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Application of statistical modeling and data mining method to the fish
stock analyses

Hiroshi SHONO

Abstract : In this thesis, we focused on the various problems in the filed of fish population

analysis, especially regarding the analyses of CPUE (catch per unit effort) which shows the

relative abundance. We suggested several techniques to solve these issues by the statistical
modeling and approaches for data mining using the actual fishery data on tuna and its re-
lated species, and computer simulation experiments.

Catch per unit effort (CPUE) is an important concept which is corresponding to the rela-
tive stock size and is proportional to the stock abundance. However, because the nominal
CPUE may include various spatiotemporal and environmental effects except for stock den-
sity such as area, season and fishing gears, we need to remove these effects to grasp the
annual variation of the stock. Therefore, it has been traditionally carried out to estimate the
factorial effect of year using analysis of covariance (ANCOVA) model (e.g. CPUE Log-Nor-
mal model) where natural logarithm of CPUE is set to the response variable and assumed
factorial effects are incorporated into the model as explanatory variables under the normal
error, and generalized linear model (GLM) (e.g. Catch Poisson model, Catch Negative-Bino-
mial model) in which catch, discrete variable, is set to the response one and Poisson or nega-
tive binomial distribution and so on is assumed. Such work is called CPUE standardization
and approaches for data mining such as tree-regression model and neural networks have
been recently utilized for it in addition to the statistical modeling.

In this study, we dealt with the CPUE standardization, major issue in the fish population
analysis, as main theme of this paper and discuss in detail three problems about CPUE anal-
ysis as follow:

1) Choice of the factorial effects, performance evaluation of the model through the various
information criteria and stepwise test in the ANOVA type model supposing the CPUE
standardization (Chapter 3)

2) Approach of CPUE prediction and the simple method for attribution analysis (ie. method
for extracting CPUE year trend) in the time-space without operation for southern bluefin
tuna by the neural networks (Chapter 4)

3) Performance evaluation of Tweedie model if it includes many zero-catch and comparison
of Tweedie distribution and the traditional methods (ad hoc ANCOVA method, Catch
model) (Chapter 5)

Chapter 1 becomes an introduction and describes the background, purpose of this re-
search and composition of this thesis. In chapter 2, we outlined CPUE standardization from
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the viewpoint of the statistical modeling, approach for data mining, proper problems of fish
stock and reviewed several related issues, especially main three problems to be coped with
in this study.

In chapter 3, we performed the model selection by various information criteria (AIC, BIC,
CAIC, c-AIC, HQ, TIC etc.) using the generalized linear models corresponding to the CPUE
standardization through several cases such as in small samples, large samples. It is also pre-
sented that the result of model selection may be different depend on the used information
criteria in actual fishery data. We evaluated the selection performance of these information
criteria using the computer simulation in which we calculated the selection performance to
choose the true model among several candidate models generated random numbers from
the true model. We also compared the performance of information criteria and stepwise test
by computer experiments because some stepwise test such as chi-square or F test can be
applied in the nested model. The variable selections are an important and essential issue in
terms of selecting the factorial effects statistically to affect the CPUE. In addition, the results
of model selection based on the information criteria and stepwise test may cause the differ-
ence of the attribution analysis (ie. estimated CPUE year trend), which may lead to the big
difference of estimated absolute abundance in the model where CPUE year trends are in-
cluded as the tuning indices. Specific study results in this chapter are as follow:

- It was found that the result of model selection in small samples and in the case that there
are many parameters compared to the sample size by c-AIC, which is a finite correction of
AIC, is different from that by AIC and the selection performance of c-AIC is better than
that of AIC through the ANOV A-type simulation in such cases.

- It was shown that AIC may have a bias in large sample, the result of model selection is dif-
ferent depend on the information criteria utilized and the consistent information criteria (BIC,
HQ and CAIC) is superior to AIC as a whole through the analysis by actual fishery data
and simulation by linear regression, respectively. We also suggested the recommendation
value and formula of the constant term in the consistent information criterion, HQ.

- It was proofed that the expectation of TIC, which is known as having good performance
traditionally in the nested model, becomes theoretically equal to that of AIC in the general-
ized linear model with having normal error and identity link function, and the selection per-
formance of TIC is almost the same as that of AIC by the computer simulation.

- In the nested model, we found that the information criteria is generally a little superior to
stepwise test by our computer experiments and the simple model with a few parameters
tend to be selected if the significance level is low in the stepwise test.

In Chapter 4, we focused on the issue of CPUE interpretation of southern bluefin tuna,
the problem of CPUE prediction in the spatiotemporal cells without observation, and carried
out the CPUE analysis using the neural networks. In terms of the relative abundance, it is
reasonable to define the CPUE as multiplying standardized CPUE by relative area size and
which is called abundance index (AI). In the stock of southern bluefin tuna, because the
fishing ground has shrunk from past to present, it has influenced on the abundance index
that the assumption of CPUE in the cell with operation in the past and without one now,
that is whether CPUE in these cells is assumed to the same as that in the surrounding areas
or 0. This cause the difference of CPUE year trend obtained from the abundance index.

Therefore, in this paper, we predicted the CPUE in such missing cells using the error
back propagation method, which is a typical algorithm in the supervised neural networks,
and suggested the simple way of attribution analysis to extract the CPUE year trend. We
compared to the MCMC method based on the EM algorithm in same conditions by cross-
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validation to evaluate the accuracy of the neural networks. Performance check and compari-
son of the models were carried out using the n-fold cross-validation based on the correlation
coefficient between observed and predicted values and mean squared error (MSE).

As a result, the ratio of CPUE without operations over with ones based on the CPUE pre-
dicted values by the neural networks showed the range of 0.8 to 1.0. This does not imply
extreme contradiction with the CPUE ratio in the Japanese Experimental Fishing Program
(EFP) which was locally done for 1998 to 2000, where CPUE ratio was recorded about 0.7
although year, season and area of the experiment were very limited. Predicted performance
of CPUE by the neural networks is rather superior to that by MCMC method based on the
EM algorithm in the same situation as the neural networks and the CPUE year trend calcu-
lated from the predicted CPUE is very similar to that by generalized linear model including
the ANCOVA. The results suggest the excellence of the predicted performance of the neu-
ral networks and the validity of the simple method of the attribution analysis proposed.

In Chapter 5, we discussed in detail the issue where the ANCOVA model (in which the
natural logarithm of CPUE is set to the response variable) can not be applied if it includes
the data that catch is zero called zero-catch problem, supposing the shark species caught
by tuna longline fishery. We carried out the CPUE standardization for yellowfin tuna in
the Indian Ocean caught by the Japanese commercial longline fishery in which the ratio of
zero-catch is low about 10% and silky shark in the North Pacific Ocean by Japanese train-
ing vessels (for silky shark where the zero-catch ratio is high more than 80%) using the so-
called Tweedie distribution which is an extension of compound Poisson model and can be
uniformly dealt with the zero data. Actually, we compared the CPUE year trends obtained
from the Tweedie model, ad hoc ANCOVA model to add the constant term to all CPUE and
Catch Negative-Binomial model. As a result, there is no extreme difference of year trends
between the Treedie model and ad hoc method for yellwofin tuna in the Indian Ocean, a tar-
get species with low zero-catch rate. On the other hand, CPUE year trend obtained from the
Tweedie model is different from that based on the Catch model and ad hoc method for silky
sharks in the North Pacific Ocean, a by-catch species with high zero-catch ratio..

Accuracy of the Tweedie distribution is higher in each case judging from the performance
check of the candidate models based on the both indicators, correlation coefficient between
observed and predicted values and MSE, using n-fold cross-validation as well as our analysis
by the neural networks. As a result of cross-validation, the superiority of the Tweedie model
does not appear so clearly if the rate of zero-catch is low and it has few problems to apply
the ad hoc method practically. On the contrary, if the ratio of zero-catch is high, then the
superiority of the correlation coefficient and MSE is the order of the Tweedie model, Catch
model, ad hoc method and Tweedie model, ad hoc method, Catch model, respectively. How-
ever, the ad hoc method has a large bias because almost all of the estimated CPUE show
extreme low regardless of the magnitude of the observed CPUE values. Therefore, we con-
cluded that it is not adequate to apply the ad hoc method in the case that the ratio of zero-
catch is high such as shark species.

The last Chapter 6 shows the conclusion of this thesis. We methodically described the
study results of three issues which were dealt with in this paper from the viewpoint of fish
population analysis, applied statistics and research problem for the future.

Key works: CPUE standardization, data mining, generalized linear model, model selection,
Tweedie distribution
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YFEy AL LTHWOLNRAZ L BE L, KERIEF
BV CIHFRFICEELREREF > TWo,
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Log (CPUE)= (Intercept)+ (Year)+ (Season) +
(Area) +(EMT)
-+ +(Two-way Interactions)+error, error ~
N (0, %)
(1.2)

AT ENL 0,

F7, MHERETHLMEREZIDELRICEREL,
Poisson 734 R &L D " IH3 A (negative binomial, NB)
2ARE L - — B b€ T v

E [Catch]=Effort*exp |{(Intercept) + (Year)+
(Season)+ (Area)+ (EMT)+
(Two_waylnteractions)}, Catch ~ Po (1)
F7213 NB (a, 8) (1.3)

ERMEHT A2 L% (Read, 1996)
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OTHAELHY, MrREEILETHE, 2D
Lo TiE, BFEMIICHWONRTWAREN LT
TVEEDLET, H28 (2-4) THEREWT 5.

AWFGETIE, KGRI\ BIFR 3 2 SFEH Y 2 B
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&R RIS T 24E ML Y R Edihshs &
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LA, Catch 25€ 1w, Witz X CPUE 25€
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U R VY S AL QN B A S 3 G e = A /Y T B A
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—Em (MAE) %K LA ad hoc ZffLd: ((14)
ARZBH) PWHNSZ EHEL A, CPUE OX e
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MIEETNVEMHT 5 HE ((13) ) &L, ol
HMEICEHLT, EFART—FEeyFLTWRWVY
HEHEL, I —KR—HTdH %,

Log (CPUE+constant_term)= (Intercept)+ (Year)
+(Season) + (Area) + (EMT)
-+ +(Two-way Interactions) +error, error ~
N (0, o2 (14)
ZFIT, ABfETIZET - F—F ZH—ICHY %
2 %, 4 Poisson 24 DM 2 % 3k L 72 Tweedie
A (Tweedie, 1984: Jorgensen, 1997) % H W T,
FCAHDOWET — 5 XU - F v v FEIFORE
7 — % ® CPUE H#AL % T\, (14) KD ad hoc %
Jith® Catch EF NV EDKE 7 T A - N F—¥
a X DAz, EBICIE, nfold cross-validation
EENDETF—5 %5V F A0 GET L HEEME
ML, 7 VEHlioLEE LT, EICHNMEE T
fili ® Pearson’s H %% B & O° MSE (mean squared
error : P TIRIE) M L7,

1-2. KR DIERK

AESLTIE, KEGRIEAT A Off 4 ofEIZS
WT, I CPUE TIC BT 2o O REIZOW
THETRH AN 2 MTH A S 2, b OREICHA %
METET VR T =A==V IR T Tu—F 2 #H
THZERHMIIL TS, R XOMBITLLT o
DTHbo

FBIETE, RAXOHNBLUOERZRL,

8 2% Tk, CPUEMHTOBUREFREICLT, F
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Bt (CPUE EE#AL) 1ICBUF A EEL 3 OOME (58
N1)-3)) ZR@LD AL ¥ F =<z, HIED
LS HICHTTRHLSMKGEL 720

%5 37 TIE, CPUE BHALIZ BT 2 ETVERITO
W, B4 R IEHE MR stepwise MEZ LY I
THRL, MERDOYS, KEROYE, A Mik
RO, IEBURG A e EMA B — AR E L
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BERIZBWT, REANLZEETH S,
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Za—FVRy bT—ZIZXVHEEL, 70 - N
T a VICKAREFMEITY, =2 —F Vv b
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2-1. ZLU®IC
AT TIL, CPUE BEEALOBUR EFEICE L T, &
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EICENELYTTLE 2 — 21T, &b TRiEN
WOWTEHTLZIEEAHNE T 4,

2-2ffi Tld, CPUE BH#ALIZIA S SN TWBEE
FPETV, FOHTH —BILBIEET VICERE Y
T, EFVORER GO ERLOBIRE L EF IV
BIRPER M OMESIZ DO W TR B, 2-3/i T,
R ERABIDSHEZ TETWETF— <[ =V FFiE
ZOMTHBEEFT VR 2 —F Wty VT —2, —
BALEE 7N % FITHY L, o3k e CPUE
FEPLYFOHE R EOMERIZOWTERT %,
2-48i T, Do CPUE FEHEALEFA o R E & % 48
ML, ¥u - Fr vy FEEEIEENSFHEICET 50
WL & AT RS TR BUC & B HAN T 21T - - B ETE
BEPOGICHEY EF 5, 72, 2-4fiTik, BHE®
EFRRP A —E, CPUE BHEMIEHSINET—F D
WERPNEY v FETFTILVARE, KFFECTHEL
Felp o F2ERHIC O WC i HLIC N B

2-5fik, AEOF LOEHFTHY, L2 —%H
CCTH O o 72 MEEOHT, FRIZKEG IR
OB S EEGBEIZOWTER L, KD X 4
vr—=& LT, EIWPUKTHLIMHT S, AE
ik, EFVER, BEEREK o - ¥y oM
BD3DOTHY, TNEFNAGFHLTIEIETOHD N
TTWwWhb,
THHMERIERC AT v 7T 4 AMEZFH L72ET IV
#IR1E, CPUE E#ALIZB W T EDERH CPUE 12
WErGZTOuLPeEZLERCTEEICELTDH
D, RKEFLDAAL v5—< & LCH 3= CHMICHER
T5. $72, BHEEEROMEL YT - F v v FHE
BAMEDEE LT —<D1DTHY, HA4EBIO
ES5HETHEL RS,

2-2. HEtET IV

CPUE ##4b 3, CPUE IZ3E 8% 5 2 5 B (4 -
ZEf - WX - VARSI STV B HERR ST - BB
ERARE) 2FHBEEHIZ, CPUE & %\ id Catch %
BB E L— AL 7V (YRR 555
Mr - O ET V2 EL) BRI SN T
W5, fLEMLETIV (Gavaris, 1980 ; Large, 1992;
Reed, 1996) & L Tix, DLF® CPUE €7V & Catch
ETFTVHBEFONLE D, wIhd CPUE HK 4 D%
HIZOWTHEDOEOETRINTE Y, FEETN
(multiplicative model) &MiXhTwWb, KETIZZ
NHO2OOFT IV EFMIEY RIFC, BERGHR
EFVEROBIRICOWTHERS, F72, RiE%EH
WHENDDOHLREFNRE T IVITOWT S HICHN
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2-2-1. CPUE €7 )L

Robson (1966) LL3, CPUE (2B L Cxf Bk s
EZeE L, Wb b CPUE-LogNormal € 7L A%
EHENEZENLL, ZoEFIVIE (21) XD X
ICEBEIND, TS BIMICBWTRSEHENS
iid. (independent and identical distributed : 3. T
[l —Z A ICHED &) BIR) D42 CPUE £
BIZBWTHIET 52 B TH Y, R
DWTHIFICH DL RVIRYD Zoiid OERE <
k55,

E[Log (CPUE)]= (Intercept) + (Year)+ (Area)+
-+ +(EMT)+ (Interactions) (2.1)

fHL Log (CPUE) ~N (u, ¢® &L, E[]d¥
i ET, u, 62 1ZADT—DRMBKTHD,
ZhEMN Log (CPUE) 2%t 9 IEBL i O, 47
2T,

(21) TD (Year) & (Area) IZEREX DR
REEKL, EMT) AR SN Tw L EERC
REBERNEOMELBH L CHIL 5, CPUE Z
AL BT R nlitE, REER EOEHRE D &
WX ST EIT) S e TH L, Koshi:
%4 DOWFXNTIEEFE I 25/ LTnwb 2 %R
FELTWh, SNHLOERIZAFIT) ANERELT
Wb b Z LWL, (EMT) 1220 Tldlik
ELTHWONLZE DD, ARSI T TS
WERD B DY L BRERDOADEEE, ThEh
SIEGATET OV - RGATET VASKIG L TE Y, W
BHHPRIEL TOLLHEICI TR ET NV E R D,

COETNVEIYPAREL LI L &, BlllGRE
7% CPUE O #i ki 12 e B3 % & v 9 e 25 A HLI
THrHrEEZEZLNTVWAIELDHY, TCAHHD
CPUE f#HTIC BV THk 4 2 EIBRERE X% TIL L
i & CTw b, CPUE-LogNormal € &V % B v
72 CPUE £ #1t o 1%, 7 < 1& Robson (1966) {2
HEOHRZUNEVWIEIEL AT S, HHEDIO
CPUE-LogNormal € 7NV Z i L T 27> CPUE £
#AL %47 5 T 5 (Shono and Ogura, 1999 : Shono
et al., 2000 : 2002) .

%B, ¥uaxyvF (CPUE=0: %57 —7%) Y
9 54121k CPUE O HARX B 25 & L sk
7, (21 Ko F FTREEIATRERTH S, €T,
TRNT 24T ) 12D DROP DT EPREINTEY, 2
DOBEIZOWTIR2-4 Tl 3 %0

M

%12-1. CPUE €T JLDBI (Shono et al., 2002)

CPUE-LogNormal EF Vo —fl & LT, HADIZ
AL A4 ¥ FEFNTOT— % % 72 CPUE
BHEALETFT VALY 1P 5, ZOBITIE, HELREE
Z5EBIIXE o7z Ve 1 o0l E L, HEICE
FrL7z7 =5 2L Twb,

Log (CPUE;;, + 0.1)=(Intercept) +(Year) + (Month);
+(Area) ,+ (Gear) + (SST) +(SOI) + (Year*Area)
+(Month*Area) j+ (Month*Gear) ;+ (Area*Gear)
+(Area*SST), + (Area*SOI), + Error;y

(22)

AL, Error, ~N(0,0°)§ %,

Q2)RTOEKEADERHOEFRIILTOLHITRD,
SST & SOI it EHE LT, ZohoFiHERIX
AT TVANVERELTETIVIZHAAATWY S,
¥7:, &To»CPUE Zx L TivhE (01) &z T
WHOI, ¥u - Fx v FF—7Ix LTHRSEE
WoZEBMRLNREZR#ETL720DbDTH S
(2-48) o

CPUE : Catch (¥ ¥ 02 %) / Effort (13 2 #

DL 10004 % 1 L H#5)
Intercept : YJH I8
Year : SEORFR
Month : A %R
Area: TV 7 (EBX) ORhF
Gear : B4 (number of hooks between floats :
NHF) O%)%

SST : #MAKiE (sea surface temperature) DOZhHE:

SOI : B 4B 5 %4 " (southern oscillation index)
DEYH:

Year*Area: £ & ) 7O EAEM (LLFRIAIZL
Tils " IR AT £ T )

F72, KBAOWFOERIVTOLI IR, A
DAEG DT — Z 123k L CTHSERERE 6 D150
YT T EMHALCEY, EMEICowTh 4D
D7 T AHEL T b,

i (Year): 1960-2000,

7 (Month): 1-12,

k (Area): 1-6,

! (Gear): 1-4 (class 1: 5-6, class 2: 7-10, class 3:

11-14, class 4: 15-24).

%8, 22) ROEFNVIIFENTOBMAKEL D
DTH %o FEBIFMatM R EIESNTE L OHE
HRROBEEGRIRZATH LEH Y (2-2-48), FHH
ZRAE1OTOWO LT Ny I T—= AT v T



HatE 7V DIKEE B IRIENT D IEH] 9

T A ARGE (2-2-45) 12X ) REIISERS W€
TV, (22) X 5 SOLIREED ERRD A AERP I,
(23) KD X H 1% o7

Log(CPUE;;,+ 0.1)= (Intercept)+ (Year), + (Month);
+ (Area) ,+ (Gear) + (SST)+ (Year*Area)
+(Month*Area) ;,+ (Month*Gear) ;+ (Area*Gear)
+ (Area*SST), + (Area*SOI), + Errory, (23)

2-2-2. Catch €7V

Reed (1996) % 1 U % & L T, Catch {2 & L
T Poisson 75 4ii & L < 13 & » ~IH 4 4i (negative
binomial: NB) Z#{KE L7z EFVHIEEH LN TE
D, 24) Kok icEkfbsns,

E [Catch]= (Effort)*exp| (Intercept)+ (Year)+
(Area)+--+ (EMT)+ (Interactions)} (24)

fH L Catch ~ Poisson( 1) & %% Catch~NB(a,
B) &£35h., TIT, WHBREIIENEICHHTSZ
EERIRELTEY, Zo (Effort) OIEIT offset 25 ™
LIS,

CDETINVTOREERIERMEZ D LEND 5
Z&H,H, Catch & LTIXEREBTIE R BEIHVS
N5, 19904401421 % Tl Catch-Poisson € F VA5 E
WTH o 72h%, WAILE O ZIHGAG T T VA &
nN5bZlb%wv, ZOMME LT, HKilSyr—2
SASY OHi/N—T a v (Ver82) THO I/t
MLl SN2 ERBIT O 5,

Poisson 545 € 7V Cl, FHESHAPFR L TH S
EVIIREPHEDIRRICZE SO RVEEEDLH Y,
% < 1% over-dispersion parameter ¢ ZfEH L T35
(Okamoto et al., 2003). T hbH, HERELK X A
5 A — % — ) %D Poisson A6 \ZHE ) HEIIE, F
DFH LG ETNTNL, ¢ A ETDLEND 12,
L #* L, over-dispersion parameter % & A3 5 & 4
EYT DWMERSA RN Lieh & n) 2 & REMKL
W7, lE ORI LR 2 v,

Z 2T, B (Quasi-Lilelihood) & IiXh %
AR AMISAL S S A 7 e (N
W5 HS (Bayler, 1993), HEMIIE0 % ) BHEICR S
(Wedderburn, 1974; #&, 1988), Z®/35 x — & —ff
EOMEZ MBS 57200120+ 7Y a LT,
over-dispersion Poisson EF IV DH H iz CFE &4
B ®%2) AOZHGAET IV EMHT 5 HENZ
Fohab,

2-2-3. CPUE ®E b L > NHIH E ERSMA

CPUE fE# bic BT 2 £ B, &R (BR%
JE) OEEFIIHIST LA EWY LTI LICH S,
RHAEM % & F V&2, CPUE €7V & Catch
ETFTNVOVTNIZBWTHAE (Year) R OHEE fiE
ZOFTEWHHEIETEV, L2L, FHEOKH
ERZ &L EI2E, TOMRPEL V., 22T, X
HIEHZ GOHAE BT 2ERNGTOVOES>DE 2T
L LT, LSMEAN (least squared mean) 23ZFiF 51
%, % AHE O CPUE FEHEEALTIE, @HIZERIRD
LSMEAN Z#5tH 35 Z L ICX 5 TCPUEE ML ¥
FZ2H LCTBY (Shono et al., 2002 : Matsunaga et
al., 2003), ®#FiZ (25) XTHZLND,

CPUE=exp |(Intercept) + (Year)+ (Year*Area) +
(Year*Season) j+..| (25)
fHL

- 1 & -
(Year*Area), = —Z (Year*Area),,(Year*Season),

j o=

1 &
N > (Year*Season),

k k=1

ZEl¥h, INOLOFHISNIHE, HHFEYT
3L H 2O IVIET L7 — F EI2 Uz EAAT
LI LZ b d b,

kB, (25) ANTIRIEH (Year) OFERREZNE
EURHEMERIIOVTOAERT TRV, 72(26)
KTEENSL (Year*Area) ® LSMEAN (FEfgIIH,
1989) #2252 LICX X CPUE4E b L~
FEHiH LTws (Shono et al., 2002)

CPUE, = exp{(Intercept) + (Year), +(Area), +(Year*Area), -
+(Area*Season), +...}

e — ‘\Ik
{H |_(Area*Season), = NLZ (Area*Season) ,

k k=1

LT D, (26)

LSMEAN % 2 2 FfIH$ 5 &, K&
Bawd (25 REHWTHMICEMI TV
ERBRRPWBI N 2 ORI RETH ), HH
SMEAATZ Bo (Shono et al., 2000)
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CPUE,

CPUE,

exp{EMT, + (Area*EMT), + (Season*EMT), +...}

exp{EMT, + (Area*EMT)  + (Season*EMT), +...}
(27)

HL

- 1 X I
(Area*EMT), = N > (Area*EMT) ,, (Season*EMT),

j =l

P

Nie
= NLZ:(Season”‘EMT)k1

k k=1
LT, 27) KRBV TLEHK (EMT) oF
MEEENEZEOCRAMEHIZOVTOAE Z IR
W,
kb, 27) XNTIRFEWER (EMT) 2 EE#H O
FEEZEZTVDY, LR IIEEIN3T
A—F —H 1 BALY 720 O CPUE ICxF$ 2 & LR &
EOHRABZEDVUETH Y, BRI EEDEEEF
FRICLUCENGHZITH) Z &2 HETH S (Shono et
al., 2002)

2-2-4. TERIRE ETIVILEE

AE T, F—CFNIIBTBEHGEIN (FEROM
RN E BT T OVHICBI B BT VIERIZOWT
By EF5,

s (ZEGRIN) &, EFVEOEDBEELLE
X2 4 OFMAEKNA CPUE ISR 5 2 TWwbh
B EFHE 2 RIS THR T 21E(TH D,
AT v T4 XAMERHEREREZ HWTITbh b
ZENL v, BRI, BI21Tid SOI B D R A
CPUE B 5.2 TWHEWI EDBAT Y T IA4 I
TBIZLVEIDO LN/, ZOHEEKRLTELZE
FRRTICIIERZ 2w ik b, 20XHI
LT, WELEHTHHCPUEICHEZEZTWLE
HRN R D 2% A HIAE R E L TR D 2 Lhi—
B TH Y, AREFZETIEFE—E T IVITBIT 5 EERIR
LIERZ LI2T 5,

#%E (BEETIVEICBI2ET VLK) X, B
ERDBHEOETNE L T—FRVET I EEN
TAHEETHY, CPUEEF NV & Catch EF VO
BIZRESNDHETETVHORBO AL ST, —f#
ILBIEETF NV EZ2—F VA y NT—27 ORI &
T IO —FEF— YA = TR T T u—F
O %2 DAL EIND REE T EISHE
EFIVHEORE (CPUE €7V vs. Catch EFNV) %
MELTWDD, BRTIEIhEwo 28875508
B, BETay MrEERTEBIHKT 5 &
AC AN

HE ¥

M

RANCEBRIUCE LT, KD 220D FEDL L
HubhTwid, 120 FElEEEzROETIVIC
LT REZ, JUEHICH D w7z Deviance X
Pearson # 4 Z3fal& (Dobson, 1990) 12250 < X
7 T IA XMETH Y, CPUEET NV TIEFRIED,
Catch EF IV TlE A A4 ZFREIPH V515 (Shono
and Ogura, 1999 ; Okamoto et al., 2003)c AT v 77
A AMBIRIBY D ETRVWO, EEROBIE VY
HFIZHFHEOFMARERND 2 THD—H, BED
ISANZ K o TR RAERDPE R RN D 5 (1
22Z08) (¥, 2000).

