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A study on the population dynamics of yellowstriped butterfish in the
waters around the northern part of the Izu Islands.
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Abstract The yellowstriped butterfish, Labracoglossa argentiveniris, inhabit shallow waters
over rocky bottoms along the Pacific coast from Kyusyu Island to the Boso Peninsula. This
stock is important to coastal commercial fisheries in the northern part of the Izu Islands,
which use bulk net, gill net, seine and set net to catch this resource. Assessment and man-
agement of the stock are necessary for its effective utilization. This thesis focuses on the
population dynamics and stock assessment of yellowstriped butterfish, such as age and
growth, standardization of catch per unit effort (CPUE), and abundance estimation, to pro-
vide information for fisheries resource management.

In Chapter 2, a method to determine the age of yellowstriped butterfish using from the
otolith was studied. The edge of the opaque zones as a ring mark on sectioned sagittal oto-
liths was used. Monthly changes in the marginal growth rate and proportion of appearance
of ring marks on the edge of the otolith were examined. Formation of the first ring was
observed during spring or summer, corresponding to one and a half years after hatching.
Thereafter, one ring was formed each year in the same season as the previous year.

In Chapter 3, age, growth and maturity were examined using samples collected in the
waters around the northern part of the Izu Islands from 1994 to 2003. Age distribution was
estimated from the otoliths and scales. Age distribution determined from the scales resulted
in an underestimation compared to the values from the otolith analysis. The comparison of
multiple age determination indicated that within reader bias of otolith was smaller than that
of scale.

Growth was investigated by fitting the von Bertalanffy growth model to the age-length
data and the allometric growth model to the length-weight data using maximum likelihood
methods. Because the number of small sized fish was insufficient, all parameters could not be
estimated by areas (Izu Oshima Island, Toshima Island ~ Shikinejima Island, Kouzushima
Island). The selected von Bertalanffy growth model, based on the Akaike Information Crite-
rion (AIC), was the differential asymptotic length and variance by area and sex, and growth
coefficient by sex. The growth of yellowstriped butterfish was fast until 2 years of age. The
estimated asymptotic length of females was larger than that of males. The estimated asymp-
totic length in the southern part of the study area was larger than that in the northern part
of the study area. The effect of the difference of ageing character, otolith or scale, on the
growth curve was investigated. Age before 1 year old fish was determined using the large
differences in fork length between the older fish, so ageing character was not used. Because
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the growth speed of large sized fish was slow, age-length relationship was almost same af-
ter 4 years of age. For these reasons, difference between the two growth curves was much
smaller. The selected allometric growth model, based on the AIC, was multiplicative error
structure of differential sex in parameters. The monthly change of the value of Gonado-
somatic Index was high from September to December, spawning season, and the peak was
October. The maturity rate of 1 year old was 15% and that of after 2 years old was 100%.

In Chapter 4, standardization of CPUE was carried out to improve the reliability of the
abundance index. To estimate a year effect, any other factors that may influence CPUE
were removed from index by using the generalized linear model. Landing in weight by each
operation of gill net of Izu Oshima Island, seine from Toshima Island to Shikinejima Island,
and bulk net of Kouzushima Island were obtained from 1991 to 2003 by landing slips. Data
of sea surface temperature and current pattern of Kuroshio were also obtained for the same
period. Because there was little information about movement in the study area, two hypoth-
eses were considered about the movement after recruitment, the case to move from one
island to other islands, and the case that there is no movement among islands. Year, month,
area, fishing methods, sea surface temperature, and current pattern of Kuroshio were incor-
porated as main effects and two-way interactions. For each area, the best model was statisti-
cally selected by the AIC from all candidate models. The year effect of standardized CPUE
was calculated by least squared mean. The trend of relative abundance of yellowstriped but-
terfish has remained at the same level after 1991.

In Chapter 5, stock size of yellowstriped butterfish was estimated by the tuning virtual
population analysis based on two hypotheses about the movement among islands using the
catch at age and CPUE data. The previous study of rearing experiment showed that proba-
bility of agreement of true age by using data from otoliths was higher than that from scales.
In addition, previous chapter also indicated that within reader bias for otoliths was lower
than that for scales. For these reasons, the otolith ageing was considered to be true for catch
at age estimation, and the bias in scale ageing was corrected for the basis for otoliths. The
standardized CPUE was used as an abundance index for the tuning. Parameters were esti-
mated by the least squares method and standard error was also estimated by the bootstrap
method using resampling data of CPUE and catch at age. The yearly change of stock size of
yellowstriped butterfish in the northern part of the Izu Islands after 1998 ranged from 600
to 700 metric tons. The catch rate of this stock ranged from 20 to 30%. The estimated stan-
dard error of the stock size became larger in recent years. Coefficient of variation of stock
size in 2003 was 0.2. The selectivity of older fish was higher than that of younger fish. This
result suggests that the target of this fishery is large sized fish which are high priced, and
fishing intensity of small sized fish is low. The estimated stock size, fishing mortality, and
selectivity, using two hypotheses of the movement shows the same trends. A similar con-
clusion of the stock management plan was possible. The percent spawning per recruitment
was about 50% in 2003 in each area. The results showed that if the fishing effort is increased
from the present level, the amount of catch of large sized fish would decrease, although the
total amount of catch would
increase slightly.

The present level of fishing mortality is close to FO.1. Yield per recruit and spawning per
recruitment analysis also suggested that the current level of exploitation is not overfishing.
For the sustainable use of yellowstriped butterfish stock, both the current level of fishing ef-
fort and low fishing intensity on younger fish should be maintained.

Key words: yellowstriped butterfish, age, growth, otolith, abundance estimation
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Fig. 1.1. Location of the study area. The depth
contour shows 100m in depth.
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Fig. 1.2. Yield of yellowstriped butterfish in the Izu
Islands from 1950 to 2003.
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Fig. 1.3. Proportion of yield of yellowstriped
butterfish in the Izu Islands from 1950 to 2003.
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Table 2.1. Samples collected for age validation using otolith from 2000 to 2003 around Izu
Oshima island.

Number of samples

Date (male : female : Fork length (mm) Fishing (sampling) gear Group
unknown)
2000
29 May 15(0:0:15) 65-81 brail net 1-A
19 Jun 7(0:0:7) 78-90 brail net 1-A
2001
25 Jul 158(83:75:0) 167-210 gill net 1-B
19 Oct 121(65:56:0) 162-209 set net 1-C
8 Nov 158(93:65:0) 168-211 gill net 1-B
11 Dec 124(76:48:0) 161-208 set net 1-C
2002
5 Apr 90(44:46:0) 150-204 set net 1-C
19 May 84(43:41:0) 166-212 gill net 1-B
14 Jun 152(72:80:0) 161-203 gill net 1-B
26 Jul 116(56:53:7) 145-207 gill net 1-B
4 Sep 185(106:79:0) 155-201 gill net 1-B
2003
15 Oct 117(59:51:7) 111-144 angling 1-D
16 Oct 30(14:10:6) 114-135 angling 1-D

Fig. 2.1. A sectioned otolith of butterfish. (a) A typical overlook (x 40) and irregular ring (arrowhead). (b) and
(c) Detailed views of both the dorsal and ventral side (x 200). The arrowhead indicates the annual rings.
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r=r,*a,+b,
R=r,+a,+b,

Fig. 2.2. An example of measurement of an otolith. Notations "R" and "7, (n=1,2)" indicate the whole diameter

and diameter at ring formation.
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Table 2.2. Back-calculated fork length (FL,, mm) at each ring group

Sex Ring group Sample size FL, FL, FL; FL, FLs FL, FL,
Male 1 96 147
2 178 146 169
3 207 145 169 178
4 96 146 169 178 184
5 26 146 167 177 184 189
6 7 143 163 174 181 188 193
Average 146 169 178 184 189 193
Total 610
Female 1 113 150
2 157 149 172
3 144 150 173 183
4 80 151 176 185 191
5 24 148 169 180 188 194
6 3 135 159 170 180 186 192
7 1 150 169 176 183 188 193 197
Average 150 173 183 190 193 192 197
Total 522

n, number of rings

g 1.0 g 087
g e

% o 0.6 Bo4q

=2 04 g .

2 5 0.2 T Leriil

s 0.2 < ST />~o—o

% 2 O | | ) | | | | | |
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S 52 EZ 5333
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—0— 1 ring grou —>—2 ring grou

Female —3 rin% goug ——4 rin§ goug

—&— 5-7 ring groups

Fig. 2.5. Monthly changes in marginal growth rates
of otoliths by ring group

Proportion of appearance
of ring mark

Apr May Jun Jul Sep Oct Nov Dec

Fig. 2.4. Monthly changes in the proportion of
appearance of ring marks on the outer margins of
otoliths. The black, white, and gray areas indicate
the proportions of ring appearance, no appearance,
and unreadable, respectively.



5 B ROEJRFRINSE 175

1

150

—

Fork length (mm)

W (o)) O [\
o o o o o
| i | |
—
.
—
 E—
[

Month

Fig. 2.6. Comparison of monthly changes in fork
length frequency distribution. The black, gray, and
white bars indicate samples of Group 1-A, Group 1-D,
and the past study, respectively.
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iz EARNETHEMBECHELL A, Brbik

SBERIZ 22 T300~5004 13 & D R B 3% 75 B AL Al 22
TE72o ZOWMBMOBEIIIEWICTH D0 5720,
KW TIRAERMIEE & L COAEMIEDOMEEZ1TH 7%
o720 LA L, SHREARMAZ ML KRR & 217
W TH 2 2 L AMERTE UL, FERHIRICL S
PR EDOECOBG 2 &, MR 272500
Lk, £72, WPAE KBS LA, SR
72 DIZHEVERRCASE M L TR S LIRS H 1 7 0
St LIS K B2, WOBIEHEE LA & H
Wi L7zo RIMEC X 2 H A OSSR R, T
DIETTHZEACT B 726, YIFIZ L BAE L KL
TAEMDSE/NEEIC R D5 2 £ 2% 5 (Beamish, 1979 ;
Newman et al, 2000). FF-AOWEEERT 5 &,
BEWT I YD 2 5 2 &0, ke & 0 1B
Wt c& 2 ke EZ N5,

TR AT S LTV AR WL OAERE, R RAM
% D7 % I T AR EE & i Lpee L7ze HA &
@O 1 Wl sOE R OAERRIC DWW TIE, FHEE b
e EMOERIBEEEHT A2 LT, BETRE2D L
N, LaL, MG A XL g L/
EARR W20, BAFEHEO LB O AT E i
fRATRETH %,

RO O R LR o BEwfiE, Ak nd %
EDLTHRBITHrHEAPASND, ZDOFEKITON
T, Lee G L Finf iz 2 DO REMEDE 2 5
NDo MABRMEZITo TWARWDS, ki s A
DTy ZVEIEH5CHh Y, EBUEmREEoHE e
LED, &7 NV—THTEFIZENMETH D Z L0 b,
ERATE A L 13 E 212w,

HAOZBZ LM E32% OfET, E1isso
BB AT S Tz, 2 OB %2 - Ttk
LCEHIIT % &, ERMEEICBWTERLZBREDFA
L b WlIEETOE 1 WIBKEND K S D45
EEDOMBEICHBL TWize ¥ 5 0o % FH
TAHILT, L EERE XTSI LIEINETH
5o

A (1984) 12X 5 &, 0RO R IIZ 4 A <,
ARIFFERE RO FH A OEBIEER & 13— T %, 4
Y ORIEA16C LA N IC 7 5 & flH TR EIMER T 5
D, BOBRBIERISLTFEOREEEN 2, £
ZORERBEIINOZARFERN TR 2 2 & 2RE L
TWoo ¥ I ROHHOEHILKER b, & Il T,
R DI S BIGII~NOBITICE 2 b DL E 2 5
N5,
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B=E  Fhe - BR - R

BIRAY O, R, WAREML Z & ITEIRR
MORED 15T, WEARET VAN LT 217
9 & XU ERIERTH S (HH, 1998 ; Quinn and
Deriso, 1999) . fEEEBALIRIRIC B T, FEHAK
FERERS 3 5 XOLEWYFTEREG S 720, B
MAKOIE ThITWE, TD5 b, FEWMIEHIC
DWTIE, AEH A &8 2 PUEL T 5 A%, 2000
FEDHTRBEOREAR L 2PEL T v, Zoko, K
WM OER EBREICHT A2EMERL72D121, A
LT — 5 T 5 LEDNDH 505, KKMAKICE
WTHA L OB OBRIZOWT T2l &
nTwizwv, AL, HALBofmEEE LToH
REJIRB L BT, Fin, W, MR S&IRFTIC
VERAEYZENER /AT L2 HNET 5, 1994~
20034F VR S AL SRR CUNEE L - BE AR O B A &
ZAER L, AR HL DX B O B RO & X7z,
T A M D EFME O 5 720, FHFEATLY 3R
2O b ITo 720 F72, Fln & REOMBRLET
5720, Hi— )8 L EBFRD von Bertalanffy &3\
L, BAE-REEFRO7OX M) —XEHE L7
51T, MEHEDFEHI AT & A A XI2OonTH
M7z

Eat SR app:

2 O#H

FEFEBILERIER O & h ROER, KE, W%
TR 2 720, 1994~20034E 12 Group 1DBEEAR S &7
16,932ME R & U L 720 REAI, a3E CEiEiy, filH,
FEHE, EEUIHE) THIE L 72 b 0 H%15,382M K T, FAE (8
0,72 b %) THMEL72H 051,550 T 5 (Table
31,

ot

=

EiN
]

BEAIEEE 88 & MARICIE £ TR L, 2k
DRI L AR, 15,2891k o> A Jifi i e & 51 L 72
PERNZ AR 2 T MR I HARCBIgE L, i, M, A
WZHH L7 512, 15212tk @2 RINL, Z D
I B LMK OV THR S HA b L7, 2
ZC, BARTHEALBORMICE L TUT O 4 FEHIC
SFTE 5

Group 1 Hfar@hzfHBL, # M THALODIEE
WMEEE L CORMEEZTRD 72012
A L7284 (1,357M1k)

B 74l L7z Group 1B oo
AR (48508 1k)

D A% L7 BEA (13,3521 14)
FALBOIN ORI L TR
(1,738f1%)

Group 2

Group 3
Group 4

ERAER DS
1. A& ombiice

Group 1, 204k & Group 309,62 D i i
BORZFHI L 720 B3 ARIER S, AR OEE DN
WA 5 L4208, AEHOBUT EHRILL, AREAKIZ P
HEF L7212, 5% KBALF b)) o 2RISR T 2

RS ERIC20~30 M ANS, L5 5D HET
RIAT#E LMl WA 2 E 2 BRE L. 20,
KEBARKTTTE, 2HORATA FT T ADMICHE%E X
S, Ny T —TTHE Lz, BHIBEMEOES
S L C40R CRIZE L, BiiasHHBRICEISic& %
AR & A CTEISR T 2 WRRICOH L7z Bikins
B 2 RRICDOWT, AR (1984) (ZHEV o Wbk
ORI ZFRI L7z (Fig. 31(b)). #kikix, HEH
WCRAERCHREL EAROERE 5 2 TRHIL 72, £
7z, Group 20BERDE FIZ, 55 Tl z shill
L7z Group 1& RO FBETHH L 725 Group 1, 20
BEARZMEH LH A & oW T & o MBUHE % g

Table 3.1. Samples collected for age estimation by fishing gear, area and year.

Year Area 2-1 Area 2-1 Area 2-2 Area 2-2 Area2-3  Area2-1 & 2-3

Gill net Set net Seine Gill net Bulk net Survey
1994 167 250 0 220 168 0
1995 580 0 67 79 228 61
1996 141 54 0 0 385 129
1997 357 0 0 147 721 1098
1998 92 43 74 284 517 0
1999 71 412 503 284 353 0
2000 526 518 185 751 845 115
2001 812 594 383 713 794 0
2002 589 115 0 381 466 0
2003 341 184 489 198 319 147
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L7zo Wl bR~ DL, F8 L FEARIC1L
H1HzZ#EAEHEE L7z,

2. HA & @O wc A 8 il oo A5 P o Gl

B & B omicc W —AEg HAll Lz & EofE
EDOFIEANE A RS 720, FAI Y B2 OF % 17 -
72 Group 2D 31YMEMRIZ DO WTHf & ok %
ENENL r HB XT3 MR L7z WflEo i A
D REOFICIE, 3 lﬁlu\@”ﬂ%ﬁn{( & 72k A
EEHL, HoWE LA (h =1, H) T 5,
%ﬁﬁﬁ%@¢$@wm¢pmmﬁ%$pwm>

ZHEE L7zo p(@ 1h) &, BRI h AD i FH G

=1, -, I,) OEE A x, MOfEE L&, B
¢ RDIMBLEL x (), BETGANHED EF N %
sz LaEsiz L 720 HEBIEE

L e p(@lh) "

k= HH 0 el R

i=l #=1

Cbh

HL x, = zx(¢)h,i
o

Ehbo TIT, BAMY BEOFEICEV T, HA
LBTNENO i HOMEOHOBEE b AL,
B L 72 OB O 3 % DS T A L 72 865
iR/, R E Lo B & B0 E BRI A
ELNZN, ¢R 9UREL, p (R & p
(¢! n"™) & HERE L7z

BRADHE
1. % — B X ED von Bertalanffy W&

WH (s=m, £ w, Bih (b=1,23) XBT5a

Fig. 3.1. Comparison of the annual rings between otolith (a) and scale (b) of butterfish.
The white and black allows indicate first and second rings, respectively.
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% (@=0-A4) ©iFH (=1 1,,) OfEkD
RAE% I, (mm) &B<, BnidifsEosEipm
M5 b=1,2 358 L, TNENKERBHES (Area
2-1), FlEH o XME B8 (Area 2-2), #E 5
JE DR (Area 2-3) & L7 (Fig. 1.1)o B “m”,“F”,
WxENENME, M, VR E RS, EERE
tipa: BE) LBE, L, ZUTOEFTVTRT,

l.\:h,a,i = i&h (t.s‘,b,a,i) + gs b,a,i (3 2)

Rt VC\\ & s,bai Liqziéj O 6}% U 5b (mm ) @Eﬁ %ﬁ
SHED B, L, )\ L RSB BRI EOR

WMTH Do L, )W T von Bertalanffy €7
WERMR L7z,
ls;h (Zs.bﬁa.i) = loo(.mh) (1 - eXp(_Ks.h (tx,b.,a,i - tO(.r.h))))

