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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 (i.e. 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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2-2. HEtET IV

CPUE ##4b T, CPUE IZ3E 8% 5 2 5 BEK (4 -
ZEH - WX - AR S T B EEAR ST - BB
BN L) WL, CPUE & 5 v id Catch %
IDEERE L le— AT 7V (IRl 5H7 R0 4k
B - BOTETVEED) PMEMMIERINT
W5, fLEM R ETIV (Gavaris, 1980 ; Large, 1992;
Reed, 1996) & L Tix, LLF® CPUE €7 )V & Catch
ETNDBEFOLNLD, Wb CPUE 3% 4 D%
HIZOWTHROBEOETRINTE Y, FEETN
(multiplicative model) &MiEhTwWb, AKETIZZ
NOHO2OOFF N2 HLIIIY LT, BRI
EFVBIROBIRIZOWTHRRG, T2, ®ELLH
WHNDOH LIRATEE T IO WT b M HLI il
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2-2-1. CPUE €7 )L

Robson (1966) Lh3k, CPUE (2B L T BE R
EEELZ, Wb b CPUELogNormal & 7L A%
EHENEZENEL, ZoEFVIE (21) Kok
ICEBEND, TS BMICBWTRIEHENS
iid. (independent and identical distributed : 37 C
[ — AR CHE D &) BIK) D% % CPUE #£#
BIZBWTHIRET S Z e RIWTDH Y, ALl
DWTHHEIIWI D S WIRY 2 iid OE % <
ZLET 5,

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

fHL Log (CPUE) ~N (u, ¢® &L, E[]d¥
i ET, u, 62 1ZADT—DRMBKTHD,
ZhZh Log (CPUE) A%t LB A O P, 5
23,

(21) TD (Year) & (Area) IZEREX DR
REEKL, EMT) MR SN Tv L EERC
REBRNEOMEELBH L CHIL 5, CPUE Z
HALIZBWTIIAAenE, RELREOEHRE D L
WHEX T 2T SRR TH DA, Kagshiz
%4 DEXNTIEEFE I —IIH /L Tnb 2 LExR
ELTWD, SNHLOERIEHTFIT) ANVERELT
Wb n Z LWL, (EMT) 122w TIdlki
ELTHWONLEZ DD, HHERS AT T A
WVEBDOADYE L HERERDADOYE, ThEh
SRAHTET N - BURSHETIVISHIGLTED, W
HHPRIEL T LA TR ET NV E R D,

COETFIVIEIRDIFVARES R L&, BllRE
3 CPUE O #ixt IS B35 & v ) IREFEHD
ThHEEZOLNTVWAILELHY, TCAHHD
CPUE #HTIC BV Tk 4 R EIBRERES% CTIL <
il I Tw b, CPUE-LogNormal <& 7 )V % i \»
72 CPUE # # 1t @ #11&, & < 1X Robson (1966) (2
HAEDBAZUNEVIEELSGHET L. EHEDLIOD
CPUE-LogNormal & 7V % i J§ L T# > 7> CPUE &
#AbL % 4T > T b (Shono and Ogura, 1999 ; Shono
et al., 2000 : 2002) o

B, ¥u¥xxyvF (CPUE=0: %57 —%) HHf
9 541213 CPUE O HAAR EZ LS & L A5k
7,21 KXo FFTRIELATETHL, £2°T
fENT ZAT 9 720 DHEODDITEIREINTEY, =
DRFEIZ DWW TIZ2-4i Tl T %o

M

$#12-1. CPUE €7 LM% (Shono et al., 2002)

CPUE-LogNormal EF Vo —f#l & LT, HADIZ
AL B4 Y FEFNTOFT— ¥ % w7z CPUE
BHELET VAT RiF5, ZoOFITIE, H#ELBE
%5 EIRICX ) o7z V&2 1 DO e L, AEICE
FtL7z7— 2L T 5,

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(0,06)&§ %,

Q2R TOHEADERDERIIUTOLICED,
SST & SOI id#imEH L LT, ZohoFiHERIZ
HFT)HINVERE L TETFNVICHARATY S,
¥7:, & To»CPUEZx L TivbE (01) 2z T
WHOIE, ¥u - Fx v FF—7I1x L THRSEE
W ZEBLRLNREZRB#ETL720DbDTH S
(2-487)

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

DL 10004 % 1 L5
Intercept : YJ R TH
Year : SEOR)R
Month : H O&h%
Area: TV 7 (EX) OFFR
Gear : ¥i#i% (number of hooks between floats :
NHF) O%)%

SST : &Kk (sea surface temperature) DO%E)H:

SOT : B 74k B#5 #4 " (southern oscillation index)
DEYH:

Year*Area: & Y 7 ORENEH (LLTHEERICL
Tilm " IR AT ET.)

F72, HAOWFTOERIVTOLIICRY, A
DANEG DT — 7123k L CTHESERE 6 D150
T T EMHLTEY, BMEICoOwTh 40
DY TAGELTW S,

¢ (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) XOETFTIVIIENTOBMAKEL7D
DTH 5o FEBIIHE R HEIIESNTH L DHE
WD R DOHEERIRZ 179 LD Y (2-2-457), FHH
EEE1OFTOWOL TNy I T—= ATy T
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T A AWGE (2-2-45) 12X ) REIISEIRS W€
TV, (22) X & SOLIREED ERRD A AR,
(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 757 4i & L < 13 & » ~IH > 4i (negative
binomial: NB) #{KE L7z FVHIEEH LN TE
D, 24) Ko k)ricEtfbsns,

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

{H L Catch ~ Poisson( 1) & %\ id Catch~NB(a ,
B) &£35h., TIT, WHBRIIIENEICHHTSZ
LEELTBY, o (Effort) OHEIX offset 25"
EIFIEN S,

COETIVTOREERIERMEZ D LEN D 5
Z&H,H, Catch & LTIIERBTIE R BEISH VS
N5, 19904487421 % Tl Catch-Poisson € F VA5 E
WTH o728, BEIZA D IHGAE T IVIVEH &
NsZed%v, ZOEEELTIE, HKit vy r—v
SASY OFH/N—V a v (Ver82) THODIHGAIN
WS S 72 2 E BT BN B,

Poisson 54 € 7V Cl, FHESHAFFR L TH S
EVWIREPBHEDRRIZESDLRVEELH D,
% { 1% over-dispersion parameter ¢ AL TV 5
(Okamoto et al., 2003)o ThbbH, WHEEHX I
5 A —% — ) % ¥ Poisson i l2HE ) A2k, &
OFH LR FNENL, ¢ L ETHUEND 72
L #* L, over-dispersion parameter % & A3 5 &
BT BMERSA M Lzh b v) T e RIAMKL
W7, lE ORI EH LR 2 v,

ZZ T, BWAE (QuasiLilelihood) & I-iXh %
AR AN QRAL S Bl S V¥ TR o (N
W3S (Bayler, 1993), HEICIE0 % ) BHEICL S
(Wedderburn, 1974; ¥, 1988), Z®/35 x — & —f
EOMEZ BT 272001 20F 7> a LT,
over-dispersion Poisson E7 VDb N IZ (CEEH &4
AR %) AOZHGAET VR M T 5 5%
Fohs,

2-2-3. CPUE OFE b L > N E ERS T

CPUE e LIC BT 2 £ HI, BlHE (BIR%
BE) OEEFIHIST LA EMO LTI EICH b,
RHANEH & 2 WiA121Z, CPUE €7 )V & Catch
ETFNVOVTNIIBWTHIE (Year) RO EMH
EZOFTEFWHHEIEERV, L2L, EFHEOKRE
EHZEELREIE, ZOMRDHLV, 22T, &
HER 2 EGHAIIBIAERGSTOVEDDE T
L LT, LSMEAN (least squared mean) 23 b1
5. ¥ A CPUE (LTI, @FWIIERRD
LSMEAN #5535 212X > TCPUEE ML &~
FZH#E LTH Y (Shono et al., 2002 : Matsunaga et
al., 2003), ®F#Hix (25) XTHZOHN D,

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
7L H 2D IVIET L7 — F B2 Uz EARA T
PHETHEIEL DB

%, (25) NTIIEHK (Year) OFEXRIREZNE
EURENERAIOVTOAERT TRV, F72(26)
KTEENSL (Year*Area) ® LSMEAN (FEAgIE 2,
1989) #2252 LICX DX CPUE4E ML~
FZHiH L CTw5 (Shono et al., 2002) .

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

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

k k=1

rELT D, (26)

LSMEAN ©»Z 2 K= HHAT 5 &, RXEEAEZ AT
WAEICD (25) Rz THMIcEHIN TV 54
FRRPCRRER EORRISRI R TH ), EHRH
IHTHAT 2 %o (Shono et al., 2000) o
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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 =

P

Nie
= NLZ:(Season”‘EMT)k1

k k=1
35, 27) RIBWTHEHK (EMT) oF
ML ENEFOCRAEHICOVWTOAE Z NLITE
Vo
B, 27 XN TEHMEH (EMT) »8Ewk o
BEZEZTODY, dREROLEAIHE SN T
A— & — 1 B4 729 @ CPUE 12§ 5 24L& &
EBLZBIENMEETHY, HIRSN % EDOHHE LT
BRIC U CERSHZAT) 2 EAWHETH S (Shono et
al., 2002)

2-2-4. TERIRE ETIVILEE

AKEITIE, F—FFVIIBITHEHGERIRN (ERDH
IR EHEBETVHICEBIT B EFVIEICOWT
By EF5,

Wi (EEGEIR) X, EFVEZOEDOBELE
EWZHK A DFWEND CPUE ICEEZ5 2 T0waH»
B % a2 BRI S CHB T 2B TH D,
ATy T IA A RERTRERAELZ HWTiTbh b
ZENL v, BlZIE, BI21Tid SOI B D R HEAT
CPUE ICHBEZ 52 TV HREWIERAT v T T4 Ik
BRI VEDPD SN0, ZOHEPELTBLZE
BRI EREZ R VW eIk b, 20X
LT, WELEHTHDCPUEICHEEXHEZTVWLE
HRN R D B % A HIHZE R E L TR 5 2 LA —
B TH Y, AREFIETIEF—FETIVITBIT 5 EEER
LIERZ &2 5,

#E (BEEFVHICBY 52 EFVIRER) &, A
ERBBERDOETNERBE L T—FRWET IV & HER
T AHE¥THY, CPUEEF IV & Catch EF VO
BICRBRENIHMETE T VOO R 53, —ik
ILIEET NV E =2 —F VR vy M7 — 2 ORI L
T Tu—FEF—y< A v ST IO —F
Ol EE 2 DA EEND ARG T RITHE
EF NV OLE (CPUE £F)V vs. Catch EFWV) %
BMELTWAY, HUIRTRIhE Vo 2GR TER
ml, BETOy MrEERTERNICHBTLZ L
B\,

HE ¥

M

RANCEBERIUCEL T, KD 220D FEDL L
HubhTwid, 120, BElEEEzROETIVIC
LT REZ, JUEHICH D w7z Deviance X
Pearson % 4 —3E##E7TH& (Dobson, 1990) 22 < &
TV T4 ZRETH Y, CPUEET IV TIEFRED,
Catch EF IV Tld A 4 ZFmEIH 515 (Shono
and Ogura, 1999 ; Okamoto et al., 2003)c AT v 77
4 ZRERIBE 2D TR0, BEROENEL WY
HFIZHFHEOTFMAREKND 2 THD—H, BED
RN X o TRMENGAERP R H RS H 5 (B
22) (KB, 2000).

L9 1 DRIEMEHEICL L2 HETHY, KEEHR
AN 12 B\ Tid AIC (Akaike's information criterion:
Akaike, 1973) OADBEWVWEFH I N TE 72, L
L 4E Tld — 3 % 72 BIC (Bayesian information
criterion: Schwarz, 1978) % AIC \ZA RIEIEZ Hiti L
72 ¢-AIC (finite correction of AIC: Sugiura, 1978)
e EOEMEHED RIMIE L THWLND XS 12k
5> TETWD, JFIZ c-AIC R/ MERDEEDINT #
—RVADBRWI EHHD (Shono, 2000), EKEEH
KO ICCAT TRAMHEIN TS, /2, flio—%
¥ % > HQ (Hannan and Quinn, 1979), BIC & iiii
THIZFEZTH 5 MDL #¥# (minimum description
length criterion: Rissanen, 1983), .0 E 7 HMEHl
ERBETNVEGTIRVEAEDRIAT7 - A%
239 % TIC(Takeuchi's information criterion: 1714,
1976), AICIZBIFBXRF VT 4 HOBRBEEHEL 72
MAIC (Bozdogan, 1987) 7 & D& REBLAE D 5% 48
HEINDWReEEH 5 EEZ NS B, KB (2001)
FIEH RS 2 R o — AL E TV (RESHTE TV
RAWAITET NV EETL) IZBWT, TIC Y AIC &
WHEMICFIEIC R 5 2 & RREB L 72,

TEHEBIAEIC X A EAHGEIRIE, BYUZ-DETELS
E—FRVWETNVE —RICRODL LDV TH S,
ZO—F, HAEEOK (FRRPLZEMEH L EET
) BEVGEICE, SHEENEARL L RETH
D, F 72, over-dispersion Poisson €7V 7 EHEL
EOMHATE 2 DEAICE, AIC 4 KHlH O #H
EHEIIEAT 52 LSRRV, BUEEICET S
¥R H¥ L L <, Burnham and Anderson (1998)
¥ Q-AIC (Quasi-AIC) ZIREL 7275 € o5k
REUMEICIERMORMIZ->TVDEILEDH Y,
L iEmesnTwiv, F0O728, over-dispersion
parameter Z R E L 723 A 21X 7 VE TV & B
EBETNOMBRELMFEEZ X — R L7
Deviance GEBLEE) < Pearson fal &K A =
FeAT v TIAL XREERHCDONR—HKTH 5,
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nB, ZLOEMERREER EGLEE, AT
v T IA ABERHEHREFEDMICESWTERR
2D BV 7zBRC, BRI AR EAEH b —HEICHLD B
A REDPEDDHREPIZOVWTIEEROTIPND E S
HTHY, r—RA N4 - F—2ATHW T2 4%
Vo —RICIE, BEIEMBETE R ETIEEORIER O
BENPLIRLTBL ZENE L, LEptn & Tl
EREOBEAOMYEL LN nEBbNG, &
7z, CPUE-LogNormal €7V (GL4EmirflE5v)
BT EATFy 774 AFKEEEREHRLE AIC
& DOMITIEWNE N 22 BERDSK D 3o T b (HTF,
2000) o

RICERETIVHICBIT 2 ETFTVEROMHE
L LT, CPUEHE LD D DREN R ET IV
T & % CPUE-LogNormal € 7 )V (& (21)) &
Catch-Poisson & 7 )V & 7z 1% Catch-NegativeBinomial
(X 24) ZRBETL2MEIBITONL, BENE
& L Tix, CPUE-LogNormal €7V & Catch-Poisson
EFNVOW I & L7z CPUE BE{LOEH R 21T\,
LR EDENZF v 79§52 MLV LAL,
ZOHBHEIEH T TERNLIDITHET LV, £
ZC, Shono (2001) iZ CPUE-LogNormal & 7 )V D&
EEHE Catch ICEETAHZ EICL YV InE LK~ i
Z, MHEOEHREHIEIC L A TREIC LA,

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

fHL log (Catch) ~N (u, 62 &% 5,

7272 L, over-dispersion parameter % ¥ Catch-
Poisson E 7 )V Cld AIC 7% & O — e 72 G B A
KRV, T2 QAIC & AIC & DILIRIZEW®Z
Rizhwizd, ToFFTIIREELEBEZERL-LD
CPUE-LogNormal &7V & O A L v, T8
£121%, Poisson 7345 € F NV O b ) IZB O G5
EHWBLZ LN DOMRKII R DB, B, ¥u - F

