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SELECT Model for Estimating Selectivity Curve from
Comparative Fishing Experimets™'

Tadashi Tokai*? and Takahisa MITSUHASHI™**?

Abstract

This paper reviewed the SELECT model, an analysis method for estimating selectivity curve from
comparative fishing experiments. Concerning codend selectivity of trawl, several methods of compara-
tive fishing experiments e.g. trouser trawl and alternative haul, and their advantages were described
with covered-codend method. In general, catch numbers of each length class in a test gear are compared
with those in a control gear to obtain size-selectivity of the test gear. It has been however pointed out
that a traditional analysis method by POPE et al. has two problems. First, data of any length classes with
no fish in the control gear are discarded in the calculation procedure of “proportion retained”, the ratio
of test gear catch to control gear catch. Next, while the numbers of fish encountering the two gears are
assumed to be equal in this method, catch numbers by the test gear are often higher than by the control
codend in length classes of larger fish, The problems in alternate haul experiments for haddock were il-
lustrated as an example. The SELECT model by MILLAR and WALSH is free of the above problems °
concerning “proportions”. This model fits a function containing a split parameter p and a selectivity
curve for proportion of fish encountering the test gear to the total number of fish. For instance, trawl
selectivity is usually expressed with logistic curve. Parameter p is the expected proportion of fish, which
indicates relative fishing efficiency of the test gear to the control one under controlled fishing effort.
The parameters are determined by maximum likelihood analysis. The SELECT model is applicable for
analyzing comparative catch data of hooks, gillnets and trap-nets. In appendix of this paper, MS-Excel
sheet for the SELECT model was demonstrated and "Solver” made allowance of obtaining parameters
to maximize the log-likelihood function on it.
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Trouser trawl

small mesh codend

Fig. 1. Four different “paired gear” methods for meas-
uring whole gear selectivity of trawl.

BTcEB otz Ky 2 (haddock Melanogrammus
aeglefinus) ® 5 — % (PopE et al., 1975) % B&H & L
T, HERAV LN TE L HRIBERRD 57— 5 O
Tk, TOMEAREEbIcB~E, £LT, £5L
TeREA RS B 42, MILLARIC & » TIREan ke
SELECT € 5 /v (Share Each LEngth's Catch Total)
oW L, ALCF—2 e LCEELREREE
Y. Ei, TOHEBBERRE, ESEMAZT RS
¥, TOMOEE, FlAZHME o, P ED

BIMEEZ R HICbHEVLORE, BRIC, £5L
fo R OMENTICSELECT & F A EH s i filic-
WTHIENT B, KB, TOEFNIE, BACBLT
BIREAFNT T 2 - OEEH L HEEL -TVD
(WILEMAN et al., 1996),

2. EBRMEBEREREERICEIZMN—%y bk

EEOHBIRERRE

T4 OREOImERIRIEERD 57wt 4 i
ERESHVWONTVWS, i, KEHETH, Ba0
R 7 — 5 BT EOHRAELHEIBA IfTD
NTER, 22T, TEDHOMEERYZRkD 3
FEFHEERY EF 5, chicldEichSs—% v bk
(covered codend method) & Hhikigise ik (paired gear
method)73% %, B, 2 v Fx v FOEEERY
fBENS—F y F TEINT 2 72 DI AR D O FEIREK
BEECRD LN BH, #5—Xy bick Zmasking
HRGEOMEEMH B, TOHN—Fy FER, K
HMOREOREES, BTy Fx v FEESERE%.
RKBBDicHVWONE, COLIIcTy F Vv FiJ
EBRMtESEE s h 2 A, EEFCA - A,
BELALDOREDIZE, 2y Fx Yy FItETEDLN
BRIy Fz vy FOREBE» SR 2D THS, T
D EpoERFOBRENEICT v Fx v FOHEE
kB EEBEZ NS —F, BEOIKIRELTHE,
wEHOEIRE & E CAEER e ARER TS 51
By s, AR ch 2 EE0EENoEEH
RPEEMRELK T 5 &ick - T, £ DEEER
P o BRI RD 2, FHEBINEOBETEL
i, AN HEORMEIC L - TR N EY
DiFEMKE, BhOBREFELTHEIEFEELTYL
5.