L) 1 DIIBEREHEICI B HETDHY, KEEHE
FRAT 2 B W Tid AIC (Akaike's information criterion:
Akaike, 1973) OADBEWHEFH INTE 2, L1
L g 4E T3 — 3 % $72 BIC (Bayesian information
criterion: Schwarz, 1978) < AIC {247 BRIGIE % fiti L
72 c-AIC (finite correction of AIC: Sugiura, 1978)
EOERMEHEL RIS L THYONS X 1Tk
S TETWD, FFIZ c-AIC B/ MERDLEDINT +
—X VADBRWIZ EHH D (Shono, 2000), EFEZEE
KO ICCAT TRAMHEINTWD, 72, fho—3K
M % $# > HQ (Hannan and Quinn, 1979), BIC & ifif
WMIZFSECTdH S MDL B # (minimum description
length criterion: Rissanen, 1983), E.OE 7 )b AMEH
ERDBETNVEZEIROVGEORRNNT 5 —< 2 2%
3§ 4% TIC(Takeuchi's information criterion: 17/,
1976), AICIZBITAXF VT 4 HOBRHEEH L 72
MAIC (Bozdogan, 1987) 7 & O & Bk H 5%
SNBSS S EEZ N L. %5, B5(2001)
FIEBRAZE 2 R — R b 7 v (R GHTE 7V
RISWMAMET V2 EEL) IZBWT, TIC A AIC &
WIS 2 2 2 & 2 RE L 72,

THEREBLEEIC X B EHGEIRIL, BU-DETEZS
E—FRVWET NV E—RICRODL I LDIRETD 5,
ZO—F, HHEEOK (FRRCKEMEM L EET
L) BECEEIE, FEENMEAL L RNLH
2, 72, over-dispersion Poisson E 7V 7 EREADI
EOMAMATE 2 YA, AIC 7 LlHE O #H
EHEEIIEHT 5 2 &AMk v, BUREICET S
152 MHE & L C, Burnham and Anderson (1998)
it Q-AIC (Quasi-AIC) ##E L7225, ZofFH %
REBEIITBEB ORI >TVEIEEH D,
I imenTwiv, 078, over-dispersion
parameter # IR E L 7235 & 121X 7 V& F I & A
ERBETNVOMBLELMRFEEZ X -
Deviance G&i%) < Pearson #tal&=I23o< H4 =
AT v TIA ZREL D DB—IRKINTH %,



HREHE 7L DK AT~ D I 11

B, ZLOEMERREER EGLEE, AT
v T IA ARERHEHREFEDMEICESWTERR
2D BV 7zBRC, BRI AR EAEH b —HEICHLY B
A REPEDHRENPIZOVTIEEZE RO TIPNLE D
AHTHY, r—RA N4 - F—2ATHW T2 Eh%
Vo —fRICIE, BEIEMBETE R ETIREORIERO
BENPLIRLTBL I ENE L, LEpth & Tl
EREOBEPOWMYEL I ENLnERbNG, &
7z, CPUE-LogNormal €7 NV (L4 EmirflE )
BT DBAT Yy 774 XFKE & SHERE AIC
& DOMITIEWEN 2 BARDSK D 3 »> T B (HFF,
2000) o

KRICHEBETVHIZBIT 2 E 7V EIRO R E
LT, CPUEEE# bt 720D RENLZET IV
T & % CPUE-LogNormal £ 7 IV (X (21)) &
Catch-Poisson & 77 )V ¥ 7z 1% Catch-NegativeBinomial
(X (24)) ZHBET L2HEIB TSN L, BIFEME
& L i, CPUE-LogNormal €7 JV & Catch-Poisson
EFNVOW ) % i L7z CPUE AL ORI &2 1T\,
BHALRAOBENEZ T 2y 7552 8% 0. L L,
ZORBMREFEH ETEBRNLZLDITHE LV, £
ZC, Shono (2001) * CPUE-LogNormal € 7V D&
BEHK % Catch ICEE T 52 LX) InBEE% i
Z, MHEOEHREHEIC I LI ETREIC L7,

E [log (Catch)]=log (Effort)+ (Intercept)+ (Year)
+--+ (EMT)+ (Interactions) (2.8)

fHL log (Catch) ~N (u, ¢%) &¥ 5,

7272 L, over-dispersion parameter % ¥ Catch-
Poisson E 7 )V Cld AIC 7% & O — i 72 G B A
R, F72 Q-AIC & AIC & DIbERIT =%
Rizhwlzd, ToFFTIIREELEBE2ERLLD
CPUE-LogNormal € 7V & OB L v, ZDH
£121&, Poisson 7345 € F NV O b ) IZB O IG5
ZTHWBLZEDP 1 OOMIKII R D, B, ¥u - F

Y v FHFET A, INEERITH LTI
EREZ R LAGHETIE 28) RITHIET 2 ET
WHEHE Z b D720, 2-4-1HI THUTRY LiF 5,

#12-2. CPUE E F NV IZ BT 2 EHBRIRO 6] (FEH
(2000) 25K L THIH)

A4 Cld, Hilborn and Walters (1992) 2 X %
CPUE #E# b RAEH] (Table 2-1, 7— 7 3£ 4L
LTw3) #80 EFC, 20ERESHGSTEO Y ~
7 V7% CPUE EFMVICB T 2 EHRINO EEIZO W
TikR%,

9 L 2 5 (29) X 4 >DEF IV (Model-1)
~ (Model-4) % 2 %, KK THIIZE, DI (2.10)
A TEHENLEMETIV Model-5) 2252 &
W TH S, LL, Model-5) TlE7r—%# &
DHIRTG A= —HDOFHLL oTLE - THED
AR T2, ST TRBEME L HET VLML 72,

Model-1: Log (CPUE) = Intercept + Error
Model-2: Log (CPUE) = Intercept + Year + Error
Model-3: Log (CPUE) = Intercept + Class + Error
(29)
Model-4 Log (CPUE) = Intercept + Year + Class
+ Error
L Error ~N (0, 6% &9 5,
Model-5: Log (CPUE) = Intercept + Year + Class
+ (Year*Class) (2.10)
(29) Ko4->50EF VHOLERFKIER (211)
DX H1% Y, Backward IZEEZ WS LTV LTED
ATy TIA AMEIIBIT B8R 2B EZH6N5
(212) K)o,

Table 2-1. Virtual data for CPUE standardization (loosely based on
the data. Hilborn and Walters, 1992). The values show catch rate
(tons per hour) for three classes of vessel in four different years

Year Class-1 Class-2 Class-3
1 0.63 1.03 1.22
2 0.48 0.56 1.26
3 0.33 0.67 0.89
4 0.54 0.48 1.01
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(Model-1) C (Model-2)
N N
(Model-3) C (Model-4) (2.11)

Path-1: (Model-4) — (Model-2) = (Model-1)
Path-2: (Model-4) — (Model-3) = (Model-1)
(212)

ATV TIAAMEDEARNLEFIHE LT,
(Path-1) TlIm I Model-2) 23E & W) J AR
FTH LT (Model-4) 2SE &) 5t VARG Z E Z,
ST E NS (Model-4) % RIRL, FEH
ENBFNIETKRD AT v T2, &2 (Model-1)
HEE W) IREERFUH LT (Model-2) 2B &\
VARG & % ., IR EH S 725 (Model-2)
ZEINL, NS N725 (Model-1) %:EIRT %,

IDEHICLT, AEAREZ1IBELLATY S
TAXFMEIC LV EREREITH &, Path-1TIE
(Model-1) 25N &7z (HEE, 2000), (Model-1)
BB P LY FOBEWEE R WIEF IO M €
FNTH 5o Path-21220WTH BRI L TEZNEE
<, #H (Model-3) 25#EIRS N7 (FE¥F, 2000). 1
2-2TIE, MEDINAIZ X o TR LB EBGRIND#
BRBELS>TLE). TOLIBAT Y TTIA AME
BB 20—BWHBEIC R 57— AT, AIC

Table 2-2. Result of the model
selection using AIC on the
data of Table 2-1

Model AIC
1 16.445
2 20.222
3 6.273
4 2.666

HE %P

M

WREBESNLEHRERELZH VD2 L1 DOMRE
%5,
TEREHIEIC L Z2EHGERNTIE, B b8T
DEF MK LTAIC 2 L5 HEREDOMEZ 71
L, ZOMEB—FNSL 25 ET NV ERRTNITR
Wy, Table 2-2127R L7z AIC Ol S Wr§ 5 &
(Model-4) ASEAHIYITEIRS 1Az (T, 2000), 4
FHDOFTIZ, ATy 7 TIA4LXFREICEABEREN
WEBHEE AICE H VRS —F LD, —#Ki
BZDEI BT TAT Y 774 ARERLTHEHER
HA\ZXZETIVEN (BHGEIR) 2479 T LA WHRET
H5bo

2-2-5. BAMRETI

CPUE-LogNormal & 7 ) % Catch-Poisson € 7
2B B &4 OEIIZ, @FIXEERE L THRbh
5o LI L, BB Eo5Tid (Year), (Area) % &
DERREPLKREER L ERR (random effect) &
E 255655 (Verbeke and Molenberghs 1997;
Little et al., 1996; Searle et al., 1992) » ZZRANH & 13,
BT HHHER DD B HEF2S T ¥ 7 AIERS
NIEARTHLEEZDHRTHY, ERMEES %
FEREBERLZLTWS, SHIINLT, @EDOHHK
AHBET VT, B35 7—% (ERFEBRTLS
N7-WFKHE) ORIHETROBIEKD D ), ZOHHEIC
B 5 ERNRERLK N % Bz (fixed effect) &
A TWS, FEERNR & 2R AN RALRA X ok 2
bOTIERL, BBV HERTHEEOHLILST
WESNDZENRDH D, BB, BROWVOPHEE
MRTHY, THIHNOLOWERRRTHLLED
ETFNVE, —RIITEEHE (mixed effect) €7V
EIFATWS, EROTRCEECEHREFE L5
BT VTl A 7 3 A NVEROKERHI K E
B2 lddHY, 1T A—F—HDNLVW2IHE
BEFPBELZY)PETHEH, EEREWY) ANns
ZEWZEDNRT A= —HBRBA L, HEHRIEE

ICPUE £ 7)VIGLM ] | (ANOVA %5 GLM ~) —{Catch & 7V [GENMOD]|

(random effect) |

| (random effect)

LG € 7 VIMIXED] |» (JEE~) ~[ilt#Fia € 7V INLMIXED]

Fig. 2-1. Relationship among the models used for CPUE analysis and the

corresponding SAS/STAT procedure.



HatE 7V DIKEE B IRIENT D IEH] 13

THIEBE N,

¥ A D CPUE R LICERR R 2 E AT 5
mELTid, EHRIRASGZHERERE R T L)
ARKDOEZFTE %L, FRANRBIPREVEEZZ
5Nb, Thbb, WMEDHALEIZESHTHITS
NMX%2FTHTFTY I NVEREEORREE DH
R ((Area)* (Year)) DFFE1EDS, F CAHDIE
PHIC K S22 I R BB 3RO H B Z &6 — kI
BMORRENDIZH DD ST, F—FDRED 2
FHEHR VWS (G eNnizdXToEVIIH LT
T—=PHEIELZVES) I8, ShooRERNICEDbS
FRRRLLZEENEH 2 RENRITERET 5 2 /2T
515 (Yokawa and Shono, 2000) o

123 Tl& Catch-Poisson € 7V % Catch-NB € 7 )V
% EOFHERICN L TERMRERET S ETN,
§ 7% b b B H AR UAMEE L CIERL
TN OFEEG A R ET D LD, Whw b —ikt
WIEET VDT L =17 =27 O TOREGEIRET IV
(Fahrmeir et al., 2001) dFHINZ L H %> TE
TWwb, %8B, FEEHRETNERERETIVOH
BEBRT S E, Fig 2-10 &L 912% 5,

2-2-6. ¥ DL DOREIE

CPUE FEEAL~NDISH3E 2 N 5 Z DO T
B LT ey v GEoudErE o)
(Bollen, 1989 ; ZF%F, =i, 2002 ; &M, 1998a; 2000;
2003) HFEFHNBHA, BUED L ZH IS FEOK
FESIAOBAIZIZE A EHFE LV ZEHLIIH
TEREEHREXETY v 7 2R L T Em I T
WAREFHOMAHEEICIDMATE Y, (FRERSS -
RS - IBIREHRO 3 OOBERFEHZHELT) &
DEBBHV CPUEIIHEZ 52 TwahZfllE LT
Wb, %1, Bayes W7 70 —F 2FHL7-—iibii
JEE 7V ® CPUE AL~ DBFHH H HE ST
% (Badcook and Mcallister, 2001) o

F7:, F#E O O CPUE BEH#EALTIZIHARI A 2
TWb Y F— R EOEFEBEPREZTERER O
SRS, AR E OB, RHKIRRPIESRELR L
OBEEEN 7 &% CPUE 1252 % B2 Dw TG
%4T7- T &7> (Shono and Ogura, 1999, 2000; Shono
et al., 2000), ZDKR, ZITBEOHE L —HL
7228, —IIIARER = HA L 2 WS o CPUE 295 <
BHEVHAOFEDIRDOON, FEHARLHG K-
TLEoZk, T, HEERTBILBIEET VO
MRAEZRLTVELEEZOLNLENWI E DRV, ZIT,
CDX) BEOMALETIET 2HDORROME L fif
hTHFEERE LT, MoFse 7TV AVEEK

ELT) HEEITHY At 2 & R —RALBIEE TV DR
BLLTTF— A=V I TFEFEZLNTEY, &
BIZOWTIE2-3/I T EiF %,

2-3. T—AVYA 2 TF&k

INFE TOMALKAE F VISR E SN L REHT
BICMZ T, BEEBEETVR=2—-F VL v b
— I REDF—¥3 A4 =7 FE (Berry and Linoff,
1997; Hastie et al., 2001; Witten and Frank, 2000; N
M, 2002) #%, Watters and Deriso (2000) % i U
& LT CPUE BE#EALICHH ENDE L)Xk oTET
Wb, TOHME LT, By - Wiy - HaRee L
7 O KGRI I HR I L 22 E L L o TIh b D
FHEIRN SN2 ENBITFOLNLH, HEFET VIS
LML ENT2E L Y FREDPBIRICZE DRV
TELEL, BUBREREDNA TAOKEVT—%
BT W OB R % FEOBLERE S Tw
EVIHITFRL-HTHEEEZ LN,

B, KELRLTOT—y A =V I FEOER
ELT, GaohizReEDT—5 Odh 648 F %50
R A FER T B 72D TN BB 2 L ERT
kel (5%, 2002), WMEFETIVEMEL TS
F=FEETFIMIIYETIID DL E V)RR T 71—
FEXNTEIE LT 5,2 DFE(2002) 12 X %553,
ThbbMGREN R FEE Rt ET IV E L, RENLRT
BT — A=y 7 EGETAERII BN L LD
TiE%<, HLLETALTHABNZ VG2 LD 1 DDFE
AT THDREDEZITO—HIE LT, Tukey (1977)
4L L 72 EDA (exploratory data analysis : #E3&HY
7= ZIRNT) AT SN 5, EDARET IV ERET
HRANCHFER RS TT — 5 ORIET 515 % LMK
IR B &) HEZBERTETH 50, KiHET
WIZHFRETH S, Lo L, KL TIE, WREE
B, RN k2 ZnEWHREIET NV, T—F <A
ST ERET AVGIIE OV TGER T EMT 5, &
B, TIA =TT TR —F 2 KT EH
Rlif) & 528 L A LAE " 1206505, AEiT
EH X FEIZOWTEICHY FiFs,

AHTIE, T4 CPUEE#EAL~ OIS H H 2547
T 27— A=V IFETHIBMEET L
(tree-regression models: TRM) & ==2—5 )L % v b
T =27 IZ2WTHY BT, CPUE ##ALICBIT 5
HOBREMEIIIOWTHIAT 5, 72, —B LM
BEFNVEOREDL HOCHmINL I DL V—ik
LI € 7V (generalized additive models: GAM)
IZ2oWT, BATIZER EOMNEITHI b, 5HD
HHPEZONLHURREODH LT =< =V 7FE
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2oV ThH, KRETOHRAETHHIZIDY LiF 5.

2-3-1. BEET IV
BEETVIE, HEEEH>TT—F Ly M %

BWEOTTEy MIkA2 EGE LT FETHD,

INEERDE—THLGEOSFME (HHIRE) <

o] 45 B IS AT B (Kass, 1980) 0 BHEE 7V

GHIC L o THONZZV—VIE, — I ERSE

SQL D & 9 %7 =7 R—=ZAZEIC & » THHICRKT

ZENHKB,

BHEE T VORKRWLEETVIY AL L LTA,
CART (Breiman et al., 1983; X & 5, 1998), C5.0
(Quinlan, 1993), CHAID (Hartigan, 1975) 7 &A%
Fohsds, K3 5L CART & (CART, C5.07% &)
& CHAID % (CHAID % &) 2436 s, Thb
DOFEREWE LTIE, CART R TITRMEEZ HifE
DF F TR AT > TR G IERZITBA D 2479
DR L, CHAID R CTIZEMNER N TH T I
ANVERBIZER L TrLEEEZT - THlT 58310
A ZF/REE N TZOLER LM § 5 2 L2358
bNb, CARTRTNVITY ZALATRSBEOBEOLE
W OBESEBROF FTH L7720, Haliizesid
—#%12 CHAID 27 )V 3 X A 2 F @i %o

COBBET NV & — AR T IVICRE SN L6
FFETVOMREE LT CPUE BITICHWS Z & 12xF
LTI, ROEIBA) v " BHDEEZLND,

c WAL LA DINET B LR, FKREET
VY THURETH B,

s HELERN BWAH) xH®HICHELT, Zv
—7LE1TH

e RIETF—FIZXW L TCanNAMThs (FAHEDE
2 W22 22 0 AT 2N 7 — ¥ DZEALD 2D TH
HTHoHELEZOLNS (Year)* (Area) DX HAEM
% —HALBIEE TV CTIEIRIET — % 0720 I T
ERVWIEPRZIFONLA, BT TV TIZER
ELTRAMEHICOWTEET HLEDN RV,

s —BALBILE T VRO 2 HE (¥ e - v
v FOME - 7NV REEOME (CPUE-LogNormal
vs. Catch-Poisson 7 &) 28FkE b,

o WEETAT & AT T BT ORI EFE TR L2286
2, 57— & OISR R EAEA i TH %,
BARMIZIE, CPUE BT 2179 Wil =) 7 40T 1
LU THIEE T VASEHTRETH Y, ZO%EITIE
CPUE T B jmx M ERIIRET A2 L b1
B Td» % (Shono et al., 2001),

Z®D72%, Watters and Deriso (2000) \Zi5Z 0,
BEE 7V % H v/ CPUE Ei# bz, 2hFTIZH

M

WL O DFNTBI DA E N T3 (Shono et al.,
2001; Venables and Toscas, 2002)s L »* L, Lo
X9 RS S —H, FHATA2T VI XA
(CHAID vs. CART) 24 % CPUE4 F L ¥ FDE W
(Shono et al., 2001), o X 912 L T CPUE ®4E b
LY Fedilid 272, ®IZIGEZRBIIHT L CHEEM
PRI 2> TLE ) 2 EORMEN b K-> T 5,
BEEIE O ER 2 W T 572012, BEET
WISKRTHNEF Y ZFOMA (B, 1998) 77 I —
AUN=y TR AV 5E (g, 1999) 2L
LA RSN 5, F72, Venables and Toscas
(2002) EINF U7 EHW3F I~ 1 CPUE DiZ
HALZIT->TBY, SRIIERDSTOFHHRTEDL D
T, LDRVEFIVORIELR S PICURFEEN S,

2-32.Za—Zlvxy  T—7

Za2—F)V4A v b7 =2 (BH, 1988 Haykin,
1994; Smith, 1996; FH&E, 2000) &%, HMELRREZ
ETFIMET BRI E ST BB iR ol
FA (R o RS O | T b T 2 [HHRLAL
VATA) BETMELAEBDOTH Y, BAETIEIRRA
GLHAMES T EoMELR SICE SN TS, &
RIIZIE, ZHOFEFDPHNEY 2 EH %o TH
BINTZETNVTHY, HEOHWBIZ X > THEMS
Boa—I Wty bT—7 (FEFPETHEICHS
ENbo) LMoo —SVAy hT—27 (FETF
PEODPOEE L TR ShTEY, KEHOET
BHWICHEINTWED, BHORTFIEIMEGINT
Wiwh o) ITKRHIHE S,

I—HF - o TR, BiELERT
VI XA EHNMMNFEFERTIVIY XA ETYH
BTV HMBLE L, mMiBoREWNLRBE LT
SOM (self-organization maps, H C.#l &1t~ v 7
Kohonen, 1989) A% TH Y, HAORENLHI L
L Tix RBEN (radial basis function network, Bj%#
B A v M7 — 2 : Broomhead and Lowe, 1988)
% MLEBPN (multi layer error back propagation
network, % EiiEW nf A v M7 — 2 : Rumelhart et
al., 1986) DZEIF 5N 5. SOM IFERITOKTIC X
S THER SN EIFIE L 2v=a—F V4 v b
T—=7ThHY, 7R —=5HoRbYIfHEHINS
ZE %\, RBEN ZTF— 7272 & 9 b = Ho
BOPDT T AT —IZHENRS L5 LGEEICERE
HETHY, SEREBRESMET VRS E RIS
WEE N — AV E T AR E L b
HEBRBH B, LAL, V7 b7 hkEDOREIR
ELHY, BEIFEFBRTVITY XXIBNT—H#
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WIS HWHENTWSDIZ MLEBPN €57V CH 5,