Y v FHFET BHAIIE, INEERITH LTI
EREEZ R LALHETIE (28) XTI TLET
WHEREZ b B7280, 2-4- 18I THOIY FiF 5,

#12-2. CPUE E TNV IZ BT 2 B HORIROH (T
(2000) SR L THIH)

A # 4 ClE, Hilborn and Walters (1992) 2 X %
CPUE #E# b RAEH] (Table 2-1, 7— % 3£ 4L
LTw3) 2R BT, 2 eRES SO
77 CPUE EF MBI B EERIROEREIZONV
TikR%,

9, M E 2D (29) Ko 4 DDEF IV (Model-1)
~(Model-4) #% 2 5, AR THIZ, €O (2.10)
R CTEBEINLBEHET IV (Model-5) 225 &
MR TH D, LH»L, (Model-5) TIEZF—%H &
DHIRFT A= —HDOFNL L roTLE - THED
A RER T2, T2 TREBEME R ETFT V2 OH LT,

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
fEL Error ~N (0, ¢%) &9 5%,
Model-5: Log (CPUE) = Intercept + Year + Class
+ (Year*Class) (2.10)
(29) Ko4->50EF VHOLERFKIER (211)
DX H1Z% Y, Backward IZEEZ WS LTV LTED
ATy TIA ABGEIIBIT B3R 2BV E2 615
(212) ),

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)

ATy TIALXMEOBEKNZFIEHE LT,
(Path-1) TIZHmAIC (Model-2) ASEL & > 9 4 MEAR
FTH LT (Model-4) 2B &) 5V ZE Z,
ST AT E NS (Model-4) % RIRL, FEH
ENBFNIETKRD AT v T2, &2 (Model-1)
HIE &0 ) IR AR LT (Model-2) 2SE. &9
AR B 2, ARG SHEH S 25 (Model-2)
ZRWIRL, HINENS (Model-1) %3®INT 5,

DXL T, FEAKEEZ1I%ELEZATY S
TAZXAFMEC L) EFEREITH &, Path-1TIE
(Model-1) 25#IR S 7z (KB, 2000), (Model-1)
BB P LY FOBEWERE 2 WIEFIC M £
FNVTH5bo Path2lZ OV THHEBRICLTEZ IR
<, #J (Model-3) 25EIRSn7= (FE¥F, 2000). i
2-2TIE, MED /S A & o TR R ZERRIRO K
BEPRLo>TLE) ZOXIBATY TTA AWE
BT BN ZAO—FWMEIZ 25— A TlE, 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 ¥

M

WCRESNLIEMERIEEH WD Z LA 1 DOfFGE
%%,

TR B L A EHGRINTIE, B b8 T
DEFVIZH L TAIC & ETEHmEHEOMZ FHA
L, ZOME—FNSLL2ETNVEBERNTNIIR
Vo Table 2-21278 L 72 AIC DA S HIW4 5 &,
(Model4) 2Si#%BIZEIRS Az (EE, 2000). &5
HOBITIE, AT Y 7T4 AFREICLDEER L
HeHHE AIC Z W 72#E R —F L 2 vas, —f&l
BZDXIBFEIITAT vy 774 AHERCTERAH
HIZX B ETNVER (ZHGER) 2479 2 LW HET
Hbo

=
H

2-2-5. BEMRET I

CPUE-LogNormal & 7 )V X Catch-Poisson & 7V
B A K42 OB, @EIXEEHREL LTHbh
5o L2L, Aok ->Tid (Year), (Area) % &
DEMRERLKENEHEERRE (random effect) &
EZ 2595535 (Verbeke and Molenberghs 1997;
Little et al., 1996; Searle et al., 1992) , ZERIF- & 1%,
MU T LHHERDD L RERNPS T v & AITERS
NIERTHLLEZDHRTHY, ERIEAS %
WHRERERZLTWS, TS LT, @F DG
SHEET VTR, T 57—5 (BERERTLS
N7-HWTKHE) ORIHERDOBIRDDH ), DA
TGO D FNRRLREAN 2 M ERR (fixed effect) &
HATWS, FEMEEEEREITRHEEICXFINES
bOTRZL, BEIPHEwRT 5L ZOBLIIE ST
WESNDZ VDD, B, ROV DI EE
METHY, TNUNOLOVEEMRETHSLLED
ETFNVE, —RICEREME (mixed effect) ET WV
EFEATWD, BROTRTx BEERR L e L7250
OB EFT N TIEA 7T H VEROKERHK &
{BZEldHY, T A= —HDL VW2 IHEE
FEPEL 2D HTH LA, EEMEZIY AND
CLIZEDRTG A= —HAEA L, HRHRIEE

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.
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THIEBE N,

¥ A D CPUE R LICE R R 2 E AT 5 8
mELTid, ZERIREGZHERERE R T L)
KROEZFTE %L, FRANRBIPREVEEZZ
LMd, Thbh, WMEOHALEIIEINTHITS
N7zXZRTH T T W NVEREEOMEL OKH
e ((Area)* (Year)) OFEFEDS, T CAHDIE W
PHIC B S22 2R BB SFRO H B Z & 65—
MORRENDIZH DD ST, F—F DRIED ZIC
R VWSS (o2 T XToEVIIH LT
T=F PHEL BWEE) 12, ThHOERICED
FRRRLLEEAEH 2 RENRITEET 5 2 /2T
515 (Yokawa and Shono, 2000)

1 T T 1% Catch-Poisson € 7 )V % Catch-NB & 7 )V
% EOFHERIIN L TEEMREERET HET N,
T b b AR EEER DN E LTRSS
MUNOEEZ AR RET H LV, Wb —fkb
WEET VDT V=17 =7 O TOREGHIRET IV
(Fahrmeir et al., 2001) dfEHENE L H %> TE
TWa, B, BEEMRETINVERGHRETNVOH
BRERRT AL, Fig 2-10X 912k %,

2-2-6. D DREIRE

CPUE B LA~ DI H A5 2 b b Z DO
Pl L #EHRNAETY v GLaEEE ST
(Bollen, 1989 ; #%¥F, =i, 2002 ; £H, 1998a; 2000;
2003) BT H5NLH, BIEDO L A IS TFHEDK
ESH~OBRAMIIZEAEFE LRV, FHELITH
TEEFBERXETY Y 72 AL TEMIERI N T
W B EEFOMRHEE I MATEY, (RS-
PRERRAT - RSO 3 DOWIERFAZELT) &
DB CPUE IHEBEL 52 Twa 22 llE LT
Wb, %8B, Bayesiit 7 70 —F ZFIH L7z — b
J&€ 7 )V @ CPUE Z# b~ D@ FHF d w5 ST
% (Badcook and Mcallister, 2001) o

F7:, FH OO CPUE EH#ALTIZEMICEEM S
TW5 Y — 74 ORI S B E 2 S0
SRS, R E OB, REKIRRPIEMRE R &
DOBRBEENR 72 & CPUE 1252 53212 DWW TR
%4j- T&72 (Shono and Ogura, 1999, 2000; Shono
et al., 2000). TDOHR, £ IIBEOMB L —BL
7228, —IIIHERR 2 Bl L 2 v & @ CPUE 295 <
HAHLVHAOHRDIBDOOLN, FHARLHG K-
TLEo7, 2L, HEERTHABIEET VO
BRAZRLTVBLEEZEZONLVWI LWV ZIT,
COX) BEOMALEFIET 2 HDORNROME % fif
RTDFERLELT, fioFESEZ (7 T) A VEHK

ELT) ERICWD At 2 &R —BRALBIEE T VD
BELTTF— A=V TFEPERZLNTEY, &
BIZOWTIE2-3HITHY BT 5,

2-3. F—AvA = JFk

INF TO—BALBIE € 7 IVITRE S NS HETT
FICMZ T, BEBEET VR =2 —F W%y T
— oD F—5~< 4 = 7T (Berry and Linoff,
1997; Hastie et al., 2001; Witten and Frank, 2000; N
M, 2002) #°%, Watters and Deriso (2000) %X L%
& LT CPUE B#EALICHH ENE L IR TET
Wb, TOHEME LT, Ky - WHEY - BB e E
SR EE IR I HA L fEE IC L > TINH O
FEPRBNAENZZ EBBITOENLD, HEFET VI
L HEHALSNIZE N LV P EPHRICZE DR W
TELEL, BHIBREREDNA TAOKEVT—%
RGO B R FEOBEPHFI L Tw
EWIHIERL—HTHELEZ LN,

B, KELRmLTOT—I~ A =V IR EOER
ELT, GaohizKREDT—5 Odh 64 %50
R A FER T B 720 TN B REN 2 L ERT
Zr &L (%, 2002), HEFETFTVEREELTHS
F=F ZETIVICYTIID D &) MR 7 70—
FEXPTEZ L LT, ZDOFH(2002) 12 & 55034,
ThbbEGREN R FEEmEtET IV E L, RENLRT
BT — A=y 7 EGETAERII BN LO
TiE%<, HLLETALABN L VG2 LD 1 D0FE
ZHTH2REDEZTT OB LT, Tukey (1977)
L2 L 72 EDA (exploratory data analysis : #E3&HY
7= ZIRNT) AT SN 5, EDARET IV ERET
LRI RS TT — 5 ORIET 5 15H % LK
I Z B &LV HRLERNTETH B05, HatET
WICHHETRETH 5. Lo, AL TIE, WEE
B, RN LHEEZNEIWREIET NV, T—4 <A
=T RET AVGIIE OV CGER T EMT 5, &
B, T A=Z W eT Tu—F 2 RT S LH
Rlif) & 528 L R LAE Y 1S 6505, REIT
EERf & F B IOV T RIS BT 5,

AKHTIE, T 9 CPUEHE#EAL~ OIS H H 2547
T 27— A=V I FETHIBMEET L
(tree-regression models: TRM) & ==2—5 )L % b
=712 DOWTHY EIFC, CPUE fH#EALIZBIT 5
HOBURE FEEIZOWTHIT 5, 72, — ALK
EETNEDOHKL GO THRINSLZI LDE —HE
bl € 57 )V (generalized additive models: GAM)
IZ2oWTC, BATige R EOMNZ1TH. BB, 5HD
HHPZZONBWREDOD DT —F <4 =V 7Tk
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2oV ThH, KREIORBE THEIZIY L5,

2-3-1. B ET )L

BEETVIE, HEEEH-TT—F Ly M %
BROT 7Ly MIRA LFEILTW L FETH D,
INEZERADH—TH DG 05 8NE CHBIE) <
WG R S A TH S (Kass, 1980). BHEE 7V
G o THRONZZV—ViE, — N ERSTESR
SQLD & ) 7= R—=ZAZiEIC & - THHICHRT
Z RS,

BIEETVORENREETVITY AL L LTI,
CART (Breiman et al., 1983; KX & 5, 1998), C5.0
(Quinlan, 1993), CHAID (Hartigan, 1975) 7 &A%
FHN A5, Kl 5L CART & (CART, C5.0% &)
L CHAID % (CHAID & &) 12436 s, Thb
DFELRENE LTIE, CART R TREMEH % i
DF F TRILAAT > TR % S IEFTHAT D 2479
DXL, CHAID R CIEEMNERENEHTH T TV
B VERNEBR L THHEHEZIT-> THIET 282
A ZHME T W CTEOLEEEZ W5 2 &A%
bNb, CARTRT7TNVITY ZALATRBSBEOBEDOLE
WEROBESRRRO T T TH L0, Halfzesix
—f%12 CHAID 27 )V T X A %I 5o

ZOBIEET NV E —RALBIEE T VICRE SN D H
FFETNVOMRE L LT CPUE ITICH WS Z & 2xf
LTl ROLIBRA)y I BDLEEZONS,

c WAL LA DINET B LR, RKEET
VY THBUMRETH 5o

BELEN GRAZH) ESNICHBLT, 7
—7MbE4T o

RIPF—F I LTENZA M THD (FAHD)E
W2 22 I 22 0T 78 7 — ¥ DZEALD 212D TH
BEThbrLEZOND (Year)* (Area) DEHAEH
AT TV CRRET— 7 O0IRT
ERWIENRRZIT NG, BT TV TIZER
ELTREMIZOWTEET BLED R,

— AL TN SO BN 2 M (¥a - F v
v F O - TEFNVIEOME (CPUE-LogNormal
vs. Catch-Poisson 7 &)) MR E N5,

WAL 2 AT A ORI ERE TR L 2256
2, 7= % OISR L BRI RETH %o
BARMIZ1E, CPUE T2 479 Bl =) 7 40T I
tLCBHEE T VSEAEETH Y, ZoEICIE
CPUE THABNIEEZMNERICHEETHI L b1
e Td 5 (Shono et al., 2001),

Z D728, Watters and Deriso (2000) (Z#5Z 1,
W€ 7V & B/ CPUE #E#{biz, ZhEFTIZd

M

WL O DFFNTBI DA A SN T % (Shono et al.,
2001; Venables and Toscas, 2002)s L #»* L, L o
X9 RV T S —H, FRATAT VI XA
(CHAID vs. CART) 124 % CPUE4 b L ¥ FOjEN
(Shono et al., 2001), £ ® X 9512 L T CPUE @4 b
LY FEHMS 272, NSNS L M
HEERHZ o TLE ) 2 EDORER B FR> T %o
MR EHOMES 2 WhkT 572012, BWEET
WK BNF 2 7 OMH (B, 1998) 77—
AUN=Ty TR AW (rEE, 1999) &
FLVAARAD RSN b, T/, Venables and Toscas
(2002) FENF U T7EH W23 F I~ 27 u CPUE O
HALZIT-TBY, SRIZERNGTOFEHEL&ED
T, LDVRVEFTIVOREL L ICHBEFE TN S,

2-3-2.Z1—JIxy bT—Y

—a—F WAy b7 —2 (KZAE 1988 Haykin,
1994; Smith, 1996; &, 2000) &%, HMHELRR¥EZ
ETIMLT BERICE A E N TV B iR ot
FA (R oML O | E TT bt Tus 2 [ LA
VAT L) BETFTIMELAEBOTHY, BAETIIHA
HEBES LY LoMELR EICHEA I TwS, &
KIICIZ, ZEOZETPHECICEY REARE R T
HEINLETVTHY, MEOHEIZ X > THEMS
BMza—F WAty b —2 (FEETHFETHEICKS
ENzbo) ERBRH=a2—-IFVEAY VT—7 (EF
PEODPOBE R LTERISNTEY, FEMOETF
BEWICHEEGENTWEDY, BRHOZTFIIFHEINT
WhRWH D) ITKREIHEKS,

I—HF -3, HMELPET
VWIY AL EHMFEFEHETNVITY) XL ETH
T2 HBLAEL, migoRENLHIE LT
SOM (self-organization maps, H C#l#kit~ v 7
Kohonen, 1989) 2"A#%TH Y, HBEDAFENLHI L
L Tix RBEN (radial basis function network, Bj£%#
KM% A v M7 — 2 : Broomhead and Lowe, 1988)
%> MLEBPN (multi layer error back propagation
network, % JEiRZEY{EH A v b7 — 2 : Rumelhart et
al., 1986) HEIF SN 5, SOM FEKITOKTIZ X
S THER SN NTEIMFTEL w2 —F V4 b
T—=7Thh, 7R —0hofbyIfEHINS
ZEB% v, RBEN 37— 272 & 9 » o
BODDI FTRAY —IIHENKD XD BEEICHER%
FETHY, SEREBRESAMETIVRLERIEHR
BEEE 7 — A VB E T AR AR E & bR
BBREH S, L, V7 Yo7k EDHIBIRN
ELHY, BIFEFET VT ALIIBWT—H#
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WIS HWHENTWSDIZ MLEBPN €5V CH 5,

