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2000 FSAZ6 AR ERB -KRARFITHBRE 228 LK FFEHERELY
(Thunnus thynnus) 2B % —H & T X ZRIGIFM %R #TREFR - R4 133 £
BESAAH204~255cm ) RSB R TTUAFIIK - 84 QR ER > B TR8BICHAR °
ENBHBE B —FHR—SATR > #ERRSHFRI A A 8~13# - EXK(FL)
Fod R FRGBKEMGRBRE  BREES L RN AHIREK - UKE BFER
HRBERTELHEFRGRRTRAAS © FL, =366.681x|1- 2% | . g £
BE (FHM) AMAAW, =23508x107 FL*% -

B199 F S 26 AAAGFHBRFERGREHELLEMRERTHIPR - BAG
KAodpsap shBL A et > R KTFH B R ERE L8 (Thunnus thynnus) Z % 584 4
B -RHAERRB TP FEERIRUTEBIZYEMAIATOZO6ATE - Ao
(172-252 cm) B hFHFRER 1 1 BEBELR - AR TRALFHER K
RELSH BERBRIIOFLEERBPOEER BRI EHAGTHRFERRYE (9%
RXKE>190cm) MRt EFHREIOREARMEBESH T LB TS 50% Zan
%) % 208-219 cm Fv 161-194 kg > WA B A PR R/ DA KA 165cm - X 11 H2H K
PP RERNMEERPIH > ERBPHBHPEIKRFL)ZMA L AN - MAHX
% : BF = (4.3952 x10°)FL—7.58 x10” (r* =0.793, p<0.01) - F35a H R ¥ AHE LKL
AR E (295% CI) 4% 89 (+ 18.3) HLbp

BAAEGBEBARARKSHAELEHN » XL Beverton and Holt(1957) A & &
B X B EmwA & F(yield per recruit) sA & E 4 fu A & 97 2% & (spawner per
recruit) > 3t $A b & 5 > 4531 Beverton and Holt(1957) L & Ricker(1954) ¢ 5§ & 7 5% & -
e Bk X (spawner- recruit models)eh &g > #EMBEATHBHEMRK > F2| T4 EE >
MERERKFAEIMHAORAFREATMSY) - FRAFREAL AT AR TE
(Fmsy) ~Fo1 " Foux ¥4 95+ % -

#] B Beverton and Holt B4t v A4 Z FUR F B LEM AL £ F155)89 Fo1 B
# 0.100 & 0.187 2[4 » Frax B ¥ 0.142 £ 0.336 - #] A Ricker & §p2f - o ABEH X 455
4 E Fdhsg 2 4B MSY {EE » 9,483-24,563 A4 > MSY/S B # 6.3%-16.4%2 F -
Fumsy & 0.103-0.322 Fysy/(FmsytM)(B 8 %) & #* 29.2%-56.3% 2 4] °Forash & 0.199-0.629:
Ferast/Fusy & % 1.932-1.953 2 Ffl - #] /| Beverton and Holt & & 67 2% & -fw A B £ B /b4 X,
AL ETHRAFHBAX » MSY % 5,676-11,589 /28 » MSY/So #14 3.8%-7.7%2Z
) o Fmsy & 0.075-0.249 » Fysy/(Fusy*M)(B & %) E# 23.1%-49.9% 2 ] ° Foanr &
0.180-1.025 > Ferast/Fumsy 18 & 7 2.400-4.116 -

&R M > b7 Ricker A& Bevertonand Holt # §i#f E-w ABMA L FHH K -
#) B Ricker & 578 & - ABEH X 45 2 89 MSY & Fusy 1534 ¥ Beverton and Holt # §p2f
F- AR X G o @ Beverton and Holt 4% X #9 Ferash R # % ° #57 Beverton and Holt 4%
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AR HBRAERTORE - ABEAENA LM I A KL EUARBERLETREALY
BRAFREAFTEL WS AL  BHRZIBEAFRLAE TN 5,676-24,563 ¥z F] - B
MAFHEHETETHFEATA7,BT N H BATFAMELEBEHRE HAHE
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Abstract

The investigation of ageing and grwoth parameters and reproductive biology of bluefin
tuna, Thunnus thynnus, from the southwestern North Pacific has been pursued based on scales
and macroscopic and microscopic examination of ovaries and oocytes, respectively. The
scales from 228 fish were sampled as ageing character. Only the scales sampled from 133 fish
ranged from 204 to 255 cm were readable. Under the assumption that one ring formed in each
year, the corresponding age was from 8 to 13 year old. No significant linear relationship was
found between fork length and scale radius. However, the more rings appeared in scale, the

bigger was fish . The von Bertalanffy growth formula was FL, =366.68 lxll — g 70086x(1+0926) ],
derived from the ageing results. The relationship between fork length and gutted weight is
W,=23 508x107° FL*»*