MLEBPN & iZ A& & I o I AEZ O Mo
hifE (Bhg) 3 5HETHD, ATHd
LM EEFE LW (HMES) LoREZMS
FTEIRL=2—=F VA y VT =27 OFHETORKEINE
FBIELTWL , ZOBRIERESED S AT
A5 CHHFIAED > TV S EWRBMINTH 5.
MLEBPN Ti&, HTHEOKE 1 DICHET S I LY
%<, TOPMETRELESIEL I LITX - T
I 5B CBBGENRE ) 28D, €Dk, A
W7 =213 5HRBP % (K- e dic
HEBAE B L SR EBOW AR Z 5) RS & 55
MEOWM B AEHEITETHY, LDV T b7 T7A8
HEINTOWTETOIESLTH b, k3 5 KESH
ADIGHDIZE A EH» MLEBPN #ffH L TB Y, &K
MRTIZZOTNVITY) ZLDAHRZFRY) FIF5BZ LT
bo B, =a—INAy NT—=27 LIKRIETLVED
BIfRICDOWTIE, B (1996) & H (1998b) 7 &
WCHLLBERSENT WS,

Za—=F VA NI —=7 OKREFE~NDILHE LT
&, AR - BRI R A B o B D3O 2
A2 onsd (FA, /MR, 1992; Haralabous and
Georgakarakos, 1996; Chen and Ware, 19997 &),
CPUE #Z#fb~o @ HFIZZF iz &% < 7\, Shono
(2002) &, IF IV URFEICBITLBEIHER
FAE L CHAEIRFAEL ZWES o CPUE Fill % 3@
DITF—INy 7 Taxyr—3 a v a g L8 &
FEHOMAY =2 —F VLY b7 —2~ (MLEBPN)
EHWTITo T\ b,

—2—5 )%y b7—2% (MLEBPN) 2B\ TIid,
AN OfE) &) (#R) oz RTAL2ilR
T HLENLEL, ML OEKRZET) ¥ 7AH30]
HECTHH05, —HTRERGHRL (HHEEORDRE
ZHED) EFIVEROEEL S 2 EOMERH Y,
Ty 7Ry 7 AWNGHETE S e o Twb, F72,
SHBEDEL, BEY (overditting) AV Y T
WZEHEHMEIN TS (Repley, 1994), EIR4HT
IZoWTIE, SHEROB L »ohTT) AN
BROKERDI D nIGE Oh 7 T A VEREE
LTW37%%, EEEROLEIEATIT) —ICE &
ZAAHLENRDHBH) (2, BT EEE L TEEN R TI
HEWET 5 2 LARETH 245, —BIITHEL WV,
V= VHIRICE DS D —FH oy 7 by = 7 THE
BENTWEDY, EHLOBIZIZEL TV aRVEDL H
% (Tsukimoto, 2000; A7, #&H, 2000), D728,
CPUE B b FHMTH Z4E T L v FOMBIZHd
HEF ST HEPHFIEL RV E W) MR- F F

TdHhbo

B, WHBOBOHEICH L T, RETRED
IR 2\ U 8 o D WL 19 2 PEE 288 L 7 v 7z
B, [BREBLAE L F72E 7OV ERIRDEERIIIIAE
YThb, Z0720, JOUAN)F— g Ik
DA LRHEE T LDV R I NS

2-3-3. —fi{EIEET L

CPUE #£# L T o it € 7 v o X, 19904F
R c—MRILBEETV (GLM) —LE T
Holze LL, EIWZH o THEHILAT I AV
(smoothing-spline: Whittaker, 1923) 7 & ® —#% 1t
& € 5 )V (GAM) (Hastie and Tibshirani, 1990;
Simonoff, 1998) & CPUE B#EfLICEIH S5 L9512
o T&TWS (Wise et al., 2002), —BALINEET
Vi, —BALBIEETVICBT 584 OERBF L
IS BB O 5 BRI CE &R 725D
IR A Z L DSWEETH V), smoothing-spline X )&
ArE &M & £ A\ (locally weighed polynomial
regression: Clevelend and Grosse, 1991) % &% < @
FHREFESRESI N TR 5,

—ALMEE TV EMET AR AL LTIE, e
SoTCOFWRLET) VP URRE D T EREITH
N5, —iiL#EE 7V TiE, CPUE & B (FiW
EH) OMICHERERD 5 IR EER (oS EH%z
Log (CPUE) #2562 e% i) MRESTS
DK LT, —BALEE TNV TIRIEREOBKRE
BT BN TH S, TD/D, WERERLE
W L CTHEIERA T 54 VERWA Z EBAMTH S
WALV, BlZ2E, HAH—EDKIRG T CPUE 2%
Ll o TBY ZDOFE Y OKIiIGF T CPUEMKL % -
TWAHEIZIE, Zo0RRE —BILHIEE TV T
BY B2 EIFHEL WD, RRAKRIIFLTRATIA ~
MEzHHT5Z 810X TR bmeETVIZL S
ERALA R L B B —MUTERBEER 2 &12xF L TF
LA T A Y EOFFEE ML ENENTH S
WMLV, TO—HT, —HALIEET VBT
FHHEDREFE R EOME LK > TWD (11,
2001)s SAS % S-Plus % &R /Sy r — D2 X 55
B —BitEEerTvERRLCHEMETHLZ L0
5, i ICHOMEIZBWTINS ORENOWwE
PRI,

B, —HRALREET VIZBW TR T AV
R E L THARATORERITH L TIERIE R IR E
R AND ZE (B2 FWERR ZHEEMICX G L
72T TN HIVEBORD ) IHE - REORT T A
VEBERWAZIERE) PHEEILL o TEAENTH
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LEBbhb, LaL, KEEESHTOEREMIIZ
EAEHIE LR\,

2-3-4. ZOMOF &

Z A2 CPUE B#EL~DISHBE 2 b b T —
FRAZVITFHEELTUL, 974 INVETY V7,
RADT Ay VIT—=2 % ERBIFS5NS (Jenson,
2001; Edwards, 2000; = JIl, 1997). F7:, 21l 4
METOARMZFETH Y, KB E R Bl iE
WZIEER E T 5 SVM (Support Vector Machine,
YR — X ¥ —< T —: Vapnik, 1998; AT,
2003) & FEKMICIE CPUE #E# LIS T 2 A% R H
BEDO 121 2%5DTERVD, LEZRIEZ TV,
BAED L 25 2N 5 OFEOKEE RN~ @ H 5
B, FRBERRP MR E RS 572007
— YA =V T FEDOSBROFE;FEI NS,

2-4. KEBRICIFEOEE

AKHEiTIiZ, CPUE BEHALIZ BT 5 G ESA DR
BIZOWTI L5, BICBEN YT TH LT — 7%
ZTENTVEHEOMY b)) 7H A XL 5 H
APFOMETHY, 2o LTF EPEEAETOHS
NEOEHRSCHHEHE U TEBILICED L ER, M
Eyy FEFLVEEIZOWTHRY FIiF5,

2-4-1. €0 - ¥ v v FORY HFL
CPUEHE #EfLIcB W TR Hw b h TE 72
CPUE-LogNormal EF NV IZ2oWT, IBEZLZKTH
% CPUE 12X L THANBEIR > TWE I Eh5,
CPUE ¥ 1 & 7% %55 —% 1% Log (CPUE)= —co & 72
STLEIDOTEDETFETIEMYIFE) Z LKL
VW, ZnZkE¥u - FvvF (CPUE=0& Catch=0
EFEUERTHLZENSLID L) BATHI TV L
ZZobN5) OMBEEFATEY, EELOFHEEIT
I 72012, KRELGUTTUTD 200 FEMEH S
TWb,
) 2CoOF—2icLT—x8® GEKH) #REL
Atk
2) CPUEH»E¥uirfEhZobThrb¥asxyy
FHE logit E7NV ((213) ) 12X > THEE
L, EuThwinosiixt LGl OETIV
(CPUE 7 )% Catch EF V%2 &) Z#MH¢
5771 (Delta 1 2 Befsi:)

E [logiR/(1-R)|]= (Intercept)+ (year)+ (area)+---

+ (interactions) + (log (effort))
AL R(E T - ¥ v v F3) ~ Binomial (p) £ T %,
(213)

D3z —H#— 2o TR S I, XFHEEICE
JAmYOBEKICE-TLEY RIS LT,
PO ZOEKFEELIIC 2 LI TR %
i<z edisks), /2, —EmE L TEDLHI %
EEZRIUTRVDD, EWIHEEDH S, BURTIED
DHEVPLEMFERINTEY, BERZESD ICCAT
% ETIZCPUEICE LAt —E R & L T¥I¥ CPUE
D10% BHW SN TWw5S (ICCAT, 1997), LA LR
WEIAHTHY, EFDELONTV, —KIZIIHD
O KB BEHEENDZEN DKL 5N 5,
F=F N MELEWETIDZ L2 mRT 2 EIIMET
H5b

Shono (2001) Tix, CPUE-LogNormal & 7 )VIZxf
3% (&T»HCPUE F—Z IZ—HICE LAL-0HD)
iz, BEOBEHOP»SIHERERELHVTRE
WkzZmRLz, 2, REBREOEICERLT
CDOEHHADO B RE LT RETHH I L ZIEML
720 TOFREIE, BIZITHE Sy F— T D SASICE
WU OR & XN % procedure @ H D NLP A 7 —
MAYNEMHATLZEICE > TEITWREE B2 B0

E [log(CPUE+k)]= (Intercept)+ (Year)+ (Area)
+---+ (EMT) + (Interactions) (2.14)

{HL Log (CPUE+k) ~N (u, ¢ &9 5%,

E [log (Catch+k*effort) ]=log (effort) + (Intercept) +

(Year)+-+-+ (Interaction) (2.15)
E [log (Catch+const.) |=log (effort) + (Intercept)+
(Year) +:--+ (Interactions) (2.16)

72R2L, ¥u - Fx v FAaEEN5Y4A 0 CPUE
E5)V & Catch &7V O (2-2-4fi) 2B L T,
INEER A Z AN TIHEENLETH 5,
F74bb, (214) KB\ T CPUE (=Catch/Effort)
DEFREIATLE (215) XTEENLH, 20
EFINTIZ CPUESE ML v ORI 28 LW b 3
5 TWh, TD72%, (214) XD CPUE%R ¥ A L ¥
M2 Catch ICE &2 27V ((216) %) #Hw
HZEH1DODFETHLY, ZOETIVOREIR
(214) XTRENBEFNERLZSTVDE, 2O L
Catch EF)V ((24) R) TRISELBIEHE S
INTWARVDIZH L, CPUE EFVOZERM ((2.15)
XFFx 216) X)) TREINTEBY EF VO
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TEVWDREDOLND,

ZOH, Zo¥a - Fx vy FOREICKHLT,
HWkBBY (DUFICHT %) 2) @ Delta B 2 B R
BEHVEZRELEZEFIEZEZTEY, 2) OFikzH
WL EDPEREEEE R WETO CPUE EF L E
Catch EF NV E DB ZWHEIZT 5,

2) DFETIE, WA logit EF NV ((213) RX) &
KD@EHFEET NV (CPUE £F )V F 721% Catch EF W)
R 2 ICEHET 5 2 L S CPUE BT ICB W T AT
bNTBD, DeltaBlEFN (DIt 2 BREEIEF
V) EENR T 5 (Lo, 1992; Stefansson, 1996) o
B, logit EF VD MA%E F\WT CPUE f#MT 2175 72
& L Tix, Miyashita et al. (2000) 23T b5,

ZD Delta Bl 7 70 —FIZEBHBRICE > THAE LY
WERGAIH D, SAS R EDEF Sy r— VI X B R
AT ERINES ATb b, FORIE, X EHEE
LWEPDHY, 2200FFNVIIBWIHELERDOON
BN GHBIZER) »RL2 254121, CPUE4E ML
Y FOHEE R ) B2 2 RE S IEFD, 20
DEFNV (logit EFIVEBEETIV) OLEZ 1D
CHETLCHKRCHEEST 22 &b HHmNICIIEET
» Y, ZeroInflat EF IV E XN TWw 5B (Lambert,
1992; Ridoud et al., 2001)s L2*L, Y7 b7 T2
XBHEFIEIE R DH Y, KERFRSFICE
FAREEBIZIEEAERZIT SRRV,

2-4-2. BB TOEATT

CPUE #E#ALD 25 1 @ HBNIERIROHEETH D,
Fh S NFAE b U 2 BRI 70 IR O B 1) & 2
LTwb, ¥7%5, CPUEIXEHREICLHIT5 L
EZOLNTWLP5THb, (CPUE LEHEDILH
BRDPHIED»IERIESD, HEWIZED L) RBEEBIET
EIREPLVHBEIGE P OEREIN TV,
CPUE #EH#EAL & IXEHEBRS 2 L b H D, KHs
TIEHEL2v,)

M EJHE & v YT CPUE 22 284, —
) 7T BRETE LW A Z0YAI121E CPUE & A
MEFEHIEF L E2RKTH, HLOBXOKES
MBERY, ZBBIPOFELIY TOREEHPED S
NEEECIE, ) TH A X% FELHIET ST
Thb, Thbb, HE3IhiCPUE DERFEICH
7)) TH A X efFEhbe-b 0 ERERK
(abundance index: AI) &WFATEY, EHiZ CPUE
He M HE D W -G IR m IR AT G IR = e g
HLEZoNTWS (FEEII, 1988 IIH, HH,
1999) .

Al =w CPUE,

[{ELij—l (i:YEAR, j:AREA, w :AREA(/)D
J

RIEpSTE e cer ) &?5} (2.17)

C oM EREEIE, X (217) O &) IAEIKAE
LBEWEEZDLZENE W, LA L, —KRICESAHE
FIAHIPH DR ZEHIN 2 BB 2 1TV, TIUCEDE Tt
BBALT AHE b L. D72, EPRDIION
THBDH/ALTWDB L) REEIC 217) Xz Hw
TEFEEEZHET S L, BHEOBKFEMIZD 228
LENED B,

COMBEIZXN LT, I FITuMEZIY -
TWAERBZRBES CCSBT Tk, (217) o FiEo
fIZ1990E R WD H 5 (2.18) N> & 5 4 HAF R
BEPEIEATELEIEZZHEZRY) AhTnwb
(CCSBT. 1998). §4bblENEIIH LT T
YA XBZAE DLV HETH L, ZOEHIF
(217) Ko CSIR#HL (constant square IRFL) 125 L
T VSHKZL (variable square fR36) &ENTW5S,

Al =w,CPUE, (2.18)
fHL2w; =1 (w; : YEAR ;, #*2 AREA ;, ®
ML) &75

BIEMBEE LT, I+ I/ u&¥H o CPUE i
LI LTI NoEHZ V250125 D, 19904 LI
BOMMEBHREDENL Y FORLRLTINLEF 2
—= YA YTy 7 AL LR LT 2 G E
FIVORERPEL BRDL LD T LE o7 T4
bH, CSIFIZE 2 LEFREBII LRETHY, VS
IRFACFED L EBFIT T H Mo TW5D v e
127 % (Takahashi et al., 2001),

WINOIGRAHEDORIICE S B TITEF -T2
A, ) BEIZOW TS (M TbhTWw 525,
RE GG O/ L > TRAOHFRET LY 7
WL o 720D, HAHVIEZOMDFRICLZ b D
Zoh BN L D REDY 7 REMOESBA L7z
PO, (MEHFEORLLTREEGREDE
DT) BOEEORFHTOBRENL S ol L
TEFEEIBAIL o 7z0D), WFhiZE RRT
LIEELZ DD, L) T EIRE S,

Z OMEIZX LT, Toscas and Thomas (1998) i
BEFEETFTNVO—HTh 5 repeated measure D
ZEZH KT, BEITHESD > THAEIL
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AT ) 7O CPUE ZHEE LTHED X Tidz
BRI F o Fi:%2 HvCHiil LT 525, repeated
measure ([ X AR L FRAREZ D Z EDVWMRETH B),
Shono (2002) lF==2—F NVt v v —27 % HWTH#H
¥EN RO CPUE Tl %475 720

2-4-3. T D1 DFEE

AEITIX, THFETIZBRSN LD o 7K &R
4 @ CPUE FE#ALIC B} 5 Z Do FEIZ DWW T,
AT 5,

s BHEDES

FCAMWEIIBITAEIEE LT, FAMBERSE
$90 H¥ETIIEE (1,000hook % 1 AL & 9 25408
Z\v) REREMEHTLZLNE L, EBREA%IC
BLWTHLINLEHNIROEHRLTHILIHLTE
BLEZOa AP/ LNTWSE, LAL, &
MHFEIZOWTIE, KM 2z LX) ITAhT v T
L%, HBHWIEFADs LIFIEN M2 E£D L7200
AN ESHHEOEE R LD L ) IET S0, HhESL
COMERERINTBY, BHEOESRBKHI
LWl %2 PR 5Eo, FEERMEE LT, F Mk
CPUE IZBW I REH B RENMEMEATLZ L
(O’ Brien et al., 1997; Shono et al., 2000; Soto et al.,
2000; Soto et al., 2002) A% HziFbhbas, Th
LOBITEOERPMWEOHKIZT Yy F LT EhE
I POV TIEFERELMET LT LD D 5,

s BHEOFRY—M

— BT DM EDL R GG & DR WG TED
HEERGE 2 DI, BEHEIZE 2 LR 0
ZLETHb, BEOVLWTT AR LOEELZED
—RTHLY, TOFNRORY—VZFRT L5720
ND1oDF 7 ave LT, LSMEAN #al# L%
REHR 2N T AT — B U TEAFITT 5
ez oNnD ((22) KX)o

« SEAZHE L THRY AN 2 EEOKET

— AL E TV % &% Hv» 72 CPUE T iI2 B\
T, 2 OFMAEEPERE L THIARAETN TV S,
BKTIX, £ (Year), X (Area), =i (Season)
(WS LITAZHMEEZDEENEL V) B E
WA T, KEKRZ EICRERSINLEREERA, ik
[ZEEA S T B BSERR SR L TRR RS 10 L O RAiE R
HAROHELR EOEFER, (FXMRICBIT5) Bk
% D15 (Yokawa and Shono, 2000), & %\ id¥
=7y MEUSOREOH I E 2T LD
% (Shono and Ogura, 2000; Shono et al., 2000), <
U THELELBN L COMESEC A0, EF
VoMM (BEEREIT)MICRELZET V)

M

DOBRIE, HHEBE OMHBBRICOWTEETRE
Thbo 72, WANMRET % EHA)ROIFEERIC
LT, FROARLSTREMEHOSM#EID
WD TR REENLETH L, 72, MEETIVIC
B BERGHTICEL, FOHFAEIEE S NLEH
WL CRFEHERE LTOMAMART, Thbb (Gl
Bz ABRMEO S 7 T) =125 L<T) ATFTY AN
BHEBRETDHH, The I HEBEERERET LM,
DWTC, THLEEET 5,

« CPUE B#fICER SN2 T —420iEE

FCAHHEOEEMIC L 28¥ET— % @ CPUE (1,
WEIT WS - R - i GREE) I LS
LT ENE WV, TNHLOWET—FIIRELHITFT
shot-by-shot & FFIEN A EEHDOTF—F & (5 X 5
/A ZE) ERERLT— 7 IS EI NS5,
F— S DHZHEALEDOMELH Y, —MHIIZEE
EFOT—IPHFELVEEZOLNTVS, LHL,
BWREHHICRZ2ZEDHY, BHEICI-oTET—
FDOANRIMTERECHETS N2 b Lo,
BT —F EEFEINT— 0 E BIE X
NTW5, BHIIEREBOT— ¥ PHEET DI
NZ2EITLLEIET RV, 120A€y b (AL
RERFFOFRAEEOM) 16f L THREORZ 51D
(CPUE) "FHET A H A0, =2—F NV %
v NI =2 R EIZBVTIEEENLETDH D,

s NEZY NETIV

19904E 4% 5, NEF v FEFIV (Hinton and
Nakano, 1996) &IN5 13 2 M EOEE AR /S %
— v LR SRR OSE ANy — R HIWT, Ok
BONRI R O OSE AR L B0 Zh & Oft D
BT) ARSI EE EEHEE T % CPUE Lok
EAS, B ZMRME BT 5 — oMk - s (7
FERFHERHB DT A - P LEFRY) Cff
HENTW5E, BRI, EEOSEGHRY —
3 2 MICEEAE L/NMDKBEKIEE R 07— 7 2 3k
(2, MR RIEOSRE A X5 — ISR LR
VTT T T—=HANNE TR DT =7 %I LT
WEENDLZIEDNSEV, TOHEEILLEELEEAD
SE DA DI IR E 2 A IR > TV BE
RECHEMTHEEEZLNTEY, AWF—5 %K
BROW/AZ D W) BIiNd L. TO—T, xS
FEDSRE /ST — ¥ DEFMLHHEE L & v 9 R
R, NEF v MEFIVICK Y HEE S N7z CPUE 4
FL YRS BALRIEETNMIC L B ENER LB 7 —
ABHEHET S (Yokawa et. al., 2002), ZD71z0, 4
BNEY Y FETIVE—RALBIEET IV L DR E &
DIMEDBLETH 5,
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2-5. % &

AEiTid, DOV —%BE 2, ABFZETID
LT EEL 3 OOMMBEIZOWT, KEGFRMBT,
2 CPUE & b OBl ST 5

M, CPUE IS EZ G52 TV 2HIER (£
MRB L OLHENEH) DT & DR RN
EHZ T2 RHET 5L VH)METHD,
(219) A TFEIH XN 5 CPUE-LogNormal €7 (3
SEGHTETIV) R (220) @ Catch-Poisson (or
Catch-NegativeBinomial) €7V (—#{L#IEZETIV)
R AT 5841213, AIC (Akaike's Information
Criterion : 7R{BG e BLAE) (TRF S N2 B
WA TR CTH S0 T2, TFUD AR MEEZ
BOWEIZIE, FRERH A ZEREIREINS
stepwise BE b FIH MK %,

Log (CPUE) = (Intercept)+ (Year)+ (Season)+
(Area)+ (EMT)
-+ (Two-way Interactions) +error, error ~
N (0, % (219)

E [Catch]=Effort*exp| (Intercept)+(Year)+ (Season)
+ (Area)+ (EMT)+ (Two_waylnteractions)},
Catch ~Po (A1) $721E NB (a, 8) (2.20)

KB IR 8 T, Bk BLEE AIC O A0YR
MR SN TEB Y, hofEgEBEEos:, oh
FTHIVRZIONED o720 LaL, HHTHE
AR HIEC X o THRRW 2T 7 VRN (EEERR) o
KRR B2 L1132 HY, CPUEILEEZH 25
HHENOMRL B2 ->TLE ), HIFETIE, T
FEE, WETFT—FERHNT, A hr—212BF5
BEEOBEHREREICL Y EFVEIRZIT, SHHER
DOHEFEPFERS R AR D 2 L 2 fIR L7z,

S 512, CPUE #E#EALICHEH S b —ALBIEE T
V(BRI E T NRGHANET NV EED) I2BW
ThH, MERDYERKERDY G E, BET ST
— 22 UGl 2 i B 2 3 5 & & S
THHEEZTWD, 22T, Tk HETF v
PHOWEREREY I 2L —Y a3 v 217w, BAAMIZIE
BEOBEMET IV (ERERKENR 2 EHAEN %
HMABHLEZDD) OFPLEOETVEZHREL, 2
DIELWETWITHE D THEE Z FEE S 5 HEERIC
D, BEOEFNVERBREWVW)EBIRST+—< 0 2%,
¥ex e r — 22OV CTHIE L2 T2, A AMEFN
BT A5 L stepwise REDILK Y I 2 L
—Yarrfrve, [FREHREOR SR stepwise RE