MLEBPN & i3 AJjJg & g o IR E o o
g (BEhg) 25 HETHD, ATxd
LM EEE LW (KRB S) LoREZMS
FTEICZ2=F WAy VT =27 OEHETORHEEINE
FIBIELTWL . ORI E» S ANEIC
22 THHINAED > TV L S LN TH %,
MLEBPN T, HHBOHKEZ 1 DIZ&RET LI LN
%<, TORMFETRELESEL T LIC2E > THER
I 5 B CBBGE R 2 80, €D E, A
M7= 3 2HRBAP % (KT - e bic
HEBE B L S E B OW sk Z 5) BERE & 58
MEOW HAFTETRETHD, <DV T T TH
BREINTWTETIESTH S, Bk 2KEHE
ANDOBHDIZEAENMLEBPN 2 HLTB Y, K
WEETIECDT7 NV TY AADAEZEY FIFsaZ &I
o #B, =a—INAy NI—=7 LIKEIETLVED
BIfRICDOWTIE, EHE (1996) & (1998b) 7Z &
CREL ARG TV B,

Za—=F)VAy T =7 OKEFHENDIEHE LT
&, AR - EIRE TR AR B o @ B 3D 2
B2 onsd (FAR, /R, 1992; Haralabous and
Georgakarakos, 1996; Chen and Ware, 19997 &),
CPUE fE# b~ @A FlIZZ 2 &% < 7\, Shono
(2002) X, IF I URFEICBIT B EIIHEIEDN
AR L CHERAFAE L e W ik4r @ CPUE Filll % 3 /@
DIF—Ny 770Ny — a ¥ EIRE L2 ZmWM &
FEROMB =2 —F V3 v b7—2 (MLEBPN)
EHWTT> T b,

—2—9 V% v b7 —2% (MLEBPN) 2B\ TIig,
A ORE) &) (B8R 0Bz ETA2id
THULENEL, FEREIrOFTKRET) ¥ 750
RECTH L, —HTIRERGHL (FHEEODHE
ZHEDR) TEFVEROEEL S 2 EOMERD Y,
Ty 7Ry 7 AWM b R o T, F72,
FEEENIEL, BFE (overditting) AR Y T
WZ EBIBEEN TS (Repley, 1994) . ZE K 55HT
oW, SEROEB DR hohTTY IV
BROKERDR VL WGE (h7 T W VEREEE
LTCWaBA, EHAMOGEIZIEA T T —IE &
RBLENRDH L) 2%, BFEEELTHFEN %7
iz S 5 2 EDHHRETH 525, —MITITHEL v,
V= VHIEIZEEO K HED —HO Y 7 by 2 7 THE
TENTWED, ERLOBICITEL TV ARVED D
% (Tsukimoto, 2000; A7, #&H, 2000), €D7z®,
CPUE #E# b FZHMWTH Z4E T L v FOMBIZxd
LREF S THEPFHELEVE W) MK -2 F F

TH5bo

B, PHEBOKOHRICE LT, REWEED
MW 2 i U e DM 2 B S L e\ 7z
B, TEWEHEE V2T FOVRIRDSE RN E
YThob, OO0, 7OAN)F— g vz &k
DLER R EOMBEILEN S,

2-3-3. —fiR{bIEET IV

CPUE ## b T O EF £ 7V o X, 19904
REFE T MILBEE TNV (GLM) —BE T
Holze LL, EIWCH>TEBBILATI A~
(smoothing-spline: Whittaker, 1923) 7 & @ — %1k
3 € 7 v (GAM) (Hastie and Tibshirani, 1990;
Simonoff, 1998) & CPUE B#fLIZH SN 5 L 951
o T&TWwW5S (Wise et al., 2002), —#e b€ 7
WiE, —BIEBIEE T VICBIT 2% 4 OENRH L
IS BB O 5 R IR CE &R 725D
RIS 5 2 L AU[HETH ), smoothing-spline X /&
FrE &M & £ A\ (locally weighed polynomial
regression: Clevelend and Grosse, 1991) % &% < @
FHEFESRES R TR 5,

—ALMEE TV EMAT A AL LTIE, e
SoTHRMKLET) VWP WEEL 72D ERBTH
N5, —MALHIEE 7V CTid, CPUE &L #EKHW (W]
EH) OMICHERERD 5 WIZIREER (S EHz
Log (CPUE) #2562 eD%Wviz0) HMREShS
DK LT, —BALIEE TNV TIRIEREOBEKRE
FER T AT ENTRETH S, T0720, BREENLE
W L COHRIEA T 54 YR WD S EWENTH 5
Ban% v, Bz, »5—EDKiA T CPUE 2%
Lo TBYZDOH Y OKEF T CPUE KL % -
TWAEEIZIE, ZoRRE —BILHIEE TV T
BY B2 EIFHEL WD, RRAKRIIFLTRAT A~
BEEHEHTL I EICX s T—BibneETVIZL B
EREPTREE Do —MICIRBEER A LI L TF
WA T T4 v EOFEEHCL I EWARTH S
WaN %\, FO—FT, —BILIMEETVIZBWT
BHHEOREHEZ EOMED KRS Twd (T,
2001)o SAS % S-Plus 7% EO#EI Sy r — VI X 5
Hy—BLBREETVERB L CBEMETH L Z L0
5, HEEZIDHOWHICBWTINSOMEETOUR
WEIEFNS,

B, —BLBREETVICBW TR T T A
R E L THARATWAERIH L CIERERKE
2D ANS ZE (BIZIRWERX 2 EEMICXS L
Teh T I) ANVERORD)ISHE - REDAT T4
VARSI LR L) PHEAICLoTIEERTS
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pEEbNL, LaL, KEKETE TOEERIXIZ
EAEFEL B\

2-3-4. ZDMOFE

Z DAz CPUE B L~DIEHDBE Z b b 7 —
YRAZVTFEELTUXL, 7T 74 HANVETY V7,
RADT A2y bI=2 R ENRFIFS5N S (Jenson,
2001; Edwards, 2000; = I, 1997). % 7-, 214
METOERNZTETH Y, A B0 S )5 [ E
IR E T b SVM (Support Vector Machine,
YR—IRZ ¥ —<—: Vapnik, 1998; kiE1ZH,
2003) & Tk I1E CPUE #EH#EA LIS T 2 AR 2 )
FED 122 % 50T EWD, EFBIEZTVD,
BAED & 25 2o OFEOKEG IR~ 8 H Bl
3 7whs, FRBERRPHEMEREZRILT 272007
— I RA VT FHEOSBROBRPPRE SN

2-4. KEBRICHEOME

AHiCl&, CPUE BEH#(LIZBIT 2 HSEEIRSF A OM
BIZOWTE L5, EXBIMEN YT TH LT — 7 H°
FENTVBLEEOMYFE L) THA XL D E
HFTORETHY, Tofe LT EM@HETOL
NEDOEFRPHPEL L UTHEEELIZED LR, 2
7y NETFTIVREIZODVWTHDY LiF5,

2-4-1. €0 - v v FORYHFL
CPUEE # L IZB W TIES Hwbh TE
CPUE-LogNormal E F VIZ2oWT, WEAZHTH
% CPUE I L THAMNBEN > TWE I Lhb,
CPUE ¥ & 7% 55— %13 Log (CPUE)= —c0 & 72
STLEIDTEFDOTE TR Z LA HRA
Vo ZOZEE¥O -y vF (CPUE=0& Catch=0
BFELERTHALZENDL DL ) RATDPW-E
EAOND) OMEEIFATEY, EELOFEEIT
N7z, KEL G TUTO 220 EIHH S
Twh,
) &TOF—2IcLT—x8®E GERHE) #REL
SIS SYR:S
2) CPUEH»EuirfEh 2ol Thrbrasxyy
FH % logit EF IV ((213) ) 12X o THEE
L, EaTROVEGDOARIIH LTHlEDETF IV
(CPUE € F V% Catch EF V74 &) Z@EMT
5771 (Delta 1 2 Bz [i32)

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

+ (interactions) + (log (effort))
AL R(E T - ¥ v v F3) ~ Binomial (p) £ 3 5%,
(2.13)

D3z —H— 2o TR B I, XEHEEICS
JAmYOBEKICE-TLESY GHHEEICEL T,
WD D ZORBIHAELIICZEICI TR %
iz edisks), £/, —ERBELTEDI IR
HEIZRV O, L) EbH 5. BURTIED)
OFENLZLFHEINTEBY, BBEEESO ICCAT
% ETIECPUE KR LA —ER L L T CPUE
D10% RSN TS (ICCAT, 1997), LA LR
WEIAHTHY, EDEL SNV, —BIZIZMs
HOF VR EHEENDEEN DLW EE L 5N 5P,
F=FIMEELEWETIOZ L 2Ry I L IZWEET
H5b

Shono (2001) Tix, CPUE-LogNormal & 7 )VIZxt
75 (&COHOCPUE F— ¥ IZ—HICE LAL7200D)
iz, BEOBEHOPD»SIEREHELHTRE
Wkpz®RL7, T/ LEBAEOBICERLT
COEHHO BN RELSTRETH S I L 2L
720 ZOREER, BIZITREI Sy F—TDSASICH
WX OR & EIENL % procedure DH1 O NLP & 5 —
PV PEMHTE I EICE - TEITTREE %5

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

HL Log (CPUE+k) ~N (u, %) &3 5%,

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

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

72121, ¥u - Fx v FaEENnsY4A 0 CPUE
E5)V & Catch B 7V O IR (2-2-4f) \ZB L T,
INEER L Z BN TIHEENLETH 5,

F7%bb, (214) KB\ T CPUE (=Catch/Effort)
DEHFEEMRAT L E (215) RNTKENLD, D
EFINTIZ CPUESE ML v FOHIEASHE LW b 3
5 TWh, TD72%, (214) RO CPUE%R ¥ A L
MIZ Catch ICE &2 72 EF L ((216) &) % HwW
H5ZEH1O0FETHLD, ZOETILVOREIR
(214) RTEENBLEFTNVER LTS, FO L
Catch EF)V ((24) X)) TIHISBEL I ERIHEIE
INTWZRWDIZH L, CPUE EFVOZERM ((2.15)
KT 216) ) TEETNTEY EFVOMY
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TEVWDREDOLND,

FDH, To¥u - Fyx v FoOREICHLT,
kBB Y (DUFICH T %) 2) @ Delta B 2 B R
BEHVEZRELEZEFIEZEZTEY, 2) OFikzH
WL EDNEREEETRWETO CPUE EF L E
Catch EF NV & DL ZWHEIZT 5,

2) DFETIE, WA logit EF NV ((213) KX) &
KDMHET NV (CPUE EF IV %7213 Catch EF V)
ZW A IZEME T 5 Z & A CPUE AT IZCBW T AT
bNTEY, DeltaBlEFI (HDHWIE2EEEES
V) EEER TS (Lo, 1992; Stefansson, 1996) .
B, logit EF VDO M%E F\WT CPUE f#NT 2175 72
& LCid, Miyashita et al. (2000) 2521 F 5%,

ZDDeltaBl7 70— FIZEBHBRICE > THRE LY
WG ), SAS % EDREEI Ny A — VI X B IR
Brd LW AES AT b, ZOKIE, X HHEE A HE
LWHAEDHD, 200FFNVICBWTHEELEBEDON
2ERN AR 25870545121, CPUE4 ML
Y ROHEE 7 0 BHEC 22 5 RE S PEEEED, 2D
DEFNV (logit EFIVEBEETIV) OLEZ 1D
ICHETLCHERICHEET S 2 & D EFmMICIZTRET
» Y, ZeroInflat EF NV L FIZNTW S (Lambert,
1992; Ridoud et al., 2001)s LA L, Y7 b7 =TI
L BFIEFIEI MR Z 23D Y, KEGESBHICE
FABEAMEIEEAERZT SNV,

2-4-2. BRI TOEAF

CPUE #E# L85 1 @ HIZERROHEETH D,
i S N4 B L NI 2 G R oo B g fe ) &
LCTWw5, R¥% 5, CPUERER=ICHHTS L
EZOLNTW5E05THb, (CPUE L&Dl
RARASKIE 2 IERRIE Dy, HAHVIZED L) LKL T
KIREPEVH) HEIGE P OSEREINT VS,
CPUE EE#AL & IXEEBERE 2 L b DD, AHids
TIRHEL2v,)

M &R E E W) VYT CPUE 22 7286, =
V7R TE LW A Z0Y;4121& CPUE &AM
HEFRRIIFALCZE2ERTH, HrOEXOKE S
KRR, RBP2ELIY 7TOREIERANRED S
NHLAEICE, )7 A X 2ZELIMIENLE
Thhb, Thbb, HiEdhiz CPUE DEREICH
M) 7TH A X 2T EbE b 0% EIRERE
(abundance index: AI) &I:ATEY, #E¥H i< CPUE
HEEAE NS FE D\ 7 IR R R B A B R L e S
EEZLNTWS (ABE(Z 2, 1988; ILH, HH,
1999)

Al =w CPUE,

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

REpSTE e ceE ) &?“5} (2.17)

C oM HEREEIE, X (217) O X ) IAEIKAE
LRWEEZLIEDN S, LaL, —HRICESAHHE
FIAHIPOREZEHIN BB 21T, THUCEDLE T
EBALT AHE b S\ D72, EPRDIION
TGN L TV DB L) REEIC 217) Xz Hw
TEFEBEEZHET S L, BHEOBKFEMIZD 228
AENLDH B,

COMMBEIZH LT, IFIvsaEERYFo
TWwBEERHES CCSBT T, (217) KXo hED
f1Z1990E R WD A 5 (218) N> & 5 4 AT H K
FREPEIKET AL VI EZFENY) AT S
(CCSBT, 1998), T hbbiftEnZ iz LTz 7
PAXBZAZI DL E V) HETH L, ZOEZXHIE
(217) KXo CSIR#HE (constant square L) 12 L
T VSR (variable square f@t) & IER TV 5,

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

BIEMBEE LT, IF3Iv7/u0&¥H o CPUE i
LI L T hof@iE2 v 22128, 19904 DL
DM EBRBEDENL Y FORELTINSEF 2
—ZYTA YTy 7 AL LTHE L Twv 2 &€
FIVDORERPEL BB DI ko T LT o T4
bhH, CSIHICK 2 EEHEREIZRMETHY, VS
IS LI T RIS TV B &) i
127 % (Takahashi et al., 2001),

WTENORHEPFHEDOKRNICES B TIEEF > T D
B, 20 HEIC DO W T ST hb L TW 523,
REZHGORNDPEIEC L > THOFEET L) T
WL o 720h, HHVIEZOMDFRICL S b D
Hoh HENC L Y RED) 7 REMOESHA L7z
PO, (MENFEORLLTRELEGLREDE
BDTC) ROEHOBI COBRENL ol L
THIFEWRIEL o 720D), WFhIZE SRR
LIEEZ DD, Enw) ZEICRE S,

Z ORFEIZH LT, Toscas and Thomas (1998) 1%
REXMEET TN O—FE T 5 repeated measure D
ZZAHITEDNT, BEIHEDI D - TIHAEIL
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AT ) 7O CPUE ZHEE LTHED X Tidz
BRI F o Fi: %2 HvCHiil L T3 2%, repeated
measure ([ X AR ERAEZ D Z EDVMHETH B),
Shono (2002) F=z2—S NVt vy b T —27 ZH W TH#
¥RV VO CPUE TRl %475 720

