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AT 2016 % 9% 3 2018 & 17 LS B AT HEE 616 BX MR

(115 - 275 2> %~ eye fork length, EFL ) & # 51 28 7 (17-172 2% EFL) % = %= T
A2 A E 4 (Makairanigricans) & & 2)3% o B 7 jcs X3 fep &4 5 213-484 % > 41
Bl- ATIoRE L 145 20 EFL > ¥ R BRBEARS P 5 - BN 2 E o 1
ZhH FR PR T AL A w G 107740 9.23% 0 T3o% B hdks W 5 15.23
{13.06% - v g A g7 B it Ede R 1O/ T 114k » 224 5 05/ 2 105 4% -
ARG R FA17{8r £8-9" B, - R o FEAFY 22 842
E#RE T s 8= & 03 (traditional von Bertalanffy growth model » VBGM
two-stanza growth model » TSGM) 2 & fé i3+ 2 (2L > 2 2 g e
2iE) ARAERERNTEFHARFR R - BEA AR BB EFR

TSGM - TSGM 7 # ] 1 akaike’s information criterion £ deviance information criterion
#id > P VBCM M Mg+ TI9ME o 257 72X TSCM % & b4 532 2
FEFL AT ET LS LR > 2 REEM Y Y H AT o PR G PR (S
kit E (EFL; o4 ) 2rzde (t; #) 23821 TSGM 4
EFL, =149.2xexp(-5.67xexp(-8.36xt)), t = 0~1

1-exp(-O.28><(t-1)) o
1-exp(-0.28><(20-1))]’ =1~20

EFL, =149.0x exp((251.8 1149.0)

EFL, =143.8xexp(-5.86xexp(-8.93xt)), t = 0~1

1-exp(-0.15x(t-1))
1-exp(-0.15x(10.5-1))

EFL, :143.6><exp[(202.1/143.6) ],t = 1~105
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Abstract

Age determination of the Pacific blue marlin (Makaira nigricans) was performed by
combining methods of otolith of 51 young (17 — 172 cm eye fork length, EFL cm) and
sectioned dorsal fin spines of 616 individuals (115 — 275, EFL cm) collected from three
fish markets of Taiwan from September 2016 to January 2018. Otolith micro-increments
were counted with ages of 213 — 484 days old. The estimated mean length (145 cm) at year
1 and the growth rate were used to validate the position of the first annual growth band in
sectioned fin spines. The average percent error is 10.77 and 9.23% and the coefficient of
variation is 15.23 and 13.06% for male and female annulus counts of fin spines,
respectively. The ages of the female and males specimens were estimated to be 1.5 - 11
years and 0.5 — 10.5 years, respecitively. The marginal increment ratio suggested that the
growth bands of blue marlin formed once a year (between August and September). By
integrating the length-at-age data of the present study with the published data of juveniles
and large individuals, two growth models (traditional von Bertalanffy growth model,
VBGM,; and two-stanza growth model, TSGM) by two estimation approaches (standard
nonlinear approach and ageing-error approach) were evaluated based on the model
selection criteria. The results support the use of the TSGM over the VBGM for both
estimation approaches because the TSGM has a lower akaike’s information criterion or
deviance information criterion value and the VBGM tends to underestimate the maximum
averaged length. This study suggests that the TSGM coupled with the ageing-error
approach appeared suitable for modeling the growth of the Pacific blue marlin with greater
flexibility for incluing ageing uncertainty. The female and male ageing-error TSGM were

estimated as follows:

doi:10.6342/NTU201803604



EFL, =149.2xexp(-5.67xexp(-8.36xt)), t = 0~1

1-exp(-0.28x(t-1))
EFL, =149.0xexp| (251.8/149.0) t=1~20
i exp(-0.28x(20-1))
EFL, =143.8xexp(-5.86xexp(-8.93xt)), t = 0~1

1-exp(-0.15x(t-1))
1-exp(-0.15%(10.5-1))

EFL, :143.6><exp((202.1/143.6) ] t =1~105

This study recommend that the developed growth curves to be considered in the future

stock assessment by the Regional Fisheries Management Organization.

Keywords: Pacific blue marlin, age and growth, age validation, ageing error, Two-stanza

growth model
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A~ T B 2019) - FmiE R a 2

AR CBA T A (RRAWTRE
)= (Food and Agriculture Organization of the United Nations, FAO ) # #& 5 &

BUM » 4~ #g + >t ik it 4 % (Actinopterygii) > #2;F (Perciformes) - &[# & 17

p (Xiphioidei) - & 7% & 4* (lstiophoridae) - # & % (Makaira) - ¢ %% o % 7
242 RES WL R E 4G § LRt 24 o BB A mE mjﬁ»%‘r » E AR

A

T oo Mg g e RIS AT YR iy (Nakamura, 1985) -

TAGEAR AL T TERY 2 OGN RS o AT R S A 45°T] s 4 35°
(Molony, 2008) > 4F4& 4 >+-kE 26—30 °C »

%% £ 45-50mg/L 2 % K ki
PEpEd B R 7 i 19,000 2 2 (Carlisle et al., 2017) -

TAEATG P RLE
BRHEE 0 R L RFERFA(H 256—100 2 = )

r .

<% ) (Carlisleetal, 2017) o 4al4 410 0 &

5L bR LT RIRROY A(10
( Katsuwonus pelamis) ~ v "L &F

( Scomber japonicas) ~ #=*a#F (S. australasicus) % %@ﬁs ( Gempylus serpens) & i

(Shimoseetal.,, 2012) - & A 1 * 2 4 “ (Hydeetal.,, 2005) oL % <@ &+ 3 2| 2
—(_T.,;_\z p‘\;g‘{,};}’tp}g_lﬁa;«g ;&éj\ AL :L,;_/qus,_t;&;—kl,;_gp‘\

A APES Lx E 5597 (Shimoseetal, 2009; Sunetal., 2009) o g ¢ » & T X

ZAEALSRBE opien[ L8 o 0p A SRR 171180 =~ (eye fork

length, EFL) - z# 4 B % 130—140 2> » EFL (Sunetal., 2009) -
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*# 3 i * Colletteet al. (2006) #ri¢ * 1% ¢ (Makaira nigricans) >  #
ARFE AN S AR A A e GEL AR G- P AW HR TR
¥ (Graves and McDowell, 1995; Buonaccorsi et al., 2001 ) o #* ~ T /¥ 7 55 & 4F f 27 B
w24 R ¢ (International Scientific Committee for Tuna and Tuna-like Species in the
North Pacific Ocean, ISC) B & v = T F 2 43 4 5 H - (¥ k&7 FR:T=% (ISC,

2016) -

ST EBAHAREL TRRR

PR B AT TER AR FRERE2L (ISC,2016) » 19712014 & & Rk
EEA4-B L7 o 1971 & 3 1980 & £ 4 E € & IR N H 4o 4B% > 1986 & 1 h B B AiB
25,000 2o > KE{SE T R X 20,000 2¢EF T 6 > 2003 £ EE L A
3 25,588 2w 3T KAE R T T AE T A 20,000 A T oo BHA 3 0 & R E
TR A ERALE U B RERELL (FM2) -

SHMES T AOF AR AET R ioE 12 B 347 0 19711985 & chi,
MEE A 95 2500 2wEt T > 1990 & TimjER b 2 T 4,000 2@ > 2001 & 4 EE
HAY ATE D 9,615 AR 0 3T & enT e E B 4 R L 6,500 2 ¢ o k4 ISC
(2016) B #TenFRIER &% » B A TET AIF A PTRRIR UL > A F B

(overfishing) % < iE ;4 (overfished) sy =g 4 o

T~ AR
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4 ¥7;2 (ENORMSEP) 17 i# %t von Bertalanffy = & #7] o 3+ = T X 2 4 )8 dopse 4
FEW M BN 2188 24 EFL'E > BUF R R F A RApk > RAES
Ao Rk FARE > Gt E+ T35 E (asymptotic length, L) 5 282 24~ EFL > & &
g R s 0 Bt Ek < TSR E S 491 2 4 EFL - Hilletal. (1989) 41 #
PRAABCTET A S B ER (P Hig - 27 2 ¥ k) kel

FIE R T K r ARG £ TR B o AT T R BB < MR R
*E 4052 EFL S 2 E 5 748007 S B c At~ 234 4 EFL s 2 £ 170 2
T ARG ES AL WS 27T e 18 & o Princeetal. (1991) M B F B3t L a xR
AL 40 p#eT A 3 B £ HT (% - &5 Gompertz = & #74] » 110 % 12
oo - F L @ svon Bertalanffy & £ $.7] 0 110—495 X ) fyif 2 #s b 2 £ R o
S5k 110 o B ASE E#E 0 2 (85 K SR E - Wilson et al. (1991)4] # &
TRRBRLNF AT AT AL IR o rp AR ER L 212 17K > HE S
213 = 4 EFL %2 207 =4 EFL - Chen (2001) I* A ¥k £ # 7 # £ if generalized
von Bertalanffy & & §i£%] (Ehrhardt et al., 1996 ) 17 2L 4 1% iz e~ T A2 R IEA
ppzeans £ Sdic oy H Y ppieango x THME A W5 4228 333 24 EFL > = & ik
( Brody growth coefficient, K) & 5 0.01year® - Suetal. (2016) | * 4 £ #7 & & 47
2 (MULTIFAN) m3td ~ TE 2 438 g vpse g s < T E & 4 5 313 22 233
24 BFL; &£ fafics 011 %2 013 yeart o ptoh > v frse g — k£ & B 5 09 12

105 = » EFL -

Vapmyupispmesx £ (EFL,cm) 2 ML 5% > 5 Kﬁﬂi.ﬁé% @ 14 FL- EFLF&% %34 (Hill etal.,

1986 ) = LIFL-EFL B # 7% (Dai, 2002) ﬁ%:}ﬁ: = EFL - H ¢ ppdpf i85 FL=1.353 *EFL - 4.836;
LJFL =1.071 * EFL + 11. 767 A M E FL=1 299 *EFL + 4.105; L.]FL 1.088 * EFL +8.894 -
3
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yeart o 3 F ML A A hE b T H A G REGHT] > & Andrews et al. (2017)
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AR R BFEAER KA BB B BHER L 204K -

e
W
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FLR%@c B3 X TELAMANSE FHERE FREL 0
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2o o B Rz RRFEY BREGETY R KB RES S S L B AT R

FEREppFER Do

I ATHBAFAERAIELTT PR
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B EELIEFAT RN ERRAUNTT > T A (R RAR) TR KRS
# {é—zﬁl,‘%#—/éfﬁ“T% ;EI—. ;Q: 1 2 ‘én % % F{yﬁ;’;ﬂ\ > ig,;;( ’1‘;‘_«‘% fr;ﬁ%f‘;‘] “ ] ri’:ﬁ;';
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FrN AL E R 2 AREL B A B o A WIS AR
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TR VIR AMEY S LY &5 (Chiang et al., 2004 ; Kopf et al.,

2011) o e A gREEA BB A ESLIFF T EFS P S - CRE LR %
(vascularization) - F%I % 1 & DY FEAA RS F 0 F X R € F 5
P LI Gom ) A B 2 0 WREST KRR AE (Drewetal, 2006) o % = B
i # #; (false-annual growth band) % % # (false growthband) #* 4% - k= &5 B
i i 4% (Chiang etal., 2004) - ]t > Kopfetal. (2011) f1* 2 7 p & % #f 2% 23§
i pE 4 (Kajikiaaudax ) #f gk>» 2 % - E LR > Vol R E YR o B
RALVHRERFAFFEITR > CEEAFI L2 F22F ) o RmE B b7 b
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p %ﬁ-“ug e G EREH 7 5 (Princeetal, 1991 ; Shimose et al., 2015)