(3.3)
Z T Loy, Ky tosp 1, TNZENERAE (mm),
AR (1 /48), BRLED 0 & 7% 540 GE) 2R ¥,
P B A B E 1k 0 R 2 o B L@, 0 1
IR (R R PR (Y Mﬁ%n%nm%ﬁ%%ut
TSNS L v ERGE L7z,

i:{.,h ([u,h,a,i) = //U,\rma ([u,h,a,i) + (1 - /1)2)",(1 (tu,hA,uJ)

(3.4)
ZZTA0<ALD &, EERIPLRDIHEOHETH
5o EME (Kimura, 1980) i,

1 (l.\'.lz ai z\'.b (l.\'.b.a.l ))2
L= _ 8
T 722 °"P{ 27, }

(3.5)

Thbo
Group 1~30F7— % #fEiH L, 4E#i—REXED von
Bertalanffy i EX 2 HE L72e BERXD/IF X2 —%
&, X RS X B REAEOHIIOWT, WEE
RO EFER L7 [ ATHIX, MO OWTERE L
25, KIZHIXIZ X o TN OBRERES 445 Thw»
7’:25?), WXIZE 9 —ws LA LZEE Lz, £
, BB BE O Y TN I A, EY
,ﬁ ARG B CIL B I AT b Z &
P5, LIZX, MRS ST -8 EME L7, von
Bertalanffy L ER D /8T 2 — & ZHX & MEHEIZO W
TEEL, DWFD 42507 =225 T L7z,

m

N
=

Case 1 (Hu[X5N, BERER))

[oo(m])’ loo(fAZ)’ lw(lnﬂ)’ [oo(f.])’ loo(m.Z)’ Zoo(f.fi)’

K, =K,=K,; Kj.l = Kf.Z = Kf.} >

Loy = Loamy = Loamny = Locry = Locrr = lor a0
2 2 2 2 2 2 2 2 2
Onis Onzs Opzs Opys Opas Opas Opys O,ns O 5.
Case 2 (Mi[X A, MfEHER)
lwmm :lw(m.Z) :lm(msw lw(f.l) :[oo<_;‘.2) :lw(f.3)’

K, =K,,=K,;. Kf.l = K/.z = Kf.}’

Loty = Loz = toons = Lorny =loro =lora»
2 _ 2 _ 2 2 _ 2 _ 2 2 _ 2 _ .2
0,1 =0,,=0,5, 0;,,=0,,=0,,, 0,,=0,,=0,;.
Case 3 (HbIXJ), MEHEAR)
Ly = loe(f‘l)’ Loty :loo(mw L) :lw(mw
K, =K, =K,, :Kfl :K/ ) :Kf_zv
Loty = toumzy = o =lorny =lorn =loy s
2 2 _ 2 2 _ 2 _ 2 2 2 _ 2
0,1 =0;,=0,,, 0,,=0;,=0,,, 0,3=0,3=0,,
Case 4 (MiIXGAA, MEHEAM)
lwmu) =l :lm(m}) :lm(/'.n :loc(m) :lw(f.S)’
K, =K,,=K,;= Kf.l = Kf.z = K/.3 >
Loty = Loamay = Loy = Lorny =toray =loras
2 _ o2 _ .2 _ .2 _ .2 _ .2 _. .2 _. 2 _ 2
0,1 =0,,=0,,=0;,,=0;,=0;,,=0,,=0,,=0,.

TEEMTHEINZ DO, EEMEARE (i
AR A By, 1993) ORfEH & D R L E120mm DLk
WOoWTIE oIS NS, F72, & Bt
BLTH, BORAZAMZ T W ETS L &M
HHOHABAWATE ~126i & 7 H ROMAKITH L T/HhE
Wz, NG A XOEARIRY IR VWEEZD
M5B, L L, MO TIEEIRE O 58 i o)
B A ZDH Y TUhR-> T LW RS H 5. 22
T, - RBAEOREROHEEITITHMETIEL 7
EARD D B, B EHE L A, IO b DR L7z,

2. AEEEE OE W ORRET

Hh LN Th ol - BXRT— 5 O#EWA,
RENXOHEFEIC LT T B L M7z, Group 1OHH
LRI X AR EM e L, MERAE, RER
B, e MERERNCHERE L 72 & % @ von Bertalanffy
WREXD/NT A —F LiitFRic BT 28X R L
726
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3. BRAE-KEnTa 2 M) =3

R s oo FHOMMAE (v=1, -, V,) OEKE w,, (g)
EBE, ML L RERER S ORI - RE
MRELUTOEFTVTET,

we, =W () +E,,  (EaEHL) (3.6)

w,, =w, (e CRiksEtg) 3.7)

cZTew L )E, BRILE L, B A2 REH G
e W zowTTa i M) —REMHH L7

w(l, )=ol " (3.8)

TIT e PHO, SEkel (Y DIEBS A
IZHE) AR R T, 72, o & HOMERAHMEEOMK
O MEEW, 0%, (304) & WA
DOHFHE O MEPIFTEF L v EARGE L 72,

W, ()= A, A, )+ (=D, (,,) (3.9

IR, FRAEREICB T A, ThEhoL

.y

RS,
g Al k)
| (w. —w(l ))*
L: _ 5.0 s \Ys,y
M7 “"{ 2, }
(3.10)
(T At )

1
I = N
D00 e

s v

logw,, ~ log #,(1,,))
{—(gw“zafw" } (3.11)

5.V

L% b,

Group 1~ 407 =% #fH L7 X MY - &
FEL7ze HIXIZ X o TN ORI 55 Th iz
DM IX HDZNZEEAET, VRl 2 MM AR & REHER,
AR I e MRS & LRI O W TERE L7z
A& BREMEDOMAB bET, Ait4EOET IV E
e L 720

4. NI RXA—=FHEEE T IVER

KAINT A —51%, BEHEN Y 7 R (version
2.1.0) (R Development Core Team, 2005) %M L
WL THER Lize 78T A — & ¥ Ml oL HE 321
observed Fisher {5t = O #4745 2 il L CRD 7%

(Seber, 1989), F 7z, FHiREMEDOT I A MY —
RICBWT, o DEHREBEZ TV EEHOTHEEL
72 (Seber, 1982), von Bertalanffy liE, 79 % b
—RZBWT, BEHROBEME LIZET VDG, Kl
TV R REREBE (DUF, AIC)

AIC=-2LL+2p (3.12)

Z i U#IR L 72 (Akaike, 1973)0 S ZTLL & p i3,
FNENRANHIE L 785 X — 5 BZRT,

5. 4F#h —fKE O von Bertalanffy B

AE s — /K von Bertalanffy B % 4l — B3
F® von Bertalanffy ik 702 b)) -5
A—Z Y R L TR 7z,

Wy (o) = Wegoy (L= eXp(=K (¢, .. = 1))

(3.13)
22T we (s,b) V38 BR AR EE (g) Tl sp P L EDffkE
ZRYo

HEGERR I & AR D S A GEIRFE $ (Gonad Somatic
Index, BLF GSI) #Rd7- (P4, /NEE 1991),

GSI=A R B & (g)x 100K FE(g)  (3.14)

MRS G & 72 o T B AR D WERE R o GSI @ H 224k
% Area 2-1, Area 2-2, Area 2-3I2D0WVWTCiliR7z, F
7z, BT 510 H o G 4 X LU OfEf#IC
SWC, BXEE GSI, WAKEBEORRERM~RT, &
512, MEHEZ N ZIUZ O W TR Z R 72,

22T, KARBIHBTBIZL, HETHESALAN
THOATVWE D%, METIENIZIIITEE ST
WEHDEZNENREE WL, ML D IR
VAL &2 T b D Z R & CHIE L 72,

w R

B DOETA
1. Bl obdss

Group 2D H A O i B0 1348548 4 v 4824 4K % &1l
THIENTE (WHE =0.998). B0 Ix
11.467f8 4k % 48 %2 L1131 VRGN 3 2 Z & s T & 72
(M FE3 =0.986) 0 WML 2 FHT 2 2 LA TELh o
TR, RN L 72053 RCHAHTH -2 D L,
MG L OWENNT & A ERBNED T iz/z0, HE
WL LD ol bDTH B, Gz 68l
USSR, M M AW OMEREIX, Zh 27,843,
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Table 3.2. The frequency at each ring group from 1994 to 2003 by fishing gear, area
and year.
Arca  ishing Ring 1904 1995 1996 1997 1998 1999 2000 2001 2002 2003
gear group
(Scale) 2-1 Gill net 1 18 55 58 141 29 0 57 33 77 55
2 36 71 39 103 54 15 104 128 184 106
3 41 72 20 28 8 19 99 171 124 98
4 21 81 15 26 1 16 23 77 105 52
5 2 17 6 8 0 11 2 25 26 19
6 0 1 1 1 0 1 6 11 4
7 0 0 0 0 0 0 1 2 0
unreadable 1 5 2 1 0 2 13 8 7
2-1 Set net 1 43 18 0 49 45 94 14 54
2 85 6 5 149 162 140 34 56
3 80 16 12 59 104 98 43 29
4 31 6 10 21 23 34 24 25
5 8 2 4 9 12 3 0 12
6 0 0 1 3 4 2 0 1
7 0 0 0 0 0 0 0 0
unreadable 3 6 1 8 2 4 0 7
2-2 Seine 1 2 28 104 21 89 35
2 13 42 240 69 178 133
3 34 4 107 62 68 91
4 15 0 16 18 22 27
5 1 0 17 10 5 6
6 0 0 6 2 6 2
7 0 0 0 1 0 0
unreadable 2 0 3 2 15 2
2-2 Gill net 1 8 7 17 77 35 179 117 54 22
2 22 28 37 103 111 232 218 64 52
3 97 28 7 15 55 178 107 24 38
4 46 14 10 3 36 76 34 4 24
5 4 1 5 3 36 53 36 1 9
6 0 0 2 0 10 23 9 3 4
7 0 0 0 0 0 3 0 0
unreadable 5 1 1 0 1 13 0 2
2-3 Bulk net 1 15 9 41 104 29 17 121 58 65 36
2 29 28 75 106 224 166 105 226 143 167
3 69 82 82 27 28 99 40 42 82 73
4 43 88 120 36 12 11 16 21 22 32
5 7 21 44 18 7 6 14 7 4 6
6 1 0 8 4 2 0 2 1 3 1
7 0 0 0 0 0 0 0 0 0 0
unreadable 4 0 5 2 1 5 3 0 2 4
Ring group Area 2-1 Gill net Area2-1 Set net Area 2-3 Bulk net
2001 2002 2003 2001 2002 2003
(Otolith) 1 10 89 26 93 21 26
2 42 138 41 64 21 153
3 113 116 31 60 33 88
4 102 115 28 22 13 41
5 36 60 28 5 0 5
6 9 14 8 1 0 4
7 2 3 1 0 0 1
8 0 0 1 0 0 0
unreadable 2 2 2 0 2 1
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Table 3.3. Relationship of the number of rings between otolith and scale.

Scale
Otolith 1 2 3 4 5 6 7 unreadable
1 166 90 6 2 1
2 33 320 89 9 3 4
3 8 109 228 91 2 1 2
4 6 37 133 118 16 3 7
5 2 5 37 48 31 4 9
6 1 2 13 9 9 2
7 2 2 2 1
8 1
unreadable 4 4 1

>

Q

=

(5}

=

o

&

1 2 3 4 5 6 7
Ring group

Fig. 3.2. The frequency of each ring group from
counts of rings of otolith (black bars) and scale
(white bars).

Table 3.4. The frequency of each ring group using otolith and scale for three age

determinations.
Ring group Otolith Scale
1st 2nd 3rd st 2nd 3rd

1 26 23 26 36 26 31
2 153 154 152 167 163 158
3 88 84 88 73 89 97
4 41 44 40 32 30 25
5 5 8 7 6 8 8
6 4 3 4 1 1 0
7 1 2 1 0 0 0

unreadable 1 1 1 4 2 0

Table 3.5. Probability of observed value of number of rings in

otolith (¢ ) to mean number of rings in otolith (h' ™).
hrOto
d) oto
1 2 3 4 5+
1 0.99 0.01 0.00 0.00 0.00
2 0.01 0.98 0.02 0.00 0.00
3 0.00 0.01 0.93 0.14 0.00
4 0.00 0.00 0.05 0.82 0.12
5+ 0.00 0.00 0.00 0.05 0.88

181
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H

7,375, TUER7E 570 KEBEEM, KNERINE, 2548,
WM, KELIEHAEC X 0 SN SR H G &
1% DA ORI % Table 32127 F, Wiho
W X D EARDWMHEAY 1 ~ 3 EROMEKIZ v F
7o, SATHIE L 7oA, HoA, BB b IEAUE
R ENT WD olze TNHDERDERITE

It

EN
]

=

ERIRRIAR R 2> 50.5~ 1 & & M L 720

2. HA L BomBAEOEENE O R
L6730 B L o s oAz i L7z &

2%, HAiTidl664M0 Mk, @5 Tid1,650M AL TE,

HIZAE T E 723 OD31,641EIATH - 72, Table 3.3

Table 3.6. Probability of observed value of number of rings in
scale (¢ **)to mean number of rings in scale (h'*).

o Jrl
1 2 3 4 5+

1 0.86 0.05 0.01 0.00 0.00
2 0.14 0.81 0.18 0.03 0.00
3 0.00 0.13 0.70 0.14 0.00
4 0.00 0.02 0.11 0.72 0.09
5+ 0.00 0.00 0.00 0.11 0.91

Table 3.7. Point estimates, standard errors and Akaike Information Criterion (AIC) values of
the each cases of the von Bertalanffy growth models.

Parameter Point estimate SE Parameter Point estimate SE
Case 1 Case 2
AIC : 555472 AIC : 56310.4
L ooim) (mm) 185.6 0.404 L ootom (mm) 191.0 0.263
loogmy  (mm) 191.7 0.412 Lot (mm) 195.0 0.263
loogms)  (mm) 193.1 0.302 K, (1/year) 158 0.0194
gy (mm) 188.9 0.386 Ky (1/year) 150  0.0169
gy~ (mm) 195.7 0.406 f (vear) 0.290  0.00355
lugzy ~ (mm) 197.7 0.301 O (mm) 10.15 2.68
K, (1/year) 1.60 0.0195 o (mm) 11.26 3.17
K, (1/year) 1.51 0.0167 oy (mm) 7.06 1.86
ty (year) 0.280 0.00362
Om (mm) 11.35 6.23 Case 3
Omp> (mm) 8.78 4.16 AIC : 55985.5
O (mm) 10.00 3.77 Loty (mm) 1873 0.281
o (mm) 11.25 5.93 L) (mm) 193.7 0.295
o/ (mm) 9.32 439 L) (mm) 195.4 0.218
073 (mm) 12.15 538 K (1/year) 155  0.0146
Ou1 (mm) 6.832 1.83 ty (year) 0.280  0.00365
Oun (mm) 15.25 147.11 o, (mm) 9.67 2.39
0,3 (mm) 8.50 8.24 o, (mm) 9.10 3.05
oy (mm) 11.04 3.11
Case 4
AIC : 56808 .4
lo (mm) 193.1 0.191
K (1/year) 1.54 0.0147
f (year) 0.290  0.00358

o (mm) 10.14 1.67
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VB O AR S 2 H A OB OBIER & RS,
Fig. 3113 HA L HOwmMOLBEDHEHTH L, HhA
& 15k D B WO AL 2 M O — B 1E53% T, o)
L—B L aholze 7z, WHOHEBED MBI
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=}
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- L
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32, SWTHOEERDTHZ L, 4w ETHL
DEERD I N % ol ke LTHA DI
LT, ORI E S N LB o 72

(Flg 32) o
Area 2-1 female
250
200
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0 |
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250
200
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0 | : | |
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Fig. 3.3. Age-length data and the estimated von Bertalanffy growth curves of case 1.
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Table 3.8. Comparison of estimated growth parameters and fork length at age of the von

H HE

Bertalanffy growth model between counts of rings from otolith and scale by sex.

Parameter Age  Otolith-male Scale-male  Otolith-female Scale-female
l, (mm) Estimate (SE) 185.8 (0.413)  185.9 (0.450) 190.8 (0.470) 190.0 (0.493)
K (l/year) 1.23(0.0299)  1.26(0.0332)  1.20 (0.0285) 1.24 (0.0324)
o (year) 0.09 (0.0184)  0.11(0.0193)  0.09 (0.0184)  0.11(0.0193)
Fork length 1 125.7 125.5 127.4 127.0

(mm) 2 168.8 168.2 171.9 171.6

3 181.1 180.7 184.8 185.0

4 184.5 184.3 188.5 189.1

5 185.5 185.4 189.6 190.3

6 185.8 185.7 189.9 190.7

7 185.9 185.8 190.0 190.8

Table 3.9. Point estimates, standard errors and Akaike Information
Criterion values (AIC) of the each cases of the allometric growth models.

Sex Error structure Parameter Point estimate SE
Separate  Multiplicative AIC : 128406
In(a,,) -11.91 0.07133
In(a) -12.70 0.06689
O 0.00000670 0.00000048
af 0.00000305 0.00000020
P 3.191 0.01371
Br 3.348 0.01282
Om 0.107 0.00019
or 0.112 0.00020
[ 0.178 0.00095
Pooled Multiplicative AIC : 129834
In(0) -12.33 0.01938
o 0.00000442 0.00000009
B 3.275 0.00376
o 0.122 0.00016
Separate  Additive AIC : 131477
O 0.00004126 0.000004146
af 0.00001636 0.000001368
P 2.844 0.0192
Br 3.028 0.0159
O 11.844 2.348
oy 13.640 3.022
Oy 6.829 1.403
Pooled Additive AIC : 133411
o 0.00001934 0.000001214
s 2.993 0.0120
o 12.44 1.682
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Fig. 3.4. Length-weight data and the estimated
multiplicative error structure of the allometric
growth model.