2-4-3. Z D DEEE

AETIE, IhFE TR N D - 72 KEE RS
4 @ CPUE fZH#ALIZ B 5 Z Do MEIZ DWW T,
i HICHEB T 5
cBABDESR

FCAMHEIIBITAEIEE LT, FAMMEAERE
$90 ETIIEE (1,000hook % 1 AL & 3 2540
Z\) REREFHTAZI LN L, EBEHKEIC
BWTH IS 2B HROERLETLIZLIIHLTSE
BEZoarye AR/ LNTVE, L, &
I OWTIE, BB Z EDLHITHT Y M T
5%, HBHWIEFADs LIFIEN M52 HEDL7200
ANTHEHFREOREL LD X ) ITHWET B0, ©ES
COMBERBERINTEY, BHEOERBAMKHI
LWl 2 fgFio, EBEHEE LT, T E@fEo
CPUE IZBW I REH B RER M EHEATL I L
(O’ Brien et al., 1997; Shono et al., 2000; Soto et al.,
2000; Soto et al., 2002) % BAzFHh s, Ih
5D EOERNPWEOBIRIZTy F LT DL
POV TUITFERRSFT L T BEDR D 5,

s BABR DAY —14%

— I D OB L VG E DR wESTED
HEREEICENTH S 01, MEHENIZE 2 UL R0
L THb, BEDDVLVIGEHN M ORI LD
—RTHED, TOFENEORY—E LRI 5720
D1oD* 7 a3k LT, LSMEAN #5158 L CH
R R E M T BT — 7 HUCR U CEANITT
ZrkVigsEzons ((22) Ao
« SEAZHE L TRY AN 2 EEOHKET

—WALBIZE TNV e &2 w72 CPUE #TIZB »
T, 2 OFMEEPERNE L THIARAETN TV S,
BURTIX, £ (Year), X (Area), =i (Season)
(WEHDH LITAZHMEEZDEENSE V) R E
WA T, KHEKRZ EITRESINLEREERA, ik
WM S T B ERSERRER R IR RS 0 L O R R
HMMOBKEZ E0BEE, (XZMICBIT5) ARk
Z EofE#H (Yokawa and Shono, 2000), & 4\ %
=7y MEDSHOWBEDOH L E2 T b D
% (Shono and Ogura, 2000; Shono et al., 2000), <
LT ELEIEMN L EOMESIEL S0, TF
VOB (BEERET)ICRELZETIV)

M

OB, HIEKBOMHBBRIZOVTERETRE
Thbo 72, BINMRET %L HAROIIEEIRIC
ML, FRROALSTRAEMEROSMREICD
WTH TR REBEPLETH L, T2, MalET VI
BUIBLERGHICE L, ZOHEBMEAIEE S L%
WL CRFEHZERE LTOMAMART, $hbb (il
Bz GREOH 7T —1FELT) AT TY A
BREZRET DH, The blimEREifET a0
DWTC, TR EET 5.

« CPUE BiFICERSh 3T —20DiEE

FCAHOEEMICL 53357 — % @ CPUE i,
M - R - R GREE) BB L X h
5TENL V. INLDOWHET—FIIRELHTT
shot-by-shot & IFIEN A #EEHFEDOT—F & (5 x5 F
/RAMNRER) £l T7— Z I N5 D,
F=FDEZLEAGZEOMELD Y, —HIITE
EHBOTFT—IPIFFELVEEZLNTWS, LA,
RIS HD, AL TET—
YOANRIMLERCHEET SN L Wz0,
EFOT— 5 LEFTENT =723 IR
NTwb, BEIBRERBDOT— ¥ PHEET LA
Nz EET 50 L VA, 120AEy b (HL
TR FORPEROM) 0 L THREOR L 2 1)
(CPUE) iET 2380 H 5720, =2—F %
9 NI =7 R ECBOTREEVPLETH S,

s NEZY NETIV

19904E% 05, NE % v M ETFIV (Hinton and
Nakano, 1996) & IEE 5 2 M B OE A /S5
— v LR R OSRE AT XY — R HWT, (K
BONRI R O OSE S AR RO Zh E OO
ET) AR%ImE N E S % CPUE ¥ Lo )i
EAS, WP 2 AISEIC BT 5 — B mAE - s (7
PR TFHERCHIE KD FE A - P LEFRY) CTff
MERTWD, BARIIZIZ, HBOESA/$ T — >
I AMICERS L/ NMUREKES R E0F— 5 %25
W2, I RO SRIE A 87 — TSR LR
DTT T T—=AANNVET T DT —7 %8I LT
WEENDLZEDNRSE WV, COFERPLEEZEAD
SR DA D IR RN E 2B IR - TV B EA
REICAEMTHEEEZLNTEY, AWF—% %2l
B RZ D20 BHihH 5. 20—, NS
FEDEE AT /8 5 —  DEFIALHHE L v & v ) K
R, NES v MEFTNVICL D HE E N7 CPUE O4F
LY PR —ALRIEETVICEI D ENER L 55—
A HET A (Yokawa et al., 2002). ZFD728, &
Bneryy bETNE—BALMIEET IV E O E &
DIV LETDH 5,
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2-5.%¢&8

RETIE, LoV ECa—28F 2z, RIFZETRD
LFEELR 3OOMEIZOWT, KEBFRGNT, 1§
12 CPUE LD ELE 2 S BE T 5

A, CPUEIWCREEZE5 2 T b HIERN (£
MAB L OZHNEH) O T EDERAFRRTII LR
EHZ T2 hRHET 5L V) METH D,
(219) XTcHKB &N 5 CPUELogNormal €7V ($
SEHTETIV) R (220) @ Catch-Poisson (or
Catch-NegativeBinomial) €7V (—f#AIL#IEETIV)
F A3 5841213, AIC (Akaike's Information
Criterion : #R{BH = BLAE) (TRE S N5 B
AR RECH 2, T2, ETFVDARA MbEE
FOWAEITIE, FRESRH A ZE/BEICREINSD
stepwise ME D FIHE K %,

Log (CPUE)= (Intercept)+ (Year)+ (Season) +
(Area)+ (EMT)
-+ (Two-way Interactions)+error, error ~
N (0, 69 (219

E [Catch]=Effort*exp| (Intercept)+(Year)+ (Season)
+ (Area)+ (EMT)+ (Two_waylnteractions)},
Catch ~Po (A1) F721ENB (a, 8) (2.20)

KBBR8 T, TEHEHE AIC © A=
MIICHEH SN TBY, hoBReEEoslix, oh
FTHIVRZIONEDo72 LAL, HHTLE
HmBLHEIC X > THRAEN 2T T VR (BEERR) o
RSB L13Z DY, CPUEILEEZH 25
HHEROMRL B2 ->TLE ), HIFETIE, T
FERB, WETFT—FEHANT, B2 —RAIZBIF5
BHOBRERIEIZL ) EFVBINEITY, SHHER
DOHEHEPFERS R AR D 2 L 2 fIR L7z,

& 512, CPUE #E#ALICE S b —ALEEE T
V (BRI E T VR GBAMET VEED) IZBW
ThH, MERDYERRERDY G E, BET ST
— 226 U CEY) R a2 9 5 2 & 2%
THHEEZTWD, 22T, FIkopEmtE T
FHWZZEHEREY I 2L — v 3 Y &7, BAIZIZ
BEOBEMET IV (FRRRPENER 2 EHAERN %
HMAEHLEZDD) OFPLEOETVEZHEEL,
DIE LWV E FIZEED W THELE R 584 S8 5 EBRIC X
D, BOEFLVEZRERE V) BIRST +—< 2%,
AR —ACOWCTHELZ. /2, R AMETNV
BT A TSR L stepwise WMEDHK Y I 2 L
— ¥ a3 VERITV, EREHED R X stepwise RE

DAEBAIEIZOWT, FL MLz,

B, INHOETIVERDIKEEFFENICE 2
i E LT, CPUEE#LDOFEHM TS H4E b
Ly FHilABTsh, oREIZERSHORE L
LTR_ZONE, EBICIEZ, (221) XTERHEENS
LSMEANS (least squared means) %% &%= FfHL THE
WA AT L HBL VDS, T 2 EHEHRLE (F)
Z1E AIC & BIC & &) 12X » THii &7z CPUE 4
MUY FOMBRECTELLILEEDH L. EBE,
COEVH, TaF v a rEFIVR VPA (virtual
population analysis) 7 & O &R E 7V 2 KEHE(L
ENCPUERFa—=rv A4 rvFy 2 AELTH
WA ICEROMN EIEEHERORE 2@V E L
5> THEND T EH% L (Fig. B-2, p85), THOI &®
CPUE EEH#ALIZ B 5 7 VEIR (BIHEBOE
BR) OHREUEZSISICHEOTWDE EEZ LN D,
CPUE #EH#ALIZ BT 5 E 7V RO BEIC O W T,
EIWTHLIENRNT %o

CPUE, =exp{(Intercept)+(Year),+(Year*Area),
+(Year*Season), +...} (2.21)

HL

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

j =l

1
=— > (Year*Season),

k=1

HELT B, INLOTFHLSNAIHIE, HALEET
B KA DENIET 57— 7 B C7c EAM T
PHETHEIE LD B

WIZ, HABEBTIEIFIZOGELZIY R, =
2= VA vy b7 —=212% % CPUE Fill & ZR 5 HT
IZoOWTiw L b, 2-4-2/iTid 7= & 912, CPUE %
Mt EHEE LTRZ %A, CPUE M2
U7 H A X a b &EBIE (abundance
index: Al) # ZDHAL L T2 2 EIFHKRICEDNS,

Zoac, (222) X (3 FIX 7 ORIETIECS
(constant square) i & MEN D) ZJHW5SH Z &8
ZLfTbNTwh, TORFTIIEEMICK G Shi:
7)) THTERBEES—ELELTBY, I
IV UEEO L ) ISEED BRI, TR A
ALTEY, RIZADPINRL o722 L HE TR S
S>TWHDOTHhNIUE, BREHEBEZHAMEEL TS
ZEilhb, RS, ZOCSIELTIE, BENR
{ o 7-W2EM @ CPUE 28 ) ofiENH L Eh b
MU, $&bb#EIZ VLD CPUE LRENDH



20 e
5 NVDCPUEDHD 1 EIRELTWAENSLTH b, OFFEIZX LT, 1997452 5 19994E 12 20 1 T AL ifa i
BTV, BENLVEN EEERD LIV E D CPUE
AT, =w CPUE, WAOTRIE L2 UL, o oML
[mzw U YEAR. JAREA. AREAG CETBUELZHIE LT 7T THY, 2
— ! ELTCORGICRD 9 I35 D3R 5,
— 22T, KWECREN S =2 —F LRy b T —
AR ”6] 2 % JITHSEA 4 IR 1 0 CPUE Tl % 170,
(222) 435417 CPUE Tl & f7 L CEE 447 (CPUE
S, WHOMMIA LY 794 KAEEoTE  OF Ly FHI) 2175 200k iz g
52, ko (223) 5 ¥,
R, o - Fr vy FRHEEFENS, Fv v T,
Al =w,CPUE, Fbb CPUEAET L k57— ¥ BTN LA

12, (219) #.®» CPUE-LogNormal &7 )V (45845
METIV) WEHBKRRL R2HETH), £E5FT
LI L %o

ZOMEIT A BN ToOmBEE, IWEERTH
(2.23) %4 Co CPUE I2f/hvid CEXUH) % LiAAIES)
BT % 9 % ad hoc 7 )ik

[ﬁLZ%:l(MWBmm#OMEMﬁ®WﬁE%

o & %)J

(VS (variable square) 1K) #fHIT2%5E6dH

0, MR/ ORED, AR ko2 Bz k Log (CPUE+ (constant_term))= (Intercept)+
55DTHoH%u0, ZHLODRIOFTHFIERXE L (Year)+ (Season) + (Area)+ (EMT)
THYTHL, 2O VSIKHTIE, BFEOLVELOD -+ (Two-way Interactions) +error, error ~
CPUE %Y LR TIZA 0L E2THBY, bLA N (0, ¢?) (2.24)
PVl eofzZ & TIR%E L, BELMTOE, T4
bbb L) BERERSE L) TICEESER T 5720 ®, (220) XTEIHSN 5 Catch EF W, 2-4-1fiT
THbEL, TORITIEIRL, (222) X CSIERDH el L7z a - Fx v FE% logit €7 VR probit
BHREIbLW, T D HEE L, JEEadkiric CPUE (GE45isdr)
CSIRHL (AARMIME) & VSIKH (M FHE) E7 VR Catch EF NV &9 5 Delta B 2 BkREii %z
O3, N— 7 OEREREEHINICERF I IS EPFHINTW S,
IvruHHOTELRERNE 12THDL, ARIE, # LA L, (224) o ad hoc % 73R D HHEE
EN G VIFERIZADI VDD VGO, Ln) T R BRI Y 24 L, Catch €7V TlE¥T - ¥

PIEREICIE, o°L, HLU L: n ROBAATH], n:7— 25 LELE&hs,

iV =—=a3R7 2oy R EDEAGVERTHIEO—D, KFHEREDO Y 5 L KFEERO Y —7 4 20 2 O RKIEDE (F 38
HEZ D) 1DV T WD,

iii offset ZEIME T D200 1 DOHE LTHA SN LD, REVIT A —F =B A SNV ESBEOERE B2 5, (24) X Tl3#EME% (ink
function) % HAMEIZEE L TWb 720, (Effort) ‘OEIEL T, T4bH a Ylog (Effort) OFICBVTa=1ICHEZELADDEEZNITRWV,
BB, AL I OBEERGDIT A=Y —a % HETHZLIMHETH %,

iv BIfE1E SAS R S-Plus, SPSS 7 EDffiit 8 v r — VI X BRHEAERIC R > TW A5, HTH SASIZKBIE T — & ORI 2 UBIZ [T W5 2
LbdHY, MIPVARY A XHEEL SPlus R R LD, KEGEBT ST CEIE CHEHIN TN S,

v #lif 2R L, HE (EEWR) 2R TADEE GIIER) SHIET 2 ML (BEER) PHETAIHAICBIAFEBRTETHY, 7
— Y ORRHBREZTNL L2 ERHME T2 . ZAELAE L3, BRROLBIHFEL 2 WHECBTL¥ETTETHY, 7— 5 OMBMBMRE
WL ZERZLRANE TS, MAFETVEOMETE D &, W ISNIET 5 THiL UTHEBRIH R0 8T, —BALRIEE TV 4 &%, KA
WIS 2T5EE LTRFAMRERD I, 7 A5 =Dk ErfTohs,

vi =, GHERE CHIRIRE) &I3RRISHT 28 RREBAMENTH 255 OMEREZ IR L, R & IS RREEAESE T H 2355 Ot
EMEE Y

vii FENVOEHREFUEE LBHEOTFHH (Type M) EIEAT, 7—F IS L2EAFT %217 - 72 F M (Type 1) & SAS % S-Plus % & D
RV 7 by 27 IEMENTwD . LhL, 7T BORE D SO e 2BRMRORE & w5 CPUE LD B2 55 % & Type IFJ7
MOLHEHES D 5 L FEHIZHEZTBY, £ AHO CPUE TIZB VTS —#&IZ Type MFHAAIESHHEN TV S,
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Y v F DG AR AR fat tail 720
(¥a - 7= B0 —HTEHENTHDTr— A b
T HYE) T, HEREErHEL~YYy F L%
WZ DL\, 72, Deltal2EBRBEETFT LR ZDOL
BB EEHREEICLTNT A=y — 2 RS L
Zero-Inflated € 7V CTIIEHED B R b, 20D 7
v T TOETNVEFTERDVPELZLLE6DH D, Kuld
R X TV,