Ao BESRBUE (A Ffra §R) B FEE IR T ecd @R ARy B

#9738 F| e 45 (Kopfetal., 2011)

(z) ##Fi
KL hER ALY ERASILG L GERT AR LR R
T FE AL enin (Richardsetal, 1992) - s dt s £y ¥&8F F0dh T

v E # i £ B (age-bias plots) & pp f3k - iié%—‘ﬁé‘?% FE;%-%‘ S XBET P E R
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2 285zt htkA > HY B0 EHREZAMA dgtks N eFAELG - B
AR ERledrdRismeEx £ (eyeforklength, EFL) (W 6) ~ > &
(round weight, W) ~ 4 f p 8 » &30S8 i 45 2 e sh BV STIE 5] pdd 2 5o
AR ARG R BRI ARG R REAAERIHER S S
¢ IR BE  ELF R R o MEFREHET Lo 2EE R

1= o

fen

S

+ 3

S X ¥

(—) A gk
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B2 AEAN AR A (Fl7a) AR ET A NG T AL AR
HARE T > g7 Brp I BRI UECRET R TS G B AR -
Fef PR A RAT RIS A p St AN MR T R DA FRER AR 5T 24 ]
PEiS R (T4 5 o b §o18 o fREE A4cB] Th oroF o o2 B =% (sectionarea) “pEEE
A kAR = &2 - R e (condyle width, CW) (Ehrhardt et al., 1996; Sun et al.,
2002; Chiang et al., 2004 ) (W 7c) » 4% B> 2> N E A 5 0.5 mm 2 & §k>r 5
(Kopfetal, 2010) - &% #-7 5 iz e » OB%Fpt @ dicf) » 2 %% § e 4 - 2

S B JE M E R A £ F EART B A RS I R 4 e R ke (Ehrhardt et al., 1996;
Sun et al., 2002; Chiang et al., 2004 ) - 4% g p = &8 22| & #cse (OLYMPUS SZ61)
M10% 252k BEFEEAFHEKT P HRER T U4 EEE (OLYMPUS

DP-22) it {7 8 B i 16 it 7 b 238

EARZHE ¢ K (sagitta) 8 f 2 2T 7 (lapillus) 2 & %
(asteriscus) #p+ 2 B~ (W 8) » F &k 7 fH nars Bﬂ};i* L @4sa5 2 (Lin,
2003) o Adg A KR T R ANE S R T EF LI (Radtke et al., 1982;
Wilson and Dean, 1983; Princeetal., 1984 ) > ® /4. %2 F S 5%#HE s 5 - 2,5 - ¥
(Princeetal., 1991 ; Kopfetal.,2009) » Flt A7 57 &% KR F k275 TE2 4

A P#E T o

ML g Bl e Bk R e 0 2 (I 9500 e e g 0
Yok R E i—“f MEND T A6 ifkmgrﬁk 1 * 7112 k% #s (EpoFix
Resin, Struer, Denmark ) fe#f it #| (EpoFix Hardener) & & 73 %3 » i3 12 % > 71

9
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bR R GRS 4R e UL P 0D £ p #2050 (Spurr, 1969) o % » 40°C

GYERPN R 1 X FMAAT iR A F i (sulcus) §P T B O~ HEHE >

y

»TRF BRI TS RE L Bp e LR AR D Ul AP A 1 1 R Y B
i (Cheng, 2018) > {1 * # G2 B Ik 7 F I B o 1 RE TS
(Metaserv 2000 grinder) 7 2 ## 7o = w7 B3 foo IR o FEEARY € kRH
FWARREFLHE? FRDLFN > RIGRFES SO MRE > § 2 PR
I EEPeefs e o vk 2400 2 4000 BLimpy AR GEFAE o P FERG
(W 9a) o FEFAIF gk s> @ % 0.05umnF CAERBHBE AL G ek L
0.0IN 7 EDTA (ethylenediaminetetraacetic acid ) 4 + 5% HCI (hydrogen chloride )
KB RFFRDEL O AFREP R SRR c B P HRAE T EHFILR

{6 1g ¥ ¥ >k & kst (Leica 020-518.500 DM/LS) ™ » & * 2z % & & 200 i 2 400

-+

12 Image-Pro Plus #x %2 (Version 6.0, Media Cybernetics, Inc., Rockville, MD, USA )
R BdpER PP pE= & cnB a2 Imaged #c 48 (Schneider et al.,

2012) B FR L A ESFEEFHR A (Hsu, 2010) -

Ry apg

(—) H &

Aopkr B AR ACE T T B R EFIG B X+ (translucentband) 2 7 3%
¥ (opaqueband) 2 3 NP G > AN AL GHAESTERSEDE PR ALY
(Casslman, 1983) : 12 Image-Pro Plus 6.0 82 & 47 888 (741 gk>r S IR £ R4
170 2@ AL (growthband) - R FEEEF L7 E LY T e 5 F RS
W B ki - BRERR (T fAGE) o 4@l 1097 o FARRIPN R 8

7t (a) gk B4 (Edge) L/ZRwe (= F b 3 1w 2 Box B SRGESE)

10
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(spineradius) ; 2 (b)) #xLErn (&R iR RI oz s B RIEH)

(radius of growth band )

B o R 20 B 2 4 E AA R B e (focus o T erd R AT IR M2 ¢
WEE) LREA L L VL AMA  AuHF SN Al ap R e Y
Wilcoxon 5. % ¥ 7% (Wilcoxon signed ranks test) ( Sokal and Rohlf, 1981 )
TR Pzt FHR LTI AR RS TragFLE (p>005) > p

e EH '1¢R/F ix-\“”" l%lgf’?%jflq?gl i o

AL BERAFNASHR? P EHISFH - R T AR PR R AR
o BAE 149 BB R F 2 A R PR A e S AR BEI SRR Y
FREIBRAIRGFIHR > FR R TR EH LY AER (annuli
reference line) (W 11 &4 £2 m ) - & F4 &2 £ # (annual growth band ) 2|

BT G ERSY ARERG R e

BRI 2 A E AR Bk h G 2 (false growthband) (B 1lc 2 ¢
R @) 2 2 E @ (false-annual growthband) (W 1lac 2.4 = £35) o G#h T &
L EACH ~ P 72 i (DeMartinietal, 2007) % &3 2= % & ez & (Speare,

2003) » REBITERLZEEHB LR - £7 é»mﬁ%ﬁl“}aurﬁ%}’f’éiﬁ%fﬁ’&é%fgi—ﬁ-

Ho AT PMBRELE - EREE TS A EBE (FLEF 02
FI* B2 pMATART P F - R 2 2 ) AEZRBEBSLT AR
R (FAF-F 15 SHRZ P EBZ BN T) 2 S EBY o FEY TG

S LR T IP AT o

11
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HE AR BRI IR A R P P i 2 Y R RRFS
£rl (Kopfetal, 2009) » »F7 3 4445 "% ¢ V% DR k> ¥ > Rgp b E £ 8 5
ABRIF T A Hc SFE U il > 2 RRE 2 epzed (Ppd f 152—-215 o

& EFL ; 224 1 152—175 =~ & EFL) A #k*» 7 & #2)3F F% Ao R 125 13 977 -

R AR PR RS ER - B E A S HETRLA R P E TS
B~ #F £ (average percent error » APE) fr% £ %3 (coefficient of variation > CV )
R ¥ ARG 23 e s e (Beamish and Fournier, 1981; Campana, 2001 ) - APE £

CV et & Mo

APE, = }g‘ ‘xlom% (1)

\/i(xij_xj)z
cv =1 N-1 x100%

j

(2)

]

XU APE LR jHEABREAT T Ay (APE) 5 CVj L ¥ AR g
Bl (CV) SNLE jHRABRZE 8 Xis 8 A% i3 theodic; X
R RN T oR Rk

- )32 F

B i¥dhend|df kg £ dht P a5 ¥ 2 (7 p &2 (daily growth increment, DGI) 213

( Campana and Neilson, 1985) - 4]%* ImageJ 1.51K - if4 17 488 (7 fh i Fikk
12
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PHL T RAEA D 2 H G E SRR R ATV A LAk (CLE
ventral arm) £ -&#h (% :f > dorsalarm) > F > N AR B2 PP LR L
#1227 i#% (Tanakaetal, 1981; Megalofonou etal.,1995) » ## & 2 A 2w &
# (coreregion) (W 9b) ~ £ gh¥ BdhF s 23 (F9) ~ 2 & dhEk 4k

K2 E e (W) o

EQNE

AR I F 5% & 5 (marginal increment ratio, MIR) 7 %] % it &k # AR AT §R*7

PEBSFNEHEERL - E - o MIRFE 258 eT

MIR = Rus — M (3)
I"n_rn—l

;97 > Rvg 5 A #k*r B i LI o 5 &t E #5 L 5 (radius of annual growth

band) ;i3 ma— PHERLE S o

AFTEEIL L TR A E 6 2016 O 0 3 2018 & 10 0 S AIE R AE AR B
(110—140°E ~0—30°N) T35/% £ -KF » ! | T3a% KRB f %+ & 52
B % o SRR R % p 2t Asia-Pacific Data-Research Center

( http://apdrc.soest.hawaii.edu/las/v6/dataset ) -

13
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AJIP R P REIARS P S - R EE 2 B

Ews

&

TGS

%

TR EFEFEAGE (HR) EFELSYT § F5

5

EHREA £ F LAY - L (first growth band) 2 % # & (Kopfetal,
2011 ; Shimose et al., 2015) - ?;‘gg} DL pREME 2B G- & (365
) AME BT AR Y% - E#~% (Shimoseetal, 2015) » % - & #4512

2 EGPRT S GER -

AT AEE E 25038 7 ¢ Shimoseetal. (2015) + X2 4 3# 4 26 21
oo S5lEB PSR E TR (7 4 1%) o {17 Gompertz # £ 13
(Gompertz, 1825) (%8 % - % ¢+ ~ S EHA A7) 2742 7 p #HEHE 2
SERYMEBY o MAFT NI TEZTAERACHE LT " 24 7 (Shimose et
al., 2009; Sunetal.,2009) > ARG XPFEF L4 P 210 > FIR AT G R
Ef S ARSTREIANT - AT T 0ER Y 5 025k (TTE R
TP B RpEF 2 B 10" ApEE3 B Y ) 0 FIL T ARG F - EEERS (F
llac B¢ = &75) » & 3hi o 5 AERTFE DT - o hT 08 #

51254 MUt EARLF- 8 (K llbcds ¢ = &2))

S NHR P ERZ E#N T

ARG B R R S R AR S B R RS AR R Ap R
K- AT R 2 E A

%53**;*7 ?@%l;ﬂ’ﬁﬁ,ﬁ]f],;ﬁ@_ E%E\‘Wﬁﬁ% (53-**&*7’ ]TLT‘F,;E‘\,'%]“
28R P HERBLTERT ALY ARSTHBEL B L ISR EL

14
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BIp (vgo ]2 B 145 fvg <> F15) s RIEv B ERS Y AER-E (7
LEY 2 2d LB EM) v S AE R S G H B Ay AR SRR
N ERERITLH ARG IR AR SN AR AT A EAY R LS pE
By EERST AR BRE-