ERMEOhigEEEIc i, cokdihanEED
HMEiAEHFOHAOMER VS HEELT, RO L
HRbOMNDH B Fig 1), XK #H: (Trouser
trawl method, = » Fx ¥ FERAIC > DLEHH 4+ Y
Db ERAL CHRES Z)PPHLTEE
(Trouser trawl method with a vertical separator
panel, T v Fx v FEEEIEROW AU T o
ST b DRGER U CRET S), FERMETRERE
(Parallel haul method, 2 20 FNF N OHEEE
BT UcdEd 3), REER (Alternate haul
method, [& U > ORERHICHWTHRES 2)
i (Bl 1965), B TRU~XTROFFko0
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WA 1 ETHET S Y v bo—iE(Twin trawl
method)#3i$ 3 (WILEMAN ef al., 1996),

AN —Fy FEETIE masking RL EFEORE
KIEWh/S—3% 0y FOEFIC L ZEENEEE SN
HEREERED W ohd, #HT 2HPEERENE
HOREZFRLTWA2HETHE. XX yRNER
BEOBREE IRSBRLE, v v o — ik,
BEREEOLOEELELTD, ARIZ1IEHNLHE
EHQ LA, 2HERCETEN S, 4, [HE
WiTiREEE: L R HHEETR, RELBEEFELEY
DIRFETITH T EMTE B,

R A i T T A LIATIE, B1l(1965) D 1E
Mok, HEBREETI/NESHHEORHALHAE
WELELZRELTEGONEIC, WREMTH AN
FICBKIZIAZ T EHBBELINTERL, Xh vk
o U TR IC A » R Z o 0%
DFBEOT, TOFRPFTEE £, vIvbo—
NVESTODHEMEELTVWADT, TOXSEAEE
MBS, Ldl, FEEEHTREERECH, BEETD
2EDHEIORENERC L I HEMNE O T AR
CEORBERDEVWET ERIYT, i, RAEEREHE
Td, HEMEDOEWIC L » TR CERICT 2##
BT E Y, AT 3R ORHICENE U A TEEME
BEW., ThoDl b, AR VYAFEEI SXHE
HEICBDZICH-T, MRTaxETo0fIASL R
OEWELWERETLIENE LA S,

O &S gk oRELGOMEMRP, 5, i
i RS A B CRIRE A MEICRp ond h
NeFy FEMEV O UL, BRiEH %y
M EORRAEIETH 5 7212 id, masking $h5E 4
{ T/ E H /¥~ % » + (Hoop covernet) D&
A(WILEMAN et al., 1996)%, #/¥—% v P DEE 4
SME 5 & WAL, Tokal et al., 1990) 75 & A AEE
Thb, chicx L THBEERTRBREOREIC I
TEINQLTWELAN—% » b & B masking TR
T E DR T BHNENRT W, F, AN—% oy
b EEAMEE DYEERAL, By Nz FOFEESERME
PRFERDTHWEY, BT, Iy FZ VY FRETT
7 EELE OB, A, HOcoRREPS
A OB 2D OO EEELTANIBH TS
(BLiEd, 1997, ko, §oh i@y
DREHEPEERREETOBRO TN G L H~N2
Tl TRBIRIEARDBDT, 3w Fx v FR4
OHFORE EEED THESEORINEERKD TV S,

2%, Ty Fx Vv FOEHGAREZBESLE, av
Fx v ¥ OB T, FIAEHENOKRZEL
BEOTEICEEARE LR E L ToRREDZE
bl bstcs s, <5 LEERRIMNAT avEa—
Y OFRGEL L bIcthiRd TR OMERS T
HNT BSELECTEF Vit &k » THEIRE W, HEE
ERC L 5 BEREMREE oA ESRESN TV S
(WILEMAN et al., 1996),

3. Popg et al.(1975) IC & BRI H

POPE et al.(1975) 23 eisti B 22 B S 48 H RIRME %
kvkHE LB, ROTODREEB W £9,
REUWHGOEHECRESH) L /s R EAOEEUN