Ovaries were collected from fish caught by longline vessels fishing on the spawning
ground during May and June, 1999. The results are: (1) abundant northern bluefin tuna
occurred in the southeastern waters off Taiwan and northeastern waters off Philippines during
late April and middle June; (2) sex ratio of spawning stock (172-252 cm) was 1:1; (3) the
spawning stock included almost giant fish (99% fish>190 cm), and a few medium fish; (4)
the length and gutted weight of about 50% fish were located at 208-219 cm and 161-194 kg,
respectively; (5) the minimum length of spawning stock found in the landings was 165 cm,; (6)
The batch fecundity was estimated based on 11 ovaries with hydrated oocytes, then a linear
relationship between batch fecundity (BF) and fork length (FL) was derived as: BF =
(4.3952x10°)FL—7.58x107 (* = 0.793, p<0.01); (7) The mean relative batch fecundity

(£95% CI) was 89 ( £18.3) oocytes per gram of gutted weight.
The annual catch of North Pacific bluefin tuna fluctuated between 20 and 30 thousands

metric tons since 1952. In Taiwan, the catch of small-scale longline fisheries increased in
recent years. It was difficult to standardize the fishing efforts since it was a multi-gears fishery.
Meanwhile, we could not get enough fisheries data since we was not the major fishing
countries. The object of this study is to estimate the biological reference points for
conservation of North Pacific bluefin tuna under a data-limited situation.

The aim of this research, which bridge those models included yield per recruit models
and spawner-recruit models, is to estimate the equilibrium production curve of North Pacific
bluefin tuna. Beverton and Holt model (1957) and age-structured model were used to
estimate the yield per recruit and spawner per recruit. Some shape parameters were used to
estimate the Ricker (1954) and Beverton and Holt (1957) spawner-recruit models. Those
biological reference points such as maximum sustainable yield (MSY), fishing mortality for
MSY (Fusy), Fo. and Fn.x were estimated from these models. We also analyzed the
management-related quantities in relative terms (e.g. MSY/So).

Using the Beverton and Holt and age-structured yield per recruit models, we found that
the Fo; and F.x were between 0.100 to 0.187 and 0.142 and 0.336, respectively. In the case
of Ricker Spawner-recruit models, the production curves were symmetric as functions of F.
MSY ranged from 9,483 to 24,563 MT, and the values were about 6.3% to 16.4% of S,.

Fumsy ranged from 0.103 to 0.322. The exploitation rate ranged from 29.2% to 56.3%. The
VII




fishing mortality at collapse (Fcrash) fluctuated between 0.199 and 0.629, and they were about
1.932 to 1.953 times of Fysy. In the case of Beverton and Holt Spawner-recruit models; the
production curves were asymmetric as functions of F.  MSY ranged from 5,676 to 11,589
MT, and the values were around 3.8% to 7.7% of S,. Fusy ranged from 0.075-0.249. The
exploitation rate ranged from 23.1% to 49.9%. The fishing mortality at collapse (Fcrash)
fluctuated between 0.180 and 1.025, and they were about 2.400 to 4.116 times of Fusy.

It showed that MSY and Fusy would be higher in Ricker models than in Beverton and
Holt model. And the Fers of Beverton and Holt model was higher because of the stability of
Beverton and Holt model. The MSY and other biological reference points were estimated
only by growth parameters and unexploited spawning stock biomass. The recommended
maximum sustainable yield ranged from 5,676 to 24,563 metric tons. The average annual
catch for the last 10 years was 17,937 MT. It seemed the resource was under reasonable
utilization in the status quo. But it noticed that the catch of these two years were increased.
Since the parameters used in this models were limited, it is important to clarify the
stock-recruit relationship and related biological parameters for the sensitivity of uncertainty.

Keywords: Pacific Bluefin tuna, Age, Growth, reproductive biology, hydrated oocyte, batch
fecundity, Ricker stock recruitment model; Beverton and Holt stock recruitment model, Yield
per recruit model, Age structured model; Biological reference points, Maximum sustainable

yield; Production curve
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1. &%
INNE-X -1

2 # (Bluefin tuna, Thunnus sp.) % & (Scombridae)#} > # & (Thunnus) - # a0k > &
FHILFRE HERE v Mdga F_FHEINE—F4 —KRAXBEY
2002y Btk AMRA3ILAS  REREACTINT  RHBBMTEAH
— #&(Collette and Nauen, 1983) - 2 #(Fig. 1)% & &4 - 6,45 b £ 3K &9 3k F 2 8 (Thunnus
thynnus) sA & & ¥ 3K 49 & % 2 84 (Thunnus maccoyii) - Rt F LT H A A EF# e T
thynnus thynnus (Linnaeous) AR K- # &) T. thynnus orientalis (Temminck and Schiegel)
(Gibbs and Collette, 1967)HfEE# > 2L REXAMARE > AKXBEEZHA T
thynnus > K-V % 2.8 % T orientalis 1ISC2000) - X B F EHAET R L X s AREALE
—ABREBFAH  —ARKEBFURMTBAB AREEHOARKTFHLST LS - F
MK TFARHAA—BEAR UFEREDAALEDPORREARR TR AOHARET
THEE B RBUAR B EHKFF A REAE G - =B ENRAHHEE(Anon, 1999) 5 A 2L
REBTBRBBABRIWHHAFES > RAARVERTFERHRL —E%REH -