Z 2T, $5FETIE Tweedie 577 (Tweedei, 1984:
Jorgensen, 1997) L IFIEh 2R O—FTH 5
#i4 Poisson A O & X IR LIZET NV EHNT,
Yo -Fx v IFVEINET— 7O EIT> 72,
Tweedie EF VI, €0« F— % &H MY
ALY D B

AELFHXTIE, ¥a - F—7P10% REDAL ~ F
BT HADIIZMBEERC L2 FNTEE, B
JOET - 7= 280% # 2 HILKFEHEIIBITS
HARDIZZMAITINCE 2709 P FYFAERZH &
L, CPUE #E#Ab %47 > 720 HEDWETF—F W2
12, n-fold cross-validation & \9 7F—% %5 ¥ ¥ AlZ
n-E LT 7Ey MBS CPUE Oz
Fd 5 FEEHNT, Tweedie 7NV L HEHKE (ad
hoc 7 J7 1 % Catch-NegativeBinomial € 7 V) & [t
BEIT 572, MDD OREE LTIE, BillEE ¥
D Pearson’s fHEAMRE DB & O = HfiR%E (MSE:
mean squared error) A L7224, ZoOT7L—2A
T—7 B AED= 2 —F VR v b7 — 7 OYEREFEA
WCHLTHHEHL TV,

HE3E CPUEMRICH T 2HMETET IBIRERE
RELEZT v T T A ZHREDRY HFL

3-1. 13U &IC

HIETIE, WEFEBRICAERTAECA - hoBED
CPUE f##7112% < H\» 51T\ % CPUE-LogNormal
TNV GEagdatreT ) (X (31) 2 EICHD
LFT, KESHTELAISNTWS AIC (Akaike's
information criterion, 7R {th 1% ¥k & # # ) (Akaike,
1973) ITRFSNDH 4 RIEREBESR, FRRERH
4 ZREBER LR &7 stepwise LREFTIREIC &
BETIVER, §2bEHHEROPIEEIRIZOWT,
PRI T %

log (CPUE)=(Intercept) + (Year)+ (Area) +
(Season) ++++ (Two_way Interactions)+ (Error),
Error ~ N (0, %) 3D

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

2-28fi THBEE TNV EIRDOBURIZOWTRAL
7oh%, TEHEHHE R stepwise BiE 7 EIC & A HFTI
e T IVERIL, CPUE fH#E/LIZ BT CPUE I3%
BEHZ TR LEZONDEROFFHRE IUORE
YER SRR L CARB B L 5.2 TV 2 0 F
PERAMT S LV BELEHEHSTWE, F72,
ZDOEFIVEINOKERIE, CPUE /D FHMT
HEEPL Y FHEEICDRELEEZE52TEY,
EDOEFNVEMHT 52 & 5T, LSMEANS (least
square mean) 2 EIC X A & N7 CPUE4 b L
VEPRELELLZZLEIBLL v, HIRTIE, 1§
HEBHHHE AIC D L <13 Backward ICZEzZ#® 5 LT
W< stepwise MED T A D CPUE f##ricB T
IR FIHENT WSS, DFIORT X9 Gifo -fliv
Fb% <, FERICHETH S,

9, WMEHRIECONWTIE, AIC DAIMEHKT
KHEAZATEY, BESHLETEHINTYS
BIC (Bayesian information criterion, N4 X {&#t&EH
#£) (Schwarz, 1978) % EOfEHBNZ, FEFHITD RN
EEZOLND, AICIREMFIZL- TR, HOETNV
DB RT A= —BDL BT TV & R ST
DHLZEPHMSNTBY, HOETVERERE V)
BIRST 4 =< Y ZADBED A BT T, fA
REHEREZ WY I 2L —Y a VI AHER
AEZS, REOEELRT—<Thb, Tz, HANITE
WMEHEIIEME 2L ETVORTRY D 2170, £
OB —F/NEVET N % BIRT 2 LEN D 505, —
HDETIVDI%E HWT stepwise (ZBINT L2 L 3
BiAThbhTBY, ity 7 — Y D stepwise AIC
G EOREEMEH) HEILETH S,

—75, stepwise ZMETRIMEIZ DO W T, BIIRS
B it & & D125 WA E T VT F ME
%, BFEREE & L CIEHG A DAL ORESRE BE B E & IR
L7 BALRIEET VI A ZEREZ TS
BN TH S,

Backward IZZ$ %25 L TWHEE2ED, RE
DS & o TR %% T IV BRI R DR % 2955
b NEELET HH (2-2ff), FEBIIIE Sy 7
—VOWMNHERPS P-HO—FRKE WL E NI
FL T EVINRELETF 2 v 7 LEWHER,
RRICIZ P-EAE RAKIEZ B 2 TV A Z —BICHEE
delete 5% EOEREZHEIEH SN TBY, B
T 5 &KL %,
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RETIX, T <AHO CPUE E#E L% Mg L 72,
IMERDY G (3-281), KEAOYE (3-3fHi), A
MEEE OGS (3-4HiB X O3-5H1), IEHEES
METFN (3-68i) 7% EICBT DA IEHERHED
BEZoWT, HEN % E @R ERE O, FHERk
VIial—varvERLLEZMUT, stepwise RIE
DD R THMIIHET T 5, FFIZ¥IalL—¥
a VLT, O HGIETVRED T L =0T —
2B E L TCEDEFNMIEIEEEZ LSS, 3
HEROHMAE D EZL S EBOBEHET VO
FPRLIELWEFIVEERE VI EIRS7 +—< VR
DS, HEHREHHER stepwise RED R X (2D
WTHGEEST A2 L2 HE T 5,

COEDETNVEESERZRRNICTLEVIEZ
75 (FHMERR KAL) 13 BIC RAFE O M
DAYk T Mo TwWhA, — KT, AIC R#EDIE
WP, B HEEEOMOEREDLRITS
LI EZH (FMRESRME) 2w CEB S
Twb, # 3% Tld, CPUE Lo ZEMOHN, ¥
b bHEDWMEDRNZIIRT 5 &) HIZICHES
LELET, BOEFLVERBRIT - 2D
F v 7\ X DEMARRERBRO R, FHlREER N E
HIZ L HEL D BRIy FLTHB ) B %
12720, O X9 RRBERKRKLICESC Y I 2
L—2a v &fTo 7z, FEBE, £ CAEICET 5 ERT
ERAXTORHEMIT T, 4B X CERRERH
OB S, KEGFERIZBT 5 BRI
57:0121F, BEHICETF LN EDETARELVO
2, T hRbbHEOBIRE X ) IEMICHE L Tw5 P,
EVH) ZEPBODTEETHY, FPHIIIEDET
VOBEICERPFEINT NS,

F72, RBECTOHEEOEFNVOHRPLIELWETIV
FRRBIN 7+ —< v ADF = v 7T 5B
EETIE, BEHELLEFTIVONICEDOEFTVAE S
NTWBEZ E#HiHRE LTWAB CPUEMHITDZ {13,
HEZETFMEHELZWETY, HEOHEEDIRIIC
Xy F LEETAPENRTHLLEEZOLNED
THDHH, ORGP EE121E, BIC &4
DEREBEIFORVEE TH 5 — 5 (5B3-3H
B Zii7- S8R hbln, Iho6Dy Izl —v
3 VIZBI BAIREDZ Y %E D E 6 72 55 70 MEGE A3 2
ECThbo

B, TNOOMHTREIE, FICHER (2000,
Shono (2000), A= (2001), Shono (2005), A% (2006)
D520 L BEHLTW5S,

M

3-2. MEKRICH T B AIC OFREEOENM
AICIHEHRBRICBVWIRLEERD —F MR
WEIEHE 2 SRR E W Tw b 720 (EE,
2000), /MEROELEIIIRERNL TAPEL 5,
Sugiura (1978) & AIC O3 T Ui & = O Wi Ik
BEZ AT A ZF bW 2T oI TR ZE S
LC, exact (27 A4 Z5AITHED etz Hv5b 2
ENZ X D WL PR O M & Bk L 721 o BLEE ¢-AIC
(finite correction of Akaike's information criterion:

AIC OARRIBIE) #_ELTBY, 2O

C-AIC = —2#1(@)+ 2" _ Al + 22D
n-p-1 n-p-1

(32)

EREND AL, n AR, p RKAIT XA —5 — ¥,
1C) B S, O REVST A= =T b,
O : OORANEER, #ET. TR

Z D c-AlC 1 Z—BALBIEE T IVIT BT 5 845 B K
PEFER T OO IEHEREZ T DY A IS0 AB I 6E
TH BN, MERDYE, FITEEAE D257 L50LL
TOEAIIIWMDTHRTH S FARITD, 1983),

72, ZOCAICIEISTF A —F —Fp DEA n
WEDLEE p/n BARKEVEES, T7%b5 p/n 951/3
HTWL1/AZRRZ A5 X)) RGAEICAERTH S, AICT
38T A= —HERBEARFITEDS T Thoz b (T,
2FELWHETH LB (—B Mo TIE3-3fi
WZFREHR) DAL L e\ 72 2R ) 234 U % 7 (Shibata,
1976), NEROYELFR L L, ccAICEZHWA Z
EWXCXoTETNVDOBEIRNT + =< Y AHHET S
(Sugiura, 1978: Hurvich and Tsai, 1989, 1991)

7B, ccAICIE#REmICIX AIC L HI%TH D, 1E
Hinmr Fo—BtiEET Vv (ERESHTET IV -
AWAHET N - HCMIGET NV R EEZEL) O
BIZORBEFANETH L7 DEBZET LN, KiE
FIRRAT IS BT 5 CPUE BRH# LICE S S N B
CPUE-LogNormal EFWVIZIZFIH W EETH 5,

AHiTiE, Shono (2000) 2y, ¥ 27 I ADRK
FEMR %2 o 72 EZBEBNB W TR 9 5 16 e i
WCEDETVEIRK RS R LD ERTEEDIT,
CPUE E# b2 Mg L7z /MERDOE A (2L Tp/n
WK EVEE) T8 5 i E ST E TV & fil
MLTAHERY I 2L —v 3 Y217, cAICDHED
EFNVERSBEIRST 3 —< U ANAICHOZFNRICI
NRTEHWI EERT,
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3-2-1. YUV ST ADOHREMIRICL 2H <~ BIFHRER
EEFERALAEETIVLER

Z 2T, Table 3-LIZRF/MEAR (> TN+
A AN18) IZBITABH 7 5 ADER - RETF—%
(Kiso et al., 1992) =fEH L, BEMMHOMEE %@L
T, cAIC2 &L 320 EHEHRE (AIC, BIC and
c-AIC) 12X B E T NVERORRILB 21T - 726

BEXE LTiE, KEEPMIIIECHEHA IR TWS
von Bertalanffy, Gompertz, logistic ® 3 i (X (3.3))
ML, FHEO$y— v e LT 458 (R (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, 30O HEMEICL ) ETIVE
RE&EAT-7:£ 25, Table -2 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)
I1+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,), whereA>0
H - (ype-2)
F(t)=t+—sin2z(t—t,)+—sin6z(t—t,), whereA=0
2z (%3
(type=3)
(34)

COFER, WINRDPBEISEW TR TH 5
A%, AIC & BIC R c-AIC IZ R THEHEALI 5D /%
TRA=Y — BB B ETVEEIRNLTEY, +
) Y FIVERLTIEZ AIC IZ & 2 BIRD AT o TV 7293,
S 2 AR BED R MF O FIR & v ) A 7%
MEICRD ) B L%, RIELTWAD,

3-2-2. CPUE E#{t 2 BEL = tEKESH ST
TIVEER L 7Bt EEEER
I T, MERDOYER p/n BRI WEE I
B3 BRI TR E 7OV & o TT W,
i e B e - AIC OBEREZ RS BOVELE2D
2CBE DB E TV EMRE LT 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-Tl Z W T F— % 25438, 3o0FHHE
H#e (AIC, BIC, c-AIC) IC X o TEFNVEIRZ T -
722 %12, &K (35 D400 L EDETF VAR
SNDENIZOWTORHERHEREZ, ThEh100M 3§
247572 (Shono, 2000) o

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

Model-1I : 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

HRARIZ, SRIOERTOERZIF24 (=12*2), /<
T A= —BIImATI2E %% T/, BHEFEIEERIC
L 722l o s ol (3HE) K0T — 4%
ARCHWAEDOETFVTOREEROM (2 5%
Table 3-3) Z#lAGbE/y Il -3y THY
FOFRRDEHICHR D, 72, #HHIE Table 3-40
WY 7ZH, TRTOYF Y FITBWT c-AIC DER
NI =<V AFAICR BICOZENELIRTRL %
2 TWh, 72721, ¢-AIC & BIC iZ AIC 12T
FA—FT —BOL LR ET N EZEIRL LT W E
MICH D70, N"TA=F —BOLEEHLEETVE
L7y —R%, BEIIo TRERTET 5,
— 6 M DF AR ERR Y Y A —

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. KEERICH T2 —HM &I OIEHRERLE
TR AIC IRTHI Tl 72 & 9 e/ MEAR DY

HDOHE ST, KERIZBWTH T A—F D%
WHEMEZR B TV B RS REVE SR Ve BRI,

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

EHITHI DD, BABNKRE L 22 ERELE
BEOMICHRTEBIHD 5O 2 HEI/NEL R,

CORFLVTAHOMIANPIFEAERL S L>TLE
IMBTHS, KEGHEBHHEICBITLE CHHEHD

M

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
1\ 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\ 41 14
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CPUE ##{tClZ, shot-by-shot & M- % #EHED
T RPN T ENE L, BARBDGEA T %
é‘k%@‘&(ti\/‘f: , BRI AIC 23 5
2B L Cix \&{fgﬁ‘lé%fa;)%o
it,k@$~kﬁé%ﬁ%&@g®ﬁé%%Tg
P (consistency) &, THHEBRIEIZIOWVWT, (37)

XTERINS,

Pr [IC (Mj)=IC (M)]—1 (as n —) 37

LM EOEFNV, Mj: EHiE%5E7L, IC 14
WEBE 95,

AIC O—FHM1Z p/n A3 —E Tn oo & X2
72&N1 5% (Shibata, 1976). L2 L, pxBEE Lz %
Fn—oook Lz BRI LB WD, RiHEcl
RIKRERIZBOTRY)PECBERIZZE Y H 5,

ZORERBIELAR B7) o—%M%t boHHkL
LT, BIC (XA£ X{E¥#aH#E, Bayesian information
criterion : Schwarz, 1978) % HQ (Hannan and Quinn,
1979), CAIC (Consistent AIC : Bozdogan, 1987) 7
EPREINTBYA B DL %Ik s, HL,
HQIZBIF A cld2 XY REWERERME T 5,

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

(38)

BICiZ n =D HIC—BMHEEZFHFO L OO, Wik
M2 EMEBECTIHMoHSbHY, HOET
WEDINTG A= —FBO MR E T IV ER
LR T WIS H b, fEMEIZIE, Neath and
Cavanaugh (1997) 12X %

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

a1(®) 21(O®)

({H LI(®):= E{ © 20 }(@@Flsherfﬁgﬁ&TTﬁﬂ)

| [ATHIA, k?’é}

MIELWw & B b 525, Fisher BHATH OIFH X D
SR — A%\,

kB, HQIE c 252 XD REVERL VI SR
S TWh7, HEOTTFIVICEMT 5720120, T
LPDOHETIOER c OEREL TR S ik
ok, F7z, CAIC XL HEE T 2 & T <
HWHENRTWABED, RFVF 4 HOHEAITBIC LD