HESE) oZ oS BE Lt L &, KESHEK

AZBEOREIINESHEO TN EFE L TH A, 5T,
FRIC BT 3/NERETORERK ny 2ED O EIF
LEILEEMRERYT. CRODREDL ET, &K
NeBWTKRELEAOBHEC X 2 BEEH ny 2/NE
R colRER s CHET 2L T, KEGES
OO B RINEK r, 2R () TR 12,
_ nu

7= e )

L, TORETIEAREL ZoORBE-MBE LS.
9, KESHOERKINEREL OB L2
Bhd ot FERI, XARVRMEETEAS, WHE%E
RIFR VLS DR EREBRET, KEREIcE T
LEERES/NESBICH TS - 12 (WALSH
et al, 1992). RABEFERICEIEZNFy 7OF— %
Table 10fTd, FE3lcmbl X))t & - TE
BUBRNRr, OFHMAHM 1 284, HN—%y bk
EFEREICY TIEW 7 logistic R T h & OBINEK A 5
F (KB TRV (Fig. 2). Pors et al.1975)1F, T5
Ltz 2 >0 oOEESRDENE U LBERO— &
LT, BESZ2EA0HBIcBY32y Fo vy F2E5
KOFENDOENWERELTWS, F1LA0980)IF, X#
YRR (AR T AL, BONREAE & E
Bt OBV EREICLL-T, THFNROHPEPICAS
FORICENE L HEEERER L Tw 3, B
WITRER LT HREEOBESITE T2 b v HPES
1 E ORI OENERLERICB T 2 ROA O RE—
HREICL->THOIDREDKRISBEELL LB, £ L
T, BEERT -5 TREEREMDT W E 2ic@R
T NrORIICR-> TEBE{ FWB T &ML 5,
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Table 1. Alternative hauls haddock data from Table
Il of Pope et al.(1975)

Length(cm) Number in control

Number in

codend codend Experimental codend
24 1 0
25 1 0
26 3 0
27 14 1
28 30 5
29 49 19’
30 60 29
31 50 51
32 70 91
33 108 120
34 88 118
35 84 107
36 68 78
37 37 52
38 33 40
39 12 17
40 5 17
41 6 14
42 10 10
43 1 4
44 6 6
45 2 2
46 1 5
47 0 1
Total 739 . 787

The experimental and control codends used 87mm and
35mm mesh respectively.

6.0

Proportion of catch number in large mesh net
to catch number in control (small mesh ) net

20 25 30 35

Length (cm)
Fig. 2. Plot of proportion retained (ratio of large
mesh catch to small mesh control catch).

F7, BERHIIEEE TS 3 0 I ERK S
PDizgnd, RO TRDLBRBEEDBE—HT 3
LEBSIEW, FlZE, Fig 2 ¢, BicERKHMD
OEEAOemPl L OBR T, BIRBHAAE (LD
LTWBILENRETH B,

D& EER, RRIAKBESHEOBREREMS/N
B L D KREL - EERER TR, /NESHEO K
EEHEAKESHoRERHIcBE®AI T, R0
BIREDSIABAB VL ) CHIEAT -2, Z0DH,
PopE et al.(1975) (%, +5ricKEHEECGHEETAHE
L NESHEORERKOAERD, TofEHL
TNEEHECOBREHREME L. COEATD,
NESHETOREMBRERIET 5 &ic@Eb DL,
Z OFFEREIC S OBEFRAMIC BN S 2 0»H S
MTIEW,

EBOHELS S—oENS 5. PNESEOME
B#in: B 00FEETH, ROOBRBIEHESN
12\, Table 1icB i 2 AEATcmOEEREK I C hic
Bicd, Fi, CORXKWOTEHES N BFIRBIEZO0»
SEBAROEHHER > &L (n=0~x) 211, W\({
ShOBERIEEICKERLESE E 5 Fig 2.