EA B PR AR RS- EEA DS B (T AH s Py
PTG A P hE L) o BB B ERAA R P 2 lsd ARa
i (W 16) -

MR HERR S

FYREZAEAFE PR GEARS Y Efh | B HEL > 24 Shimose et
al. (2015) =% » FH > P HRAFE? 55 107 21EE 37 (H- 5k 95
2 RR AT BRI B AR ) o B R Y 20 E e
05/ s F4E? 5 47 3 90 » I AT for ¥ 23 & 4 L (W 17)
GEMETORSA (£L5-F 14 ~@HMEAT) > 4G B &8 L IR 4

025k (LA PR fcE BBV IPFRF2ZFYL 367 ) -

B §8 £ > 2 (back-calculation method ) # * & iz 5 B 4 2 E & pFf0 £

[Egat

(Francis, 1990) » ##= % ¢ * Ehrhardtetal. (1996) = ;* k{7 & f £ & 47 ¢

EFL, =(r, /Ry ) xEFL (4)

15
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P D EFLy R ¥ nEsm g psmEx £ (EFL, cm) 5 EFL 3 f A4 P2
Peisprikr £ (EFL,cm) Sz % nE#HLEJE S Rve » A k> F 5% 2 s 1 b 3 EFL

-Ruc 4p #icht % % (EFL=aR,") : 3¢ bE%As > epd 5 049> 224 5 0550

LA

AT EFERAASN Y QA TAFTE AR EREHE TR N
STEZAEAME 2 EREF o %8 4984 4~ Shimoseetal. (2015) F4L
(22 Hu) 5 & & 4304 4~ Shimoseetal. (2015) #gd FHL (4 % 5 135
#0284 4 EFL ;195 % > 270 4 EFL) % Andrewsetal. (2017) #¢4 F L (20
A 33 ANEFL) o AT EREME T A B T4 ke 7S£ H

AT (D) RBRE —ES TR 2 (D) S ERE —ERTR

AR T dg 2 AL 4 (Prince etal, 1991) # @4 (Hearn and Polacheck,
2002 ; Evesonetal., 2015) A fad 2 = 4 * L4857 F > 5 7 87 B2 £ A EX
ek R 0 AR Y A B E* 1§ 5% von Bertalanffy = & #-3]  (von Bertalanffy,
1938) % Two—stanza = & #-3] (Princeetal,1991) - & {73 FAHE A e & =

EHEA A A AT

(- ) 1@ %t von Bertalanffy = & #-7]

L[=LOO><(1—exp(—K><(t—to)))e‘g1 (5)

16
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AP o LpER i thkpsmEr £ (EFLom) S Lok b T3HE K Z 3 &
GBI RANR L ER MRS FROEREY > AT ER 0 as ¥

fEAEEL e~N(0,6%) o

(= ) Two—stanza = & #-7|

(1) %-rFE (&4 ) Gompertz & & 77 :

I—[ :ﬁlxexp(—ﬁzxexp(—ﬂ3xt))egz (6>

APPSR AR S B ERREER e K BEATEL > e~N(0,6) o

(2) $-mE (¢ 384 =& 7)) Schnute = £ #-%] (Schnute and Fournier,

1980)

1—exp(—ax(t—t1))}xegz 1)

L = Lixexp((l-z / L1)1_exp(—a><(tz —tl))

17
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FP oo LpEd i thapgme] £ (EFLem) ja i A S8 2 b i EAE
PRz B &2 bk #8 (year) s L1k Lha#E# it Fbkzpsmer £ (EFL,
cm) o Two—stanza = & $-3] ca Jir BRI # pp2e W gLip) 38 ki 7 2% > 1 2 {5 =
EABR P AR TR AN A R EABE > R AT R T U=1& LA BB

Lg% 105 » e 5 20 & o

#* R 37 (RCoreTeam,2018) mig{7d < i m3t A 47 » o B R

e
&
5

SRz S ¥ BOA) B OSL¥ P 2 @ S Bk (negative log likelihood, NLL ) e

n

NLL = Zln )+nin(o)+ lez(ln(l_i)—ln<l;))2 (8)

O

.

K¢ oLy ik BMesEeEr £ (EFLem) 5 L 3% 0k BRIERIPRSPEE R

£ (EFL,cm) sni Bk, oc® 2L %Rk

SRS+ L SRS =

i

BEFTHEIFAR PR AER RN R R LR EREZ G A
EfE T HBML TR 0 RASTELS LGP R T BT

P TR

18
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#-+ i @ 2% von Bertalanffy & & #73]4- Two—stanza & £ #°3] & 3% #2354 » #3040

T

(- ) &% von Bertalanffy = & 7]

{L[—wa(l—eXp(—KX(t—to)))eg (9)

t'=txe®

FP o LiiERLItRkZREmEEr £ (EFL,om) S Loi ko x T8 E s K i 2 &
GECUIEPEY (FRAMREAL G S IEPIER > BT T ZpEpe

) St RHEY BRI FFMFLFL ] > FFRFEL L2 (TR
HEDFEEL) (LML LFRHOEREL AFTEXL 0 WEFLA LY
At Tl 08 BRdki ol s BMFLAHEFFEAT » THEL 08D

Ui 0y A S HCAK A F R Ao 28 40T ¢
(= ) Two—stanza = & #-3

(1) - ke (%#4 ) Gompertz = £ #4) -

L, = B, xexp(—B, xexp(—f; xt)) (10)
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PP feE Pas WA S LS FIRER o BRKF - A LIRS - I EGE

Aop o Bl A A (TR E I R ER)

(2) $-rFE (¢ B # 4~ & #3) Schnute & £ 23] (Schnute and Fournier,

1980 )

B L 1 —ax
L, =L, xexp ( 2 Li)l—exp(—ax(tz—tl)) (11)

t'=txe®

fY oL s ERLtERZpREmEEr £ (EFL,om) sa i A S8 s b ik
Al o] 2 o Ed (year) sLiz2 LiE#s uf k2 migmEer £ (EFL
cm) o RFATEK IV LA A RE S UIEPIEE (F BHRER AL G 3 P&

0 HLFTHE- ppleds) S tZFFEM T MEFLTe 2 ¥ AT > Ti0E

S0 BRHL ol S HBEATE LN EAT » TEL 0L F AL O, 0

YR R KR iR T 28k £ (8B~ % (joint posterior probability distribution )
w3t #HA) % > iE & #F  (full conditional distribution) 4 :
P(Bu B B ot ot | L) o

E(Llﬂl’ﬂzlﬂya’GL’ ) t'[t, O-A)XE(GA)E(O-E)”(a)”(ﬂS)ﬂ(ﬂZ)”(ﬂl) (12)
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Fdoop()EmE o () st ol o() R ARBF o BRKIFEL®E (latent
variable) # % & #5353 2% > & B2 T U LZ 02 504k 2 2477 F’E‘Z%

o B3] Sl S s K LEdoR 20 7T o

12 WIinBUGS 1.4.3 "= » (Spiegelhalter et al., 2002) % :&{7 b < & 47 » H f|*
¥ 4 4%+ B2 (Markov Chain Monte Carlo, MCMC) #5327t sk~ #
(posterior distribution) &3+ > A7 L= E 85 F A 48> & ixsai * 100, 000 =
RO ARSI ARELI TR REFIEFF SRR (NFRA KA
2 Bf Aph > Frcd P Eong) o REAT 30000k A kg ke E o T
d %8 B 5% MCMC #ui B (trace plot) 4= % 2 $7HC3 2% deac » £ 17
Gelman and Rubin (1992) 4= Heidelberger and Welch (1983) st~ 47:& 7 #4]2

%7 1 A B e L R E 2 =2 (R Core Team, 2018)

Lo SRR HF R ER

ﬁ#ﬁ‘d‘aﬂx‘f'] Fﬁrﬁq'léljlaiﬁsﬁblﬁk7ﬁx+‘\' /Lgﬁfﬁé‘:‘:\' ]" /’.’f_l»_
AL BRARFLIHA e (TR * A A minEti2) o f1* AICE (akaike’s
information criterion; Akaike, 1973 ) % :i& {7+ #i > AIC Fcid 4% ] % & 4%ig *» o AIC 3+

LA B

AIC =2k -2In/¢ (13)

¢ ok A fcdcn S Ind R B S dkE o
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By A FELRA G (TR LK E2) o 1% DIC i (deviance
information criterion ; Spiegelhalter et al., 2002 ) % i& (7" $& > DIC #ic @ A% | & & A%
7 o DICH 5 3V & T 40T !

DIC=D+p, (14)

RO D TILURML BN p, 3 F RN S AR -
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028
i
*n

— kAN E2E S

AATT A 2016 & 90 3 2018 & 17 N AR~ ATA G S R4S B R
FE B 6l6E2 AR 0 ¢ 5381 EEpa s 285 kg 0 B A Bepd 186 & > 22
165 & 5 ATELES 104 K o g 96 & 5 % PR AL E 0 A 24k L AT H
PRt R B R AL A T AW 18T > 2EA B AW 19007 o H P pp AN = B
AP FRESEPL AR ELBFFRI B < o] kA o A7 F 5 H A
PEAME FF 5 1423 275 24 EFL > {84 & ¢ 180 1 220 24 EFL > 2 gt &
#® % 1153 245 24 EFL» $ ¢ % 150 3 170 24 EFL (W] 20a) & #24 2 £ §# 1)
535327827~ ABEY NI 11027 ;A rEHEME 162 25527 0 &

#5540 3 70 27 (@ 20b) -

- "L 2>2E2ZMG

A HLEE AL YE (W) erptipri s £ (EFL) M 458 5
W =3x10° xEFL?®* (] 21a) ; 4 5% W =1x10"° xEFL*®2 (R 21b) - B ¥ &A%

FURT 0 epseABRE AR I o TR EET L M A A s g & o

R KA Fil R

(-) 2%
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AEFTHRERESOEZ AIEAZ AERA I HEBPA A AR BT
FEAZE e » %7 250 2B FH AR S F I (7 o “TRRID chE dde s | = 0.58

B (2132 ) > Bex 5 1324 (4842 ) » AL F 5 1153 172 24 EFL -

& Ay 2523 7 ¢ Shimoseetal. (2015) 26 2.2 7 p # (DGl ) & p s =
B & (EFL) ¥4 (£ 51%) > Gompertz = & #4] 5 :
EFL =145.05xexp(-5.77xexp(-8.70xDGI)) (W 22) - &3 - AL 5 14491 =4

EFL -

(Z ) H ¥k

AT RBEP|I 616 e 2 A G 2 A gk B0 H P ppd 331 o 22 285 0 de
GRaR = LR VRS R 3 3 S SNV S R b B S
3277 % > HIE & 5 83% 0 T APE 5 10.77% > T35 CV & 15.23% ; 22 4.5 227
oo B X5 80% 0 T APE 5 9.23% > T35 CV 5 13.06% o = 5 [ cuwpit L
30143 3 269 = & > @ 2R E /30 130 3 208 o 4 o i Rk Ao W) 23 A1

oo RN PLPIEE T AAHERY > BT XRPIHEOT ARSI F BT &P

S

B S R TR

Ef LB HFaiar > AR ERTEIpL L BT S EEREL > 4of] 24
243457 0 BRI REIRADERLT SRS o H Ry P gL A u
RE 2 2EM Gk 5977 »PHlER T RAHEM AN EAM % P AW ER