HRENWZEIZIE, EEILETH S,

ZZT, RECREICABEE CAHET— 412
X % CPUE ¥t (Gt e V) 2@ L T,
AIC B LU 3 20—F k& FoMikaEHAE (BIC, HQ
and CAIC) 12X % EFIVBIRZ TV, gt 5,
WIZ, RS IROFERY I 2V —¥ 9 VEREZAT

—H MR FFOBIED RIS T + —< v AEFHELL
Fvr$h, T2, IS 4-o0fEHERLE (AIC,
BIC, HQ and CAIC) ®XRF VT 1 HOKE SIZHH
L CREERIY - B 2 E 84479 L LI, HQIXH
V5B c DEDHIZOWTHIRGET %o

3-3-1. 41 > NEXF NS EIED CPUE Z2#1L (1FHE
AL L B ETILER)

ST, KER (T UH A ZHM1504) 12
BV FEFNTEROWMR - BFHRT—¥
(Shono et al., 2002) =fEH L, HoEHHETIVIC
X2 HHENREOHEZ ML T, AICB L3
Hx2FO 3 oofHhEBl#E (BIC, HQ and c-AIC) I
X5 ETFVRINOM R Z 1T > 720 HQ DB I IE
201 R U271 %M L7225, BRIV T 4 HEE
29 HHEPTHRL 2N E L, BEERF VT 1 H
DEA%E BIC EIZITFEICT S, &) EZ I
DWTW5hb, LLF, Table 3-5, Table 3-6, Fig 3-1
ZENZENER L 72 57V GEHER O AE D)
O, EFIVEIROME, Hit S 7z CPUE ©4
LY RZERT,

Table 3-6DE 7 IV EIRER LT R 5 &, AIC 1E ¥
FTA—F KDL \—FHH % ET NV (Model-13)
2%, BIC B X U CAIC X LB /85 2 — 5 — o b
&u@ﬁméw%iwv<Mmkk9)ﬁf HQ iZ ¢ #7201 &
2TIO VT IICEE L7 B A IS MEOR o€ 7L
(NbdeZ)ﬁ>\ﬂﬂéilto

KEBDEAE—E & L7z Type ME D LSMEANS
(least squared means) (232 WTHIE &7z CPUE
FEML YR, SRR MTY A28, 19704E 0L
Bl2ZbomEnb o o5h bz, CPUE4ENL YK
DI 72 18\ HYEIFHEE DM EDO K & i\ T 7% 5
TENDLZEDLL L H D720 (114 B:#IB-1, p8d),
GEFMETFTNVDF 2 —=vF - L VT 7 AELT
T 286120%, FEEILETH D,

3-3-2. KEXKICHEIIEBMMFES I
(L BIEMERED LR

WIS, KERIZBFAMEGHRBY I 2L—Ya v
ZEUT, —HMEEO 3OO EERE R AIC
&5 (ELWEFVEERE W) BANS) RIS

Lr—>ar
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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

WERTE 7V DK FE B IESRAT DS

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.

14

—&— Model-9 —— Model-12 —&— Model-13

10

Yellowfin CPUE

1960
1962
1964

1966

1968

1970

1972
1974
1976

1978
80
1982

Year

198
1986
1988

1990
1992
1994

1996
1998
2000

27

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; ¢=201) and HQ (c=2.71).



28 HE ¥

T F—< Y ADFM AT 5 720

YI3alb—Ya YOMEILTOHEY THAHD, 3t
HEBOHATRE L THUIRD 302 B) Az (BRI,
Case-3\ZZEMNIHIB &2 RO B E 1 E) o
REEEBETIV

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)

) MEHE e d, T0, 58 o % RO IE B I HE
)T L ERRE LT,

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

1) True model IZB1F % MEERE (A, B, C) Offiix
FTARTLOE &E L7z
s SEAZHORE & W 1-FEFRI
Case-l1: X, Y, ~11dU,1) (—k5nAm)
Case2:X,, Y, ~1id N(0,1) (E#HAR)
Case3: (X;,Y,) ~N(0,0,1,1, (p=) 1/v3) (2
R IEH )
H)iid: HCIZHOEFE— 362D L) E p o iR
EHX &Y OMHBREL
F7:, TOMOEMIKOMY THY, Il —
T a v ilBITEYF ) FOMAEHEE Table 3-712,
BEOETFTIVZREBIRNSNT +—< VAT HET IV
FEIRER % Table 3-812/R L7z
o HEAR%  Set-A: n=1000, Set-B: n=500
MR LE (le. 7— %> 1): 1000

M

« RS (0°) OREXS

Option-1:  ZEA/N SWif (—HELEL (Case-1)

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

13 02=2.89 L &E)

Option-2: HASK & WA (—#ELE (Case-1)

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

1% o 2=T L %E)

o« [BFHRERAE HQ ICH T B EHIE c DIRE

HQ-1: 201, HQ-2:2.71

Table 3-8 HHIWI 3 28R Y, —Ftk % o5
#H¥E (BIC, HQ and CAIC) D&/ T7 +—< v Rt
—BM R CIERRETH 5 AICDZ &N
TEBIHBDOD TR 2> THBY, EARKS500% WL
1L000FEEETH Z DO R S PR S N7z,

72720, SPIEEENCAHBESERD B GE (RIS
HEARAB00D ¥+ F LN2B (No.12)) 23—
OB REBEOENES RO N 2w b d D,
BRI OB Z LA ORE XM 5720, 2
ZRIEH A &R E L7z Case3l2 BT HBMY I =
L—Yarafiolc, ZOMEIRDLH TR 5,
«HEDEFIL (Model-b)

Z=1+X+ee~N(0 c?) (312)

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

H) Mozt YV F vty b (SN2A, LN2A,
SN2B, LN2B) & [H UIZikE
BMYIazb—Ya OBl E4>o0TF ) %

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 2.89 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 H 24D, EFIVERERIE Table
3-100E) THB, Thxr RHMY Tk, —FEMrH
OfFMEH#E (BIC, HQ and CAIC) D#EHIT 1 —
<A, BETOYFIUFTAICHOENLID B EL
ToTWwh,

w2, —FMEEFO 3 OOBEEDOR TORF VT 4
HOBERIZOWTHET 5. EBRIZY I2b—a >
EEgTEI s oFHREHEORTENEZHHTRE
ML, B ICKRE KARET B 70 L v, 22
T, 4 DO HREBERTXF VT 4 HOKE S DX
W% grid search 12X DTV, TO5MGEFIZEL T
Az (A (314)).

M

HLcx2 X REVEEERET S,
#) (314) R K E LT, #lZIFAIC & BICO
ETlE n>8M & X2 BIC>AIC & %4 ), BIC »RF IV
TAHIZAICOZENL Y B KRELS 2B, Thbb,
n>8DEr1d BIC DJ5A/85 A — 5 — DD 7 Hil
T TV EBRAEANNICDH Do

— &2, AICIRNNTG A —F =B VWL ET
W&, BICIZ/XT A =5 -V VHMRET VR
WAL D B72%0, ZZTiE HQ TOEHIH c Dl
2 FLRELT, AIC & BICOHICH->TL 5
ZERHBEE LV,
ZD720I121E, 4 DO HEBIEDED

CAIC — BIC =p > 0 (for all n)

CAIC - AIC = p*{log (2/e)} > 0 (if n>3)

BIC — AIC = p*{log (2/¢*)} > 0 (if n>8) E B EHCTHRIERWZD, (316) Ko grid

HQ - AIC = p*[logic*log (n)/ % > 0 (if n>67) search DFEFENS, 2 < ¢ LLIIERETHIERENC
(3.14) EVH B TNDWET — F OFFNT LRI E AR I ER

AIC < HQ < BIC < CAIC (315)

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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T =271V 1 DOWRWTH 5, HQ Ofi% AIC
& CAIC OBICH - TL B720121F, FREo#EE (K
(317)) \2& Y c #359KiHG & 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)

BHIC, T4bb HQ OERIE c DREHEITOV
TOEZH 2 RESET

(AICONRF VT 4HH) < (HQDRF VT 43H) <

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

¢ = 2+k [logn/ {log(log (n))}—2]
(k:fEREEH, 0<k<1) (319)

DD ERZ% 2, k Otz IR X > TiE
THIEERAD

EMRGHET NI L DEHEREROKRE (3-3-3
), L EFT—HNTE X R WAk=0.05~0.1FEE A
2 Lwew) i ohic,

3-3-3. KEXICHE T ZABAMFEIaL—2 3>
(HQ IcH T3 k DEETE)

2 ITIE, KREROWEIIHIGT 5 HEFERE
3-3-2H I R AT ELE TV I & o TATV, —E
Wa2FOBREHETH 5 BIC, HQ DRERINT 5+ —
RUVARMRRD E L LT, (319 RoOBEE L
ECTHQIIB2#Y e c o (T4bH (319)
KICBIFBEHk Ofi) 2RKOLZLEHELT S,

w3 (3200 ® ModelB # 2 & # 2, X, Y ¢
FNZEN—RESAU 01 SHE) EREHE L,
a=b=c=d=1LRET %, ZOH33LIFIZFEED R
SWEY I 2L —Y 3 YEFVTIE, BEAEE10000
WRkE L, BLEES00mEAE S5, ZLTC, 300
Tk BHE AIC, HQ (Ao (319) KB T
k=005, 0.1, 0.3, 05 Z{tx¥ %), BIC (HQ Tk=1&
Lize&l—%) 2HHLTEFTNVEINZLT -7

ZORRE, HLEFT—HTIEIH S, HQIZBWT
k=0.05~01FEICRE LA DOREIRNNT 3 —< ~
ANRRWZ EATRENT: (Table 3-11),

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

3-4. R A MEFIVICE T BIEHEHRETIC

AE T, A A MEEEZFFOETIVIZOWTHERS,
AA MEEEFOTTVEER, B LB 200
WA BORAINGA—F—XRZ MVEO ,, 0O &
L7z &, WMHICO ,CO &) BRAIEIL L Tw
LETFVOZETHY, FlziE

O,=(0,0,), Og=(0,0,6,) (g<p)
(321)

ELZZBENINICEYST S, A A MEEZROET
VBT ETIVERD MBEIZEERIROMEN &
MAKRZOENDY, BHL D ETVREDOET V%
BEnVEA, Tabb LOBITE) EETIV B
BTHN)ETNVAPERE 2 B5E121F, AIC 2R
DEFFOZEPHMONT VD,

DX BgEAICIE AICTRZFOERMEET
exact IZFMti§ R EHZWFETEZ| R TV L0550
AR AEL Z205, N (1976) 12 & % 15 BLEE
TIC (Takeuchi's Information Criterion) % w5 Z
LIZEVBERTHY, oo (322) KXo
X)Wk D,

TIC = —2*/(@) +27 (322)
HL, t1d, trace J(©)'1(0)] ZZDHERT
BEHRZ-HOTHY,

3©) = —E{ 1(@)}% 5.

0000

TIC OB B LA 2B EN L VA, Bl X5

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

Model AIC HQ1(k=005 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




32 HE ¥

HET IV ETIE

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

VO —ATIE, YIalb—YaryERIBITILIED
EFNVERERELZ V3875 —< VAP AIC &
LT IIEFERCE R TR (3-4-1fi), #
OB E LTE, SHOHETVEIIBITS TIC &
AIC 02O ME GHFHE) 250 &% 5 2 E23%1F
bz (EE, 2001). 2B, FESHTETNVICBIT
5 TIC ®&EW, B XUHGED AIC & TIC D HEKIZ
DWW, ik AITRT,

3-4-1. RZAMETIVICKHT ZETEMEERR (TIC DFE
RINT + —< > ZFFi)

ZZTR, BRHERLIETVNREDET VEEE R
WA IR T 5 A ERE T RLE TV IC &
S TITV, JERERMWICEWEZ Z LN TE - HHE
H#E TIC BN T+ —< v A& AICOFNE DR
1790 3-2-2fik &< WU 2 el /i A i€ 7
WEAE L (Table 3-12), X (324) @ Model-11 %
AWTF— % #5488, 4-o0WMEHRLE (AIC,
BIC, c-AIC, TIC) Ik o TEFNBEIRZ T o7 L &
WZEDETFTNVHBIREND IOV T ORI EE
%Z1,000[147 - 72 (E%, 2001), S HOFEERIZE T
WD K LEE 8 LERE L2 OREAREIZ96 (=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

Thbo 72, o (EHBEEOHED)=05L %E L 720
FEFE Table 3-1303# 1) 7278, TIC O #EIRINT + —
<XV AFAICR AICDODZENE RKELRWEE R 5o
— 32 A PETNVOFERERIAVZEOET VB X
OBl € 7 )V —
Model- I: Log (CPUE)= Intercept + Error
(AL Error ~ N (0, ¢%))
Model-1I: 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 ZIEMEMAE & stepwise 18
TE D LB

FAMEREEZFOEFIVICBWTIE, HHREHED
AT stepwise E D EHWETH %o Bl 2 1E, ATk
DING A—=F—X7 M

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

(3.25)
ERHOETIVAELBEZEELLEE, NRTRXA—F—
BoEp — ¢S 0Ea OFEICE D & A REKE
5% DL EIZTUT, 1% 0 & XIX15UT) 12k
FEDFH, ZN LD RECEEITIE AIC D38k
HETFNV B EBRREANNCH S (EE, 2000),

T2, B E B ETF VDL BT A A,
A EKEDTEVANED/SA (HF) bEEE 2
%, Bz X, CPUE BL#AbZ EI2H W 6 N2 5800
ETNIZBWT, ROS5ODBEMERBETIV

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
I (true) 776 307 778 781
IV 94 0 35 90
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B Error ~ N (0, ¢%) &35,

% L CBackward ICZE B Z B S L Tw<
stepwise MEEZE 2 5 &, (3.27) KD 2DD/XAN
fffEd %0, 22T, TORAMETFTVE VTR
YIialb—Yararfiv, EHEHEEL stepwise B
EDRIPST + =< VAR L 720 DUV, 3-5-1f
TYIal—va VEBROFEIZIOWTHERS,

Pathl
(Model-1) < (Model-2)
t Path2 t Pathl (327)
(Model-3) « (Model-4) + (Model-5)
Path2 Pathl&2
) (Model-5) %5 (Model-4) 7% Z 1% Pathl &
Path2 ¢l

3-5-1. A METIVICH T B IEHRERZE & stepwise
RE & D IEBSRER

T, A Mgk &R BE DS A DA
THRREZ Z, SO HBET NV EREL2Y I 2
L—3a YK 0 EHaEHAE L stepwise BE & DI
WETo 72 MOELE2 G e HEAH24) ®25CH
EABRAGHAEE TV ERE LT, Losx™ (327)
D5DODEFNDHH Model-3% E & # 2 (Table
3-14), GLE#Z1000EFAE ST S, LT 2 o0 H
=¥ (AIC, BIC) &, X (327) D208 %N
A & FD stepwise MEICBWTHEKEEZ 1% 25
10% F CHERICEBL 3 gL XICEDET VIR
BENBDN0, LWIRIRNT +—< VAT, &
DEERIZB W T, stepwise B E Tl Backward 2%
BEWS LT HEEZRA L7225, 22023 R12 K
B BOERE R D L 2 WK O 2 ) Ok %
Z 25, HWr 1 TEZOREICHIFELLTLEHID
R LT, K2 TSR EEZIT> TFEIED
PERET D, LTEHPRRSoTVD, BB, T0
—HOEERII BT, 0 =045LRE L7