4, SELECT E ¥ JV (MILLAR, 1992; MiLLAR and

WALSH, 1992) ([C & T 358 H%

LR U Z o0 REE BT 2 o dIicEAL ShiciEE
FHE:(SELECTE # W) 25 W TN 4 5.
1) KESHEICLIEFHESOHEA
9, BFOROEBI3HE LOMELS >V T
5. ROOBERHOHEZRS>Kb i, kR0
LOCEADHADRFE THRESNAZEHD S bTX
EE@ic k- TS hicElatkn 5,

n

(él - nsi fﬂu (2)

ZoX@THE, RODEL I 0DETORE L
{73, EETable 10EEATcmTHHE1 & LT
RDohTWE, 2%0, coRX@ickniEeo izt
NTOHEROH»S 1 oFFcRE b, KADLS
IBIRIC KRB SESRE 2 C L3 (Fig. 3). W
ARESHEOBIREHBRSEKEIZTHE LT T
logisticik t& & 1.3 & 4 % (PopE ef al., 1975),

exp(a + bl)

() = 1+ exp(a + bl)

o<rD<) @
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Fig. 3. Fit of equal split model curve to the propor-
tion taken in the large mesh net of the total catch.
Plot of the proportion taken in the large mesh
codend to the total catch and fitted equal split
model curve (above). Standardized residual of
each length (below).

R
p Ip

Rq= pRl Ru= (] -p)Rl

(-r(D)pRi
nu=r({pRi  ns=(I1-p)ki

Fig. 4. Estimated split model with split parameter, p.

7272L, TCTakblidlogisticKD/¥5 2 -4 T
$5. COEE, O VBIREOEK D) EHVWTE
DEIICEREBIDEIRICEZ B,

2) Equal split model

pEREERRIC, NEREERERECAZEORK
WENTOFERTRE U ERE L BRLEAIOWT,
O A BEIREDER ) TRTLEELL, CO®
FIEMILLAR and WALSH(1992) 138 48 > D54
AZEHEN B & WD FEKT Equal split model & FEA

TW3, ZOREDOTTAESUEHEED» cRSHEF TV
Bawwik, RQDIB05L45, CT, BMoKSHE
OFEHFTIH/NEBHOBIRBIRIIERELTWS, ©
DEE, RO E2FTERIOBEE O logistic
RrD2HWTIRO LS KET I EHTE S,

r(D)
1+ (1)

__ expla+bD 0
1 + 2exp(a + bl)

&) =

72720, 0<rD<1I THBDT,
b5,

ST, AN—F ey MEEICBWVT logistic /5 2 —
yERBEOERIL LS i, EEMZRQ@ oF i
L TR OB E S TIE® 5 < & T (Fig. 9), logistic
Rr(D) DS A -9 5RKDBIENTEB, DI
54— 5 DOHEEICI, Bibd 3L eEAEEAVS
ZEMTES, UL, Fig 3THHEESIemPl ET
i, RO oEHHEEO LA TV S, DED,
COEFVDEETE, %£OPoPE et al. (1975) D%
Lo LcRiE OIS, —ooHA0MEMIcEE
BOSALEREL-ANEEE LTES,

3) Estimated split model :

MILLAR(1992) & MILLAR and WALSH(1992) i&, T
FHOFICA -0 5 b TRESHICAE =N TA-
frEOESERERE LTEALKLEig £, TTHE
BITKESHEENESEIAZBOME ZNENR.Y
ERuEL, OB ERET S, S OITHEHENS
A —9p=Ru/R THETE, kﬁé&%&d\ﬁﬁﬁmw\
2EOEEFNENPR &(1—p) RTHETEHT
%%, KESHEIA-RICEEERT T ICiEs R
EH, - W AEBETOBRBERER nu i pRr()
e ad, —h, NESEO NS TEHEOHEBES» SR
HamwedT s Ehs, NESFOBBER K s 11
(1=p) Ri&75%, T & EEqual split modeldf

I<oD<1/2T
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@) EE#kiC, H&E 1 OBES O i logistic & Z @
NFA—FIE>TIRRTEDEN B,

_ p-r(D)
o) = 1—p+p-r(D)
___p-expla+bD (5)
1—p - expla+ bl)
fofZl, TITROI<TDC<L &, 0<o(D<p &

