Ocean i.e., industrial longline fisheries (LL),
industrial purse seine fisheries (PS) and artisanal fisheries (AF). Since the population
sizes of immature and adult YFT are interactive and since surface fisheries (PS+AF)
exploit immature stock while LI harvest adult stock, this model is intentionally
developed to explain the dynamics between immature and adult YFT. Input information for
this model are LL’s CPUE and three groups of age-specific catch (age 0,1 and 2
or older) for each type of fishery. The parameters to be estimated are survival rate, re-
cruitment rate and initial adult population size. Prior to applying this model, the adult
survival rate and the catchability of LL are estimated separately and used in the model.

This model is applied to the YFT stock of the western Indian Ocean and only 1971~
88 data instead of a complete data set (1952-88) are used for parameter estimations fo
avoid two problems : (a) serious under-reporting of AF data before 1970, and (b)
gaps in LL catchabilities in the data over the full 37-year period (1952-88). The 1971-88
data are further separated into four time periods and the parameters are estimated
in each period in order to investigate the influences of sudden large PS catches (full-
scale PS started in 1984) and inaccurate AF data. The four periods are : (1) the full
17-year period (1971-88),( 2 ) before PS (1971-83), (3 ) 4-5 years before and after
PS (1980-88), and (4 ) after PS (1984-88). The results demonstrate an estimated initial
adult population of about 1-3 million fish, and their mean residuals in the four periods
are 0.88, 0.65, 0.26 and 0.09 million fish respectively. It is realized that the model
will fit better as more PS data are included, since accurate and large PS catch data
should make it possible to eliminate the biases caused by the inaccurate AF data.
Therefore, it is concluded that this model is considered to be adequate to explain the
population dynamics of the YFT resources in the western Indian Ocean, as long as
the input information is accurate.
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(3), recruitment of adult yellowfin tuna in
the stock-fishery model.
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through this simple linear regression.

#

licb sBNARTH S, COMBRERRT S L
Fig. 20 &5t b, SR (1) @3, tHF1ERK
BYLERBOMART, UToRXtEEIN B,

R@W=[{m-P (t-2)-Co (t-1)} +Sm1 -

Ct () ] "301 ............................. (3)

ZORD, mit-2ERCHPOBBEFREEZ 1 &L
e &, tECBIAMAR (0RA) OHEKTH 5,
F7:, CobLUVC L, 0, | BAOEREI L HRER,
SondkMBDELHERECTH 5, ZOBRERRY
5 ERig 3OLHITIE B, R (1) — (3) THEIK
MBI NG A -5, So, S92, m, quL, BLT
SHOMPIREERR(P (L -2), P(t-1), PM)]
DT H>TH b,

COT, HEHET IS A-SHRRST Y, St
EQLLAEMICHEE L, T7abb, BWARKBRET 7
ZFHOVWHEINCKE (1813) OHFETHABBREOBED
WEOER/DE, Zun () 2FTHE L. KIK, ZLL
(t) LERNBELL (1) ZHV,

Zi1, (t) =fFon+ Mz =quiELL (4) +NMa+
ORFRL D RBEDOEHRFLTER (M) LIFZHAEDOR
BT B EESR (qun) 2ERAFTHEE L/, £
DR, REDERES =exp (-Ma*)=0.484 & &
h#EqrL=2628/ 10°8"HEFE s N (Fig. 4)0 L
fe-T, BE-RERPEETNTHEST H/37 A —
#1, Sor, m, FLTC3HEOMPERED 5 2IZH -
f2o EZAT, quLBEEIN/OT, R (1) {3,

P (t)=CPUELL (t+-1) /qLL

Etn, (1) &(2) @#bRT, 520354
IHHEEINAEP (t+ 1) HRED, BRBEDE
BEFPREFEINBEIEIN D, NTA—Fi, (1)
DOEAEEDDED 2 Fh,

SS=%{P ()-CPUELL (4-1) /qLL}?