BARI 2 FIEE LT, WIS Model-473E &\ 9 Jit
A LT Model-5725E: &\ 9 xR 2 % Z,
JFIEAGRASFEII S N2 5 Model-5% IR L, FEHX N
BUINEKOAT v 71#EL (2 2 F Tz am) .
WKIZ Pathl TR MIC Model-2725H. &\ 9 IR AR 31
5t LT Model-423E &\ ) RVAREZ Z 2, T ARG
MWEHE N5 Model-4% @I L, EHI IR TFUL
RKDOAT v TS F DA Model-123E & W
I R AEAR S0 LT Model-225E & v ) W AR % %
A, IRIEABIASEH SN 5 Model-2% IR L, IR

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

SNz Model-1% #IRT 5 2 L1274 % (Path2lc>
WTHEBTH L),

FZRE, Pathll Path2 TR ZMEREVAE L 5
H£bdHY (ET, 2000), FRAEE LV — RS IEIE
5o Al £D XD BYEI Table 3-140 X 9
% 2 ODHWN o TEIUSIT + —< ¥ A& P55
B ERR AT 5 720 B 21E, PathliZ X 5 stepwise #
ETIE—F WM % Model-12%#IR X T, Path2ic X
% Z N Tld Model-42%& IEN 72554, No6TIRHIFIE
EHBILTLE ) DIZxF L, No8TITFEBIIHMEZAT
- TWh W Path212381F % Model-1 vs. Model-3D#
ExZITVY, Model-1A%EIXN 72354 13 1 2 i 3
R EZTIOEFVEERL, Model-37°
BINEINGAEICE, CZ2TREDTHEEHRT 5,

#E R Table 3-150 £ 91X % %, kL LT, 1§
M BIC @ #EIRIN T 5 — <~ A stepwise B
EDZNIZHRTEPRL otz T2, ARAKHE
DIEZHD T/INEL T B EERDL R VEFT N YE
BNAEAPEH AL EIRENTD, Z0LkH%
stepwise ME % FH WV BRI, HHIEENLET
H5o
— Stepwise BEICH T B 2 DOHIH—

No. PathllZ X A2HEREE Path2ic X HMUERE Ik

1 Model-2 Model-3 FIE
2 Model-2 Model4 Model-2
3 Model4 Model-3 Model-3
4 Model-1 Model-3 FE
5 Model2 Model-1 T &

) 1-507 — 2 Tid CGHIKE 1 &2 2 XBed)
HBOHB 21779

FIWE 1

No. PathliZ & 2MiEHEF Path2lZ X AHRERE  HIbr
6 Model-1 Model-4 Vi
7 Model4 Model-1 v
HIWT 2

6, TOr —ATHNZFIFE LT, REEITT-72 L
THIEDE D H 7% HIr)
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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. #4757-2 178 AR CHIBT DX WAL INZEFTVIZBWTURERFZ o
8 No6 Model-1 vs. Model-3 Model-1 Model-1 =1, WVRFHEO=Z a<1EBL L, BRFOTTH
Model-3 )& flia=113/8F A — & —ZHONEICHZ LW &R
9 No.7 Model-1 vs. Model-2 Model-1 Model-1 (Charnoff, 1954), JFEEARFLO T T Fisher [5HATHI A
Model-2 FJ& EANC % & 2 wAs) 212, Ui = Ol i E A
W72 3N VDTHb, ZOM, 87 XA—5—DFE
3-6. EEEGAHICH TS :ET)la%R WHEEOMEL AL T 5,

AT, KEEBRIEICBT 2 EREMLT— 5

DR 212 ﬁﬁiéh%ﬁiﬁ(ﬁ%ﬁ’\?ﬁ%v‘}b@j ZZT, 3 (328) DEFNIZ Leroux (1992) A332
vER=R VML (Lo oM HEICOVTERT FLdeMNELEREZHNCa /% t v MR
HARIIZI1E (328) X & Lk, Fig FA—F—DHEEITI o BRI
3- 2@; I BRIEB A BB G SN0 B W, L= =200 X) + 2a(m, n) (3.30)
AYR—=F Y MmE Bm-1) EDRT A —F— EBWT, aVR—% Y MimoOltEREm %
a;, ui, o EEREE 25, fh=min,, {min ¢ L} (331)
Model(X) =3 a.f (x| 1,0°) (398) D/MEREOM L LTRD 26

i=1

L0 | X) i BLERE, o (nn) &
BLX= X, X) BARXZ bV, n AR,

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

M, acavE—AvbioRakE Q) a =1 (as n —o0)

LIRET S, (3.32)
ZOr —ATRERLCHEEEOWHENTEE (—3% -

WOEIERME) 29D 7o izdich £ ZREREE e TERIEERDLL, FOEDHITL->TEL

W3 ZERHRLE Y, RS, DEIEERBWK L, Pl 3 a(mn) =3m -1&

BLEAICK, almn) = Bm —Dlogn/2k B &

X, o, X (Gid)~P(x|a, u,, 1,,0;,07) BIC i27: %, ZOF&AT & RN 286122
=a f(x|u,00)+(-a)f (x| u,,07) (3.29) YRR MEEBMEE L WS eSS hTw

505 BREEDOWREIZOVWTIZRINEETD
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5720, REDHEIIZEESLETH S,

B, COWMLENESEECB LAY R-F Y
N H D BRI E O RENE B B R SIS LS B 72
H, ZVEFILV (HIRHELOETV) LEEETIV
(f# ) & DE T IV ARRFET B VT von
Bertalanffy O JE Rl % & &2 KE) OFE % e
o, #HLWwHEIEE (Eguchi and Yosioka, 2001) @
IKPE B IR E OB RETE IS DV T, BRI e
T OWf7EE & ERBIE 21T 5 T 5,

A5 Tid, AIC, BIC LiREHZROHF i & L
T Dilichlet 434i

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

EBX) (3.33)
ERELZIOOHREZHNTEHDOIT VR~ 4~ b
gk 4L L2700 58 E100H 54 S & CRMHE
BeFER %2 1T o 724559, Dilichlet TR0 12 & 5 Bayes
RIHEDEDET IV 2 BEERINT + —< Y AHAIC
R BICIZHARTHTNIZHEL o7z (Table 3-16),
L7 L Z® Bayes H#EIZOWTIE (332) ANZiA-d
V) B RFEHSS R Tz, BERIYIEY
PR SN TV,

F72, AIC 2 L OREWN 2 EHREHEOY A L

35

K2, a2V R—F v NEOBAHEE DT EEEATE 5 T
WALZLIZHEBEPLETH L, B, SHOFHEE
232 L—% 3 Tl Dilichlet 545

ro" By =,
m(a| f)=—""""T]a/" (334)
[1T.1) =
WCBWT B,== 4, =172 K% L - 15w 7
fiE MR L7722, OB/ T X — % — % %8k Bayes

BRI ko THETAZERWEETH L, CNHD
FEREIIHERH 7 — % (B 2 AR 4 o kM
KT =5 TENENIT Y R=F ¥ VN RL LHE)
WHBEHTRETHY, EHEREVEEZ LN,

%8B, 36-1Hi CIEHREDAETNVICBIT HEHH
By Iazl—va vOBBBIZOWTHERSL, 7V
% SIXRENTR TS, WEREERML Fig 3-205 0
EHWA,

3-6-1. EREADMICH T ZETEHER (FHRER
HEDINT 4 —7 > ZFEH)

ZCTRE, EBREAESMETVICBIT SEHREE Y
2b—YavEREZEZ, avR-32 Y M (Lo
ERG A= — (K4 DB OF Lo5E) Ofii
DHEE R HREREICL > TFo 2o TV E—F V|
A4 THY, —RL7-E A% A DIEBGA DR
A LW & 9 A (Fig. 3205 R % R B 50

/\\ =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, fllu, o) EFHu, Sk’ %FoIER
D p. d fHEREERE) 2EbTILET 5,
2O A 100m FAE 2/ T, 4o0H#E (MLL (i
KxF#E), AIC, BIC & Dilichlet FRi%4 % v
7z Bayes BUH#E) 12X ), ZOEREBEES OV
FA=AY M m2B4THsEIELL EHEEINLM
BaaiLe,

I Table 3-16M3E Y 7228, ¥ — R 1 (FEARE
3000) &4 —A2 (FEARKT7000) ODVWTFRIZBWT
%, Dilichlet F /i %47 12 & % Bayes BIBL#E & AIC,
BIC I3EDETFIVERIBIST 4 —< ¥ AHP 4D
B, RERBORAON G P72, 2O LMD,
HE ISR E 2 E LT, EBREIIALD
THHmBLE (AIC & B L O'BIC) X IEBRA A€
FWIIBIT D3 v R—=2 v MROWEEIHHTRETDH
BEEZOND, 72751, ZOREMRERDSHMS
5BV, Dilichlet FHHi 54 12 & % Bayes Bl{E k& H
EOFHAZHEIZET LRETH S,

3-7.%5¢&H

85 3T, FIC CPUE ELi#efb 2 M5 L 725 ko0
WrET W, o IE TN E AT, IMEROYA,
KERDOYE, A A MEEEZFOETVOYE, IEB
BEDHETNVORERE, Fehr—2AZW0)
720 KREBFRGHTLLMON TV AEHEBETDH
% AIC oMz, BIC, CAIC, c-AIC, HQ, TIC 7 & % fii
AL, EBEFZBCCHHT A EHREREICL>TE
FIVRIRFERYP B D L, ROEBOEHET VO
HRLEDEOET NP LHEIERESETELWY
ETFNERERALEV)BEBIRRN T —< VA% Il —
a YEBICIDEEL, HREHEORIEZFELL
SHM, MEF L 7e a3, R A MEERFOE T VT,
FER W A ZHMEITMRE I NS stepwise FE D
TR THY, FEEYI 2L —Ya vzl U
HEH I L stepwise BE D LB S A THEE L 72,
DF, RE TR LN EHBOKRELEH L TihR25,

wAANZ3-18iTlE, CPUE WX Ex 52 TWAENR
R EETICIIEEIRT 2 L v ) #lEH» 5, CPUE
FRATIC BT 5T IVEIR (BROIUERIN) oEEME:
IZDWTHRR7z,

328fi T, MNERDEERRMNNT A —F — K
DEERBNC L 0 2 H G A E VA 12, ¢-AIC (finite
correction of AIC) 2 & % & 7V EIFEH AT AIC %

M

LD ENERRLIE RS I IR ADEET —
FRMOTHIR L. 512, S Eloy I 2L
=33 il& D, c-AIC DFEIIT7 + —< ¥ A5 AIC
DENITHRTO2 LD EWI L2 L7,

3-3fiTIiE, KEADOHEITD AICH R Y 2 FHo
TR H B 2 & 2 BERIICHIL, T 5 HHE
WX EFT VBB RICESEL LT LA A ¥ M
2B % F ¥~ 71 CPUE Nt o FREBIC & b i
RL72. E51, WHEMICET LWHEETH LK
M2 oM EH¥E (Baysian Information Criterion
(BIC), Hannan and Quinn (HQ) and Consistent AIC
(CAIC)) #SAICICHARTEfkE LTHEATWL L
%, BYESHEOGHERRERZE U OR L7,

HFhET, HQIZBI 2 EHHc DEDIIZOW
Tikam L, c=201% W LII271E B 2L, HH 0
i¥ ¢ = 2+k[logn/{log (log(n))}—2] (k : £ & & &,
0<k<l) &¢BE k Z005~01FEICHRET LI LEDE
PEIZOWT, BHREBEDNF VT 1 HO LB R [
IBAOME Y I 2L —3 3, grid search & VTl
FEL 720

3-4HiTlE, K4 o CPUE #Z# b &E N5 A A
MEBZHEHOEFTMIIBWT, fEkERIPBEVWESD
T &7z TIC (Takeuchi’s information criterion) #%,
IEBEREZ RS 2o MBS ESEER TH L LI &
—HALBIZE T VTt AIC & #EMICHZEICR S 2
&R BEICEE L, &8 T TIC & AIC OEIR<
T = VA EALENI NI LR, FHERIER
WX YmRL7,

35fiTix, MUK AR METFMIZOWT,
BE 7z stepwise ME & HHEHREIZOVWT, BHED
FET L2 %P L, 45712 stepwise REIC BT % H
EDNAIICELT, EFVRIROBEDLLFHEL
L7 HHMEHECTIERYVETZEOEEZTHRS
VEDNDY, BHET VN LEEICIEMERC L
25 stepwise BE X T 5@ RN —LTH 525,
stepwise M TIZZDNEFIZ L D FJE L 7245 B H3
LNBZED_HY, ZOXIRGEDOHBL HOTH
MR L7z

HAKMIZIE, ARy I 2L —v 3 VERZMEL
TIHEHREHAE L stepwise RED /X7 + —< Y ADLE
ATV, —RICHEISPERTwE L, RO
BCHBAKEEZ NS CRRE LA T A= =K
PO R CHEMRET VB EINDSETHE I L ERL
72

3-6HiTIX, REMEKT — & OFERSH GRRAE)
AR EBREAGSMET VBTS2V FR—%
Y MNEOHEEREEZIY P, A A ZHREICE O MR
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EDVHRMIHERH R WS L 2R L, FHERERE
LT, AIC R BIC IZfUE I N5 1E Bl EE D R
LA TEERZ &, BX U BayesBloF1 ) 2 L
B A 2 O EREREIMERTVWL I L2 D
HCHEIEL 72,

$F4E Za1—-J)xvy b7—7I2K% CPUE FA
EERRASMIF IV IOREANDER

4-1. [FU®IC

AR#ETIZ, CPUE BEHALIZHET 2 KERIFIZIEED
METH 5 ERERBIHENEZEDETE), BN
HTWIRZEMOIF IO CPUER2 =2 —F V1Y
FT7—=212K ) FML, BRGH (CPUEERNL Y
OMH) FRABEOMAL L, 2LT, 3T
IV TUDEREMEICBWTEERRE Lo TV
DT WIEEZE R O CPUE I 5 —E DRI 21572,
ZDIF IV uOBHREFEROMEICOVWTIE, K
D42 TFEL { BB,

EHIE, Z2—=F kY T =27 BRORHMEO M E
ZEEMT7NUVIY) ALIZE DML FECBTAF
W DO FEFERGRE 2 17 > 720 T ICIXEBOMET— 5

(AADIZ Z AN X 55x5/ HPNCEFF s3I+
IV uDfEREBLUEIET—5) ZFHALTY
B72%, ETNVOFM (FIMEOREEREE) 1 n-fold
cross-validation & FEN B F—% % 5 >~ ¥ AT n- 4
LT, WEICELEY 7y b o FE 2 NEE
ET D FiEEMAL .