3,
4) NS A—S R

BRMZ R T logistic K-¥5 2 —asbid, R@
T, ARG TRIENEASATA -5 L ELIRET
5, RWPB)D 3 2 —##FICE, BHEEK
BREINEPHEEERT 302 2EHHTRLT, &
Ny MEORRT AR LER IR EERERAVWE T &
T E S CER, 1992, 1993 ; 3HE, 1997). T 0IES
DLERMHB R TEZ 6N 3,

L=1I o(ru-[1 —o(DIs (6)

i nyt - ns

CT m=nutna TH5, T, RO ZHKK

T557 2 -y DPRERR, RE@oWKELD, F

IS A RO IR OO EESE R RIC T 5 L5

T A—=%akb, pERDIE IV CER, 1992,

1993 ; MILLAR and WALSH, 1992; WILEMAN ef al.,
1996),

Log,L = %[ny, log, #(1)+ ng log.(1 — #(1))]
M
C OB ERRICT 385 4 — 5 OFERIC
i, Y7 vy 7 273 X4 (NELDER and MEAD,
1983) ZHW/ABASICEZED 7 v /"5 4 (GEM, 1992,
g 5, 1994; TokAl ef al.,, 1996) % Fortran 38 &
57075 A (MILLAR and CADIGAN, 1991) 23Fi] ] &
N34, FETE MS-Excel @ v vs5—GEHE, 1997) %
AwaotbtEs 2/, RMERKILT B35
A— S EBEBCHES 0TIEN L, —RtEEe >
)V (Generalized Linear Model, GLM)ic &k - T & &
NEDNFTA—SEWETEEBTEFEAILH-
JEE(1997) pp. 21021858 fR), T DIBA & b
¥y ir— U7 7 bSAS(MILLAR, 1993) 75 EAFIHE 1
B,
TDEIITLTRDI T 2 — 5 OHEEE I 1338
BEEND, COBEEITE-T, FIhORHLBER

—RER

HEHROEHEXMERT B EBTE S, FIAE
Cihid, ZooBREMROZEEHIHNIcHEST 5 &
P, IHLBRELZEUHEES b L cEREE2
Toleb2DEBFUOEETEZL BRBICHEELIL B,
CADIGAN and MILLAR(199D) W F— s DR EIT L 5
SELECTE FLD/N5 4 — F HEFEMICE U 5EE%
BREFLTWa, FEEET, SuuroNeN and MILLAR(1992)
i, AEfEEEMOBIREOZEHIHICREL T
WA, [HELIC/S S X — S HEEE OEREEE R D
ZrRlLi, UL, #08K0oWMo v &g LHE
PGLMIcBd 25 2FEEOHFBMMA T W EEB Lo
WODT, 532 -9 OWEDLENELTZE O
FBRIEEARILTORNTH A 5.
5) EE(EEELEFIIOBESE
EFUBHEES LTV ELEMET 500 icid, 77— 4
KT 2EEEATNE EHEE Ly, Bificskn -
BUREIELEOBRELE - FDOEBRICBIT 37— ¥ HIc
KET 5. EVEEANE, AR, T 5 ~EHEE,
FSEEERLILLDOTRINERSEY, 22T,
BEEER O & o il % (standardized resid-

uals),

O—d(D>0D & =
1— ¢,

-+ 2n, [ D, loga< ®(l) >+(1 ®,)logg<m>]“2
D= oo <ome s ®

—2n,[ D, 10ga< <D(l) >+(1 (p’)logﬂ(l @(l)>]]/2

=W A (WILEMAN ef al., 1996). T#uid, #Hiflls—
FERLCED NS A -y nEoEFLEBont-EF
NOEENOLELHEETEicH 5 (UHE - JbE, 1997,
CODODEEFEICH LTS oy b Lics EiE, T
Rol@oBRBDONIEBEE, FIZAEEEHREDOHE
- TVWaEEP, HIREBRTRENLEOMMR
BOIBARERFOEFALBY TRV LERLT
% (DoBsoN, 1993), & &ic, EFMLEOMENE
(deviance)i3, IRz L H ik oh s,