RHABTALGE iR BW 46 TITHRREF 295 (Mather, 1960 ; Orange
and Fink, 1963 ; Clemens, 1969 ; Mather, 1980 ; Cort and Rey, 1985 ; Clay, 1991 ; Bayliff,
1993) - B ESH T+ oKL RFERRATHER G H LM 25 AR FERAE -
MARBEANEZSANILERBT BN QKT HF - KEFfoib b 558K
(Nakamura, 1938 ; Blackburn, 1965 ; Nakamura and Warashina, 1965 ; Shingu et al., 1974 ;
Collette and Nauen, 1983) - # B E 4 L X RE A TAF A KE ST 2| 29°C Ak -Block
et al. (1998) @ HAERBMA ML RBERT AR (61 kg) BAEXEZMAKfoinAik K
BAOKREAH 6-24C - KTFHZHMER TS HR SE6 AMLKFE 829 A
£% &k ©.3f 20-30 cm (Yabe ef al., 1966) - Kumai (1998) # X kA X K F ¥ EZMH— K 84
5~10kg * 6 R &34 Tig % 100kg - FA L ABE & FELL F Kk > BE BRI
A RkMeh - %48 - £ 2% (Collette and Nauen, 1983) -

284 %R & 97 2 4&(multiple spawner) > Y AwWE B FZmH > —EE# 270 ] 300
N Fr ey & 4=k A& 97 33 49 9T & 97 F ¥ (Collette and Nauen, 1983) o K- ¥ 2 8oy & 69 35 4¢
BAGOSEMEFRFRNGLE > AFHOLEWARNA > FRIFFAKRKKEVE
ARRAEGAZCAFEAZMEBRERRKFEGEER R KK - €8 RIFAKE -~ H
KA S~ B RN & F BRAR B &4 A& 9 (Deriso and Bayliff, 1991) - 5p & %) & €4 2 #
AILFE B AR AP EFRR—ROHSTRMBASE  QRBELELANEE B
BAMHAREBFIIER Ry dHAEREIURATANAZALA MK R GILE
HEBREAP  ENBRBHIFRAEAKRG BB BFEE B RBIPRILIFAK
# 2] & % (Bayliff, 1994) -
1.2 RPFARS ¥

RHRE T EEARLEABACH RIS  AF A FF3H4 4 40,000 24 -
1950-2000 F &5 2K e M E4o Fig 2> RARBF ARG FHFEATHA K2 TH
N KFPFRZ o FHHAE - BT AHME > BREERK > F354 3,500 24 - £
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Bk @EY - -DE- 28 PEE-FH - -PBREZEHF (Collette and Nauen,
1983) ) AMBARXEIEB A - ZR - BHFF - KX -BET - RREZ -8 LF
A28 - 28T - wEXREE -

AFFBHAGARBAERATS OB ABABEAEHBR - 6B -HAURE
RABHEGEHER - 2BEF - H 192842 5B F M MY wFig 3 FaNET
389 % 20,000 2-#(Anon. 2002) > i+ FHF RV AMEE - AP EKFH 6K E 415 84%
HRBAAHNEHABKREF  AAUBRAEBEIRABLSRLHRS > AKX
BEARMK - ENRAFHIUREAARRIBTAE - KEAAE 1990 FXTFHRHHEE
84 189 N (B ZREZEF M A > N 1999 £ F4| B £ 5 583,089 ¥ &8
BEAMERD A BATHR4AHFAE 2,500 24 (Fig. 3) £AEA B 1990 £42 T 6B H
LA 2000 FH T/ 6 F2BE A -ALABRTRBALEHLEBYIM AKX TR -
MBARBES EANBEAARIBHAELTE I BESRBAIFAE I EE
g °

AFFEHERAER - AEBREFHEIo Table ] KA TZHRA -
12.1.®KPEH#

e x

BAAB 1952 #H LA AEE - &S - REH - FHUURETIW®F R EH
BEM - F/6MEHK 8,000 % 30,000 A E > A+ ERKEKEH A 8,000 2
22,000 ¥ Z B Ra Fdm R AB@ 80% M AT H K & 1991 £esad AL
5 B ¥ 4838 95%(Takahashi and Yamada, 2002") > x Famiisa M & ¥ EBm AN
(Yamada and Yamazaki, 2002%) :

A7 B 488 ¥ (coastal purse seine fishery)#y /¢ M E E DA F 4 65 70% A &
# 5,000 %] 8,000 4 - WX T ARMEANE > H— A B RARMHYKPFHFAREX
HEBFNABRNARBHYHERRE - B—HAALEBREBHEE EXF(EAAR)
WA AF(WEXA)RBH S AR EEHREEK -

M8 ¥ (longline fishery) ¥ ¥ KREIEARBSEUR N HF K T4 4 300
3] 1,400 24 FAWARIANAM > 2 REHALTS HEMiyako)Bdh# - 51E g
(Ishigaki) % & i XA & % % &(Irimote)ibid > B A A 12 MHHMEX 2N 20
A I

R &4y (troll fishery) i F N RGMEX > X AMAT —ARE=ZAURREE A
A #BERAHE(H 20330 24) FAEH 1,000 2| 3,000 24 AEHRHEBE
HRAS > LAREREBARKERAER o

#4858 % (pole and line fishery) & <28+ —A &S HAZH » AN ERH A >
# 100 2] 400 N EH > SR HERAWRATHLHE -

! Takahashi, M. and H. Yamada. 2002. Estimation of Pacific bluefin tuna catch at age by fishery for Japanese
fisheries in the north Pacific. ISC BFT-WG/02/DOC13. personal communication.

