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Taiwan began to develop distant water tuna longline fisheries in the mid-60s. Bigeye and
yellowfin are the major species caught by the ultra-low freezing technology tuna longliners, while
albacore is still a major target species for a large Taiwan fleet in the Indian Ocean longline. YFT is
among the most primary target species for longline fishing in the open seas operating in the
perimeter around Indian Ocean. The current status is total stock and spawning stock biomass above
or just below MSY level (250,000-360,000 t), that is risk of overfished state. Since Fishing
mortality is mostly above MSY level (1.22 — 1.75), this means overfishing is occurring. At this
level of fishing pressure, it is obviously that the stock could be overfished in 3-5 years (medium

term).

For stock assessment purposes, the standardizations of CPUE for YFT caught by Taiwanese
longline fishery in the Indian Ocean were conducted by generalized linear model (GLM) and
generalized linear mixed model (GLMM), on the set by set updated logbooks data. Another objective
is to investigate the alternative target proxy based on the observer data which is available from

2002 to 2008.

The model of all runs explained less than 50% of the variance, both R squares were about
40% of the variance. The distributions of the standardized residuals for both cases appear to deviate
slightly from normal distribution assumption. Relative standardized CPUE series obtained from two
cases looked very similar. The CPUE series shows a relatively stable trend; slightly decreasing from

2004 to 2008.

However, observed trends between catch and Longline CPUEs are not consistent with any
known theory of fishing. In this study, the researchers did very preliminary analysis of observer
data. Hence, this may be worth further investigations on the observer data in the future to consider

the technological effect issue in CPUE standardization.



"“ﬁ{,l-

up

BEFREHRABHYERRKE—ARBBRAEAREFHBARRFT LA S
(Indian Ocean Tuna Commission,JOTC) Rix 89 F1H - PR FE R THBH BT R TH4
BERRGEAFRBDEAEEER LAY M AEFTERME A AR EIFLE/LIHEF
PHRARESHARHBUEURBR Y AANBHEMERNPE - PR EDBRERY
EREIANHERARATERAMLHEARL . BATERRARGEXFLEHERKE
HERFERAHETURRSGFEERGEN  SAMAEEHNEEARES
RESH AR BETHEGRAENE - AATBRAHAREE LT EHRABAEE -
BAE - RBE - SBRER -ADAALEETR - HENBEAERAREFDRTEH
WA BERTBEUAS N ARSI HBRBCIEUAEATRERILBE 2 22 1KIHE -

EPEFREHRARBS—EREEOPEFHLBYAENER MM BER
BEREBZARBESDHEFABBERARIRE - AL IOTC BFETHBEEZIMET
BTG 88 BAEBABRAATNIORFREBNEERYBBAT ALY
ERHMERR -

RE& ¥ PR & S AR A F - X EMY /1 /83 £(Catch Per Unit Effort, CPUE) »
FRRBILSHAMBE W EZEF - AVESLAREYRFREHEZIN 4
EZRMBR | W dBHOFESH - AMAERITA - FEEMEK (R E4E) & (b
BASRR) BB MUARBEERRBNEY - BRAATEARLHTARETSN  AF
FERAREEHERT  FLERZRREBAAREFHMNSBEENLE > T EEFEE
1tk ¢ CPUE BH 2R ABENRBERELHER - HAHOARLER  BAPEHE
RHEARABHEEBRABTHABYBR LAY  BOHSENBAHNE R EY
L BERELR

MAMBMARBRTRANSNEBOPEFMEBNAERNIETLHEARBEY
BHEERE  SRAFEEERE HEREURRBERFRT  EEEAHNGE
AREBRRBHEBEFAHRLRETEAETNTE > BUREAAERBROFEAIFHAR

