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A statistical study for ecosystem modeling focused on marine
mammals”

Hiroshi OKAMURA **

Abstract Most of cetacean species are highly migratory and difficult to keep in captivity
so that it is not easy to grasp precise status of the populations. On the other hand, the
limitation of the management based on single species has been recognized and the demand
on the ecosystem-based population assessment and management has been increasing over
the world. It is important to know the status of the population precisely and accurately
as far as we can in ecosystem-based approach. To extract information efficiently from the
data in which a lot of uncertainty exist and grasp the status of the population precisely
and accurately, the use of statistical models is essential. This paper focuses on population
assessment of marine mammals and develops some statistical models. Furthermore, the
competition between marine mammals and fishery is investigated using an ecosystem
model.

Marine mammals are one of the important top-predators in an offshore ecosystem. The
information on the distribution, migration, and stock structure is therefore indispensable
to the construction of the offshore ecosystem model. In addition, the degree that the bio-
logical resource is affected by the catch greatly varies with the assumption of the stock
structure in the procedure developed by the International Whaling Commission (IWC) for
the management of large baleen whales. The regression analyses based on the generalized
linear and additive models are useful for modeling the complicated phenomena such as the
temporal-spatial structure of biological resources. In this paper, the spatial distribution
and seasonal changes of the density of the western North Pacific minke whales was esti-
mated using the generalized additive model so that there was no evidence that multiple
stocks exist in the western North Pacific. On the other hand, the seasonal change of the
density reproduced the aspect of migration of the minke whales well. The investigation of
temporal-spatial distribution of biological resources using the regression models can be
extensively useful for other species other than marine mammals.

Line transect sampling is a standard method for estimating the population size of ma-
rine mammals. One of the important assumptions in standard line transect sampling is
that all animals on the trackline are detected without fail. However, the surfacing-diving
behavior of marine mammals for respiration and feeding can lead to failures in detection
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even if they are on the trackline. As a result, the population size tends to be underesti-
mated. Although the underestimation of the population size brings conservative effect on
single-species management, it leads to another problem in ecosystem approach because
the impact by consumption of predator is underestimated. Conventional methods for esti-
mating the detection probability on the trackline have several problems. The flexible
method developed in this paper modified and improved such problems. Simulation studies
showed that the method is promising. In addition, it was confirmed that the present
method is able to be applied to real data sets using Antarctic minke whales data.

The prey-predator interaction is extremely important in ecosystem modeling. If we can
know preference of animals in laboratory, we can estimate diet composition of animals
non-lethally by putting the information on the preference and the availability of animals
obtained from sighting survey together. Preference for multiple food items can be meas-
ured in the laboratory by choice tests like cafeteria trials, in which an animal is initially
offered a variety of foods that are equally available at the same time. However, the results
of the multiple-choice experiments can be affected by many factors such as placement,
amounts of foods, and the length of time that the experimental animal is permitted to eat.
An alternative way to determine multiple-preference is to repeat a series of paired com-
parisons. The paired comparisons have an advantage over the multiple-choice tests be-
cause the design of each trial is simpler so that the conditions of the experiment can be
easily controlled. The data collected from paired comparisons can be analyzed with the
Bradley-Terry model. However, conventional Bradley-Terry model has some defects; for
instance, it is not able to deal with the amount of consumption. This paper proposes a
modification of the estimation method used in the Bradley-terry model. The maximum
likelihood estimation based on a binomial distribution in the original model is replaced
with the nonlinear least squares method. Furthermore, some simple methods to estimate
the precision of parameters and to test several hypotheses on preferences are provided.
The methods were applied to the analysis of food preference of a captive northern fur seal.
The comparison between the method and the conventional Bradley-Terry model indicated
that the statistical power of the method can be higher than the conventional one.

Finally, the ecosystem model off Sanriku area using Ecopath was constructed and the
competition between consumption of whales and fishery was investigated by Ecosim. The
strong competition was found under the setting of a certain parameter. The precise esti-
mation of parameters and the appropriate incorporation of uncertainty are extremely im-
portant because the results are sensitive to the input parameters.

The statistical models developed in this paper gave improvements upon the previous
ones in some ways. The population trajectory predicted from the ecosystem model tends
to depend much on input parameter estimates. Therefore, the importance of estimation of
the parameters used in ecosystem models will be increasing in the future. In the problems
such as wildlife and ecosystem conservation, and a food shortage, reasonable assessment
and management of aquatic resources is still more important. To construct ecosystem
models incorporating uncertainty appropriately and making the best use of information
the data have at the maximum is a big theme to be attained in the twenty one century.

Key words: abundance estimation, ecosystem modeling, marine mammals, prey prefer-
ence, stock structure
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Deriso, 1999),

BRI, BUAE v 23d 2 RO & R
DN ->TVBEVWI EFNEIRET 5D TH b,
KEEIZ 5 * — 5 TN, & 2O x 1 BEf%
LCyMikE2E32E, e, W40, H—EDM
HITHST RGeS RZEHE LT, EFVE

yszﬂ-}ﬁxl-l-t; (21)

DEHBETEREINE, Thidy D x ENDEIERYR
HEXEFRINE, AT}, y2IREEE, %3t
EREMEREICT S, FIAEF, «x: FAEHE, y:
CPUE (Hfi%1mdb o fi#ER) il ciokd
HKBARAEIGEST B itk b, CPUEDHEL/LEZM 3
TEMTED, FEEI ST A= btk -TEEN
TWBDT, FENEHBLDITERMD bETF—%
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W OHEES 2 MEN D B, T, /N FEEH VT
NG A=y EHEET B RRRFEHEEI AT 8 E,
1991, THhick b, CPUEREFEOHIHER T -
TWbEEALE, BREEOEOHHHZHET S C

LMBAlREIc s b, Lip L, CPUEREL FOFETH
FNCERINELT B E VWS T EIFEZITL W, filig,
FHICME OREE, PSS S e AR S L TRIE
KOFUZ DAL &, KO FTREEHPTE S, O
EonEFIVRERREFVERINSE RIS
BRI EE, 199D,

s, HEElFEEHWT bR TE L OREENS 5,
BN SEEM IR, (2.1 O e, BHTITFE 0 THEL
C'OIERDITHES EE LT F NV EE UKERES
Z5%, L L, CPUEDEZEZ—EN T DIE % fil 72
LTcuwiusrb Ly, £72, CPUER 0 /2 131E
DEiZ &Y, AT SV, (2.1) OF £ TIRIHE
ELIEFNVICE > TTFHl L 72CPUEDy O EFKIH %
WX CTRICKBZEOHTL 2[NS 5, DL
RIS IR T B 70, ROKHICEFIVELET B
TEEEZ B, £9, CPUERMERK S HETE
RINTVLEELT, MHEOLDBNR—EDEL%:
EZ, BHEOPRE LD HATEDRV L LT S,
-7, 1) ®y#CPUETREL fERKTH
95, WERKy X0 LoEEOBEHIES & 2 E
TH b, D& D ITRERIILE 22 EREHORZK
WBHERDMGE L TCRIRTY v Gihd s (ER,
1987, 1998), =T, fERK y 3R7 Y vt

A’ye—},

Pr(Y =y) ,
y!

(2.2)

KO HERERTH B EET 5, AIERT Y vofh
DT A—FTHb, 4, Pk OHELIICPUELED
BIRTH BH, T TROEFFHRERREFEORR
WHIRS B 5 &9 5, fERKY EFE% 2.1 0k
) v T Bk, TEFLVDEEEEDZZNELD
%, 21 T, #BEHe OFHEE LB EE(e)=0¢&
KBDT, E(y=at+tbxkd, 2£0, (2.1) 3HE
TR y OWMRHEDRIEE T VIS > TW5 T &K
ELTWAR I EILE D, THIZKL-T, RTY vy
HOMFRHEE(Y) = A BEIE € FVICHED L{RET 5 C
Licd b, Lol, EESHOWRHE EQ) = ur i,
—ol u<oD X HBMAERD 550, KTV U
OHAFHE 2 13, EHFHK0< A <ocozHEo, ZThific,
BOEMEE DD,

log(A)=a+bx 2.3
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VWIS EFNERET B EICT S, (2.2 & (2.3)
MOKRHIYS A = AWEST 27201, RAHEEEE
HOwa o Encxsd GER, 1997; HEURFHE T
P, 1992; SR, 1992), mOLHEER, Bohk
F=INb-oEbEIDPT VWIS A -y AHEEME
TEHETHB CER, 1992), flZiE, Lo (2.2)
DRT YV oG aT, DT -2y BEohics
%, (2.2) 254 =5 JOEKELT,
AV

Loy ="7 @)

EFE, L(Aly) ZLERREMES, Bonics—4
OFCTLEREKERRKICT 2/ 4 -7 A KkbLb
5LWHEEME L GEIRN, RLHEEME EEEN 5,
B, BMLEEERANET 20TEEL, Thel
X1 OBARRIC & B LB log (L) 2 AL 5
T EME,

@24 oric Q23) AL, LEBEMDREAIL
2ITAE, EROMNRTH 5/55 A — % b OHEEEM
Bonsd, LERKMLER, NHLSBITH =EA
LI rEAMESRNDNCFEEEZEHTITDN S
(Dobson, 1990; F}#%, 2000), —f&icis, IEFTHED
MEEILBOT, Hat7 a5 6%y 75— VRIS
N5, FaICHIRABROIERN TH 5 EHNT, 15
Bontn, “HWaTh, R7 v vy s, RAEICk -
T—ELRERS, KB kvragEe 22
(Dobson, 1990), T @ & 9 ITINEEEL y B IEH TP
K7y vRHEg0 “BW WHEF - RN
FEEN TR EWEEN ) IThEw, Z OHARHED b 5 B
B GEEEBEEL, Vv o BREIES) 0b L THEARE «
DEIEE F VI & - Tidilb s N % € 702 — A LEUE
7 (GLM) &FESs (McCullagh and Nelder,
1989; Dobson, 1990; F}#%, 2000), HEKDOFHE € F NV
TRIEHNHRECH S HEEAKOA LrEZ ST
EMTERD 572D, —LBIEE T VICK D I D
CIREPAD 7 — 5 2O RS TENTEH LI -
1o BTV DY) v 7B log TH B0, TIH
DTG FINE DS I DI D 2 fEZE RT3
D, MHEEW=p3 0o 1DHEEEEDT, Vv
7 BEE S logit 2 W T,

logit(p) =log{p/(1—p)}=a+ bx (2.5)

GET BDONEETH B,

SETRT YV VAR EHOWTEIBE—EDEE %
FBZ I, B, ERISNENSELT THAIL
TEATBLEEZLON S, FhANEITHEED 2 D 34
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L& 2CPUEDOELTHE2 00, EFIVORTHEIE
AEEBTHENENRD L, TNF, 7€y N EFRN
BLbOEMAT S EICLFERENS (McCullagh
and Nelder, 1989), # 7 & v b3, [BEUREE%E 11
EELCfE L BWEBETH S, BB E2ANT,
2.3) 13,

log( 1) =log(E)+a+bx (2.6

EHE,NE, 2T, loglB)ldA 7y b THB, T
D& xE, MFRERK A =Ee' "t 2 20T, HFFME
BB AT 2 L2 RTELLEFTVER
TW3, (2.6) = LEREK (2.4 RALT, &AHE
EMEZRDONIE, SEERHMNEONI L EOEIE
DRESZEE LR E 55,

TR E S IT—UREE T VI, AR B T —
s OFIFHAERE {IRR L7, L L, —i iR E 7L
DN TR/ A T VWHDBEL b D, A, RT v
YOTR IR & O LW E WS TRWMEE A8,
LIZLIEEYRERFDHE L TVWEEEZLNZDT,
COPRGERELL B b LN, TOk 5 I8l
SNIMEO AP E T VOREIHE > TEHRES N b
DI RELIBBHR EWHE (over-dispersion) &
W (FHE, 2000), CORIEEMINT 22D IiTid, %
TEFIVOMEEOESON LI NHEE SEH 3
B LEEERINZ) », Ao N6 (BES
1998) I EEHVWCERTNHEEEET VLT 5T &
MBEZOLNTWS,

F 72, b BKRTEIERERNSEL, TXDEL
KETOEHWKETHRENRELT 255642 FZ %,
(2.6) T, x2KERET 2 EHPRFEERK A FHEFEIC
e 2 0EDd 2 h Uik cEimvwoT, 5K
BTHEOEY - B ELINBTF -5 %2lkd 52 &
BFTEhv, CThERRTEIVLEL>DAELLT,
2.6) © xIcBd 32—k 2 kAt EmEMn
EZoNB, bHVESDOHER, B ELDE
Bcikoewic s, o5 A MY 2o E oSN
AEFIMETEIETH B, COEE, flZIEF (2.6) (13,

log( 1) =log(E)+f () 2.7

EELIENTE D, ZOGE, xOBBE f(x) BE
DESBIEDSDTH 20RET 3481375, BAM
X i EEE N B RO TT — 7 5 B8
B = EW 5 LT %% (Hastie and Tibshirani,
1990; Chambers and Hastie, 1991), &K b
LT, FBIER T 54 volmirEA N & RS &

EER)

fRixs

H

BHVWONE, TDLSIT, —MLEEE 7LD
MO E, LD—MED/ V85 A MYy 7 IEHE
£ FIVICHRER L 72 b 02— bhniE € v (GAM)
LIRS, THITED, & SICHIRISFITOaIREL 155,
— LI ' FoLITid, 2T A — 9 0D BHERD
KRS AT 5 vy aREFVREENRE 5 v
5 LN % G A A EIR G € 7V (GLMM),
BEAIED & 5 BHMERNHE2EA B L1, V
LA DBERT T 5 TN E RS UL E LD
U &0 TH B —ALHEESFERX (GEE) 752 & Dk
moncTky, ThZTNhORIITE VT X D FRfE
Mraselge & 75 %5 (F+#%, 2000; Pawitan, 2001;
Kitakado, 2003), AR<TIid, —MfbinEe 71 zH
WTILKRTEAEY v o 7 U5 D0 « JEHEE, [l
¥ — v E¥E#%T 5 (Okamura et al, 200la), 22T
i, BRFEAG» SEONIRAFT-s2HWE50T,
i HEAEO BRI ST > W TiiN 5,

2-2-2 SAVIrSIVEI ME

o BEFAEICII@ET S A v 5 v &2 MESH
W5 N5 (Burnham et al., 1980; Hiby and
Hammond, 1989; Buckland et al., 1993), 51 v
I vy METIE, WREBIHEHOELEICH S5
CoHHERAES %, 20 EAMINEchiELLA ST
WaEEHL, BOOMED SENER S NRoH)
YiofnE £ cofigfxitikd 5 (Fig. Do MiicoH
BEOBS, JARBEEEAEOMEET S L, BAHE
O—AUTHEREEE S v ¥ LICHEL, TIhED
CEDOHED LR ETIVWTHES 1 v 2&itd 5
ZEnzw (Fig. 2)o TOES I L THARETIL C
ETHEGRBOBEIC X AEM O o 2 A8 WEIRD R
WIHBEMSAEEE 8215 TH %,

SA VNS VRS MECBYZEBLEERKRD 4
2 T#H 5 (Buckland et al., 1993) :

D @& Lo#issaiilans GHER Ricw

BEMWRTER 1 THRRASNB),
2) B, BRI L TH iR O
ETHREINS,

3 KA LB E comEfd EECHEI NS,

) FAES A VAT ICS vy AREE SN 5,

iz, DOREREET, BEEMoERICERL
7z, BEREOKEE L LIS S EITE-T, 1)
DINEZEMRT 2 L HBFO RTINSV, DI,
Y OEE NS v 5 LA THROBEICHL THFaEV S
DTHHIE O, REQHBEEZTSET 0V, i ok
F720aE L CE LT 2L B—EDHEMNDH B
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BARIKREBEEE S, DITHoVWTIE, HEBREN
SVYFLTHEORELBVWELKESHEEE G S
WA, —B LR RSB EEREEE, TX
LRIAEREEL/ NS T EEIIE, vy ANITHE
DOV MREEFH LD, BlSICAEHEDS
W ARE LcD § 3 TRARENT WS, HHlEF —
xR TNV—TIT B EPADEEEEEST B2HIC
2 A7 vy EWwS E#E (Butterworth, 1982a;
Buckland and Anganuzzi, 1988) #H\5 2 &tk -
T, HAEEONTEEZIFETINCEESTZ &b
BETH B, DI, RPITBNIE DT, ERITS VS
LIBT3 EBENCLE 0 RDL VRO BVIHHE
L30T, AES1 vORGEE S v 7 LITERD,
VR ORETIC itk > TSN B,

Fig. 10 &5 HFAFICB VTR, EOIFEHic\Ws 2
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VIRAEELNKREL, T WIEICWE 7 Y
SREERLLPTVWEEZ S EIZEARTH 3, THK,
HEE LEROWEDDICHR L fkE coifit%
HET 2 ENBIE B, AEEHEE OB, HEE
15 B T AR S OMFEE G L 7Aoo
BHREICIET 5 & SOEE) TH B0, MEBHL T
BRECKIDEZITEEDY VI REBK LTV THEET
xtuhb Lnd, Fov@EE, HHLIZEXD Y
Vo E TOBEZEER () AR, VS ETOH
WA (0) ZAIL, ZOfEh SFEK T4
x=r sin(0) 2.8)
I & - CHEFEREZHEES 5 (Fig. Do
fEEE P, BEAD, HEEBROEELa, HES

Area:
“ r ;' .
< l St Perpendicular
Survey Vessel //’ ! distance: x
N : S
L 4
<> < \
’ Forward ’ Trackline
Missed distance:y Detected
animals animals %

Fig. 1. The diagram of the line transect sampling

Trackline

/

/

Q
S
g
O
N
&
&

Fig. 2. Zig-zag trackline. It is often used in shipborne survey because of

good efficiency
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T (FAEMOREMERE 2L, FHELodROM
R AEE(), RNRONFENsEREE Crain v 1
) 2E(&ETHEE (HHE LI LEENEHBRT
30T, BRBEAEZEHNE LT, SFRAHOHIOK
XIEFERL TBL T EDPNEENL B),

E(n)- E(s)
2Lw

D= , P=aD 2.9
THZ56NMn% (Buckland et al, 1993), T T, wid
REEREE x O R HBAE g(0) 2N LD T, x.%2H
HnIRefs IRRERRREE 95 & &,
w= JO " g(x)dx (2.10)