AR Y S R 2 i k@
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BB HERGEE ) AFE TR EDE AIE L RS T Aof] 25 AT o
FhRApEA L RS H 254K S RAI R AT LE5-35Kk PRt R EHS
110 % s 22 4 3t 2805 105K o vpaen] & &P L A3t 2 4ok 6 957 o
FEP T PR h T R E e b L o b 15 ke d LR E ¥ B Ap

~ (SD=36.4)

T HRBRIP2ZHRE

TAGERMGRT H B R 2w RE AR o R 26 S 0 0 m]R I F R
4—67% ~10% 2 120 F B E o 7T—8 AEBME 9P XL b A o F s
AIEAF W2 By, R 3 E E 80 1 90 » ¥ - EA N o gt B m gL X
W1l P ~2—4 7 hpFigs 5 TEARE AT IRV N AR R P R EE 2 E BT

7R

et & (EFL) #2887 # 522 (Rue) A 5l 3 EFL=70.08xR, "
(r?=0.62>n=321) % EFL=58.61xR,® (r?=0.70 > n=273) - i * Ehrhardt et
al. (1996) = 2 #riBppzen| 2 E&G HEME A A4k 7To9r7 > KEAP VP UERF

YA T IO E R g o Pt R 2 HEMERR AL ELTPE - Ko

IR R 5 AR LA

(- ) %% von Bertalanffy = £ #-7]

25
doi:10.6342/NTU201803604



(1) Biplf & — 2474

41 # & % von Bertalanffy = & #-7]ie FRLpl & — 28 T8 (£ 6) £ 0 &

27)
v o EEL =203.08x(1-exp(-143x(t+0))) (n=331)
sttt EFL, =165.60x(1-exp(-2.05x(t+0))) (n=247)

(2) s —E&

=

EREEME BT (£ 7) > or@epey £ R 4eT (F]28) ¢

v EFL =20003x(1-exp(-132x(t+0))) (n=560)

st EFL, =161.99(1-exp(-2.02x(t+0))) (n=363)

(=) Two—stanza = & -3
(1) mip|ag £ — & ds F A

FI* Two—stanza = & $A|:E FELPIRE —2# & TR 2@ » TEMRA R R4
T (W 29%) :

EFL, =150.01xexp(-5.61xexp(-8.21xt)), t = 0~1

1-exp(-0.29%(t-1))
EFL, =149.78xexp| (249.09/149.78) oxp(:0.20x(20-1)] ,t=1~20
- -U. X -
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(n=331)

@A R4 (H29)

EFL, =143.85xexp(-5.82xexp(-8.83xt)), t = 0~1

1-exp(-0.09x(t-1))

EFL, =143.73xexp (208.36/143.73)1 exp( 0.09 (105 1))],t = 1~10.5
- =-U. X . -

(n=247)

(2) B EME-E& TR

FRGEME - EQnTR SrEEA ST (F]30a)

EFL, =149.65xexp(-5.62xexp(-8.24xt)), t = 0~1
1-exp(-0.34x(t-1))

EFL, =149.43 248.31/149.43 t=1~20
. <exp) ( ) exp (034 (20-1))
(n=560)
4 %%4cT (F30b) :
EFL, =142.36xexp(-6.06x exp(-9.31xt)), t = 0~1
1-exp(-0.17x(t-1))
EFL, =142.28xexp| (200.92/142.28) t=1~10.25
1-exp(-0.17x(10.25-1))

(n=363)
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5 P FA (RRAEE —F&FH2 G EME —F&FR) MBS L

4] (1% %L von Bertalanffy 2 Two—stanza = £ #-3] ) en #2304 8—9 -

(Z) #EHAEE R

% kT @ % @BrivonBertalanffy & E Al FEERF 0 FE FIEFEHREY A
M T AD R BB A DL ITEEMRE c JI* FEHE — L TR  FRFTH
LR a2#h  EREGEFRBRME —ER TR L - &% Two—stanza = & #
A FFREGE 0 FRASE A Gompertz # £ ] F F Rt 4 £ R P
Hoo @ B AN )% Schnute £ HEA» aifr it R FEAREARY  THREG
BEVE- SEHAE - ahTRAME —ERA R ME —ERTR - ppaen)
Two —stanza = £ #-%] AIC # & '@ #& @ % von Bertalanffy = £ 23] > % % -1 Two
—stanza = & {3 iE (£ 10) o d SERPIFT A e & TR OFTHET B o £ 1)

* AIC v g o

SRRT LI SRS SR
(=) #2P#

% ALrEse W) @ 2L von Bertalanffy & & 7] (® 31—32) % Two—stanza = &
B3l (W 33—34) & $8nB v A4afpr Bl > SR T 57 2480 R E AT D
3 > ® %75 %-#c2 Gelmanand Rubin %23+ = Z (variance) =% *t 1> Heidelberger
and Welch (1983) K # 2 % % #75 S#c¥ #* & &2 (stationary) ik - HR A
PRI i) Lfé”rf‘%%:}?, N AT TS T AR T SR %A T
(posterior distribution) &7 7 SL o R HA S F S JTae e
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(=) &R E%
(1) @ % von Bertalanffy = £ -7

1 * @ 5L von Bertalanffy = £ #°3] & ¥ m #6354 > T BERME L 0T H R
hER L 0 (to=0) “7i & &) kepaen] & & & M4cB] 350 @ ppien] & SBchiE R A

% oW 36 1T 0 B AT

spit 0 EEL =202.8x(1—exp(-1.44xt)) (n=608)

se% : EEL =165.8x(1-exp(-2.06 xt)) (n=443)

(2) Two—stanza = & #-7%)

f1* Two—stanza = & #-3] & % G 8L > 97 is B ¥pzen] = £ & HR4cf 37 #r1

B R Wil B A T A % 4o ) 38 S o

PEA B S AT

EFL, =149.2xexp(-5.67 xexp(-8.36xt)), t = 0~1

1-exp(-0.28x(t-1)) ~
EFL, =149.0xexp (251.8/149.0)1_exp( 0 28><(20 1)) ,t =1~20

(n=608)

AR AT
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EFL, =143.8xexp(-5.86xexp(-8.93xt)), t = 0~1
1-exp(-0.15x(t-1))
1-exp(-0.15%(10.5-1))

EFL, =143.6xexp (202.1/143.6) ],t = 1~10.5

(n=443)

BEARER (BRAME —E£TH2 3L -8 TH) W3 Y g
#34 & £ #73] (# 5 von Bertalanffy 2 Two—stanza = & #-3] ) en$ @t 4

11 -

(2) ~ &3 EH 9

R ET R Y Y R &3 E @ % von Bertalanffy & £ A2 F R AT LR
FE? A3ANTHRADEBRLASLFF NGB ¥ p &L Two—
stanza = & #-3:E T B B g 0 FRAI* Gompertz = & $-3]f- Schnute = & #-3] &
FEREEATEIAEAS RER G Pl FREFESS L E- S E R
4 o wpiew] DIC B8 % ¥ 2 Two—stanza = & #-73] 2 fie if & #& 1% L von Bertalanffy =
EWAE (£12)  AFiRi YA FEL A BT mRP S L] gt

BATRASFL S LA R BRV ApT o
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SR

- SHE PG
BAEFH R P EUE R R ORE S BT ES SN £ R e 7
- R PRV R g R B CERES (blhe D F 52K F447)  (Hoolihan,
2006) o gtk BEAJ P B e F R B R BT Ba RIS R
o BT HRBMNE Bl FLEAN AR S R Y L R R Ap R R
Az 7 ® =% (Ehrhardt, 1992; Chiang et al., 2004 ) -~ 2 & %&£ & 4p ¥ iedg (Hill et
al., 1989; Speare, 2003 ) ~ g ¢k 8 %+ 2. (DeMartinietal., 2007 ) ~ /23 =@ &%
= ;2 (Davie and Hall, 1990; Hoolihan, 2006 ) - Kopfetal. (2010) &% s * T X p
MEAE - AN A R BEARAT fRA I8 025~ 1 R NTH R L Ao & % K Bt &g
a1 PRE AN 2 R EHRE G IR G o AFETH R P Y L RE
Ehrhardt etal. (1996) ~ Sunetal. (2002) % Chiangetal. (2004) = ;* » ' BEZRA fR
AMOSRBHF R A Ai P =y R FHIABAEMREI 2ZEgr P i T3

FH AETERARE L TR U IR R E S L

FEREA R B R TR M- R s R A FE Y R AR Y g gk B B R 0.3
~1.0mm#=235 (Sunetal., 2002; Speare, 2003; Kopf et al., 2010) - Kopfetal. (2010)
ERF T E R EABRE P ER S 03~06mm (TAETEY 2E) > B
REEF R o PR P RR L RN RARL R RERE R
IR o gt fh s SO M R P R ¥ A2 R 0 Princeetal. (1984) -~ Chen

(2001) ~ 2 AFF 7 4% BoA g7 B B O~ AR 2 oA 48 0 Ehrhardt et al. (1996 )
IGA 7 5 L b B R G Bl o AATLIRG L SR T A R R 5
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FE R U A R R R AR 0 A R B A e Y R G A
R 3 e o A

I~ BN T2 %E
(-)2%

By i3 Mt RBFHIFL R M fReny — &4 L5 (first
annual growth mark ) (Farley et al., 2006; DeMartini et al., 2007; Chen et al., 2012 )
Princeetal. (1991) % Kopfetal (2011) &~ %)t~ d X2 A Eh 22 a X T X p
FEAD AR R p e g rE g BEkET 1A 1 Bk
Bk &% % B3 - 3k o Shimoseetal. (2015) #7 F 4p 31 = T X2 A 38 4. i B e pogp
AREerb~9% &P & (Shimose et al, 2009; Sunetal.,, 2009) - 3 (E#7F &
A59%) 0 I EREFHEMBIAALPHILEEDER R 0 AFL R G 28%
kA B p 2 5~97 (Rerl) o

(z ) Hd ¥k

AR IR LR T Y AT A G A ESLT 1A 2 & (Prince et
al., 1991; DeMartini et al., 2007; Kopfetal., 2011) - Shimoseetal. (2015) %7 st
TR S TERZ AL AR BT ARRNEFTG « AFTHR? PG &

BHRiphmR Lo - E-dy o XEENEE -0 o BRfRE FE KA DE
Fead 117 2 2~47 o A7 %% 2 Shimoseetal. (2015) 9~10 * 4pt > IR
FRHARE RS 2B (F39) bbb s TER 4R hEs s (110 —
140°E 2 0 — 30°N) * w355 £ -KF %$ > % i Shimoseetal. (2015) F * &
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kB EBISILIAE (RW3%) » FR A TREAAREE R AT 2 hy
AR s R R B A - 2 M F AN ISR TS
MR- EAAN - VAR L9~102 » A RERB S DERT N 2~47
(&~ T Ea &2 4 (lstiophorus platypterus) - Chiang et al., 2004 ; % = % /& 3

#|7& 4. (Xiphias gladius) - DeMartini et al., 2007 )

ZCHR P EHRL BN

ARy E R € R EOE A g & &2 g /e (Prince et al., 1987; Kopf et

l,2011) - Shimoseetal. (2015) iy d G E g™ i B - T X2 A4 £ T

ek FE R (Ppie w35 APE 5 12.30%% 12.23% ; CV 5 17.39%% 17.30%) - ##

f

f

Trpie T3 APE B % 4 B 5 10.77%4- 9.23% > CV 5 15.23%4- 13.06% > ¥ #&

Shimoseetal. (2015) %% ke > HPIX G EBP LG ER I 2501 ;) &
Ao R EREER T R B 2~4 AR BRI A S EHEY A
B 2d ERTFHRAEELF ERA o 200 ERIGIIRE L R L T )
WA AT ER Y R FSUTH BRI LSRR 0 R A IR RET RS R R E