* Yamada, H. and Y. Yamazaki. 2002. The outline of Japanese offshore purse seine fishery in the Sea of Japan,
ISC BET-WG/02/. personal communication.
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ERMEK (setnet fishery) E REI EHAmEH 2 SRANKE > 23]t AHBG
LiEase) a2 T2+ — ARBH OB L FRKEDI NS00 N ARBEYH
BEAYIH  PAFRIUAFR-—RAOHEAE -

A& K (gillnet fishery)EABF =W A A BRGEEHB & > LFAHK
FEH 100 2 AL  ANEARSARARS -

&

EMBHAKRBOR IR BHAE  EEBRIVAKREFTEHHMAEE > &
EAWABNAL 1980 Skl 0 REAF A RS 200 2% > B4 1991 F4 -
ENBIHNZRERMBEUAREERETBABERARI L SN TAN
£ 1999 3 2] 3,000 2~ #(Fig. 3) BEBLABARAF AR ABE 586K E
e BIH 1% 8] 13%4A % - HEABUEEARAUARRS  REFFHARE
B EHEHE - EEAEAHMAYLE SO RHELELE BRMBY LI ALK > 1999
f# ¢ CPUE A4 49 1.3 & (Hsu and Liu, 2000) - B 5 6 M E XA FTHEZM
;g. o
()L 3°)

RHEARBGLHEN TSN BEF-ANNAAEA H(Cheu) AR F &
(Tsushima)kt G # K - R —AABRHNEMLEE > — - ZAKSLEHIRARS
Ko WEEALAEMNEURELEM  BAXNARECAGHBIEN HbhS - HA LR
RN E30-80 2% WAFERI—REL - FARERS A 1,000 244 4 (Anon,,
2000) » 15 ¥ A5 B4 H 30 £248 B AL XA R 4 #8364 45(Anon., 2002) °
122 R KF#

RAFHBHASHYARGE ==t wE=+52M  GLEdEMTH
Wiho o RKBRALRAREIEF  2RAHE AMATH+TA  AREFLAK
BIGK - BBIRNE A AR RRFEBGIRERKE B D FHT ES
%7 2 8 (Bayliff, 1994) -

(H%A

LA EEZ 28 EHMEH 250 NP 4900 N8 0 HF T5%E ML b MmN R
2EFLSAG I BEALAEY LM ELFAKERMHS LIS 2NAbEE
P 4% 78 & 2. 8k 35 A & 41 4 % (Anon., 2000) »

Q)2 &HF

EEFHEHEIENKACAETSE  REANYTAG SHANHEL S 2 60
N 3B 20 K 0 ik E A 1980 FR A8 100 2] 700 N, 1989 F2 E KA
2 > # 0 2] 3,700 X=A4F A (Anon., 2000) °
1.3 X PFHEMAREBA

KF# LM AEP R B A RITH LR BAR DU ST - KRR E
MEA—F 2R (RAXR49~54cm) RARKRRER3I~4 5% (AXKk# A 140cm)
i o B b AR WA R AT AT 518 PRV BR AR B 8 A K A B 69 A% KK & - 27 Yukinawa and
Yabuta (1976) A8 F F#BEAETHRFERIHFRARARLT RAL KB L RE
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8« ZMRK > AR EENFH 0~T0cm  @BEALLEAFEE 192cm o Bk -
PHEEIFRKFERHAZRADRMARKKAAARRE - AARBERR L SEHEES
AT RKTFAZHAFHEL BTREHAR AR AMKFERHAR BN
S5 84 J pk, F M) 1% # ©X Yukinawa and Yabuta (1976)F iR 3t K- F £ B M AR E R BAKEH
FEAERMA  SRETERERTFEIHALELETLORKAR -

AR BMR S -RAEp &M (multiple spawner) (Baglin, 1982 ; Kumai, 1998) » B &
EroRKPHE~ KEBFEfMPHEHZH A (Richards, 1976 ; Collette and Nauen,
1983 ; Bayliff, 1991 ; Clay, 1991) - M K- F ¥ L #H X A PG AR EKH LB ER R HIKE
AR RILF B - M HdH EK AR B A% (Yamanaka and staff, 1963 ; Yabe ef al.,
1966 ; Okiyama, 1974 ; Tanaka, 1999) - K- F ¥ EZH R AR AE L T M EHF B REH
Rz EREIFHIRAGP (Yabe ef al., 1966 ; Deriso and Bayliff, 1991) - ® i A &
B ML LE AN AKE R -