TEREOMIIHA L72EAD Y b, HAOH
BNE319MR 318 A Z LT 5 Z LS TE /2o
WA 720, 3 & D E—0 1 RO HH
ERETHIENTELRDN>72, F2, BHZ1~3M
HCTZnZEn316Mak, 31714k, 19RO % 7
EY BT ENTEIz WA AHEE CEHIT & 2 h
Sk, 1THHE 2HETEREZNR 4K, 2
HKdHy, 209 H 1 EENFEH—TH -7z, Table 34
WCHALHZ 3MTOHELzE &DLN O E
S BE A % 7R3, Table 35, 36X H A, HEh

TNR, WOROL EZBGAET NV THEEL T p
(¢ ln'™) & p (o 1™ OWFEERT, I T,
TS 5 KDL LKA iz, 1507
—7 (54 A) 12w, hk oD—FXKIZ, BhO
DL, BARY I L CHADRENEW
ZEERT,

BRI DHE

Table 3.7l case 1~ case 4D /3T X — ¥ HE @l &
AIC DfE %R, AIC Ol Case 10 E TN HMMLD
EFNVERBE L TN o7z, WRARITKRE, FlE
PHAME, MEESLPAUHEEZH FT2I13EKEL
B SNz 72, TXRTOBX THERAE M IZ
IHHEX V4 mm K& Do 72, Fig 3.3 Case 1®
i - B X EMBROREM#Z R T ¥ A0 EKRIE
2% F CERAMIZH L, Table 38IZ[F— kD HH &
OB EMETHE LI ERDONRNT X = Z2RT, H
FEENZNDIRT X — & HE 2 fE O FEHE(R 7%= O Hi PH
X, BTELZ)HV, FERICBIT L BAEOHEM
DEL1ImmUTTIZFEAERUEUTH 72, FEHTE
DEVIIEERD /T A =7 OERITIT L A LREL
TV,

Table 39CHET N DI/NT A —F gL 71 2
b =D AIC D% K L7258 E2 /R T, AICD
il X, MEHER, iR EEE D TV TH - 72,
Fig. 3413 a2 mil oMl A A & MEER ORI E
—-fREOTTRX M) —RKERT

Table 3.10i% Case 12* 5 Case 404 — R X ED
von Bertalanffy & &, R OFHiAERKED 7
O X MY =KD/ T X —F gD HRD 7z, e —
REBIFR D von Bertalanffy 5 3o 1 X Bl o i 4F
2B 2 REOHGEZ R T,

B #

Fig. 353N G 4 XL EOEAD, & O
eI B D GSI & b &2 /RT, ML S 3 ~8 A
ETGSHIZLOLL T TIRWETH 525, 9 ~12H12H
FTHEIL, 10HICE—2 R o5N7z, 10, 11HICHR
$# L7200 2 DL L oA, 772848, ME641ME AT,
ZDHH GSIVEIMPILIAT L EDb 5210 Db
DL, HE3 MK, M2 RAROATH 72, TOZEH
5, i 2D BT, MEREE b IZIT AR L T
bLEZONDL, I0HICKE T L -0 1 o
SHR A A XL OFEARIATIMR O A Gl % TR 72453,
M, ME, ANHHOEARBUEENER, 73, 61, 13THo
7o Fig. 36IHERER O R LR T L o GSI & it
DHEEDOTT Y M ERIRT WK, MTEhEh



186 =N IS
Table 3.10. Estimated body weight of the each cases of the age-weight von Bertalanffy growth
models.
Case 1
Body weight (g)
Age Area 2-1 Area 2-2 Area 2-3
Male Female Male Female Male Female
1 343 35.4 38.0 36.8 36.1 38.1
2 93.9 101.8 104.1 111.3 103.6 115.2
3 111.5 122.0 123.6 136.0 125.4 140.8
4 115.4 126.4 127.9 141.9 130.6 146.9
5 116.2 127.3 128.8 143.3 131.8 148.2
6 116.4 127.5 129.0 143.5 132.0 148.5
7 116.4 127.6 129.1 143.6 132.1 148.6
Case 2 Case 3 Casc 4
Body weight (g) Body weight (g) Body weight(g)
Age Male Female Area2-1 Area2-2  Area2-3
1 36.9 35.9 33.5 37.5 38.6 36.5
2 103.0 110.4 96.5 107.8 111.0 107.0
3 1223 134.7 116.3 129.8 133.7 128.7
4 126.5 140.3 120.8 134.9 138.9 133.6
5 127.4 141.6 121.8 136.0 140.0 134.6
6 127.5 141.8 122.0 136.2 140.2 134.8
7 127.6 141.9 122.0 136.3 140.3 134.9
Male Male
s DT X 1.5 T
o 2 ® mature N=10
.= k= °
Q o © immature N=61
= = 1.0 T °
g g °
g =} °
1 i 1 [e)
'§ § 0.5 080 ° e
: g B B 6°
@) | O 00 o @ oo, @O}o feS) { |
1
100 110 120 130 140 150
Fork length (mm)
Female
5 40 T
5 2 ® mature N=8 @
2 ‘s 3.0 T o immature N=53
Q -
5 10 T )
g g 20 T .
2 ¢
g S 10 ° d
S 57T s VT ®,
s =
z 5 o B el © o
& S 0.0 —o0—f . |
0 L L Q t—t—t— 100 110 120 130 140 150
g = s > 9
s < 2228382884 Fork length (mm)
Month

Fig. 3.5. Monthly changes of gonado-somatic index

by area and sex.

Fig. 3.6. Relationship between gonado-somatic index

and fork length from survey samples in October.

The black and open circles indicate mature and
immature individuals, respectively.
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Table 3.11. Estimated maturity at age by sex.
Age Male Female
Maturity SE Sample size Maturity SE Sample size

1 0.14 0.0413 71 0.13 0.0432 61

2 0.99 0.0086 116 0.99 0.0077 129

3 1.00 — 122 1.00 — 134

4 1.00 — 147 1.00 - 141

5 1.00 — 90 1.00 — 114

6 1.00 — 38 1.00 — 39

7 1.00 — 10 1.00 — 7
HY, O OFSIIFTEEET S TH A DA EMIZ

30T No78s o L CBE D A AN HERE S 5 M o 72,
B 25T % Q Beamish and McFarlane (1987) 1%, % < ofiffiics
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0 ) ! | | | JHCEIBR ST 0D b OB S o720 BB
0 50 100 150 200 250 2% B S EDHEMCSHREL 2D, BA LB
Body weight (g) THEEDOTHRIAE NN EENLE EEZ SND, A

Fig. 3.7. Relationship between matured ovary weight
and body weight. The open circles show the data.
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Fig. 4.1. Definition of the approach of the Kuroshio.
When the Kuroshio was contained in gray frames
of the forecasting of fishing and oceanographic
condition of Tokyo, Kanagawa, Chiba and Shizuoka,
it was judged that it approached. The frame is width
of 10 minutes.
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JBEICT AR E 7T Y FERT. WTRO
WEE, HIXIZBWTH, REICYATITA v 7 M
E A SN Do 72,

z %

OGRS AL iR 4k o CPUE O & #)id, FI2X
HURA D H b OO, WAL S v,
1991~20034£ 1272 C, [ & 71 NO G IR
BV TR L Tw b FHIXOZEHIL, 19984F 12
CPUE 2’k &), ZOFEITHED AL ILEOH )L

BRonbboo, £iilXo CPUE OE B IZ4T
L —FH LTk,

BT X 52 BHREH OO HMIZDOWT, Area
14+ B0 HAEH R Area 2-3D 5T 0 T %) H
POMFAT DL LD TE D, Area 1O BHEOR) R
B, MEOWEOENDELZEAGNLENTH Y,
AWFZE TINEE L7215 S 139 2 1CHEE$ 5 2 5T
Ev, LML, ZORTE: BEOREAERICHE
B35 L, WESMEOREIES, AT LA
KELGEAD BN M5, MEORBIINEVWEE
AbNb, ZNENOBTHHOEREZH N H D,
XM TKRE BRI R VI REMED B % o Area 2-3Tid,
WO EREANENSNTBY, it L BEoR T
CPUE IZEDH B Z EAIVRENTZ, L2 L, F LT
OLANEHAPAE TN &5, WM cRL 2%
BREE R L, MAMBIIKRIDHHbDEEZS
N5,

Area 2-1, 2-2, 2-3Tl%, AIC DIEDOATHR MR ET
W —BIGRIRT 22N TE LI o7, ETIVH
D AIC DED 2 KW E, MBICABELETRIHE
BOETVPHEME 25 (WAS, 1983), Area 2-1
£23TIE, AIC DIEDSER/ANDETIVDINT X — 5§
BV o72b DD, Area 2-2TIX, AIC Ol
B2HFHEINZIVEMOMREEET L VET VOIS
T A= S BDOS DBl o7z (Table 42), Hilid H:
ETHPEPOME (Kuro_1) IZBAL T, Area 2-3
T EWIASHEG ST T A & CPUE MK T L, #Eh 5
& CPUE 234 2 &9, UHPRL7zE) OB
Bid o720 L L, Area 2-2CIXE M5l 128
95 & CPUE 238 L, Area 2-3& WiDBR7Z -7z,
Area 221355 O FEPHAS Area 2-3% 0I5 < (Fig. 1.1),

Table 4.1. Akaike Information Criterion (AIC) values for each of the models in area 1.

Year  Month Island,Fish Kuro 2 Year*Island Fish Island,Fish*Kuro_2 AIC
o ) o o o 3523.8
o o] @) @) @) o 3526.8
o ) o] 3536.1
o [e) [e] o 3538.1
o o @) @) 3541.4
o o ) o] o] 3543.4
o [e) e] o 3609.8
e] @) 3610.8
o ) o] 3612.0
o o le) [e] o 3615.1
o o ) 3615.5
o] o] @) @) 3617.0
o o 4619.3
o o @) 4619.8
o] @) 4721.3
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Table 4.2. Akaike Information Criterion (AIC) values of each of the models in area 2-1, 2-2, and
2-3.
(Area 2-1)

Year Month Kuro 2 Temp Year*Temp Month*Kuro 2 Month*Temp Temp*Kuro 2 AIC
o} o} o o 7332
o} o} o o o 734.0
o} o} o o e} 7352
o} o} o} o o e} 735.5
o} o o 735.8
o} o} o) o) 736.1
o} o} o} o o ) 736.8
o} o 7372
o} o} o o ¢} 737.9
o} o} o} o o ¢} ) 738.6
o} o o 7392
o} o} o} o o o) e} 739.3
o} o o e} 7394
o} o} o} o o o 739.8
o} o} o o 7412
o} o} o o 741.6
o} o} o o ) 7422
o} o} o o o 742.8
o} o} o} o o o ¢} 744.0
o} o} o} o o o 7443
o} o} o} o o o o e} 744.8
o} o} o o ) 746.0
o} o} o} o ¢} ) 746.8
o} o) 748.0
o} o} o} o o e} 748.7
o} o o 750.3
o} o 750.3
o} o} o} o o o ) 750.6
o} o} o 751.8
o} o} o e} 7552




Table 4.2. (Continued)

(Area 2-2)
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Year

Month Temp Kuro 1

Year*Temp Year*Kuro 1

Month*Temp Month*Kuro 1

Kuro 1*Temp

AIC

o

O O O oo OO0 o0 00000 Oo0O0O0OD0O0DO0OD0ODO0ODO0ODBO0ODO0ODO0ODO0OO0ODO0o0OO0OD0ODO0O0ODO0OD0ODO0ODO0OD0ODO0ODO0ODO0ODO0ODO0OO0OO0OO0OO0ODO0OO0OO0OO0O 0O O0

O O O O O O O O O

O O O O

O O O O O

O O O O o O oo OO0 0O 00O 0o o o oo

@) O O O O O

(@]

O O O O O O 0 O O O O O O O

O O O O O O O

O O O

O O O O O O O O O

O O O O O O

o

O O O O

o O

O O O O O

O O O O o OO0 OO0 00O 00O O0o0OO0O0O0OO0OO0OD0OO0ODO0OD0ODO0ODO0ODO0OO0ODO0oOO0oOO0oOOoOOo0OOo0

O

O

O O O O O

O O O O

O O O O O O

O O O O O O o o O o0 O 0

O

O

O O O O O O O O O

o

1350.8
13514
1352.1
1353.3
1354.0
1354.7
1355.4
1356.1
1357.8
1357.9
1358.0
1358.0
1358.5
1358.6
13594
1359.8
1359.8
1360.6
1361.2
1361.6
1361.8
1362.7
1363.6
1364.2
1364.8
1365.9
1366.1
1366.9
1367.3
1367.4
1367.5
1367.5
1367.7
1368.5
1368.8
1369.3
1369.5
1371.0
1371.3
1371.7
1372.6
1372.7
1372.9
1373.2
1373.5
1373.8
1375.2
1375.6
1377.0
1379.4
1379.9
1380.6
1380.7
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Table 4.2. (Continued) (Area 2-3)

Year Month Point Kuro 1  Year*Month Year*Point Month*Point Month*Kuro 1  Point*Kuro 1 AIC
o o o @) @) 1457.2
o o o @) @) @) 1457.2
o o o @) @) o 1458.2
o o o @) @) 1458.9
le) o o @) @) @) ¢) 1458.9
o o @) @) 1459.3
le) o o @) @) o) 1460.6
o le) o @) @) @) @) 1460.8
o le) o @) @) @) e) 1461.7
o o o o @) @) @) o) 1462.5
o @) @) 1465.3
o o @) @) 1465.5
o @) @) o) 1466.4
o @) 1466.8
o o @) 1466.9
o o @) @) o 1467.2
o le) @) @) 1468.4
o le) o @) @) 1468.9
o o @) @) o) 1469.7
o @) @) 1470.0
o o @) @) 1470.4
o le) o @) @) e) 1470.7
o o o @) @) @) 1471.5
o o le) @) o) 1471.5
o o o @) @) 1471.8
o o o @) @) @) @) 1472.3
o o o @) @) @) e) 1472.4
o o o @) @) o) 1472.6
o o o @) @) ¢) 1472.9
o o o @) @) @) @) ¢) 1473.3
o o o @) @) @) 1473.5
o o le) @) @) @) o) 1474.4
o o o @) @) @) @) 1474.6
o o o o @) @) @) @) 1475.1
o o o @) @) @) @) ¢) 1475.2
o o o o @) @) @) @) o) 1475.8
o o @) @) 1483.3
o le) @) @) @) 1483.4
o o o @) @) o 1484.7
o o le) @) @) e) 1484.9
o o o @) @) @) 1485.1
o o o @) @) 1486.0
o o le) @) @) @) o 1486.1
o o o @) @) @) o 1486.3
o o o @) @) @) o) 1486.5
o o o @) @) @) @) e) 1487.5
o @) 1513.9
o o @) 1517.8
o o @) o) 1521.5
o @) 1524.9
o o @) @) o) 1530.7
o o @) @) 1531.1
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B L2 ATY, FOREBO Wil 0%
FICX Y, BMELoMED D FIREBETV RN
WHEVEDSDH B Area 2-3TIZAhE B A & i o BUBD
FBOHE L 72 IS THOHTOFMEPFETH S
ZE,n, XDHEHPAIE W Area 22128V ThH, Y
FIOEWERRE LTRETLILENSHL LEZ LR
%o FHWOBWELMOWHHROER L, SHOPETDH
5o

ABFSE % 47 - 721991 ~20034E DI, B L,
FERBITHOATH 720 LA L, 1976~19794,
19874E, 19904F \Z Wi e i 12 KigfT oo A Bl M 2%
D, MR, CPUE & bIWAL, &AL
TRELEELERIZL-ZENEHIN TS CRE
5, 2006). AWFZED X LI % O20044FE 205, B
WL A BRI R o TB Y, 4% CPUE Ofi#
MCTIXAREREZEETLLEND L, Hiflos AR
DY5fr, TEEAFIE S LB T 5 720, i
DOPEDOFF L LT CPUE IS 2 5B 2T %
CrRWENL LR, LA L, ARMEROREHR
DHFE DN UDAE L e\ 2D, AWFFE T L7z
— AL TV T ARMEOMEE GEET D &
W EETH S, CPUE LEREEOBD D IZDWTIZSH
AT LLEDND 5,

RSO0 T— 5 D, —BILBEET IV
Z 72 CPUE DRE#EALICBWWT, KERMEE 2
% (FE¥F, 2004). ARFFFETH /25 H RO
e WERSE R WALICHIBR S % 7 iid, EBICHEE~D
HWAMOMEIM) 212X 5%, SOk, 7—
LAV EEORI, F A NEENS L LT
WDSHECTE Do 2 — ADH S Y41, CPUE
WM KICHEET MDD b, £2T, ¥uFxyvF
TFT—=7bELETOCPUE 7— % 2§ 5 FiEl
DWT b HEHME L7ze CPUED&ET— 2 IZ—ER
FRLIOGHEZRLE A, BRI 55%%
Tay MY E Xy v FORBCELRMEN TR LI,
F 72, Delta BB (Lo, 1992 ; Stefansson, 1996)
ZOWTHME L7, ¥uad v v FAHWELH D,
ETOETEEF v v FEIWETE L o7 S5
Ztu¥ v v FOREE ML 729, CPUE TldZ% <
#1225 H L7: Catch £V (Reed, 1986) =i L
AL MRET L2 7 D RNOBA, RS ERT
LR TERVWZ E E, BEICERLTH 1 HO#E
ECTHET»ORITRIESNS Z L5, Catch F
WIZEBIGE 2 NEEZONb, WTROFEIZBW
TdH, ¥uaFxy v Fe2EHARZCPUET—% 2L,
WAL 2 EEICAT) S EDBTE Rh o

Table 4.3. Point estimates and least square means (LSMEAN) and these standard error of
the standardized log CPUE of the selected model in area 1.