Bt SR EHRFLEF D HES R EG A ARRATIZ A EBYRTEA

'h-\

RERRIEFEBRATHL EHRSY AR & $RESRPFAL > LR

}gﬂ' A
Y S BRI F R X o AE T ER AR B LA RE ST
BERGEHBFE DT A TF RN - Z L REPERER] > e E#2)5H

Brh s AT E A AR - & (145 24 EFL) ehs T X2 A E G A R BT

4]

BRI EMWFYT ARRTHEL Ef o FAFTRY DB FPERF 2L IR
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TR T 2L Efy (PR ER) - Hilletal (1989) A% & 5 157 2 4 EFL =
TETAFAR I ANSBER FASFTI TG B3 O - APy
ERBEFET VAP EF A RES R T RFLENIE R R

R Ee s T LK

r 2k
(=) - ATHEE

AEF R E G TER ARG - AT IHME G 145 2 4~ EFL > ¥ Shimose et
al. (2015) B 7 B3t AT E (162 24 EFL ) a7 17 24 EFL > ¥ &t
REFIGHRAFERIF > AT S 0.58~133 % » #E& 5 115~ 172 =~ » EFL ;
Shimoseetal. ( 2015) % 0.07~0.92 #%& - %8 & 5 7.47 ~162.22 = &~ EFL > § 4 » *
FrRrhriifad S LF 07 AT AP ER- A gET 74

2o

g ¢k 5> Skillmanand Yong (1976) ™R EHF B 2 3 3h - R Tiovpeal L 4w i
65 % 61 =~ EFL > Chen (2001) 4* & #k i 3+ - f-Tioepie g £ » w5 111 2 112
2/ EFL - Suetal (2016) m A8 E A7 & 2 o3t — - Tiovpieqd & » B 5 99 2 105 =
A EFLofpt Fif - ATIOME G EVY UFREENE < VR RFIZHERER
AATE A PN E ST B A B B ER A AR LAY €T LB ER
Mg ARG FEL c AT HFEL Sl 2R Tk A & Shimose et al.

(2015) fad t 0.7 R fs e A2 B> T L fi S & 4 T2 A p 2 — AT R
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Bt B R TR R AW R R EL R ALY RE

(z ) Two—stanza = & d 4

RATE A R4 G S E Bcdh 2 Two—stanza & £ A 5 A7 rpzen] b1 K
r1ts 5 B Egehec % > Shimose etal. (2015) & A i@ * Two—stanza = & #-3) > feo g
2P G AR Om e (REH 112 12) o ¢ > 45 Sunetal (2009) B3+ Tixg
A Azt d b 1S A E A ) L 157.8 40 131 & A EFL > Fduplepse & £ 4% &

P IRBH H ESE Y RA LRSS - Ko

WAL g AE S R A S S L NEE RN 4 H A (monotonically ) i d fichE

B RA o RTHEIEAFOI LA TR AR G Y DR BEAR
ok 3 P Agee ¥ enI % (Hearn and Polacheck, 2002; Eveson and Million, 2008;

Evesonetal,2015) =& % ZAFI 03 3 BIFEOFEAN > FA L F A
WERPFARE > 2L 5w AR PR ESH A BRI RV E - RA 0 AR R
FERA A SN HAEE 0 2 A HEFREST N PR LG PR
(Hearn and Polacheck, 2002 ) - 3 #>* Gompertz = & #-3] (Gompertz, 1825) # *
kB 2 d 4+ £ 483 (Princeetal, 1991) - Schnute = & #-3| ¥ & T AL H K 2
BAB] 2 S 2R REFTEEHE (Newmanetal, 2012; Dono et al., 2015) > ##
TR PRECAlE 2 peE o 00— B Two—stanza & & #-3] % & A 0] 0 SR
Two—stanza = & #-3] ¢ Gompertz = & #-3] it j FERE2 R EEREEE
Schnute = £ #-4) % iyt ? B#2 4 & £ : EBREARR > ¥ AR R R B

von Bertalanffy = & #-3] i (AIC#ciE# | ) > ¥ X5 & von Bertalanffy = & #3

35
doi:10.6342/NTU201803604



S4Bt TRORME SRR AT o T AT Rk Two—stanza & £ B K s b & T
ERAEAL S E N RE L B 4 ERA R AN ER S EET L AR

P SIS 4

PG B2 A hd bGP R L B ARSI T 2R
A 3053 114 (Ortizetal, 2003) - Shimoseetal. (2015) 3t = TixE2 4
FBAVEA R AR E# L 195K (MK F 270 24 EFL) (W= k& B4 &£ #2424F 10
) A AL TS5K (BE 5 186 24 EFL) - # iz Wilsonetal. (1991) &
SRR ST MEMRE (MR d i Ab s B85 212 174 > H4E 5 213
% 207 =~ EFL) - Andrewsetal. (2017) ] * § = % /3% - 48 £ 335 24 EFL
PRAE A AR 2 R R kREE EE O R RHESLS 204 S PR E
7ol - @AYyt RFEAFER - BHE G 204 & 4 EFL szt
Sl e AT I ARROT R wpse bR AR #5115 105K Hagk
250 2 208 2 A EFL o 5 F i st giis v 24 3 > Wilsonetal. (1991) F B 22 & % & £«
AERDGTEETAPEF R ATRL THIAEAEZ AT REE- H K
3o bldegk* Andrewsetal. (2017) = 227 { 5 X AR A A chE skE (£
WEZEA RS ) St AP L 35 2R E A A (sexual dimorphism) ik

Py FEAZE o brE s TR FA R EEREE Mo

Skillman and Yong (1976) & epie g Los %] 5 491 2 282 = &2 EFL > Chen
(2001) fp3tepzed Los 422 2 333 o4 EFL > Shimoseetal. (2015) L. = 264 %
186 =~ EFL > Suetal. (2016) Lo 313 2 233 =4 EFL > 4 7 & %t von
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Bertalanffy = £ #-7] 7 3*#g22 4 Lo 5 200 ~ 203 = 4 EFL ¥ 162 ~ 167 = » EFL (™
HEME —F# T2 B35 55 01K) > Two—stanza = & 3] % A 2 & %3 Lo
ezt B TIHME G E (L) 5 248~252 = &~ EFL ¥ 200 ~208 =~ EFL
(M ERE - $ TR 53R E55M) Lot E € 2 5~ BPHE T AT
P w A ER SR 20 h B LRI 5 405 24 EFL > % s 4 234 2 4
EFL (Hilletal, 1989) (v ]t Ay it d b~ BpE 245 24 EFL) 5 @ >
Shimose et al. (2015) 4p 41 Hill et al. (1989) B < vpa p|HEE 405 =>4~ EFL (> &
2 TA8 27 ) T A BLEMEE LM G Ft A g xifﬂhm’ipﬁévlﬁ ¢ 45
2R E 4 RE <3t 340 2 » EFL —‘F;ﬁéé ﬁr") (&~ giplt8 £ 340 =~ » EFL » Kume
and Joseph, 1969 ; 334 > 4~ EFL - Prince et al., 1991 ; 342 = » EFL - Prager et al.,
1995 ; 326 = 4~ EFL > Ortega-Garch et al., 2006) o gt #b > kg p * fr of & 49 /4 & 48
Ll S TERAEALREERAME L 200 04 EFL > 224 5 160 o &

EFL > ¥ d f8 £ <2+ 300 = 4 EFL % 22 g $8 & < % 250 = » EFL —‘F%ﬁéé ﬁr"/‘ (ljima
and Shiozaki, 2016 ) - ~#* 3 Two—stanza = & #-3| 2 ¥ d B~ T3 L (L) B3t
B i 252 24 EFL > 5 B~ B BRI TR 335 & 4 EFL 2 76% ; 22 4 &~ T 198
L3 EL 208 >4 EFLE S~ 2 BB T 208 >4 EFL - R > 2 5 *AF7 7 22
AoB~ BLPIREE 245 2> EFL 2. 85% o pt vk o dpit it p Afmat BA) RERE >

S ¥ed 300 2 A EFL 2 84% 0 % 22 4 250 2 & EFL 2 84% -

e AFT AR R M I TEZ AL ESE L2 R ES
TR EL L BATH (NGB ETE 3R BEE TR AES E
# = £ #cdy 0 Shimoseetal. (2015) fa 4 B 7% p # TR & < A1 & A A fRE #F L >
% Andrewsetal. (2017) < Alppd S g & & F > Ft 2 By it s TE 2 PR

fad (B A5 747 2~ EFL #85 007 & ) 1 <A1 4 (paewld S A :
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335 2 EFL 2 208 =~ EFL > ## 5 204 2 105 % ) = &= & 42 0 7]

F b 23 5 1
P BRI — &R TR

v Pl\.&:—" .

EMd RG22 T X2 A B A EEHAL A 5 Two—

stanza = & {32 ppar g Bk T30R K Gt E (L) % £32 > & & % von Bertalanffy

FERAL LR 5K

(e ) FEMEBREPIRE 2 2 £ A R

AET G AT A R E — E TR A R ML — E R TR AL R

5% 2% 4017 ; Shimoseetal. (2015) Rl R P iE s e FRAE X EHY LS LR
SO RGHEARKAR) RBHRE BEERSLLOBH FEWME —ERTF

FRIT 28 O B GEL « AP S LW ETREATY BARTH - 2154k
PREFH D ar AR FUpA T P SRR A5 A R
PR LR A AR RERA 0 KA LR E REFL R 5]

PINE A ZRFE B EME 2 R KR A B B3 R A A o 2t b > Campana

(1990) 4y MBe R KHER 5 # % > dok 2§ Bm2f e &2 F o B¢ R EL A

i

RS FSL AP Bl o AT ERET RAH BRI E —E8 TR A

B A AT

(1) F@&i & #07)
D AIRRIEE R R

(“7[7 ')L‘KAQ\ lﬁrgﬁ_ﬁ{k{é:p g‘b fr) Py El]gz%ﬁ_".‘ql X, =
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EOIRE I B SRR S L nvf\?é&&g—ixﬁ%ﬂ&aAN@;L“*% rET A R

AR R SRR E 2T 0 APERSE 4R AT 5 Hatch and Jiao

(2016) # 3 2 WK el X 9 75 4 (Cynoscion regalis) ~ 4% JL#E 0255 % 5

o B A Y R A MR A S R A { s e Rk Sl

WERF TR RS R SR SR RGP R Bl 2 R

AFERA TR AL mIPFPRIS LA G ER LT IFL T RFS

WA TR Al (5)4e ¢ Stock Syntheis 3; Methot and Wetzel, 2013 ) ﬁi%] » gy 0 T

Pl ERATREY M AFTERREFYZ T ZRGT I TEZAELOSE -

I-~%H

THEHATELAFAARS S LT ZPRG 1T R 0 (1)
BE&4 4~ p ~ (Shimoseetal, 2015) ~ 2 % ® (Andrewsetal, 2017) F# » 2= =
Tl RESTER AR AR SRR (2) NA PR MARESLEITERELE
A (3) ML SRR R M EG e A R Sl it L
(4) 41* Two—stanza = & #-73] » % if & % ¢ & % von Bertalanffy = £ #-4] i# » {
FHAEZAFL LR A BEAT 2 LA  SRM X T HF W2 R
wAE LR ¢ (ISC) # 4 1 iv ] = (Billfish Working Group ) Js# * 287 7 & 5% &
TR 2 TERABEAFTRFTGENF L 2P Sl N ET RS Bl o )

FIZERREFT AT 20 %

39
doi:10.6342/NTU201803604



&~;%¢ﬁ

Akaike, H. 1973. Information theory and an extension of the maximum likelihood
principle. In: Proceedings of the 2nd International Symposium on Information Theory.