AMKTHEMARAEHPZHRA © Nakamura (1938) ¥ L9355~ Aopa - 1
PRI R BRI 4 AR5 B 5 - Yamanaka and staff (1963) R 3% # 5788 ~ £ 63K - ML R
Z 57 % - Hirota ef al. (1976) #v Harada (1980) #5 Hi& s M TAE & - M Yabe ef al
(1966) AEFHATHRBELIBHEBRABELEHE  HHAFHRAGFER > @
Nishikawa ef al. (1985) 38 & 47 # &.¢9 8% % -4k > 3 ] & 57 47 8 & 97 453K - Bell (1963) #v
Foreman and Ishizuka (1990) ¥ 4R ¥ % X 2869tk - Kumai (1998) R KF# L
Bz XARAET B RKFFRMEHPFHPIEH 09890017 mm » F—1H 0249+
0017 mm t4ih & > REEEAH S BFHIP > 24 CTFLHIFY 35 M F R IBIL > 9%
fb#y4f &2 & A 2.83+0.13 mm - Tanaka (1999) @& EF EEHFAFEHRERP P
B FHURLEFROREXLARGFHE Y AREHMEER T @ Tanaka (1999)
HARAREEN A RAMEER ARG HEASMBY LR EER BB ENAY
RKFERSMAGH ) BAHAULERSHEME ERFFGLAEMERT R
RUEBTRESPLAATESRTHANSLE - Bt AREETEHE _EEAHAEHFKTLH
BaAGRH - ML - RBMEPOPGPRELAADSEHH -

#1950 F4X B 4% > Yamanaka (1958) # /T RS AR REAKAAR I H B AR A
BRSSO RMBETHAE > G EHHRE - BEA AT F(Yamanaka and staff,
1963; Yukinawa and Yabuta, 1967, Yamanaka, 1982; Bayliff, 1980) - i 2 - Bayliff{1994)
#o Foreman(1996)# W B M A F L R kLA M EHFETARA - ATHA LA B REHEK
ARRFABRFESRAEAREMNA B8 ¥E B ¥ (Inter-American Tropical Tuna
Commission, IATTC) ~ Jt X -F # 5 #5# # £ B # (Interim Scientific Commission, ISC) -~ £
BhHAEPCAEARRKTFANARLAE  SEMMNETHMEZHABESTHITRILKFFE
HERTL - LFR RN EBAARATRRA 0 BB EHLKLETOE
Ak F R KX(Hsu et al, 2000) ~ 2.8 4% 7 4 # % (Chen, 2000)3% & ;& ¥ # 7. 38 & (Hsu and
Liu, 2000)¥ ¥4 % £ 4 AT H @K 2 AN FRAFHRATRAAKR > Hldwdb K
FHEHAEE R ISOHAHE -

LZGRFAAMEF @ > NEMEIF 17TCE 23CTHKEBell, 1963) > AR LR E
WBESEK LM ERARET T+ A > Baylif{1996)#7 463189 CPUE #&-~ 1980 #| 1990
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R HENEHAERL N EURAMEYA TREAY - Watters (2002) 547 K-F 5 R
AR X B % S & & & (catch per unit effort, CPUE) » B4 1950-1960 F4X >
3£ 4ty CPUE 8 & 124 1960 K44 3 B %5 F %> 1970 £ .4y CPUE A H & A48
11980 SR A EEMRE - 1990 £ XBH LI - AARBERRIHGTRE > BEATR
FAREEERS  NERACKENTHREL AW THRETRAARR -

L A BE3R4E F & > Yamada & Uozumi 4t %1 K % 2% i 47 4 &8 5 #f (virtual population
analysis, VPA) R B {1 oA % & § § 5 % (Anon,, 2000) > 7% ) B BT AKX T HS
P > &2 B %6 5 £ > Yamada(2003) 3 A 69 £ BB 5T BUR R KRR HE
AR ANBEBERHIRERR > AFERFLLHF A TRGEY -

HAATFHEHEHEEMASHER SARARAARZ— RETRRAA B
ENTREBITERRES - KM REBNFIASILHE BHBBARAEEETH
ERAHEAT > o fMERBEHARIANETE > FRWURKF -

24 EEREHNAEIEN @HR¥IHETRIL IREFERZR -LFR
HAABERER  AXTRBAAGHRER M KEBSBBRAH 2002 F897RS
(FAO, 2002) > BAT2HRME 25% AKX ERATEME  THAXLHE > KRTE
MSY A& 18%EHFBEMBEHRS HEH 10%CH ABREBGRRA BEBEE 1995
££32 4 o FAE#1 4 ¥ 47 B #(The Code of Conduct on Responsible Fisheries, FAO, 1995¢)
R & K ads g A% F & i) £ (Agreement for The Implementation of The Provisions of
The United Nations Convention on The Law of The Sea of 10 December 1982, Relating to
The Conservation and Management of Straddling Fish Stocks and Highly Migratory Fish
Stocks, New York, August 1995)% » 4832 i " 7 ¥ #{ | (precautionary approach)#)# % (FAO,
1995a; FAO, 1995b; FAQ, 1995d) > B AL A XA RARRARZABEAT > HBRAKAR
HEBTRESEHFEER URAFRTFE ARG FERZRUARARTRARRKRAL
I R F BT IEE R LB 4 %+ 8k (biological reference point * BRP)# & %
A -