THd (Fig. Do widHEHERIELFIETN 2
(Burnham et al., 1980; Hiby and Hammond, 1989;
=N, 1990; Buckland et al., 1993), BZhERIE L H
2 B x T OFEIER 2 HERTRES HIPH (0=x=x.)
THEALIbDTH 205, AIFERIEE . TEHNE,
0=x=x, CORROKINMERMNEEN B, ThIiC,
4, MfEERA LS 1, AEELS0E0V)ER
ERI#BATNE, FEPICEARERET 2R
Pr(I=D=w/x.t1 %,

(2.9 DNFRA—sEZTNTNOHERTE A
5l Eitk-T, HEOHIERQ,

nk(s)

D= 2.11
2L @211

L1385, n FABCBVTHEBICEEINIOHR B
) oRETHD, 77 BHEEREERT 5,

BEE DN OWEE L, TIV5EE (Seber, 1982; A%,
1986) =MWV T,

F R ()

EE )

il

var(n) = var() N var(5(s)) (2.12)
n? w’ E(5)2 .

var(D) = D? {

ELTEONE, TIT, woHEERICE<E LS
7 4w ¥y —IHRED SHEITIICE SN S, n D5

WiEEss rs v b U i=1, 2, -, k) AHWK
REBRIV 7Sl E =
k ?
wﬂM=LZérh—")K#4) (2.13)
i=1 li L

ERHVAEEMNZ VN, R EFTHEEREIORES b
DT—FRbLT Y TEBEDE Y FHILOEICESV
72 F# (Efron and Tibshirani, 1993; Buckland et
al, 1993) bIELFIHEN TV B, B+ A XOHIE
Wl SRD NS 1 X F, NS BENLOTH AKX
ERFENIDBREELE LT VEBNICHZ &0 D,
BWARHEEICI > TO B AREMA B B (A4 XX T R
LIEENG), COZEEBET B0, HIY A XD
WA & - b DA B REIEEET O3 R Eic
mE LT, #AEMECRAERIITHS EVIE
(O=D%HMMHTS LTk, [EIFRE» ST
Wy 4 X2METH2HEPLELERVSNS
(Buckland et al., 1993), C i3, Hiffils BEREG %
19 &, Bhy 4 2oZHnKEne x, #hya X
O Ml 12 B E A ERERR OM T E D IT K X 58
52 207T, BNYA XEMREHEL Th S ERRE
JRETH D TH B, (2.1) Oy REENY A X EWNE

flicbo, x2xXIhd 2EHcB T 2 REREKD
Ed 5L, z=log(s)=atb- glx)DEYFHEHa, b,

BESE oW T, EEHNY 1 X,

E(s) = exp{d +b + var(3)/ 2} (2.14)

0 20 40

60 80 100
BEIERE x

Fig. 3. An example of detection function. The area below the detec-
tion function is the effective strip half-width.
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k- THEESN B, 2T,

var(z) = 1+l+n(1_7§)2 &?
noYAgx) -8y

i=1

(2.15)

?%m§=§§mﬂn?%50z®&%,@w)%mm

T, BN YA RO,

var(E(s)) = exp{2(d +b) + var(3)}

{1+ var(3) /2 var(s)/n 10

& 7% (Buckland et al., 1993), F&HRIERICEHT S
HE bBOEBEEICEB LRV S, BRILBny
4 XD, AT OEFEHV S,

(21D, (2.12) »5, HA XA 7T RAPHEOE X,
TEAREHEE & = OREEE DHEE I LB S IFRIE w DA
NTCREREI NI bO», RS NIERL D BEIE
5Nb, E£lz, A4 XA T2ABDLEER, TTH
HBIE =5 C EnnBEicit s, Thif, BHEITL 3
TEABAHEE O HuL B 75 31 13, BRhiFERIEw OHEE, &
AW iFEEIC AR g(0) OHEETH 5 T EDV0 5,
ERERIERILIFO X512 LT, s N iiEsED
B> OHEE T 5 S EWAlBETH 5, 7 VS EFKAL
frEWHEETED 7 U5 HEEEE x ISV BHERS (0) 13,
SGtfTEROEZFZFH LT,

f(x)=Pr (7 ¥ 7 mxic 0 BIFEH)
_Pr(z Y odxic b NFEH)

Pr (3&H)
:Pr(%éﬁw VI MxITWVB)Pr (7 VI Hxic\ B)
Pr(zt )
W/ Xm w

Lz, T, fO=g0)/wkh, g0=1%5
2, FOOEMETNITRWI ST 5, fIIHEEHEE «
DIEREEBIMTH 5005, LR

L@=ﬁﬂm=ﬁwmwm 2.18)

AigALdT 5 Ltk ->T, FAREK ) oKkE
RDBNT A=y QEHET B LN TE D, 0
Esnnd, wefOREBNCHEESNS, 0 D5
B, 74 v vr—1EREI (O DMEETHL~
VT VITHH (O) 0 SHEETE 5 (Buckland et al.,
1993; FH%, 200000 7 ¢ v ¥ ¥ — HHRE ITREOLER
D 2B OIIRHEIC~ 1 F R ED T b DIt L

Ny YT VIRT7 4w vy —EREOHIRHMEZ L T,
BAHEEMO T Lz bDThH B, TDEE, £(0)
DO DOHEER 1,

A - [a7016)] ... 0f0]6

var{f(0] )} = {‘;0|)} H (Q)AAJSQLAQ (2.19)
EHOWTHETE 5, AOEREO S FoX &[HE
BRICLUCRTEABETH B, 22T, HIF/s54A—5D
N7 RVE S A=FF1IHEBRESKVOT, B
BoxNs 2 =512k > CRABBDSHES N 3E6%
BELT~N7 FVTEIET 2), TREER2LED L%
ET 5,

FEB g0 D& L Tld, BHEOEA, M+ —
FL4 FEBOBHOWONS T EZ W (Butterworth,
1982b; Buckland, 1985), Z#1i3,

g(x)=1-exp{—(x/0)*} (c,b>0) (2.20)

twHETEMIMBE, TOKXT, b>0B5IE, g (0 =1
Th b, BERE/LOR, NHREEZZEELT, 5
Wb=1E W H EHNE» NS (Buckland et al., 1993),
Fig. 3 OFEBIKII ¥ — F LA MBI - TV 3,

2—2-3 XFFEIVIIIFDHT - REHEE

19944 5> 5 19994F 1 A 1 THrb N7 JLPE RS- PR
iEFAE (JARPN) &, PAEIERFEEDOI v 7 v
S ORBHELRIAT 2 L2 FEREMNE LTV
(IWC, 2001; %1k, LM, 2002), i, REHEED
FHERFENEREHED L TlhdD CTERLERE >
itk B, BEIT Y VI Y5 OREEMTIZIN IR
WWERLTOWk®), mEicwi I v s 29504
TS BFEELEB P o1, TDID, HEICHIORE
M BAEEESER S hic, a0 I v 7 Y5 hin
FRLEBIRETH 258, TNEHS SRR CHiEL
TAR, BWEEREZWNBESE 2G5S 5, JARPN
AT — s oMLY b3 ¥ ) 7DNA
(mt-DNA) 2 & 20 EEHILKEFHEI v 77 V5
DEBORHWBELR D LEZRBLEL - 2
(Goto and Pastene, 2000), Z O4#ridZEATICEEL
SNHX T D b & THXEODNAD N7 v 5 A 7
O HBIERE 2 JH NIRRT - fo o, RS EHR O
BX e 7o Lckib I oK T oM@
72 (Martien and Taylor, 2000; Taylor, 2000; Taylor
and Chivers, 2000), #Y]73#@X50 1 % EEHE 7 —
FIZHSWTIT-> T, £ O®RE CEENE 7 — 5 24
WTHRE OB 21T &, RUT— 4 Z2Mrmy v 7
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WELT2EMHATAI IS EVSENS B,
Zoth, IWCH¥RESR, £, H, #i, KED
FouEREESU—REEET VERA VT, BH
KX B2HEAF— s o BN REEOEH 2H~N5
LiTky, EMBRHERORBALES T & AHEHE L
7z (IWC, 200D, 2 >DRMNERET 5 & LT, FiE
M Z NS DRBOIEHE I vy 7 V5 DEED
R MEREETENE, FoMAEEIC L T2
SOEMNBONTE ¥4 7TOHBSEEDEVWERS C
LIk ->T, KRB E VBRI TREE 15 5,
2 2 OHEFF I AL E I TR A LTV 2 nfEEkE
NHBHH, TITRIDIPRICHELEL, 1>3ME
AT B EMBESNT WS 20, WREHINT
OETRAL, TOHETREERIELL-TW05E L
WIHZBZIKESVT WS, T, 0L HHEERKR
LD F— 5 OO 0 BEZOF» SRS N
15 o 1EREB L AEEE b b 2725 5, REFHETE
B D DOBIEANTERELLTE 59, LIFLIEH
WAMEPFRIC L > TRIE - RSB T &
»dH b (IWC, 20022), 155 N7 B A 2 M i
LT, MANISIENHERD SHMd 2 2 ENEETH
%o AfiTE, FEEES—bInEE F VARV T
B ZE R I B S 0 2L A2~ % (Okamura et
al., 2001a),

HuWiz7— 4% 3JARPNOE#HFAE I L > THS N

[EE )

fixs

L)

17— D—TH %, JARPND HIHHAE 3 Tk~
254 v b3 ves bEICHS TiITbMc, JARPN
HiE T — % OFMIC > W T ldMatsuoka et al. (2000)
iZdH B, JARPNTIZ, IWCICL - THREITED 51
e (Fig. 4) =RvwcEXT, 8, 9, 11 oH
RFE AT -7, T2 TRIBXI1ZRL #XT, 8, 9
ODHEF— s FEHVWE I EET 3, TN, #X
MICRFEHICIDZ L OHABRENA-TL BT L
BEonh Tk (REE, _LH, 2002), #X11%R< i
X7, 8, 9ICHEREENELET B0, B—REFET»
SR EVIODBREOELRI - EitkD
(IWC, 200D, 1EXEIEIIT— IV L LB IED S
fi%Fig. 51T, BHEENSHERLERECiTD
N Bicky, BXOMEOZIEIFFIES T, 1t
Wi B oEh s R oNns, BT -5 %, XA
BT 2 b (HEFREE, Hoss I EER
FTREZER) LdEicBid s b0 e, £, H,
H, 1 HOHEEROPIGMEKIED & 5 SEIRER) © 2
DO T T 2TV, ThEhoF—5%H
Wi o@E A RE Yo X, HiB7 0 kR &R
TEiTT B, BROF— 905 xS ENEREEHETE
L, ThERBEHBET 2T 2bbETHRA -
B LIy Vs DRERITT A2 Lickd, BHEE(L
I B,

9, LIFD& 95 1cBeavers and Ramsey (1998)
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Fig. 4. Sub-areas for the western North Pacific minke whales



VEREIFLE A TN E L 7o RER

DOFHEICHE -» THZEEIC
HEEZIT,

D i FHICHRR LY V5 OBN OIS0 &
5, 6T, IHHICER LWL LEROE
Eha=(a, o, zp) ETEEE, Fhz0bt
TOEVFERNE w 13,

L 2R 2 EUENERED

log(w,) = fy + Zﬁ i (2.21)
Th s EUET 5, TNRRIRTE REREEOTER
DHORE NS A= LtioT0WBES, AR
g Blog(x) Of/N_FEMRE, EHIEB, L
NDr¥5 2 — 5 OAMRHEE (B, B)EGA B
(Ramsey et al., 1987),
Q) HERECEHL T LIz, 2518 T %,
(3) F Rk
f=x exp{i1 B,z (2.22)
ZHW5s &
FHEE L E X
@) PHEEED b & TOENERIE w, ZHEES
Bicdic (2.22) OFHREIERE < 2V 5, BOE
SKIE wo OHEE 13, HENT 7 o 75 4DISTANCE
(Laake et al., 1993; Thomas et al., 2001) 73
EO—RIZAFLPT VT T T %20 THE
HETH B,
G) EHIA%,

kb, (2) o aEIIX L T

ZRIRT %o
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F ) T Db ORI T
= log(ib) = 2.7 (2.23)
WL > THEET %5, CNITED (B, B, "‘,Bp)

OHEMBMELNEDT, (HHOBNORRIC
B4 s BnEZ ot & X DERNIERE w %
HeEd 52 ENO[RET D B,

(2.21) oHEEOEBIUTB VT, FRIMIEREHLE
(Akaike's Information Criterion (AIC); Akaike, 1973,
1974) & & blic~A V7 EHREHFE (Bayesian Infor-
mation Criterion (BIC) ; Schwarz, 1978) %MW\ 2%
CEET B, AICKE, BNy s =547 5 —tEE
DAFHEE B D T M,

g

HH

AIC = -2log{L(0)} + 2K (2.24)

Th5Zoh 3 ORAS, 1983; £H, 1997; Burnham
and Anderson, 1998), T T, LIZALERI%, 613
AHEER, KRHM/ XS XA -5 0 Th b, BICIZ
FEPNCNA X7 7 7 4 —Oxic—4 2 DT,
BIC = —2log{L(0)} +log(n)K (2.25)

L7 % (Kass and Raftery, 1995), T2 T, nid+
VINVETH B, TEbE, AICOHM/ NS A — 5
Ihir B EHBIA 2 Zlog(n) TESMWA . HDITE - T
Wb,

¥RT7o w2 TELLIERR, JURATD,
R DR (SA),

SEIE]
WSS TH -7, fiHDIzDC

140°E 145°E  150°E  155°E  160°E  165°E  170°E
| i Emm )
50°N e

. 3
IIAprll - September )

.'I
IE% /J

45°N

Effort (n.miles)

}\}?\f\w 0< <100
s Re - 100< <200
200< <300
. 300< <400
40°N - 400< <500
1 500<
i
35°N

Fig. 5. Search efforts surveyed by JARPN from April to September in 1994-1999. The
amount of effort in one degree square cell is divided into six categories with a unit

of 100 n.miles.
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TR, HERMOKZAEMEREELLD» >, SAIRHE
FUATREM B I 2 A HIRICE S W Tt X -
TRl SN E ¥ hEEINIIEETH 5, SSIHEDE
SICESVWTWVWE, L-T, SARSSE hREMSIE
HICESVL TV EY, REHEERSbDEE-TVS
tEZOND, ARETIE, SAELSSEH T I ) HIVE
BE LT, ATZEERERE LTk, By A X
ORI, 2—2—2 THl~NKEYFITE S HEEHL
THEET %,

RIT, WBITBHd 5/°5 % — % OHEEIT O W TR
5, 9, HBHIMREEOLETZH B LICL-T,
BHHERO/REAEE L Z ENANTOHNTH 2005,
HKRAOKE, BEOHERELEEE LTS, &
e BECX2EHIMEOESNTH D, FRTFRIC
T BHENH LD T RILMEE FvE VIR
EET VLK BN EITS. ERFEFEI VI I Y5
3, RRREMNETEEETY, BERAR—Y2EBT
KT B ENMS N TW S (Hatanaka and
Miyashita, 1997), = ®7c%, JARPNFHETHRA X
NBIVvr 2953 4F— 7iE~ORER DS O
ThrEEZONS, CO EAEFELT, EEEL
LTH, HbbbETEETSHILLET S, 51T,
EEDEE, v 7 VS BRRTIFCKES D 200 E S
DEFERDL D, KEab 1 >OHERELTERS T &
W9 %, IBE/KIROFEHE RS> T2D00HNTH 2D
T, CICHEET VvOMERIREY T, — L
mEEFVEFERT 2 EiICd 5,

FAEHRICB T 2 RS EE() £ T 5 & &,
I RT Y UHmICES LT,

E(n,) = Ly, exp(C + aypy + Brgon

+1o(LAT,LONG,1/h)+sp(SST)) (2.26)

LWHEFVAEEZ B, cohi: Q7)) LREIUKHEE
F-TWwd, 22T, LIZARDEHET, £ 71y
FELTHRY, 54— sH#EEIREFRLEVWEDE S
b0 w3 EOTETHTELH R OEHERIETH
D, ThdbA7ty F &5, CREFIME, YearidfF
BT 2 H 7 T Y A VISR T19945E D 519995 D
6 >DfEi%E & 5, MonthlZFEEDITHhHT, 4 A
5 9IHDE6>DEENDES, LATE 1 HOFHED
B L 2 OFETH D, LONGREETH %,
SSTIF% M9 2 HOERIE/KIRTH 5, lo(e,+, 1/ R
FrEAM ERYFTH b, ZEHPO&ETOHRHE%,
Z ot W E I 2 BllE O E A & PEE
THEET 5 (Chambers and Hastie, 1991), 1/hl% X
Ny ERREN, BRATREPIREITS OIcivon g
EF -y HoEEHITHIET B, I/MSRETNIE, F

fixs

L)