ERNETELHOBHEEEHETHLTRDE L
MNTX 5,

3.2 AhF-%

4 v FETR, FNTHRERD TELEANERRES
OT, CoRBETLVEBA LML, K (1), (2),
(LU ABFE - RERFECTNVICHKLERANTFT —
#13, CPUELL (t-1), C (&), Co (t-1), Cy (1) @
ABETHL, BN Ty s vavETIN, a—
H — MEWr, Yield per recruit 7N TIE, X
NTWEIRTOYPHOF -y BERIN TV SN, K

— 266 —



A2 FEEF AT 5 8 - BERE T 7ILRSR

WETRHUTOEBICK D I9TI-8B8FEDF — 5 D A4 fig
FricfER Ui,

(1) ok S, NEBEREORER T~ 71, ®
HENZVIDEBIOBNMNEESNTED,
ICI9T0FE LRI TR 2 1 & O O BRI TR ES T
Hbo
A SRBCER R Y & HE CIA0ER D O
FEEELH 20T, ZOBOBBRERDE VNN
EELWEHEITE S, LIchi-T, ZoEEDL
TOHEMNT 5001, BABKEONE - il
(19504 B & 19608 o F -7 2 EHH LI
o fCo
IOEFIE, vYRFy I EFILELEICLT
WISWDT, BIBINAE S - WS4 B
ETHIDICLBERRELREL (LABEREDR
#E - CPUED 128N SHAERITI TOKE
D) OBHAIARETH Z, BR-BREOMG
oML DD IEERERSREIOERES N
foEbohb,

ANF— 7 OCPUBARME (1974) THEEMLLL
BOREBENREHVCHE L, &/, ASIF—50
FEERIFEER L, Romanov and KororTkova(1988)
DR ER & D von Bertalanfry O 5 & H##,

L (t) =197.3{ 1 -~ 272500 08811 } 245 |,
INhAxbBEICHELR,

3.3 "N5A—S#E

RS A= SHEORE, F—FITHNET S 2 >OMEA
UhEBRED T — 7 0B/NEE - BEOBESBLUE
EHAEORFICEWRER) A, EFMCE ) pEL
BT A DWEBHETBDILITO 4 —Richl, %
NENDTy — A THEBPLIVOERE (F-FDEF I~

(3)

DA bEE LB - R L7

=2 (1) 374 70ik%E (FERRE QAMA
¥ NRIBRE NYRTEENGEES
(1971-88),

=2 (2) : F EEREORISBERG (1071-
83)s

=2 (3) L FEAEOABIREIIGHTER AL -5
4 (1980-88),

r—2Z (4) @ FEFREORBIVRERIBE (1984~

88),

= (3)(4) 3, F=rHE»rENnFhos 5
BELROVOTHHEARS X3V, JEMOVIY
GEEAHET 20D DIT, | DOTHEMYINIEEERY
HE Lo 735 A~ F I, REAREEETERO
KEIBEK (IBM4381-T92) & BRFARBF » /32
DOAEEREE (HITAC M-682/M-880) AEMHL, =
vV a—4 7025 L3SAS/BASE (SAS Inc, , 1988)
R UER L 7,

B —ATHEINI N5 A —FETable L ITR LT
Nk b e, HEMPHERRBIO-30FEIHL, F
BEEES— X (1) TESIFR, 7¥—2 (2) Tl65
FE, #¥—Z (3) TH2WBAFRZ LTy —Z(4)TI
SHR &R s, KD, FEXPEBETF-I/DEDHD
BANEVEE (-2 (3) & (4)), BENRDT
AIENPHLNTH S, TN, BEOLVE XFERE
DEBORBE T —7 (NEBRED 4ELL) eF
MegEhs &, MIBREDT — 7 OB/NEE - 1BE
DESOMENEESNBENRD L EBRTE 2,
=2 (4) TlE, HEDEIAF-sBII5H LD
WOSEREERRE NS VOT, THEEI NS
A= (RREOEBRSE 0,172, RABFEEICHT 5

(W,

Table 1, Estimated parameters and residuals.

Rate of Estimated parameters Mean
Case Period n PS data S, m P.. P,. P, residuals
used (%) (million fish)  (million fish)
(1) 1971-88 18 28 0.09 91 3.2 2.0 1.7 0. 81
(2) 1971-83 13 39 0.10 63 3.4 2.8 2.5 0.65
(3) 1980-88 9 56 0.09 130 Poy=11(%) 0.26
(4) 1984-88 5 100 0.17 49 Pao=1.4(x) 0.09
Note (*) : Only one initial population size instead of three was estimated in these

two caese due to insufficient number of data.
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