-1-



TRFARGBEAH TR FRBVERBEHNENPEFFEH R KB
E2HE HBEHNARFNLEMEE SO TE UM URLARFRTEEL
CPUE i i E AR BENTBETREE HI4Z -

ARREPEXREHERRNBHSAEUGTRMA > BT IOTC HL R EHAY
45 T &% MULTIFAN-CL - Stock Synthesis I~ 4 # B8 - X4 2 E# X - ASPM
AR CASAL . 2REBKLFR  BBRBHAATHATRISEALLSCRBRBESRY
BAE o ENTHATRGSBBEOUARYNESBRANEHBHEE— SR £
REAR A R IR 2 448 X Stock Synthesis IT1 (SS3)#/TEP B # H &5 B A K B # 8450 7
BRFHITAE S AITTESCRSHRMEHAE ) KT - FREAENHLE - RaNF
Flig ¥ EME NieB BHMAT - Fibas - BEkan  BEaRis - Fuus
UBRAREK AR AR E TN XA TEOMAFN AR A S LSRR LMT
REEBAT AR BEAAHRBRETHURSESHHE A B - Bt KT FEH
RAA R EEARXESNETPEF REHRADH LT RITFE > LA ILBA
A #4346 T A 4o MULTIFAN-CL - Stock Synthesis 11 ~ £ Z# 84X - EX A Z B8 X -
ASPM 1 & CASAL th4 % -

P EPRBEARETHOEX T EURBEBATHATRIFEERALLNHARA
BATOHEZMALT X —(I0TC2008) B AR MK ATHRABENUYN AV T RHLE LR
RIXFRNFTEZ— NS RB RIS AAETHZHEMNE  BEAATRAENE
XFRGMATE . BUARREREAABBAROBBHNATREEN S > £52 418
B AR EF AL R Y -

BPREAEERS SREMMAE (RTTP-I0) SHEAZH 2GRS BRHAATHOLER
FRERBIHEHTAME RTHUASRRATHROEEER - FER 4 B
TARMTHEEZHETMEE CPUE BBy @iint o BB B n TR YN A%
HETRIPEEANFRERBTES T EREM - ML THOES &
BHRREBHAETEFFEHRABHNB RO/ R R MBABITRLE - W4
MERH T OB BEFRENES  FIORMARAH TEREAREREAAL - W
RERERE - BEREDO VL BFRRHNEREL OB EUR R SRR

-2-



AR ARELBATHARH TG o
(=) -~ HEBR

it Ez 22 B ERKRA T RFFES#EK Stock Synthesis IIT (SS3)iE4/TEP E ¥ &
HERRBGLENTRIPELF XSRS HNTHRIPE - AT  FREASE
HER - RENARERENEMT H AR EIFEFF - F#aR - RBRkan - BT
WEE - PHBEUARBBRBAGRBRAREEHR - LBATELSMAFAPEFRE
HBRABHSMERGAEATEH  BEAANRABREHRRSEBHHE MR- F
A A AR RSB AC)EFTPEFREHRRXBH AR RIFEHLER > SR
A # 463745 T & 4 MULTIFAN-CL(Langley et al. 2008) ~ Stock Synthesis LI(Shono et al.
2002 €8 X B X4 & &# X - ASPM(Nishida and Shono 2007):4 & CASAL(Hillary
and Mosqueira 2006) &4 & R i 47 547 L 8% -

SS A EMERARMERAZR RFH LR EEF o) K2 A (Methot 2005)- & £
AR 1988 £ &y SS3 REZ IR KXo SSV3 T X L OIE THBELHE
BERECENA AN ERL— BAREREhHELEA EMOMG - A5HMSEH
b > SS3 A HrRIBAATIEIR > T L B MRBIIRM o sbsh o SSV3 IR SRR ER
BREREZRABFRELEATHMNOLHME - LN EBRFAEEIEZR/EH A
AAEREZ - HATHER A3 4 HOMRB AR SR -

SSV3 & — £ iR ¥ TR AN M - AR R AMAUE TR S BB K 22
3o LBMRALMAMLIT BB LA A > BT UURRI S £ HOEBRA E 1
MR E N - LORBMHARBRENE - SFEOAREBENAE &5 k)
FEXTHOTENE SEMBRHLNE A BABAXTHEROTHE - SURASR
$£ 6 F RSP B K (SSVI) AT Ep B ¥ K B 85 R4 T R3PS -

AFEEARARNA I M ELHLEBNAERERETH  ERTHES A RGER
B EHE FERYAHBBRUNERPRFFHHGNRFIPE > KB EHNRE
EHLRERE—FHEE > UL AR - BIREATE T B 0945 £ 10 CPUE 8344k
ABRRENPEFFEHAGERESHER - ERELERFELSTRFEEA(SSI)