TIHRER 3 S 208, HTEE D RELL KD, ¥
2, /RS Wiz o X0 HOEERIc R 208, HTIE
FDIRRLM B, sp()FEHBE 4 DY RT T4~
B Tcd % (Chambers and Hastie, 1991), K1tk
2774 v OHMER, RPrEANEREREO 2/ &
EUL, HMOEoNLIERETL2LDTH S, 2K
DIfICFFTEA AN EOEER WD E, Vb7 S
A VIT & BERITA OIRER 3 IR ISR HE 25T R 2 052
E9T 505 TH5 (Chambers and Hastie, 1991),
[T EAN ZORT2RDEEESL L S ITIEET 50
BEDTH B, D 2MDHEDE R G R B0, EA
SNB2FTNTOD2RDIFE Q220 ITML, €7
REIT -7, BIAR, (2.26) iZlo(Year, Lat, 1/h) 75
EERMA TR Ul $70, ARERITEAID K<
foo, HEBEAROBRVWIE TV E(2.26) & DHIK S
To7o IEINTBRINZETF VAR OFERICH W,
(2.26) ©EF)VDIZIF, Cumberworth et al.
(1996) < Hedley et al. (1999) OHY v 74 v I E
FNEEENE DI I P bDITE> TS, I
e TdH 5 Yeart MonthlZFHAKITH 73D HIVEE
ELTANSGN S, fholZEid = 4 — XEH % H
WTEFILVOFIZANS N, GLMEGAMZ @S L 7c
FEoboLis-TWb, TITIR, REKEEZXTS
4 VBRI X - T, B, BEE L CRBrE AT
EEYFIT L > TEF ML oo JRATEAM XREYGO 2
NV hOFEYISER, hE 1T L TAICE ol
BICA&/MbLT 32 Ltk » TiEEN B, TO&E X,
HE/ Y5 A =583 ¥5 A b ) o 2EBDIN5 A =%
BE s v 2 )y 7 R boEMEHE (Cham-
bers and Hastie, 1991) ®OFf1& L CEE L 72, EMiHE
HER, 52480927« 2700 HHEICHIELE
JUNG AN w7 e EFVOEHMET, BEIEE
RO, 2754 YBIBOHBER 4 CEELT,
BIREITD IS 5 T
I/hDE%RE LIk T, SRS BRI S0
(BT D LT, var(n) =E®)) %A %0
E S D EKGT 5 1w (over-dispersion) DfF
EAFE~ (LU, Jel, 1997; 1%, 2000), S S
WORNCBI T 2 FHE AT - o LTl s HE B OER
BT o teo MODELE, 7 V505 v 5 LI
T50TREL, BPAHLTOWE I EEEKT 2,
ITlE, BOHMOEMEE ) VNXTAP) v T e T—
M2 b5y 73 (Efron and Tibshirani, 1993) % H
W REHRIEIT & » THINT, BmOHUTBId /95 2 —
Y EWEET BT, 7V (2.26) ITE SICHEE
BREOMHAEDLELADMD T XTD 2 EHDORLALNE
H (Zlo(X,, X, 1/h) G#D) &[N 7 b 0% HEE
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EFNMELTHIRHE 1 =E(n) &2 D EV(p) %25
Bl TRZEHOVT, #ORICEET 2/ Y54 —% ¢
3, 7V vOohA ZFREGREETOHHEN S,

LLCEELE, CoT %2:2% df= %

BHE K KIZHH/ Y5 # =2 0¥ TdH % (Burnham
and Anderson, 1998),

=12 c>1IDERETZILDIELZD )Y V7Y
VIR KBT =R NT oy TEHEEFT LI, TITR,
vy vEE

r= n —
V()

i

(2.28)

VG YT Vv ITOHEME LTHOW, =R Ty
FHY TR, BOELEHFLTC O rn OfE,
SELVIER 1/nTZOUESE B LD TH B,
BE®O7T—r 235y FH il censn,
(r¥ o, n ) SN HUCBET 575 * — % (") %2
Hll, COEE, GREKEDHEEMASLIE
ASL = #{c" <1}/B (2.29)
ELTEEsNSE (b=1, -, B, 22T, #IF{ N
DEHUEF I LT — R b5y 7Y v P VO E
BT %o WK o= LIFKEEER 75 (G ME O TR I A
iE, 5 % EUKED FlHE TASL<0.0575 5 FEH =
nsEEZ N5,
D7 =2 b5y PRERET c=108RIRs N i
& XTI, EBHGEIIZAIC, BICIck»>TitH 2 & &
L, c>1D8Ra /& 518, QAIC (Burnham and
Anderson, 1998), QBIC (Okamura et al., 2001a) %
HOWTEFVEREITS & & Lz, QAICEQBICIE

Table 1.
tion process.
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QAIC = -2log{L(0)} /¢ + 2K (2.30)
QBIC = —2log{L(0)} /¢ +log(n)K  (2.31)

ELTEREEN 5,

FHT7o k21t 0WT, AICH & UBICIT & 0 &R
INFEFVRELERSAE FA2H> D TH - 72, HE
EINT T 2 — 5 EPEFRIRERIEZ Table 11T7R
T NY—=FL A FNERABEEY, o354
DISTANCE @ th O F %) 75 % FLBI# @ th THoh @ AIC
EREocuwicoT, RAEKOoEFVELTHVWASC
Lo L, BRI v 29513 1BEAE 1HEEEIN
ThHBDTHNY A XOFBIINE L, BETEE»-
720 SADHEIMIIBNIFERIEZEMI L E26DTH > 7C
SAPNEWE EHBRIKBIFREETH %),

EEB 7o+ 21tBWT, AIC, BICA&/IMLY % =
NURBENENL/A=1/31, 1/h=1/2 TH>70 1/h=
1/31 TR+ ml iz s hnd, W 3G R
Bd T CENTE BT, £DRW, AET
WFBICO#RD A ZRHA L 72, 72721, #ICBICO
BIEBRENIOEE LS TV B AREED H 5D T, WK
SHhD LY KE B OMIZOVT BT EITH- 7,

B SNBSS # =2 1314TTH > te, ET
v VAW 210,000E]0 7 — b R b Ty FTHRIEIC
L BEER, HEE SN2 EEKEIZASL=0.0004T & -
720 95% 1A 13[1.195, 1.783]& 5 - 720 LIEL D ¢
SIBLELLVWEEZIOLNLZDOT, UUFTRENH
Wk U CIEE L 7o' FOVBIRIIHEQBIC A F W e,

WHESNEIRERELH T, HEBIETET
T % & FOVEIRIC & - GRENTZE TV,

E(n,) = L, exp(C +lo(LAT,LONG,1/2)

+lo(Month, LAT,1/2)) (2.32)

Td - 12 (QBIC=1769.89), 2 % H /& 15 QBICA >

The estimates and the standard errors of the parameters for the detec-

Value Standard Error t value Sample Size
SAl —1.660 0.145 —11.436 51
SA2 —1.733 —1.733 —15.046 81
SA3 —1.495 —1.495 —17.782 152
SA4 —1.432 —1.432 —14.220 106
SA5 —0.856 —0.856 —3.600 19
Bo 0.723

The estimated mean effective search half-width

Wo

0.452
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x5 & LT Year+10(LAT,LONG,1/2) +

lo(Month,LAT,1/2) % ¥$-> TWw# (QBIC=T71.59;
TIT, FREHRERTH ). hITHT B RE RO
729, FTEIENEFL (232 O hEBEINSET,
QBICE N7z, HERE LTh =2 2> Fubsi/
QBICZEHE->EF e LT®EIIN, SHELRITHS
BERED T Oy RO R IS E R S 1 5
Too IICHNTERI N2 E T VONBLT o v + %Fig.

€TV,

[(a) LAT x LONG

EER]

fixs

R

61278 d, Fig. 6 @ FlO 7 oy b I3HE &R ICRY
TR EAMN EREP BTy bT, MiloT
oy FIALHREOKAEEACETEEDTH B,
Fig. 6 3E##EOBESEWHENCH b, H2EDG &
& bICEEEHEEAILCE TEARLTV S,
BT, 1°X1° KB A & OBE A RFKIITEIE
niceFupSsFHILE (Fig 7). #XENOH 4
DOEEFERUSHHE R b4 5 T &ic &k - TRF

%7 SSSS SSS
< SsSSSSsS SIS
S e s A
e AannaSSSEaass——
N N RN COSSOSSSSSSSS SSssa
2 SN SNNITSESSSSS s e
o T e
27 N RIS s e
s SOOI SIS IS SIS SIS
o~
1

lo(M, LAT)

S R
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R
R
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Fig. 6. Perspective plots of fitted loess smooth functions in the generalized additive model
The top plot is for latitude and longitude, and the bottom for month and latitude
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Fig. 7. The predicted density indices of North Pacific minke whales in (a) April, (b)
May, (c) June, (d) July, () August and (f) September. The density index calculated in
one degree square cell is standardized after logarithm transformation. The figure in
one degree square cell is the actual sighted number for schools of whales.
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Fig. 7. (Continued)
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Hlto 91005, HWERRE, ROGBELHERRR

DI Lat,Long,Month
_ log(density(LAT,LONG, Month)) —log(density(Month))
JVar(log(density(Month)))

(2.33)
itk -THAl, TCT,
density(LAT,LONG, Month)
=exp(C + lo(LAT, LONG,1/2)+ lo(Month, LAT 1/ 2))
(2.34)

log(density(Month))
1 . (2.35)
=— Y log(density(LAT,LONG, Month))

Ny, LAT LONG

Var(log(density(Month)))

- Z (log(density(LAT,LONG, Month))

n;, =1 pafTone
L —1 LaiTove —log(density(Month))y’

(2.36)
TH b, nldFig. 7O ZXEHITE L WFEE L&
DA SHLEDITH 5,
2—-3 &0

— A € 7V (GAM) &, JERSFEAERIAL O fA s
TOEEDONH /Ny — Vv ER B IcHIC#ES TV
(Palka, 1995; Hedley et al., 1999), AR TGAM%
AWTEICER» S, BEEMEOMICI v I I Y5
OEEOBELHDIIRONT, JLEKTEED I v
7V S IEBORE A E VI IRIEE SN -
7z (Fig. 6, 7)o T NEL, AR E X D @Y1 EE
XA EIT BB IS NS - T,

£ FIVEFIZAICTIZ 7 < BIC(QBIO) ZHWTiTdh
Nico AICBBICE D REW /NS A — I HERFHOET
WEESMHBNSH O, BEEINE/NT A — %l
KMETE S DN H 5 ENFISNTVWS (Kass and
Raftery, 1995), £ & A, FrEAF & BIRES
Bacxtd 2 2-¥ v (1/R EBICTIR05E 15 - 72D IT,
AICI30.032& WS s /NS iafiz & -7, LA L,
BICOERIERFIICT ELAfER b H D, EInk
AN VPR ET ECHEBHRNO AOBELH) % Bk
ELTLaAfEHROBETCE LV, £ I T, AlC
(Burnham and  Anderson, 1998) % CAIC
(Bozdogan, 1987) @ & 5 M fth O fEHREMREDFER %
Fq~to, AIC. T 1/h=0.05&73 0, CAICTIZ1/h=
0.5& 78 - 72, Burnham and Anderson (1998) (3,
AIC.OEHZ HEE L TV 30, ZOFITAICIT &
DFE N2 OIEIR T RIEF NS <, RIS
HEEAEENICRETIREFEANTH L LIEIEAON

37

o to, FhsL 1/h=0.25, 0.1250fEIcxt L T,
Fig. 6, Tic®Ed 270y M &2ER LI, ThHD
7a oy b E, (EEEED S SIS T TH BIREE
{LORBED LIco%2RTE, Fig. 6, TObD &
FAUTBY, BRELZHRAEH5Z22b0TIEHED - 1,

LanL, HEHEHRHEL L THELDX S ITHVERE
», B D50 RIEHREHELIA O € 7OVEREOF HI
DVWTHFERIICIERINENEXTH 5,

Fig. 6 13, FHofs (FHIZ) & & biomRE
DOERE ML, (EEOREERHDT S EERL
TW3, ZofH1E, Hatanaka and Miyashita
(1997) DR L 7AbREEE S v 7 7 ¥ S plalifE s g —
vE—H LT3, Fig. T1F, IO 5EFEHNLE
EZEALE & SICHEICR L TWVWB, TOX S BHHOD
HEZHEY OB L & LiEGThiE, iR - Ao
K ORISR BAGIET 2 LN TED L HICK B E
EBZONDB, I 5T, i 51550 5 MBI,
PEIRRETS E OB A A G OET, JLRKEEI v
VS OEIEEA XD FENCEES C s S,

FE3IE BHRATEN O OEKREHE
3—1 EROEFBHEEDOMESR

H2ETIA Y b T vy MEICE B AEREGEEE
WZOWTlRTz, 54V T ves MER, HEOM
WEHEE OREEEN s FETh b, GHEHEEILHETS
g FEM LA O BRI 1< 3 W THEBIC VL 5T E 1,
2], IWC G DR D 72, BEEkRIC &
3hECHEHHSEE T VAW FEREEH VT
&, WInbiEROEEEICRT S E LT, BlE
TIEINSOHEEMREEIEED DI T 5 2 &
Fhin, FlZE, EERICEB L T EERi oD
W &Rk O o e (BERS, 20000 23d D),
TEAIAEEIRE & 7 112 B W T IR CPUE M EASIT il L
TWwizWwo & (Hd, 2002b) ARTEMR s, HR
FAE I & B RAEEHEEE 3 = ORI s HERICE - T,
BALE TR MEUH O A BGEM O 72 » OREHER) 72 5 & L
THENL L TW 5,

SA VTR MEICRIEL2ETENIZLSEA
DORENRINT VB, KT, 1) OFER LoFA
HEENMNL (g =DThH 5 EWVHER, HWHEHILED
HAEEHEE B 2 R OEELMEEL LTRE D
NTZ7 (Buckland et al., 1993), HEEEFEDOLE,
HAKE TR AR ORL, BELELKOAFRRTSC
ESERETH H DT, FHFHROEL LWHEFETIRg0) =
IEVIHIRERLBLEWH SN S ZEMEESN S, C
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DIENEL D s I nE, EEB I ENMEEE N 5
DT, FEHREOREE LAEKLST LT, HIZIE
HEOHKAEEPT &, WIREEL E2FIH L CHEH
FHaIA T 218 E DA IS TREZT T EBMETDH 5,

L L, EBICHAETFA v ig0)=1 DIRE %7
LTV AREFANB DT, g0)FHEET 3430
b5, MEEOENMEEIF, BREEOMA S g
AR EDICHE S D IRTFRITH 2 LWV fin D,
—HERBETH B EEZBIENTE SN, GRE
BT (3 EIAE 0 IERE /340 « DR E2 A5 C L0
BRI ERZEZDE, Fitk->TgOMNEBEEHR
5a, EHESHEEBIEVWSI T ENEZONS
(¥, 19D, *7, lHEAERTEF VPOV ED
DERERE LTEZLEE, HEKOE/IMEE I,
fEEM~DA vox s bEB/NCRRE G5 2 EITED,
HEHEEHICEEZ DT THAL I, g(0)DHEED
IABIT U 7 A D EREAHE E 1 D BHFE SR A EE O 37N -
HARELRDOFMIc BV CEERRETH S, gOHEE
DOEEE PR IT > W TIE, Buckland et al. (1993)
CEEL Lo HFIT, 3 v 27 VSRR, HERNS e s
7 Y5 THBEDT, KIMZFES 2EO—HOMHE
BROMESN & bic/hE L, REELBREV T ENE
oMb, 2T, IWCTITbNIZFEKES v 7
VSHHBENTg0) ZHEET B2 HiciTb i FEER O
KN T 5,

IWCO & & THEFEMBENTVWEEIRKEI vy o Y
5 Hi## (IDCR/SOWER) T3, ZHjdifrses &
WO bDNtTHhN e (Buckland et al, 1993), i
BHE AL T EE S, TOREEDOED S g(0)
EWET HEVIBDTH S, iiSIEE - TV b, 7
VMK e B EEBORLTOWTHVW O IIERT
3LV EZICHESVWTWVWS, IDCR/SOWERT I3
HE % 6knot & 12knot THER L, W 1Z 5 2% g(0) =1
WS DT, T0EMPLg0)DIEEEAA T, Lo
L, COHE»SOHEEMIZO & BENEL, #H
EROFTRTIKBVTg0) DEFEXM O FIRIF 1 %k
Z,g(0) D FEM 1 A2 5 & bd -7 (Butterworth,
1986), Cooke (1985) &, fROBENEL 125 & X,
IVSDT VY AR EOEENTHMIICRELS -
TEHATERLEEE0D TOHEORES 25 L
foo HEFRICKBESN, HTORBEOR LN -«
B, T TIRED ST,

% 72, IDCR/SOWERIZ B W\ THNHIEEFER & 1T
bhtz, THIE, KO XS I HRFE QD TR
EDOEZAWE LD THS (Buckland et al,
1993) HWITHIRZI D Sh s WHBIESE A LBIEH
BaFtigbEcE iy vI408ARR LI E LT,

fixs

H

Z0H bAoA INI s V5 OEFIZ108HE T
5, A, BOREELFRIEZFELVERET 5, FIH
HBHEAORRR, KRB O NEEKRZEIA%E, R
BELMHLOTUWHL A SN D> EEZ SN
B RIT, BIEH AL Bo_ERFICEHLT, AR
FHERLI7 Y5055, BIEAEE LAETIE408H
F5FHATELEITTHEN, HiEELickDy
108 L FER T & 5 7o A 32K N SHh4088%
FEL, BldADOHREAHD S b108HI T 2FKR L
DT, 2ADRELE LEFFLVEVIREN S, 40/
N=10/40& b, N=16015E6N 2%, Hig& L2
NIF160SHR T W /icE T A%, REL Lick 408 »
RTwighofcoTh b, g(0)=40/160=10/40=1/4
Thb, 160D 4D 1 THD0, EEFRAINhK
DIFA0IHDFRTH 5, HEFRIAKIII60X (1/4)*=
108HTH 5,

iz V72 2 O ED FH A ITERIRD 3 DhE
Z2 605 (Schweder, 1990),

D 2EoMETIcESES

2) 2EDMAEFTICESYE, Lrb1E2ELES

3) 1 LD MBI 2 E <
oz, TP A~NY 375 - L DA BDE L
%2 5015 (Buckland and Turnock, 1992), 1), 2)
DFEICED, gOEMET I2HENERI N
(Buckland, 1986, 1987; Kishino, 1986; Kishino et al.,
1988) 7%, Hiis 2 Lcitgks nuiciE - MLEE RS
LTENM ERATH 20 2HET 2HES, 3) i
WUTERELPE LG, 3) OHENEIE,
IDCR/SOWER Tt 52 (Passing mode) DFi#
LLTHEBEEIN TV, 4, 1 E£OM FIcE S P«
BRTAMTHEELAES LTk, D FhiE) &
EIDFv A v E2EOHL, gOMEEEITH & bH
fETd %5 (Buckland and Turnock, 1992) 723, Afs
TRIWCHEIKETIT> TV AFAED & & TDg(0)HE
EEWS T, DEREZ2)DFAET A~ TOMEKE
HEEHEE Pl Efb s,

3) OHFEORBELSE, MBEENE UMD Lo
R CRAROHPHAER T 5700, 7 Y5 OFFNPER
CRHEICHE SV ETH D, g0)DHEEREIFILK
PEED Y v 7 7 YV STHBEICB O TRICREE L, LK
PES v o YV S ARBHEEDRER L s TV,
BER Y — PRI E SN — FlERET LV TH B
(Schweder, 1990; Schweder et al., 1993, 1997), g(0)
WEAAREICT 2 EF VDL M IEGICKL 57
VI OFE DM HERELTWS (Alpizar-jara
and Pollock, 1996; Borchers et al., 1998a; Manly et
al., 1996; Quang and Becker, 1997) @izt T, »
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P FHEREF VG V5 OREBOMTIE2 TS T,
7 Y5 OF EORFNTTHEERE L TWA T EnF
Mcdh b,