DEBERIEIZONT, FHLLIKEL

B, INHDETIVERIVKERFEMBITICE 2
LB LTIE, CPUE LD EHITH 24 b
LY Py on, ZolEITERSTroOREL
LCHZOND, EBIZIE, (221) XTHEREEND
LSMEANS (least squared means) 7 &% FIH L TE
KGN 24T T LHBLVD, HHT 2EHREHRE (F)
Z1E AIC & BIC % &) 12X » T &7z CPUE 4
ML Y RO HEWTELE2EEDD S, £,
CDEND, FaF YT a vEFLR VPA (virtual
population analysis) 7z & @AM E 7V 12 KEHEAL
ENCPUERF 2a—=v ATy 7 AL LTH
WA ICEFEOMN BRI EHROKRE 2@ E %
S>THENSEZ L% < (Fig. B-2, p85), DT ks
CPUE HEH#ALIZ BT 5 FIVEIR (HHEBOE
BER) OHERERELZSIOLICHEOTVDE LEEZ LN S,
CPUE BH#EALIZ BT 5 E TV ERRORMEICDO W TIL,
FEIETRHELLHERT %o

CPUE, =exp{(Intercept)+(Year),+(Year*Area),
+(Year*Season), +...} (221

HL

- 1 & .
(Year*Area), = —Z (Year*Area),, (Year*Season),

j =l

1 &
=— > (Year*Season),

k=1

HELT B, INOLOTFHLSNAIHIE, HALEET
B KA DENITET 57— 7 B C7c BRI
PHETHEIE LD B

WIZ, HABEBTIEIFIVZOGRELIY R, =
2= VA vy b7 —212% % CPUE Fill & B 5 HT
ZoOWTiw L b, 2-4-2iTib 7= & 912, CPUE %
MR ERREE L TR 2846, CPUE IS % =
V7 I A4 X @I a b2 &EEIE (abundance
index: Al) 2 ZOHALETHZ LIZERICEDNS,

ZoWac, (222) X (3 F I 7 0EPETIECS
(constant square) Wt & MEIENS) ZHWVLZ M
L fibhTwd, ZORFMTIIEEMIZK G SN
7Y THNTEEHFES—EEBELTBY, I+
I UBEFEDO L) ITEED S BUEI T TR A
ALTBEY, RICADPCLL o7 EAFHTES
S TWHDThNUE, BREEBREZHAHEL TS
Tl b, BELRS, ZoCSIRBTIE, BENLR
{Tpo7-W2M @ CPUE 28 ) OfiENH L Eh b
U, ThbbiEdlz vkl CPUE & #BENDH
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%% V@ CPUE DIt 1 LELTWE A5 TH D, ORISR LT, 1997420 19994812 4213 C F AR ifsle
2TV, BEILVENV EBEND LV ED CPUE
AL, =w CPUE, IWROTRIE LR L, L L, CoOMEREED
[{BLZW _1 (:YEAR. j:AREA. w:AREAG)D < i“(“[‘ﬁx’ﬁ?kéﬁ’ﬁﬁi P 7TiIr->TBY, &k
Y : Y LTORRITARD S 2 EEEATER S,
e ZI T, AR TIEIEMFE =2 —F Vvt y bT—
FAFRRO Hé] 2 % i T A B2 1 00 CPUE P2 4710,
(2.22) 572 CPUE FillfE % A L T2 K547 (CPUE
F72, WO RTY) 79 A4 AAMEITL - TE DML Y FHIH) %2479 72O ORE R AT Z 3RE
1t¥%, ko (223) K 35
KB, o - Fr vy FREEEENS, ¥ v F,
Al, =w,CPUE, +7%bbL CPUER YR E AL TF— G Eh b

12, (219) K@ CPUE-LogNormal &7V (55855
BETN) MEHIBRLL 22METHY, HEHET
FLL@w L%

C OIS T AR CTOMEEEZ, IBEERTH
(2.23) %4 TCo CPUE IZf/h& CEFIH) % R LA Iy
WA= i3 % ad hoc % HiE

(@ LY w, =1 (w,:YEAR())2>>AREA( /) FH %} i s

0 & %)J

(VS (variable square) 1K) #fHHIT2%5E6HH

0, MR/ ORKED, AW ERL ko2 Bz k Log (CPUE+ (constant_term))= (Intercept)+
550THoHueb, THLODIRHADOFVFIERE L (Year)+ (Season)+ (Area)+ (EMT)
THYTHAEH, 2D VSIRHTIE, FEEOLVELD -+ (Two-way Interactions)+error, error ~
CPUE %D LHLTIxA 0L E2THBY, bLA N (0, ¢ (2.24)
PVl eofzZ & TIr% L, BELMTOEL, T4
bH X0 EEES T TICEENERT 5720 %, (220) XTHIHEN D Catch €T, 2-4-1HiT
ThbEb, TORIMTIZRL, (222) KXo CSKEH el L7z a - Fx v FE% logit €7 VX probit
MBrREbL LV, FTIIZEDHEE L, JFEX i CPUE (G #in)
CSIRHL (HARNHME) & VSR (M FE) E7 VR Catch EF NV % i3 % Delta I 2 B Rk
DORAE, N— T OEBEFEEEATICRF I NI T ERFHEIN TV,
I uHRHOFELEFENE 1 2THbH, BRI, # LA L, (224) o ad hoc 7% 73R o HHEE
EN G VIFERIZADI VLD VBV, Ln) T RXEHEEICHY %4 L, Catch EF NV TlE¥T - ¥

PIERELICIE, o°, (HU L: #n ROBAATH], n:7— 25 LELShs,

il =—=3R7 2=y R EDOEAGVERTHIEDO—D, KPFHERTEDO Y 5 L KPFEERDO Y — 7 4 2O 2R ORKIEDE (F 38
HEZ D) 1DV T WD,

iii offset ZEIMETFHUD720D 1 DOHE LTHA SN LD, REUIT A —F =B A SNV ESBEOERE B2 5, (24) X Tl3#EEE (ink
function) % HAMEIZEE L TWb 720, (Effort) ‘OEIEL T, T4bH a Ylog (Effort) OFICBVTa=1ICHEELADDEEZNITRV,
BB, AL T OREERGDINT A=Y —a % HETHZLIMEETH %,

iv BIfE1E SAS R S-Plus, SPSS 7 EDffiit 8 v r — VI X BRHEAEIIC R > TW A5, HTH SASIZRBIE T — & ORI 2 UBIZ [T W5 2
LbdHY, MIPVARY A XHEL SPlus R R LA, KEZEBTGETEZCHEHIN TN,

v i 2R L, HE (FEEWR) 2R TADEE GUIER) SIS 2L (BELER) PHETAIHAICBIAFEBRTETHY, 7
— Y ORRHBREZRNL L2 ELHME T2 . HAELEE L, BRROLBIFEL 2 WHECBTL¥ETTETHY, 7— 5 OMBMBMKRE
WL ZEZLRANE TS, MAFETVEOMETE D &, W ISNIET 5 THiL UTEBRIH R0 8aAT, —BALBIEE TV 4 &, KA
WIS 2T5EE LTRF MR ERD I, 7 A5 =Dk L0 Tohsb,

vi =8I, GHERE CHIRIRE) &I3RRISHT 28 RREBAMNTH 255 OMEREZ IR L, FYRRHE & I3 RREEAES T H 2356 Ot
&M Z 1550

vii HENVOEHREFL L LBHEOTFHH (Type M) EIEAT, 7—F IS LERT %217 - 72 F 5l (Type 1) & SAS % S-Plus % & D
RV 7 by 2 7IEMENTwD . LhL, 7= BORE - S0 ke 2BRMR OB &S CPUE LD B2 55 % & Type IFJ7
MOLHIHMES D 5 L FEHIZEZTBY, £ AHO CPUE BTIZBWVTH —#&IZ Type MFHHAIEFEHEN TV,



HREHE 7L DK AT~ D I 21

Y v F DR AR AR fat tail 720
(¥u - 7= DB n—HTEHENTHDTr— A b
AT HYE) T, HERERErHEL~YYy FLE
WZ A%\, ¥/, DeltaBl 2 BRBEET LR ZDON
EEBEBHREXICL TSI A - —F FEE L
Zero-Inflated € 7NV TIEEHR A BHMER L, 20027
v T TOETVERERVPRLZ2563HD, Reld
M STV,

Z 2T, % 5FETIE Tweedie 54 (Tweedei, 1984:
Jorgensen, 1997) L IFIEN HHERBEEO—FETH 5
B4 Poisson i O &2 R LIZET NV EZHNT,
Yo - Fxy v FPREENDLT—F ORI 21T - 720
Tweedie EFNVIX, 0 - F—F ZH—WICIY K
ALY D B

ARG LT, o - 7= 210% REDOA VK
FEICBIT 2 HARDIZZMEFEMZ LD FNTHI B
YO - F=H80% FMZ HILKTFEHEICBITS
ARDEZMAITIICE 270 MY FAGHEEHI L
LC, CPUE fE#fb %47 o720 BEDHWET—F W2
2, n-fold cross-validation &\ 9 7—% % 5 ¥ ¥ Al
n-5E LMoY 7y MBS CPUE Ofix
Tl 5 FEE% AWT, Tweedie TF IV EHEHKE: (ad
hoc 7 J5 ¥ % Catch-NegativeBinomial & 7V ) & It
BETol. WD REE LTiX, BllEe: ¥
HME D Pearson’s HEFRELS & O ki (MSE:
mean squared error) ZfEHL72A%, THT7L—24
T— 7 RHEAED= 2 —F Vv b T — 7 OPERERFA
WHLTHMHHLTWw S,

BEI3E CPUEMICH T 2HMETETIVEBIRERE
REEZXT Y T4 ZEEDRY HL

3-1. 13U IS

HIWTIE, BEEHIART XS - »poBEO
CPUE f##r12% < fivs 51T A CPUE-LogNormal
EFNV HEaEamET ) (R B1) 2EICWDY
TP, KESEFTILELAMSNTWS AIC (Akaike's
information criterion, 7% {th 15 #t = # # ) (Akaike,
1973) \TRESNDFRA BIEHEBIER, FRER S
4 TIERER &% &7 stepwise B ETHIBIEIC X
BHETIVER, T2b L HEBOPEEERICOWT,
FERNCHEE T 50

log (CPUE) =(Intercept) + (Year) + (Area) +
(Season) +++:+ (Two_way Interactions)+ (Error),
Error ~ N (0, %) (3.1

#) 2 2 TIlE (Two_way Interactions) 752 %
DO TEIENBEZHENEM (eg. (Year)*
(Area)) &I L LT 5,

2281 T b MY E TNV ERDOBLRIC OV TS L
7oA, TEHEHME R stepwise MiUE 7 EIC & A REFTIY
ZE T IVERIL, CPUE fH#E/LIZE T CPUE 1232
BELGZTWLEEZONDLENOTHREB LORE
TER SRR L TARBIEE L 5.2 TV 2 27
PERHIET 2 L) BELEEEZHS TV, T2,
COETFTIVEROMEIE, CPUEE#ALOFEHIKT
HLEN LY FHBICHOREREEZS52THEY,
EDOEFNEMHT AL 5T, LSMEANS (least
square mean) 7% &I X A4 &N/ CPUE4E kL
VIPRELELRLZILIBL 2V, BURTIE, 1
MEBAE AIC D L < 1Z Backward 225 ZH 5 LT
W< stepwise MEN T <A D CPUE ATIZBWT
K FHENTVDA, DTFISRT X9 it 72flin
Fb% <, FEFEICHETH S,

FF, EHEHEICOWTIE, AIC ®ARIEH
WHEHINTBY, RETHEEZETCEHERTHS
BIC (Bayesian information criterion, N4 A=
#) (Schwarz, 1978) 7% EOMHEFNE, WD LW
EEZEZHLND, AICIREMFIZE - TIE, HOETIV
X0 HNT A —F —HDS BT TV &R SR
DHHIENPHMLNTEY, HOETIVEERE V)
BIOUST &+ —< v AP Sk A R EMETT, Ma
HIEMEHEZH WY I 2L —Y a3 VICK BHER
RS, REOFELRT—<Thb, 72, HEAMIH
WEHEIBER L 22 ETVOPTHRYD 21T, £
DER—F/NSVET N & BIRT 2 LEDNDH B8, —
HOEFT VDA %EHWT stepwise IZEINT HZ &
HIATbhTBY, (il Sy 77— @ stepwise AIC
GEDOHRREMEH) BEEILETH S,

—7, stepwise ZMETIMEIZ DWW T, BG5S
B2 5 W BT % & 0 72 3850 W T € 7V TId F E
%, BFEHERE & LTI DAL O i B B 5 & R
ELT—RIGRIEEFT VTR A A ez T 5
CENMTD Do

Backward IZZEZ WS L TWLEEE2ED, WE
DIRAN & o THEAN 7 TV EIGE R DT 55
LHVIEERZET LA (2-2/), EBIZIIHE Sy
—VOWMDHERD D P-HO—FKE WL Z IR
FL TV EWINRREETT v 7 LEWHER
FRICIE P-EASAE BARMEZ B Z TV A E — IR
delete 3% 7% EOEBELHEMEHINTEY, BE
R A A U
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ARETIX, T <AHO CPUE E#E L% Mg L7,
IMERDY G (3-281), KEAOHE (3-3fHi), A
MEEE OGS (34818 X O3-5H1), IEHEES
fiETFN (3-6fi) % EIZBITBHE4 I HREHRIED
BEIZonT, HSmNLERRERBIOMNT, FHEk
VIial—varvERLLEZMUT, stepwise MIE
LD R THMIIHGET T 5, FFIZY 32—
aVIZELT, GpBONETVRED T L —LT —
7 ERELTCTEOETFTMCEDCEBERESE, 3
R OMAG D EZL S EBOBEMHET VO
FRASIELWVWETF LV ZRERE V)RR T 5+ —< VR
OBLED D, HHEHER stepwise RED B & 12D
WTHGEEST A2 L2 HME T 5,

COHEDETNVEESEREZRKICTLEVIER
75 (FHMERR KAL) 13 BIC RFEOFEHREHEER
DAk T Mo TwWbh, — KT, AIC RHFEDIF
R HAEL, BIIEEHECEOMOEREDRITA
L) EZH (FllRRERME) 1SS WTEB S
Twb, H3ETIZ, CPUEEHELOFEBOHK, T
h b EDMEDRNZILIET S &) HEICES
LAaHLET, BOETVERIEFSIT7+ -3 XD
F v 7K BEEREBRO D, FllRERNE
B LA HEX ) BRICy FLTB ) @ %
21272, TOX) RFBRERRALICESC Y I A
L—2a v &fTolze EE, £ CAHEICHET 2 EERMT
ERAKTOGEMIT T, 4B X EERRERH
OBE,S, KEBFREHICB 2 EOREE IR T
57:0020F, BEHICETF N EDEFTADPELVD
P, T hbBLEEOTRE X ) IEMICHEZE L TW 5D,
LW PO TEETH), FHlLYIEOET
W OEEICERFEIN TS,

T/, RETOEEOEFNVOHPLIELWETFIV
EREBIRNAST+ =<V ADF = v 7 ICHT 5 EHEHE
FEERTIE, ML R ETFIVORICEOETFTVAEE
NTWBZ xR E LTWS,CPUEMITDZ L i,
HEZETFT VL RRWETY, HEDOHWIEDRIIC
RVFLIEETIVOHEETRTH L EEZONLTZD
THHH, OGN E12E, BIC &
DIEREBEIFEORWVEE TH 2 — 3 (43-34
ZM) &S8R kb, ThH6DyIalb—Y
3 VI BITBIEDFE LML D & 77 R BEE AL
BETHbo

B, TNOOMHRRIE FICEE (2000,
Shono (2000), =% (2001), Shono (2005), ¥ (2006)
D5ODFLPHFIHL TS,

M

3-2. MEKRIZH T B AIC DHERBIBEDHEZME
AICITEHBRIIBVWIRLHEEZD — MR
Wil R B 7 EWEEE R H VT Wb 720 (FEE,
2000), /MMERDGEICIIRE LN, TAPEL 5,
Sugiura (1978) & AIC ®EH TR AHEE R O WITIE
BEZ T A ZF b P2 AT oI TR 2 EES
LT, exact 244 Z3fmAMICHE) it 2 V5 2
EAZ X0 W P O % ] L 721 Hom B c-AIC
(finite correction of Akaike's information criterion:

AIC OFRRIBIE) Z#_ELTBY, TOFRIZ

C-AIC = —2#1(@)+ 2" _ Al + 220D
n-p-1 n-p-1

(32)

ERINBAAL, n AR, pr R T A =7 =¥,
10+) OB, O t RAVST A—8 =T b,
0 : OOEEER, ¥ET. TRk

Z D c-AlC 1Z—BALBIE T T IVIZ BT 5 55 B K
HEFEAR T OO IEHFREZ T A IO B 6E
ThH BN, MERDYE, FITEEAED257% v L50LL
ToOBAICIImOTHERTH S AT, 1983),

T/, ZDOCAICIZ/ST A —% —Fp DEARH
WCEDLEE p/nBRKREVEE, T4bbH p/nHl/3
BWL/ARBR S X9 B EICERITH S, AICT
38T A — 5 —HARBERBITED T Tholz b (2,
ZFLWHETH L3 (—BMEIIoWTIE3-36i
WZREHR) YA L2 W72 2R ) A3 U 4 %% (Shibata,
1976), MEROBEHELF UL, ccAICEH WA Z
CIEoTEFVDOBIRNT 3 —< Y AP HEET S
(Sugiura, 1978: Hurvich and Tsai, 1989, 1991)

%8B, c-AICITHHEMICIE AIC L% TH Y, IE
B o — B bEE 7V (ERESTET I -
S ET N - BCHRET VR E2EL) O
BCOABHTETH L 7-0REEET LD, KiE
EIRRATIC BT %5 CPUE B LICE S SN B
CPUE-LogNormal EFWVIZIZFHITRETH 5

AHiTiE, Shono (2000) 2y, ¥ 27 < ADK
FEif o BRI B W T T 5 EHERE
XD ETIVETFERPR LR LI LERTLE LI,
CPUE E# bz e L2/ MEROYEA (2L Tp/n
BREVEE) 2B 5 ZICHE SN E TV &l
MLUTHHEREY I 2L —Y 3 V%247, AICDED
EFNEBRAEBINST 5 —< Y AN AIC DFNIZH
RTEHWI EERT,
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3-2-1. YUV ST ADHREMRICL 2H 4~ BIEHRER
EEFERALAEETIVLER

Z 2T, Table 3-LIZRF/MEAR (¥ 74
A ZXH18) BT LY 27 I ADER - MET—%
(Kiso et al., 1992) ZfH L, MEMBEOMHELZEL
T, ¢cAICZ &L 32D FEHEH#E (AIC, BIC and
c-AIC) 12X 2 ETNVEROFRILB 21T - 720

A E LT, KEEWMIECHEHAINTWS
von Bertalanffy, Gompertz, logistic ® 3 fiH (X (3.3))
ML, FHELD Sy —  LT48E (X (34)

Table 3-1. Data for fluviatile masu salmon in
rivers of the southern Sanriku district (Kiso
et al., 1992)

Month of age Year of age Mean length_

2 0.17 1.79
3 0.25 2.33
4 0.33 2.51
5 0.42 2.97
6 0.50 4.49
7 0.58 6.93
8 0.67 7.33
9 0.75 8.00
10 0.83 10.81
11 0.92 11.68
12 1.00 12.53
13 1.08 13.90
14 1.17 12.30
15 1.25 13.10
16 1.33 15.59
17 1.42 15.60
18 1.50 16.08
19 1.58 16.80

D Base, 1, 2, 3), 12 ORI LTI EUEHR
AR EL, 3 OoOMHEMEICL ) ETIVE
RE&EAT-7:£ 2 A, Table 3-20f R G572,
growth formulae :
L)=L,[1-exp{—-K(t—1t,)}] (Von Bertalanffy)
L(t)=L, exp[-exp{-K(t—1,)}] (Gompertz)

L
L(t)= - (Logistic)
1+exp{-K(t—1,)} (33)
patterns of seasonal change : t— F (t)
F(t)=t (Basic—type),
F()=t+ Zi sin2z(t—1,), whereA>0 (type-1)
V4
A . B .
F(@)=t +2—sm27r(l —t1)+4— sindz(t—1,), where4A>0
H - (ype-2)
F(t)=t+—sin2z(t—t,)+—sin6z(t—t,), whereA=0
2z (%3
(type=3)
(34)

CORER, WIFNRAHEISECPIZHARTH S
A%, AIC 1& BIC R c-AIC IZ R THEHEALH 5D /3
TA=Y —BHBLEMLETVEZEIRLTBY, +
) Y FIVERLTIE AIC IZ & 2 BIRD AT o TV 729,
FE§ &t B R R ORI & v ) AE I 7%
MEICZEDHI B L%, RIRLTWA,

3-2-2. CPUE E#t 2 BE L L TRESHS T
TIVE{FER U 5T EHER
22T, MERDOEAR p/n R EWIEAITH
59 B MR ER Z AT IE T VIZ X o TT W,
TEHE A c-AIC OBMEEZ RS, MOBELE2D
2B ESHSTHEFTVERELTKX 35 @

Table 3-2. Results of the model selection by three information criteria (AIC,
BIC and c-AIC)using the data for mean length of fluviatile masu salmon from

Table 3-1

Formulae Type n p AIC BIC c—AIC
Bertalanffy = Basic 18 2 134.75 136.53 135.82
Gompertz Basic 18 2 49.49 51.27 50.56
Logistic Basic 18 2 52.98 54.76 54.05
Bertalanffy 1 18 4 15.48 19.04% 18.56%
Gompertz 1 18 4 16.20 19.76 19.28
Logistic 1 18 4 17.94 21.50 21.02
Bertalanffy 2 18 5 16.03 20.48 21.03
Gompertz 2 18 5 15.88 20.33 20.08
Logistic 2 18 5 19.52 23.97 24.52
Bertalanffy 3 18 5 16.30 20.75 21.30
Gompertz 3 18 5 14.69% 19.14 19.69
Logistic 3 18 5 19.25 23.70 24.25

* The minimum value in each information criterion.
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Model-l Z i WTCF— % # 3L S8, 3OO0 HE
J#E (AIC, BIC, c-AIC) 12X » TEFIVRIREZIT -
7z x5, X B5 D420 H)BLEDEFIVHER
ENBEPIIOVWTOFEEEREZ, £hA2N100M 3
247572 (Shono, 2000) .

Model- I : Log (CPUE) = Intercept + Error ({H
L Error ~N (0, ¢%))

Model-1 : Log (CPUE) = Intercept + Year +
Error (35)

Model-1I : Log (CPUE) = Intercept + Year +
Area + Error (True model)

Model-IV : Log (CPUE) = Intercept + Year +
Area + (Year*Area) + error

Ha A, SROEETOEARKIZ24 (=12*2), /3
TA=F —BIIRKTI2E &b, F72, FHEFEERIC
L 722l S o (3 KOT— 4%
ARCHOWAEDOETF LV TOREEROM (2 5% :
Table 3-3) Z#AGhbE/LTy Izl -3y THOY
FOFRRDE TR D, 72, #HFIE Table 3-40
WY 7ZH, TRTOYF Y FITEWT c-AIC DFER
N7+ =< AT AICR BICOZNEHRTHEL &
2 TWh, 72721, c¢-AIC & BIC iZ AIC 12T
FTA—=FT —BOL LR VHHMLRET N E2EIRLL T WE
MCH D70, N"TA—=5 —BOLEHLEETVE
BB L7y — 2%, BEIIo TRERTET %,

— 6 MBI DRI AR SRR Y ) +—

Case-1: Dataset-1 and ¢*=0.10

Case-2: Dataset-1 and ¢°=0.15

Case-3: Dataset-1 and ¢*=0.20

Case-4: Dataset-1 and ¢ ?=0.25.

Case-5: Dataset-2 and ¢ *=0.05.

Case-6: Dataset-2 and ¢ *=0.10.