Intercept Point estimate SE
8.486 0.120

Main effect Point estimate SE LSMEAN SE

Year 1991 - - 7.884 0.082
1992 0.779 0.177 8.218 0.075
1994 0.875 0.172 8.140 0.069
1995 0.687 0.178 7.989 0.078
1996 0.584 0.181 8.073 0.075
1997 0.359 0.174 8.251 0.077
1998 1.022 0.152 8.619 0.061
1999 0.517 0.175 8.116 0.082
2000 0.060 0.169 8.056 0.076
2001 0.926 0.155 8.353 0.071
2002 0.652 0.172 8.243 0.087
2003 0.745 0.184 8.085 0.077

Kuro 2 type C -0.350 0.119 8.145 0.055
type B.D.N,W - - 8.192 0.028

Island,Fish Area 2-1,Gill net -2.465 0.199 6.771 0.056
Area 2-2.Seine 0.591 0.198 8.825 0.036
Area 2-3.Bulk net - - 8.911 0.039

Error

0.552
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Table 4.3. (Contitued)

ot

=

~

N
=

Two-way interactions Point estimate ~ SE LSMEAN SE

Year*Island,Fish 1991*Area 2-1,Gill net - - 6.235 0.152
1992*Area 2-1,Gill net -0.590 0.293 6.424 0.163
1994* Area 2-1,Gill net -0.702 0.276 6.408 0.138
1995* Area 2-1,Gill net -0.492 0.301 6.430 0.179
1996* Area 2-1,Gill net -0.254 0.295 6.565 0.163
1997* Area 2-1,Gill net 0.213 0.294 6.807 0.173
1998* Area 2-1,Gill net -0.022 0.253 7.235 0.125
1999* Area 2-1,Gill net 0.097 0.306 6.849 0.187
2000*Area 2-1,Gill net 0.893 0.260 7.187 0.135
2001*Area 2-1,Gill net 0.101 0.261 7.262 0.147
2002*Area 2-1,Gill net 0.184 0.314 7.070 0.203
2003*Area 2-1,Gill net -0.204 0.289 6.776 0.148
1991*Area 2-2,Seine - - 9.108 0.155
1992*Area 2-2,Seine -0.748 0.264 9.139 0.105
1994* Area 2-2,Seine -1.158 0.264 8.825 0.111
1995*Area 2-2,Seine -1.255 0.259 8.539 0.096
1996* Area 2-2,Seine -0.930 0.265 8.761 0.100
1997* Area 2-2,Seine -0.190 0.256 9.277 0.097
1998*Area 2-2,Seine -0.841 0.239 9.289 0.093
1999* Area 2-2,Seine -0.955 0.267 8.670 0.115
2000*Area 2-2,Seine -0.556 0.259 8.612 0.127
2001*Area 2-2,Seine -1.473 0.244 8.560 0.114
2002*Area 2-2,Seine -1.063 0.271 8.696 0.128
2003*Area 2-2,Seine -1.430 0.278 8.423 0.128
1991*Area 2-3,Bulk net - - 8.310 0.119
1992*Area 2-3,Bulk net - - 9.090 0.114
1994* Area 2-3,Bulk net - - 9.186 0.107
1995* Area 2-3,Bulk net - - 8.997 0.116
1996* Area 2-3,Bulk net - - 8.894 0.120
1997*Area 2-3,Bulk net - - 8.670 0.119
1998* Area 2-3,Bulk net - - 9.332 0.098
1999* Area 2-3,Bulk net - - 8.827 0.111
2000*Area 2-3,Bulk net - - 8.370 0.131
2001*Area 2-3,Bulk net - - 9.236 0.105
2002*Area 2-3,Bulk net - - 8.962 0.107
2003*Area 2-3,Bulk net - - 9.056 0.124

Island,Fish*Kuro 2 gg"eaé"éﬁ"l\;,net* 0.780 0.187
Area 2-2,Seine*
type BD.N.W 0.412 0.156
Area 2-3,Bulk net*
type BD.N,W ) )

Area 2-1,Gill net*type C
Area 2-2,Seine*type C
Area 2-3,Bulk net*type C




Table 4.4. Point estimates and least square means (LSMEAN) of the main effect
and these standard error of the standardized log CPUE of the selected model in

area 2-1, 2-2, and 2-3.
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(Area 2-1)
Intercept Point estimate SE
5.973 1.429
Main effect Point estimate SE LSMEAN SE
Year 1991 -2.667 1.991 6.029 0.152
1992 -2.314 2.103 6.527 0.141
1993 2.315 1.701 7.014 0.102
1994 0.310 1.714 6.471 0.124
1995 -1.784 2.393 6.353 0.173
1996 0.005 1.845 6.637 0.140
1997 4.780 2.504 6.635 0.184
1998 3.203 1.760 7.328 0.114
1999 0.440 1.974 7.000 0.219
2000 4.773 1.912 7.224 0.120
2001 -0.005 1.879 7.286 0.134
2002 2.152 4.323 7.052 0.471
2003 - - 6.819 0.135
Kuro 2 type C -0.278 0.135 6.659 0.104
type B.D.N,W - - 6.937 0.065
Temp 0.046 0.064
Two-way interactions Point estimate SE
Year*Temp 1991*Temp 0.087 0.087
1992*Temp 0.094 0.096
1993*Temp -0.098 0.077
1994*Temp -0.031 0.077
1995*Temp 0.061 0.106
1996*Temp -0.009 0.084
1997*Temp -0.231 0.119
1998*Temp -0.125 0.079
1999*Temp -0.012 0.095
2000*Temp -0.203 0.086
2001*Temp 0.022 0.087
2002*Temp -0.089 0.220
2003*Temp - -
Error 0.4153
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Table 4.4. (Continued)

juf
i
IH

(Areca 2-2)
Intercept Point estimate SE
9.743 0.677

Main effect Point estimate SE LSMEAN SE

Year 1991 - - 9.168 0.154
1992 0.062 0.177 9.230 0.093
1994 -0.301 0.184 8.867 0.102
1995 -0.537 0.178 8.630 0.097
1996 -0.371 0.176 8.797 0.085
1997 0.226 0.178 9.394 0.101
1998 0.153 0.178 9.321 0.094
1999 -0.406 0.188 8.762 0.111
2000 -0.543 0.191 8.625 0.120
2001 -0.568 0.184 8.600 0.110
2002 -0.397 0.193 8.771 0.120
2003 -0.678 0.196 8.490 0.120

Kuro_1 approach - - 8.931 0.071
not approach -1.600 0.757 8.845 0.038

Temp -0.023 0.027

Two-way interactions Point estimate SE

Temp*Kuro 1 temp*approach - -
temp*not approach 0.066 0.031

Error

0.5234




Table 4.4. (Continued)
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(Area 2-3)
Intercept Point estimate SE
8.286 0.156
Main effect Point estimate SE LSMEAN SE
Year 1991 - - 8.554 0.129
1992 0.443 0.159 8.997 0.105
1994 0.442 0.171 8.996 0.095
1995 0.254 0.162 8.808 0.107
1996 0.109 0.172 8.663 0.108
1997 0.178 0.171 8.732 0.125
1998 0.738 0.161 9.292 0.102
1999 0.187 0.169 8.741 0.099
2000 0.149 0.171 8.703 0.131
2001 0.639 0.165 9.193 0.106
2002 0.419 0.168 8.973 0.097
2003 0.244 0.189 8.798 0.118
Month Jul. - - 8.819 0.056
Aug. -0.162 0.099 8.932 0.052
Sep. -0.020 0.108 8.861 0.056
Kuro_1 approach - - 8.789 0.059
not approach 0.163 0.082 8.953 0.044
Point Kouzu - - 8.624 0.042
Onbase 0.269 0.113 9.118 0.052
Two-way interactions Point estimate SE
Month*Point Jul.*Kouzu - -
Aug.*Kouzu - -
Sep.*Kouzu - -
Jul.*Onbase - -
Aug.*Onbase 0.550 0.150
Sep.*Onbase 0.122 0.158

Error

0.5776
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Fig. 4.2. Comparison of the least square means of
the standardized log CPUE (open circles) and the
nominal one (black ones) in area 1.
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Table 4.5. ANOVA results for the standardized log CPUE of the selected model in area 1.

Source DF  TypeIII SS Mean square Fvalue Pr>F
Year 11 47.05 4.28 7.74  <.0001
Kuro 2 1 0.24 0.24 0.44 0.508
Island,Fish 2 617.56 308.78 558.99 <.0001
Year*Island,Fish 22 73.05 3.32 6.01 <.0001
Kuro 2*Island,Fish 2 9.90 4.95 8.96  0.0001

Table 4.6. ANOVA results for the standardized log CPUE in area 2-1, 2-2, and 2-3

of the selected model.

(Area 2-1)
Source DF Type LI SS Mean square F value Pr>F
Year 12 15.13 1.26 3.04  0.0005
Kuro 2 1 1.78 1.78 4.28 0.0394
Temp 1 0.02 0.02 0.04 0.8408
Year*Temp 12 12.01 1.00 241  0.0053
(Area 2-2)
Source DF Type LI SS Mean square F value Pr>F
Year 11 54.06 491 9.39 <.0001
Kuro 1 1 2.34 2.34 4.46 0.0351
Temp 1 0.21 0.21 0.4 0.5258
Kuro 1*Temp 1 2.29 2.29 4.37 0.0369
(Area 2-3)
Source DF Type IIT SS Mean square F value Pr>F
Year 11 26.56 2.41 4.18 <.0001
Month 2 1.34 0.67 1.16 0.3136
Kuro 1 1 2.30 2.30 3.98 0.0466
Point 1 29.44 29.44 50.97 <.0001
Month*Area 2 8.66 4.33 7.49 0.0006
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m

N
=

WTOAREREHEE ZIT - 720

20024F- D F R DA FFHLK 7 — 7 1Z KM L TV 523,
P & YIS EML L TEB D, 20014 & 20034
DERFR 2 LT 5 L, Wy, 2HoHEad K
bEd, MEEd 1w, 3, 4%, SWULONET
&L 5TWwWb (Table 32) &£ 5T, 20024E D%
HIDAEHAILRL I, FAEDOBYIMOFEHIK L F LV E
e LHEE Lo F 72, AhiL S ORIRGHLE O AF En
i, FIE»SAMEORMEHED S DEFAHL, 5
SRR R e L7z,

RREHTE
aik, yAHEICBT 2 MIRIERR L EREE, D
T OEIREEE TV THEE S,
Na,y = Nafl,yfl CXp{— (Fafl,)‘fl +M)}
(5.4)
Coy=E,N,, (5.5)
Ea vy = L{l _exp(_Fa v _M)}
cF, M
(5.6)
72, 6.4) & (5.5 A»b
Cafl,yfl - Na,yEa—lﬁy—l exp(Fafl,)‘fl +M) = O

(5.7)

L, FewrIlpTcE b, ZZTE, F, & %
NZEN aif, yHFEITB %R R E R,
MIZHR TR TMALRE, F FRicLsd3—
EEAE L7ze M ORERIZHN - Hp o7 (H,

1960) i L, Fénz 7 € L M=2.5+7=0.357
Ll Fuh526hze s, (5.7) RicBiFsk
NG A= F N F DAL Do F o DBAEIRIE

—a—brEEERALCH#ERE Lz, ¥ A RO

DSRULEDOMHB GV LR ehpb, Ihbe TS
FATN—=TELTE L, $72, HiETHREDS

ft552 &5 (Fig 35), 4ik& 5+ THEIRAIZ
MABVWEER, F,=F, CEL, TIAT NV —
TORFREE DT OXTRD (PR, 2001)0

N = N5+,y71 exp{_ (F;t)‘fl + M)}

5+,

+N, . expt-(F,, + M)}

(5.8)



7 HhROE

E L, REEDFHSED B DML 3 FEDRIRNEKD
P TH B EARE LHERE L 72,

3
I z E a.2003-h
b=
a 2003 z 3 t 4,2003
i=l
Z F‘i.4.20037h
b=1
3
7 z E.a,ZOOB—h C
b=l i,4,2003 F
3 C 4.2003
i=1 F 7.4,2003
i,4,2003-h

i
I

I

(5.9)

yiuﬁwéi§5®@&®ﬁﬁﬁmttcmm®
B In (2;,) &, FH0, S o OIS
I AR L7z (H, 1999),

ln(ui’}_) =In qiz Si,a,),ﬁa,), +&,

(5. 10)
— 1
N =—N |l-exp\—(F+M
YT oy [1=exp{=(F + M)]]
(5.11)
Fioy
ia.y MCZ.XF‘[“\ (5 12)
_ Ci,u,)
Fiuy = Zcia ] F,, (5.13)
£,,~N(0,0%) (5.14)

Siays Uiy, GEXENZEN, (FHDUWE, ok, yiF
IZBUT B EIRE, (FHOMSE, yHFEIZBIT 5 CPUE
OB, (FHOWEICB T MARFEEZRT, £
38T A —#13 ADAPT # VPA 4 L, #ix/h2 3
#:C CPUE O HFifiE & FEMAE D IR A= AN /N 7% B A
AEDED q & Fisx % L7z (Gavaris, 1988)
H BB #

2
RSS = lewii[ln u,, - Ing, z sifa‘_\‘]vu,y j
=1 y=l

IREE ISR 205

Thb, CZTw, i FHOWMEDOEARIHT, (752
YDA, GME@EWT?@#%%&@%%@
LSMEAN 0458 % il L 72c CPUE @212
Area 1 THYINE, %, HiEO ITHOH L E(ﬁi(jit
DX HAEH D LSMEAN %, Area 2-1THI#, Area
22T, Area 2-3THEYIMOER R D LSMEAN %
ZNEIEH L 72 il i O35 & Simplex # (Nelder
and Mead, 1965) #fiJf L 72,

R - R

AERAE WG R B & CPUE IS & SN b %
EREL, YIal—Ta X EERMEZIT o 72
(Haddon, 2001). 4 Bl 4F ik B i 2 5 & CPUE 03
EERGAEVH YT v I F— S R ERL, Fa—=
v 7 VPA % 1,000/ 0 R L, /87 2 —% & &
TEAED I & BEHEFRGE 2 R D 7z SERIAEM I R 5K
DV TY T F—=F1L, EEEOEREEHAE ¢
REEOWHE L AR ERICEEWZ, (FHOWE
Daik yEOEAKD,, &, HEHKS,,,, 2 H
VTR L 720 BEARKD,, 3T ORXTRD 72,

H
¥ = Z 5[,}'.¢=a,h (5 16)
h=1

ZZT, 0 entdh =1, -, AITDOWT =D, p=p (@
=11h), py=p ($=2|h), -, ps=p (¢=5|h) ©Z% HS5y
SR ESELEAKTH L, HADEERAE o=
¢ h=h"", BEDOAEEEX p=0", h=h""" & L THL
BasEse, (5.16) A& 6.1 X, (6.3) XNEME
FI U020 47 B AF vl it R U £ L 72 CPUE %
B )7y v r5Fr—21%, F2—=r7 VPA
“C‘ﬂ'WJ 72 CPUE O ¥Rl (2 IEBRLE 2 I 2 VBB L 726
2T, IEHGA D5 CPUE O AN HHEE L

7_ (Efron and Tibshiram, 1993)o 7, HOakhz
NZNOEME T OFRA Y AT LT, WH D
WASRT X —F LG mEEEOEBRINCG 2 5
B G L 725

AR HEE T 5 S v, HAlCHd %
BEOFIAEMEORY L, BoFikkz Ha
DIERFIBICZE R U720 LA L, AWFRLET Tk,
DAERHEAER L2 % 207 <, BAIC X 2 4EHHK &
WL ClBAMEEIC R TWHEEZLLNSE ZIT,
HAOERERZMH L25as, SHLZVWEED
AEPIAE R R 2 % Area 23 (Mt k) ZBI& L
TR L, BFREMEEME /ST A — 7 HEMICH 25
B R M L 72,

KT E LC, FHWXIZOWT, ARIETHRE
D% £10, 20% ZAL & 72 & X FHEHEEMEICS 2



206 H

LB EFMG L2 72, 104EM BRI ER KT
— ¥ TE D Area 231I220WT L I ARY T
4 TN 2 AT VIR AR OHEE VAR D 25D B D % JiX
720

Fa2—= V7 VPA T X A &R & R30I
Microsoft” Excel ®~ 2 T #§hE % f#i ] L Visual Basic
for Applications (VBA) 7w 75 A&k L&
L7z RIEICMEH L7z VBA 71 25 A % Appendix
AVIRT,

BIROBUK

BIROBLRGFAM 2179 720, MAD 20 s
(YPR) &WMAD 7z b pEgiBfaE (SPR) % & HlXIC
DWTRD (BAE, 1996). SPRIEMA 1 EAKD 4
B 2 TN CTd B o TR I B R
LILBIBMRICH 5 (Fig. 38)o F7z, MEIIEL & AERENR
HEPWBIBERICH H EE 2, WFFEIN & IBAAE
WZHBIT B EARGE L7z YPR & SPRIZ, £h<Th,

7

YPR=) E,SW, (5.17)
a=l
7

SPR=Y fr,S,W, (5.18)
a=1

S, =S, expl=(F, +M)} (7272 L 8§,=1)
(5.19)
E, =0 fi_exp(-F,~M)} (520
d F +M o .

a

L EFH L7z (Gabriel et al, 1989), & 2T, fr,lda
i O M D B R T Table 31206 % f# L 72o YPR
M OHEEIZH 72D a kIl BIT 55X O AR
12, BRAED FOERGNOBIRK M L7z, ik
DEFWKIMOWFHEER 25720 3 Lo
YPRIZDWT b FRTzo WS E IR B SL el &
L T F,; (Gulland and Boerema, 1973) & Foqpr (4=30,
40, 50) (Mace, 1994) % RK®, RITAE20034F OHELR
BF e EWHE U720 T72, HAEROEINK 2L L X
&, BRI % W O X B WIfEE R O
AL % MR BURD FARR O BIRE 2 + 1 KT H L,
FHFOWMIEBIR K VIRE 2L L E 5612
DWW, YPR & 3L ED YPR b L 72,

m

=
w R

Table 510 b X ) 3 B 3 52 L 72 45 51 4F i 1)
PR %/RT, Table 5213F 2 —=> 27 VPA TR
72, HWXICBIT B FE g2 FHETRD 2
SA—FHEME, VI —Ya VIERDOPY, 1@
S EEMRBTH S Area 1, 22, 2-3TIF /85 X
— ¥ OHEEREEDE Do 7275, Area 2-1 Tl & Lk
L CTHEDMED > 720 Area 1, 2-1, 2-2, 2-3% X 12 B
B EE G O, FRENERT0.30, 0.25,
0.31, 0.33, B%0.20, 0.19, 0.23, 0.23TH - 72
Fig. 5.11%, FHWX 0GR RI;MECMH L, T OREHEGRE
2T WTNOWKIZBWT S HIE 2 ~ 3EDM-E
W RT LM DA SN S, Fig 521F Area 1IZBUF
LA B o @M, FE»SXMEOFHE, KEOR
#g> CPUE o Pt & BIlE 02L& Rd. 72,
Fig. 5.31% Area 2-1~2-30 & HIX 123513 5 CPUE O F
i & BUAE D AL &2 IR § o R S AL iR
1998~20034E D& W, KA1, KH2 &E 56 0H
£ 5600~700t BEHER L TV b, Fig 5413 %I
BUF %, CPUE Ol & P HOERELERAE 7T v
b % 7R $ o Table 5313 & X 12 B 1) % 4E B4 fa il &
R, BilEER EEREOHEMERT,

Fig. 5513 &F X O HHIC TR M 120w, J&KJE
fENT 24T o T2k R TH Do M OEZE IR X 1 20% 34
MEEs EEHEEDLI~12[ WML, 20% KD S
2 L EIRED0.85~0.885 1A L7248, EIHOM
WA I ZE b S % o 72, Fig 5613, Area 2-3122
WTL PEART T A TN T 7R TH B0 B
VAR DOHEE IS —E DMEINIE R S A - 72 Fig. 5.7
EEAT & B AR i A E O B ALY B AV
fECH 2 538 %, #HEOEHER (a) &, WRIL4E
20034F DAEE IR ER (b)) OEERI L LKL 2
HRTH L, BIRERMECHEOEHRBIT A, B
FTNOFAINY fhEEFRE L7256 T oM %
R, BHAZHH LS EERE SN & 2R
9o F72, Fig 31X D FEMAK DM %2 H Aok
WAL 720 L, AL WS OFRLE D 5
RKOLBRBHEEMTH 5o BEDADERMIEIER T
i, HAZMHA LA LKL T, BFEED 2 HIF
ENIHERE STz,

Table 5413 % 1 IX (2 B 1) % A4 Wy 219 & Ji 45 PG ik
i COHMELREL, YPR, SPR, %SPR % 72§, Fig. 59
(220034F D FIRFIZ B 2 MR EIIKT 5, %SPR
& YPR, 3Ll E (KAL) © YPR OZ L% RT,
Fropron V& Fp \CIEVETH D, K HIX D %SPR 132003
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Table 5.1. Catch at age of each area and fishing gear.