2T, RAOMTYOMBEAZZ 5, EkEE
DEZ L fcg(OHEEE T, “ERROBEKE
LT, 160X (1/4)*=108A& W5 FERMSEb NI, T
nig, BHC A & B OFERIMTT g.5(0) =g4(0) gs(0)
ThHHIEEPELTVWA I EAEKT S (22T,
WATA, BRBIEEA BORABEKTHLZ LE2E
L, AB3A, BLEORRORERABEMTHZ), L
L, WK FETEAS 5 E oMK D T 72
B, EVWHDIE, TOBE, 7YshEELTVT
FRTEBIREICKE > TVWB E VWSO FT2 ik
SERBIPOTH D, BIAIEE, T4 v EIR-> TR
e ERY, “ADADFERICH A ao 2R3 E LT,
MiAgEb 1OHELZTHERZIVL ST dMhEVIHR
EAZEZ D, COWE, OEDBH 1 a0EkR-T1
DOHZZTHERIZ 1/6, RRICKE->TlG 1 OH& K
BHERIZ(1/6)'=1/36THBn 5, _ADA%E A, B&
LT, Pra(DPre(D)=Prazs(DTH B (2T, Pra(D
(Prs()1ZAMB) 71 OHZK$HEE, Pra(D) 3AB
MAFEb 1 OEEKTHRET ), TIPSR
DI ->TVWBTEERERT N, a4 vE&fK->TRIH
PEERPFEVHIEEDO L ETOMVETH B (- T,
FoMRIPr.(DTREL, Pra(1120) & KA &R
DI TEINEINELDTH D), TA Vafk-> THEMN
HicE WHTEREE/ TS &, A, Bizhzshl oH%Z
729 ERIZ1/2X1/6=1/12, ABWiff &b 1 OHE 4
e 131/2 % (1/6)*=1/72 & 15 0, Pry (DPrs (1)
=1/12)’=1/144#Pr.s(D=1/72 T & %, DF D,
Priy(D=2Prs(DPry(D &1 %, CTOflOLSIT, A
EBIPMANICY A ao xR LT, 31 VOR
HICk->THA a0 ZREDIRS VDR ES & T
B&, MEOMITHEEEIENBEVWI EITE B, ¥4
JuAREEVHTEIERELTVWSE Y VS5 ORAIL,
I VOREEI VSOFL  BIKICEEHA B &,
MBI T A FICEE L7z & LT bR RO A
RO LTS\ T EDSHERT X B, WK « i LiTEhc & 0,
MEO _EHERAOHRIE, M Thss LS
(1/14D) L b RELE->TVBEA/TD T EITHEEL
R S mw (8K - FETENIC X 0 REICIED
MBASFHEEEIN TV B), ED—AH408H, — A T1094
o, ThEHS T EREL CTEFT % &
g@=1/4TH 20, 4 gu(0)=cg(0)’(c>1; Loa A
vEFALTuflITR =D THEDT, AKidgld)=
1/ THB1ETTH B, Ve>1THB DT, MLtk
PRELLTETIR 0 ZBEARHELTLES (H

Dg(0)<1/4) s T HEARERDE/NEE %238 <

Afgcid, FFILRAEE TR S oY — FHER
EFNOMEEBRN, N0 2FHESETH L WERK
¥t E =% 4 % (Okamura et al., 2003a),

3-2 FAERLORREFEHTEZ HOEIEKEEE
&

3-2-1 BERLORREROHEEFREICTSIRE
DA

g(0) DHEE %2 & A T MRAEHEE € 7V I ALRPEHE 3
YOI YSERNRELTCHRLWHEEE &, ki
Re&ickdE—M Lo #EH Ic k2 BT —
7z kB g(0) HEE ORIEIL, $hIr 8 &E O R RER
g(0) DMV AEIGEL 722 LIk 36D TH - 72, FE
FUER g It 2 RET 2D T3 <, RO
EERET ZHEREEFULEL, TODHITH B &
KETHTEREIDEHARTH S, TOXITEZITH-
T, HHEO XK - F LA ETEYICKT S
R E L TEER Y — FEHQK, yEHWES
AV rS vty MEBEBELESINI (Schweder, 1990),
COFRERNETAF 4 TRIROEI>BEDTHS, Lk
DaAfvEHAandflc, A IFEFE - BKD
Y=y, YA auFRETovxEEZBRE, a4V
ERITENNI (VYRR ELE) EWVWIHEHED
TTcov1 3001l OEPHZMHER (7 Y5 2KRAT
BHER) BT ThH -7, TDTELD, 7 VTDF
R OfrE T OF RMERI M AR T 5 EEAT,
EFNVEMHERT A ENTE B, B EOMB IR, R
B2 TRET IENTERBVOT, FIHOHEME (hE
FEEE) bF AT, M OREEEEE x, HEEEEE Y OfIEIC
W37 V5 DFEERRT HIERQE

Q(x, W=Pr{(x, WITW37 YF5%FR | 735
BURNCARKRN 5% (B

LiEFT S (Fig. 1), TOEE, HHEHNE (x, 2T
7Y INFLELTEBY, LAz Ds Y5 2REL
TVBHBWVEWVSZED T, A BIZE M6 R
27 V5 EFERTIHERIQU TH D, BEER
IYSEFRLLD, ThAPMOBERSICES ETE -
ERTWT, B4 s Tl EfE RS (M
Fr) T5ETE, ABRICERLILEE, BIRZE
DI YI5DHBEFEERATE120 I, BHJE
HUfwiss “RIC EEZA 2L, RINERQ O~
2 —AHITER B, PIAIE, 6 WOF FIcEEd 25T
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B — 5T, W3 SQ=1/2LfFETx
b, HE-T, BLFAOKY) « KO F— s oEE
DFERRAMER QBT SINE, QEHWTZ Y5 DHR
B gl ZEL Z&mTENE, SSICEhzEBEY

L TEMBEREHETE S, To&%x, g)=1%
BET B F VDT, g(0)<1AIELWERIITH
A EHEETE 5,

TEIREHEE OB, A DEID It WERERIZ s V5
EROTHRETIHERTHY, ThRBPr(s Y5 %%
) =Pr(7 v 5 2R EIVIANC AT R Pr2Iaiic &7
H) =@, WE{(Iuyu(1—-@Q)}E W HE x>, 7V
IH (x, y) WRBLETICELLTOWTOREL SN
BHEFRIE, Do coBiichliks shizghidna
S5RVOTH(1-Q) E78 5, Muwld IO TOREF
FETENEREE LEREHOET 3 0 &
WThd, TNLENICREEE LTWT, (x, y) TH
DTHRAT AR EqEFE,

q(x, y) = Q(x, y)E[l;[ {1-Q(X;,Y)}] (3.2)
EEFKT S (Schweder, 1990), 22T, X;, YD
7 V58 (x, WITRBLAIOE EOMHEME ((=1,2,
) THDo

DL EEIFRIBIROLIITLTHEES N B,
TVTHDI V5OEEEDET 5, BAIHRH 2D
s 2% EREE A BlE 9 5 &, fUNERde, #%
N ) TdxdyTRE SN S HARFEKZ2D A qlx, y)
dtdxdyTH 5, HE 2 EMOLATATHRIEN S 5
itk s, BNOKRSIPREMERICEZ 2% I
HTrE, QID&y, FEINZFEHOMFHEE(R)
132 DLwTh %, T, wic(.10)%EHT % &,

E(n) = 2DLw = [[[2D2q(x, y)dtdxdy = 2DL " g(x)dx

(3.3)
L1355, TTT, L=[udt (v fpodiEc—EL$3)
Th0,

g@)=(%)ﬂh@awdy (3.4)

Thr, glo)zFNIAENEREIRE L, AL
HHETE5, COFMERRIIEK - ZELEOTBER
EEBICANLORDOT, g0)<1 D& xDFEEEK
HEMEERD S5, B4 T, vi3MMoEE (—E) i
OTHENTH 5H, B b o0 o R & kR
BAGKEATH B, ThL, ADEZFSKINIE,
BOFERIEOC W TREARBEOHEED T X120,
Schweder (1990) 1%, I v 27 7 USICHEE LT VA »

fixs

H

NIy F U TEENSELF- AR, Yol —
Va vEREHTAZEICL Vg EME L, ¥ a
L=y a vORHFRUTOEY Thb, £9, LV
WHEABEL T, 2vEa—9HNTZ V52 KMALE
BEZOTYTIRESEL, V&2V E2DE (7Y
)T VILITTIE v S FVITTF— 5515
SNfK e B ET o2 MINdT 3, Thick-T,
HAERICBEBKLTOTVEY HA2) J&iThk
D, &»AFEMETRELET 5, T OWEBIHICHEE v T E
EOH B, MEG y) ICWVWB Y VT EFRT BRI
Qlx, WTHDH, HATWDEXITRFERTERE U,
FRENK7 VB3V TrOoMOBRINSE, DX
HCLTELNLT— 0o, BEOHEGEN NF— KL
4 MEIE (2.20) EHOTEEEN. 2HEET 5 &, C
NiZg<1ZMEL TV WAKK TS 3, &, ¥

Jalb—VvavThHEPOEOMHEEEN E5Hh->T
W3DT, g(0)=N/Nrick->T, glOPHEETE 5,
ZITE, "2 —AFfTIcE-TREWHEEL, 1
LIVF e b T FVITF I MOV Ialb—Ya Y
ERELTg(0) 2HEEST 20T, MEIEEER T —
& LK« FLICEET 2 AER LA LTI o,
BT, @E o HEHEAIC X 2 EEKE, g0)=1
ZE UCEEA Y — B LA MBI & 0 BINCHEE L,
iy iav—va vETHELgO) TE - ToD,
<1 ZZE L MFEEHEMEESE2 WO HIET
H5 (HEFEEO—H7 0 T BIEEFR ATV,
B TRIMTHEEEB LB VEEDOSA V5V
7 MEIRE-DT, TOLIBHEEHVTVLS),
CONHR, BEHEEEx OATERSNDG 7 VS ORA
B () DIRTHE gas() = ga(0) gs() 2V TV
Vo SN TW20id, ZEoFRIERO M
Qus(x, V) =Qu(x, v @s(x, y) TH b, THK, itk
S N RO RO RTE 34 Ut v,

Schweder et al. (1993) (&, M EEZHFERIZ T T
5 CHEEOHB T — & bR O TR RBEE HEE
TEHLOWAEEIR L, Thid, ROEHIBY I a
L — ¥ a YIEE (simulated likelihood method)
ICEDLC D TH S (Schweder and Host, 1992),
Foviav—va vIEROHE o2 2L /2
boThb, fE-T, BondF—5 (HEE A
DA EROHRFAT L > THESNELL D ERL
OB BRFTH B, Wi, EBROBROWEE, M
EAHEYIalb—va VI BNHNE -2 #Eo
TV sH, THEQOMEENME > TV Ll s n
b5, COT &G, BWEOHEMAEC L 2RAMEDNE
HMBQOIEREH > TW5E T EART (LOHETIERQ
OHETE I EFE O HHFE A 0% R o FR Lo 3
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QLBEHEOHMHAED g(x) 2RI 4 ITHEEL TV,
Ihkb, WA EIR S EE O H RS O
WAEM->T, LOEMICQEHET S EMNAHETH
o QDN A —4Ah0LL, Q=Q(x, v 10) £EL,
TOEE, AT REFHAE R

logL(6)=logLs(0)+logL:(6) (3.5

EE,NB, 2T, L3MTEBEEOFRRICHES N
VR — AT ORI, LAIGLE 7 — & O LR
Thd, MEF—IDOHZ, 9050 TRQERTE
L, TNIE-TY I aLb—va a5 &tk
fiiE®D 7 — % B=[ER, EX, Pr(X>0.5)/Pr(X<0.1)]
%185, T, ERZHMEZ coEEEHEO BRHE,
Xi3HEEEE 2 & O b HEREH, EX\EZ 0fkHE, Pr
FEREZRT, TOUAHEFAEDL S OB E SHT 2
91T, ¥78b5 (35) OLEBEKERKNICTE LD
KO REZCHEEZBOEL, R 0Z2RETID
Thd, (35 OWMHLEERRICLTONRE >
5, Y Iavr—vavadslLicky, gl
EEBsHEONG, COHER, METF—50 GELD
TEAY I 2L —vavick->TENTAI END,
VIal—va vEEEERENR,

—HT, Vial—va v YiEISHABOVEFELESR
INic, REERHEE x OMEREER f (=g /w (w=
[ Thv, g3 B TitHTEs, 5
VA e b v FVIF—IhOEREENNS -V DTF—4
NELNTVWEET S E, (B2 Zfli-CqgaBatcH
ETTCENTES, TN, REMBICET 2 LE
1ZSchweder et al. (1993) DX HIT¥YIalb—v 3 v
2D THHENLAEETH S (Cooke, 1992), T
D Z AT HED < FERALE O MEOU R,

log L, (B) = ¥ logq —log [qdxdy ~ (3.6)

LELLEMTE S, Cooke (1992) F& STV I a
L—vYavFRPMTE-T, NWX—AKELMABEL
ErxdbbeiAMBEORWHEEIC 2L, g%
B CHEE S 5 L 0 b EVRERRw 2 EEHEE L2
D, BENRRBWIEREERLL, $12, FLORY
TR RO IFHESHETEEZE S  ENEET
BB EBIERML I,

X 51T, Cooke (1994) FF ER7 v vadfRIcHt
SEELIZEE, (B.2) 1,

ax.3) = Qe exp-2 [ Qi) @)

EREDE LT, TN, WO HRESL
aq(x,»)/dy =~ [V)Q(x, y)a(x, ) (3.8

EEC T EITEDEOENE, Yialb—va vitko
T, B ZHOVIHEEMIE, Bl nicZE b vy —

VIitHEDL B2 DBDERELEDLLI VI EIIR
ENn7cDT (Cooke, 1994), ZTDHERDEZL DNHF—F
WREFILVTIE, Ty 37 BEbhs
Z & &1 57 (Cooke, 1997; Schweder et al., 1997;
Skaug and Schweder, 1999), Cooke (1994) %, 7—
PR Ty TRV CEEEHEEORE D FIT 2 @
AHEFEEZID AN B HEEREL TV b,

JTHEITI3, Schweder et al. (1997) 1Tk b, 9-&
RS o — FIEREFVDRIBEN TV S, %
53 B oR7 Y vBERIHESIFE LT 22V,
THERRAMRE CEREEENERRICHY, TN
FNESHEREF NV ENLVI — A RITEFTIVTEH
LCLEERHE L, MERZP _HERAONMERD %
Yialb—va vEEETES FEERAL
Schweder et al. (1997) 1<k b, JERFEHEI v 7Y
SEREHEE D - Ic B o Nl A R ABRICIE D L
rtEFIVBEZ SNzt 54X %, Cooke and Leaper
(1998) F—REI 7~ — FiERE F L OfEE 5%,
I YSDOELED NS v F v IIBHBBEILNE FIVAERIE
L7, Chickd, HEBERGEEOHAHA SR
CkIic—E0HHENET Y V5 OBRRIHEFHT S
TENTEELIIT o7, EH1CCooke (200D) 1,
SV e NSy F VST EOANBIERE VR
&b, VIR ERAZLEREKofcHiET s &
WHERETH B L&KL, L L, Cooke (2001)
D E FVLELNS LEREBE VTV oy, B
RIS K HET RN TE RV E WV S R AN
Effishcw3 (Skaug, 2001,

—7%, Skaug (1997) & Skaug and Schweder
(1999) 13, HEEREESS 1T 20 - 7o R A S ITI D TR A2
BAY— FHEREFIVERREL TV S, TNLHTICH
HLTuwimuwEnworEob e, HIEEAZZEB
BHEELTWE Y V5 25RT 3R,

Quop =@+ @ —Qy =@, +Qy —Q,&; (3.9

ThHb, B woFE Xy —viERTY VARTE
I 7z & = 0% SR,

£0) = 1-expf-2 [ Qe.)ds) (3.10)
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<& % (Butterworth, 1982b) T &b, A £/HIE B D
WIS EBEE S —Y VS AR T AMERIT, (3.10)
D g QIIBEAFTAUBESIT, (3.9 2RAT 3L,

Fanl®) = 1= exp -2 [ 1@ (x.5) + Qu(w.5) - Qul. )@y (x. )by |

3.1D
L5, (310) & B4 EftER1 AKX 17 5EH
INhz, i, (311 ZHEEEE x TR L7cEX)
PRFRIEZ waos EFHC & &, SRR

log(L) = iE"llog{gAuB(xi) ~ 2,(x)}

+ZBllog{gAuB(xj)_gA(xj)} (8.12)

+210g{g_4(xk) +85(%,) = 8aup(x,)} —nlogw, p

k=1

AL T A EIC&k-T, N5 A - &HEEL, [
BHAEWEST S ENTE S, TIT, may, ms nasld
ENTNAOHMFHE, (ARRR LIS BIFREEE L),
BoOBMFEHR, ALBo " ERROMEHKERL, n=
natnetngTdh s, ZDE X, Schweder (1990) % Coo-
ke (1992, 1994) &E[aElkkic, BRI 2/v5 4 —
FAEIA VIS MEICKBZART -5 T
3754, BlOERF -y L oHEEINBINIERE SR
W TOEFINIEG, YV TFIVEETILTHSD LK
1T, Cooke and Lepaer (1998) TH A o/ EF IV
EFELC 7 V5DFELED NS v F v I RRBERLNT &
DRI TH 5,