AMEEBEIERAERCRA TR ETHARKEEHARET  HEFRXR
BARENBRG AR —REAAMSEEN S ARB €45 B R 54 % (target
reference point) st & M& #1] % 4 # %k(limited reference point) ° A7& 35 T 1F -3 A:F: 3:5F ;4
o BB EBMSY) BARAFLZBEEHH TR Hldo Fun FF - K
BAMEELHANE > XTOLLABURRARATCERH > THLRAHFALAE
(MSY): ;&M 5t % 2 54 %] &35 Fusy *Fo > Fmax % % (Caddy and Mahon. 1995, Caddy,
1998; Quinn and Deriso, 1999) - & # @ T KL LA SRAEA KRG EMEELL > LK
ARETERY BAAEFEENELZAR  LREATRARYERZ—

HREERABERRR T LMAT A R LLRBEAHRE I REXT
WM REBRBEFTHENFRERRSESEZS > REHMMLKFF ISR
BE RABTREABAZAESHNEETHBAAR  mARBRENT5AE FILH
A% ABEATHEAASEGEHEETHEARARERIARALAH LRS-
ARAEFTEGBENEEHAATHOBEAT £ EBARGEVEH  SloaRAA
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ARG BMARRAAABMEE ENERELEFT & MERAAEHRSLHERE
RBAREH  WwLBEHRIAZRAES AT HREZABTREGTRKR A
EAemb EEMEKESTREGLRAETN RAFRTZLERAEE > UREBLH
RBMAZTHMN R SHARARLERREBENLEMS LS UAEAXRREHNE
By sA o

2. Rk
21 #Fwmp kAR
211 R ERcEH

AERFPAAAER 1996 F 2 2002 £ B4R E (LEAMK) RELEH G BRRES
MBS G R B I H IR BT IHRIT LM REF > BFehiesk -

212 A EAKAHTEH

FAARFHRERASRAMEB L BHN KN AHETRAKIATERR 79 %
EFHTERBASEAHERESFR -

213 SRR ER KT

AR 2001 £S5 AZE6 AR ERE - RRFATHHRERRALGHLEELN
MR FERERILERRBA RSB ARA LM 228 2 RAMBE—FHTHEM
SEMAHSER L 15 B > 4t @S £ A (Yukinawa and Yabuta; 1976 ) - £ & 3k 8%
o FIRRGEEAXKANRE (CELEBRIA)-

WAGSERER SRR 4~5 Bk AFHEHRROBER  ThrMERL LY
HMAERRR - LN EERFERNBRKE B—REERBLEFIRTE L8
R RABRER BT AGRESF -

2.1.4 R EHhEyER

&85 A & % & (overlapped region) R #% & E (freeregion) ; R EE N EHENARE
(dermis) > 8% L 45 A AR A RITH L SRR EEF N ANBERE - RS A
R ARk E(epidermis) a BR BN R LR KB IZRARAMABES R KB R ZE (Sire,
1986) - S L 4R E#AIERBBHRCH RS BRAHKRKBE -

215 FHMFAE

BHe% R B $(cycloidscale) > 88 F Leh A KRR ZESHHEF] - A KBKAE
& ~ % B & A (convergent) 1§ 515 A 4 #5489 ¥) T 4k (Plate 1)(Yang ef al., 1969; Suzuki,
1974) -

216 S L RAFIETRBEBARE

AR SR £27 Nikon SMZ-U RS8BT >  EAEAHARBH - HERHEA
S ERBPBBREIABARERET H SRAMBVE T xR HWK -

SRR AEAEAR BRI MR ERIE L RRERERBEX AR
RKAN#HE - REHARRS A A 204~255cm 65 133 R 2SR THER > THHiE
58% -

217 R AFHHEEREI K




B HERALERBUVARABELIK  ATFTX&ATF
Lxr,
R
LnE n 8RR ERA K
L RX&
R: 8 hk $48
2% HEEREHAIRATHE ARSI ABRNERRAIK -
I, =zt
i
IEE-S e Rl S
218 mEkFRAN#HE
von Bertalanffy s & # £ &, (Bertalanffy, 1938) > X v = @4 #TAHEE AN
Beverton and. Holt. Model (Beverton and Holt 1957) ¥ B R&E# R X P - B #HeImk
SRALIRAERT
I(t)=1,% (I-e-k(t-10))
KP It): SRAHtHFBE LBRBER & ARG L BRAOHHERF#
BREFBAY I, ~ k 23T & 41X Ford-Walford & % @ % £ # (Gulland, 1969) - % 4%k
B EE B AR OB R B e’ o (B Iy R AR A5 BB IsEr A L, -
¥ l.~k X H% > to°T & von Bertalanffy &k F X4 :

ln(l - —l’—J
L,

Ln=

1, = +t
K
BABRAL (B t=1-2-3-4~5..n) £h1oo Bl RE 1 FHE > Hh
AERF R 10 BT, = ‘v‘;" .
22 AL BHE