-3-



FEZEREHUAAEBRETIHE A RS DEBTRFEHFE -
(=) » EPEESHMEERA

RP RSB ERAB A T RGIEERERAE 195 & S HBEEHAES
B 1967 £RBAREES 2tk - £ 1983 SARMAERBERHNALLGHETR -
EABATEHZEHHREERE MMAE - 1993 &40 T #1482 % (Gillnet fishery) -
BHHSPEANGALSAHAFLGBER -

(=) EXAEE BT RIAANABRRALETERR

SEFHEHETRIEHCHAATHRAGRFCENBGKE  REENBS  ©
ZHRBE - HH R 2002 £ 2 2005 A EERERS > ARLERERE AR SR G
REMHMBHE - RAFRLEE (MSY) 3t£25 B2 35 xR - BPAEFY
BEAET H2ZACRUIPALRALTENAFIRBEE  RANETRKE - 23§
SSIARE BAEIAE R ) o i B R ABi6 2003 £k £(33 & 6 F 44 )(Langley et al. 2008) -

C HEFE

PREFARSEHEMY /4% E (CPUE) BEILRAFREELMERE - E¥Ee
BEEEALTRHNALERAE R ERREL IR LRSI HEE - QMM
RERBTEERAHNEAE H EAHR F (catchadility ) A e B & KA bk
BRELBEZ PRIE » ABOHEEI CPUE £ £515 2 TR EE 89 H 203548(Ward 2007,
Ward 2008; Ward et al. 2007; Ward and Myers 2007; Ward and Myers 2006) - iz H P B 4249
AR —~ANEBEAH AN RETTREBRES N EAHBERILHRLENAR -
AME-—BAHERUMENEBESR  RRABRREETH  #TBRRAIN  FEEZHES
MEHFHNTREUNBR LS N ERBEE LA BTN TE -

HEBHRFHLBNRB AN THEZ QAR E $HE b bR E kA
REFALAHETRIL - BRASHBRERENE  ARERTHSA R EHEAHF
HT o RPFEROIESEHNERPEEREHNAF 2 BE  RBEHNAEE
HRERERE—FFE -



(=) » EEHERSALBEERBBEETH

AAEHEHZ BRI 1979 £ % 2008 £ 2P E L #E MM A
BA%EH-

(=) » ERHEMNSHBHHEEREEETH

B IMAM IR 2 2002 £ 2 2008 FMERE M HWBRERATMEANAIETH ’
HEHRE - BEXFERALECARGE R AR (REHERREHA)-

(=) -~ iz &2 M ok X (Generalized Additive Model, GAM ) #1:% & M3 X
( Generalized Linear Model, GLM )

PEEREREE CBE - AH B AEZ O MARTEFRRREMG > A7 2
BRI LG MR KX GAM #4754 © GAM REKMEHHE R BF L LM bk
B LREAUNTHGRHPHHRAD TREHBRER - FUEHOIELAR
A e — AR R EF ) BT 463t ik (Preface 2004) o #) A dhis 420 poik Bt K 48 %) i & 7R
S5 B F B T A AR L 8018 £ 494 R 42 % (Gamblin et al. 2007)» i THI A £ 2 Ep &
MR E AW TR P R R S #8078 £ 248 4Lk 49 CPUE -

HRREEE > 5 R4HH 1979 £ % 2008 £ £ B @A E L R F AR AE AR
zZ R i (BHREFNEB ABE) MR 2002 £ 2 2008 £ E 8 FH (B85
—BEHARHNABME) BITCAM o4 - FRGBRFHFE - A -BE - 8H - KB
SRty - REEMIAM LG - BN BEHBABEEENRTF - EaBhelE
Bt IEFESE > FEA 2B F MK (link function) BB FEFEMF HAEE
L AR THANEE FO G EAT o THEEXP T

YFINO = pu + spline,(Latitude) + spline,(Longitude) + spline,(BET ratio)
+ spline,(ALB ratio) + spline;(Year) ’
+ spline(Month) + spline,(Hook) + spline;(NHBF) + ¢