3—2—2 FHLLWNF— FEREFI

FKES v 7 7 V5 OEEEIEIWCD & & TEFEHE
fis T W AIDCR/SOWERZ M L THEE S T\ B,
IDCR/SOWER I3, FffiE% 6 #EX124r T, EAENIE
Fic 1l 20X = HHEAET 5 2 Lok iR »
57 V5 OEETNEEx2EREME L, 1978
HFir ohlts s, BfEmtiEo 2FEHEED 3 FAHEZK
ZEHELTVWBEIATH D, KL, REFETIZ
HiyoZkkfbic X b, 1EREERFECH T CHET
52 ENEL Y, 6EMTHmIEBEREOTEEMNT T
TEDLITRELB-TETVWSE, INETOF—%
EHWIELERE 54 v 5 v s MK BRI
5, 2HBILLT3EETCEEKEI v I 7 V5D
BEAEEARELFLE L TVE E VI ERNEONT
W5, 38b 5, 2 EHDHEEMT66,0008H(CV=0.091)
Wt L, 3 H o E M 13268,00088(CV =0.093) T &
5o 7L 3ABIEHENKTERTH Z0T, HEEME

fixs

H

KARFHAEBEHObONEEN TV W (Branch and

Butterworth, 2001), EERHiFEES - BF¥RES

AWC/SO) 1F, TD EbDTRELEDITH L T, FEEE

DR TREL, MoroEEICk AT ORDD

AREE S EETERVWE LT, ROFREH T TV 3,

1. FEREOFRAMEROE(
REROERWHRBIEE S 122 Ltk y, AR
oS RO 2 FH» S 3 A H LK - ThHD
L7z AJREMDS B 5

2. BN YA RDEAL
Bl S hicBEn Y 1 XOEEORD» 5EZ T,
HFROhOBN Y A4 X DMK O ic L v 18N
PEEML, FERE L 78 - /o alEED & 5,

3. P DA
2 i H & CTlIdmE60ELIM 2= #HE L cwics, 3JEH
5 3 LB B B o A b it 1< SR A P ALK L
726

4. KBALE OZEAL
KBRITE I v 7 VISMWELNTHT 508, HFicks
koZEENT & AP IEEE T 5,

5. KL OEITWB 7 Y5 DEIGDEAL
KiTE DARAADA > TV IR WIHEHKIC & 7 ¥ 5 3%y
ATXBHENL->T, £IITADRAATWL S ARE
Hind 5,

6. FHEDOBER DAL
2EB 5 3BT CHERBEIIZEL -
TWol, ThiTkh I vr 7 vsopiEor—7
APk LTV B AREMEA B B

7. “Ivr s vYsSH5 LW ENMANBE Y VS OEIS
DAL
RO SEOEFEIC K Y, JE, FEOREE L
DLW YSIF “I vy Y55 LW Lidgsh,
TAAREEE I ZH O SN TV,

8. AR R L el i o R o oZA4L
FOKEEEHRAE ik, @i 5K (Passing
mode) &FFIEN 2 FHARR Eh O D% i 15k
LEzEE, RALLZ VSO - BBhokZ2x0
B D 12D B A BN TRIN & THERIC T < BT
K (Closing mode) &\ 9 FHE#RFIHHITIT->TW
bo HaRid, FAERAEN S &P, BN
hoR R (CRFER IR, BEEHEECEEN
W) ICE DR AU B A[REMED S S TV B
(Branch and Butterworth, 2001), Z ®Off D 234
Tk > TEALL TV B AJREED B B

EFizd iF 720 < 2 DJFRNT 2 W T BRI #2317
DNFANONTETVBD, HiCESE, BHERED
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HAREAIT & D FIKEET O BHFAAERE QDI v »
HEREsEZ o En S, IDCR/SOWERHFED
2 H & 3EBTg0) DEMED LI rIfErES K E W
DTRBODEWIERA LIE LT (Mori et
al., 2002, 2003; Okamura et al., 2002), TN %%
T, FI¥EBE2RBIDCR/SOWERF — % 12%t4 % g(0)
HEE OB ABIER L, FKEYI v 27 7 Y5 DR
HEDIDILg() =1L VI REEFEFLBTVET LD
BTt 20 oD EE LThH I AWC, 20020),
INFTIRBRENALETNVICE, BEKEDI V7
7 V5 ~NDOHEHITH 12> TIRD & 2 SRIESEN S - 72,
%4, Schweder et al. (1997) O E FIVIZ, RINTFE
FUHSTEIEED, TR LI vy 7 Y5
OMITHEENRET LT, 50 RMOEREE
B\BY3ET, BEEWR (b5 + ) LadhiEw
FV, TOXIBHEFTHFA VIF, FIKEDHITE
REEAESFBETCRIEA SN TIE L - 120 FKED
FETI, WRELHVWCHERAEZTS 1o, #BIE
BfET B ERNETHEEVWHSIESALH B,
5iT, BEEITBT 295 2 =5 2/ Eh SHEEL TS
SN SV, 3EAETNTHITEEN, S
BAILREEY v 7 V5 LRIy, BKES v 0
VIRENEHKT AL, THEROTFEIL D IIE
[CTH > VIEO—EHTH > DI EZIRITIE S 129,
A S 3R 0FER» OF LEARTE ST 5 L0
EMICHEL L 8B, PlZIE, BB O EREE
AHICXZBAITIHAT 20 2bTREETH S L,

Completely independent Observers

T EN

R ic X 2ME RESEOWE s 3 b & XD EHOHD
5FZ T, BTTRFEHATRETH 5, Skaug and
Schweder (1999) @€ 7L i3, EEBEHOLEM:H S
WEWSET, BKEI Y22 V5D F— ZIcEAA
RETH b, LHL, HBELICET AT — 5 Bab
HThsdL, EEMLIAHVIEWI Licky, HED
EBAAPSELTVWEEEZ OGNS,

Cooke and Leaper (1998) I3, Schweder et al.
(1997) il 7 LERIIc RS %, HEBHONED S
WEFIVERE L2, & 512, Cooke (2001) ([F]H
ZERA S BN THERE R OXANGE RICBIT 585 X —
7 OHEEZTREICT A 1E AR D Th A D LIEf L 7.
7272 L, Cooke$2I8 U 7o—if D & 7 VI IERES LR
WD VI € 70T (Cooke, 2001; Skaug,
2001), FERBIH OO RO HLY o\ 3 h 78 0
MEitEENELE T 5,

Fro, JEREFEOHTHETIE, MIBESH v 7N
LIVERREN ZHFRICERE S N ICBEEO LET ) v
VOLE (TyN=7) V) KEESN, iEERET
Voy VICWTRIEREIT > TV, 7Y v VORLERE 1]
—RiciE, 7VSEBET LML, “EHRROH
ERTFAEKR TR, RAEMCHKEAAEORLHERE L
THES NI, &AM, FKFEOFHETE, Mzl
WEF L TNV E S SITRBNCERE S L T
KEBESAOP) KK E SN, g PthoBEE N
TwN=7 )y VicilEIh T/ (Fig. 8), O
FHEA VITEY, FEKEOTHETE, To =TV

, Incompletely
+ independent
Observer

Fig. 8. The diagram of Antarctic sighting survey with independent ob-

servers.
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VIV ABMTEEETHTVHEE L VS ORAIH
G zcihhcs, “HREAOHMEITHETICHELT
Thitze £z, TowX—=7 1) »w JITVWBEHEELEDF
HE OB ODHICEADT, TOEMEMRVIEWT
LR REBIEFROBER L5,

Okamura et al. (2003a) 3, RO EFLITHL
T, MKED I v 7 VS HEICHE AR & 0 LR
P C—RIIIS AN — FTERET VERE LI, TDE
F i3, Skaug and Schweder (1999) @ & 7L %K
i LT, A _ERRLEEN ERROXBI [ FE
ko, LEREMAENRELbDOTHS, TNITK
D, WNBF—2IRIFETE T &L, BRS¢
SA—FEWET L ENAEE L 5T, T, £D
TRk zmd 5700, HPEEE HEREEOmA 2 EE L
IHIRT v —T7 )y VOBEEZEORRIFTH O A
DBHEIITH>TWVS,

X 51T, Cooke (2001) [Elffic, HREFAETL SN
BF— PO ERICBET BN A - EHEETE S
Z & 13, Okamura et al. (2003a) OIEFEISH S E S -
TWa, @3, Bhta XHWRKEL BB EFALP
LB EEZONDZDT, BT A RN R
PHYERIEPHEETE B ENEE LV, 2B TH
Nantkk st EBEFVERNHET T, —BRILE
EEF VML cFETENLY 1 ROEEELZIND
AATIFRIRIS T VRS 5 C LS AJREE 12 5,

Okamura et al. (2003a) @ EFIWIZD>WTafRd
5o 3—2—1,[EkkIC, ZNFEFTIREREINTVLEL Y
VS OFLAERRT IMHEEQK, yTRT, EHO
7o, HEONEREY 7 VS OBEIREL BV L
29 %, Qlx, WOEITIE, v YT v 7By
e BB EIRET 5 2 &M TE B0, T
TldSkaug and Schweder (1999) THZE < 177 AEY
BAE—MER L bDEH VWS L LT R, BEEE
XBld 2id8% THEIIEICTEE, HEEBEM QR

Qe (x,9) = peexp{~(x /o, )" =(v/0)"*}  (3.13)

TREIND, TTTC, WBHTVBHEHEAZIILEIBTH
5, 0=Qey=1%iH/IcT LI, KT A -5
0<u <1, 0 >0, 7,7:>0L L HHREEBL, TD
AN — NHERBIK D S, (3.10) ZHWVWTHE SN B HEHE
B x 1o 2 F RS,

8,(x) = 1 —expl-Av'c} exp{~(x/,)"}]  (3.14)

LB, TTT, f =o.uy, T(y;) THY, TRAHV
~ Bk

[EER)

[Rirs

H

I(p) = jow xP e dx (3.15)

Thb,
WATBIZEE > S 0P ORI OFEICH LT, £h
DEMTBEEZEOHMKE R TH - e D», W5 DOIIL
BEEICL D2 EHHEATH > O DHTENE[RETH
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Table 2. Results that applied the proposed models to the simulated completely independent observer
data, given A /v=0.5. All the models have the same form of detection function. The values show the
averaged values over 100 estimates for 100 simulation data sets and "CV in the simulation" means
the coefficient of variation for 100 estimates. naus is the average of the total number of animals that
the combined observer detected. is the detection probability on the trackline of AUB. waus is the ef-
fective strip half-width of AUB. Daus is the average of the density estimates based on the sighting
information of AUB. %bias=100(D.u»—0.125)/0.125. CV(D..3) denotes the averaged value over CV
estimates calculated from equation (3.43) for 100 simulation data sets.

RMSE=\var(D,_,) + bias’ .

naugs gAUB(O) Waus Daus Y%bias CV(DAUB) RMSE
TRUE 200.98 0.504 0.804 0.125 -
Model (3.16) 196.69 0.499 0.787 0.125 0.307 0.089 0.011
CV in the simulation 0.066 0.043 0.059 0.086 - 0.118 -
Model (3.26) 196.69 0.496 0.779 0.127 1.689 0.105 0.014
CV in the simulation 0.066 0.048 0.089 0.104 - 0.102 -

Table 3. Results that applied the proposed models to the simulated completely independent observer
data, with A /v estimated in the model. Details as for Table 2.

A /U naus gAUB(O) Waus Daus Y% bias CV(DAUB) RMSE
TRUE 0.500 200.98 0.504 0.804 0.125 -
Model (3.16) 0.456 196.69 0.467 0.735 0.137 9.595 0.169 0.026
CV in the simulation 0.234 0.066 0.148 0.147 0.177 - 0.151 -
Model (3.26) 0.463 196.69 0.466 0.734 0.138 10.017 0.171 0.027
CV in the simulation 0.270 0.066 0.155 0.155 0.183 - 0.160 -

Table 4. Results that applied the proposed models to the simulated completely independent observ-
ers and incompletely independent observer data. Details as for Table 2 except the combination of ob-

Servers.
Model (329) A /U Nauc gAuc(O) Wauc Dauc %bias CV(DAUC) RMSE
TRUE 0.500 165.18 0.457 0.661 0.125 -
A /v=0.5 given - 158.08 0.441 0.632 0.126 1.017 0.117 0.015
CV in the simulation - 0.069 0.072 0.095 0.123 - 0.128 -

A /v estimated 0.476 158.08 0.411 0.587 0.151 20.402 0.362 0.060
CV in the simulation 0.410 0.069 0.293 0.291 0.426 - 0.365 -
Model(331), Appendix 2 A /U NauBuc gAuBuc(O) WauBuc Davsuc %bias CV(DAUBUC) RMSE

TRUE 0.500 219.11 0.539 0.876 0.125 -

A /v=0.5 given - 214.95 0.535 0.861 0.125 0.054 0.077 0.010
CV in the simulation - 0.061 0.031 0.052 0.078 - 0.130 -
A /v=0.5 given 0.459 214.95 0.504 0.809 0.135 7.964 0.149 0.022
CV in the simulation 0.187 0.061 0.116 0.121 0.146 - 0.125 -
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Fig. 9. The observed perpendicular distance frequency distribution along with the values estimated by the
proposed hazard probability model (hpm, @) and continuous hazard rate model (hrm, A) at a school size

=1, 2, and 3.

SO TEEREHEE 21T 5 & S ENFERIEOHEEMHE
BicHwWoNZ DT, HEES N RS R IR0 1
SLTHAHIEEHEETH S EEZ 5N B, Table 51T,
e ERB LI, BELLET VL0 =1%
RGE L 7o € 7 vic & A B AREHEEM 2R 97 1989/90
i 51993/944FED b L v N OHEEMIZIRE L 72+ —
MR E F ikt LTix1.40, g(0)=1%2E L7z EF
AT L TIEL.26E 72 - 720 g(0) =1%{E L 7 fiEEL
HEEM 3 g(0) Z2HEE Lo F vk LT, 1989/904F
121315%, 1993/944121323% /KA - 72 (Table 5),

3-3 F&¥

3—2—2TPRAF L 727113, Skaug and Schweder
(1999) MBEFE L 7' FvA2KAIZ, Schweder et al.
(1997) % Cooke (2001) DOF|E A IAAT X 0 LR
BT RNBEFNEL >TVE, YIalb—VaV
FRANPEED T — 5 ~OHEH I DHEOEMM:E
N UTce KB, ALREFEDOHELE TR - TRA
Lty 95 RENTBINY 2 BB, JTHERE
ZWHO AN ETcBEOHEFAEDOPD HICD- & -
THEEEITARIRVWOT, REIMEILEBL &<
AAEmo BHHEFAEICOHEHAATETH 5, KK,

Miyashita et al. (2002) Tld, A+ —> 7§ TOMI
HRHEFEBEAIREL THB Y, Okamura et al. (2003a)
DEFINE 1 DOFEMEFVELTHF TS,
HREEREFVNDASF—5E LT, FFiT by 75
v YBRIORRRREZER 5L E, SRIlES OBEKE %
ERECHIS C ER3EETH S, T TRMSNIHE
13, PEROMBEMFLI DO BEFER T X 2 MEEHEEER
ZHBECLT, BE - BITcETOEEEMAS C &
Tk > TR D 2000 B 7o & 0 IEHE S RAEEE 6 %
BrzltaxufEicliz, EFVOFREEZR EXHE 3
fod, H2EOMLEET VG, I TOHEINCIEH
SNd, T, HHAL G- etk s
) (GAM; Hastie and Tibshirani, 1990) = —f&1k
HIEEA € 7V (GLMM; Pawitan, 2001) it 5 &
518 E FIVERIEREBRICER LT, BEREE LD
WY 5> T &3 T & 3% (Bravington, 2002; Cooke,
2002; Okamura et al., 2003b; Skaug et al., 2002),
—4, EBOIDCR/SOWERT — % T, SE&MIL
BERE & SERMNT EHEE ORI _ER R & e
HEEORMBEREAXBTE 3LV, £/, &
WHRD b & THESNIBNY A X3/ MEE S 73 -
TLWAHANH 20T, ThiEZTOEEMHVET LI
DD B, 61T, HEfONERZEDRE,
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Table 5. Horvitz-Thompson estimates of minke whale density and population size in IDCR/SOWER 1989,/90
and 1993/94 surveys, along with estimated coefficients of variation (CV), where A is area size (n.miles?), L
1s survey distance (n.miles), n, is number of schools sighted, E(s) is estimated mean school size, D, is density
of schools, Dy is density of whales, and P is estimated population size.

Hazard probability model (3.44) based on perpendicular and forward distance including school size as a

covariate without the assumption of g(0)=1.

Stratum A L n, n,/L E(s) Ds D P Ccv Total Ccv

1989/90 EN 153,029 750.2 45 0.060 1.326 0.048 0.063 9,700  0.293

ESB 62,594 793.1 66 0.083 1.637 0.061 0.099 6,206 0.613

WN 168,761 606.7 32 0.063 1495 0.041 0.061 10,374 0.269

WS 45,128  830.9 200 0.241 1406  0.189 0.266 12,017 0.233 38,297 0.173
1993/94 EN 293,196 762.5 11 0.014 1.136 0.031 0.036 10,474 0.663

ES 72,249 598.1 74 0.124 1479 0.212 0.314 22,703 0.400

WN 251,735 550.2 8 0.015 1.000 0.036 0.036 8974  0.333

WS 50,596  566.7 ol 0.090 1.347 0.167 0.225 11,387 0.257 53,538  0.262
Hazard rate model including school size as a covariate through the scale parameter with the assumption of
g(0)=1.