3-3. KERICE T2 —HM2 [ OBHRERE

i i BLEE AIC I HTEI Tl N7z & 9 Z/MER DY
BFORELT, RERIBWTH I XA—F—HD%
WHHEZ B TV 2 B SRR Ve BRI,

AIC = —2%[(@)+2p ~-2*I(0) (as n —o)
(36)

EHITHI DD, BABNKRE L 22 ERELE
BBOMICHRTEBIHD 5O 2 HEI/NEL R,
CORFLVTAHOMANIFEAERL S LZ>TLE
IMDTH S, KEGFEBHHEICBITSE CHEHD

Table 3-3. Dataset on the model of CPUE standard-
ization for computer simulation, which corresponds
to the analysis of variance model with two-way lay-
out and two replicates

Dataset—1
Year Area—1 Area—2 Area—3
1 1.0, 1.0 0.8, 0.8 1.2,1.2
2 0.9, 0.9 0.72,0.72 1.08, 1.08
3 11,11 0.88,0.88 1.32,1.32
4 0.8, 0.8 0.64, 0.64 0.96, 0.96
Dataset—2
Year Area—1 Area—2 Area—3
1 1.0, 1.0 0.9, 09 1.1, 1.1
2 0.95, 0.95 0.855, 0.855 1.045, 1.045
3 11,11 0.99,0.99 1.21,1.21
4 0.9, 0.9 0.81,0.81 0.99, 0.99

Table 3-4. Summary of computer experiments
(frequency of selecting the correct model
of an ANOVA in 100 replicates of the
simulation)

Model AIC BIC c—AIC

Case—1

I 0 0 0
I 0 0 0
I (true) 65 89 100
v 35 11 0
Case—2

I 0 1 1
I 0 1 1
I (true) 65 90 98
I\ 35 8 0
Case-3

I 0 12 13
I 1 1 3
I (true) 65 76 84
1\ 34 11 0
Case—4

I 6 28 31
I 1 1 2
I (true) 57 64 67
v 36 7 0
Case—5

I 0 0 0
I 0 0 0
I (true) 63 88 100
I\ 37 12 0
Case—6

I 0 6 7
I 1 2

I (true) 58 78 91
I\ 141 14
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CPUE ##{tClZ, shot-by-shot & M- % #HEHD
T RPN T ENE L, BARBDEA T %
HZld Ll vz, EHMIZAICZMHEHT S
CEICHALTRTORERSLETH S,

F/, KERCBI 2N EORS 2R —
P (consistency) &, THHEHRIEIZIOWVWT, (37)
ATEEh s,

Pr [IC (Mj)=IC (M)]—1 (as n —o0) (3.7)

HL M ZEOET NV, Mj: BEHiE%25E7NV, IC 14
WEBLE LT 5,

AIC O—FH VX p/n AS—E Tn—codD b X TILiH
723N % (Shibata, 1976) L& L, pZBEE LA ZF
Fnoook Lz ZICREV LRV, Hificl
R7zKERIZBW TR Y A LD ERICR D 9 5,

ZOREEBIELZX B7) o—FME b oMMEL
LT, BIC (WA X 1§ H%E, Bayesian information
criterion : Schwarz, 1978) % HQ (Hannan and Quinn,
1979), CAIC (Consistent AIC : Bozdogan, 1987) 7
EDPREINTBIX B LI BFIZR S, fHL,
HQIBII A cid2 LY REWVEEEHELET S,

BIC = —-2*/(©)+ plogn
HQ = —2*[((:))+cploglogn
CAIC = —2*[((:))+plogn+p

(38)

BICiZ n = oA Il —BMHEEZFHFO L OO, Wik
AL 2EHBERTHFMOBTEIHY, HOET
WEDIRT X =5 —FOL R VHHRE T2 # IR
LR T WD S b, fEHEIZIX, Neath and
Cavanaugh (1997) 12X 5

CAICF = -2 logL(®) + p{log(n)+2}+log|l(®)|
(39)

(@ LI©®) = E{%%} (@D Fisherlt H{T41),

| ATHI, & ?’é}

MHIELWwE b BH, Fisher 15T D75 R D
PR L — A%\,

B, HQIE c 252 XD REVERE W) FMHITR
S TWAhD, BEOETFIVIZEFT L0121, 17

SPDOFETIOER c DizkEL TR L RITE

o, ¥z, CAIC EHGEHMEE IR T4 L
HuoNnTwads, RFVTF 4 HOEAIIBIC &1

HREVT LI, EESLETH S,

ZIT, REITIIRMIABEE CAHHET— 51
X % CPUE ff#fb GEo#arET V) 2@ LT,
AIC B XU 3 20—H k% FofkEHS#E (BIC, HQ
and CAIC) 12X B EFNBEIRZATV, EEHE¥ 5,
WIZ, RS MRIOFHERY I 2V — v 3 VEREZAT
W, —EHEEFOREORIIT7 r —<v A EFELL
Frv b, T, IS 4o0FEHEHEE (AIC,
BIC, HQ and CAIC) ORI LT 4 HOKEX SIZHH
U CHEGRIY - Bl 22 E % %2479 L L 1T, HQIZH
5 EBIEH c DEDHITOWTHIGEET 5,

3-3-1. 1 > NE¥EXF NS EIED CPUE Z#1k (IFHE
BAEICL B ETILER)

ZITIE, KRER (7 uH A XH41504) 12
BUFEA Y FEINTEROER - BIET—5
(Shono et al., 2002) =MH L, LGS MIETVIC
XBHMHERDEOHEZ ML T, AICB LUK
Pz o 3 o0EHERE (BIC, HQ and c-AIC) 12
X2 ETFVEROM R Z 1T > 720 HQ DB BIHIE
201 R U271 &M L7225, BRIV T 4 HEE
29 HHPATHR L 2210/ E L, BEERT VT 4 H
DFEA % BIC LITIFFASICT S, L) EZHFICHE
DWTW5b, LLF, Table 3-5, Table 3-6, Fig 3-1
W ENFNBERE 22 57V GIHERORLA S DY)
OWEEE, EFIVEIROME, Hih S 7z CPUE ©4
ML Y FERT,

Table 3-6D € 7V EIFER 2 H 5 &, AIC &8
FTA—=Y —BDL—FHMHLET IV (Model-13)
2%, BICB XU CAIC XM/ /¥ T X — % —H b
TWHHMZ 7V (Model-9) 2%, HQ X ¢ #5201&
27TIOVFTIITERE L2 IS MEOHR B O ET IV
(Model-12) 25@&IR &7z,

KEMDFEHAZ—E L L7z Type A D LSMEANS
(least squared means) (Z#2o W THI X7z CPUE
ERL YR, SRR CBITW SR, 19704 L
BRI L oEWD RO 5NA7:8, CPUEHE MLV F
DIRY 73 38 N ATEPFHEE DM E DK & 2N TR o
TENDLZEBEL HH20 (15 B:  B-1, p8d),
BHFMET VDT 22— 7 - L v Fv 7 RELT
RS 2%E12, FEEFSLETH S,

3-3-2. KEXIZETHEFEMBIaL—-2 3>
IC Kk BIEREBFEDILE

WIS, RERIBIFAHEMTE Y I 2L —2a >
@B LT, —EHMEEEO 3O HEBLIE KO AIC
12&5 ELWETVEZERELE V) EENS) EIUS
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Table 3-5. ANOVA models for CPUE standardization of yellwofin tuna in the Indian Ocean (Shono et
al., 2002)

Model Intercept Effect Interaction
Year Month Area  Year¥Month Year¥Area Month*Area
I O O
2 O O O
3 O O O
4 O O O O
5 O O O O
6 O O O O
7 O O O O O
8 O O O O O
9 O O O O O
10 O O O O O O
11 O O O O O O
12 O O O O O O
13 O ®) O @) ] O O

Model-1: log{(CPUE + k), = (Intercept)+ (Year), + (error),,

Modcl-2: log(CPUE + k), = (Intercept) + {Year), + (Month) ; + {error),,

Model-3: log(CPUE + k), = (Intercept)+{(Year}, + (Area), +(errar),.

Model-4: log(CPUE + k), = (Intercept)+(Year), +(Month)  + (Year ® Month), +(error)
Modecl-5: log(CPUE + k), = ({ntercept) + (Year), + {Area), + (Year * Area), + (error),,
Model-6: log(CPUE + k), = {(Intercept)+(Yeur}), + {Month), + (Area), + (error),,
Model-7: log(CPUE + k), = (Intercept)y+ (Year), + (Month)  + (Ared), +{(Year* Monitl),

it

+ (error),, ,
Model-8: log{CPUE + k), = (Intercept) + (Year), + (Month)  + (Area), +{Year* Area),
+ (error),,,
Model-9: log(CPUE + k), = (Intercepty+ (Year), + (Month)  + (Area), + {(Month* Area) ,
+ (error)

Model-10: log{CPUE + k)

w = Untercept) + (Year), + (Month}, + (Area}, + (Year * Month),
+{(Year * Area),, +{error),,,
Model-11: log{CPUE + k)

+ (Month* Area),, + (error)

a = Untercept) + (Year), + (Month)  + (Ared), + (Year * Month),

i

Model-12: log{CPUE + k), = (Intercept) +(Year), + (Month)  + (Ared), + (Year * Area),
+{(Month* Area), +{error),,

Model-13: log{CPUE + k), = (Intercept) + (Year), + (Month), + (Ared), + (Year * Month),

+(Year * Area), + (Month* Area), +(error),,,

where (error)ﬂk 18 normally distributed with mean 0 and variance o¢ 2

CPUE is the nominal CPUE (number of yellowfin catch per 1000 hooks);
Year, 1960-2000; Month, 1-12; Area, 1-6; k, constant term (we set to 0.1 here)



Table 3-6. Results of model selection by four information criteria (AIC, BIC, CAIC and HQ) using

AT 7 DA BE G IR~ O I

the data for IOTC yellowfin tuna (Shono et al., 2002)

Model n P AIC BIC HQ(c=2.01) CAIC HQ(c=2.71)
1 41504 41 1530843 1534382 153197.1 153479.2 153264.9
2 41504 52 1518989 1523479 152042.0 1523999 152128.0
3 41504 46 1447249 145122.0 1448514 145168.0 144927.6
4 41504 492 150779.2 155026.9 152133.0 1555189 152947.2
5 41504 246 1432434 145367.3 1439203 145613.3 1443274
6 41504 57 1432122 1437043 143369.1 143761.3 1434634
7 41504 437 1419815 1457544 1431840 1461914 1439071
8 41504 257 1416152 1438340 1423223 144091.0 142747.6
9 41504 112 141863.5 142830.5 142171.7 1429425 142357.1

10 41504 697 1404927 1465103 142410.6 147207.3 143564.0
11 41504 552 1408709 145636.6 142389.8 146188.6 143303.3
12 41504 312 140216.1 142909.8 141074.7 143221.8 141591.0
13 41504 752 139230.8 145723.2 141300.0 1464752 1425444

Remark) Bold type shows the minimum value in each of information criterion.
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Fig. 3-1. Three catch per unit effort (CPUE) year trends for yellowfin tuna in the Indian Ocean obtained
from the best models (Model 9, Model 12 and Model 13) based on each information criterion: Akaike
Information Criterion (AIC), Baysian Information Criterion (BIC), consistent AIC (CAIC), Hannan-Quinn
(HQ; ¢=2.01) and HQ (c=2.71).
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T F—< Y ADFME AT 5 720

Y3alb—3a YOMEILTOHEY THAHD, it
HEBOHATEE L THUIRD 302 B ) Az (BRI,
Case-3I3Z B BN H B % F o B & 1TxHIE) o
RHEEEBETIV

Model-b: Z=A +BX +e

Model-c: Z=A +BX +C'Y +e

Model-d: Z =A + B*X + C*Y + D* (X*Y) + e
(3.10)

) e d, P90, 5 o F Fo IE B A I HE
)T L ERRE L7,

« HEOETIV (Model-c)
Z=1+X+Y+ee~N(© 9 (3.11)

1) True model IZB1F % M ERE (A, B, C) Ofiix
FTARTLOE &E L7z
s HEAZHORE & W /-FERI
Case-l1: X, Y, ~1.1.dU(,1) (—5nAm)
Case-2:X,,Y, ~1.1d N (0, 1) (QEHA)
Case3: (X;,Y,) ~N(0,0,1,1, (p=) 1/v3) (2
R IEH )
H)iid: EWICHOEFE— 5D v E p o i
B X &Y OMHBIREL
Tz, TOMOEKMEIKROMY THY, Il —
Ta BB Y A oMAEDE % Table 3712,
BHOETIVEERERNT 5 —< V 2AIZETLHETIV
HEPER % Table 3-8IZ/R L 720
o HEAR%  Set-A: n=1000, Set-B: n=500
e WVELE (e.7™—%t>» 1):1000

M

o RS (07 OREXS

Option-1:  Z#AV/N SWif (—#ELEL (Case-1)

TlXo*=1& L, IEMHEE (Case-2 and Case-3) T

13 02=2.89 L &5E)

Option-2: AR & WA (—#ELE (Case-1)

Tldo’=2% L, IEHALE (Case-2 and Case-3) T

13 o 2=T L %E)

o [BHREHIE HQ ICH T 3 EHIE c DIRTE

HQ-1: 201, HQ-2:2.71

Table 3-8 HHIWI 3 2R Y, —Ftk % o5
e (BIC, HQ and CAIC) ORI 7 4 —< v AL
—BMEEFL R WERBAETH 5 AICOZEh & X
TEBIHBD TR 2> THBY, EARE500% L
LOOOREE T Z DR SR I N7z,

72720, BIZEEMEICHBE»ERD SN HE (R
BEAREAHDB000 ¥ F Y 4+ LN2B (No.12)) 12—k
RO REBEOEMNES IO N2 3 d D,
M O & F O E OB A i § 5 720, 2
ZRIEH A %K E L7z Case312 BT HBMY I =
L= a3 v %fiolze TOMEIIRD L% S,

s ZENET IV (Model-b)
Z=1+X+ee~N(0, d? (312)

ZHEEEBETI
Model-a: Z = A + e,
Model-b: Z=A +BX + e
Model-c: Z=A +BX +CY +e (3.13)

) Moty Y+ vk v b (SN2A, LN2A,
SN2B, LN2B) & [ U2k
EBMYI2b—2a YOREKNLR4ODDTF Y F

Table 3-7. Summary of the scenarios for these computer simulations

No. Name Sample size Replications Residual variance Distribution
1 SUTA 1,000 1,000 1 Uniform
2 SN1A 1,000 1,000 2.89 Normal
3 SN2A 1,000 1,000 289 2-Normal
4 LUTA 1,000 1,000 2 Uniform
5 LN1A 1,000 1,000 7 Normal
6 LN2A 1,000 1,000 7  2-Normal
7 SU1B 500 1,000 1 Uniform
8 SN1B 500 1,000 2.89 Normal
9 SN2B 500 1,000 289 2-Normal

10 LU1B 500 1,000 2 Uniform
11 LN1B 500 1,000 7 Normal
12 LN2B 500 1,000 7  2-Normal

Remark) “2-Normal” shows the bivariate normal distribution.
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Table 3-8. Summary of computer simulations (Frequency of selecting the correct model of a linear
regression model in 1000 replications of the simulation)

Model Proportion of
No. Name Criterion b c (True) d underfitting correct overfitting
1 SU1A AIC 0 844 156 0 0.844 0.156
BIC 0 992 8 0 0.992 0.008
HQ(c=2.01) 0 956 44 0 0.956 0.044
CAIC 0 9298 2 0 0.998 0.002
HQ(c=2.71) 0 977 23 0 0.977 0.023
2 SN1A AIC 0 833 167 0 0.833 0.167
BIC 0 991 9 0 0.991 0.009
HQ(c=2.01) 0 955 45 0 0.955 0.045
CAIC 0 995 5 0 0.995 0.005
HQ(c=2.71) 0 982 18 0 0.982 0.018
3 SN2A AIC 0 843 157 0 0.843 0.157
BIC 0 992 8 0 0.992 0.008
HQ(c=2.01) 0 948 52 0 0.948 0.052
CAIC 0 997 3 0 0.997 0.003
HQ(c=2.71) 0 976 24 0 0.976 0.024
4 LUTA AIC 0 840 160 0 0.84 0.16
BIC 27 966 7 0.027 0.966 0.007
HQ(c=2.01) 3 946 51 0.003 0.946 0.051
CAIC 43 955 2 0.043 0.955 0.002
HQ(c=2.71) 12 958 30 0.012 0.958 0.03
5 LN1A AIC 0 836 164 0 0.836 0.164
BIC 9 985 6 0.009 0.985 0.006
HQ(c=2.01) 1 954 45 0.001 0.954 0.045
CAIC 12 985 3 0.012 0.985 0.003
HQ(c=2.71) 5 980 15 0.005 0.98 0.015
6 LN2A AIC 5 857 138 0.005 0.857 0.138
BIC 117 875 8 0.117 0.875 0.008
HQ(c=2.01) 29 927 44 0.029 0.927 0.044
CAIC 152 842 6 0.152 0.842 0.006
HQ(c=2.71) 56 923 21 0.056 0.923 0.021
7 SU1B AIC 0 847 153 0 0.847 0.153
BIC 0 988 12 0 0.988 0.012
HQ(c=2.01) 0 939 61 0 0.939 0.061
CAIC 0 992 8 0 0.992 0.008
HQ(c=2.71) 0 974 26 0 0.974 0.026
8 SN1B AIC 0 852 148 0 0.852 0.148
BIC 0 985 15 0 0.985 0.015
HQ(c=2.01) 0 954 46 0 0.954 0.046
CAIC 0 990 10 0 0.99 0.01
HQ(c=2.71) 0 975 25 0 0.975 0.025
9 SN2B AIC 0 839 161 0 0.839 0.161
BIC 1 986 13 0.001 0.986 0.013
HQ(c=2.01) 0 948 52 0 0.948 0.052
CAIC 1 992 7 0.001 0.992 0.007
HQ(c=2.71) 0 972 28 0 0.972 0.028
10 LU1IB AIC 26 813 161 0.026 0.813 0.161
BIC 195 798 7 0.195 0.798 0.007
HQ(c=2.01) 70 883 47 0.07 0.883 0.047
CAIC 244 750 6 0.244 0.75 0.006
HQ(c=2.71) 130 848 22 0.13 0.848 0.022
11 LN1B AIC 35 814 151 0.035 0.814 0.151
BIC 257 731 12 0.257 0.731 0.012
HQ(c=2.01) 101 846 53 0.101 0.846 0.053
CAIC 304 690 6 0.304 0.69 0.006
HQ(c=2.71) 166 806 28 0.166 0.806 0.028
12 LN2B AIC 116 745 139 0.116 0.745 0.139
BIC 485 508 7 0.485 0.508 0.007
HQ(c=2.01) 263 702 35 0.263 0.702 0.035
CAIC 557 438 5 0.557 0.438 0.005
HQ(c=2.71) 381 607 12 0.381 0.607 0.012

Remark) Bold type shows the information criterion with highest selection performance in each experiment.
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I3 Table 3-9D X 924D, EFIVERERIE Table
3-100E) THB, Thxr ABHMY Tk, —FEMxH
OfFmEH%E (BIC, HQ and CAIC) D#EHIT 1 —
<A, BETOYFIUFTAICHOENLIDHEL
oTWh,

WIS, —FHME2FO 3 OOBEDMTORF VT 4
HOBARIZOWTHRET 5. EBIZYI2Lb—Ya v
EETEI s oFEREHEORTENLHHTRE
P, REICKE CEFET 2720 LV, Z2
T, 4OOWEHREHAERTRF VT A HOKE S OXf
W% grid search 12X DTV, ZTO5MGEFIZEL T
A7z (X (314)),

CAIC — BIC =p > 0 (for all n)

CAIC — AIC = p*llog (2/e)} > 0 (if n>3)

BIC — AIC = p*{log (2/¢")} > 0 (if n>8)

HQ — AIC = p*[logic*log (n)/ &4 > 0 (if n>67)
(3.14)

M

HLcR2XhREVEEERET S,

#) (314) oRFE LT, #lZIEAIC & BICO
B TIE n>8M & X2 BIC>AIC £ 721, BIC ®~XF )L
TAEIFZAICOZNLE Y b KREL B, Thbb,
n>8DEr1d BIC DJ5A/85 A — 5 —HD D7 Hil
HEFIVEENMEMICH S,

— 2, AICRNNFG A —F —BoL il EF
W%, BICIEZ/STG A= —BOLhVEMARETNVE
BAEMNHDH L7720, 22 TIZHQ TOERIE c Dl
%9 FLHRELT, AIC & BICOHMICHF->TL %
CEERHBEE L7z,

ZD7DICiE, 4 o0EHEHEDf)

AIC < HQ < BIC < CAIC (315)
B EHDITTNIER WD, (316) D grid

search DFEEN S, 2 < ¢ LLTIIERETHIERNC
EDH B, TNDWMET — ¥ ORI R EHE R

Table 3-9. Summary of the options for additional simulations

No. Name Original True Regression Model Candidate Models
A1l SN2Aop SN2A Model-b Model-a,b,c
A2  LN2Aop LN2A Model-b Model-a,b,c
A3  SN2Bop SN2B Model-b model—a,b,c
A4 LN2Bop LN2B Model-b Model-a,b,c

Table 3-10. Summary of additional computer simulations (Frequency of selecting the correct model
of a linear regression model in 1000 replications of the simulation)

Model Proportion of
No. Name Criterion a b (True) c underfitting correct overfitting
Al SN2Aop AIC 0 849 151 0 0.849 0.151
BIC 0 991 9 0 0.991 0.009
HQ(c=2.01) 0 962 38 0 0.962 0.038
CAIC 0 998 2 0 0.998 0.002
HQ(c=2.71) 0 983 17 0 0.983 0.017
A2 LN2Aop AIC 1 846 153 0.001 0.846 0.153
BIC 22 971 7 0.022 0.971 0.007
HQ(c=2.01) 6 944 50 0.006 0.944 0.05
CAIC 30 965 5 0.03 0.965 0.005
HQ(c=2.71) 12 967 21 0.012 0.967 0.021
A3 SN2Bop AIC 0 830 170 0 0.83 0.17
BIC 0 989 11 0 0.989 0.011
HQ(c=2.01) 0 939 61 0 0.939 0.061
CAIC 0 995 5 0 0.995 0.005
HQ(c=2.71) 0 976 24 0 0.976 0.024
A4 LN2Bop AIC 27 799 174 0.027 0.799 0.174
BIC 203 783 14 0.203 0.783 0.014
HQ(c=2.01) 90 851 59 0.09 0.851 0.059
CAIC 269 723 81 0.269 0.723 0.081
HQ(c=2.71) 141 827 32 0.141 0.827 0.032

Remark) Bold type shows the information criterion with highest selection performance in each experiment.
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Tce=271L BV 1 D2OWWTH 5, HQ Dz AIC
& CAIC DBICH - TL A7-01213, FfoESE (X
(317)) \2& Y ¢ #359KiiG & T HUEND D,

BIC —HQ=p(log (n) — c*log(log(n)))> 0 (for all n)

— ¢ <271 (3.16)
CAIC-HQ = p (log (n)+1 —c*log (log (n)))> 0 (for
alln) —c <359 (317)

RIS, Tbb HQ OEHIH c DREHEIZONV
TOEZT#FRBEET

(AICOXF VT 4 H) < (HQ DXF VT 4 HH) <

(BIC ®»XF V7 1 IH) (3.18)
ERBEH)BRHQONRF VT 4 #REL/ZLT

¢ =2+k [logn/ {log(log (n))}—2]
k AEEER 0<k<]) (3.19)

DIDOERE# Z, k Oz stERIERIC X - TikE
THZE#RAD,

BRI ET VI L BEHRBREROKS R (3-3-3
i), »LFTHNIMEE WD k=0.05~0.1FEEE A
ZFLwiwofmossohis,

3-3-3. KEXICHTHEFHMES I2L—2a>
mokﬁwékwﬁﬁ)

ZZTIE, KREARDOEEIIHIET AR %
3-3-2fil Jﬁﬁb\lﬁl}ﬁﬁ‘i‘ﬁﬂ%TW o Tt —%
P2 FoEHEH#E CTH 5 BIC, HQ DEIR/NT 4 —
TV AERERLEEDIZ, (319 RoEERELL
ECTHQIZB 2%  c i (T4bH (319)
KICBI2EKk Ofi) 2RKDOHZLE2AELT %,

KA (83200 O ModelB% EH & % 2, X, Y
ZTNZEN—F5AU01) K ERERE L,
a=b=c=d=1:RET 5. ZDHFI3IL TIZFEKED EFH
SMEY I 2L —3 3 VEFTIE, EAEZ10000
WCRkE L, BLEES00mEAE SRS, ZLT, 3200
fEHREHE AIC, HQ (KXo (319) KizBWT
k=005, 0.1, 0.3, 05 {2+ %), BIC (HQ Tk=1&
L7zl &&—3) 2L TETVEREIT- 720

ZORR, HLLEFT—HTIEIH AL, HQIZBWT
k=005~01FEEICRE LA DRI T + —< ~
ANEWT EAVRENT (Table 3-11),

Model-A : Z = a+bX+e (AL e~N (0, ¢%), =29
LRET D)
Model-B : Z = a+bX+cY+e
Model-C : Z = a+bX+cY+d (X*Y) +e
(3.20)

3-4. R A METFTIVICE T B IEHRERE TIC

AEI T, A A MEEEZFFOETIVIZOWTHERS,
AA MEEEFOTTVEER, BRiE LB 200
WA BORHINGA—F—RZ I LEO , 0,
L7z &, WMHICO ,CO &) BRAIEL L TWw
LHEFLVOZETHY, Bz iE

O,=(0,-0,),

Op=(0,6,0,) (g<p)

(3.21)

ELZZHENINICEYST S, A A MEEEZROET
IZBWTIZEFIVEINO I ZE BRI OB EA~ &
BAonsds, BHiER5ETVEEDET IV E
EEnVE, Tabb Lol TE) LETFTVBYR
BTHh)ETINVAPERE 2 55E121F, AIC 2MR
DEFOZEPHMONT VS,

ZOLH LA AICTIRZFoER BT
exact IZEMli§ R EHAZWFMETEEZ | Z TV L0550
AR AVE T %25, KN (1976) 12 X & 1 Bl
TIC (Takeuchi's Information Criterion) % i\ 5% Z

WCEDIBETRETHY, ook (322) KXo
X9k %,
TIC = —2*/(@) +27 (322)

fHL, 713, trace J(©)'1(0)| 2 ZDHERT
BEEXWRZ-HD0THY,

3©) = —E{ l(@)}m 5.