Tsahkadsor, Armenia, USSR, September 2-8, 1971, 267-281.

Andrews, A. H., Humphreys, R. L., and Sampaga, J. D. 2017. Blue marlin (Makaira
nigricans) longevity estimates confirmed with bomb radiocarbon dating. Can. J. Fish.

Aquat. Sci. 75, 17-25.

Asia-Pacific Data-Research Center. 2019. Retrieved from

http://apdrc.soest.hawaii.edu/las/v6/dataset (2019-7-15)

Beamish, R. J., and Fournier, D. A. 1981. A Method for Comparing the Precision of a Set

of Age Determinations. Can. J. Fish. Aquat. Sci. 38, 982-983.

Buonaccorsi, V. P., McDowell, J. R., and Graves, J. E. 2001. Reconciling patterns of inter-
ocean molecular variance from four classes of molecular markers in blue marlin

(Makaira nigricans). Mol. Ecol. 10, 1179-1196.

Campana, S. E., and Neilson, J. D. 1985. Microstructure of fish otoliths. Can. J. Fish.

Aquat. Sci. 42, 1014-1032.

Campana, S. E. 1990. How reliable are growth back-calculations based on otoliths? Can. J.

Fish. Aquat. Sci. 47, 2219-2227.

Campana, S. E. 2001. Accuracy, precision and quality control in age determination,
including a review of the use and abuse of age validation methods. J. Fish Biol. 59,

197-242.
40

doi:10.6342/NTU201803604



Carlisle, A. B., Kochevar, R. E., Arostegui, M. C., Ganong, J. E., Castleton, M.,
Schratwieser, J., and Block, B. A. 2017. Influence of temperature and oxygen on the
distribution of blue marlin (Makaira nigricans) in the Central Pacific. Fish. Oceanogr.

26(1), 34-48.

Casslman, J. M. 1983. Summary of round table discussions on age validation. U.S. Dep.

Commer., NOAA Tech. Rep. NMFS 8, 35-44.

Chen, B. C. 2001. Age and growth of the blue marlin, Makaira mazara, in the western
Pacific Ocean. Master’s thesis, National Taiwan University., Taipei, Taiwan, pp. 76.

(In Chinese)

Chen, K. S., Shimose, T., Tanabe, T., Chen, C. Y., and Hsu, C. C. 2012. Age and growth of

albacore Thunnus alalunga in the North Pacific Ocean. J. Fish Biol. 80, 2328-2344.

Cheng, C. C. 2018. Population dynamics of adult Pacific Bluefin tuna (Thunnus orientalis)
in the northwestern Pacific spawning grounds. Master’s thesis, National Taiwan

University, Taipei, Taiwan, pp. 86. (In Chinese)

Chiang, W. C., Sun, C. L., and Yeh, S. Z. 2004. Age and growth of sailfish (Istiophorus

platypterus) in waters off eastern Taiwan. Fish. Bull. 102(2), 251-263.

Collette, B. B., McDowell, J. R., and Graves, J. E. 2006. Phylogeny of Recent billfishes

(Xiphioidei). Bull. Mar. Sci. 79(3), 455-468.

Cope, J. M., and Punt, A. E. 2007. Admitting ageing error when fitting growth curves: an
example using the von Bertalanffy growth function with random effects. Can. J. Fish.

Aquat. Sci. 64, 205-218.

41
doi:10.6342/NTU201803604



Dai, C. Y. 2002. Estimates of age, growth and mortality of blue marlin, Makaira mazara, in
the western Pacific using the length-based MULTIFAN methods. Master’s thesis,

National Taiwan University, Taipei, Taiwan, pp. 80. (In Chinese)

Davie, P. S., and Hall, 1. 1990. Potential of dorsal and anal spines and otoliths for assessing
age structure of the recreational catch of striped marlin. In: Planning the future of
billfishes, research and management in the 90s and beyond. 2" International Billfish

Symposium. Kailua-Kona, Hawai, August 1-5, 1988. Mar. Rec. Fish. 13(2), 287-294.

DeMartini, E. E., Uchiyama, J. H., Humphreys, R. L., Sampaga, J. D., and Williams, H. A.
2007. Age and growth of swordfish (Xiphias gladius) caught by the Hawaii-based

pelagic longline fishery. Fish. Bull. 105, 356-367.

Dono, F., Montealegre, Q. S., Domingo, A., and Kinas, P. G. 2015. Bayesian age and
growth analysis of the shortfin mako shark Isurus oxyrinchus in the Western South

Atlantic Ocean using a flexible model. Environ. Biol. Fish. 98, 517-533.

Dortel, E., Massiot-Granier, F., Rivot, E., Million, J., Hallier, J. P., Morize, E., Munaron, J.
M., Bousquet, N., and Chassot, E. 2013. Accounting for Age Uncertainty in Growth
Modeling, the Case Study of Yellowfin Tuna (Thunnus albacares) of the Indian

Ocean. PLoS ONE 8(4), e60886, 1-12.

Drew, K., Die, D. J., and Arocha, F. 2006. Current efforts to develop an age and growth
model of blue marlin (Makaira nigricans) and white marlin (Tetrapturus albidus).

Col. Vol. Sci. Pap. ICCAT 59(1), 274-281.

Ehrhardt, N. M. 1992. Age and growth of swordfish, Xiphias gladius, in the northwestern

Atlantic. Bull. Mar. Sci. 50(2), 292-301.

42
doi:10.6342/NTU201803604



Ehrhardt, N. M., Robbins, R. J., and Arocha, F. 1996. Age validation and growth of
swordfish, Xiphias gladius, in the northwest Atlantic. Col. VVol. Sci. Pap. ICCAT

45(2), 358-367.

Eveson, J. P., and Million, J. 2008. Estimation of growth parameters for yellowfin, bigeye

and skipjack tuna using tag-recapture data. IOTC-2008-WPTDA-07, pp. 33.

Eveson, J. P., Million, J., Sardenne, F., and Le Croizier, G. 2015. Estimating growth of
tropical tunas in the Indian Ocean using tag-recapture data and otolith-based age

estimates. Fish. Res. 163, 58-68.

Farley, J. H., Clear, N. P., Leory, B., Davis, T. L. O., and McPherson, G. 2006. Age,
growth and preliminary estimates of maturity of bigeye tuna, Thunnus obesus, in the

Australian region. Mar. Freshw. Res. 57, 713-724.

Francis, R. I. C. C. 1990. Back-calculation of fish length: a critical review. J. Fish Biol. 36,

883-902.

Gelman, A., and Rubin, D. 1992. Inference from iterative simulation using multiple

sequences. Stat. Sci. 7, 457-472.

Gompertz, B. 1825. On the nature of the function expressive of the law of human mortality,
and on a new mode of determining the value of life contingencies. Philos. Trans. R.

Soc. Lond. 115, 513-583.

Graves, J. E., and McDowell, J. R. 1995. Inter-ocean genetic divergence of Istiophorid

billfishes. Mar. Bio. 122, 193-203.

Hatch, J., and Jiao, Y. 2016. A comparison between traditional and measurement-error

growth models for weakfish Cynoscion regalis. PeerJ 4:€2431, 1-18.

43
doi:10.6342/NTU201803604



Hearn, W. S., and Polacheck, T. 2002. Estimating long-term growth-rate changes of
southern Bluefin tuna (Thunnus maccoyii) from two periods of tag-return data. Fish.

Bull. 101, 58-74.

Heidelberger, P., and Welch, P. D. 1983. Simulation run length control in the presence of

an initial transient. Oper. Res. vol. 31(6), 1109-1144.

Hill, K. T., Cailliet, G. M., and Radtke, R. L. 1989. A comparative analysis of growth
zones in four calcified structures of Pacific blue marlin, Makaim nigricans. Fish. Bull.

87, 829-843.

Hoolihan, J. P. 2006. Age and growth of Indo-Pacific sailfish, Istiophorus platypterus, from

the Arabian Gulf. Fish. Res. 78, 218-226.

Hsu, W. S. 2010. Age and growth of striped marlin (Kajikia audax) in waters off Taiwan.

Master’s thesis, National Taiwan University, Taipei, Taiwan, pp. 82. (In Chinese)

Hyde, J. R., Lynn, E., Humphreys, R., Musyl, M., West, A. P., and Vetter, R. 2005.
Shipboard identification of fish eggs and larvae by multiplex PCR, and description of
fertilized eggs of blue marlin, shortbill spearfish, and wahoo. Mar. Ecol. Prog. Ser.

286, 269-2717.

ljima, H., and Shiozaki, K. 2016. Japanese catch statistics of the Pacific blue marlin

(Makaira nigricans): Update for a stock assessment. ISC/16/BILLWG-1/02, pp. 12.

ISC. 2016. Stock assessment update for blue marlin (Makaira nigricans) in the Pacific
Ocean through 2014. Report of the Billfish Working Group Workshop. Sapporo,

Japan, July 13-18, 2016, pp. 91.

44
doi:10.6342/NTU201803604



Kopf, R. K., Pepperell, J. G., and Davie, P. S. 2009. A preliminary report on age, growth,
and reproductive dynamics of striped marlin (Kajikia audax) in the southwest Pacific

Ocean. WCPFC-SC5/BI-WP-01, pp. 37.

Kopf, R. K., Drew, K., and Humphreys, R. L. 2010. Age estimation of billfishes (Kajikia
spp.) using fin spine cross-sections: the need for an international code of practice.

Aquat. Living Resour. 23, 13-23.

Kopf, R. K., Davie, P. S., Bromhead, D., and Pepperell, J. G. 2011. Age and growth of
striped marlin (Kajikia audax) in the Southwest Pacific Ocean. ICES J. Mar. Sci.

68(9), 1884-1895.

Kume, S., and Joseph, J. 1969. Size composition and sexual maturity of billfish caught by
the Japanese longline fishery in the Pacific Ocean east of 130°W. Bull. Far Seas Fish.

Res. Lab. 2, 115-162.

Lin, H. L. 2003. Age and growth study of the young swordfish (Xiphias gladius) in Taiwan
waters using otoliths. Master’s thesis, National Taiwan University, Taipei, Taiwan, pp.

67. (In Chinese)

Megalofonou, P., Dean, J. M., De Metrio, G., Wilson, C., and Berkeley, S. 1995. Age and
growth of juvenile swordfish, Xiphias gladius Linnaeus, from the Mediterranean Sea.

J. Exp. Mar. Biol. Ecol. 188, 79-88.

Methot, R. D., and Wetzel, C. R. 2013. Stock synthesis: a biological and statistical

framework for fish stock assessment and fishery management. Fish. Res. 142, 86-99.

45
doi:10.6342/NTU201803604



Molony, B. 2008. Fisheries biology and ecology of highly migratory species that
commonly interact with industrialised longline and purse-seine fisheries in the western

and central Pacific. WCPFC-SC4-2008/EB-IP-6, pp. 228.