9

I, ABEELREHEE & EHh, F—58%
n(=Xn), /57— 4HAEaMEd 3 E%TUNICD~
XiwBROUDZEEZAVT, BAEEZRETES
(Dosson, 1993 ; [UH -+ dtH, 1997). Equal split

— 240 —



SELECT & FVic & % B ghisHe ek

Table 2. Parameter estimates, their standard errors(S. E.) and AIC for both models

Estimated split model
p, estimated

Equal split model
p=05(constant)

Length class number 24
Fish number in total 1526
Parameters Estimates S.E. Estimates S. E.
a —36.3 444 —27.7 5.78
b 1.23 0.150 0.916 0.198
p 0.5 0.573 0.0173
I 29.4 0.117 30.2 0.361
S.R. 1.78 0.217 2.40 0.519
Parameter number 2 3
MLL —58.0 —474
AlIC 120 101

model & Estimated split model @\ L A5@ Y75 &
TR T B D, BRpE0SE T 2 RERBLIC
& B AL HME(MILLAR and WALSH, 1992; SE#4, 1992;
DoBson, 1993; (L, JtH, 19D 2HWB I &R TE
5, LhL, GLMTiAL, RO LEEHA W
TRI A= 9 2PE LGS, BAMBEERE
ENTWVWBOT, RATRLLFRBOFEHREFE
(AIQIL &k » TEFNVERBINT 2 2 KT E 3 CER,
1992, 1993).

AIC=—2MLL+2M 10)

T TT, MLLER (1) TR ShEBRRTHLED
ET& 3. Equal split model & Estimated split
modelD /85 * — s HIFFNFN2 L3 THY, @A
DEFITAICERDT, WTFRLAICH/NIVHED
EFNMERUISEFVE L CRIRFUE LWV,

5. EFEHEROH

ZCTiE, MS-Excel® vV v/x— |2k hTable 1D
7 — # % \izEstimated split model @ & B F1 %
B2, 2L TZOFEKE % Table 2ic/R L 7.
Equal split model ©it, BAIKEXTFoICKRER
HETH 532emPl £T, NEHEHWHEICLLXTRELZHE
DEEREHZ Wi, Fig. 30OMh#3Fig. 2&[H
Blc7oy PO Tliced 3. EE, X@ TR
B L2 1332cmBl LO TN T O R E TIE O E % 7R

LT, BSRE--THTRDONTVEIEERLT
W3 (Fig. 3). chicxt LT, Estimated split model
ZRWLER (Fig. ) TE, EBERESFRES2cm
PlosizodefcEaE3HFCHD, s>
FYTRE-S>TVBIEEZRLTWVWS, DT LI,
Estimated split model® AICD 5 #3/\& £ (Table 2),
NSA -G pRDEOHWMPLTEILLDET VA
WENRETHBLERZRLTVES, TN, /YT 2 —
Sp DO TR, ZHoDOBICABBORBRKMER
BEEEHKRLTWVS,

S DR MH, 5Equal split model & Estimated
split modelic & - TR & N1 logistic & FH Wi
BN £ Fig. 6lcR L7c, MFRHLTPICTELD,
Equal split modelTldh ¢ ic BMBHHE Tk IF <
<, BIRMEEB/NMELTWA T LI, &/, Es-
timated split model @509 BIRE KR LER L v I
302&240& 75, Equal split model®d29.4& 1,781z
T FndAE VWEE - /2 (Table 2).

6. SELECTEF /LD % OfhDifEEEBREA DGR
T TN USELECT £ F v i, EBEELAOD
fho@BICHERS A, FIFHSh TV, KBS [EE
IC SRR T logistic AERBIEMBICH WS L8 T
XTI LT, FlAE, Xuand MiLLAR(1993)
PHEEE,U9B)BIDEFVEFEAL TWS, Hic,
XU and MILLAR(1993) i3, EXBEOENEMN2TE
HOWTERIGE, 2 DENRE,THLEL S
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Fig. 5. Fit of estimated split'model curve to the pro-
portion taken in the large mesh net of the total
catch.