0000

TIC OB LA L EN L A, Bl X5

Table 3-11. Simulation results changing the value of the constant term in HQ

Model AIC HQ1(k=0.05 HQ2(k=0.1) HQ3(k=0.3) HQ4(k=0.5) BIC(HQk=1)
A 8 40 45 69 93 164
B (true) 423 446 447 428 407 336
C 69 14 8 3 0 0
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WET IV ETIE

R nu(4)
TIC= - 2%/ (©)+2p —3+ ————
*[(©)+2p —3+ (RSS)?
(L@ FHEDLYVDLRE—AV]) (3.23)
LR CTEHREERETSL, L2rL, ZO5EITET

VD —ATIE, YIalb—YaryERIBILIED
EFNVEREBRLLZ Vg U7+ —< VAP AIC &
HEBELTH SIFERIE B> TRy (3-4-18i). £
OB E LTE, SO HTETVEIIBITS TIC &
AIC OO GME NFEE) 250 & 7% 5 2 L 23%1F
bhn (KB, 2001). B, HEGHET VB
% TIC ©&EW, B XUHEED AIC & TIC @I
DWW, fHk AITRT,

3-4-1. RZAMETFIVICKHT 5T EHEERR (TIC DFE
RINT + —< > ZFHi)

ZZTR, BHERLIETVNREDET VEETE R
WIGEIIHR T A BRI R A BT RLE TOVIC X
S TITV, FERFIGRIICHAWEZZ SN T X 7R
B TIC IR T+ —< v A& AICOZFNE DL
2479, 322 L & WU 2 iR E 5o E 7
VEEL (Table 3-12), X (324) @ Model-1I %
HWTF—7 25488, 400 EHEHRLE (AIC,
BIC, c-AIC, TIC) XX o TEFNVBEIRZIT o728 &
WCEDETF VPRI ENL IOV T ORI EE
%1,000[147 - 72 (FE¥F, 2001), S W DFEERIZEWT
DR LEE 8 L RE L OEAREIZ96 (=12°8)

Table 3-12. Dataset used for the
simulation of ANOVA type in the
nested model

Year Areal Area2 Aread

1 1 0.8 1.2
2 09 0.72 1.08
3 1.1 0.88 1.32
4 08 064 0.96

M

Thb, 72, o’ (EBEEDOFH) =05 % L7z
ME 1T Table 3-1303# 1) 7225, TIC OIS T 4 —
<XV AFAICR cAICDODZENE RKERWEE R 5o
—HF A PETNVORERIERICH W EOET IV E X
CERE T V—
Model- I: Log (CPUE)= Intercept + Error
(L Error ~ N (0, ¢%))
Model-II: Log (CPUE) = Intercept + Year + Error
(3.24)
Model-1I: Log (CPUE) = Intercept + Year + Area
+ Error (True model)
Model-IV: Log (CPUE) = Intercept + Year + Area
+ (Year*Area) + error

3-5. R A METFTIVIZH T B IEMEBMAE & stepwise 18
TE D LB

A A MEEEREOEFTVICBWTIL, THHEHED
HMIZ stepwise HRE D BHTTRETH 5. Hl 2 1L, Hiab
DINT A =5 =7 b

O,=(0,,0,),05=(0,,0, 0, (@<p)

(3.25)
ERHOETIVALBEZEELLEE, NRFTRX—F—
BoEp — g d/hS s IS D & A RKEE
5%DEXIFTUT, 1% 0Dk XIZ15UTF) 23 H
EDHH, T LD REVEEIZIE AIC O F7 H3BIHE
RETIVB #RAEAMICH L (HEE, 2000)

T2, B E B EF VDS EAAET A A,
HREAKEOREDINHED S A (FHFE) bRHEE %
%o Bz X, CPUE EL#Ab7Z EITH W 55 5800t
ETFNMIIBWT, ROLSDODBFEME R HETIV

Model-1 : Log (CPUE) = Intercept + Error

Model-2 : Log (CPUE) = Intercept + Year + Error

Model-3 : Log (CPUE) = Intercept + Area + Error

Model-4 : Log (CPUE) = Intercept + Year + Area
+ Error

Model-5 : Log (CPUE)= Intercept + Year + Area
+ (Year*Area) + Error (3.26)

Table 3-13. Results of model selection using the data from Table
3-12 (simulation of ANOVA type in the nested model)

Model AIC BIC c-AIC TIC

I 79 643 125 78
I o1 90 62 o1
IO (true) 776 307 7178 781
IV 94 0 35 90
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B Error ~ N (0, ¢%) &35,

% L CBackward ICZE B Z B S L Tw<
stepwise REZE 2 5 L, (3.27) KD 2DDI/8AN
FfEd %0, 22T, TORAMEFTVE AV TR
YIialb—Yararfiv, EHEHALEL stepwise B
EDRINT + —< Y AZ WL 72, DT, 3-5-1f
TYIalb—va VEBROTIHEIZOWTERS,

Pathl
(Model-1) < (Model-2)
t Path2 t Pathl (327)
(Model-3) « (Model-4) «< (Model-5)
Path2 Path1&2
#) (Model-5) %5 (Model-4) 7% Z 1% Pathl&
Path2C3t#

3-5-1. A METIVICH T B IEHRERLE & stepwise
BE & DHBER

ZZTE, AR MEEERELBOED S A
THRREHZZ, AN ETVEREL72Y I 2
L—2a 2L ) IEHEH M L stepwise B & DL
WETo72 BOBELE2 (e HEAK24) 25T
EoBaHEE TV ERE LT, oSz (327)
D5DODEFNDHH Model-3% E & % 2 (Table
3-14), #LEZ1000FEESE S, £ L T2 oD
#H#E (AIC, BIC) &, X (327) ®2oDH % 5%
A %50 stepwise MUEICBWTHBKEEZ 1% 25
10% F CTHEMICEL G/ ZICEDETIVIE
ENED0, LWV BT =< Y A EFARTz, Z
DEERIZB W T, stepwise M E Tid Backward 124
Bamo LT HEEZRHA LAY, 22008212 &
BHERGER B L 2 WHEIZIZRO 28 ) oY%
EZ2 5o Mk 1 ClRZFOLEEICHIFELELTCLEID
WX LT, KB 2 TRBFZICHREET> THENED
PERET S, ETHHBERL-TVE, B, T0O
—HDERIZBWTIE, o =045&IKE L7,

BARMRFME LT, RO Model-4H3E &\ ) I
HEAHIZH L C Model-5725E &\ 9 ARG %2 % Z.,
IFIARGLASFEH S N7z 5 Model-5% HEIRL, FEHX N
BUNEKRDO AT v 712t (2 2 FTlkmig ) .
A2 Pathl TIZ A Model-225E & v 9) R 31
%t LC Model-4235 &\ ) RV % 5 2, IR ARG
WEMEI N5 Model-4% @R L, FEHIN2TFUT
RDOAT v T, EDOHEI121E Model-128E & W
I IR IEAREAZ 3 LT Model-2A3EL & 9 xf AR 3 % %
Z, RS EI I N/ 5 Model-2% 58I L, RN

Table 3-14. Dataset used for the simulation
of ANOVA type in the nested model

Area?2 Aread

Year Areal

1 1 0.8 1.2
2 1 0.8 1.2
3 1 0.8 1.2
4 1 0.8 1.2

&Nz 5 Model-1% #IRF 5 2 L1274 5 (Path2iz>
WTHHEKTH D),

FERE, Pathll Path2 TR 2 MERENEL Y
GbdHY (FEE, 2000), FHRAHEL VT — R DAFAE
T 5, Fxld, DX REGAHIC Table 3-140 & 5
% 2 DDHIENICHE - TEIVIT + —< Y A2 FARD G
PMREER 21T > 720 Bl 21, PathlliC X % stepwise iR
FETIE—FFHA 7 Model-12%E8IR S T, Path2iZ X
% Z Tl Model-42%8 (XN 72354, No6TIREIFE
EHBILTLE S DKL, No8TIEFEBIIHMEF1T
5 T\ Path2i2 B 1) % Model-1 vs. Model-3D #
EEITV, Model-1A%BIZ L7235 A I IR AR I 70 s 4
B L7 EZZTIDEFVEEIRL, Model-37¢
BIRENZHEAITIE, SZTIE LD THIF L HBT 5,

KA1 Table 3-1560 X 9 12742 %, k& LT, 1§
WMEHHE BIC OEIR/NT + — < X9 stepwise MR
EDZNIHRTEPRL otz T2, ARAKE
DEZEBD T/PNELTEELEHDOL R VETFT IV HGE
N BEAEHE L ERENTD, TOXHI%
stepwise BE % FH W BB, THHIEENLET
H5bo
— Stepwise #&EICH (T3 2 DOH|ET—

No. PathliZ & 2MUEEH Path2i2 & AMUEiR Kk

1  Model-2 Model-3 FIE
2 Model-2 Model4 Model-2
3 Model4 Model-3 Model-3
4  Model-1 Model-3 TG
5 Model-2 Model-1 FE

) 1-507 — 2 Tid CHIRE 1 &2 2 X P89
HBOHW 21T 9

HIWF 1

No. PathliZ & 2MEHEF Path2l2 X AHRERHE  HIkr
6 Model-1 Model-4 Vi
7 Model4 Model-1 Vi
HIWT 2

6, TOr —ATHNZFIFE LT, REEITT-72 L
THIEDE D H 7% HIlkr)
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M

Table 3-15. Results of model selection using the data from Table 3-14 (simulation of
ANOVA type in the nested model)

Decision—1
Model AIC BIC F(0.01) F(0.03) F(0.05) F(0.07) F(0.10)
1 4 18 148 59 36 17 13
2 0 1 0 1 1 1 1
3 (true) 637 887 795 870 871 861 826
4 132 55 8 24 42 56 78
5 227 39 10 22 40 56 81
discrepancy 39 24 10 9 1
Decision—2
Model AIC BIC F(0.01) F(0.03) F(0.05) F(0.07) F(0.10)
1 4 18 161 67 37 18 13
2 0 1 0 1 1 1 1
3 (true) 637 887 795 870 871 861 826
4 132 55 8 24 42 56 78
5 227 39 10 22 40 56 81
discrepancy 26 16 9 8 1
No. #%T57-4  478) E S 1] D) BB INEFNVICBWTURERSZ o
8 No6 Model-1 vs. Model-3 Model-1 Model-1 =1, NURHEZO<a<lEBL L, BENRHOTTHE
Model-3 FJ& flia=11Z/8F A= —ZEHOHNEIZE LRV LR
9 No.7 Model-1 vs. Model-2 Model-1 Model-1 (Charnoff, 1954), JFEEARFLO T T Fisher [5HATHI A
Model-2 #J& EANC 2 5 WA 212, I uHE e = oWk g A3
WM723NBVDTHb, ZOM, T A= —DFE
3-6. ERBEAMICHITS :ETID%?R TREEOMED AL TV 5,

AREI T, KEGBBRDSTFIZBT 2 EREMET— 5

DR 212 ﬁﬁﬂéﬂéﬁiﬁ(ﬁsé"\?ﬁ%r}bwﬂ ZZT, & (328) ®EFIVIZ Leroux (1992) H33%
YAR—=A Y M (Lo¥) oHE B O T FLIZHIEMNEBEREZHVC /1‘ v MRS
BRI (328) Ao k5 ice bk, Fig I X =7 —DEEIT) o BARIIC
3- 20>; ) BIEBAS A BB E SN AICBVT, L= =210 X) + 2a(m, n) (3.30)
IR —=F2 M EmE Bm-1) AD/NT A —F — EBVWT, aVEKR—F2 Y M mOHEEREM %
a;, ui, oEEREE 2D, fh=min,, {min ¢ L} (331)
Model(X) = ia,f(xlﬂ,,df) (398) DE/MEMEORE LTRD S,

i=1

HLI(O | X) T BLERE o (nn) &
BLX= X, X)) BARXZ bV, n AR,

Fa | u, oD EHDAN (u, 0% HED) MERESE a (m,n) >0, a (m~+1, n)>a (m,n), a (m,n)/n —0

M, acavE—ivbioRakE Q) a =1 (as n —o0)

LIRET 5, (3.32)
ZOr —ATIREALHEEROWENEE (—3: -

W IEBME) 230 722 v izdllh 4 e i eI ERIEERDLL, FOEDHITL->TEL

WBHZEFHKEV, RS, DEIEERBIMK S, Pl a (mn) =3m -1&

BLEAICIK, almn) = Bm —Dlogn/2k B &

X, o, X, (Gid)~P(x|a, u,, 1,,0,,07) BIC 272 %, ZOF&N & LEERIEWHEN 26122
=a f(x|u,00)+(1-a)f (x| u,,07) (329) YRR MEARBMEE L W2 ESEB S hTw

5705 BREEOWEREIZOVWTIEZRIN L TD
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57280, REDHEIIZEREINILETH 5,

B, COWMENELAEIIBITAI VY R—F
N B K O P BT A R ITISHHLS B 72
W, ZVEFNV (HHELOETFIN) LEEET NV
(& DETF N AREF DI BT von
Bertalanffy O EMMR % &2 ]KE) ORI S % B2
2, FHLWHE N (Eguchi and Yosioka, 2001) @
IKPEE IR~ OB REME IS D WT, fEt s
i OWi7eE & ERIE 247> T b,

At TlE, AIC, BIC LRAWFOHFI M E L
T Dilichlet 4347

m m—1
m@)=c[ e, (a L c=T(m/2)/z"% a, =1-Y a
i=1

EBL) (3.33)
ERELZIDOBELTHNCTEDOI VKR - F |k
gk 4L L2700 HEHE100H 54 S & TR
BeFER %2 1T o 72455, Dilichlet FHAi404i 12 & 5 Bayes
HHEOEDET IV EEREIUIT + —< 2 AHAIC
R BIC IZHARTHTNIZHL o7z (Table 3-16),
L7 L Z® Bayes H#EIZoWTIE (332) AZi-d
&) B RS HR T vz, BEERIYIE Y
PSR TV,

F72, AICR L ORENZEREREDOLE L

35

BEIC, 2V BR—% Y M OBEBRIEEDTREMEATE - T
WBEZEIZHOEEPLETH D, B, SOk
332l —3¥ 3 TlE, Dilichlet 5

ro" By =,
m(a| f)=—"""T]a/" (334)
[1T.1B) =
WCBWT B,== 4, =172 K% L - 15w 70
fiE L7220, OB/ T X — % — % X5k Bayes

BRI oTHRETAZLEDNETH L, 5D
BEERRYIT— 5 (B2 XHER 4 B o kER
T =7 TENENIT VR — 2V VEDBRRDLGE
WCHBEHTEETH Y, FHEETEWEEZEZ NS,

%8B, 36-1HiCIERRESMET VIIBIT 5EHA
Izl —2a YOBIEIZOWTHRS, TV
% EIIRENTR TS, MERBEEMEL Fig. 3-203 0
Hw5,

3-6-1. EREADHICH T BTEMER (BHRER
HEDINT + — < > ZFHH)

ZCTRE, EBEAESMETVICBITSEHREK Y
2b—YavEREEZ, aVR-2 Y M (Lo
LT A =5 — (K& DIEBGA DT L 5D Of
DOHEEZHERERIEC L > THT o7 TV FE—F T
A4 THY, —RL7-E A% 4 DIEBSGA DR
LW & 9 i (Fig.3- 205 5% BRI %0

/\\ =AW
= )N
n I RN VAo
/ I LN

Fig. 3-2. Probability density function for the simulation studies using Normal mixture distribution.

Table 3-16. Summary of the model selection by Normal mixture distribution

Case—1(sample size—3000)

m MLL AIC BIC Dilichlet
2

3 11 ]
4 (true) 66 90 89 94
5 1 9 1
6 33 1

Case—2(sample—size—7000)

m MLL AIC BIC Dilichlet
2

3 2

4 (true) 93 98 98 100
5 1

6 7 1
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Xy v X, ~ g (=04 f(x |10, 5)+0.3 £ (x |14, 6)
+0.2 £ (x119. 7)+0.1 f (x |25, 8) (3.35)

L, flolu, o® EFHu, 5o’ ZFEoIERS
D p. d fEEREERR 2£bTILLET 5,

2 OHEEF100HFEE ST, 4008 (MLL (&
Kt EE), AIC, BIC & Dilichlet Fi %46 % H v
7- Bayes BIH#) 12X Y, ZOIEREBEES MO Y
A=AV M m2B4THsLEIELL EH#EEINLM
BastiLe,

WAL Table 3-16ME Y 7228, ¥ — R 1 (FEARE
3000) &4 —A2 (FEART7000) OVWTFRIZBWT
%, Dilichlet i 447 I1Z & 5 Bayes B #E & AIC,
BIC ZEDEF N2 BRBEIRT + —< Y A0 %D
B, REREBEVWZIAON o2 2O NG,
FEEN 2 IS e 2 e LT, EBEIIhSD
HHEHRE (AIC &B X O°BIC) ZIEBIRA DA€
TFIWIZBITEa v R—3 ¥ MEOHEEIHEHTRETH
BEEZOND, 72771, ZOFEERERD SHWS
5B, Dilichlet FH1i 44 12 & % Bayes Bl & #h=#H
ORI Z LT 2 RETH 5o

3-7.%&8

8 3 ®TlE, FIZ CPUE B# b x e L 725
WrET N, GG E TN E HWT, IMEROYA,
KEADOYE, A A MEZEZFRFOETNVOWA, 1EH
REDHETNOYGERE, e Rr—X %0 LY
72 KEBEESECILLMON TV ERERETD
% AIC oMz, BIC, CAIC, c-AIC, HQ, TIC 7 & = fii
ML, EBRFZHCCHHTEHREREICL>TE
TIWVERPRERPRL DL, ROCEBOBERHET VO
HRLEDLEDEFT VIS IEZSETELY
EFLVABRREV)BIRNT+— A E T Il —
YavERICIVEEL, HREREORSIEZFHLL
FE, MR L7z B, 2 A MEEZ RO E TV T,
FHER I A MBI EEI NS stepwise ME D
FHTRETHY, B I2L—va v 2 BUE
EHHE L stepwise MED IR D A b8 TEM L 72,
DN, KB TH LN KO RZ ZH LTk 5,

WANZ3-18iTix, CPUE IZHE %5 2 TWAHER
B EETICIIEERT 2 L v ) BlEH» 5, CPUE
ENTIC BT 5 E T VEIR (EBOINEEERN) omEEN
IZDWTaER7z,

32fiTIE, MNERDODGERRMNNT A =5 —¥
DEERBUZ O B H G A& E12, c-AIC (finite
correction of AIC) 12 & % & 5 IV RINK; F A% AIC 7

M

LB ENERLRLIEEY I IR ADEET —
FEHOWTHIRLZ, 612, Sy Il
—a v iZ&y, c-AIC DFERNNT + —< A8 AIC
DENERTh R & 2R L7z,

3-3HiTIX, KEARDLEICDH AICHRY 2+
WREMED S A 2 & A BEFWICHI L, A3 2 HH
WD EFVRBRIGERICENELLZEEL
2B % F /¥~ 71 CPUE T o FEEBIC X ) i
RL72. E51, WHEMICETF LWEETH LK
W& FoEHE B (Baysian Information Criterion
(BIC), Hannan and Quinn (HQ) and Consistent AIC
(CAIC)) A% AICIZHARTLfkE LTEATWSL I L
%, BB OFRHEREERZE L ORL 7,

HhET, HQIZBT 2 EHIH c DEDTIZOW
Tigam L, c=201% W LIX271EBLLZE, HHw
i3 ¢ = 2+k [logn/flog (log(n))}—2] (k : 1% & & %,
0<k<l) ¢ BE k Z005~01FREICHRET LI DR
BEEIZOWT, HREBEDONF VT 1 HO LB [
IBAME Y I 2L —3 3, grid search & WV THe
FEL 720

3-4iTlx, K#4sro CPUE #E# b &b A 2
MEEZFOETVIZBWT, JERERERVWEED
1T &7z TIC (Takeuchi’s information criterion) 7%,
BB EZ RS 2o M B ESEER TH L L) &
—HALBIZET VTt AIC & #ERICHZEICR S 2
EERBEMICEEH L, b8 T TIC & AIC DR/
T = VA EALENI NI LR, BRI
WX YmRL7,

35fiTix, MUK AR METMIZOWT, T
BE 7z stepwise ME & HHEHREIZOVWT, BHED
Fr L i 2 %P L, 45712 stepwise REIC BT % 8
EDONRANELT, EFVEIROBE»SFEL ik
L7 EHMEHECTIRYVETEOHEEZFARS
VERDH Y, BHETNVNLWEEICEEMERC L
25 stepwise BE # T 5 &N —LTH 525,
stepwise MRE TIEZFDNHFIZ & 0 FJE L 724 R 0%
LNBEZED/DHY, ZOXIBRGEOHB L HO T
MR L7z

BRI, FHEY I 2L —Ya v EREZEL
TIEHEHAE L stepwise RED /T + —< Y AD L
ATV, —RICHEISPERTwDE L, RO
BCHBAKERZ NS CRRELIGEITST A= =K
PO CHMRETVRIINSLTHLI L ERL
726

3-6HiTIE, REME T — 5 OEMSHR EREE)
WCHEAWTREZ ERRESMETIVICBIT L3 Y R—%
Y MNEOHEEREEZIY Y, oA ZHREICEO KR
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EVHRMITHEH R WS L 2R L, FHERERE
LT, AIC R BICIZfUE I N5 fEHm Bl EE D R
AR &, BX U BayesB o741 7 L
HEio A 2 EREREIERTWLE I L2 D
HTHEIA L7

FTLA4E Z21—Fxy bT—212K % CPUE Fi#l
CERMMIFIVITOBEADER

4-1. [FUBHIC

AK#ETIZ, CPUE EH#ALIZHE T 2 KEGIRIISE D
METH 2GR EBBICENEZEDETE), B
HTWHEEZEHOIFIY B CPUER =2 —F5 VA Yy
=KD FHL, ERESH (CPUEA MLV F
Ol FRABEOMA LR LZ, 2LT, IS
IV UDBRMEICBOWTEEERE Ro Tz
EMNTRVIEZER O CPUE IS 5 —E DM %1572,
ZOIF I uDERERMOMEICIOVWTIE, K
D42 TFEL L BB

EHIZ, Z2—=F )ty M7 =27 BORHMED R E
ZFEM7NVITY XXX DA L2 HEICBITST
WS DREEEMRFE & 4T - 720 AT ICIXEBOMRET — 5

(HARDIX Z MM X 55x5/ AR Sz F
IRTUOPEERBLIUENET—5) ZAHLTY
b7z, EFIVOFM (FREOREEMEE) 13 n-fold
cross-validation & MEN B T—% %5 V¥ A1 n- 4
BT, MEICRLZY 72y boFHMEZ BRI
ET5HFELEHL