4-2. 3F3IYJ0ICATIBEERHBOME (RE
PHEOVEFZEREOI Y KLY

CPUE #Z# b £ H I ER R OHETH Y,
S NZAE ML 2 MY 2 IR OB i 2 2% L
Twb, LaL, %< ®CPUE MHTICB WV CHEER
KRG SN 7HT R AL TwE 2 e,
BeoHTE) 7OREEVELRY, 2O LHEX
DX HAEANRD b N B LA, fHEN R 7%
ARZEDMIEZLEE T, Thbb, g
CPUE DR FICHM I 2T 7H 4 X2 #ITAbE
72b 0% EHEEE (abundance index, AI) & IFA
TBY, #EIX CPUE EEMIZIED W2 E =i
ARG ICHIS T 5 L 2 5 Tw b (8T,
1988) o

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)

&wzmzloym&jAmmnwmmMﬁ
7

@ﬁﬁﬁﬁ%@%&fé

oM mAERE, KX (4D o X5 RIS
LBEWERET L ER M THS, LHL, F
B - oB% EDMIIILHPADORZZR M 2 BB %2 17
W, ENZEDLETHREDVPBILT 2HED L. 20
720, EPRDIZONTHOSAIFNL, LB
WHDHANLTVWD &9 a2, 41) XEHWT
BRERETHET 2L, BHOBREFEMIZO RS
BNDD 5,

COMMBEIIHLT, IFIVTufi¥EEMY ko
TWhEBZEE S CCSBT T, 41) KXo /o
MAZ19904E AR F 0 20 & (4.2) KD X 9 7 b i A&
BHEDPEIKET AL VI EZFERNY ARTWwS
(CCSBT. 1998). 3 &b bilZEDNEIIH LT T
A RXDBEAZIEDL L) FHETH L, ZOEZTIF
(41) .o CSIR##. (constant square k) 1Zxf LT
VSAR#HL (variable square fRit) &I T 5,

AIU = wl.]CPUEZ.] (4.2)

(mbzm_l(%WBR@WOMEMﬁ®Wﬂ

ﬁﬁ@%ﬁ)&#éj

IFIrBRICH LT 42) R0k % VSR
MOEZEZHBHCONLHME LT, EFShTw
LI OPCElPEHE D LBEDO LRV LOID
s, BFEERHMOENL Y FICKEREEL S5 2
TWwah7-brtEbhs,

HAORFIEMBEAICE S IF I <27 a0 CPUE
(R RE - & hw) T— 5 3HmIL, £L T
Mg (R - B SX 5O IV TRED ICHRS
7219604E %> 520034E F CA0ER VO TF— 7 2 L
TWBY, FHEICHWZ®EIT— DL RIS 2%
L (5x5/ H, 429820L 2 —F) ®H b 45D
SERVDPEEOLVENVERSTEBY, ZOMEICH
END ) BEEREDS RIS (Dt EIFHRT 5)
DWW PP EELZMEEL 2> T,

FEEMEE LT, —BALBIEE TV &2 FIH L 72
WiCTld, &2 DORWERDI/ST A —F —HEMHEIZL D
Type M DOFEFHFNZHS { LSMEANS (least squared
means) &IN5 % HWTERSH (CPUE 4 k
LY FHiIE) 2479 2 &%, 3F3I77 00
CPUE ##TIcBWVTdH (43) AB X (44) KTk

Wahsd, ZNEFNEHRBIOCEL D) 7ORHEAE
R4 5 LSMEANS # fJH LT, CPUE ®4E
FLY FERMEIBLTWS,

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

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

{H1L, 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
(4.4)
b

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

k k=1 k k=1

FLERT D)

727l IFIRTUBRICENTIE, FEbsh
72 CPUE 2 XM =) 7H A4 X EE L2 ER
BIRICERT 2B T, BEOLWREE L E XS
Sz 72y 7 CT—E e RE LA (CSARGE)
Lo bEwgas (VSRS T4 CPUE 4E b
LY DR L->TEY (Fig 4-1), ThHzeFa—
U7 E UTHEH L7 VPA (virtual population
analysis) 7% EOFMEFT VI DHEE SN GHE
DHEIHE S WG R BHRERICE>TLE o7

ZFIT, KHLTIE=Z2—FNVEiy FT—212kY
(IF IV OMET— 7O\ PERE D D) HBEDR
vtV o CPUE Fill 247w, Tl Szl z v
7= 48 20 B 00T Fi5 (CPUE 4E N L~ Fodhib i)
ZRET 5o

4-3. BF&

AWFFETIE, FHRETOANERE BIIERZ RO X
HITHEL, HEftE=a—F VA y N7 — 27 O
W 7N IT) ALTH LA R E L7,

WEH OBEER) —HADIIZMINIE S 4%
ko33~ 1 CPUE
(=Catch/Effort) Catch :
i % R %, Effort : 1000
hooks.

AN (A% ) — Year : 4E(1969-2003)
Month @ H(49)
Latitude :#FE (30S-50S,

5 FEZ )
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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 BEZA)
) ABNEBITRUEFO%
WATITYANEKET S

Za—F ARy FT—2ZIZ X BT E BERGHILLL
TOFNEIZTIT 57255,
vzt Vi GRT-OMAEE) 1 ZEfT & & e L
BEt 208200 % %,

Step-1 (CPUE Fil)

W (B BKbsrtV Gx5/H) oF—% (K
fiifd & @ &£76971F) #HWVWT, =2—FV%kv M7
— WX BNV = VEREITY, WHindT sk (5x
5/ 1t #hiift & &£7,697#) © CPUE FllfEZ Sl L,
CNAER=AT—A LT 5, WIEREINTZV—L %
i U TR GRE) A3 2wt v (5x5/ H  #iiide L :
4222,1237F) ® CPUE O FHliE %2 HEET %,

Step-2 (ERE %)

Step-1THRIE I N7z ToE IV G5/ &
29.8201F) OFWME%E VT CPUE ®D4E F L v Fask
Db HARMIZIE, &MICH (month) 12X 2 (%

L <A 255 L, IRICEE B X O (latitude -
longitude) 2 & A (b L <I3HRA) Z25HET %,
INHLOTuEAZRTRIEUTOL) TR S,

CPUE?: =
1 1 1 -
— — — > CPUE??
NL {La;lde{Nl lagde(]vm W;h year,month,latitude,Longitude }}}

(45)

HL, (45) RNEHICX 2 P20 MR - BT X
5oz a 2R LTEBY, N, N, N idth
ZHH, WE, BLOREORERNOKERZ LT,

CPUE VCH 3 2 HMiff & =2 —F NV kv P T —
7 TlE, RHEEE 1 DIZEE L L CRESEET )V
IV ALxfEHL (PEEFBIIERNICHRE), H
B EEMID T oMY TH D55, FiricidrT—
¥ <A =27 Y= KINO suite-PR (Version 3.20,
Z) %fEH L7z (Tsukimoto, 2000).

o Hlif & T — 5 2B (85%) LHREEH (15%)

W27 ¥ u5H8T 5
o BN R T VT XA #FIHL, BEEE 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.
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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 MCMCGC (EM algorithm)
Correlation coefficient 0.59046 0.31644
VIEA FEMEHTS hB, 44 THRRS PRAMEORENGEE B E L
o IR I DICREEL, PRIFTFBIEDTOLME T, 2=ty bI—2 2k BT & FLT
WX D BRWIET S —Z%fEHLT, EM7 VI X412 MCMC
-HhEFETRE 22 1 928inse, UTo4k #: (Markov Chain Monte Carlo method) (2 & % &
Haimsz Lz oEET 5 # #4772 (Little and Rubin, 2002), BAKMIZIZ,
- ANERITETIERL (0-1Z#) L, mh%E GG HTE T VBT B R 7 MV KOG HaE 5
B2 B 2 BHAME & T I 0 5 KA R DS, HATHI % Jeffreys DFRIHAZRWEL TP I 2 L —
FEM B L OWGEH O )5 T0.01LL FiZ %> 72 9% Bayes 2 A MHLCBY, LEAADL
LEIEEES (EFORWVA T I HIVERY W2 &) 5 EOFEATIZB %I % CPUE /R HIER
2, ¥ I —EBEEX) HSE L7228, fRATIZIX SAS (Version 9.1.3, SAS
—%ADr—A (PHERTHEREELHE) I Inc) %FIH L7z,
BT 542813100,000R THEIE X E 5
) EoEbRIZ@EE L, X—247 — 2 ToOHH 4-4. FREDFEE R

FEFBII36 L HwE I iz, KEITIX, =a—I N4y PU=2IZFMNI 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 EIZDWTRE T4, FHIE LT, #3¥
Dvt)v (HAEL 77— %) 1K BEIEEHE IRk
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k»f%éﬁﬁﬁ%T YRIG VNI HEL, F
NENLOFTO0H 7Ly bE2RLT, $4bbHlb
ML EARL T2 —FNVAy FT=FI2LBV—N
ZAER L7, &EBT5@ Y (Table 4-1, 1 - V) DFt
Fairv, WBRGET L7228, SRS O 729 0 5fold
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BRBOMIZILIRNICE L o THBH, 2O LIiIM
M7ay b5 b TS,
CHEELFELF—%ty hZ2HWT (521254
SN Ty P ELFA—0b b0 HH), Kill#E
R D720 OFETFE (EM 70T XA THI L7z
MCMC i : #a e V2 KE LT, £ENRA
PCE Y S MOBTOFHEE ML L) ICXEHE
ENEAMBERE (Table 4-3) LT &, =
2—=F WAy =228 CPUE PHIMEICL Y
B SN MBEREOfEIX, MCMC #1252 hic
WRT2EMREE, »RVEL Zo>TwD,

¥/, ThooE7ay b (Figd-3) 25, #6
IS R BIIMEE 2K E L, R K& LB
NS OIHEET B &) LA BEIGEE A, EM
T T XL THI L7z MCMC #0412 5 h
5o

EM 70 T XA 3 KAMERE OREN 2T VT
ALTHY, ZEEIER A INE L-MEET IV
EMEMNTONS, EBICIE BT —7 DR
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CPUE vyear trends for SBT by neural networks and GLM (CS & VS).

—&—Neural Network —— Variable Square (VS) —&— Constant Square (CS)
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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 (i.e. without observations) data based on the predicted CPUE for southern bluefin tuna.
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% & 22N, Fig 4-45 X 0 Fig 450 & 5125 b
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Table 4-51278 96
) 22 ® F T E Maximum observed CPUE 7%
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R ECIEME R L 2GE0OLREL R
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BEAMMEREEFRME —2—-IVEky P T—72
2 X 2 BHNE & RE o e R o EHME O J5 8,
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NL, =2—=I)ky T =7 hLESNIMxRE
&, 522 THOH Tty MIBWTHIMEL FiED
HEBREL BTV D, TR ATEAIERL A O X
IZELRFRTR L, WBRIERSADO L) ZIETH S
7mHEEZLNS,

REiORBIZ, 7y METIELEL, @fkE LT
REBED =2 -9 VA Yy PT—=2 L EMTVIY
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IZ& B EFIVIEHRERIZO VW TR S, Figd-68 &
" Fig. 4-7TI3F#NZFNDOEF VI BT 5 EBHME & 7l
fEDMB 71 v b+ %, Table 4-63 X OF Table 4-7i%
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EM algorithm 12 & %5 MCMC #) 1281 5 FlfElC
B3 MR B X OBIIME & FIMME O B AR it 2 &
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WwWeklidwz v, Fol, MCMC#ED X 5 FillllzE

TRV, =2—=I)Vtxy bT—=2&EHWTHHL
ANDOEFHEIAMEIR L LTROOND 720, FEE2HE
T 5, MIZEZIE, EM7NVITY XA 5B MCMC
HOFREREAFERICE L, HEMREL Rl vk
WweEbEZLNS,

4-5. M S/ CPUEE L > N (BERPIFHER)
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Extracted year trends for SBT based on the predicted CPUE by tree—regression model
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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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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)
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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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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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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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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

57

the example of yellowfin tuna

MSE I

I I\ \

Tweedie model 578,187 864,574
Ad hoc method 652,065 972,004

798,697 615,102 902,651
910,298 685,552 1,002,491

Lfci#ﬁl&ﬂ/‘]—(‘\%éo

IBEEB—HADIZZMBEEMCL B4 ¥ FEICE
\7 % ¥\ ¥ %o CPUE
(=Catch/Effort) Catch : it # 2 %%,
Effort : $4% (10004 Hifr)

FER—Year :4E (1960-2003)
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Area :iEX (1-5, 1 ¥ FiEEK%E 5
22X % (Fig. 5-1))

Gear : B % (number of hooks be-
tween float, HBF)

SST  : FKMHi/Kid (sea surface tempera-
ture)

MLD : {R&JE%EEE (mixed layer depth)

) Year, Month, Area iZNHF DL \WH 7T v

R, MR B s R

w2, Tweedie EF NV DLEFR TH 5 ad hoc
GLHEZBWT, LRI IR LA EIH
ZOILEEL, ECOFNREXBEMEHEEDT
VEFN (65) RX) 25 (Year) D ERREDOA
2ELXINVETIV (66) X)) TTEHELADEKEZ4AT
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1) CPUE fE#EMLIC BT 2 E 2 HEIZE ML~ Fodm
WTHEIENS, IVEFMIZBWTS, 4 (Year)
DERMPITHPER &L LTED,

log(CPUE, +0.1) = Intercept + YEAR, + MONTH ; + AREA,
+GEAR+ SST +MLD + (YEAR* MONTH ), + (YEAR * AREA),,
+(MONTH * AREA) , + (YEAR* SST), +(YEAR* MLD),
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— Final model —
log (CPUE+0.1) =Intercept + Year + Month + Area
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OB E WS BED S, Tweedie ETFIVIZBIT 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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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.



62

HE ¥

M

Histogram of dewvres0

15000 20000
| |

Freguency
10000
|

S
-]
-
o — [ —
I T I I T I 1
- 0 2 4 5] g 10
devres0
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 I\ 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 il v 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. 5-14. Overall correlation plots of observed and predicted CPUE in the Catch-NB model for
silky shark.
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silky shark in each sub-dataset used for 5-fold cross-validation.
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POEBERESE, ELWEFLVEZFERE W) HIR
NI 4= A%BUT, AICZIILDETHEkA
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@ Pearson’s #HBIFREL -3 — ik 2= (MSE : mean
squared error), #ikfERAE R EOF YIS S
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T8 A DEI2WETINVICHTBTICOEBEEEZSY ZLTC, DR iLozHIz (A2) o
IZ AIC & D {1omEZENEBL, Thbb,
Y=y, — )+ (v, )
AIC O FBRIBIEDOSE & i3 5% & TIC 0)«\%)1/ b
TAEIIEMREZ LTEY, HEi EIEEETET +(y, —y2)2+~~-+(y . —luz)2
BHEBIRIES 72 L DB, %:T“, ﬁﬁA T v *
ity I 2L —Y g VERTIREL: +
I RIEBBREL D 2 TRES G ET NV (55 +(y _ﬂp)2+“'+(yn_ﬂp)2
54H1E 7V i2 CPUE #E#fbic B IV B 2) % ey
W TIC @& B X OBEENY 2 H A5 AIC LDl (A3)
Bx21iTo72 (EE, 2001). ThH5bo
F3°, Table A1 X 9 7% 2 SR E G E AT E TV
BEZD, BAE N, NFIA—F—%p (n>p), RO ZHDEE, j=1p LT
n/p DETHEHRTHLEL, X (Al) OXH4HHE ol 1 *Z“/i’(
FA b EFLEIGET 50 EBITH, EPRRPEP S Ll
0%l ~1n
Log (CPUE) = (Intercept) + (Year) + (Area) + 0k olp
. H o p
(Error), Error ~N (0, ¢?) (A0) s
500 =0 (1#)),
DD HAHHEF LT (Area) O EREARD HiOH;
. e - aZl j*np
LNEVEDERETHZEET S, 2:_7 Z(Yk 1),
ou;00 O k=(-nip+1 (A4)
Log (CPUE) = (Intercept) + (Year) + (Error), EhbZ k &
Error ~ N (0, ¢%) (A ﬂ — { }—-—
oo 20!
COLE RHST A= —R7 PVO:=(u,0?), o1 =—L{*}+ n
o=y, ) VSRS DR BODEEBIRL | 132 Rk e’  of 20° (A5)
TR f 2 EXTFTILICEoT (A2 XX Xy, ¥/ (A6) RoliE
ICERBLEN D, E [(y,- u]1=0,E [(y, - u)= o (k= (-1)*n/p+l,
(©1Y)= Y logfly, |, °) o i/p) (A6
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=—Zlog2z —Zlogo? IGE! |
TR T8 B |=-—2,
1 ) . | Ou; o’ p
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P P Y
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Y ) ey, ) L0@) 7
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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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Table B-1. Pattern diagrams for tuned VPA (4£## and 4E shows the age and year in the table, respectively)
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Standardized CPUE used for VPA as an tuning index
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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.