Age 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
area / fishing gear

Area 2-1 / Gill net

1 87,839 24,209 49902 78,123 80,481 3,695 28,776 4669 21,015 16,229
2 135,585 28,444 34365 53,629 94,749 17.279 40,133 19,609 32,585 25,591
3 144,175 33,139 23277 29,024 40,176 23,134 34902 52758 27390 19,350
4 99,939 27,698 16,671 19,173 17,897 20,484 20,893 47623 27,154 17,477
5+ 42,872 16,138 9,828 9,954 4454 17,499 7,525 16,808 14,167 17477
Area 2-1/ Set net
1 2.941 5,143 925 1,627 870 11,986 8.472 7,376
2 4,326 3,171 4,964 2,703 1,666 8,249 8.472 6,712
3 3,989 3,811 8,965 1,689 1,242 7,733 13,314 4,998
4 2,634 2,774 7,846 983 729 2.836 5,245 3,761
5+ 1,245 1,456 5,506 465 339 644 0 2,512
Area 2-2 / Seine
1 27,202 298,847 88,067 40,933 89,252 70,443 33,744
2 93,971 304,485 126,733 79,334 116,401 101,469 66,975
3 151,570 116,019 77,175 70,963 69,375 71,204 52913
4 108,528 48595 42379 45,803 38,849 41,084 31,796
S5+ 45,484 10,934 20,443 24,797 15,142 15,666 13,174
Area 2-2 / Gill net
1 47,263 91,074 138,942 158,045 254,481 42,037 121,265 147,612 167,932 83,596
2 138,170 198,573 95,684 209,216 245,140 74,323 133,310 190,473 158,067 131,704
3 270,534 203,776 64,810 118,763 102,929 56,066 108,821 125,732 85,998 117,365
4 201,866 137,866 46,416 83,007 49,683 42363 75,959 79,735 45,128 84,659
5+ 89,197 56,643 27,363 56,350 19,492 36,225 49,663 52,579 15,241 49,908
Area 2-3 / Bulk net
1 81,455 33,106 46,367 109,868 201,628 67,219 126,292 188342 137,411 42985
2 153,824 90,215 70,360 93,116 472,885 189,309 98,589 336,914 197.932 252950
3 243,952 184,223 95,857 55,129 211,294 134,522 55705 166,823 138.896 145487
4 189,492 166,508 89,797 40,645 101,818 71,907 35,102 87911 80,141 66,131
S5+ 95,885 104,388 66,433 27,967 43,088 27459 21,593 36,780 30,559 11,573
Area 2-3 / Gill net
1 1,420 4,367 4,096 10,852 15,472 570 3,476 11,985 12,561 22,116
2 4,152 9,521 2,821 14,365 14,904 1,007 3,822 15465 11,823 34,844
3 8,130 9,771 1,911 8,155 6,258 760 3,120 10,209 6,433 31,050
4 6,066 6,611 1,368 5,700 3,021 574 2,178 6,474 3,376 22,398

5+ 2,680 2,716 807 3.869 1,185 491 1,424 4,269 1,140 13,204
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Table 5.2. Point estimate, mean of simulation, standard error and coefficient of variance
of the VPA parameters of each area.

Fishing coefficient Catchability
(F4.2003) Gill net Seine Bulk net
Area 1 Point estimate 0.626 0.00084 0.00229 0.00281
Mean of simulation 0.641 0.00079 0.00229 0.00279
SE 0.139 0.00017 0.00026 0.00043
(0\Y% 0.22 0.22 0.11 0.15
Areca 2-1 Point estimate 0.631 0.00497
Mean of simulation 0.749 0.00536
SE 0.375 0.00132
(0\Y% 0.50 0.25
Area 2-2  Point estimate 0.741 0.00490
Mean of simulation 0.709 0.00469
SE 0.115 0.00040
Ccv 0.16 0.08
Area 2-3  Point estimate 1.048 0.01011
Simulation mean 0.966 0.00952
SE 0.175 0.00073
(0\Y% 0.18 0.08
1,000 T 500 T+
_ Area 1 S Area 2-2
= 800 T ) = 400 T
= - e =
.%0 600 T Lo 300 T
(]
z 2
% 400 T % 200 T
L 8
“ 200 T “ 100 T
0 Pt — f —t ! 0 —t —t— — f — !
98 99 00 01 02 03 98 99 00 01 02 03
Year Year
150 T 400 T
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= 1 Z 300 T
320 100 = N
z £ 200+ "
A
2 S0 E
o & 100 T
0 —t—+—+— — f — { 0 Pttt —t—
98 99 00 01 02 03 94 95 96 97 98 99 00 01 02 03
Year Year

Fig. 5.1. Estimated stock weight of butterfish. Solid and dotted lines indicate point estimate and standard error,
respectively.
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Fig. 5.2. Comparison of the expected value of the log

CPUE (open circles) and the observed one (black
ones) in area 1.
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Fig. 5.3. Comparison of the expected value of the log
CPUE (open circles) and the observed one (black
ones) in area 2-1, 2-2, and 2-3.



210

ITor

5]

Residual standard

Residual standard error Residual standard error

Residual standard error

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0
2.0
1.0
0.0
-1.0
-2.0
-3.0

3.0

2.0 7

1.0
0.0
-1.0
-2.0
-3.0

3.0

2.0 T

1.0
0.0
-1.0
-2.0
-3.0

H.
Area 1
+ m]
4+ A
8 & @ < Bulk net
A A| | O =] | .
YA 1 Fuae ' O Seine
- o A Gill net
i A O
6.0 7.0 8.0 9.0 10.0
Log(CPUE)
Area 2-1
T o
T o
} o— f f
o
1 o
6.0 6.5 7.0 7.5 8.0
Log(CPUE)
Area 2-2
L o)
o
5 } } |
o
T o
8.0 8.5 9.0 9.5 10.0
Log(CPUE)
| Area 2-3
o o
T o
| o | o | |
T Oo T T 1
T o)
o
8.0 8.5 9.0 9.5 10.0
Log(CPUE)

Fig. 5.4. Plot of the residual standard error against
the log CPUE of each area.
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Fig. 5.5. Results of the sensitivity tests of the values
for natural mortality coefficient of each area.
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Table 5.3. The estimated stock number and weight at age, total fishing mortality and fishing
mortality of the each fishery and area.

Area 1 Age 1998 1999 2000 2001 2002 2003

Stock number at age 1 3,996,197 3547251 4,056,777 4,166,768 3,901,505 2,135,355
2 2,805,903 2093316 2,313,185 2,571,604 2540370 2,383,830
31,263,796 1,034,009 1,123,393 1,321,611 1232508 1,355,134
4 581411 487,084 481880 559206 570,375 582,525
54220969 299752 303,636 297.338  259.857 332,263

Stock weight at age (t) 1 207 184 210 216 202 111
2 317 237 261 291 287 269
3 164 135 146 172 160 176
4 78 65 65 75 76 78
5+ 30 40 41 40 35 45
Fishing coefficient 1 0.289 0.070 0.099 0.138 0.136 0.121
(total) 2 0.641 0.265 0.203 0.378 0.271 0.297
3 0.596 0.406 0.340 0.483 0.392 0.389
4 0.627 0.595 0.614 0.836 0.559 0.626
5+ 0.627 0.595 0.614 0.836 0.559 0.626
Fishing coefficient 1 0.069 0.023 0.039 0.057 0.045 0.025
(bulk net) 2 0.267 0.122 0.056 0.185 0.105 0.145
3 0.260 0.186 0.069 0.187 0.160 0.152
4 0.282 0.230 0.117 0.273 0.219 0.178
5+ 0.332 0.140 0.115 0.217 0.199 0.094
Fishing coefficient 1 0.102 0.031 0.013 0.027 0.023 0.020
(seine) 2 0.172 0.082 0.045 0.064 0.054 0.038
3 0.142 0.107 0.088 0.078 0.082 0.055
4 0.131 0.140 0.154 0.124 0.112 0.087
5+ 0.078 0.118 0.139 0.107 0.102 0.066
Fishing coefficient 1 0.027 0.001 0.009 0.001 0.007 0.010
(gill net : Oshima island) 2 0.053 0.011 0.023 0.011 0.017 0.015
3 0.049 0.032 0.043 0.059 0.032 0.020
4 0.048 0.074 0.068 0.146 0.073 0.047
5+ 0.032 0.120 0.040 0.126 0.107 0.112
Fishing coefficient 1 0.000 0.001 0.000 0.003 0.003 0.004
(set net) 2 0.003 0.002 0.001 0.004 0.005 0.004
3 0.011 0.002 0.002 0.007 0.011 0.005
4 0.022 0.003 0.002 0.013 0.018 0.010
5+ 0.042 0.003 0.002 0.011 0.014 0.012
Fishing coefficient 1 0.092 0.015 0.038 0.049 0.059 0.062
(gill net : others) 2 0.147 0.049 0.078 0.114 0.090 0.096
3 0.134 0.079 0.139 0.152 0.107 0.156
4 0.143 0.148 0.272 0.280 0.137 0.303

5+ 0.144 0.215 0.317 0.374 0.136 0.342
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Table 5.3. (Continued)

Area 2-1 Age 1998 1999 2000 2001 2002 2003
Stock number at age 1 565,503 504,423 326,362 249,279 248,454 165,609
2 328,015 328,308 348,504 203,763 161,664 149,722

3 129,964 147,539 212,586 209,186 119,673 79,141

4 80,891 50,727 82,502 118,856 97,613 53,228

5+ 32,273 49,226 30,912 54,702 59,608 65,507

Stock weight at age (t) 1 27 24 15 12 12 8
2 33 33 36 21 16 15

3 15 17 25 25 14 9

4 10 6 10 14 12 6

5+ 4 6 4 7 7 8

Fishing coefficient 1 0.187 0.013 0.114 0.076 0.149 0.185
(total) 2 0.442 0.077 0.153 0.175 0.357 0.294
3 0.584 0.224 0.224 0.405 0.453 0.448

4 0.475 0.816 0.372 0.712 0.518 0.631

5+ 0.475 0.816 0.372 0.712 0.518 0.631

Fishing coefficient 1 0.184 0.009 0.111 0.023 0.108 0.127
(gill net) 2 0.419 0.067 0.147 0.124 0.282 0.233
3 0.477 0.209 0.217 0.360 0.334 0.356

4 0.326 0.783 0.359 0.652 0.418 0.517

5+ 0.203 0.799 0.355 0.653 0.458 0.570

Fishing coefficient 1 0.002 0.004 0.003 0.053 0.042 0.058
(set net) 2 0.022 0.010 0.006 0.051 0.075 0.061
3 0.107 0.015 0.008 0.045 0.119 0.092

4 0.149 0.034 0.013 0.059 0.101 0.114

5+ 0.272 0.017 0.017 0.059 0.061 0.061

Area 2-2 Age 1998 1999 2000 2001 2002 2003
Stock number at age 1 2,139,338  1.750,968 1,875,423 1,834,601 1,488,460 892,535
2 1,442,640 1,041,356 1,117,149 1,177.660 1,087.507  844.327

3 633.316 559,814 561,593 604,651 570,160 546,494

4 321,252 263,727 281,663 244,969 262,600 269,328

5+ 97,730 187,543 189,932 154,149 114,088 158,197

Stock weight at age (t) 1 113 92 99 97 78 47
2 164 119 127 134 124 96

3 83 74 74 79 75 72

4 43 36 38 33 36 36

5+ 13 26 26 21 16 22

Fishing coefficient 1 0.363 0.092 0.108 0.166 0.210 0.169
(total) 2 0.589 0.260 0.257 0.368 0.331 0.327
3 0.519 0.330 0.473 0.477 0.393 0.456

4 0.447 0.508 0.761 0.895 0.510 0.741

5+ 0.447 0.508 0.761 0.895 0.510 0.741

Fishing coefficient 1 0.196 0.062 0.027 0.062 0.062 0.049
(seine) 2 0.326 0.164 0.095 0.139 0.129 0.110
3 0.275 0.191 0.186 0.170 0.178 0.142

4 0.220 0.249 0.280 0.289 0.239 0.197

5+ 0.163 0.182 0.237 0.211 0.228 0.145

Fishing coefficient 1 0.167 0.030 0.081 0.103 0.148 0.120
(gill net) 2 0.263 0.097 0.161 0.229 0.202 0.217
3 0.244 0.139 0.286 0.307 0.215 0.315

4 0.227 0.259 0.482 0.606 0.272 0.544

5+ 0.284 0.326 0.524 0.684 0.282 0.596
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Fig. 5.6. Result of the retrospective analysis in area
2-3.
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Fig. 5.7. Comparison of coefficient of variation from
within ageing error of otolith and scale in area 2-3.
(a) CV of stock weight from 1994 to 2003, (b) CV of
stock weight at age in 2003.
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Fig. 5.8. Comparison of stock weight which
estimated from age composition of otolith and scale
in area 2-3.
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Table 5.4. Results of fishing mortality, yield per recruitment and spawning
biomass per recruit for biological reference points in area 1, 2-1, 2-2, and 2-3.

Feurrent Fo, Fsoospr Faouspr F300spR

Area 1 F 0.63 0.72 0.79 1.20 1.90
YPR 423 44.0 45.1 48.7 49.8

SPR 144.6 136.3 130.4 104.3 78.2

%SPR 55.5 52.3 50.0 40.0 30.0

Area2-1 F 0.63 0.66 0.68 1.01 1.54
YPR 38.3 38.7 39.1 42.2 433

SPR 121.7 119.4 117.2 93.8 70.3

%SPR 51.9 50.9 50.0 40.0 30.0

Area2-2 F 0.74 0.70 0.77 1.16 1.79
YPR 45.1 44 4 45.4 48.9 50.0

SPR 136.8 140.5 134.6 107.6 80.7

%SPR 50.8 52.2 50.0 40.0 30.0

Area2-3 F 1.05 0.79 0.97 1.52 2.48
YPR 50.8 47.4 49.9 53.6 54.7

SPR 135.4 153.8 140.4 112.3 84.3

%SPR 48.2 54.8 50.0 40.0 30.0
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Appendix A

Program of Visual Basic for Applications (VBA) used for the tuning VPA.