221 RETHfoi RAEK

ARBGBHLHIPREARZIRE M ERABFARO R AR S BEMHRE
HERMAKR HBMIBLAFRELRE  ATHARIMBIFARTE L ARESHNE
Mk PPABLENRAREENRAGY  HELALAGIBPERAIFRAL - X
EN199 £ 5 AR 6 A FHERMRFHRIHYARAEFR  LAS LK M
Bl UEALAAFPRPOAMEHZXKE FAARAERIIFLANES T4 A8E
BRBHLEBYEMBIT 124 H K F X2 R -

BAMEEE HPAERBMAAKER  CGEAFEMT - AR ELHALY
BE BBFRAL T 4 A) 9EREAH - BRI ¥ TR Fig 4 A - 1999 F
48368 FAAEKNSEREHBEEVRAEHZIAKATFHABRELYAS 26-29C
(Fig. 5) - LAKMEH K&EEGSER AUASmEXIMRABAIK (HhEEcm) ' i
LhATHFIFEABMERZ SRR ENME (gutted weight, GW ; IR & K> M 48
o RIIRF Y  HEE kg) o A LAREPIEg R (Fig. 6) B &M PERE > ARN
RABZ - PREFE%  HIFREBAK BRESa ki B (fatbody) % &
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LEF# (A&D,FA-6000) # & > K& FREBXPLEEAES (B ZE g) UM IE
Bk Fofs 397 AT (anterior) ~ ¥ (middle)fui% (posterior) N{E3f4x B F# & (Fig. 7)
RGFRN 10% HXKBEHEMF (Cuellaretal, 1996) - Fig. 8 Auk ¢ KA X KAESHE -
1999 3 AETAEAR=—ALTHE > BEY 90% REBLAEZHAHRIE (cm) > BB
PR TFHBdSREHEPHBE R N2 5 - oA R4 (T B) RERTH
FMBSHENETHRTEH -

222 BHFodp Rk A 0¥ H ik
2221 Aoy

RAZRAER N ALHLNTHTHRARMNFRERT AR KB EUNGFR
BBREFXEHAFH ARETARBRBERTHMABETHRAL=ZF (1997-1999)
HRLERMABZSAER ERABANZEELER (BN A8/ HH) 2
BRABMEXRBGED > HAMNSHME> A= L4 (early, 1-10)~ ¥4 (middle,
11-20) #=F &) (Late, 21-300or31) 047 RHAER R A I P FERT RS HRZGEE
B BABHYEMEHEHAELERZEIEA0 -
2222 M

PR Sk S BRI A X LB B KK - A RBREBS AR N L Shnk d ik
AHMERE > EUAREIABEMRZARDA - RBLORE > TAR P KX
(chi-square test) AR EAMMAMILRXTRAR B EREMRAREKERLREF
— G R AR MRS Bt AN ERREREFR > MAKRE—REEY
Mt BRAARBOMILEIEME - FERCREALMLBROS ATHMELE -
2223 ARV EZ A

REBLBHEEBYAMAEERPRERBBAHRO LKA EGFH AKX LER
SEREB KRBT R AUBESHESO%NRARBE - AAXBERAEFEHHM - £
BRI EHER AR BROERNRBEREBETH LA EIHNAEALK
BEEBPOEZEARLHAFPHBEZI OB VRAERADZIR I RK -
2224 BRE

pei% & (condition factor) X S M EFAHN SR KEX A TUARE T AR R
REKE HELXXA:

CF = G”: x10°
L

AP CF:RR¥BE GW: ssmEmmEke) FL : EX &k(cm) °

2225 speapa B R B
22251 p¥FE

A A3 B4k (Nikon Model E2) BEFémfe X K/ NRIMNR > P i 5P dafie
% B =184 % w54 (Hilge, 1977 ; Morse, 1980) :

(1) k9% 1tspémpt (unyolked oocytes): §rémfin i s » B 2 Ak -

(2) Pk tdpsmie (yolked oocytes): rémpt X & REHE > RER -

(3) A9 (ripe oocytes)sk K §F#7 (hydrated oocytes): Y 4mfe§p42 B 3] i@ & M 6915 A
(hydration) 4% %] A (Fulton, 1898 ; Wallace and Selman, 1981) > & &, %5580 > H &
HAK -

22252 g7 R BSR4
HREHRARGFRABBTAR  AALFIFREARESE 19 kg B HAR T LB
8




PR Grtals > R EH - ATRUESIE > AL X RIS AR (anterior) ~ ¥
(middle) #v#% (posterior) = @4 > Héa - — A A s+ E (outer layer) ~ ¥ &
(mid-layer) Foiff¥ (center) =& > ML 9p £ 4% 18 B3 (Uchiyama and Shomura,
1974) (Fig. 7)