K P YFINO & & # 6 B # 8  n KA T34 e IR# I K Ax 5 5 (Possion distribution) ¢

BA e EBZF A SAS 4t #8442 Procedure GAM i 47 -
-5



S8 1979 £ 2 2008 FEE S B ETH o A ZHEME X(GLM)A EEp
BEXARSEHEQNTANAEE - TEHBATHENE - BT HE - BEHE GABEARN
B=) AR EEHRELE (BAXRERR) HATF:

In(CPUE + constant) = u + Year, + Season ; + Area, + Type, + Interaction + i

KX ¥ CPUE K& E@% /1/4% & ; constant X%k 10% #3F345 4 8 CPUE; R &F
44 Year K&k 1 FZ FHME Seasonj K&k ] F2FEHE  Areay REAK BB Z 4B E 5
Type; R& 1 #5869 8482 /& ; Interaction KA X AR KB AR € ju IR E B4 N,
0% HHBUIABHENRT  KANSEFRL T F—BRE5KB &AM i)
#0374 F_RBAHKBEHEELE AN 0374 #0634 5B R AL KB eI
BIR# 0.634 » 08 UR BB & H KBS EBILH AN 0.8 -

AR REBEFEVRAZTHIABHEAN AR R ITEHART I H A — B R4
BABEEAHTHARERALHIER S LRI SHEABRAREE - ARER
T EREAGGKGHT ik CRRAARATHEEL LM ENA TS > FEEH
8 B3t B RR A 2 E e (inefficient) s R RIELH EHL EHTBRA - HNAHESHE
BRAAE - HTAREERNFE L AMNAARREORTHEEHAEESI AR
B 5 ¥ & B P84 4 E 3 > Delta distribution 2 2 EBE T H X EHEETH T T4
FEMBREENGN M MAMERUFTAR EMEZ s AT AEE2 T8
Bz KfEF A S (Loetal 1992) - Delta distribution ¥ Fik# A REESH B P Err
SE Ll — RS H LTS NEL > HBER ARG AR RSB ENE M A
hE -

B2 BHFRY 2 ARENL R — AR kb3 I TR A 6 b A
BB 5 RMEHETAEAHZPHARE - ARMERT > A—FaBr]aEMH
TR EMY HAHE CPUE A M RLh > B E— @34 k=3 E%E CPUE £4
A B P AL A AR RIS EE CPUE 2 F3444 - b3t 4% CPUE B4#
RAEH_FoWh > Ty CPUE BERERFERSE > AR AHRTFHOMERE -2
eIl > MIEEFHE LR CPUE ¢ F4E A NS~ > RE_ENHE

it Bl CPUE MBIE AR AMATRAEFEARI I RAGI > LHZTRES
-6-



BN TR SR AERE S PHAIRRMRF
BEHEREERD)A
D=dP

A d BFE%E CPUE 24 E/LENY N4 E(standardized CPUE) > @ P A%
CPUE 22 FH P A5 R B bt - ERFASZELAHFHRBEAZEHEKX
( Generalized Linear Model, GLM ) #4743t - BAZEFE (FRE) - FEAE - #
¥0E - xZ0mn (B0 848) #3 CPUE SREZILrAid ey B > FFAE A GLM
SHEBEXEGPE > RSt & 5 E TR B2 (standardized CPUE) Rer i oh 4
ERRENHRI -

3 1979 £ 2 2008 £y AN ERUERSEE (B~ ZEHFH) BITEH
WIT TR L8
In(dy=Xp+Za+¢
XPd A A B3t CPUEEHOE X EMBER  SAXTMBAHBZ 43 Z

AL EMBEEAARER  a ASEUBXEAARYBZLEHAE AR EH
MUMEEAAT  LERACHF RSB RLEARE -
HHE-2FH  BR
In(d,)=f(B,a, X, )+ &,
FRE-—BEXBRIAFRABAHNHYE CPUE 9B E K BUARMEBMAAKK
#47 CPUE 2 £4t P -
5 IAE 1979 £ £ 2008 Feyig B et AU EMeFE (A~ ZEF#) #7 4
o HEL P #IFTHHEXES
n(P)=f(z,7.X,)+&;

XV P AFZAEEZLEHEHNOE XIRBER  rATNBEHEZLS ¥
ALINBIEARAEHEZLAHAE  URFAMKNEEAT S EHRASWHELE
SHBREEONE - BHEETREHZHSGHIPR_MAPHFRBELHEARERF -