Sub VPA()

Randomize
Worksheets(”data input”).Activate

Dim C() As Double

Dim Csum() As Double
Dim Cse() As Double
Dim N{) As Double

Dim Na() As Double

Dim Nave() As Double
Dim q() As Double

Dim F() As Double

Dim Fa() As Double

Dim Fb{) As Double

Dim Fans() As Double
Dim Feach() As Double
Dim LnCPUE() As Double
Dim CPUEcv() As Double
Dim cpueORG() As Double
Dim aveW() As Double

Dim YrSSQQ) As Double
Dim Yr As Integer

Dim Ag As Integer

Dim Series As Integer
Dim i As Integer

Dim j As Integer

Dim k As Integer

Dim x() As Double

Dim Fssq() As Double
Dim x0() As Double

Dim Xhigh() As Double
Dim xSecond{) As Double
Dim Xsmall() As Double
Dim xr() As Double

Dim xe() As Double

Dim xc() As Double

Dim fHigh As Double
Dim fSecond As Double
Dim fSmall As Double
Dim fr As Double

Dim fe As Double

Dim fc As Double

Dim fAvel As Double
Dim fAve2 As Double

Dim aa As Double

Dim paraNum As Integer
Dim fBefore As Double
Dim Fseries() As Double
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Dim paraMeter() As Double
Dim CatchNum As Integer
Dim CdataNum As Double

Dim qCons As Double

Dim FaMax{) As Double
Dim S() As Double

Dim SN() As Double

Dim Fgroup() As Integer
Dim d As Double

Dim CPUEresid() As Double
Dim se{) As Double

Worksheets("model_info”). Activate
CPUEweight = ActiveSheet.Cells(10, 2)
terminalF = ActiveSheet.Cells(13, 2)
alpha = ActiveSheet.Cells(15, 2)
selectivityPattern = ActiveSheet.Cells(18, 2)
backYr = ActiveSheet.Cells(20, 2)
bootmode = ActiveSheet.Cells(22, 2)
bootNum = ActiveSheet.Cells(24, 2)

Worksheets(”data input”).Activate
AgeNum = ActiveSheet.Cells(6, 4)
YrNum = ActiveSheet.Cells(4, 4)
CatchNum = ActiveSheet.Cells(8, 2)
gNum = ActiveSheet.Cells(8, 3)
paraNum = 1 + gNum

ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim

ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim
ReDim

ReDim
ReDim

C(AgeNum, YrNum, CatchNum) As Double
Csum(AgeNum, YrNum) As Double
Cse(AgeNum, YrNum, CatchNum) As Double
N(AgeNum, YrNum) As Double

Na(AgeNum, YrNum) As Double
Nave(AgeNum, YrNum) As Double
q(CatchNum) As Double

F(AgeNum, YrNum) As Double

Fa(AgeNum, YrNum) As Double

Fb(AgeNum, YrNum) As Double
Fans{AgeNum, YrNum) As Double
Feach(AgeNum, YrNum, CatchNum) As Double
LnCPUE(YrNum, CatchNum) As Double
CPUEcv(YrNum, CatchNum) As Double
YrSSQ(YrNum) As Double

aveW(AgeNum) As Double

paraMeter(paraNum) As Double
x{paraNum + 1, paraNum) As Double
Fssq(paraNum + 1) As Double
x0(paraNum) As Double
Xhigh(paraNum) As Double
xSecond(paraNum) As Double
Xsmall(paraNum) As Double
xr(paraNum) As Double
xe(paraNum) As Double
xc{paraNum) As Double

FaMax(YrNum, CatchNum) As Double
S(AgeNum, YrNum, CatchNum) As Double

i)
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ReDim SN(YrNum, CatchNum) As Double

ReDim CPUEresid(Yr, CatchNum)
ReDim CPUEse(CatchNum)

Select Case bootmode

CaseIs =0
GoSub DataSet
GoSub Simplex
GoSub VPA1
GoSub OutPut

Case [s = 1 'Bootstarp CPUE
GoSub DataSet

For bt = 1 To bootNum
GoSub BootDatalnput_CPUE
GoSub Simplex
GoSub VPAT
GoSub BootOutPut
Next bt

Case [s = 2
GoSub DataSet
GoSub Simplex
GoSub VPA1
GoSub OutPut
GoSub BootSample_CPUE

For bt = 1 To bootNum
GoSub BootDatalnput_CPUE
GoSub Simplex
GoSub VPAT1
GoSub BootOutPut
Next bt

Case Is = 3
GoSub DataSet

For bt = 1 To bootNum
GoSub BootDatalnhput_Catch
GoSub Simplex
GoSub VPAI1
GoSub BootOutPut
Next bt

Case Is = 4
GoSub DataSet
GoSub Simplex
GoSub VPA1
GoSub OutPut
GoSub BootSample_CPUE

For bt = 1 To bootNum
GoSub BootDatalnput_.CPUE
GoSub BootDatalnput_Catch
GoSub Simplex
GoSub VPA1
GoSub BootOutPut

Next bt

VPA IRSA—AEHTE

"T—kRASYFTF—4 A H (CPUE)
"INSA—REEIL

T — B )

'VPA CE JR = # £ = CPUE T bootstrap

F—BAN
NS A—AERIEIE

F—AaH A

"T—h XS YTH T IL(CPUEME
"T—kRASYFTF—4 A H (CPUE)
INSA—AxE L

TR

'Catch @ bootstrap Catch T—A&IESE A 51

F—8A A

"T—hRA+SYTTF—4 A H (Catch)
INSA—AxE L

T—AHA

'VPA T&JRE# F —CPUE & Catch T bootstrap Catch T—&IEM A 1

F—AA N

INTA—AFHE L

F—AaHH

T—r AR5 T T IL(CPUE)ME L

"J—h RSy TTF—% A A (CPUE)
T—h RSy TTF—42 A 51 (Catch)
INSA—AEE L

TR
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Casels =5 VPANSA—S ST
For retro =1To 5
GoSub DataSet FT—=42AKN
GoSub Simplex INSA—AEE L
GoSub VPA1
GoSub OutPut A
GoSub Retros VrARRG T ITBT DR R TR
Next retro
End Select

Exit Sub

VPAT:
If terminalF = 1 Then GoSub VPA_Fmax_year_const
If terminalF = 2 Then GoSub VPA_Fmax_age_const

Return

"H#MENU #
ol
VPAT—HA R

‘Simplex & (E#E & E L)
'VPA, BRI B OFHE
RS

ol

T—rRFSYT B

CIHLTIEFETHIIL—F>

DataSet:
Worksheets{”data input”).Activate

'VPAR®F OWHE
For CdataNum =1 To CatchNum
For Ag = 1 To AgeNum
For Yr =1 To AgeNum
F(Ag, YrNum — Yr) = 0.5
Feach(Ag, YrNum - Yr, CdataNum) = 0.5
Next Yr
Next Ag
Next CdataNum

"otk skeok ok sk sk ok sk ok sk ok ok sk ok ks okok s okok

% *
"k DATA INPUT *
% *

seteskorokokokskoksiokok ook sk RoRk ko ok
M = ActiveSheet.Cells(4, 6)

For Yr =1 To YrNum
For Ag = 1 To AgeNum
Csum{Ag, Yr) =0
Next Ag
Next Yr

RecruitmentAge = ActiveSheet.Cells(6, 2)
StartYear = ActiveSheet.Cells(4, 2)
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For CdataNum = 1 To CatchNum
For Yr=1 To YrNum
For Ag =1 To AgeNum
C(Ag, Yr, CdataNum) = ActiveSheet.Cells(10 + (AgeNum + 3 + 1) * CdataNum + Ag, Yr + 1)
Csum(Ag, Yr) = Csum(Ag, Yr) + C(Ag, Yr, CdataNum) 'Catch Sum
aveW(Ag) = ActiveSheet.Cells(10 + Ag, 6)
aveW(Ag) = aveW(Ag) / 1000000 'FiJ{KE(g—1)
Next Ag
Next Yr
Next CdataNum

For CdataNum = 1 To gNum
For Yr =1 To YrNum
LnCPUE(Yr, CdataNum) = ActiveSheet.Cells(10 + (AgeNum + 3 + 1) * CdataNum + AgeNum + 1, Yr
+1)
If CPUEweight = 2 Then CPUEcv(Yr, CdataNum) = ActiveSheet.Cells(10 + (AgeNum + 3 + 1) *
CdataNum + AgeNum + 2, Yr + 1)
Next Yr
Next CdataNum

sk sfeokoke ok sk sk ok sk okeskokesk ok sk ok ok sk skok skok sk sk okok sk sk ok sk ok

"* *
* INSA—BFEEA N *
* *

Tkokok ok kok ok ok ok ok sk ok ok ok ok ok ok o sk ok ok ok ko
F(AgeNum, YrNum) = ActiveSheet.Cells(11, 3)
For CdataNum =1 To gNum
'q data input
q(CdataNum) = ActiveSheet.Cells{11 + CdataNum, 3)
Next CdataNum

Worksheets(”calculation”).Activate
ActiveSheet.Cells(8, 1) = “SSQ”

'F % Simplex AOE#HIEHR
x(1, 1) = F(AgeNum, YrNum)

'q % Simplex ADEHIZE
For CdataNum = 1 To gNum
x(1, 1 + CdataNum) = g(CdataNum)
Next CdataNum
Return

Tokesfeokskeok ok sk skooke sk ok ok sk ok sk ok ke ok sk ok ke sk ok ke ok

£ *
"% Simplex START *
£ *

ekl ok ok okioksiokr ook Sk ok
Simplex:
Worksheets(”calculation”) Activate
fBefore = 1000
ActiveSheet.Cells(7, 1) = “Repeat: “ & bt

retry:
Fori =2 To paraNum + 1
For j =1 To paraNum
x(i, j) = x{1, j) * {1 + (Rnd - 0.5) * 0.05) ‘Simplex DT —%t vy ERL
ActiveSheet.Cells(11, 1 +j) = x(1, j)
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ActiveSheet.Cells(10 + i, 1 + j) = x(i, j)
Next j
Next i

For k =1 To paraNum + 1
For Ag = 1 To paraNum
x(k, Ag) = Log(x(k, Ag))
Next Ag
Next k

For k =1 To paraNum + 1
For i =1 To paraNum
paraMeter(i) = x(k, i)
Next i
GoSub VPA1

ActiveSheet.Cells(10 + k, 1) = ssq
Fssqlk) = ssq
Next k

Fori =1 To paraNum
Forj =i+ 1 To paraNum + 1

If Fssq(i) < Fssq(j) Then

d = Fssq(i)
Fssq(i) = Fssq{j)
Fssq() = d

For L =1 To paraNum

= x(i, L)
x(i, L) = x(j, L)
x(, L) =4d
Next L
End If
Next j

Next i

fHigh = Fssq(1): fSecond = Fssq(2): fSmall = Fssq(paraNum + 1)

For i =1 To paraNum

Xhigh(i) = x(1, i): xSecond(i) = x(2, i): Xsmall{i) = x(paraNum + 1, i)
Next i
Fori =1 To paraNum

For j = 2 To paraNum + 1
x0(3i) = x03) + x(, 1)
Next j
Next i

aa =1

Do Until aa < 0.00000000001
fr=0:fc =0:fe =0

For i =1 To paraNum

xr{i) = 0: xe(i) = 0: xc(i) = 0
Next i
Fori =1 To paraNum

xr(i) = 2 / (paraNum) * x0(i) — Xhigh(i)
paraMeter(i) = xr(i)
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Next i
GoSub VPAT1

fr = ssq

Select Case fr
Case Is <= fSecond

If fr >= fSmall Then

Fssq(1) = fr

Fori=1 To paraNum
x(1, i) = xr(i)

Next i

Elself fr < fSmall Then

Fori=1 To paraNum
xe(i) = 2 * xr(i) - x0() / (paraNum)
paraMeter(i) = xe(i)
Next i
GoSub VPA1
fe = ssq
End If

If fr >= fSmall Then

Fssq(1) = fr
Fori=1 To paraNum
x{1, i) = xr(i)
Next i
Elself fe >= fr Then
Fssq(1) = fr
Fori=1 To paraNum
x{1, 1) = xr(i)
Next i
Elself fe < fr Then
Fssq(1) = fe
Fori=1 To paraNum
x(1, 1) = xe(i)
Next i
End If

Case Is > fSecond

If fr < fHigh Then
Fori=1 To paraNum
Xhigh(i) = xr(i)
Next i
End If

Fori =1 To paraNum
xc(i) = 0.5 * Xhigh(i) + 0.5 / (paraNum) * x0(i)
paraMeter(i) = xc(i)
Next i
GoSub VPAI1

fc = ssq
If fc < fHigh Then

Fssq(1) = fc
Fori=1 To paraNum

227
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x(1, 1) = xe(i)
Next i

Elself fc >= fHigh Then
Fori=1 To paraNum + 1
Forj =1 To paraNum
x(i, ) =1/ 2 % (x(i, j) + Xsmall(j))
Next j
Next i

For k =1 To paraNum + 1
Fori=1 To paraNum
paraMeter(i) = x(k, i)
Next i
GoSub VPA1

Fssq(k) = ssq
Next k

End If
End Select

For i =1 To paraNum
Forj=i+ 1 To paraNum + 1
If Fssq(i) < Fssq(j) Then
d = Fssq(i)
Fssq(i) = Fssq(j)
Fssq(j) = d

For L =1 To paraNum

d = x{, L)
x(i, L) = x(j, L)
x(, L) =d
Next L
End If
Next j
Next i

fHigh = Fssq(1): fSecond = Fssq(2): fSmall = Fssq(paraNum + 1)
Fori =1 To paraNum

Xhigh(i) = x(1, i): xSecond(i) = x(2, i): Xsmall(i) = x(paraNum + 1, i)
Next i

Fori=1 To paraNum
x0(i) = 0
For j =2 To paraNum + 1
x0(3i) = x03) + x(, 1)

Next j
Next i
aa=0
fAvel = 0
fAve2 = 0
Fori=1 To paraNum + 1
fAvel = fAvel + Fssq(i)
Next i
fAvel = 1 / {paraNum + 1) * fAvel
Fori=1 To paraNum + 1

fAve2 = fAve2 + (Fssq{i) — fAvel) ™~ 2
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Next i
aa = (1 / (paraNum + 1) * fAve2) = 0.5

ActiveSheet.Cells(9, 1) = ssq

Loop
Fori=1 To paraNum + 1
For j =1 To paraNum
ActiveSheet.Cells(10 + i, 1) = Fssq(i)
ActiveSheet.Cells(10 + i, 1 + j) = Exp{x(i, 1))
Next j
Next i
If fBefore > fHigh + 0.000000001 Then
fBefore = fHigh
For i =1 To paraNum
x(1, i} = Exp{x(1, i)
Next i

GoTo retry:
End If

For i =1 To paraNum
x(1, i) = Exp(x(1, i))
Next i
Return

Tkokokok ook sokskokskokskok ok ok ok kok ok ok k

"k *
* VPA Sub Routine FREROFIEIREERH -1 BOFDafs
3 %

sk ok ok ok sk sk sk ok kKoK ok sk ok ok ok Kok kK ok
VPA_Fmax_age_const:
ssq=0

For CdataNum = 1 To CatchNum
For Yr =1 To YrNum
SN(Yr, CdataNum) =0
Next Yr
Next CdataNum
'Simplex D/INTA—F g EEMEHRDN\TA—FEZ(CEH

For CdataNum =1 To gNum
q(CdataNum) = Exp(paraMeter(1 + CdataNum))
Next CdataNum

BEEDOFORE

'Simplex M/INTA—RFZE HMBEHRD/IASA—F2ZIZE

paraAg = 4 RIAFEMBEDRMANATA—EINETE
F(paraAg, YrNum) = Exp(paraMeter(1))

If selectivityPattern = 2 Then GoTo sepa2

EROBRENORIAEHTE

For Ag=1To 4

Select Case backYr

Case Is = 1 BIEDLEREC
F(Ag, YrNum) = (F(Ag, YrNum - 1)) / (F(paraAg, YrNum - 1)) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “2-1-1"

CaseIs =2 "BE2EDLERLC
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F(Ag, YrNum) = (F(Ag, YrNum - 1) + F(Ag, YrNum - 2)) / (F(paraAg, YrNum - 1) + F(paraAg, YrNum -
2)) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “2-1-2"

Case Is = 3 '"BEIEDOHERALC
F(Ag, YrNum) = (F{Ag, YrNum - 1) + F(Ag, YrNum - 2) + F(Ag, YrNum - 3)) / (F(paraAg, YrNum - 1) +
F(paraAg, YrNum — 2) + F(paraAg, YrNum — 3)) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = "2-1-3"

Case s =4 "BELIEDOLERLC
F(Ag, YrNum) = (F(Ag, YrNum - 1) + F(Ag, YrNum - 2) + F(Ag, YrNum - 3) + F(Ag, YrNum - 4)) /
(F(paraAg, YrNum — 1) + F(paraAg, YrNum - 2) + F(paraAg, YrNum - 3) + F(paraAg, YrNum - 4)) *
F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “2-1-4"

Casels =5 "BESEDEERL
F(Ag, YrNum) = (F(Ag, YrNum - 1) + F(Ag, YrNum - 2) + F(Ag, YrNum - 3) + F(Ag, YrNum - 4) + F(Ag,
YrNum - 5)) / (F(paraAg, YrNum - 1) + F(paraAg, YrNum - 2) + F(paraAg, YrNum - 3) + F(paraAg,
YrNum — 4) + F(paraAg, YrNum - 5)) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “2-1-5"

End Select

Next Ag
GoTo sepal

sepa2:

BREOERRENCRIFEHMT

For Ag =1 To 4
For CdataNum = 1 To CatchNum

Select Case backYr

Case Is = 1 BIEDQLERLC
Fay = Fay + (Feach(Ag, YrNum - 1, CdataNum)) / (Feach(paraAg, YrNum - 1, CdataNum)) * C{Ag,
YrNum, CdataNum) / Csum(Ag, YrNum) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “2-2-1"

CaseIs =2 "BE2EDLERLC
Fay = Fay + (Feach(Ag, YrNum - 1, CdataNum) + Feach(Ag, YrNum — 2, CdataNum)) / (Feach(paraAg,
YrNum - 1, CdataNum) + Feach(paraAg, YrNum — 2, CdataNum)) * C(Ag, YrNum, CdataNum) / Csum(Ag,
YrNum) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “2-2-2"

CaseIs =3 "BEIEDLERLC
Fay = Fay + (Feach(Ag, YrNum — 1, CdataNum) + Feach{Ag, YrNum - 2, CdataNum) + Feach(Ag, YrNum
- 3, CdataNum)) / (Feach{paraAg, YrNum - 1, CdataNum) + Feach(paraAg, YrNum — 2, CdataNum) +
Feach(paraAg, YrNum — 3, CdataNum)) * C(Ag, YrNum, CdataNum) / Csum(Ag, YrNum) * F(paraAg,
YrNum)
ActiveSheet.Cells(1, 1) = “2-2-3"

CaseIs =4 BE4EDLERLC
Fay = Fay + (Feach(Ag, YrNum - 1, CdataNum) + Feach(Ag, YrNum - 2, CdataNum) + Feach(Ag, YrNum
- 3, CdataNum) + Feach(Ag, YrNum - 4, CdataNum)) / (Feach(paraAg, YrNum — 1, CdataNum) +
Feach(paraAg, YrNum — 2, CdataNum) + Feach{paraAg, YrNum — 3, CdataNum) + Feach{paraAg, YrNum
- 4, CdataNum)) * C(Ag, YrNum, CdataNum) / Csum(Ag, YrNum) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = "2-2-4"

Casels=5 "BELSEDLERLC
Fay = Fay + (Feach(Ag, YrNum - 1, CdataNum) + Feach(Ag, YrNum - 2, CdataNum) + Feach(Ag, YrNum
- 3, CdataNum) + Feach{Ag, YrNum - 4, CdataNum) + Feach(Ag, YrNum - 5, CdataNum)) /
(Feach(paraAg, YrNum — 1, CdataNum) + Feach(paraAg, YrNum — 2, CdataNum) + Feach(paraAg, YrNum
- 3, CdataNum) + Feach(paraAg, YrNum - 4, CdataNum) + Feach(paraAg, YrNum - 5, CdataNum)) *
C{Ag, YrNum, CdataNum) / Csum(Ag, YrNum) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “2-2-5"

End Select
Next CdataNum

F(Ag, YrNum) = Fay
Fay =0
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Next Ag

sepal:
EEEESHDO F(2—3FIL F)OHETE Ftmax=alpha*xFtmax-1
F(AgeNum, YrNum) = alpha * F(AgeNum - 1, YrNum)