Stratum E(s) D, D. P Ccv Total Ccv

1989/90 EN 1411 0.037  0.052 7,927 0.289

ESB 1.846  0.048 0.089 5,556  0.666

WN 1.679  0.032 0.053 8,967 0.259

WS 1.545  0.145 0.225 10,141 0.228 32,590 0.176
1993/94 EN 1.261  0.019 0.024 7,087 0.635

ES 1.852  0.149 0.276 19,928 0.440

WN 1.000  0.020 0.020 5,123  0.291

WS 1.588  0.112  0.178 9,019 0.245 41,156  0.261
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pollock: Theragra chalcogramma) , A 5 F =

fixs

H

(Pacific sand lance: Ammodytes personatus), AV
* 4 71 (common squid: Todarodes pacificus), 7 ¥
(horse mackerel: Trachurus japonicus) T®H -7, 1
HicFE (GFai, F%), 4 v beA i EHOEE S
Ate TNTNOEIF 2kgd D & L, 1EOX R
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WX U X iR FEER 2 5Ek S H 2 DI 21 HE 2 B &

L7z (TX6/2=21), T T T, FHI-*FROHEDRE
BEORIEELES, 1HORAHEEZ1>D7—%
BfiL LTEA, COEHEIEFEDELIZOT,
LT3ty bOF-snELNE (n=3),

HHEFEBR TR N D48 ETable 6 IC/R7,
BRONIEEORED SPUE S 1 B DT 4 DNIEF 13,
RYNS>ZVIRASKy T >SAT NI I >SAhF T
>RZAWAALHN>T VTH-10 —4, Table 71, fH
OEEbET (BRONLEHORDEZD) DAHITE IV
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H=AhFIT>7TVEN-T, HEIC X BT
BT, =7 VE=YRR, ANVAAANEAHF TOD
BHEOF SN,

4—2—2 TR &N/ HHEETable 6 O 7 — 7 1T
Lo TOEE, m=T7 n=3ThH->71 TTHHD
FIEMEEF B 720, ~— kLA BEET- 17 (A,
1992; Sokal and Rohlf, 1995), #EH DT E Fauxld
AREICRECREL, FNHtEREANS NG - 1,
Table 8 ® FDEIF /¥ * =y HEDOFERTH 5, 1
EENLNERLIZ, =HN>=V<2ZX>Fy 7> b
VEIOIANFTSRANVAANS>TITH e TOD
R, HEsNHoemEIcE S ER & —B L 7,
Table 8 D F %%, Table TOBELEETFF— 505
N mEE L THEE LIBED 7 5y K —« 571 —
EFNDNT A —IHEEMTH 5, ZDHEH, Table
TCEONKIERF &E—H L Thi, Co—BUIERN
WHEAd 2 2 &8 T% % (David, 1988), — AT, IE
BERET 55 P =« 7Y = F U oHEESNIHE
FFPENER & B SN -2 ED» SR O NEM E F W
Sb—HIT EDbITEEL, INIE, TITHOWKIE
BT 59 FY =« 7Y —EFUHPEBZICRETIEES
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{, BREEOUD CHEHINEZREF->TV LD
Thb, TSy F)— 7Y —EFLOEEERE
BRFFELBELST, EGENEVEFVALTVWTE
PRSI,

NG A — 5 OEHERRET, (4.15), (4.20) 2 SEEH
N7 (Table 8), /X5 A — FHEED T3 DAL &
PEAESE S HETE O 72 0 DITHIETHIE, S-Plus (Version
4.0) DA IAHBEEnIlminb, solve?s &% W TEHE
xN7c (Venables and Ripley, 1997), Table 9 (34—
2—2DEFND G ETHEES NI/ 5 4 — 5 OFHBIFT
FZERL TV, TXTOMBIR/NEL, = Offsdl
BAZELTH045TH - 72,

I 51T, RESNICEHBREZOBY S OFElETT -
720 Fig. 101 (4.9 hoiEohicEkEZ7ay FTH
%o M OmERIE, (4.13) »oitHaniz 26 & —20
DIEZRL TV S, IR OBGENIE L1, B
EDF1F95% 1 C OBEEE TP NcEIPANIC H 5 N &
Th 50, TOHTIFI6.8%MNE20 2RI HEROHIT
GENTOVR, TLETILT « I 7THREIR 2
DF—=F+ty hO—HHERLZLHOVEDS>DOHET

57

& % (Keeping, 1995), Z T TiF, 1EHRSHNO, o)
HH1L000HD S v ¥ AaF— s 2RESET, TNLEN
RIS Nk T — & Exfic LT1,000[H] 2 A 3 v
EINT « RIN/ TREEIT-12, BEEVBEON
7 HER130.143 (FE#EEE20.058) TH-720 £- T, 5
UEHBKETHATHETRE N >7DT, EHHODIE
HREDRERF COF— 7 I L TCHENTh - &
EAZBIEMTES,
REiaEDFER A Table 10 105270 75w F Y — o
FI)—EFIVOBAEMREIRS WEBKETHFEEL I
259 (PE=0.386, HHHE=15), 75 v KV —+7F
)—EF) (43) BAEETHEEVD T EFRES
N -12e —H, HLVIEEEICBET 55T IZH0
HEMERE L (PE<0.0001; HHE=6), 0k
BEdystras o L Th 2BIFHE b - T
B L7 EA2RB LTV S, EICTable 11 13, &
WADHFEICE > CTEERKE T IR TH D, &
NERL DR DWEIF M 5 % — % 7 EARNEGL O D 7w D%
FEHETH - 7o, =AM, (ENEMRE TlER &%
Ve Y ARA N

Table 6. The total amount of each food eaten in the paired-comparison experiment of a northern fur seal.
Each value in the matrix shows the total amount of food (i) eaten (unit: kg) in the paired comparison be-

tween the row (i) and the column (j)

Common Rainbow Atka Walleye Pacific Common Horse Total  Order

mackerel trout mackerel pollock sand lance  squid mackerel
Common mackerel - 4.95 441 5.88 7.79 7.08 8.25 38.36 1
Rainbow trout 3.93 - 5.90 4.46 7.46 7.84 8.03 37.61 2
Atka mackerel 4.57 2.97 - 5.70 7.94 6.78 6.98 34.94 3
Walleye pollock 3.02 4.54 3.26 - 6.47 8.24 7.45 32.99 4
Pacific sand lance 0.99 1.29 1.06 2.49 - 5.18 0.17 16.18 )
Common squid 1.87 1.01 2.22 0.73 3.82 - 0.11 14.77 6
Horse mackerel 0.60 0.79 1.77 1.41 2.92 3.59 - 11.08 7
Total 14.98 15.56 18.62 20.66 36.40 38.70 40.99 185.92

Table 7. The wins and losses in the paired-comparison experiment of a northern fur seal. Each value in the ma-
trix shows the number of wins of food (i) in the paired comparison between the row (i) and the column (j), where

it is judged that food (i) defeated food (j) when food (i) was eaten more than food (j) in each trial.

Common Rainbow Atka Walleye Pacific Common Horse Total  Order

mackerel trout mackerel pollock sand lance  squid mackerel
Common mackerel - 2 2 3 3 2 3 15 1
Rainbow trout 1 - 3 2 3 3 3 15 1
Atka mackerel 1 0 - 3 3 2 3 12 3
Walleye pollock 0 1 0 - 3 3 3 10 4
Pacific sand lance 0 0 0 0 - 2 2 4 )
Common squid 1 0 1 0 1 - 1 4 )
Horse mackerel 0 0 0 0 1 2 - 3 7
Total 3 3 6 8 14 14 15 63
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Table 8. The comparisons of the estimated ratings, the precisions and the order
between the normal Bradley-Terry model (the upper table) and the binomial Brad-
ley-Terry model (the lower table) for sample data

Normal BT model Estimate Standard Error Ccv Order
Common mackerel 0.268 0.033 0.123 1
Rainbow trout 0.247 0.031 0.125 2
Atka mackerel 0.205 0.026 0.129 3
Walleye pollock 0.165 0.022 0.134 4
Pacific sand lance 0.048 0.009 0.190 5
Common squid 0.038 0.008 0.203 6
Horse mackerel 0.029 0.006 0.221 7
Discrepancy 1.145
nXm(m-1)/2 63
o*(MLE) 0.018
o0 *(Unbiased) 0.020
Log-Likelihood 36.847
Binomial BT model Estimate Standard Error Ccv Order
Common mackerel 0.3799 0.301 0.792 1
Rainbow trout 0.3799 0.301 0.792 1
Atka mackerel 0.1388 0.147 1.058 3
Walleye pollock 0.0735 0.088 1.193 4
Pacific sand lance 0.0103 0.017 1.613 5
Common squid 0.0103 0.017 1.613 5
Horse mackerel 0.0072 0.012 1.688 7
Chi-square df P-value

Test for goodness of f 18.99 15 0.951

Table 9. The correlation matrix estimated for the ratings estimated from sample data. The value on the row (i)
and the column (j) of the matrix shows the correlation between the rating of food (i) and that of food (j).

Common Rainbow Atka Walleye Pacific Common Horse

mackerel trout mackerel pollock sand lance squid mackerel
Common mackerel 1.000 —0.404 —0.344 —0.300 —0.218 —0.208 —0.195
Rainbow trout —0.404 1.000 —0.302 —0.254 —0.174 —0.167 —0.157
Atka mackerel —0.344 —0.302 1.000 —0.172 —0.146 —0.082 —0.078
Walleye pollock —0.300 —0.254 —0.172 1.000 0.008 0.008 0.006
Pacific sand lance ~ —0.218 —0.174 —0.146 0.008 1.000 0.388 0.390
Common squid —0.208 —0.167 —0.082 0.008 0.388 1.000 0.422
Horse mackerel —0.195 —0.157 —0.078 0.006 0.390 0.422 1.000

Table 10. The results of the likelihood ratio tests for the appropriateness of the Brad-
ley-Terry model and the equal preference for sample data

Hypothesis Test statistics Degree of Freedom P-value
Apprpriateness of model 15.937 15 0.386
Equality of preference 101.231 6 0.000
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The results of the multiple tests under Holm's method. The adjusted significance level was used

instead of 5% in the hypothesis testing of the difference in the two ratings to retain the experimentwise sig-

nificance level of 5%.

Order 1 2 3 4 ) 6 7

Common Rainbow Atka Walleye Pacific Common Horse Order

mackerel trout mackerel pollock sand lance squid mackerel
Common mackerel - 0.302 0.099 0.011 0.000 0.000 0.000 1
Rainbow trout - - 0.183 0.027 0.000 0.000 0.000 2
Atka mackerel - - - 0.143 0.000 0.000 0.000 3
Walleye pollock - - - - 0.000 0.000 0.000 4
Pacific sand lance - - - - - 0.163 0.017 )
Common squid - - - - - - 0.109 6
Horse mackerel - - - - - - - 7

---significant at the adusted level

050
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030 [ — — — — — — —
020 -
010 |
000 [ _gggo0 o 5o 0o
010 .. ° oo
020 f°
030 |
040 |

Residuals

-050

Observations

Fig. 10. The plot of residuals with 63 observations for sample data from equation (4.9). The
two dotted lines are upper and lower 5% lines. The fitted model is the Bradley-Terry model

that has a normal distribution.
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Fig. 11. An example of the flow diagram output by Ecopath. From the top
to the bottom, apex predator, juvenile apex, mesopelagics, epipelagics,
benthic fish, benthopelagics, zooplankton large, benthos, micro zooplankton,

phytoplankton, and detritus.
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ST b bOTIIE L, T I NXEILE - FEL
TbDEEZBRETH 5,

TIVATR, hTldxohick S kY EROE
L fE S B O Z L2 Em T 5 2 &2 H[fEIcT %
72, AHEj kil ofMARY

C, =v,a,BB; /(v; +v}; +a,B;) (5.5)
- TEHRELTVWS, TIT, a BAEHEjITL3B
i i OFIFERTHY, v Eoyld VRS EY T 4 — -
/¥5 2 —% (vulnerability parameter) PRI &
DT, HAEVEHAETIOH L TEYBIREICH 560
LZITHBVLDEICHIT2E ED 2 > DIRER DR
HRTH 5, vy AL DVFIA T VIREDL SFIH
TZBIRENOBITERTH Y, v}y G REIRED
SHAAgE TR WIRE~NOBITETH 5 (Fig. 12),
SNIVRSEN T 4 — 85X =13, FA4EOEFHE
EEFICABR L TWVS (Appendix 4),

ZOC; #HAVWTT a v ankkARIZ, a0k
AA 6D %

B.-PB - iBj @B, -DC, - PB,-B,(1-EE,)-EX, =0

5.6)
DEIICEEMA L X, GO0 =AY EE O
Ik 2ELHRIB/dtTEE A, B PB%gYCT
YB @B *DCi% FLOYC, TREEMASZI LITLD
BonsboThy,

dB, /dt = giicﬁ - icij +1;-(M;+F +e)B, (5.7
= =

tEIND, TIT, g BHBELSER (net growth
efficiency) &PFEEN 2% & D TPB/QBTitHE N, [
BBALTL 2EFHER, M 3B/ O BARETHR
Flif#ER, o R3ELAN D ERERANDHTEEIS T
b5,

LoXoMr HEXEFE ik, FEEWEE

V(B; 'Vil
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FOEHPHEENE, TINXZRDA VT y b F—%
TBAMERITHLT0TH D L&, TNTHEERE
HOEOBENTVWEDTH B0, BELLLsE
HOWEzavayvial—va vAaETLTHMGE
o7, HEEREOHMNBEF I —EDF F &3
3, MEROEAZZLEZITILHT, HEZAD
FBARTING CEDTE B, EROZ bZa vE 2 —
s bTeww2Eiffi-oTxy v FLTEEDOETEZ S
CLELHBETH B,

Lo, za i@ 7kh, FHioicbEzs
NEEL Ty, v OELED B (a;ld = 3/ 2HEEE
Evi, v 53RES (Appendix4), TNIFETIBEN
&0, MofE#RAEMT 2 LICkDHEET S
LHARETH 05, £H THVWEZEEICZ—H =
BELTPORTNEE SV, TavATus 5 A
FTlRu,=v EWIRERBHPN TV S, &I, 7
74N MEE LTI L T—EDHv;=v=0.32
BEZONTWh, TONNLMEASEY T 4 — /85 4 —
S IRIEEICEERET, 7o/ S5 4hT0M51ET
DEAEGZ 5T EITE>TWED, TOEB/NSW (
0ICE\V) EHERERER LT v 7RO DT D,
KEWV (LITEWV) &Ehy 75y MO DI 3 C
ERHEmIE STt 3 (Christensen et al., 200
0)o NEB/NVETEYN F 4 — X5 X — 5 DE %%
ATEEE, BREREDBODLE LD ERD, K&
BERE %R T L DI b, RISV ATEY T4 —
NS X =y DR ESE, FRERBIALEICKLD,
LAIBEH LB LB RETZEbLIELRTH S, C
DT L, SWFERFTEY T 44— X532 =55 RKEL
LictE&Dbry 7¥ o vBEFVIZOo Mg « KVTF 35
MEFVICESOVWTVWLS DT, o« XVFFEF
WA UIE U EIBIREI 2R3 Giel, 1990) &5
MBITHEC IS0, NIVRSEYF 4 — e XF A =% %
HEE LI WIBSITE, NVRSEY T 4— /85 4 —
s OEARESEKI OB ITEELTYIaLb—vs
VEITOIBEDRENSBELIEA S,

Predator 5,
A GHGB

Nonavailable prey B:-V:|¢

Available prey V;

vV

Fig. 12. The diagram of the vulnerability parameter. v and v'are the vulnerability
parameters, which denote the exchange rate between available and nonavailable
states. a; is the search rate of prey i by predator j.
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NIVFSEY T 4 — N5 A =5 2HTFET B 720D
1z, BRoO®BELZ22oD a2 vy N TF—5 %
kT 5 C & OHETE T % Hik, ELAREE R Rk
SIEEEHEET 241k, RKRIIT— 5 2FHT2 &
DIEEWL DO TENH 5, Rz~ & iz
ASEYTF 4 — e XF XA —FDRESRBELEROLE
PARD 20T, WITHROREZ 250 3/32 7 —
IRHNE, TOEHMOLNILVASEY F 4 — X5
A =g DHEERTRET & %o MEALAEREFNIS A, A&
Vs EREH (forage) ICHEE 2 3 ¢ X 2 & £ D4y, iR
FHITHbN B ERSHETOT, WEORICEH B85
VAWHBEFZZT (5.5) OHEEREEVPHECE
T A OB E LcEEHRA, 6.1 XEEYEBT
> 72(dB/dt) /BOSIKITIE D L5155 5 Y T 4 —
NG RA— Y EEEEDTH B, RERMRE T v A
o cHENCEHTE SN S (Christensen et al., 2000),
LoL, HEDLIA, RbEYTHELEEZOLNT
W2 D RREOKRIF— s 2HVEHETH D, T
DHETE, DI &b E>DRERDIERY %S
AT, ThICX 3EFEOEH & CPUER & D &ifETs
BF— 5 EDEATINTT ELINT/NIVEASTEY T4 —
N5 A= EWET B,

TaNR, TAVLDHEAEFNVE, FithHbLD
ICHERMERE 7 -V LTy v a vEFARTEH
D, 7875 s FEMSEREREZINDAD BTEICE
HoTWiEW, UL, T3y ADfiTRIBIESESE
7V (delay-difference modeD) ZH V5 Z iz kv, 4
R AEEST SN TES (Hilborn and Walters,
1992; Walters et al, 2000), ZD»icix, T I/%
AA VT oy b T = SAEROBR, L EEET 5 NE
2 B (adult) & REKFGuvenile) D 2 2D 7L — 7
AT TBLIELBREENSE, T3V LE2FTTS
LE, WA N =T ERRBIT NV —T%) v T Bk
HITHRET B &, REFD S ERBANDIIA DR S
EFNVICE DA AENDE LT 5, BIEEST T
WORARN R, WAEA, R#E J &8 L,
ROEHICHBAOGNS !