4-2. IFIV/OICATIEEFEERBOME (A%
D OBFZERE O HRY)

CPUE EE#fb o F B i 4ER R oHEETH V), il
WMENAE DL 2 NI 2 BIRO B M 2 & L
Twb, LaL, %< ®CPUEMHHICB W THEEL
XA 3N 7HFEFHLTwD 2 EHEL,
ey TZYT7TORESHELRY, POFELIEX
DORBEAERPRD LN DAL, HEWEZ) 74
A XL BMEERELELT D, Thbb, fESN
CPUE D4R RIHRI Y 2 =) 79 4 A& #T &b
72b 0% &FEEIE (abundance index, AI) &IFA
THY, #MEILCPUE HEEMEICES I EFEEREK
HPHFEFRRICHIST 5 EEZ 5N TW5D (BT,
1988)

Year trends of standardized CPUE for southern bluefin tuna (SBT) by GLM

—8— Variable Square (VS) —&— Constant Square (CS)

2.5

Relative CPUE

0.5

0

1969 1972 1975 1978 1981

1987 1990 1993 1996 1999 2002

Year

Fig. 4-1. Year trends of standardized CPUE based on the assumption of constant square (CS)
and variable square (VS) obtained from the ANCOVA model.
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Al =w CPUE, (4.1)
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LAEWERET L ER M TH S, LHL, F
B - OoB% EDMIIILHPADORZZR M 2 BB 2 17
v, FRICEDETHEEPEILT A2 HA05 0. 20
72, AEIREDICONTHOGAHMAL, LBrD
WHDHAALTVWD &9 ha1s, 41 XEHWT
EFRRREAFIET L L, BHEOBRKFFMICo %225
BNDd 5,

COMBIZHLT, IFIvrulEErRYP-
Tw5EEEZE % CCSBT T, 41) XoJiko
M 1Z19904E AR D 2 5 (4.2) K> X 5 7 Hl ) 1 A
FBBPFIEAFTE2E VI EZHERY) AT
(CCSBT, 1998). b bifiEDZiLIIH LTI Y 7
A RXBEAZEDL L) HETH L, ZOEZHIF
(41) Ko CSIEHL (constant square IF) 12k LT
VSAREL (variable square fRit) &FHENTW 5,

Al =w,CPUE, (42)

(ﬁbzm_l(wﬂmm@WOMmMﬁ®Wﬂ

R R0 &4 6}

IFIV/UBHEICHLT 42) KXok H % VSR
MOEZEZHVBHCONLHME LT, EFSIhTw
LIFZEHOP THEEEZ HO 2 BEDO LV IVOILDY
Toh, BEERBOENL Y FICKEREEE2E 2
TWwWah-brtEbhs,

HAROREFEMBMAMICL S I F I <2700 CPUE
CGERBIERE - ) 7Y 3HEIC, LT
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7219604E %> 520034E F CA0OER WV O TF—F 2 L
TWaD, FHEICHGW @I — B %1555
LN (5x5/H, 4:29820L 32— F) O H 445D
SHRVPBEDORVENERSTBY, ZOB/EIHE
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Ly P 24792 E0% 0w, IF3I700
CPUE f##TIZBWVWTd (43) AB LV 44) X TH

WaEhs, ZNFNERBLIOEL Y 7TORELE
FRI$ 123 5 LSMEANS # fJf LT, CPUE D4
LY FEHIEL TV 5,

CPUE, =exp{(Intercept)+(Year),+(Area)+(Season)+(Year*Area),

+(Year*Season), +(Area*Season)...} — (constant_term)
(4.3)
N, N

{H 1L, Area= NL > (Area),, (Year*Area), = NL > (Year*Area),

j o=l j =l

HELERT Do
CPUE, =exp{(Intercept)+(Year), +(Area) ,+(Season)+(Year*Area),

+(Year*Season), +(Area*Season), ...} — constant_term
(44)
b

- 1 N - N,
(Season N Z (Season),, (Year*Season), = Z (Year*Season),,

k k=1 k k=1

FLERT D)

2L, IFIRTURRICENTIE, FEbsh
72 CPUE 2 M=) 7H A4 X EE L2 ER
BEIRICERT 2B T, BEOLWRHE L E X5
SNt 7y 7T EWELHE (CSIEH)
Lo bEwgAs (VSRS THl4ED CPUE 4 b
LY RO RLE->TEY (Fig 4-1), IhbHzeFa—
U7 E LTHEH L7 VPA (virtual population
analysis) % EDFEFNVICE VIEE SN B =
DRI D W I R BAERIC R > TLE 572

ZFIT, KHLTIE=Z2—F WAy bT—212%D
(I F3I~TuifiEr—yOMPHE LD D) BERN
%\t )@ CPUE PRl 247w, TRl 72fEZ Hw
7o 8 7 BN 5T T4 (CPUE 4E + L~ Fodli 7iR)
ERET 5o

4-3. fRIFFiE

AT, FHRETOANEREMNER RO X
HICHEL, X =2—FV%ky NI —2 DR
W7V ITY ALTH L ARG L 72,

IMZEH BBZER) —HADIZZ MBI L % 4%
PE»nIF I~ u CPUE
(=Catch/Effort) Catch :
i %% R %, Effort : 1000
hooks.

ATZEH (FAZ ) — Year * 4E(1969-2003)
Month  : H(4-9)
Latitude :## (30S-50S,

5 BEZI M)
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Table 4-1. Dataset of southern bluefin tuna used for 5-fold cross-validation

Sub-set  No.of data CPUE Scenarios
Base case I I m IV v
1 1,539 O Rule CV. Rule Rule Rule Rule
2 1,540 O Rule Rule C.V. Rule Rule Rule
3 1,540 QO Rule Rule Rule C.V. Rule Rule
4 1,539 QO Rule Rule Rule Rule CV. Rule
5 1,539 O Rule Rule Rule Rule Rule CVv.
Others 22,123 X Pred Pred Pred Pred Pred Pred

Remark) Rule, C.V. and Pred show the sub—dataset for rulemaking, cross—validation and prediction,
respectively. ((Q-supervised data, X —unsupervised data)

Table 4-2. Pearson’s correlation coefficient of observed and predicted CPUE in each

sub-dataset by neural networks

Sub-set 1

2 3 4 5

Correlation coefficient

0.5905 0.6019

0.5626 0.5857 0.6259

Table 4-3. Pearson’s correlation coefficient of observed and predicted CPUE in
each sub-dataset by MCMC method (EM algorithm)

Sub-set 1

2 3 4 5

Correlation coefficient

0.2867 0.3132

0.3205 0.3503 0.3246

Longitude : #& & (20W-0-
90E-180-175W,

5 BEZI #)
E) ADEBEITRUEFO %
WhHTFITY I NVERETS

Za—F )Ry FT—ZI2 X BT E BERGHILLL
TOFRNEIZTEf - 7298,

Hwiz v GREOMAER) I & & HhmsE L
AEFT298201% & 72 B
Step-1 (CPUE F#l)

W (B BKbsrtLV Gx5/H) oF—% (%
Mifd & - &7697F) #HWC, =a2—-F Wty Y
— 712X ANV —VERZITV, WindT bt (5X
5/ 1 it & 1 27,6971F) o CPUE Pl Sk L,
INER=ZAF—AET 5, RIAMERSINI V=%
A U CHRSE GRE) 257wt L (5x5/ 7 kil L e
4:221231F) ® CPUE O FilfEZHEET %o
Step-2 (ER %)

Step-l TRl I h7za&THE N Gx5/H: &
29.8201F) O FHfiEiZE VT CPUE ®4 + L ¥ K&k
D 5o AL, &HICH (month) 2 X 2FH (B

L IZ8A) 2515 L, IRICHEER X O (latitude -
longitude) 12 & % (b L I3HEAD Z2E5H T 5,
IhoDTut A TETEUTDLIITE D,

CPUI f’e':, =
1 1 1 )
— — — CPUE?"”
N, La;:de { N, hgu:de [ N, n;;h yearmonthlatiide Longitide }}}

(45)

HL, (45) RNEHICX 2 P2y MR - FEIC X
5oz a 2R LTEBY, N, N, N idth
ZHH, WE, BLOREORERNOKERZELT.

CPUE FIlICEAT A#Iff X =2 —F W%k vy b T —
7 TlE, REEE 1 DS L L CRESEET )V
IV ALEEHL (PEEFRIIERNICRE), B
B EEMID T oMY TH 255, FiricidrT—
¥ <A =27 —) KINO suite-PR (Version 3.20, &
Z) #fEH L7 (Tsukimoto, 2000).

c Hlift & 7T — 5 ZFHA (85%) EHREEH (15%)

W27 v u5H8T 5
c RN R T VT XA FIHL, BEEELE LT
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Fig. 4-2. Correlation plots of the observed and the predicted CPUE in the neural networks for southern

bluefin tuna in each sub-dataset used for 5-fold cross-validation.
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Fig. 4-3. Correlation plots of the observed and the predicted CPUE in the MCMC method based on the
EM algorithm for southern bluefin tuna in each sub-dataset used for 5-fold cross-validation.
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Fig. 4-4. Residual plots based on the observed CPUE and the corresponding predicted one for
southern bluefin tuna obtained from the neural networks.

Histogram of residualB

g0
|

-10 o] 10 20 30

residualB

Fig. 4-5. Residual plots based on the observed CPUE and the corresponding predicted one for
southern bluefin tuna obtained from the MCMC method based on the EM algorithm.
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Table 4-4. Median, mean, minimum and maximum values of the absolute error in
each sub-dataset by neural networks

Sub—set 1 2 3 4 5
Median 1.30983 1.08844 1.23445 1.09875 1.13160
Mean 241829 2.06122 242284 2.17452 2.03043
Minimum 0.00017 0.00005 0.00011 0.00046 0.00044
Maximum 22.7685 37.4014 29.1902 34.0170 30.5308

Table 4-5. Median, mean, minimum and maximum values of the absolute error
in each sub-dataset by MCMC method (EM algorithm)

Sub—set 1 2 3 4 5
Median 274534 292685 2.74620 2.59463 2.88151
Mean 3.23935 3.20927 3.12462 2.99480 3.12390
Minimum 0.00181 0.00005 0.00032 0.00647 0.00649
Maximum 33.9628 34.7273 29.4821 31.4368  25.5896

Table 4-6. Median, mean, minimum and maximum values of the absolute
error in the 5-fold cross-validation (Comparison between neural networks
and MCMC method)

Model Neural Networks MCMC (EM algorithm)
Median 1.164076 2.781106
Mean 2.221564 3.138392
Minimum 0.000005 0.000315
Maximum 37.401410 34.72727

Table 4-7. Pearson’s correlation coefficient of observed and predicted CPUE in
the 5-fold cross-validation (Comparison between neural networks and MCMC

method)
Model Neural Networks MCMGC (EM algorithm)
Correlation coefficient 0.59046 0.31644
VIEA FEMEHTS hB, 44 THRRS FRAEOREMGEE BN E L
o IR I I DICREEL, PRIFRTFBIELTOLME T, 2=ty bI—2 2k BT & RLTF
WX ) BRICPET 5 — ¥ HMH LT, EM 7L T X418 MCMC
- hEFETFRIE 220 1 92o8inse, T4k # (Markov Chain Monte Carlo method) 2 & % &
Tz L7z 51 d 5 H %47 -7 (Little and Rubin, 2002). BAKHIZIZ,
- ANERITETIESRE (0-1£3) L, HhE S ERGHTE T IVAT B B3R bV ROk
BAZ BV % BUE & FRE O fe KA RS AT, HATH % Jeffreys OFHI M2 WEL T I 2 b —
FEHAB L UOBIEHOW G TO.01LLTIZZ% 572 M3 % Bayes 9 EEHHLTBY, 2HEMAARL
LEILSES (FFRoRvhT I I VEHRY W& D 5 EOFEATIZET 5 FHME % CPUE O R HIER
2N, 7 —ERKE ) SCHEGE L7278, BT I21E SAS (Version 9.1.3, SAS
~KADT—A (WHBZTFEEBE LGS 2 Inc.) ZFIH L7z
BT 542813100,000R THEIE X E 5
) EoEb Az @EE L, X—247 — 2 ToOHH 4-4. FRAEDFEEREE

FTFBII36 L HEE S iz, AREiTIE, =2a—FNVAy FT—ZIZPHSI N
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Fig. 4-6. Overall correlation plots of the observed and the predicted CPUE in the neural networks
for southern bluefin tuna.
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Fig. 4-7. Overall correlation plots of the observed and the predicted CPUE in the MCMC method
based on the EM algorithm for southern bluefin tuna
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CPUE DR EIZDOWTIRE T4, FHIE LT, #3¥
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INEECEALTF—%ty FEHWT (521254
N7z TEy b e FA—0box i), KilE
fENT D720 OFENFH: (EM 7V 3 XA THIR L 72
MCMC & : i EF V2 IRE L T, £ENAA
BCE Y S HOFITOVHHEE L L) X EHE
ENAEAAMBERE (Table 4-3) L lkiEdrE, =
2—=F )ty b7 =223 CPUE FHlfEIZ X D
IS N7-MBREOMIZ, MCMC I & 5 ZFhic
HRT2HMEL, PRV EL koT05,

T/, TNooMETay b (Figd-3) 25, W
Uil S HBIHMEE 2 AR E L, D) KE LBRIE
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5o

EM 7V T) X 23 RAMERFE OREH 27T
ALTHY, ZERIEBI ZE L 7HIEE TV
ERMEMTON D, EBICIE, BT —5 LK
LAtHE®ONT 2 —F =M 5 2 5N T TR
ET— 5 O BHE (BN T — & ORFOUE & R

CPUE vyear trends for SBT by neural networks and GLM (CS & VS).
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Fig. 4-8. Comparison among the results of attribution analysis (ie. year trend of CPUE) based on the
predicted CPUEs for southern bluefin tuna obtained from the neural networks and ANCOVA model.
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Fig. 4-9. Comparison of CPUE year trends between the supervised (i.e. with observations) and
unsupervised (ie. without observations) data based on the predicted CPUE for southern bluefin tuna.
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CPUE Pz W CTHE STty P T LI
BUME & F IO A ZE OIS ME, gl K U R R
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EAMMEBREE S 22— VEky FT—72
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REIORBIZ, 7y METIERL, &fE LT
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LB ETNVHBEEIZOWTHENRS, Figd-68 &
' Fig. 4-T3FZNZNDOEF VBT 5 BHEE TR
fEDOAMB 71 v b %, Table 4-638 & UF Table 4-71%
FNFN2DODEFEFN (Zma—FNVEry hT—7 vs.
EM algorithm 2 & 5 MCMC #) 1281 % FHfEIC
B3 2 fatE B L OEIE & > IE O FHBI R 5 2 5%
LCTwa,
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EM 7V 39 X4 %FIH L7z MCMC 1%, #Mixhiz
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Pearson’s HHBIR B O MHIZ06FEDRDH ), LT LI E
WERWRA LRV, ZOL, MCMCE®D X 5 FillizE

TRV, =2—=F)Vtxy hT—=2&FHWTHHL
ANDOEIFEHIAMEIR L LTROOND 720, FEEHE
T 5, MIZEAE, EM7NVITY XA 5 MCMC
FOTIEREDIERIEL, HENEREE R LTk
WwWEhEZHNL,

4-5 & h/=-CPUEE L > N (BRSAHER)
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Fig. 4-10. CPUE year trends based on the estimated values by the tree regression model (Constant

Square and Variable Square).

Table 4-8. Pearson’s correlation coefficient of estimated (ie. supervised) CPUE
by tree-regression model and predicted CPUE by the neural networks

Hypothesis

constant square (CS) variable square (VS)

Correlation coefficient

0.91747 0.56288

Table 4-9. Median, mean, minimum and maximum values of the absolute error by the

neural networks

Hypothesis constant square (CS) variable square (VS)

Median 0.512460 0.0991
Mean 0.713396 0.881654
Minimum 0 0
Maximum 8.033459 16.6517

Remark) Maximum supervised CPUE: 16.91, Minimum supervised CPUE: 0
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Correlation plot based on the assumption of Constant Square (CS)
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Fig. 4-11. Correlation plots of estimated values by the tree regression model (ie. supervised data) and the
corresponding predicted ones by the neural networks based on the assumption of constant square (CS).
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Fig. 4-12. Correlation plots of estimated values by the tree regression model (ie. supervised data) and
the corresponding predicted ones by the neural networks based on the assumption of variable square (VS).
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=& BN F—=2 3 YIIBITLHEENET— 4
LT, BIEEFTNWVICL S CPUE #EEMEZFF L
P& LCid, CSIRHE L O VSIRBIZHIET 5 7
— 7ty PMOBBRPEZHTHE L, Pk ) ik
BE2RHOBEREZ 7V —¥Y ¥ 73 5BEE TN OR#AS
&M lcasl sz 7)) TN T—RRICAMT 5
LWV CSIRBDIE)ICY v FLTWAI I,
s (CSRREE & VSR IS 9 5 15 CPUE #
EfE) 1ICEDWTHI &SN/ CPUE4E ML ¥ FosE
WOSBHEIZRN TV A 2 & (Fig 4-10) B3FEIF 6L b,

CSIRHBLUOVSHHZHEL A& OB
CPUE #52fi & = = — 5 )V CPUE F#llffi ® Pearson’s
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CPUE year trends for SBT based on the assumption of Constant Square (CS)

—=— Predicted CPUE by neural networks —— Estimated CPUE by tree-regression model
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Fig. 4-13. Comparison between CPUE year trends extracted from the estimated values by the tree
regression model (ie. supervised data) and the corresponding predicted ones by the neural networks
based on the assumption of constant square (CS).

CPUE year trends for SBT based on the assumption of Variable Square (VS)

—e— Predicted CPUE by neural networks —s— Estimated CPUE by tree-regression model
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Fig. 4-14. Comparison between CPUE year trends extracted from the estimated values by the tree
regression model (ie. supervised data) and the corresponding predicted ones by the neural networks
based on the assumption of variable square (VS).
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MBI OME, M REOFHMEEB X O Yefi,
Kig/ME % Table 4-8& Table 4-9127R7 7, T 72,
OB I T 8 CPUE G E =2 —F v
CPUE Tl »AHE 7 a » b X Fig. 4-1138 & OF Fig.
4-120 X912k %,

INLORE»SHBT5 L, CSRFHIZBIT S
BRI VSIRBLOSE D Z IR T2 ) R %
STWVE,ZDZEIFHE TRy bbb EARNS,
FHIC CSRFATHTIE T 2350 (B CPUE €l &
=2—7 )V CPUE FilllfEo) FHEIFREIZ091 & IEFIC
HloTBY, HE 7Oy b ENWLREILR ST
Wb, —77, VSIRFLZEE L7 — 2 OMBEREME
FCSIRFHDENL Y HIELS Lo THBY, HKilT—%
FODLRELTFHLETFT =%y M EBL TS E
ZEzoNb, LaL, iz ifEiddewicnhs
WEIZ 2o TB Y, VSIKFTO &aE Lg%
WEVD=Za2—FNVEhy T —=27I12X5FHIE, CS
WHIZETHRVwEITWZ, HEP)I F{ voTna 2
EDG B,

Wiz, (45) RoFPFEIZ X Y i &7z CPUE 4 b
L v F#% Fig. 4-13 (CSIRFHDHEE) B X U Fig. 4-14
(VSIRFHDOEE) R T. 22Tl #Hbiff&5—%
T 58 CPUE 2 filih: & i & L7z CPUE 4E b
LY RE, NYF—2 a3 ilBiFbs=2—7)V CPUE
THMED SR I NIz ENE DI EIT-> T b,

ZOHE, FUBEIBW CSHHDEGH D AR
57, VSIRFIZKHIET A7 —RIZBWTH, BE
CPUE #tEfli & = =2 — 5 )V CPUE Pl 12 &Ko <
CPUE4E ML ¥ FIZFEFIZELABPMTn S, kL7
FBIRICEDEZY I 2L —Y 3 v OREISHMTL
T, CS@i e VSIRFOTHLE X B2 D 5 R
XRETH L EREDbNS,

H A

4-7. F&DH

KREITIX, IFIIuBHENO@fEBE 2= 2
— IVt v b7 —212% % CPUE Fill & BRI
DNTOF LD ESHEOREIIONT, BT 5,
BATETIE, HEMfEZ2—FNVEy bT—2 %
L CHENLVREMO I I~ 7 u CPUE &
FHL, ThS5OFRHEICIESWTCPUESE L~
RFE2HEET 2 72D O R BN TR RE L7,
COHFECI MBIz —F NV Ry VT —2
2B CPUE4E ML v FEIGHSITICELEENS
EORBEL T TRER, —2—F Wy bT—=212k
% CPUE4E b L ¥ FiE, 4 #mHicEko< CSIR
FHOENELBEHRLBTEY, VSIRHEDENL &~
FEED2R VR o Tw, 2028, I F3Ix7

TEIRIENT LD L 7 o TO I REN R V2R O
CPUE fBRIZDWT, #FED SHIENOKIE RSO
MiNEEE 2, KREFW B, 5 —EDEMNIT 25
RIRTHEHEEZOND, Thbb, HBEIRL
oI BWTD I F I uBENFET D
YV OB EZIZFRAFOERELICZ-oTWHI L%
RELTW5,

& 512, n-fold cross-validation (2 & % FHlfEDOAEE
FMzZELFALF—2Ey FEHVWTZ2—F VAR y
FI—ZBLIOEM7VITY X L2 MCMC #
ERHLTITo728Z2h, —2—F VA bT—271C
X2 FNMEREIE, MCMCHEICX2ZN LD 2%
BWZ ERMEIrD LN, 2O EHhS, SO
WZBITS, =2a—FNVEky NI—2I2LB3IF3I<7
T DEEN T VIV D CPUE FlFEEEDS, Mo )ik
EHRTHLRDEL Lo TWDE Z LR INT,

kB, EF—sEMHLLBRIC Yy FLEETD
—a2a—=J VA vy FI—=27I12& % CPUE Flll{i# NV
T—=3aryLThETA, CSIFHD LA VS K
IR THENRE - 72, 3772 CPUE4E M L
Y NENLHMT AL, FEBEECSIEE VSIRFHD
B LIOHEARS 2 HERETH S L Ebh b,

LUF, fENT LoORENB X S HBoOBEIZOWT,
JHEH Z LMY 5,

s FRICEET B /OZRNUF—2 a3 DhEE
SH, B ETF—% 5 v F A5 5E L
7y bEAWT, EAMBEERE L 5fold cross-
validation {2 & O FHMEDOKEEMFAEZ 1T - 7245, 7 1
AN F—= 3 YORBICHW S @BIROIBEIX, RNY
MO BERMETH b, RIFETIX, =2—F V%
v N =7 OoFRERBENEOBEEEZ RO, B
T & FIE O FR 2 % EHE L72AS, Pk
MAEREOMOIEL R L2 2 A, a2 —FVEy
P =212 LBMEAMCMCEIZEIAZFNS LD LR
{25 L) FOBERAIE NIz, 2B, LT
— 5 %5 T NGB LT, SRR R R RS
L7207 57— & D5 E %47 LENH 5 72
B, BHEOEEIRRICADLELAEZSHRIECIY A
NTWnEZn,
FRICERENE, 3742 b bBIIEA MR- THEP
A LTV AEE (BRI VSIRGE TR ) 9 2 aEM:
WHDH) i, FEEHLZBIRICRIL 723 57—
a YEBR 4-6H) BT —FDT VT LGEO
BCEAFYI Tk Rz, SHREMEZFHFOLAELE
DT = BEOFEERET LT & 7z2n,
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s ERAICH T HEHZEEDE V) KL

SR DN TIE, & TOBHERDINET D w7 7
TV ANERTH-T2720, fBifERFEEFHLTCE
WA 247w, —2—9Vhy T —212X>THEDS
NPz X—ZIZLTCPUEDE ML ¥ FE&H
W a2 ehiskiz, LaL, SRz &tEalc
i, B R L W %2 2. H T T HVERK
WS 0NN, Wt mit Z0F F THRA
2 BRGHT FHEOBFE DA L T & 720,