Morize, E., Munaron, J. M., Hallier, J. P., and Million, J. 2008. Premilinary growth studies
of yellowfin and bigeye tuna (Thunnus albacares and T. obesus) in the Indian Ocean

by otolith analysis. I0OTC-2008-WPTT-30, pp. 13.

Nakamura, I. 1985. Billfishes of the world. An annotated and illustrated catalogue of
marlins, sailfishes, spearfishes and swordfishes known to date. FAO Fish. Syn. 125, 5,

pp. 65.

Newman, S. J., Mackie, M. C., and Lewis, P. D. 2012. Age-based demography and relative
fisheries productivity of Spanish mackerel, Scomberomorus commerson (Lacepede) in

Western Australia. Fish. Res. 129-130, 46-60.

Ortega-Garch, S., Klett-Traulsen, A., and Rodriguez-Sanchez, R. 2006. Some biological
aspects of blue marlin (Makaira nigricans) in the recreational fishery at Cabo San

Lucas, Baja California Sur, Mexico. Bull. Mar. Sci. 79, 739-746.

Ortiz, M., Prince, E. D., Serafy, J. E., Holts, D. B., Davy, K. B., Pepperell, J. G., Lowry,
M., and Holdsworth, J. C. 2003. Global overview of the major constituent-based

billfish tagging programs and their results since 1954. Mar. Freshw. Res. 54, 489-507.

Prager, M. H., Prince, E. D., and Lee, D. W. 1995. Empirical length and weight conversion
equations for blue marlin, white marlin, and sailfish from the North Atlantic Ocean.

Bull. Mar. Sci. 56(1), 201-210.

46
doi:10.6342/NTU201803604



Prince, E. D., Lee, D. W., Wilson, C. A., and Dean, J. M. 1984. Progress in estimating age
of blue marlin, Makaira nigricans, and white marlin, Tetrapturus albidus, from the
western Atlantic Ocean, Caribbean sea, and Gulf of Mexico. Col. VVol. Sci. Pap.

ICCAT 20, 435-447.

Prince, E., Lee, D., and Conser, R. 1987. Estimating age and growth rate of Atlantic blue
marlin (Makaira nigricans): progress and future work plan. Col. Vol. Sci. Pap. ICCAT

26, 426-435.

Prince, E. D., Lee, D. W., and Brothers, E. B. 1991. Estimating age and growth of young
Atlantic blue marlin Makaira nigricans from otolith microstructure. Fish. Bull. 8, 441-

459.

Punt, A. E., Smith, D. C., KrusicGolub, K., and Robertson, S. 2008. Quantifying age-
reading error for use in fisheries stock assessments, with application to species in
Australia’s southern and eastern scalefish and shark fishery. Can. J. Fish. Aquat. Sci.

65, 1991-2005.

R Core Team. 2018. R: A language and Environment for statistical computing. R
foundation for statistical computing, Vienna, Australia. ISBN 3-900051-07-0, URL.:

http://www.r-project.org/ (2019-7-15)

Radtke, R. L., Collins, M., and Dean, J. M. 1982. Morphology of the otoliths of the Atlantic
blue marlin (Makaira nigricans) and their possible use in age estimation. Bull. Mar.

Sci. 32(2), 498-503.

Richards, L. J., Schnute, J. T., Kronlund, A. R., and Beamish, R. J. 1992. Statistical models

for the analysis of ageing error. Can. J. Fish. Aquat. Sci. 49, 1801-1815.

47
doi:10.6342/NTU201803604



Schneider, C. A., Rasband, W. S., Eliceiri, K. W. 2012. “NIH Image to ImagelJ: 25 years of

image analysis”. Nature Methods 9, 671-675. (This article is available online)

Schnute, J., and Fournier, D. 1980. A new approach to length-frequency analysis: growth

structure. Can. J. Fish. Aquat. Sci. 37(9), 1337-1351.

Shimose, T., Fujita, M., Yokawa, K., Saito, H., and Tachihara, K. 2009. Reproductive
biology of blue marlin Makaira nigricans around Yonaguni Island, southwestern

Japan. Fish. Sci. 75, 109-119.

Shimose, T., Yokawa, K., Saito, H., and Tachihara, K. 2012. Sexual difference in the
migration pattern of blue marlin, Makaira nigricans, related to spawning and feeding
activities in the western and central North Pacific Ocean. Bull. Mar. Sci. 88(2), 231-

250.

Shimose, T., Yokawa, K., and Tachihara, K. 2015. Age determination and growth
estimation from otolith micro-increments and fin spine sections of blue marlin

(Makaira nigricans) in the western North Pacific. Mar. Freshw. Res. 66, 1116-1127.

Skillman, R. A., and Yong, M. Y. Y. 1976. VVon Bertalanffy growth curves for striped
marlin, Tetrapturus audax, and blue marlin, Makaira nigricans, in the central North

Pacific Ocean. Fish. Bull. 74, 553-567.

Sokal, R. R., and Rohlf, F. J. 1981. Biometry. 2" ed. W. H. Freeman and Co., New York,

USA, pp. 859.

Speare, P. 2003. Age and growth of black marlin, Makaira indica, in east coast Australian

waters. Mar. Freshw. Res. 54(4), 307-314.

48
doi:10.6342/NTU201803604



Spiegelhalter, D. J., Best, N. G., Carlin, B. R., and van der Linde, A. 2002. Bayesian

measures of model complexity and fit. J. R. Stat. Soc. B. 64, 583-616.

Spurr, A. R. 1969. A low-viscosity epoxy resin embedding medium for electron

microscopy. J. Ultrastruct. Res. 26(1), 31-43.

Su, N. J.,, Sun, C. L., Tai, C. Y., and Yeh, S. Z. 2016. Length-based estimated of growth
and natural mortality for blue marlin (Makaira nigricans) in the northwest Pacific

Ocean. J. Mar. Sci. Technol. 24(2), 370-378.

Sun, C. L., Wang, S. P., and Yeh, S. Z. 2002. Age and growth of the swordfish (Xiphias
gladius Linnaeus) in the waters around Taiwan determined form anal-fin rays. Fish.

Bull. 100(4), 822-835.

Sun, C. L., Chang, Y. J., Tszeng, C. C., Yeh, S. Z., and Su, N. Y. 2009. Reproductive
biology of blue marlin (Makaira nigricans) in the western Pacific Ocean. Fish. Bull.

107, 420-432.

Tanaka, K., Mugiya, Y., and Yamada, J. 1981. Effects of photoperiod and feeding on daily

growth-patterns in otoliths of juvenile Tilapia nilotica. Fish. Bull. 79(3), 459-466.

Von Bertalanffy, L. 1938. A quantitative theory of organic growth (inquires on growth

laws. 1I). Hum. Biol. 10(2), 181-213.

Wilson, C. A., and Dean, J. M. 1983. The potential use of sagittae for estimating age of
Atlantic swordfish, Xiphias gladius. U. S. Dep. Commer., NOAA Tech. Rep. NMFS

8, 151-156.

49
doi:10.6342/NTU201803604



Wilson, C. A., Dean, J. M., Prince, E. D., and Lee, D. W. 1991. An examination of sexual
dimorphism in Atlantic and Pacific blue marlin using body weight, sagittae weight,
and age estimates. J. Exp. Mar. Biol. Eco. 151, 209-225.

TRl ¥ 2 B € FF 219712014 ¢ AR o B F R FREH o B &
el

T RAETHE 2019 o R T S 0% > B~{F p http://fishdb.sinica.edu.tw (2019-7-15)

50
doi:10.6342/NTU201803604


http://fishdb.sinica.edu.tw/

% 1-1971 3 2014 # S0 E S T E2 AE 2 b £ 5 hE R T4 o Distant water

longline % i& /¥ % 49 ; Offshore longline 3 iT:% 2 & 49 ; Offshore others % itis H i

0z (& 2 1% ) ; Coastalothers 2 i gl H s jhi2 (& 248784 ~ T8 %~ Tl - uf
BE) o pEEHZLZ ¢ (tons) 0 547 500 27 o (31% p a2 LR
¢ if %% > 1971-2014)

Year  Distant water longline Offshore longline Offshore others Coastal others Total
1971 104 1331 131 473 2039
1972 203 1205 64 490 1962
1973 225 1650 277 275 2427
1974 161 2139 152 359 2811
1975 148 2628 210 421 3407
1976 176 1291 171 511 2149
1977 145 1175 121 3901 1832
1978 63 1633 22 365 2083
1979 422 1626 183 365 2596
1980 490 1134 205 444 2273
1981 463 1813 104 314 2694
1982 304 2129 127 306 2866
1983 272 2121 153 741 3287
1984 382 1789 133 960 3264
1985 212 1187 54 756 2209
1986 184 1723 197 843 2947
1987 198 4617 10 986 5811
1988 320 2822 597 678 4417
1989 445 2644 21 652 3762
1990 437 1730 167 430 2764
1991 720 2152 200 344 3416
1992 122 3771 144 465 4502
1993 449 3876 119 448 4892
1994 603 3007 37 218 3865
1995 326 3820 38 913 5097
1996 187 3298 43 283 3813
1997 104 3625 44 241 4014
1998 209 3603 58 101 3971
1999 131 3362 30 160 3683
2000 114 7737 42 210 8103
2001 585 8726 56 248 9615
2002 495 8685 58 56 9294
2003 1207 7577 93 90 8967
2004 1456 6420 89 63 8028
2005 1506 7403 71 66 9046
2006 1678 5751 0 57 7486
2007 1271 5121 6 34 6432
2008 910 5481 2 40 6433
2009 1338 4756 4 27 6125
2010 1490 5694 5 43 7232
2011 1331 5065 11 36 6443
2012 1284 4898 1 41 6224
2013 1055 5607 0 24 6686
2014 1225 5662 5 139 7031
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2~ ¥ B84 L < @ 5 von Bertalanffy = & 53] (a) # Two—stanza = & 7]

(b) 2 S BA P I A FRLE VPR LRLARTEAF -

(a)
Parameters ~ Description (Unit) Prior
L, Asymptotic length (cm) L.~ U(30, 500)
K Brody growth rate coefficient (year) K~U(0.01, 4)
t, Theoretical age at length is zero (year) 0
t True age (year) t~U(0, 50)
o; Observation error variance of length (cm) UJLZ ~ Gamma (2, 0.45)
o’ Observation error variance of age (year) l/gjz ~ Gamma (2, 0.45)
(b)
Parameters  Description (Unit) Prior
B Gompertz growth parameter 1 b~ U (50, 300)
i Gompertz growth parameter 2 £~ U (0, 30)
B Gompertz growth parameter 3 b~ U(1, 30)
a Schnute curve parameter a~ U(0,10)
L, Length-at-age 7, (cm) L,~ U(0, 1000)
t True age (year) t~U(0, 50)
c, Observation error variance of length (cm) 1/%2 ~ Gamma (2, 0.45)
o

Observation error variance of age (year)

1/ >~ Gamma (2, 0.45)
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23 2 AEACEA RN L B R LT R Y c Bk A G TI0E (mm) ~HREL o R EkE LR ARK -V FET