By = e e (04 (Co )Ny +paBu )+ 1y 1w, Ny

(5.8)
Ny =Nye ™ +N,,, (5.9
Ny =R(B, N, Ch) (5.10)
Nyvn=€¢"N, . (a=1-k (61D
Wyaen =Wyt +8Cri /Ny, (5.12)

22T, tEEE (HEAD, Z, BEKEAT V-7 D4

fRixs

H

WHR=My+ews+Fuit+ 2 Cos /Buw Zyi (EKREEIS
W— T DEFERM+ e+ Fr+ 2 Cr/Br, LA
LT BER D&, Nio A3 (HHRAD a
Rifile DARBEMRAEDEL, R(Biiy Nao Cao) 3EEHE K
OHYER, HEK HEE» O A tIcEAHINS
Fls (HHAD 0 ORBEARE O E Tl 3 2 FHAFE
BEEL, RIIRBEED SEBUTIA T 288 O HAD,
Wi \dFWMia, FEHE ¢ ORE, C 3 H t ORBCAMEAE
Ik BLTHER, Ny3H t D3 L ORBEIEERD 4
¥ GEwmTRELAEbENILD), g IREAEHIEDRL
EER, a.(Ci) & 0. 3ENENEEE F Vwa=a
+pwin OUIF EHETHY, YR a3 t OREYH
ROEERECAKFT 5 ERESN TV A,

COL D IRIEENE FIVIC K BEYOERE A
K D€ 7 IO LIZEEIC LS B D 21, FELT,
A7 8+ 20ZLOHERRBEAREICT 26D T
b5, HiEHDEFNVLIEERT, RS KK TIEE
HRE LEKAE B2E, REk#ATRSS 2 b
VETHAHM, KATEENAERANDELIICEL D
D) KOWTITHI T EMEETHSLLEEA LN S,

R EROEH 2 H 28, BEL#HEZE0LD
KD AL REREWE I ATH B8, BHEDEC
Axayv s FREERE S AEORGRE T T VL
5 LRIV, UL, 5 hUDHEERE
DB LEBIICHES EIRET A &icky, &FEDHE
YIRS 2 0 HBEE(QB) = FHiNH 3 L IZEMIE
By & & CHBICERIE OB LI S T EAAEETH 5,
LTRAEEZICH L TR, EVMEOEAHZER € 7L
TEHIENTE D,

T, TIVAQEBEK s SLV—FrELT
OB IS E T A RS 2HRED D 5, T DA,
TaNZNTHELZEBRHNIES O 0HETV
WA, IEMmsE, o —vifsE, -, 10E), B8
POXREOTMPHAEN OB EFLRTEL THBL T
EDMFEIE B, 75 LBE, BB oLy &R
REL O BN OEAEMERKRICT LD
PR O HIEENE GRIERDE) iR T 5 C LAVATHE
Thb, COFMOFTO s S axHWEI Eicky, §
ROBE—TEERERE &L DK &% 8 U TEBRE—S
EHOREME LS C L bAEE LD THA S T &8
Hifsn s,

5—2—3 @AM =ZFEHRT IR - EFIL
IR, RN Y OROEBEERAFHLTHD,

KFEET BV TIRBEAEODEC E b HETDIES
THAHHEVIHENL SN (Trites et al., 1997;
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Tamura and Ohsumi, 1999), % ® & 5 #SW5E % Bt
E LT, HABUFIZ20004E0 58 2 HIILPE A A5
A (JARPN ID %85 L 7c (BRHE, 2002),
JARPN Mo X HWE, GEOIEEELETHEOHE
WS W T x oEHARECEEARRSR TOMA, DO
TRIEEE EORFEREER O RRREZE L 1B H
HROWTLTH 5, [EROEREREERE L - B E
—fEEES K OTRICE T T, HERBERE TV OMER
Z OERIERE 52 5, T4, AT TEERET IV
&2 77a—Fiod 2HENEGE > TVEH, T
DHETHT IR« 23y A RELERMTOATY
2R EMSEFNVTH S (Christensen et al., 2000),
I aNZ e 3y AEHOIZERNHIREDOD ED &
LT, Trites et al. (19992) O~—1) v 7 igHEICE
BTN EFVORNHND D, HOOHFEDH
HI1E, 19504 o i e i FLEH O T3 1< & 2 i 531950
R S 1980ERITH T TDO R 7 b v 55 DRt %3t
T2 EMTEENEIPEPHSHICT LI LD -
1oo Mo dZT OMTRERD S, ~—1) v 7RO E
BRAEOEYEREICARSNAEILORE S FHICH
& WEOBRMEL I, o TE S, RELHO
EIBWUL Y=L« vT7 b EEGUMMOBEROEENR LD
FEHEIE - THAD EfGm LI, £/, Trites et al
(1999b) TlF, Ta,v2 -z avAFEEBEELT
BRI H B0, BEEEE E LTEio &f
LT3,

2T, JERVE=ERTHBEO/MAE & fEEO /M
WCHEGBBRBIEV B2 DAL oI, =fEh
TNZ e EFIIVEREEEL, TaVAeVIal—Vg
vtk - T A21TS (Okamura et al., 200lc;
Okamura et al., 2003c), JARPN 11D F{HHEIC
W, EBEEARERAEARTIC, vy Y IERHBX
(Fig. 3) o &2& LTI oMl TIZTITD
Nro ThiF, FHFAED 2D WSRO H
BElmofoT b, MEERRLE GEMEROBEENG
BER 2 0 % 72 D BELL @ 3 W IR R AR T A v 2 5K -
el kickd, Thil, cZTOxzaz« 2FLB
Fic =R TE N F— s 2l E L THEEEL 7o
ZpEphT a2« EFVOREEICH T - T, BIKOD
FIRARBGEHOHBOEETH -0 T, £< DO
HE7— v gRlcicilin i &L, FIAE, »
JVSHRT YAV IVS, VFIIS, A VAIA,
aEL IV RNy (¥ 98 F ), TofoNT D SED
50DAF T -, i, FNROEHIEER
ANDINHEEZT, EZ L YUKEFEEE > D
THo7csLTh, TACHREEZ I LD ET EHAD
PgEmEohoEEAE A4 kS 2 &ic L, f
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ZE, Yv=e, AUV, AYIFA T UIEER N
FR TR U REBERMECH 255, ARDEEDFT
FHEICEHELBETH Z0T, HHOHEO/NIRME L
TOELLSDITET, BIffcls & &L,

fERE LT, =MEphz a9z« V30RO
RERAR > & LM 57 (Table 12), WA v~
7y b5 X — 4% ZTable 12 (B, PB, @B, EE),
Table 13 (FBEHAKDC), Table 14 GEEEC) 1T/R
To AV 7y b¥T X =5 EZDOMDOEELAE IS
9 2 RMLIZ Appendix 5 IT5- X oo REDDF— 13—
i AFRIREI SCER 2RI L 7o BFHD N A 4 = R
BE 9 % 1H# (2 Government of Japan (2000) @ Appe
ndix 1 ®Table 1 IZH2EXTOF—7h 6 E -1,
B D 7 — # 1dHunt et al. (2000) @ Appendix
10.11&£10.12% AWV 7o, BB 2 15 BE ~ 72
B SERD N, EYBHERNLEL -7 & &,
Trites et al. (1999a) OHOFHPFHED /5 * — &4
VE =%y DT 4y v aN—RITH BEEEONE
WEL MR L7

TaANZICEOHEEL LRI NS A — 5 DFERE
Table 151252 %, gD 1 7 56 & KBS HEEY)
DA & < ZFEE %#0.95 & RGE L THEE L7co Koy
DHEEFEIIREBEE 28> TWizhl, W H>hDfE
IO WTRHRINSBEERR &S tz, EED/INS TS
M2z oEOEMOAREERMLTWE LS iIcEbhn
b, TOFERIB NG A -5 ODEHOMBEWERET S
D, N6 P—RITRR DR EERE D & 0 cHEME
THP->1IENS, TITRIEEZEEIESEDA-
foo TOTERRESNILHHAET -HoY vr70b
T, MREEEZEIBLVWEELONS, HELIT
INZIIMTIA B L7 fE R A Fig. 131252 5, {7
M oMM EREICS A 54 V87 P3EWHIRITRE
B TNE WV, UL, W< Dh o BN HE
DA A 2 RITESDPIEDTER % T L S IR A 5,

50T, BEMGEHOME &ilZEERORR %25
NRB72DIT, TAY A e VIal—Ya Y E[Tol,
TITR, 420y F ) F Db ET, FROEMDE
MO N4 =202 bE Y I ar—va vl
oo 42DV F ) &%

VUL 1. SRERMBHOMEREZ0ET 5

v YA 20 SEROVEREIEHOIEREZ0LT S

v U4 3 SHROVERBFEHOMIERE 2 {5127 5

VYA 4 SHROVERSEHOIERE 2 {5127 5
EED T,

TaVAFERIE, NV ERSEY)TF 4 —eXNFT R — %
DEREDHEABZTEDT, 03L06D 25D/
WASENTF 4= e NSXA—FDEHEFEDHETY I a
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L—va vEiTot, 03323V ADF7 + LV MET
Hv, 06B3FD2METHB, TITIE, BAZEL
- 7cDT, WEOEADNWE XL, X/ 12
2 ZADOHRII—EDEETH %,

XHIT, NIVERSEYF 4 — e XF5 X —F & ZpEh
DEEFROHRYF — 7 2O TTRINCHEE S 5
TE AT, B LT — 1319874 D 519994 £
TDO=RA T Y, 9HIN, ZIAALHOMEREISA &
< Z#fEEMETH S (Fig. 14, Appendix 5),

F 7o, EBERICBY 2EHOMBOREZFH~<5
W, FERAMEHCTHIZI Vv Y5, =5 ) oY
I, ¥vaAv VI EERERM OBV L EZDE
Aoy k- CRBICHRI LI, Y v Y35,

fRixs

H

=5V Y, =y awy YT (32000EOJARPN II
DHENRIETDH - 12,

T a v LADREREZFig. 156 5 5Fig. 22 1TRT, &KX
THEM DO HE IR > TWA T EICHEENNETH B,
Fig. 15&16i3, ¥+ )4 10bET, ThEN/NIL X
SENF 4 — e NXFTA—F=03ENVRTEY T 4 — »
NF A= =060D&LEDHGNA A7 RDE LERL
TV b, HEO/NA A < 2 OBENE—ERD 14 H 5 A
WTEEEIDI DA &7 6 Lize mOWNLRSE) F 4 —

HE LI E ZDFEHD N 4 < 2L IRIEIZ, K
WL SEYF 4 —DRFIHL T REL, O
X DDA NA A = 2 —k v 251
00—+t v b FTORITHEVD L, BRIt —

Table 12. Basic input parameters. B: Biomass (t/km?), PB is production/biomass (/year), @B:

consumption/biomass (/year), EE: ecotrophic efficiency, P/ is production/consumption.

Group name B PB ®B EE P/Q
Minke whale 0.035 0.02 6.44

Bryde's whale 0.002 0.02 5.444

Other baleen whale 0 0.02 4.688

Sperm whale 0.024 0.02 4.594

Baird's beaked whale 0.04 0.02 5.791

Dali's porpoise 0.017 0.06 14.39
Short-finned pilot whale 0.036 0.06 8.399

Other toothed whale 0.1 0.06 11.657

Northern fur seal 0.001 0.06 18.744

Sea birds 0.003 0.8 34.375

Albacore 0.004 0.54 2.5

Swordfish 0 0.6 6.4

Skipjack tuna 0.025 1.08 32.57

Blue Shark 0.059 0.48 1.5

Pollock 1.339 0.5 2.64

Lanternflsh 5.2 0.9 25.276

Common squid 0.109 3.2 10.667

Flying squid 0.073 3.2 10.667

Deep sea squid 106 5.333 0.95
Micronectonic squid 2.042 3.2 10.667

Mackerni 0.134 9.3 0.3
Pomfret 0.047 6 0.3
Sardine 0.986 1.04 22

Anchovy 1.666 2.15 23

Saury 1.71 1.05 )

Benthic invertebrates 1048 7.69 0.95
Large zooplankton 50 5 22

Small zooplankton 59 6 22
Phytoplankton 33.083 97.482

Detritus 165.415
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v FOEINAER Lz, —RICNVE T E) F 4 — 08
BVwEE, FEZRR Ny TSy UREREDT, TO
HWRIAKKLbDOTH B, Fig. 17, 181F, ¥+ ) # 2
Db ETOIRTH 2, COVF ) ADEETOMRE
ANOFEFIEFITR IV, A OB I 2N
R ERECERB L, LrL, AEEHE I 208
NOEBIMHTERVRESITH B, LHHOM Y
A4 =2EF, EOVSLVAXFTEY F4—XF 4 =5 D
B3t — & v b O - 7208, S0 iks e
VF g — XT3 A =5 DEXFHE — & O
R Lo WL O OBt — & v+ D%
RL7 Fig. 19, 20id, v+ VU4 3Db&ETORET

fRixs

R

b5, HEAOREDE, BEEMTHZREGEEMET
b BN OB - — & v 51000 — & v O
FHTOMME G725 Lice RIVA A R/NBIFLEEA 5
WRVDEM AR L, BBV RSEY 70— .
NS RX=FIPREVEEHEFETH > o TN, HEH
DN OHIEEY OBINC X RN EETH L L%
Z oMb, Fig. 21, 2213, v+ VA 4DbETDY I 2
LV—va VEERTH B, BTS2 ER ORI
AHOMR AN A~ 2DRINBEE LS LT, &
Cofel, FrcRBTERBE CET 2601,
WESEYF 14— X5 2 =5 DEKIThrb ST
WLl BONILVERTEY T 4 — e85 4 — 9 DFTE

Table 14. Catches for whales and fishes separately. The unit is

t/km’/year.
Group name Whaling Fishery Total
Minke whale 0.0005 0 0.0005
Bryde's whale 0 0 0
Other baleen whale 0 0 0
Sperm whale 0 0 0
Baird's beaked whale 0.0005 0 0.0005
Dali's porpoise 0.00063 0 0.00063
Short-finned pilot whale 0.0005 0 0.0005
Other toothed whale 0.0005 0 0.0005
Northern fur seal 0 0 0
Sea birds 0 0 0
Albacore 0 0.00123 0.00123
Swordfish 0 0.00005 0.00005
Skipjack tuna 0 0.00492 0.00492
Blue Shark 0 0.01767 0.01767
Pollock 0 0.40167 0.40167
Lanternflsh 0 0 0
Common squid 0 0.03284 0.03284
Flying squid 0 0.02178 0.02178
Deep sea squid 0 0 0
Micronectonic squid 0 0.61261 0.61261
Mackerni 0 0.04031 0.04031
Pomfret 0 0.01405 0.01405
Sardine 0 0.39454 0.39454
Anchovy 0 0.74959 0.74959
Saury 0 0.76957 0.76957
Benthic invertebrates 0 0.1 0.1
Large zooplankton 0 0 0
Small zooplankton 0 0 0
Phytoplankton 0 0 0
Detritus 0 0 0
Total 0.00263 3.16083 3.16346
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DEE, W OPDHEHDH A A < 23R 2R
Ltze BFEREA S — 1> ML LA, SHORED
reHTHAHIEEZOND, L L, HEICHT
SRR E WS 1B E TR - 2,

iz, BRIF—2ic7 4y T 5T EICk>ToY
WESEYF 4 — e N5 2 =5 EHELIFERITOV
Tk~ 3, Hffixnzvic, T TREKTI DD
WA SEYF 4=« XFTA=FRFEWE L, T4
bH, NUVRXRFEY T 4=« NXFA—FFEDHE—
ETHRLETH B EBEL T2, BRINF— 70 SHEE S
NIV TE) T 4 — e XF A= 1FBLZ059T
BHotee T, TN E U THEALNIICLE 73 HE G
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ESDHETDNNEASEYF 4 — X5 X =5D
HEE 1T - 7205, ESSOHETDNILEXSEY F 4 —
N A —=51F049TH - SR FTEY F 4 — ¥
A —=F T RTOEYFEICH L TEFRES NS D, C
DT T a3 v 2ohTiREEN S “Overall” /L%
SEYF4—+¥532—=4TdH5 (Christensen et al.,
2000)), N5 OFERIE, PEIHILAEH D NV R 5B
V74— %52 —=%303L0 $0.60 K5IV AJRE
PAIRE LT, 7L, BRIIF—4~D7 1+ v FOD
BEPIDHEL, <A 7 Y ORI T — ¥ DL % S
FAHPATER WS L ERE LT, =4 7 v DIRRT
F—F 33D b THROAREIUWENERT DL -

Table 15. Ecopath estimates. 7L is trophic level, B is biomass, PB is production/biomass, @B is
consumption/biomass, and EE is ecotrophic efficiency. Italics represents estimates obtained by

solving simultaneous linear equations.

Group name TL B PB @B EE
Minke whale 4.0 0.035 0.02 6.44 0.72
Bryde's whale 3.7 0.002 0.02 0.44 0.00
Other baleen whale 3.3 0.000 0.02 4.69 0.00
Sperm whale 4.3 0.024 0.02 4.59 0.00
Baird's beaked whale 4.2 0.040 0.02 5.79 0.62
Dali's porpoise 4.2 0.017 0.06 14.39 0.63
Short-finned pilot whale 4.3 0.036 0.06 8.40 0.23
Other toothed whale 4.2 0.100 0.06 11.66 0.67
Northern fur seal 44 0.001 0.06 18.74 0.69
Sea birds 4.2 0.003 0.80 34.38 0.91
Albacore 3.7 0.004 0.54 2.50 0.56
Swordfish 4.5 0.000 0.60 6.40 0.50
Skipjack tuna 4.0 0.025 1.18 32.57 0.17
Blue Shark 4.5 0.059 0.48 1.50 0.63
Pollock 3.1 1.339 0.50 2.64 0.63
Lanternflsh 3.1 5.200 0.90 25.28 0.23
Common squid 3.6 0.109 3.20 10.67 0.96
Flying squid 4.0 0.073 3.20 10.67 0.36
Deep sea squid 3.4 0.457 1.60 5.33 0.95
Micronectonic squid 3.1 2.042 3.20 10.67 0.21
Mackerni 3.3 0.134 2.79 9.30 0.99
Pomfret 4.4 0.047 1.80 6.00 0.92
Sardine 3.0 0.986 1.04 22.00 0.99
Anchovy 3.0 0.666 2.15 23.00 0.58
Saury 3.0 1.710 1.05 5.00 0.99
Benthic invertebrates 2.0 0.619 1.48 7.69 0.95
Large zooplankton 2.1 50.000 5.00 22.00 0.43
Small zooplankton 2.0 55.000 6.00 22.00 0.36
Phytoplankton 1.0 33.083 97.48 - 0.61
Detritus 1.0 165.415 - - 0.12
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Fig. 14. The employed time series data. Circle plots show relative biomass referred to
left-side axis and square plots show fishing rate referred to right-side axis. Top graph

is for sardine, middle for mackerel, and bottom for common squid.
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Fig. 15. The result of Ecosim dynamic simulation. The change of relative biomass without catches for

whales during future 50 years (v=0.3).
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Fig. 17. The result of Ecosim dynamic simulation. The change of relative biomass without any fisheries

except whaling during future 50 years (v = 0.3).

Baleen whales

é 40 ——\inke whale
S 30
?DZO = m Bryde's whale
s 10
§ ol Other Baleen
= 0 10 20 30 40 50 whale
Simulated year
Predator fishes
13
123
£
._g 'Albacore
° = = Syordfish
) - m m m om
g Skipjack tuna
5 Blue Shark
= 30 40 50
Simulated year
Prey fishes (sardine etc.)
@ 300
g ———Mackerel
s 200
-2 = = Pomfret
o 100 “Sardine
5 0 s Anchovy
5 -Saury
~ —100
0 10 20 30 40 50

Simulated year

— e rm \

Toothed whales

= = Baird's |

all's pc

% Change biomass
o

50 hortfin
0 10 20 30 40 50 whale

Simulated year 777 “"Other t«

—Pollc

Prey fishes (squids etc.)

400
300
200
100

o

% Change biomass

-100
0 10 20 30 40 50
Simulated year
X Micr
squit
Plankton etc.