« BRI FIEOKRE

ARIFFETIE, R - BEIS XDV BLOHI L
IZHEEF SN2 CPUE F— % 2 W T Wb 720, 74
bHL1IDOANT—7+Ey b (e iImWFOHM) TR L
THbf O LT 1 OFAET 5720, EHRW
GHOBIZ, ABLORE - BEIZOW TP E -
T-HE LM E N - 72 5A 8T, MlShZFENL Y
FIRFFEFICHIMPMTWS, L2 L, T=FDNF A
PRI TO WA, B2 X —OFRFI T 5 855
WMHDBEAET HHEI121E, TOEWIZIEFICREVWE
ZEZzobNb, TOBII, T—FICLA2EAMFITETS
BAIEIRMZID, EVOEAZSHELVEE LGS
WP 2L ONRYTHLEEZLN, bt
DECHT BT 5 type-2& type-3D 3 J7F1 D
IR L TWb, 4%iE, 20X R BEETOFE
YL L BAMED BB 2T o TV & v b o & b,
120ATEY b (e mFOM) 0T 2O M
NOPGEHET B8, PEVELLI®ZIC=2—-F)
Ay NI —=2 X AFEEZOLONPAHEYTHDLED
EZZHBHEET H720, BHICE L UIM»2EEDs
PVETH b,

5% Tweedie model ® CPUEREHTADICA+EO -
T — 2 DFE—RI IR KL

5-1. (2L &IZ

CPUE EEH#EALIZBWT, fmfICIAFIHINTE
7z CPUE-LogNormal € 7V (L5807 V) &,
HiRo@EY, (5.1) RO L) REREI R ENS,

Log(CPUE)=(Intercept)+(Year)+(Area)+ (Season)

+(EMT)+--- + (Interactions)+ (Error), Error ~

N (0, ¢?) (51)

#) (EMT) FEBEZERRPUAICEMR S TnwbEE
BEONREL EOBHTH S

CHDETFNTIIRNELETH S CPUE IR LTH

M

R AW > TnDH T D, Catch AR T b
% CPUE (=Catch/Effort)=0& 7% %5 57— % Tid Log
(CPUE)= —0t 2o TLE I 720, £20F T TIIW
DD Z LSRRV,

CHZ &% CPUEMITICBIIAYO - FxvF0D
MEEIMFATEY, FELOFREEZIT) 72012, KAl
LTUTOWTNHIOHEPFHING Z L 25%\v,

1) ISEERTH B4 TOCPUE IH LTI
wdm GEFIH) # R LAL K (ad hoc &
iRe)

2) HEWERTH S Catch ZIDEERICHEL,
Poisson 73 i R A ® " H 554 & K2 L 7z,
Catch-Poisson & 5 \» ¥ Catch-Negative-Bino-
mial € 7V & 2% 75 (Catch BLE 7 V)

3) CPUE ¥ unpfhihrzipii/zh<T, ¥o-Fx
v FE % logit &7 VR probit EF NV 74 & THE
EL, ¥aThRWERSIZD A CPUE-Lognormal
£V R2) O Catch B E 7V 2@ $ 5 ) i
(Delta #4 2 BF&:) (Lo, 19927 &)

4) 3)® Delta ! 2 BRI B W TR EB % 2k
BXICERBIL, NI A= —%FAREET 2T
1 (Zero-Inflated €5 V) (Lambert, 19927 &)

INFETIE, (CPUE=0& %2 T — 9 BHEHET LY
Hi2id) IWEE$TH S CPUE IZxf LT —Hizmd
wERLAG 1) OFEPMERIE LR TE
72 ((52) XZH),

Log (CPUE+constant_term)= (Intercept)+ (Year)
+(Area)+ (Season) + (EMT) +---+ (Interactions)
+ (Error), Error ~ N (0, ¢%) (5.2)

COHFEL, BB I - TRV T WK, EIZ
XEHEEIIBIT MY DIEHA L &b, HIFEEICEHLT
1, BRSNS COEHEEEZ A LTI 2k
WCEoTRY 22 EMFRE DS, EB LM
EMATIRETNG A= —EEIT->TBD, R
DA TADPEL S, T2, —EBEELTEDII R
EEZRIUTRCOPEVHIMEDH D, ERHELRR
2 ? ICCAT 7% & TidF¥ CPUE ©10% 2w b 1
TwaAs (ICCAT, 1997), HMIIAHTH Y, ik
DU SNR,

DO ERTH S Catch FInEEHICL 2
Poisson EF VR A O ZIHHAEF VI, — AL
EETIVORMATHIRZZZ L DY, HFESL
CHwWHsENDOH %, K1t Catch-Poisson & 7 )V
PR SN TW7z228, FHEGEDE L & v il
MR, B &N CPUE F— % oBIRIC~ v F
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LTWBRWOTIRZVWNEEEON720, 41
Catch-Negative-Binomial & 7 WV IZ#4T L T o 728
DD Do REBRFN S CTIL A I N TV S5
1%y r — Y SAS @ GEMMOD procedure (— &1t
WMIEEFVDAYE—F V) IZBWT, AOIHSG
Aii € 7 VAT Version 8275 77 4+ v b TLefii Sh/z
Z £ 3, Catch-Negative-Binomial & 7 VA% & L 72
—WTHsb, LEZLNL,

B, ®ETIZ CPUE B udrfhrziniycto .
Fy vy FEKE (53) Ao logit &7 IR probit & F IV
THEL, O TRWEHGIZORILGTHGHTET IV
(CPUE-LogNormal EF V) 7% ¥ %5# M3 5 Delta &
2BEBEFLSHVONSOH L, TOETFTLTIL,
RAOED - Fy v FREEDOT LA L ROIEED
Wt 5 —RALRIEE TV ORIEICB VT, #KEF
MICARLRHAERORRIR L L2 L 2T
b, ZOMMEBHECTHHUESD 5,

E[Log{R/(1-R)}]=(Intercept)+(Year)+ -+

(Interactions) + (Log (Effort)) (5.3)
fHL R (¥a - ¥ % v F%) ~ Binomial (p), 7%
bH AN T 5,

T/, 2O0FETFNVOREREE 1 DICHEETFLT
FRHEET 52 L BWEETH Y, ZeroInflated €TV
LIFIZN T Do JBE 3) 0 Delta B 2 B € 7L &
4) @ Zero-Inflated & 7))V O L EMEBIZEAMICHE ©

53

Ba LTHBY, 785 2 —F —HEMH S BmMICIZFE T
WZhbe LAL, SOEFMEIILVEMT, Tk
BIZX o TIZCPUE4E ML ¥ FHFA—EIZHEE K%
WED B D70, KERFFITIZB VTR 3% K
LTwin,

5-2. Tweedie ETFILDBET — 4 DEHA
Fiffio¥a - ¥y v FREICBSBIRE & A,
AETIET—2 2 XTI &5 R—IZHD
ez % Tweedie €7V (Tweedie, 1984) LIFIEN 5
% % DFEFH Gamma 75 1I2HEVY,  FHEE AT Poisson
GIARNIHE D FESRBAE D HEAN BT VICHE T E YT
T, Lt A, ZOEFVIE, BIMEY 2°E 0
12 mass point & F§ 5 IE D55 CTHxt e & 7 5 =
GAiTHY, X (54 DEHITLTEALTRETH %,

iX;(N:LlLJ
V=93

0 (N=0)
HL, XXy 3P, 58 o u*s % % Gamma %
A H RN AIZHEYY, N 1ZF3 A @ Poisson 4347 12
By elds, 64) RTO XX, NIFhZEFh
ARV MNEZERSEZ A EL, FHME N %
WFrEIZEIDET - F—F EH IO FES =
LT EBIC R %0 B, HABD53HiB X US4 O Fl
TiE Bl sh7-¥ux% { &4 CPUE ofiidX (54)
DY ITHIET %o

(54)

b *i:;: Y |
N | e Pt fg;"JiC{
r’__r‘""# ! ‘k‘ 3 HARN
7 f BN RIS
| - < ¥
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Fig. 5-1. Area stratification used for CPUE standardization of yellowfin tuna in
the Indian Ocean caught by the Japanese longline commercial fishery. (Shono, et

al,, 2005)
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Z D Tweedie ETNVITBB L EREBR LT &
WX D IREI AR A R, — R EREE TV
DR TORPLEED T L —2 T — 27 TOWRBERD
TR L % 5728, EwAUHEEREIEARRMN T TR
N5, LwI)ERIZBWT, Tweedie EFNVIZL S
HEERFINENICEWEE AR I LPAMOSN TV
(Jorgensen, 1997), =D 72%, ERIZFEKE T %
COMBIZEAINTEY, SRIIETHSE F
BEHOGERE) ~OBHbPHEIN S,

LaL, 20—} THMORETETIVE DA~
OHERIIRES N, EFVAE LTl W
THDEEVIREIFET ST LI, FREET 5,

Tweedie €7V, @HEORULEDO 7 L —24 17
— 7 BB PR, T b bk (58)
TREFR SN OFR % i Bk L7
EFNVELEZON, ZOBEBRESRLEICL D HEE
Wik 2 LM TH 5, T/, BRBREOHEEIC
FEPDEOMMAZMHL T b720, AICIT
HENLHEHREBIED, EFVERICE L CTIBHDY
WA BR v 2 HGEIRICIE Deviance 7% E123E

> { stepwise 4 ZRMEEH VL Z LAY T
D, QAIC (quasi-AIC) & MXN 2 15 i Bl#E D
REZEINTW5BHA (Burnham and Anderson, 1998),
PREGII R SR IZ DO W TR ER ORI DH 5,

AWFZETIE, 2 DDWSET — & OB %28 LT,
Tweedie 73 4i €7 )V & HGHOHET NV EZMHL 72
2T CPUE IZA &% L LiATr ad hoc 2, &
52 —EBi Catch Z B A EBIC L2 A0 A €
TN O HEHRE 21T 72,

%72, nfold cross-validation &IN5, 7—4% %
FSUyFAInGEL, Bo—& T4bbHnsE
SNl o0 7y MIBITS CPUE # i E Ik
L7zFllz&ToY 7ty ML TEFICIT D Fik
ZBLT, K4DETIVOREEFM 21T - 720 FEERF
fliOFEEE L L CIZBUAME & 7 HE D Pearson’s FHEY 1%
BB X O it~ (mean squared error: MSE)
RHRL, HE T Ty b2 COEELREOMEN %
W7z,

B, S-3MTIIHARDIIZMEEMICLEL VT
BT DX NTEEE, 54 TIIAERDIZZMBA
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Fig. 5-2. Value of log-likelihood function (L) changing the power-parameter (p) of the Tweedie
model for CPUE standardization of yellowfin tuna in the Indian Ocean caught by the Japanese

longline commercial vessels.
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Fig. 5-3. Plots of the standard residual in the Tweedie model for yellowfin tuna.
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Fig. 5-4. Plots of the standard residual in the ad hoc method for yellowfin tuna.
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JPAMZ & B AEACFEIC BT 2 7 1 b 7)) 2 2 I
D L, EBEOWFET— 51255 CPUEMHHIE L
T, fEMICHGEEL 720 &b, 5-5EIEATED T L DT

%60

5-3. EABI1 : BRDIZZABERMICL D1 > REX

NS EIED CPUE f&th

RETIE, HARDIIZMEEMZ L DA ¥ FEFN
FEJOWHR - %J)w T — % 2 L7 CPUE £

%

#1t %47\, CPUE-LogNormal &7V (585541
ETN) IZBWT, WELEHTH L4 ToHCPUE I
L TwAE (—ER) R LAD ad hoc 2 kL
Tweedie 5 ETNVOLEKEZ B E T 5, HE - &
FEAS5 AU ATHBICHEE SNZET— 5 2 i
L, TICH WIS L L SR, DTFo@ED)
Thb, 2B, tu¥xxvF - - F—7DHD5EEIT
10% FERE & LAY VW AS, 7 =7y MO TF— 5 &

Year trends of CPUE for yellowfin tuna in the Indian Ocean
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Fig. 5-5. Year trends of standardized CPUE obtained from the Tweedie distribution model
and ad hoc method for yellowfin tuna in the Indian Ocean.

Table 5-1. Dataset used for 5-fold cross-validation in the example of yellowfin tuna in the
Indian Ocean caught by the Japanese longline commercial fishery

Sub—set  No.of data Scenarios
Base case I I 111 I\ Vv
1 9,871 Rule C.v. Rule Rule Rule Rule
2 9,872 Rule Rule C.V. Rule Rule Rule
3 9,871 Rule Rule Rule C.V. Rule Rule
4 9,872 Rule Rule Rule Rule C.V. Rule
5 9,871 Rule Rule Rule Rule Rule C.V.

*Rule and C.V. show the sub—dataset for rule making and cross—validation, respectively.
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Table 5-2. Model comparison based on the results of 5-fold cross-validation for the
example of yellowfin tuna

Candidate model Pearson’s correlation Mean squared error
Tweedie model 0.493920 3,749,210
Ad hoc method 0.468231 4,222,409

Table 5-3. Pearson’s correlation coefficient in each sub-dataset by 5-fold
cross-validation for the example of yellowfin tuna

Correlation I I M IV Vv
Tweedie model 0.532 0.473 0.486 0.509 0.486
Ad hoc method 0.508 0.437 0.458 0.498 0.461

Table 5-4. Mean squared error in each sub-dataset by 5-fold cross-validation for
the example of yellowfin tuna

MSE I I I I\ \
Tweedie model 578,187 864,574 798,697 615,102 902,651
Ad hoc method 652,065 972,004 910,298 685,552 1,002,491

LTIE—MmMTH %, MRk L7 (57) KX)o
1) CPUE ##AbICB I 2 E R HIIZE ML ¥ Fod
INEEB—HARDIZZMEEMC L 24~ FEICE WThHbrIEND, AIVEFVIZBWTY, 4 (Year)
i} % F 5 ERO CPUE DERRITFHIIEN E LTED 2,
(=Catch/Effort) Catch : i J# & %%,
Effort : 1% (10004 HiAT) log(CPUE,, +0.1) = Intercept + YEAR, + MONTH ; + AREA,
SIHER—Year - 4 (1960-2003) +GEAR + SST + MLD + (YEAR* MONTH), + (YEAR * AREA),,
Month : H (1-12) +(MONTH * AREA) , +(YEAR* SST), + (YEAR* MLD),

+(AREA* GEAR), + (AREA*SST), +(AREA* MLD),
+(MONTH *GEAR), +(MONTH *SST), + (MONTH *MLD),
+(SST*MLD)+ ERROR,,, ERROR,,~N(0,5°)

Area : #EIX (1-5, 4 ¥ FH¥EERK% 5
212X 4% (Fig. 5-1))

Gear : B % (number of hooks be- (5.5)
tween float, HBF) log(CPUE,, +0.1) = Intercept + YEAR, + ERROR,
SST @ ZMJKikik (sea surface tempera- ERROR,,~N(0,07) (5.6)
ture)
MLD : EA&EEE (mixed layer depth) — Final model —
7£) Year, Month, Area ZHF D WA 57 3T A )L log (CPUE+0.1) =Intercept + Year + Month + Area
R, MR R s . + Gear + SST + MLD + Area*MLD + error,
error ~ N (0, ¢?) (6.7)
WA, Tweedie EF NV DLEN R TH 5 ad hoc WIZ, T? ad hoc % HETORKET IV EF UE
GHBEIIBWT, EELBIC—AICR LD EIH Kt RoOMEREZMHL T, Tweedie ETIVIZL S
ZOIEREEL, ETCOFEMRELANEHEEDZT W% AT o 720 RN O FAREE LI &
VET N ((65) ) 254 (Year) D ERRD A DHEEL, KICHIRERBD K NT A — 5 — % BT
2ELIXNVETIV ((56) X) T TELDEKEET OFELAEFIH LCHEE L7z RHRICIE, 7Y — 0k
DA I D7z o THPIEEIR L M€ 7 v odhh B8y r—ITH 5B R (Version 220) & 7z,
5, 1% #t & # % BIC (Baysian information criterion: WEIZOWTIX, Tweedie €5V & ad hoc % i

Schwarz, 1978) 12X D BINENZEF N 2 REET DB E VI BEDS, Tweedie EFNIZBIT 55
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Fig. 5-6. Overall correlation plots of the observed and the predicted CPUE in the Tweedie model for
yellowfin tuna.
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Fig. 5-7. Overall correlation plots of the observed and the predicted CPUE in the ad hoc method
for yellowfin tuna
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Fig. 5-8. Correlation plots of the observed and the predicted CPUE in the Tweedie model for

yellowfin tuna in each sub-dataset used for 5-fold cross-validation.
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Fig. 5-9. Correlation plots of the observed and the predicted CPUE in the ad hoc method for yellowfin
tuna in each sub-dataset used for 5-fold cross-validation.
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AR D FAR B M e R TR =5, 2 DDETNVIZBT
% LSMEANS 12 X 23l &7 CPUE4E L~ F,
5-fold cross-validation {2 & 0 # & h 7= Ml & BLHIAE
DM 71 v b, Pearson tHEMRE, TFHFiREL
ERMMLETVIE, DOIEFICEXRS,

79, (54) XTO Tweedie 7NV DERIICH
WCE Y R BB AT WIR BRI G EL L, SR
HOFRE p 2HET %o

Var [ul= u’® (5.8)

1) p A1, 2, 3DKEZ 2N Poisson 234, Gamma 7347,
WOEBL A & 25,

COFARE D 1L, 0<p<lZ R ERTERINL DS,
BURDXGII<p<2DHFEHTH 5720, ZOHPHATRE
EMBSRKICR D p 2 RDIZEZ A, TOMHIZE
X #1158 HE ¥ N7 (Fig. 5-2 1 x SASEARKL, v b
BHEEET )

WIZ, ZOGHEBOBEREORH e EmE L, 5
BE OFF A % ] L C maiREk e & o BE % i
EL72D, ETWVIHBOBE, S, Tweedie €TV
WZBWTYH ad hoc LR LML » (3R
(B.7)) ZEH L7z,
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Fig. 5-10. Value of log-likelihood function (L) changing the power-parameter (p) in the Tweedie model
for CPUE standardization of silky shark in the North Pacific Ocean caught by the Japanese longline

training vessels.
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Fig. 5-11. Plots of the standard residual in the Tweedie model for silky shark.
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Fig. 5-12. Year trends of CPUE obtained from the Tweedie model, ad hoc method and Catch-NB
model for silky shark in the North Pacific Ocean.

Table 5-5. Dataset used for 5-fold cross-validation in the example of silky shark in the North
Pacific Ocean caught by the Japanese longline training fishery

Sub—set  No.of data Scenarios
Base case I I I IV \'
1 4,688 Rule C.v. Rule Rule Rule Rule
2 4,687 Rule Rule C.V. Rule Rule Rule
3 4,688 Rule Rule Rule C.V. Rule Rule
4 4,687 Rule Rule Rule Rule C.V. Rule
5 4,688 Rule Rule Rule Rule Rule C.V.

*Rule and C.V. show the sub—dataset for rulemaking and cross—validation, respectively.

Table 5-6. Model comparison based on the results of 5-fold cross-validation for the
example of silky shark

Candidate model Pearson’s correlation Mean squared error
Tweedie model 0.502957 6761.768
Catch—NB model 0.450111 11432.45
Ad hoc method 0.446779 8814.842
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Table 5-7. Pearson’s correlation coefficient in each sub dataset by 5-fold cross-validation for

the example of silky shark

Correlation I I il \' Vv
Tweedie model 0.513 0.464 0.558 0.504 0.497
Catch—NB model 0.472 0.431 0.486 0.453 0.427
Ad hoc method 0.456 0.422 0.47 0.46 0.443

Table 5-8. Mean squared error in each sub data-set by 5-fold cross-validation for the example

of silky shark

MSE I I I v \
Tweedie model 1,277 1,493 983 1,166 1,842
Catch—NB model 2,035 2,465 1,911 2,259 2,762
Ad hoc method 1,688 1,846 1,375 1,517 2,389
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Fig. 5-13. Overall correlation plots of observed and predicted CPUE in the Tweedie model for
silky shark.

Catch—NB
A S S
:’3: 0‘ . € 5
.‘ ® : * 0? .:Q *
PR .o . ot
33 * &
T R T RRY .
L J L )
E 300 hilhd Y .'0‘ M &
% %% ¢ ® . ¢
T t Y
o p 4 * ¢ *
L
3 @
&
®
.
3"0? o
. e TE% e 20
s nhe I A t Rl ¢ o
* .’% & * ¢ A.. :” ¢ hd
15 2 2.5 3
Observed

Fig. 5-14. Overall correlation plots of observed and predicted CPUE in the Catch-NB model for
silky shark.
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Fig. 5-15. Overall correlation plots of observed and predicted CPUE in the ad hoc method for silky
shark.
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Fig. 5-16. Correlation plots of the observed and the predicted CPUE in the Tweedie model for silky
shark in each sub-dataset used for 5-fold cross-validation.
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Fig. 5-17. Correlation plots of the observed and the predicted CPUE in the ad hoc method for
silky shark in each sub-dataset used for 5-fold cross-validation.
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BoEZHFEFHAL Tweedie EFVZHWT, ¥
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N7 4=V A%BUT, AICZIIUDETHEkA
ZiEHEEYE BXOTFHREIRESINS stepwise
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182 A. DEHOWMETNICETBTICOEHE LS ZL T, DBRITFEOMEILD/-DIC (A2) XD
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Y=y, — ) e+ (v, )
AIC DB RRIBIEDOY A & KT 5 & TIC 0)«\%)1/ b
TABIIEMAIEE LTBY, BER LIEEETRET +(yEH —;12)2+~~-+(y22—;12)2
HWREBRIZIREN T LS, %C“C“, TULﬁiA < p p
R ORER R Y I 2 —Y g VEBRTIREL - +
$ 9 BRIEBBRELT RO 2 TRESHGITET NV (i +(@y _ﬂp)2+“'+(yn_ﬂp)2
SPHFE 7V IE CPUE BEALIC B IV B B) % oy
W TIC ®E B X OHHN 225 AIC Lol (A.3)
Bx21iT- 72 (EE, 2001). Thb,
F 9, Table A-1® X 9 % 2 JEEE G- FHTE TV
BER D, BARH D, NFTA—F—%p (n>p), KO ZOEE, j=lp LT
n/p DETHEHTHLHEL, A (Al) OXHLE or 1 *Z“/i’(
WA GG EFLEIET 50 EEICH, o o )
0’1 ~1n
Log (CPUE) = (Intercept) + (Year) + (Area) + o oto
‘ uy  o'p
(Error), Error ~N (0, o2 (A0) s
P 0 @1=#)),
DD FHMAHMEF LT (Area) O EHENA HioH
N ol jap
LDNEVHDERETAHI L LT 5, 2:_7 Z(Yk 1),
ou;00 O k=(-hnp+l (A4)
Log (CPUE) = (Intercept) + (Year) + (Error), EhbZ <‘: )
Error ~ N (0, ¢?) (A1) ol { po
oo* 20
COLE RHNST A= —R7 PVO:=(u, 0?), 1 =—L{*}+ n
o=y, ) VSRS DR BODEEBIRL | 132 Rk e’ of 20° (A5)
BEMEEf 2EETTILICLoT (A2 Rk X, ¥/ (A6) XolE
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(©1Y)= Y logfly, |, °) o d/p) (A6
=1 w5 L
= Dog2z —Nlogo? [ & ]
=3 g ) g E 2}:_22’
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Y ) (Y, ) -
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Table A-1. ANOVA model (corresponding to CPUE standardization) for TIC derivation
Area 1 2 . . . n/p  Parameter
Year—1 ¥(1} Y{(2) . . . Y{in/p) u(1}
Year-2  Y(n/p+l)  Yin/pt2) . . . Y2n/p) w2
Year Y{p—Dn/p+1DY{p-1n/p+2) - - - Y(n) u(p)

Remark) Y({ -+, u{+) show the corresponding samples and unknown parameters.
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8 (HBH, 2005)
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Bh, oML AE DD Y, FHFIIZMLD
EEVSLETH 5,

Table B-1. Pattern diagrams for tuned VPA (4E## and 4E shows the age and year in the table, respectively)
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Fig. B-1. Year trends of standardized CPUE (for yellowfin tuna in the Indian Ocean caught by the
Japanese and Taiwanese longline commercial vessels) as a tuning indices used for VPA.
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Fig. B-2. Year trends of estimated stock number (for yellowin tuna in the Indian Ocean obtained
from the VPA) by the standardized CPUE in Fig. B-1.
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