For Ag =1 To AgeNum
Fans(Ag, YrNum) = F(Ag, YrNum)
Next Ag

Select Case alpha
Casels = 1 'REWMDEFEEMETE alpha=1 DLE

For Yr = YrNum To 2 Step -1
N(AgeNum, Yr) = Csum{(AgeNum, Yr) / (F(AgeNum, Yr) / (F(AgeNum, Yr) + M) * (1 — Exp(-F(AgeNum, Yr) -
M)
Do
Fa(AgeNum, Yr) = F(AgeNum, Yr)
Fb(AgeNum - 1, Yr = 1) = F(AgeNum, Yr) - (Csum{AgeNum, Yr - 1) + Csum(AgeNum - 1, Yr - 1) -
N(AgeNum, Yr) * F(AgeNum, Yr) / (F(AgeNum, Yr) + M) * (1 - Exp(-F(AgeNum, Yr) — M)) *
(Exp{F(AgeNum, Yr) + M))) / ((-N(AgeNum, Yr) * M * Exp(F(AgeNum, Yr) + M) + (N(AgeNum, Yr) *
M) - N{AgeNum, Yr) * F(AgeNum, Yr) * (F(AgeNum, Yr) + M) * Exp(F(AgeNum, Yr) + M)) /
(F(AgeNum, Yr) + M) ~ 2)
F(AgeNum, Yr) = Fb(AgeNum - 1, Yr = 1)
Loop Until (Fa(AgeNum, Yr) / Fb{(AgeNum - 1, Yr - 1) - 1) = 2 <= 0.00000000000001
F(AgeNum - 1, Yr — 1) = Fb(AgeNum - 1, Yr - 1)
F(AgeNum, Yr — 1) = Fb(AgeNum - 1, Yr - 1)
Fans(AgeNum - 1, Yr = 1) = Fb(AgeNum - 1, Yr - 1)
Fans(AgeNum, Yr — 1) = Fb(AgeNum - 1, Yr - 1)
Next Yr

Case Else REHOEREHFE alphal HstDEE

ActiveSheet.Cells(5, 2) = “alphal LL4}”

For Yr = YrNum To 2 Step -1

N(AgeNum, Yr) = Csum(AgeNum, Yr) / (F(AgeNum, Yr) / (F(AgeNum, Yr) + M) * (1 — Exp(-F(AgeNum, Yr) —

M)))

Do
Fa(AgeNum, Yr) = F(AgeNum, Yr)
sa =sa + 1
Fb(AgeNum — 1, Yr — 1) = F(AgeNum, Yr) — (Csum(AgeNum — 1, Yr — 1) * (F(AgeNum, Yr) + M) /
F(AgeNum, Yr) * Exp(-F(AgeNum, Yr) - M) / (1 = Exp(-F(AgeNum, Yr) - M)) + Csum(AgeNum, Yr -
1) * (alpha * F(AgeNum, Yr) + M) / (alpha * F(AgeNum, Yr)) * Exp(-alpha * F(AgeNum, Yr) - M) /
(1 — Exp{-alpha * F{AgeNum, Yr) — M)) — N(AgeNum, Yr)) / (Csum(AgeNum — 1, Yr — 1) * (-M /
(F(AgeNum, Yr) * F{AgeNum, Yr)) * Exp(-F(AgeNum, Yr) = M) / (1 — Exp(-F(AgeNum, Yr) — M)) +
(F(AgeNum, Yr) + M) / F(AgeNum, Yr) * (~Exp(-F(AgeNum, Yr) = M)) / (1 = Exp(-F(AgeNum, Yr) -
M)) © 2)) + Csum{AgeNum, Yr — 1) * (-M / (alpha * F(AgeNum, Yr) "~ 2) * Exp(-alpha * F(AgeNum,
Yr) - M) / (1 - Exp(-alpha * F(AgeNum, Yr) — M)) + (alpha * F(AgeNum, Yr) + M) / (alpha *
F(AgeNum, Yr)) * (-alpha * Exp(-alpha * F(AgeNum, Yr) — M)) / ((1 - Exp(-alpha * F(AgeNum, Yr)
- M) T 2N
F(AgeNum, Yr) = Fb(AgeNum - 1, Yr - 1)
Loop Until (Fa(AgeNum, Yr) / Fb(AgeNum — 1, Yr - 1) — 1) 7 2 <= 0.00000000000001

F(AgeNum, Yr = 1) = alpha * Fb(AgeNum - 1, Yr — 1)
F(AgeNum - 1, Yr = 1) = Fb(AgeNum - 1, Yr = 1)
Fans{AgeNum, Yr — 1) = alpha * Fb(AgeNum - 1, Yr — 1)
Fans(AgeNum - 1, Yr = 1) = Fb(AgeNum - 1, Yr - 1)

Next Yr

End Select

BER-1ROLMAOREETOEFRLHY
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For Yr = YrNum To 2 Step -1
For Ag = AgeNum - 1 To 2 Step -1
If Csum(Ag, Yr) > 0 Then N(Ag, Yr) = Csum(Ag, Yr) / (F(Ag, Yr) / (F(Ag, Yr) + M) * (1 - Exp(-F(Ag, Yr) - M)))
Else N(Ag, Yr) = N(Ag + 1, Yr + 1) * Exp(M)
If Csum(Ag -1, Yr— 1) =0 Then GoTo 1000:
Do
Fa(Ag, Yr) = F(Ag, Yr)
Fb(Ag -1, Yr—-1)=F(Ag, Yr) - (Csum(Ag - 1, Yr — 1) — N(Ag, Yr) * F(Ag, Yr) / (F(Ag, Yr) + M) * (1
- Exp(-F(Ag, Yr) - M)) * (Exp(F(Ag, Yr) + M)} / ((-N(Ag, Yr) * M * Exp(F(Ag, Yr) + M) + (N(Ag, Yr)
* M) - N(Ag, Yr) * F(Ag, Yr) * (F(Ag, Yr) + M) * Exp(F(Ag, Yr) + M)) / (F(Ag, Yr) + M) " 2)
F(Ag, Yr) = Fb(Ag - 1, Yr - 1)
Loop Until (Fa(Ag, Yr) / Fb(Ag -1, Yr—- 1) - 1)~ 2 <= 0.00000000000001
F(Ag =1, Yr—-1)=Fb(Ag -1, Yr-1)
Fans(Ag -1, Yr- 1) =Fb(Ag -1, Yr-1)

GoTo 1100:
1000:
F(Ag-1,Yr-1)=0
Fans(Ag - 1,Yr-1)=0
1100:
Next Ag
Next Yr

For Yr = YrNum To 1 Step -1
If Csum(1, Yr) = 0 Then GoTo 2000:
N{1, Yr) = Csum(1, Yr) / (Fans(1, Yr) / (Fans(1, Yr) + M) * (1 = Exp(=Fans(1, Yr) = M)))

GoTo 2100:
2000:

N(1, Yr) = N(2, Yr + 1) * Exp(M)
2100:

Next Yr

For Ag = AgeNum To 1 Step -1
If Csum(Ag, 1) = 0 Then GoTo 3000:
N(Ag, 1) = Csum(Ag, 1) / (Fans(Ag, 1) / (Fans(Ag, 1) + M) * (1 - Exp(-Fans(Ag, 1) - M)))
GoTo 3100:
3000:
N{Ag, 1) = N{Ag + 1, 2) * Exp(M)
3100:
Next Ag

ek BRI EHE

For CdataNum =1 To CatchNum
TR F O#EE
For Ag = 1 To AgeNum
For Yr =1 To YrNum
If Csum(Ag, Yr) = 0 Then GoTo 4000:
Feach(Ag, Yr, CdataNum) = C(Ag, Yr, CdataNum) / Csum(Ag, Yr) * Fans(Ag, Yr)

GoTo 4100:
4000:
Feach{Ag, Yr, CdataNum) =0
4100:
Next Yr
Next Ag

Next CdataNum

"HEEDF ORKXIE
For CdataNum = 1 To CatchNum
For Yr =1 To YrNum
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FaMax(Yr, CdataNum) = Feach{1, Yr, CdataNum)

For Ag = 2 To AgeNum
If FaMax(Yr, CdataNum) < Feach(Ag, Yr, CdataNum) Then
FaMax{Yr, CdataNum) = Feach{Ag, Yr, CdataNum)
End If

Next Ag

Next Yr
Next CdataNum

TEIREFE
For CdataNum = 1 To gNum
For Ag =1 To AgeNum
For Yr =1 To YrNum
S(Ag, Yr, CdataNum) = Feach(Ag, Yr, CdataNum) / FaMax(Yr, CdataNum)
Next Yr
Next Ag
Next CdataNum

EHEREOHE
For Yr =1 To YrNum
For Ag =1 To AgeNum
Nave(Ag, Yr) = N(Ag, Yr) / (Fans(Ag, Yr) + M) * (1 - Exp(-Fans(Ag, Yr) - M))
Next Ag
Next Yr

For CdataNum = 1 To CatchNum
For Yr =1 To YrNum
For Ag =1 To AgeNum
SN(Yr, CdataNum) = SN(Yr, CdataNum) + Nave(Ag, Yr) * S(Ag, Yr, CdataNum)
Next Ag
Next Yr
Next CdataNum

For CdataNum = 1 To gNum
For Yr =1 To YrNum
If CPUEweight = 1 Then ssq = ssq + ((LnCPUE(Yr, CdataNum)) - Log{(q(CdataNum) * SN(Yr,
CdataNum))) ™ 2
If CPUEweight = 2 Then ssq = ssq + ((LhCPUE(Yr, CdataNum)) - Log(q(CdataNum) * SN(Yr,
CdataNum))) * 2 / CPUEcv(Yr, CdataNum)
Next Yr
Next CdataNum

For Ag=1To 4
For Yr=1To 4
F(Ag, YrNum - Yr) = Fans(Ag, YrNum - Yr)
Next Yr
Next Ag
Return

skesfeskoke sk ok sk sk sk sk stk sk stk skok sk sk skok sk okok

3 %
* VPA Sub Routine *REBOFIE—FERE
£ *

sk skosk ok ok sk ok sk ok ok ok sk ok ok ok ok sk ok ok ok ok oK
VPA_Fmax_year_const:
ssq =0

For CdataNum = 1 To CatchNum
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For Yr =1 To YrNum
SN(Yr, CdataNum) = 0
Next Yr
Next CdataNum
‘Simplex DINSA—R q EBHBEBD/ASA—2L(ZEH

For CdataNum =1 To gNum
q(CdataNum) = Exp(paraMeter(1 + CdataNum))
Next CdataNum

"BEEDF OIRE
‘Simplex M/INSA—R FEZBHEHD/ISA—F2Z I

paraAg = AgeNum "I FEAIEMN R /SSA—FNEE
F(AgeNum, YrNum) = Exp{paraMeter(1))
Fans(AgeNum, YrNum) = Exp(paraMeter(1))

If selectivityPattern = 2 Then GoTo sepa02

EEOBRENSRIAEHT

For Ag =1 To AgeNum - 1

Select Case backYr

Case Is = 1 BIEDQLERLC
F(Ag, YrNum) = (F(Ag, YrNum - 1)) / (F(paraAg, YrNum - 1)) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = "1-1-1"

Case Is = 2 BE2EDQHERALC
F(Ag, YrNum) = (F(Ag, YrNum - 1) + F(Ag, YrNum - 2)) / (F(paraAg, YrNum - 1) + F(paraAg, YrNum -
2)) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “1-1-2"

Casels =3 "BEISEDLERL
F(Ag, YrNum) = (F{Ag, YrNum - 1) + F(Ag, YrNum - 2) + F(Ag, YrNum - 3)) / (F(paraAg, YrNum - 1) +
F(paraAg, YrNum — 2) + F(paraAg, YrNum — 3)) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = "1-1-3"

Casels =4 BEAIFEQLERLC
F(Ag, YrNum) = (F(Ag, YrNum - 1) + F(Ag, YrNum - 2) + F(Ag, YrNum — 3) + F(Ag, YrNum - 4)) /
(F(paraAg, YrNum — 1) + F(paraAg, YrNum — 2) + F(paraAg, YrNum — 3) + F(paraAg, YrNum — 4)) *
F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = "1-1-4"

End Select
Next Ag
GoTo sepali

sepa02:

FREODERRENORIAFHE

For Ag =1 To AgeNum - 1
For CdataNum =1 To CatchNum

Select Case backYr

Case Is = 1 BIEDLEREC
Fay = Fay + (Feach(Ag, YrNum - 1, CdataNum)) / (Feach(paraAg, YrNum — 1, CdataNum)) * C(Ag,
YrNum, GdataNum) / Csum(Ag, YrNum) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = "1-2-1"

Case Is =2 BE2EDEERLC
Fay = Fay + (Feach(Ag, YrNum - 1, CdataNum) + Feach(Ag, YrNum - 2, CdataNum))/ (Feach(paraAg,
YrNum — 1, CdataNum) + Feach(paraAg, YrNum — 2, CdataNum)) * C(Ag, YrNum, CdataNum) / Csum(Ag,
YrNum) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = "1-2-2"

CaseIs =3 "BEIEDLERLC
Fay = Fay + (Feach(Ag, YrNum - 1, CdataNum) + Feach(Ag, YrNum - 2, CdataNum) + Feach(Ag, YrNum
— 3, CdataNum)) / (Feach{(paraAg, YrNum — 1, CdataNum) + Feach(paraAg, YrNum — 2, CdataNum) +
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Feach{paraAg, YrNum - 3, CdataNum)) * C(Ag, YrNum, CdataNum) / Csum(Ag, YrNum) * F(paraAg,
YrNum)
ActiveSheet.Cells(1, 1) = “1-2-3"

Case Is = 4 "BEIEOHRERALC
Fay = Fay + (Feach(Ag, YrNum - 1, CdataNum) + Feach{Ag, YrNum - 2, CdataNum) + Feach(Ag, YrNum
- 3, CdataNum) + Feach(Ag, YrNum - 4, CdataNum)) / (Feach(paraAg, YrNum - 1, CdataNum) +
Feach(paraAg, YrNum - 2, CdataNum) + Feach{paraAg, YrNum - 3, CdataNum) + Feach{paraAg, YrNum
- 4, CdataNum)) * C(Ag, YrNum, CdataNum) / Csum(Ag, YrNum) * F(paraAg, YrNum)
ActiveSheet.Cells(1, 1) = “1-2-4"

End Select
Next CdataNum
F(Ag, YrNum) = Fay
Fay = 0O
Next Ag
sepall:

BEEROF(A—SFILFORE Far=—%x
For Yr =1 To YrNum
F(AgeNum, Yr) = F(AgeNum, YrNum)
Fans(AgeNum, Yr) = F(AgeNum, YrNum)
Next Yr

For Ag =1 To AgeNum
Fans(Ag, YrNum) = F(Ag, YrNum)
Next Ag

BREROERBRYE
For Yr = YrNum To 2 Step -1
N(AgeNum, Yr) = Csum(AgeNum, Yr) / (F(AgeNum, Yr) / (F(AgeNum, Yr) + M) * (1 - Exp(-F(AgeNum,
Yr) = M)
Na(AgeNum, Yr) = N(AgeNum, Yr) — Csum{AgeNum, Yr - 1) / (F(AgeNum, Yr — 1) / (F(AgeNum, Yr — 1)
+ M) * (1 = Exp(-F(AgeNum, Yr — 1) = M))) * Exp(-F(AgeNum, Yr - 1) = M)
Do
Fa(AgeNum, Yr) = F(AgeNum, Yr)
Fb(AgeNum - 1, Yr - 1) = F(AgeNum, Yr) — (Csum(AgeNum - 1, Yr — 1) = Na(AgeNum, Yr) *
F(AgeNum, Yr) / (F(AgeNum, Yr) + M) * (1 — Exp(-F(AgeNum, Yr) — M)) * (Exp(F(AgeNum, Yr) + M)))
/ ((-N(AgeNum, Yr) * M * Exp(F(AgeNum, Yr) + M) + (Na(AgeNum, Yr) * M) — N(AgeNum, Yr) *
F(AgeNum, Yr) * (F(AgeNum, Yr) + M) * Exp(F(AgeNum, Yr) + M)) / (F(AgeNum, Yr) + M) ~ 2)
F(AgeNum, Yr) = Fb(AgeNum - 1, Yr — 1)
Loop Until (Fa(AgeNum, Yr) / Fb{(AgeNum - 1, Yr - 1) = 1) 7 2 <= 0.00000000000001

F(AgeNum, Yr) = Fans(AgeNum, Yr)

F(AgeNum - 1, Yr = 1) = Fb(AgeNum —= 1, Yr — 1)
Fans(AgeNum — 1, Yr — 1) = Fb(AgeNum — 1, Yr - 1)
Next Yr

BEB-1BOCMAOREFCOERER;E
For Yr = YrNum To 2 Step -1
For Ag = AgeNum — 1 To 2 Step —1
If Csum(Ag, Yr) > 0 Then N(Ag, Yr) = Csum(Ag, Yr) / (F(Ag, Yr) / (F(Ag, Yr) + M) % (1 — Exp(-F(Ag,
Yr) - M))) Else N(Ag, Yr) = N(Ag + 1, Yr + 1) * Exp(M)
If Csum(Ag — 1, Yr— 1) = 0 Then GoTo 11000:
Do
Fa(Ag, Yr) = F(Ag, Yr)
Fb(Ag — 1, Yr— 1) = F(Ag, Yr) — (Csum(Ag — 1, Yr — 1) — N(Ag, Yr) * F(Ag, Yr) / (F(Ag, Yr) + M) * (1
- Exp(-F(Ag, Yr) = M)) * (Exp(F(Ag, Yr) + M))) / ((-N(Ag, Yr) * M * Exp(F(Ag, Yr) + M) + (N(Ag, Yr)
* M) — N(Ag, Yr) * F(Ag, Yr) * (F(Ag, Yr) + M) *x Exp(F(Ag, Yr) + M)) / (F(Ag, Yr) + M) " 2)
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F(Ag, Yr) = Fb(Ag - 1, Yr - 1)
Loop Until (Fa(Ag, Yr) / Fb(Ag -1, Yr - 1) - 1) © 2 <= 0.00000000000001
F(Ag -1, Yr-1)=Fb(Ag-1,Yr-1)
Fans(Ag - 1, Yr - 1) = Fb(Ag - 1, Yr - 1)
GoTo 11100:
11000:
F(Ag - 1,Yr-1)=0
Fans(Ag - 1,Yr-1)=0
11100:
Next Ag
Next Yr

For Yr = YrNum To 1 Step -1
If Csum(1, Yr) = 0 Then GoTo 12000:
N{1, Yr) = Csum(1, Yr) / (Fans(1, Yr) / (Fans(1, Yr) + M) * (1 = Exp(=Fans(1, Yr) = M)))