-7-



= BRAESH

(=) » ERBRBHBERLEHEAABRA

B-REPEFrRT—RIERESRBLGEFRSHARY - ERESF
(2009) PEAHHLAGARFEMAKANIASE (A=) BARECEQNEH
BREEBNH BB ZTo KRAE 1986 £ 5 S HHB FHRE] B4£ 1993 & 2005
FRERBRAEOREH - TRFSRREHRARBSHBRAFHHTRREFE
BB H MK -

REmELTUAEL A 193 £XAEBPRFBRBEARANEAE - £ B
NEF—TUAS AP EFREMO AR E  RESBASE ) AKE KB -
RHEAAREH AR ELYEEE -

(=) » RECEQE NGB ELHEY

A GAM 747 2002 £ £ 2008 FHRE BT HER (B+ =) @EM KB & a1t
HHAREHRBEHEPERE(F LT R —) ME+ZZE+#A GAM 547 1995
-~ 1998 F ~ 2001 4 ~ 2004 £ 61 2006 4B BT HBHR  BEATREZHUPER
F (FEER=_ZEEN)-

CIM#An#RE - BERARTER (REEZANABTNZE -+ m) FeR
FEAECAAXBH AR LGIRBEEMLH AR ELONREIENATF - KAMma 1979
FE0FRMALBEMT A LEE Ei%#%ﬁ&ﬁm%ﬁ BREBHRGHEL ST
& RAARBEEY -

AHFIAL  HHRAEBRLHAHNARTE THFSERRN > AR+
BR=FNART e B=+ERKRR 1980 £ % 2008 £ B HAsalF ¥ B AR BERIEL
MBEBEMAMAZNES . B+ xRKA 2002 FZ 208 £0BELoMBREETHER
FEOBREEOBANES - LBA T FRAGEARGCERFRENEEREET
%% 500049 - MAMIMAEREIRER > BHEARAF RIS 1682 F -



RN R

(=)~ BEPRF B E AR

B 2005 14 BEPE F BB A AEMNAR ARAXARCERIL—PMAELER
174 SR ERALTHABRENI N I R8B%K (B=1 1) T 2006 F
BEBAHEMEER EREFTFAMESR  REZHARIEYE BB IWT
FEsg LRI MAFEE -

(=) » BRRERLER

MABEABAEEREANG  TEHIMRABRERATHAALRZ 8 HRER
BRAET  EHEB  ZEBHE - 28wE - wFXRAT - HHEAH - UREHRLE
AR AR BB THBARBBAREHNOEROVE - HERAXIBRERR () -
REBREUREEMR AR UERHBEREHBEHBARREGMAL  WHEETRES
PRARYSMARTH  pAERIHERYRRRERY Rk EnbEZ -

(=) » RELBEREH BB ELOHEE M

ERHE BRI EB BB ANAHA 195 F A REFEABSEEER
o - AMARBLREAE N ABTOREINA— M ERHRERT - ZHLE
BOBTUARRAEFENEARE  SHEARABO QMORLREERRS - B
B RRAS - AMERAEERE R F(Delordetal. 2008) » Hiw KAF M BREFURR
RAHEZER NEVESHARRAEAENTARA M MG - Bk s
BARBELLBERLHREENIEIN PANTBEHHENE FTHETRE  LREHEY
WHEREERAEH AR BLOEE LT RELHESARKMN - BEREAS
B TR R FH AR B A LR RS E RSN S E FIRHE R ARIR
EHEOTEAREZMOMG  ERREBECELE N AL LHEEELTREY
9B REMN -

EWALER  RERFTBRES ML B EMAMERK B85 EEREH

REAHNBMEHBRLE SR EMGHBREORIL REEBHEBNEEXF XA
-9-



EIRE AT EH B 1995 FHAUN—EHF KR EF LI TR bt 212 BB m
BHBREENBRFFREONTAANTHBERRLETRE > LB LA AERE/LER
BHREERGBE AT REGLGBYOREM -

BEXZARCETSFOBBAMGE BATORTHOREFSELERE . £
EHARBRON S REHACHRAAFE TSI HLEEHMNELER > AMHETRB L E
AHRBHADPRAAHRBE TRARLELHIEAES > PUTRIABH L &
HNERBEFTRE—S A -

-10-



% UK

Delord K, Besson D, Barbraud C, Weimerskirch H (2008) Population trends in a community of
large Procellariiforms of Indian Ocean: Potential effects of environment and fisheries

interactions. 141(7):1840-1856.