Plot of the proportion taken in the large mesh
codend to the total catch and fitted equal split
model curve (above). Standardized residual of
each length (below).
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BEDF—42#RAVWT, XA H =D ITHEHOLEHEE
REEZRDTWS, F/, HES51995) 1, FABETR
DHEELHBEBRFO/NSHESO 2 BT TIRE
{, HEHOBA&D» THOBIREERD TV 2.,
ARETHE, SROWERRELZERET320IEL
logistic iz & » TRIRMEMLREB SN BIEE T 2H
DIk -t EBRICE, TOSELECT® Fvidlogistic
A OHRER I bE T, MILLAR(I99D Z I D%
FMIC L - THIEERE D O@IRhRERD T 3,
LA L, MILLAR(1995) 1F, # DESELECT® F T
& - TH# ) SR OB LR T HIFE 0 ORI Z
WET BICE, TOREOEEMAEMERLZ T TRA
+aTHy, WEERE L TIBBRN S REDGESE
BAEBETHEELTWE, O, FFEORRE
DIFFICBARA X LTV 3 F (B KB HamLey,
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Appendix-figure.
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MS-Excel sheet for estimated split model of SELECT model.

EWEREHROLE D, FRkC, HHo#290.125 & 0375
BENENL: &l ERBDT, THODED OFEIREEL v
Y SR(=ln—l)ERD B, ThoDfEz ERL 2RIcRA
L T logistic RD/¥5 4 — s WIEE D 5. COFEE,

M MS & MSICFhEN, Fig.s»oEBRb -7 lu & SR
ZASITBE, EWVIGEIET logistic RS54 — % & LK %
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Appendix-table. Contents in Appendix-figure, MS-Excel worksheet for Estimated split model of SELECT model

Range of addresses ' Contents and referred equations
Data
Al6:A39 Length class in cm
B16:B39 Catch number of each length class in experimental codend of larger mesh
C16:C39 Catch number of each length class in control codend of smaller mesh
Calculating initial values of parameters )
M5 5096 selectivity length estimated roughly from Fig. 5
M6 Selection range(=Ix—1Is)estimated roughly from Fig.5
I5 Initial value of Logistic parameter, a calculated from “M5" and “M6” Eq.(29)
J6 Initial value of Logistic parameter, b calculated from “M5" and “M6” Eq.(30)
Parameters, cells changed in Solver ‘
Gb Logistic parameter, a
G6 Logistic parameter, b
GT7 Split parameter, p
Calculating sum of log-liklihood as an objective function, a target cell of Solver
D16:D39 Total catch number of each length class Eq.(2)
F16:F39 Proportion of each length in experimental codend to total catch number Eq.(3)
1.16:1L39 Retention probability of each length estimated from logistic equation Ea.(4)
G16:G39 Estimates of (), a function of /, length Eq.(5)
116:139 Likelihood of each length Eq.(6)
J16:739 Log-likelihood of each length Ea.(D
J9 Sum of log-likelihood as target cell Ea.(D
Residuals and model checking
N16:N39 Standardized residual of each length Eq.(8®
N9 Deviance of whole model Eq.(®)
M9 Value of Akaike's information criterion(AIC) Eq.(10)
Standard error of parameters
Hb5 Standard error of Logistic parameter, a Eq.(1D)
H6 Standard error of Logistic parameter, b Eq.(12)
H7 Standard error of split parameter, p Eq.(13)
H10 Standard error of 50% selectivity length Eq.(2D)
Hi1 Standard error of selection range Eaq.(28)
P6:R8 Fisher information matrix I;
P10:R12 Covariance matrix of estimated a, b and p Eqs.(11)—(16)
P16:R39+T16:V39 Elements of Fisher information matrix
P16:P39 11‘1 Eq(17)
Q163Q39 Iu=1Iyn Eq.(18)
R16:R39 In Eq.(19)
T16:T39 Iy=Iy EQ(ZI)
V16:V39 In Ea.(23)
016:039 Partial derivative of ®(l) with respect toa Eq.(20)
S$16:539 Partial derivative of (1) with respect to p Eq.(24)
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