0 10 20 30 40 50

Simulated year

Fig. 18. The result of Ecosim dynamic simulation. The change of relative biomass without any fisheries ex-

cept whaling during future 50 years (v=0.6).



74

[HEES)
Baleen whales

[%]
] emm—\|inke whale
5 %1 i
3 0
5 .0 \ = = Bryde's whale
g -40
(-S -60 ! Other Baleen
= 0 10 20 30 40 50 whale

Simulated year

Predator fishes

g 25
©
£
__g 20 - = = = e Albacore
® 15 m = Swordfish
éﬂ 10 k tuna
25 lue Shark
g 0
0 10 20 30 40 50
Simulated year
Prey fishes (sardine etc.)
»
é %0 Mackerel
s 20 = = pomfret
a2 10 omfre:
[ 0 *Sardine
g AN chovy
c-10 -
& ol e Saury
= 2

0 10 20 30 40 50
Simulated year

Fig. 19. The result of Ecosim dynamic simulation. The
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Fig. 21. The result of Ecosim dynamic simulation. The change of relative biomass with double fishing rate

for fishes during future 50 years (v=0.3).
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Appendix 1 (3.17) DRIBOEFEDOFIH 1 (2755 Z & DFEER
BT, ROAR 1 AT 5,
AR [T @ ep{-] f(y)dy}lde =1-exp{-| f(x)dx}

[HEWA] M ;
S)exp{=[ f()dv} = ——lexp{[_f(3)dv}]
o,

J Uespl=f[ favide = [ lexp ] S()d}ids

= [exp{[ Sy} ] = 1-exp{-[] flw)dx} —

N1 Z2F-T, G171 ORHEOHFHEORINS 112832 &, THH5
ZJJqAB(x7 ya u)dxdy :1

BIRTEMTE D, IhlE, G171 ORDPHEREERIHICE > TVE I EEEKRL TV B,
9, (3817 DOFE4IE, FHHIET, BOFRITKT 2HEEREY.<BI LT[0, y] OHHATENT %, CO& X, $F4
HiZ, B4 XEE A1 obET,

Wi = Qa1 = Q.30 expl= 2 [~ Qe )y | [ 2@, exp =2 [ Q.50

~ s 2 Q)1 Qo2 Quate iy 1- e -2 [ Qx|

MRS N B, [FIFRICL T, 285,

w2 Q1= Qute o2 [ Quulx )| 1- e -2 [ @,

L1585,
FIHEF AT, H2WHEFIHETNTNELOGDE S L,

Wi = Qa1 = Q) bexpl= [~ Q) (w3 |
v U Y
Wi =@y ) {1~ Q) bexp -2 [ Qx5
v v N
BEONDE, CNOESISICELADET, EoH3HEMAS &,
Wik 1@, ) (1~ @y, 3)} + Q6 3) {1~ Qu(x.3,))

v

+ Q5. )@y (e lexp- = [yl )}
=Wip %QAUB (%, 1) exp {_%J: Qaus(x, y')dy'}

L3, ThaBRUEAR12HVT, nTENT S L,

_ A e -
wAluB |:1 —exp {_; .[o Quop(x, y)dy}] = wAluB X &4,p(X)
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155, 3200 X0, glo)® xITBHT 2N BwLB 50T, HECHIRMOIN 112785 T EIIRE T,
51, AR1E2HCT, ROAK2EZMAT S ENTXS,

A2
BEEAOWIMFER (u=A) D & X OBERYE x T OFHHERE,

Wil [} 2@y = Qu)exp{-2 [ Qw3 el [ @y 3y |y

—ul o2 [ Qe en{-2 [ Qustria]|
L1535,

(GEA]
QA _QAB = QA _QAQB = QAUB _QB £0,
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FOEFIVPAELITEEEZEL2EUEFVORRBEKIH LT, FERC L TRIHOHIRMEOFINIZIE 5 T & AR

TIENTE B,
B.27) DEAIHEESHOFIE, AX1EHVS &,
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+2Quw) [exp FA[@uay}-eol-2 [ Qs y’)dy'}] dy ]
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155, EOXDHE 3IHIZ, (3.27) OHFEIIHAMA % &,
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= wwj ~Qaun(®, y)exp{—*j Qo p(%, )y }dy— Wi [1 Cxp{—*j Qaop(x y)dy}]
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L1 5, Ims, Ehi by — URI|DFERTER,
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exp (—& J: Qp(x, y)dy )— exp(—)L J: Qap(x, y)dy) u=A
v v
Qap(x,u) = w;‘xluB eXp(—&J.:QA(x,y)dyJ— eXP(—;L* _“: @aup(, y)dy) u=B
v v
1- exp(—&'[: Qu(x, y)dy)— exp(—)'— J:QB(X’ y)dy)+ exp(—&'[: QAuB(x,y)dy) u=AB
v v v

L2, ZoxidSkaug and Schweder (1999) DOFEAMEROKITME S5V, T8 5, Okamura et al. (2003a)
DR FMERIZ, ZORRIEEE & L TSkaug and Schweder (1999) OFHMERE &L T EM0H 5,

Appendix 2 3 ADEREICK S /Y — FERBEHOER

2 NDTEAMNTEIERE & 1 AOMNTEIEE O N cOR MR, KRD16D/¥y — VIcHElsh 5,
BB IC X B30,

Qa3 A) =030 2 1Qu(5,3) - Qup(.9) - Qe (5.9)+ Qupe .9))
xexp| -2 (] @y )+ [ Quupecle ),
Qa9 B) = 03 (@0(3) = @ (2.9) = Qye4.9) + Qe )
xexp| -]} @50+ [ Quupuc ()],
Quncl6,B) = 07 @ (5.9 Qun(.9) ~ Qe 3) + Qe 3))
exp| -2 ([ Qu(w )+ [ Quupecl )],

C T, Qus=QuQs Quec=Q1QsQc HOREEEMH L 7o,
[ EE P L

Qape(%, 9, AX B) = wAIuBuC % {@up(x,3) = Qpc(x, ¥) }exp {— % ch Quopoc(%s y')dy’},
Qapc(%,,BxC) = wleuBuc %{Qsc(xv V) = Qupe(x, )}
xexp| -2 ([ Qu ) + [ @ ol )}
Qunc 3, CX A) =W Qs (5.9) = Qupe(.9))
xexp| -2 Q1.+ [ Qupcl )i}
Qape(x, 5, AXBxC) = w;lusuc %QABC (x, y)exp {— % J.:o @acpoc(%; y')dy’}
BN ERER
el A= B) =0 o | Qo3 (@)
= Qup (%, 31) = Qea (2, 31) + Qupe(x,3)}

x| -] Q.5 + [ Qu e
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Gupel.9, AXC > B) = w( )%(x Qo (6,3) ~ Qupo(x,31))

xexp| -] Qo0 + [ @l 0},

Qupe(x,y,B = A) = wAuBUC( J Q1 (%, Yo {@p (%, 31) = Qup (%, 31) = Qe (%, 31) + Qe (x,31) }

xexp| -2 ([ Quwhy + [ Qupclw )iy,

Qape(x, 5, BXxC — A) = wAUBu(,( ) @ (%, V) Qe (2, 31) = @upe (%, 31) }

xexp| -] Qur. )Y + [} Quupne )iy

Gupel.9,C = A) = w( )@(x Q1) ~ Qon(6.34) = Qe (6 3) + Qe (., 3,))

xexp| -] Qo 0y + [ Qu( ) + [} Qo)) |

Qape(x,y,C — B) = wAuBuC[ ) Qg (2, ) ){ @ (%, y)) = Qea (%6, 1)) = Qe (%, ) + Qape (%, 31) }

xexp [—%{ [} Que.y)dy + [ Quup(.)dy + [ Quupocl, y’)dy’}],

Qape(x,5,C = AxB) = wAuBuF( ) @ (%, V)@ (%, 1) = @ (6, 31) = @ (%6, 1) + @ (2,31) }

A. N , , ’ ’
xexp| -2 ([ Qua() + [ Qucl )} |

Qape (X, Yy, yg,yg,C - A- B)
- w( ) Qs 3 1Q (5. 9) — Qs (5. 30 Qe (2 3) — Qo2 30) — Qo (2. 30) + @ (2.3,)}

xexp| 2] @l 0y + [ Qu( ) + [} Qa0 |

q,ABC(x7y17y27.y37C - B— A)
- w( ) @, (3 1@ (5, ) — Qs (5. 70 H o (. 30) — Qe (. 31) ~ Qo (2 31) + @ (5. 3,)}
xexp| -] Qe 0 + [ Qun( ) + [} Q) |

TAMNBIEEA, BEATEAMBIEECOMK " ERAPXITEHLVWE 2, FIAEF, ALAXCEXEILAWL
TADHMFER E LTiky, Foi 13 E5H 6 Kot os R

_ A
Qape(x, 5, AU AXC) = qupe(x,5,A) = wAluBuC ;{QA(XJ) - Qup(x, )}

xexp| -] Q5.5+ | Qg1

BmEZMWS (Okamura et al., 2003b), %7z, HtEEHE y TR L CHREEREERRE x 720 AR & & OF RBIEEE
BT ER, WHLHEMCE > Tr, y OXMFT =5 U 0d 2550 AR EIES T LRETH 5,
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Appendix 3 (3.43) DHEARDEH

(3.43) OP(0) DI HARDEY 3Huggins (1989) 1ZHE 5,
NS X—5 QRBAMTHZELT, 985200 EE, EKPOFIVE Yy Y « v 7y VHEERR

P6)= 30/ (2Lu@)) = Y. da /2Lu(®)} = 3., /g

LB, 22T, dRMERIisFEREINEE], REESNIEZ0ERITERMUTH 2 GRT jI3IEM S 25T
%f:&b‘éﬁ%tf:)o E(di)ZQiJ: D,
~ i
E(P)=(a/2L)Y E{d, /w(6)} =
i=1
L1750, PRIARHEERTH %o

TREBIEE L6 le ) S EE, 2o TR

S(0) = d{log L(0)}/dO = Zd xd{log L,(6)}/d6 = ZdU
EELENTE S (Pawitan, 2001), D& X,

dL,(0)/do _ . d B
Wpi(x |0)g.dx =g, 40 in(x |6)dx =0

2

E@dU,) =
Thsh 6, EdU)= 00156015,

BT, Cou(d,d)=0 (i#)), EdU)=0 & p(o)-P = Z{d @)/ q) EHEZE,

COU{S(G)vp(Q) -P}= E{idiUi(di _ql')/ql} - E[ZdizUi /q J_E[ZdiUi J: 0

L5 %, Thific, S(0)EP—P BENZNEUAMH O OMSHEREROME 50, hUEER2HV 5 &,

R 1(0) 0
S@)',P-P)" -~ N|0, R
({86, ) [ 0 var{P(G)}}

1B, TCTIO)ET 4w vr—1BRETHZ, LD, S(O)~—I(0)(0 — 0) & EAH:TE B 0L AR
ik, PRI

. R 0 UON 0
0-0)" {PO)-PH ~N|O0, .
(( ) AP0)-P}) 0 varlP(0))

NESN 3,
BAMEERONGZoNNUE, AV E Y « b v 7y UHEER (341 2152.74 5 —EBIERMD 1 06 tlick b

P()-P =P(6)-P+(6-0)"[dP(6)/d0),

NESNE, T, 01360 & 0DMICH 2EAEED,
-7, ETHZONKBHRERLHETEOMITIEREEZH WS &,

P(6)- P ~ N(0,¢(0))
MDD, 22T, ¢(0)=[dP(0)/dOTI(6) '[dP(0)/d0+var{P(O)}TH 5,
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+ﬁﬁgUnKﬁLf,dm@ﬁﬂ@@HWﬂmﬂMUWVwﬂmﬂwmﬁT,%2@@@%%@%%%
@Y (D, - Dy JL(J -1) TRIIEN %, 5 2 ORI SHEERIHD b 5 v €2 b L OEKHEERE S » 5 4

BTN EBBTENET>TVW5, < ORBHEER IEERES I BN HERT & &, FFICEDTH S,

i, EAEEDEE CHEEEDIAA OB BRI X - THRAMRNPELZ OBV ET 2L, 34D, (3.43) o iy 7sHE
TEMIEBONETEERT, TITR, BHOKYD, Bnd A XE2EZK0, REEMUA ORI X b FEBEK
PEDLLIWEE,
w(Qi,j):w

LB, TN, EEAEERE,

Ets (n=3Xn), ThFIHHPLHEER 2.11) &E—H LTV 5,
ATV TE, DY, §=wsAirELTLEAR, I(0) '=var(w) T,
dD/d 0 =dD/dw=—n/QLu») Th 515, (3.43) X 1IHIL,

(ﬂiijmﬁm=lyxcvﬁw)

TH b, (3.43) A% 214,

2
J o] N J ] .
ZQ(DJ- _D)Z = ! lfl n’A - nA
J—l j=1 L —1 =1 L 21le) 2Lw

N

var(D) = D* - {CV*(w) + CV*(n)}

Thy, (212 ¢—HT 3, Thlk, FHLUAOETEEAZEL L VWE XOHERIHMMES A v 527 Mk
DHEERIC—T 5 T EMIRE 12,

Appendix4 T IADLDNILRSEYF 4 — « X5 X —4 LEEIFMHE DRIFR

(5.5) OHFITY; Ea; D2OWRHDNT A =5 LI 5TWBED, ELoh—FE2Rva Eicky, M RBEK
ICIRE B, HENS, TaX2OWEEEEHCTHASL jICL 38 OHERQ, =B XQBXDC; 3% LT, =2
NRZAMSESNIHEEMBY, BfEEbic (22T, LAZEIEBEPET 3/ v2DHEEMEEMKT %), (B.5) KA
T2E, C=@Q Ehb,

a; =20,Q; / (UUBL.E”B].E Y- QL.J.B].E ")
L0, vy Z5ANE, aPEESNE T 05500 5,
4, WiaE ol it 2T 7id, Manly (1974 iZHEW,
T, BiEP
D C]l = 72 ;[ﬁBiEP
Kk HZ0N5 ERET 5, T T,

Z”ﬁ =1

i

EWIHIFISIEAEE L T LTt B,
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COEE, TAVAVIalL—VavyDdkAEETOETM
Cij _ ﬂ;iBi
Zcij Z’T;LBL‘
TREND, TOEED, LRI,
Z?T;i =1
AR Nl S-S U e

C; O (5.5) 1T, LDa;0XRERAT S L&,

Cy(B,,B;)) = a;v;B.B; /(2v; + a;B;)

y

= {2Ui2jQijBiBj /(UijBiEPBer @, BFP }/{2%‘ + zvijQiij /(UijBiEPBjFP @, BFP)}

iy yJ

= (22Q,BB;) /{2, (v;B* B* - Q,B™) +2v,Q,B,}

Yy

=v,Q;B.B; /{v,B* BI" +Q,(B, - B}

L5 B, D, Q=B xQB;xDC,; = B xQB;x{n;B" | ¥ n,B"} s 5ic

JitTi

X.. = UijBiEP
ij QU
EBE, a0k iEETOREFHORIZ

EP

”jLBL EP EP REP EP\ REP
BQBx,BB, /{x,B" B™ + (B, - BB} L
jl z 2 jLBzEP _ ﬂﬂxljB /{XUBJFP (B BFP)}
EP EP EP
27’[]1 i ZZJLBL - BF‘PQBx BB /{x BF‘PBF'P (B BF‘P)BFP} zn_ﬂ z/ /{xlij ( B )}
B

JitTi

155, REBHT 5 L,
= Cxmyx; [{x, BFF 4 (B].—B]EP)}

i y—J

2T C= XB (X B 1Bl + (B~ B} < 5.

xldvy; E T ANRDOPDNT X — 5 DT H - ten b, EEIEOWREIE & FARKOERSHNIEE, x5 EY
T4 — e NT A= S EWET B EMAREE LB T ED B,
Xy =x;D EET
nh = Cxmyx; [{x; B +(B; - Bi)}
THE00, (ITHBREVIEEZZEDT, ALT 5L,
ﬂ;i =Axnm,
THEN, Y=Y r, =175, A=1L15D
T =Ty
LD, BRI —ETH B ENND DL, WIS, x;# D& XITE, ALTOEFHERE T I0T, FhREHL
TXij, Uij %*&E-ﬁ— 52 & /J)EJ!FJ\ET% ) 5 o
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fffHlE, Ivoovs, =4V V5, TOMOr I VSHE, wvav sV, VFIVIS, A VANH, aE
LIV RY (§9XF), ZOMDONI VSEHD8H>DAF T )~ o, TDHB, I vsIsY5, =4
V35, =vavy VI5I3JARPN TP HAEOHENGRIETH S (Government of Japan, 2000), v F7 ¥ 3,
A VvA4NHh, TELITY FYI3ERJARPN HOFEHENR TH 575, NEHRIC L o lES Ny v Lo F— 5 %
HW3 Z &t ->Twa (Kato and Iwasaki, 1998; Kato, 1999, 2000),

D N1 < 2D F — %13, Government of Japan (2000) D &DEH W/, TI T}, 5~THES~9HD
EEEHEEE SRS TV DT, 2 >OHEEMORNFEEE2 T hTho A+ <R EHE LT,

KRAMHEE, /NGO /S A <2 b EFERE (PB) 13, T1£40.02, 0.06ICHES N, TN S DfE I Trites
et al. (19992) OHDEFE U TH 5,

HEE (QB) FTrites et al. (1997) O DR

Q=365NR

ZHOTCERE L, 22T, NFEEE, RIFEWOMEEKDOHERERT, R=01W"*IcL-THA 5N 5,

RS, Hunt et al. (2000) Of13#10.11, 10.122 5 SN, T OERDIERIET ICPauly et al. (1998) 1<
HoVTWihs, I v s Vs oEEHK IEFujise et al. (1996), A > A v H OEEELARK (XOhizumi et al. (2003)
AR L TES N, Tl BRI v 20 V584 VA BT L TR, TERILAKSERED Bt @ ks LA »
ANoNfzb DL > TS, Hunt et al. (20000 ONRBEAEYZ SHEICH 7T ) =50 LTV EH, AFETH
s =BEH a2 « 87V TRLDZL OEFNBEEOEMEESN TS, £I T, Hunt et al. (2000)
DA 7 I Y — DR EZ AR T 2 BRIV IS AHEI ’ﬁ@ﬂbf:o B 21X, Hunt et al. (2000) OffRicBVWTHr7 V5
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