Gamblin C, Bach P, Lucas V (2007) Capture depths of longline targeted species (yellowfin,
bigeye, swordfish): preliminary results obtained from experimental longline fishing carried
out in Seychelles' oceanic waters, in The Ninth Session of the IOTC Working Party on

Tropical Tunas, Seychelles.

Hillary RM, Mosqueira I (2006) Assessment of the Indian Ocean bigeye tuna stock using
CASAL, in The Eighth Session of the IOTC Working Party on Tropical Tunas, Seychelles.

IOTC (2008) Report of the First Session of the IOTC working party on tagging data analysis,
in The first session of the IOTC working party, Seychelles.

Langley A, Hampton J, Herrera M, Million J (2008) Preliminary stock assessment of yellowfin
tuna in the Indian Ocean using MULTIFAN-CL, in the Tenth Session of the IOTC

Working Party on Tropical Tunas, Bangkok, Thailand.

Lo NC-h, Jacobson LD, Squire JL (1992) Indices of relative abundance from fish spotter data
based on Delta-Lognormal Models. Can J Fish Aquat Sci 49:2515-2526.

Methot RD (2005) Technical description of the stock synthesis IT assessment program. NOAA
Fisheries, Seattle, WA.

Nishida T, Shono H (2007) Stock assessment of yellowfin tuna (Thunnus albacares) in the

Indian Ocean by the age structured production model(ASPM) analyses, in The Ninth

-11-



‘Session of the TOTC'Working Party on Tropical Tunas, Seychelles.
Preface (2004) Models in fisheries research: GLMs, GAMS and GLMMs. 70: 137-139.

Shono H, Satoh K, Okamoto H (2007) Preliminary stock assessment for yellowfin tuna in the
indian ocean using stock synthesis II (SS2), in IOTC-2007-WPTT-11.

Ward P (2007) An overview of historical changes in the fishing gear and practices of pelagic
longliners, with particular reference to Japan's Pacific fleet. 17(DOI

10.1007/s11160-007-9051-0):501-516.

Ward P (2008) Empirical estimates of historical variations in the catchability and fishing power

of pelagic longline fishing gear. (DOI 10.1007/s11160-007-9082-6).

Ward P, Lawrence E, Darbyshire R, Hindmarsh S (2007) Large-scale experiment shows that

nylon leaders reduce shark bycatch and benefit pelagic longline fishers.

Ward P, Myers RA (2007) Bait loss and its potential effects on fishing power in pelagic
longline fisheries. 86:69-76.

Ward PJ, Myers RA (2006) Do habitat models accurately predict the depth distribution of
pelagic fishes? 15(1):60-66.

-12-



B & Fid

= 1995 £ GAM B Z oA BFHRE -

Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares  Chi-Square Pr > ChiSq
Spline(lon) 2 893.523 893.523 <.0001
Spline(lat) 2 377.080 377.080 <.0001
Spline(mon) 2 698.720 698.720 <.0001
Spline(ratiobet) 2.00001 1732.051 1732.051 <.0001
Spline(ratioalb) 2 697.147 697.147 <.0001
Spline(nhbf) 2 669.342 669.342 <.0001
Spline(hook) 2 302.381 302.381 <.0001
Z= 1996 F GAM B2 5 R BFITRE -

Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares Chi-Square Pr > ChiSq
Spline(lon) 2 1509.569 1509.569 <.0001
Spline(lat) 2 1434.572 1434.572 <.0001
Spline(mon) 2 1576.571 1576.571 <.0001
Spline(ratiobet) 2.00003 1433.579 1433.579 <.0001
Spline(ratioalb) 1.99999 2445.613 2445.613 <.0001
Spline(nhbf) 2 1861.907 1861.907 <.0001
Spline(hook) 2 208.248 208.248 <.0001
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Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares  Chi-Square Pr > ChiSq
Spline(lon) 2 1232.188 1232.188 <.0001
Spline(lat) 2 1448.285 1448.285 <.0001
Spline(mon) 2 128.069 128.069 <.0001
Spline(ratiobet) 1.99974 4127.569 4127.569 <.0001
Spline(ratioalb) 2.00003 523.154 523.154 <.0001
Spline(nhbf) 2 83.595 83.595 <.0001
Spline(hook) 2 300.207 300.207 <.0001