RN N

n Age 1 2 3 4 5 6 7 8 9 10
class
5.67.0.60
17 1 an
520,028 6.69,0.46

%6 2 (53) (96)
6 ; 519,030 6.73.0.34 8.04,031

(25) (69) (76)
3 . 502,025 6.75,028 829,034 8.76,0.34

(10) (29 (30) (36)
- 5 485,026 6.71,030 827.028 8.82.039 938, 035

(7N (16) (19) (21 (29
< 5 529.-  6.80.025 8.10.0.64 896,050 9.52.0.30 10.14.0.13

(1) (3) 4 (6) (6) (8
5 ; 636.- 7.65.0.67 866,029 927.- 992.0.48 10.60,0.32

(1) 03] 2 (D 3) (3)
o o 6.72.- 835.0.10 878,033 9.48.0.18 10.24.0.14 11.06,0.31 11.34,0.45
(1) (%) (3) (5) (3) (5) %)
| 0 ] ] ] 9.08, - ] 9.85, - ] 11.13,-  11.94.-
(D )] (D (D
5 0 ] ] 812.-  10.18.- 1093,- 11.84.- ] 10.77. - ] 12.78.0.16
€9) €Y) €)) €)) €)) (@)

- qum 323040 671,039 813,034 882,040 944,039 10.21,0.50 10.89,037 1127,044 11.94,- 1278,0.16

(113) (215) (137) (70) (42) (16) (8) (11) (1) @)
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ARG h ERN L Efp2 LAY B RA L THE (mm) ~REL S PR L RAE -V SR

Foon i AHco

n Age 1 2 3 4 5 6 7 8 9 10
class
5.00, 0.23
38 1 38)
5.10, 0.22 5.73. 0.20

s 2 1) (72)
5 5 513,031 5.82.0.28 6.29, 0.26

(26) (29) (50)
2 . 522,034 5.87.0.23 6.47,0.26 7.00,0.24

(12) (21) (23) (29)
. S 5.35,0.18 6.85.0.21 7.20,0.15 7.72. 0.10

3) 3) “4) (®)
. s 517,042 628, -  6.16,- 7.43.0.03 7.50,0.30 7.96.0.23

(2) 1) €Y) 2) 4 (6)
5 ; 6.61,- 7.37.0.09 7.66,0.36 8.10,0.09 8.43.0.16

€Y) (2) (3) (2 A3)
834,- 879, -
1 8 - - - - - > >
€)) (1)
- g - - - - - - - - -
9.83,-  10.33. -
1 10 - - - - - - - - ’ :
Y] 9]

S0 qup  3-10-0.26 5.78,023 637,0.29 7.06,0.26 7.65.0.23 7.99,0.20 8.41,0.14 879,-  9.83,- 1033,-

(132) (123) (78) (37 (15) ®) (€)) ) €Y) )
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25 2 A E g rpse i R F % LS (Rwg) BREEE R

(W) BBiad or? 2 -2 th#ic: nstidico

E
™

(EFL,cm) 2 > &

Relationship Equation r n
Ry and EFL
Female Ry=0.01* EFL126 0.62 321
Male Ryc=0.01 * EFL!2¢ 0.70 273
Ry and EFL
Female Ry=0.05* EFL —2.18 0.62 321
Male Ry=0.05* EFL —1.92 0.72 273
Rycand W
Female Ryo=1.27* P39 0.66 321
Male Ry =1.08 * po43 0.77 273
Rycand W
Female Ry=0.03* W+5.07 0.66 321
Male Ryi=0.04 * W+ 3.88 0.74 273
55

doi:10.6342/NTU201803604



F 6~ 2 AEApEn L 28T (mean) BB E 2 ¥ L (SD) - “-” ZA&F

B sk

Estimated age Female Male
Mean Mean

(year) m o (EFL cm) P " (EFL.om) P
0.5 - - - 12 140.92 6.23
1 - - - 7 139.21 3.78
15 6 185.62 36.40 26 145.53 8.58
2 11 174.24 14.73 12 147.67 7.74
2.5 42 185.57 10.88 42 155.75 9.48
3 54 188.67 8.90 30 160.14 10.58
3.5 28 200.11 11.04 30 163.36 7.33
4 48 200.44 11.13 20 166.43 10.47
4.5 16 206.73 11.91 20 172.27 9.75
5 20 205.36 11.29 9 179.44 12.28
5.5 9 224.62 25.72 4 178.75 13.94
6 20 213.25 11.70 4 178.5 3.87
6.5 4 221.25 12.39 6 180.83 13.35
7 4 222.25 7.54 - - -
7.5 - - - 2 198.5 2.12
8 3 223 10 1 183 -
8.5 3 228.67 9.07 1 201 -
9 6 244 14.31 - - -
9.5 - - - - - -
10 1 262 - - - -
10.5 - - - 1 208 -
11 2 248.5 2.12 - - -

Total 277 199.60 19.40 227 160.17 15.45
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L7 R LE pupien] s E8T 40 (mean)  EAME 2 REL (SD) o -

B sk

Estimated Female Male
age (year) 7 Mean SD 7 Mean SD
(EFL, cm) (EFL, cm)
1.25 105 158.72 11.59 125 144.85 9.14
2.25 189 179.03 9.85 93 156.69 9.58
3.25 112 198.88 9.66 56 161.53 10.00
4.25 44 21043 13.38 23 171.89 10.89
5.25 30 216.38 15.48 7 176.40 8.13
6.25 13 220.31 11.40 4 181.97 12.55
7.25 7 226.81 13.30 1 19221 -
8.25 4 234.91 11.58 1 197.69 -
9.25 1 260.14 - 1 199.69 -
10.25 1 246.38 - 1 205.05 -
Total 506 186.61 2293 312 155.24 14.31
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ETS

8~ T A E AN EBIME —E R TR S LA FHGIE S BN T
T (SE) - “-” 5 &F 4+ VBGM 5 @& it von Bertalanffy = & #24] ; TSGM 3

Two —stanza = £ #-3] o

VBGM TSGM
Parameters

Female Male Female Male
Lo 203.1 (1.85) 165.6 (1.80)
K 1.43 (0.06) 2.05 (0.10)
o 0() 0()
B1 150.0 (2.05) 143.9 (1.36)
B2 561 (020) 5.82 (0.19)
B> 8.21(0.37)  8.83 (0.35)
n 1() 10)
B 20 (-) 10.5 ()
L 249.1 (7.65) 208.4 (8.18)
a 029 (0.04)  0.09 (0.05)
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il

F 9~ 2 A EApeR B R —ER TR S LA S EKGIEE BN BT
T (SE) - “-” 5 &F 4+ VBGM 5 @& it von Bertalanffy = & #24] ; TSGM 3

Two —stanza = £ #-3] o

VBGM TSGM

Parameters
Female Male Female Male

Ly 200.0 (1.53) 162.0 (1.49)

K 1.32 (0.04) 2.02 (0.08)

0 0(-) 0(-)

Bi 149.7 (1.06)  142.4 (0.92)

B2 5.62 (0.16)  6.06 (0.22)

Bs 8.24 (0.29)  9.31 (0.39)

h 1(-) 1(-)

£ 20 () 10.25 ()

L, 2483 (5.57) 200.9 (8.48)

a 034 (0.03)  0.17 (0.06)
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% 10 ~ = & #74] AIC (akaike’s information criterion) * & - Obs. Z BLP|§ £ — & &

Backcal. 2 i & # £ — & # ; VBGM 3 i# %t von Bertalanffy = £ #-3] ; TSGM 2 Two

—stanza = £ -4 N &tk A#c e

Gender Model n AIC
Obs. VBGM 331 -363.84
Obs. TSGM 331 -760.35
Female
Back cal. VBGM 560 -797.30
Back cal. TSGM 560 -1456.1
Obs. VBGM 247 -238.32
Obs. TSGM 247 -626.64
Male
Back cal. VBGM 363 -457.13
Back cal. TSGM 363 921.18
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F 11~ 2 A EAvpzen Y Rl L2 2 R A Sl E o BN T

# (SE) -“-7” 5 &F 4 ; VBGM 7 i# 5 von Bertalanffy = & #-73] ;

—stanza = £ B4 o

- 1

TSGM = Two

VBGM TSGM
Parameters

Female Male Female Male
Le 202.8 (1.94) 165.8 (1.96)
K 1.44 (0.06) 2.06 (0.11)
fo 0() 0()
p1 149.2 (2.40) 143.8 (1.85)
B2 5.67 (0.24) 5.86 (0.27)
B3 8.36 (0.46) 8.93 (0.49)
n 1() 1()
t 20 (-) 10.5 ()
Ly 149.0 (2.35) 143.6 (1.82)
L 251.8 (9.42) 202.1 (9.13)
a 0.28 (0.04) 0.15 (0.07)
€4 0.13 (0.01) 0.19 (0.01) 0.13 (0.01) 0.19 (0.01)
€L 0.15(0.01) 0.16 (0.01) 0.09 (0.004) 0.09 (0.004)
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% 12~ + B L 2 & £ 7] DIC (deviance information criterion) + & - Obs. %

BRI £ — £ & 5 VBGM i @ % von Bertalanffy = £ #-3] ; TSGM % Two —stanza =

£ 3 -

Gender Model DIC
Obs. VBGM 4140.13
Female
Obs. TSGM 3727.96
Obs. VBGM 311743
Male
Obs. TSGM 2751.68
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Eye fork length (EFL)

Lower jaw fork length (LJFL)

Fork length (FL)

Total length (TL)

B 62 A EatiE £p> % - Eye fork length (EFL) 2P ismEk < £ ; Lower jaw
fork length (LJFL) % T8 k< £ ; Fork length (FL) % &= & ; Total length (TL)

EREE

68
doi:10.6342/NTU201803604



Bl 72 AMA 5 - Fr @iy (a) > SeAE (b) 5 AR ¥ =}
(sectionarea > ¥4 ) EHA RN - & 2. —F R % (condyle width » iz ¢ ) (c) -

69
doi:10.6342/NTU201803604



Sagitta

1mm

.

Lapillus

1mm

Asteriscus

Bl 8~ 2 A A ZHE L3RI A ACET™ ¢ - sagitta = =k 7 (a) ; lapillus % &
Tz (b) ;asteriscus = 24 F (c) o A~ 5 162 o> 4 EFLz2 4. -

70
doi:10.6342/NTU201803604



(a) Core region
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Opaque band
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P~ e
ek 1~ 4877 25 S T EBZAELA R T G p & T A LA (average

percent error, APE ) » % i & ®it p 3 o

Estimated age Precision APE ~ Length Weight Sex Hatching date
(@ =d) (cm, EFL) (kg) (dd mm yyyy)
213 12 115 16 Male 15 May 2015
253 10 135 32 Male 5 July 2016
281 13 138 36 Male 28 January 2016
282 2 138 40 Male 23 June 2016
287 18 139 32 Male 14 June 2016
300 2 140 41 Male 20 May 2016
306 6 152 50 Male 20 February 2016
319 4 144 43 Male 8 March 2016
328 2 143 45 Male 25 December 2015
337 14 134 33 Male 14 April 2016
345 9 140 40 Male 6 April 2016
346 4 150 45 Male 19 March 2016
349 1 137 33 Male 13 April 2016
369 21 153 58 Male 3 December 2015
369 23 146 46 Male 14 February 2016
373 9 144 44 Male 1 November 2015
375 20 140 38 Male 18 March 2016
389 3 172 65 Male 14 December 2015
391 2 151 44 Male 27 November 2015
416 20 148 48 Male 13 December 2015
423 18 138 40 Male 30 January 2016
430 6 133 28 Male 17 January 2016
456 2 156 54 Male 20 November 2015
464 12 151 50 Male 7 September 2015
484 2 150 54 Male 13 September 2015

103

doi:10.6342/NTU201803604