GoTo 12100:
12000:
NCT, Yr) = N(2, Yr + 1) % Exp(M)
12100:
Next Yr

For Ag = AgeNum To 1 Step -1
If Csum(Ag, 1) =0 Then GoTo 13000:
N(Ag, 1) = Csum(Ag, 1) / (Fans(Ag, 1) / (Fans(Ag, 1) + M) * (1 = Exp(-Fans(Ag, 1) = M)))

GoTo 13100:
13000:

N{Ag, 1) = N{(Ag + 1, 2) * Exp(M)
13100:

Next Ag

For CdataNum = 1 To CatchNum
BRI F OHTE
For Ag = 1 To AgeNum
For Yr =1 To YrNum
If Csum(Ag, Yr) = 0 Then GoTo 14000:
Feach{Ag, Yr, CdataNum) = C(Ag, Yr, CdataNum) / Csum(Ag, Yr) * Fans(Ag, Yr)

GoTo 14100:
14000:
Feach{Ag, Yr, CdataNum) = 0
14100:
Next Yr
Next Ag

Next CdataNum

"HEEDF ORKIE
For CdataNum =1 To CatchNum
For Yr =1 To YrNum
FaMax{Yr, CdataNum) = Feach{1, Yr, CdataNum)
For Ag = 2 To AgeNum
If FaMax(Yr, CdataNum) < Feach(Ag, Yr, CdataNum) Then
FaMax{Yr, CdataNum) = Feach(Ag, Yr, CdataNum)
End If
Next Ag
Next Yr
Next CdataNum

EIREHE
For CdataNum = 1 To gNum
For Ag =1 To AgeNum
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For Yr =1 To YrNum
S(Ag, Yr, CdataNum) = Feach(Ag, Yr, CdataNum) / FaMax(Yr, CdataNum)
Next Yr
Next Ag
Next CdataNum

EHEREOHE
For Yr =1 To YrNum
For Ag =1 To AgeNum
Nave(Ag, Yr) = N{Ag, Yr) / (Fans(Ag, Yr) + M) * (1 — Exp(-Fans(Ag, Yr) — M))
Next Ag
Next Yr

For CdataNum = 1 To CatchNum
For Yr =1 To YrNum
For Ag =1 To AgeNum
SN(Yr, CdataNum) = SN(Yr, CdataNum) + Nave(Ag, Yr) * S(Ag, Yr, CdataNum)
Next Ag
Next Yr
Next CdataNum

For CdataNum = 1 To gNum
For Yr =1 To YrNum
If CPUEweight = 1 Then ssq = ssq + ((LnCPUE(Yr, CdataNum)) - Log(q(CdataNum) * SN(Yr,
CdataNum))) ™~ 2
If CPUEweight = 2 Then ssq = ssq + ((LnCPUE(Yr, CdataNum)) - Log(q(CdataNum) * SN(Yr,
CdataNum))) © 2 / CPUEcv(Yr, CdataNum)
Next Yr
Next CdataNum

For Ag=1To 4
For Yr=1To 4
F(Ag, YrNum - Yr) = Fans(Ag, YrNum - Yr)
Next Yr
Next Ag
Return

OutPut:
Worksheets("VPA”).Activate
“kkokokkok ok sk stk stk okokkok ok

E: *
"% Frame & OutPut *
E: *

koK koK koK koK ok sk ok ok ok ok ok ok ok koK
For CdataNum = 1 To CatchNum

ActiveSheet.Cells(10, 1) = "“N(E%k)”

ActiveSheet.Cells(10 + AgeNum + 2, 1) = "“N(E£) )"

ActiveSheet.Cells{10 + 7 + AgeNum * 2, 1) = “F total”

ActiveSheet.Cells(10 + (7 + AgeNum * 2) * (1 + CdataNum), 1) = “F-" & CdataNum

For Ag =1 To AgeNum
ActiveSheet.Cells(10 + Ag, 1) = RecruitmentAge + Ag - 1 NOEHDITHAER

ActiveSheet.Cells(10 + AgeNum + 2 + Ag, 1) = RecruitmentAge + Ag — 1 NOEBOITEA
(EE)
ActiveSheet.Cells(10 + 7 + AgeNum * 2 + Ag, 1) = RecruitmentAge + Ag — 1 EEADFOIT

H ()
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RO FDOTEAN(EE)
ActiveSheet.Cells(10 + (7 + AgeNum * 2) * (CdataNum + 1) + Ag, 1) = RecruitmentAge + Ag — 1
Next Ag

For Yr =1 To YrNum

ActiveSheet.Cells(10, 1 + Yr) = StartYear + Yr - 1 NOEDFIH N (BHE)
ActiveSheet.Cells(10 + AgeNum + 2, 1 + Yr) = StartYear + Yr - 1 NOEDHNEHA(ERE)
ActiveSheet.Cells(10 + 7 + AgeNum * 2, 1 + Yr) = StartYear + Yr — 1 2D F OFHA
()

BREDOFOINEAE)

ActiveSheet.Cells(10 + (7 + AgeNum * 2) * (CdataNum + 1), 1 + Yr) = StartYear + Yr — 1
Next Yr
ActiveSheet.Cells{(10, 1 + YrNum + 1) = StartYear + YrNum 'ZEDONDOERT(EH)
ActiveSheet.Cells{10 + AgeNum + 2, 1 + YrNum + 1) = StartYear + YrNum "HEDODNDERT(E

=)

For Ag =1 To AgeNum
For Yr =1 To YrNum
ActiveSheet.Cells{10 + Ag, 1 + Yr) = N(Ag, Yr) 'N O (B
ActiveSheet.Cells{10 + AgeNum + 2 + Ag, 1 + Yr) = N(Ag, Yr) * aveW(Ag) '‘NOHE A EEW)
EEDFOHA
ActiveSheet.Cells(10 + 7 + AgeNum * 2 + Ag, 1 + Yr) = Fans(Ag, Yr) BRBREODFOHEA
ActiveSheet.Cells(10 + (7 + AgeNum * 2) * (CdataNum + 1) + Ag, 1 + Yr) = Feach(Ag, Yr,
CdataNum)
Next Yr

Next Ag

Next CdataNum

BEOMAERH
For Ag =2 To AgeNum - 1
ActiveSheet.Cells(10 + Ag, 1T + YrNum + 1) = N(Ag = 1, YrNum) * Exp(-Fans(Ag, YrNum) - M)
Next Ag
ActiveSheet.Cells(10 + AgeNum, 1 + YrNum + 1) = N(AgeNum, YrNum) * Exp(—Fans(AgeNum, YrNum) - M)
+ N(AgeNum = 1, YrNum) * Exp(-Fans(AgeNum - 1, YrNum) — M)

BEOMAEZEWR
For Ag =2 To AgeNum - 1
ActiveSheet.Cells(10 + AgeNum + 2 + Ag, 1 + YrNum + 1) = N(Ag — 1, YrNum) * Exp(-Fans(Ag, YrNum)
- M) * aveW(Ag)
Next Ag
ActiveSheet.Cells(10 + AgeNum + 2 + AgeNum, 1 + YrNum + 1) = (N(AgeNum, YrNum) * Exp(-Fans(AgeNum,
YrNum) = M) + N(AgeNum - 1, YrNum) * Exp(-Fans(AgeNum = 1, YrNum) — M)) * aveW(AgeNum)

For CdataNum = 1 To gNum
ActiveSheet.Cells(9 + (7 + AgeNum * 2) * (1 + CdataNum), 1) = “g-" & CdataNum
ActiveSheet.Cells(9 + (7 + AgeNum * 2) * (1 + CdataNum), 2) = q(CdataNum)
For Yr =1 To YrNum
'CPUE &R
ActiveSheet.Cells(12 + AgeNum + (7 + AgeNum * 2) * (1 + CdataNum), Yr + 1) = LnCPUE(Yr,
CdataNum)
ActiveSheet.Cells{12 + AgeNum + (7 + AgeNum * 2) * (1 + CdataNum), 1) = “LnCPUE Obs.”
ActiveSheet.Cells(13 + AgeNum + (7 + AgeNum * 2) * (1 + CdataNum), Yr + 1) = Log(q(CdataNum)
* SN(Yr, CdataNum))
ActiveSheet.Cells{13 + AgeNum + (7 + AgeNum * 2) * (1 + CdataNum), 1) = “LnCPUE Est.”
Next Yr
ActiveSheet.Cells{7, 1 + CdataNum) = “q—" & CdataNum
ActiveSheet.Cells(8, 1 + CdataNum) = q{CdataNum)
Next CdataNum
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ActiveSheet.Cells(7, 1) = “SSQ”
ActiveSheet.Cells(8, 1) = ssq
Return

Retros:
For Yr =1 To YrNum
For Ag =1 To AgeNum
nsum = nsum + N(Ag, Yr) * aveW(Ag) 'NDOHE A E=(L)
ActiveSheet.Cells{33 + retro, 1 + Yr) = nsum
Next Ag
nsum =0
Next Yr

YrNum = YrNum - 1 LhORRGTFATBTTEEZSHDITIADT, CITEHZRLST

Return

"HMENU#

T—=rRALSYT U TYL T F—RERK cpue
"T—hRAFSYTTF—RA A catch

T—=hASYTF—2AH cpue
T—hALSYTHEHKER A

"ok sfeokoke ok sk sk ok ofesk ke sk sk sk sk ke sk skok skl sk sk skl sk sk sk sk skokseskok sk skok ok

* *
* Bootstrap H>FILYER, CPUE data *
* *

"ok sfeokoke ok sk sk ok ofesk ke sk sk sk sk ke sk skok skl sk sk skl sk sk sk sk skokseskok sk skok ok

BootSample_CPUE:
Worksheets{“bootstrap_data”).Activate

For CdataNum = 1 To gNum
For Yr =1 To YrNum
TREREERESE NASANYIE
CPUEse(CdataNum) = CPUEse(CdataNum) + (LnCPUE(Yr, CdataNum) — Log(q(CdataNum) * SN(Yr,
CdataNum))) ™ 2
Next Yr
CPUEse(CdataNum) = (CPUEse(CdataNum) / YrNum) "~ 0.5
Next CdataNum

For bt = 1 To bootNum
For CdataNum = 1 To gNum
For Yr =1 To YrNum
ActiveSheet.Cells{(1, 1 + Yr + (YrNum + 1) * (CdataNum - 1)) = StartYear + Yr — 1 TE O
H 5
'LhCPUE @ Bootstrap sample GESR{E +H1EE (R = * EIREL#)
ActiveSheet.Cells{1 + bt, 1 + Yr + {YrNum + 1) * (CdataNum — 1)) = Log(q(CdataNum) * SN(Yr,
CdataNum)) + CPUEse(CdataNum) * (-2 * Log(Rnd)) ~ 0.5 * Cos(2 * 3.1415926535 * Rnd)
ActiveSheet.Cells{1 + bt, 1 + (YrNum + 1) * (CdataNum - 1)) = "LnCPUE-" & CdataNum & ="
& bt 'LnCPUE H /1
Next Yr
Next CdataNum
Next bt

For Ag =1 To AgeNum
For Yr=1 To YrNum
For CdataNum = 1 To CatchNum
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TTSRNILETR
ActiveSheet.Cells(1, (YrNum + 1) * CatchNum + 5 + (CdataNum = 1) * (YrNum * AgeNum + 1) + Yr
* AgeNum + Ag) = StartYear + Yr — 1 & =" & Ag & ” Catch-" & CdataNum
Next CdataNum
Next Yr
Next Ag
Return

sk sfeskoke ok sk sk ok sk ok sk sk ok sk okeoke sk sk sk sk sk ok sk skesk sk sk sk sk sk skskok sk ok

- %
¥ Bootstrap DATA INPUT (Catch) *
% E3

Takokokok ook ok sk skok ok ok ok ok ko okok ok ok sk skok ok skok ko ok

BootDatalnput_Catch:
Worksheets{“bootstrap_data”).Activate

For Yr =1 To YrNum
For Ag =1 To AgeNum
Csum{Ag, Yr) =0
Next Ag
Next Yr

For CdataNum = 1 To CatchNum
For Yr =1 To YrNum
For Ag =1 To AgeNum
'Catch data input
C(Ag, Yr, CdataNum) = ActiveSheet.Cells(1 + bt, (YrNum + 1) * CatchNum + 5 + (CdataNum -
1) % (YrNum * AgeNum + 1) + Yr * AgeNum + Ag)
Csum{Ag, Yr) = Csum(Ag, Yr) + C(Ag, Yr, CdataNum)
Next Ag
Next Yr
Next CdataNum

"TJ—hRAFSYT CATCHF—4AH
Return

Tokesfeskskesk ok stk skeok ko sk ok sk sk ok sk sk ok sk sk ok sk skl sk sk sk sk sk sk ok ke sk ok

% *
* Bootstrap DATA INPUT (CPUE) *
% *

sk stk kR kR kR sk skok ok ok ek ki ki sk ok ok ok sk sk ok sk ok ok ok ok
BootDatalnput_CPUE:

Worksheets{“bootstrap_data”).Activate
"T—hrRRSYT CPUE T—2A S
For CdataNum =1 To gNum
For Yr =1 To YrNum
LnCPUE(Yr, CdataNum) = ActiveSheet.Cells(1 + bt, 1 + Yr + (YrNum + 1) * (CdataNum - 1))
Next Yr
Next CdataNum
"T—hrRRSYT CPUE T—2A S

Return

skeskeskoke sk ok sk sk sk sk stk ke sk ok sk ok sk skok skok sk skokok sk skok
"% *

*  J—pRFSYTHBERRTE *
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K *
koK ok ok ok ok sk ok sk ok sk ok ok ek ek ok
BootOutPut:

Worksheets(“"BootstrapResult”).Activate

ActiveSheet.Cells(10 + bt, 1) = bt
ActiveSheet.Cells(10 + bt, 2) = ssq

For i =1 To paraNum
ActiveSheet.Cells(10 + bt, 2 + i) = (x(1, i)
Next i

EREEHE-(E)DE AR
For Yr =1 To YrNum
For Ag =1 To AgeNum
Nyear = Nyear + N(Ag, Yr)
Next Ag
ActiveSheet.Cells(10, (4 + CatchNum) + Yr) = StartYear + Yr - 1 & "(B)” EOHH EREH
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + Yr) = Nyear
Nyear = 0
Next Yr
YeNum(BREE)DEREHE)
For Ag = 1 To AgeNum
ActiveSheet.Cells{(10, (4 + CatchNum) + (YrNum + 2) + Ag) = StartYear + YrNum - 1 & "-" & Ag &
B
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + Ag) = N(Ag, YrNum)
Next Ag

"BEOMARHE
For Ag =2 To AgeNum - 1 2 o ZE -1 mET
ActiveSheet.Cells(10, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (Ag — 1)) = StartYear + YrNum
&7~ & Ag & "(B)”
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (Ag - 1)) = N(Ag - 1,
YrNum) * Exp(-Fans(Ag, YrNum) - M)
Nyear = Nyear + N(Ag — 1, YrNum) * Exp(—Fans(Ag, YrNum) - M)
Next Ag
EE BERER ERENEE
ActiveSheet.Cells(10, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum — 1)) = StartYear + YrNum
& “-" & AgeNum & "(B)”
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum — 1)) = N(AgeNum,
YrNum) * Exp(-Fans(AgeNum, YrNum) — M) + N(AgeNum - 1, YrNum) * Exp(-Fans(AgeNum - 1, YrNum) -
M)
BE BREREH
ActiveSheet.Cells(10, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + AgeNum) = StartYear + YrNum &
" _sum” & (R
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + AgeNum) = Nyear + N(AgeNum,
YrNum) * Exp(-Fans(AgeNum, YrNum) — M) + N(AgeNum - 1, YrNum) * Exp(-Fans(AgeNum - 1, YrNum) -
M)
Nyear = 0

EREEQ-(F)DHE RN
For Yr =1 To YrNum
For Ag = 1 To AgeNum
Nyear = Nyear + N(Ag, Yr) * aveW(Ag)
Next Ag
ActiveSheet.Cells(10, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + Yr) = StartYear
+Yr—-1&"71) EOHN EFEEE
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + Yr) = Nyear
Nyear = 0
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Next Yr

For Ag = 1 To AgeNum
ActiveSheet.Cells(10, {4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + (YrNum + 2) +
Ag) = StartYear + YrNum - 1 & "-" & Ag & “"(t)”
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + (YrNum +
2) + Ag) = N(Ag, YrNum) * aveW(Ag)

Next Ag
BEOMAEE
For Ag = 2 To AgeNum - 1 PEMAMEEER-1EET

ActiveSheet.Cells(10, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + (YrNum + 2) +
(AgeNum + 2) + (Ag — 1)) = StartYear + YrNum & "-" & Ag & "(1)”
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + (YrNum +
2) + (AgeNum + 2) + (Ag — 1)) = N(Ag - 1, YrNum) * Exp(-Fans(Ag, YrNum) - M) * aveW(Ag)
Nyear = Nyear + N(Ag — 1, YrNum) * Exp(-Fans(Ag, YrNum) - M) * aveW(Ag)
Next Ag
BE ZREH EREEWHE
ActiveSheet.Cells(10, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + (YrNum + 2) +
(AgeNum + 2) + (AgeNum - 1)) = StartYear + YrNum & “-” & AgeNum & “(t)”
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + (YrNum + 2) +
(AgeNum + 2) + (AgeNum - 1)) = (N(AgeNum, YrNum) * Exp(-Fans(AgeNum, YrNum) — M) + N(AgeNum - 1,
YrNum) * Exp(-Fans(AgeNum — 1, YrNum) — M)) * aveW(Ag)
BE REREEWFE
ActiveSheet.Cells(10, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + (YrNum + 2) +
(AgeNum + 2) + AgeNum) = StartYear + YrNum & “-Sum” & “(1)”
ActiveSheet.Cells(10 + bt, (4 + CatchNum) + (YrNum + 2) + (AgeNum + 2) + (AgeNum + 2) + (YrNum + 2) +
(AgeNum + 2) + AgeNum) = Nyear + (N(AgeNum, YrNum) * Exp(-Fans(AgeNum, YrNum) — M) + N(AgeNum -
1, YrNum) * Exp(-Fans(AgeNum = 1, YrNum) — M)) * aveW(Ag)
Nyear = 0

Return
End Sub
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