£m -~ 1998 £ GAM 8 £ R B F R E -

Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares Chi-Square Pr > ChiSq
Spline(lon) 2 1518.194 1518.194 <.0001
Spline(lat) 2 1113.782 1113.782 <.0001
Spline{mon) 2 570.230 570.230 <.0001
Spline(ratiobet) 2.00001 2782.929 2782.929 <.0001
Spline(ratioalb) 2.00001 859.384 859.384 <.0001
Spline(nhbf) 2 360.464 360.464 <.0001
Spline(hook) 2 339.849 339.849 <.0001
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Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares Chi-Square Pr > ChiSq
Spline(lon) 2 262911 262911 <.0001
Spline(lat) 2 2074.178 2074178 <.0001
Spline(mon) 2 61.421 61.421 <.0001
Spline(ratiobet) 2.00004 3820.951 3820.951 <.0001
Spline(ratioalb) 1.99999 1026.847 1026.848 <.0001
Spline(nhbf) 2 74.576 74.577 <.0001
Spline(hook) 2 730.524 730.524 <.0001
N~ 2000 £ GAM & £ oM R BEFHRE o

Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares Chi-Square Pr > ChiSq
Spline(lon) 2 386.931 386.931 <.0001
Spline(lat) 2 1234.001 1234.001 <.0001
Spline(mon) 2 319.045 319.045 <.0001
Spline(ratiobet) 2.00002 4754.118 4754.118 <.0001
Spline(ratioalb) 2.00003 1036.077 1036.077 <.0001
Spline(nhbf) 2 400.686 400.686 <.0001
Spline(hook) 2.00001 201.081 201.081 <.0001
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Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares  Chi-Square Pr > ChiSq
Spline(lon) 2 461.199 461.199 <.0001
Spline(lat) 2 888.794 888.794 <.0001
Spline(mon) 2 2923.556 2923.556 <.0001
Spline(ratiobet) 1.99937 9579.310 9579.310 <.0001
Spline(ratioalb) 1.99998 6956.748 6956.748 <.0001
Spline(nhbf) 2 4750.322 4750.322 <.0001
Spline(hook) 2 1682.897 1682.897 <.0001

FEAN 2002 £ GAM B £ bk BFHRE o

Smoothing Model Analysis

Analysis of Deviance'

Source DF Sum of Squares Chi-Square Pr > ChiSq
Spline(lon) 2 7412116 7412116 <.0001
Spline(lat) 2 6785.217 6785.217 <.0001
Spline(mon) 2 2319.234 2319.234 <.0001
Spline(ratiobet) 1.99965 18021.000 18020.662 <.0001
Spline(ratioalb) 1.99997 5572.807 5572.807 <.0001
Spline(nhbf) 2 4533.821 4533.821 <.0001
Spline(hook) 1.99997.
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Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares Chi-Square Pr > ChiSq
Spline(lon) 2 1266.663 1266.663 <.0001
Spline(lat) 2 1117.362 1117.362 <.0001
Spline(mon) 2 3748.853 3748.853 <.0001
Spline(ratiobet) 2.00109 22997.000 22996.509 <.0001
Spline(ratioalb) 2.00005 4406.617 4406.617 <.0001
Spline(nhbf) 2 1705.504 1705.504 <.0001
Spline(hook) 1.99999 3767.105 3767.105 <.0001
&+ 2004 F GAM BEZ M EBFTHRE ©

Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares  Chi-Square Pr > ChiSq
Spline(lon) 2 4167.064 4167.064 <.0001
Spline(lat) 2 5944.174 5944.174 <.0001
Spline{mon) 2 15531.000 15531.092 <.0001
Spline(ratiobet) 1.99974 20891.000 20891.463 <.0001
Spline(ratioalb) 2.00005 2777.370 2777.370 <.0001
Spline(nhbf) 2 625.152 625.152 <.0001
Spline(hook) 2 6453.988 6453.988 <.0001
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Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares  Chi-Square Pr > ChiSq
Spline(lon) 2 719117 719117 <.0001
Spline(lat) 2 11171.000 11171.069 <.0001
Spline{mon) 2 3890.412 3890.412 <.0001
Spline(ratiobet). 1.99888 32071.000 32070.521 <.0001
Spline(raﬁoélb) | 1.99999 | 1263.491 1263.491 <.0001
Spline(nhbf) 2 1044.679 1044.679 <.0001
Spline(hook) 2.00001 3067.018 3067.018 <.0001

Z+= 2007 & GAM 8 £ R BEFRE -

Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares Chi-Square Pr > ChiSq
Spline(lon) 2 2261.826 2261.826 <.0001
Spline(lat) 2 8337.835 8337.835 <.0001
Spline(mon) 2 2680.025 2680.025 <.0001
Spline(ratiobet) 2.00001 27772.000 27771.678 <.0001
Spline(ratioalb) 1.99999 2676.100 2676.100 <.0001
Spline(nhbf) 2 1118.443 1118.443 <.0001
Spline(hook) 2.00001 .
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Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares  Chi-Square Pr > ChiSq
Spline(lon) 2 3022.643 3022.643 <.0001
Spline(lat) 2 1133.508 1133.508 <.0001
Spline(mon) 2 480.639 480.639 <.0001
Spline(ratiobet) 2 10687.000 10687.353 <.0001
Spline(ratioalb) 2.00001 1177.424 1177.424 <.0001
Spline(nhbf) 2 870.524 870.524 <.0001
Spline(hook) 2.
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Smoothing Model Analysis

Analysis of Deviance

Source DF Sum of Squares  Chi-Square Pr > ChiSq
Spline(Lon) 2 247.259 247.259 <.0001
Spline(Lat) 2 484.350 484.351 <.0001
Spline(Opr_Year) 2 873.849 873.849 <.0001
Spline(Opr_mon) 2 427.711 427.711 <.0001
Spline(ratiobet) 2 1801.184 1801.184 <.0001
Spline(ratioalb) 2 327.748 327.749 <.0001
Spline(NHBF) 2 234.181 234.181 <.0001
Spline(Hook) 2 52.901 52.901 <.0001

&+~ 1979 £ % 2008 £ GLM # X% T

| Sensifivity RALB Year Season Area RALB RBET  Year*Area Season*Area
Case RBET Area*RALB Area*RBET

Base Case RYFT Year Season Area RYFT Year*Season Year*Area
Area*Season Area*RYFT
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ANOVA
Source DF Sum of Squares Mean Square F-value P-value
Model 158 211443.35 1338.25 2136.90 <.0001
Error 377352 236319.35 0.63
Corrected Total 377510 447762.70
R-Square Coeff Var Root MSE CPUE Mean
0.47 103.39 0.79 0.74
Source DF Type Il SS Mean Square F-value P-value
year 29 3318.87 114.44 182.74 <.0001
Area 1 257.00 257.00 410.37 <.0001
Season 3 356.66 118.89 189.84 <.0001
ryft 3 149372.33 49790.78 79505.30 <.0001
year*Season 87 5500.28 63.22 100.95 <.0001
year*Area 29 1276.77 44.03 70.30 <.0001
Area*Season 3 340.73 113.58 181.36 <.0001
Area*Ryft 3 426.40 142.13 226.96 <.0001
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ANOVA
Source DF Sum of Squares Mean Square F-value P-value
Model 156 185169.03 1186.98 1705.72 <.0001
Error 377354 262593.67 0.70
Corrected Total 377510 447762.70
R-Square Coeff Var Root MSE CPUE Mean
0.41 112.15 0.83 0.74
Source DF Type lll SS Mean Square F-value P-value
year 29 3539.24 122.04 175.38 <.0001
Area 1 381.08 381.08 547.62 <.0001
Season 3 358.79 119.60 171.87 <.0001
ralb 1 4547.38 4547.38 6534.70 <.0001
rbet 3 129095.07 43031.69 61837.70 <.0001
year*Area 29 1641.46 56.60 81.34 <.0001
year*Season 87 5547.30 63.76 91.63 <.0001
Area*Rbet 3 208.05 69.35 99.66 <.0001
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