22253 PR MEH ik
UREFRF (Mettler, AE-200) B 18 ERM L FHR 015z thsp Rak Kk ZE
0.001g) - ##6F Réa @Ak A Esabm b > FwA—ik 33% i (glycerol) > 4 10~20
S48 1E > ARSI Fleb AP RE S K P & H R (Hunter ef al, 1985 ; Schaefer,
1987 ; Ramon and Bailey, 1996) » &R B E R -ty P safe > R A RAER L #
#H B 7 40X B4 micrometer (1 eyepiece unit = 18um) & #%23| &4k (Nikon Model
E2) T B FlafmstR LR EFNMVTEAAFRICH I ale (atresia) §74& (oocyte
diameter) > LAKE# % %) (random orientation) R F WA Féafo 2 A 1T » HPNIER A X 9p be
B R A K@ Fosa 2035319748 (Liu and Su, 1972 ; Ruelle, 1977) - h 7 4 8 57 412
R 02 mm BZARRENFaR T B HRAFDIFEREHR > M A TRFLE
BYHAgipittim N yiitalt FEBRAELIF@BBB » AR RIEIFZIR
£ 54 W 245 P42 0.2 mm 2 k2 pbm Bl o
2226 57 RABAKE
2226.1 58P RABKE
AR %% Baglin (1976,1982) » %% K % ¥ 28557 LA Bk & 2 25 F & H) 3
RKPFFRHGFRORBARE - TE5BREAIP RGP baf ey KD RN - ARG R 5D
B P RABKEZ S BEERBLT
(D&M (Immature) : FRABEFEZER > BAba g EAG -
(Q)m ¥ (Maturing) - jFRF & > R—FEAG -
() (Mature) : PR+ 54K > AFAXFEHAG -
(4)Br ¢ A %7 (Ripe) : SF RA B AR EZ R > K AFLAH 1 mm -
(S)A 7S (Spent) : FPREBFPZE > BEFP RN MNLEFRAZIALKE  NFEIH
Ry R Grsape (Rivas, 1954 : West, 1990) »
22262 AHMARELEHR
W & 4 78 8% A 30 35 #¢ (gonadosomatic index) &P R A MAAHN K2 AT
DAREESMARBE  HELXX DT !

GSI = ow x10* (Yabe et al., 1966)

L3

Kb GSI: AHMAREISH OW: PR E(@E); FL : £ X&(cm) °
2.2.2.6.3 F A I BLOF ba B T 35 G A2

Schaefer (1987) # 3.5 sk 2% 07 fm i - 35 57 2 (MDMAGO) THAGF REFH H Z
HR AR A A MEZ MDMAGO F X A B ARAEEIF R P2 ¥R 2 (Fig
7RG IgiFRaE  $PREBEANEA 33%Hheitkml - Fipipy gk
AR ER 30 MR AR FRIIFE 0 3t MDMAGO - & 24k &
MDMAGO #osk & GSI 5 (B #) £ * # ¥ MDMAGO = 54 GSI & A M -
22264 EGsE%E

RARFRAEEDGIFR > £ RXEiHA % > Itano (Cited from Ramon and
Bartoo, 1997) # i @A R BAFZRIF RER GO QEERAR RBRRFRRBFER
# (postovulatory follicles) B/t ZF#H » R & £/ @ in )/ (Hunter and Goldberg,
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1980 ; Hunter and Macewicz, 1985 ; Hunter et al., 1986) » 3 A XA K- FH L8 & 5738
¥ 2 0¥ o

2227 R ¥

22271 BMERRG RARRBRIFT a2 2354 01k

(DB op R &3P0k i B Gp bm P T- 34 5P 12 2 B) B AR

AAEBETHEAEEERF G H (batch fecundity) @ 5 F & R 9p R I BF 2 4% & &0
o EMER-HERBRGPaE MAGO) AKFHZIFR  REFXRF (Mettler,
AE-200) B4R 18 fE%84x (Fig. 7) 5 ¥E 0.03g thsp Rk (B ZE 0.001g) > £ AK
Hok o 18 ERMEERNFTZ I AFEETH  HIFERAERIHER > ERERBZP
12 3 B LOP R E AT A I b BE 2 P3G 5 4E > BiRHk IR & A 4 /8 MDMAGO ## -
KRB ZA BTN ZEME T AB LY 3B 038 A%t 4it 47k (nested design) &
&8 MDMAGO Z 5 AT — B - AR RAMN ~ F - AR R~ TR~
B2k MDMAGO 2 5k 2 & (Table2)- 2R EAB A A A Z IR EH > 1FIFRR
Eoh® (Fig. 9) BRAAMSRRABBEF i@ L AR —FEEN - K EMFMEK
BB PRSI LER ERXABHARADFHFal 2 57 E R
FRAGER > THEOBNIPiL£RKEFH (hydration) GFEF/Libig K ehsk -
(2) 8¢ B 6P S &3040 5 ok B BE OGP 4 B GF B2 FB) H MEAR K

R BB AP ORREZRABFF oo iF#H - RW AR &K%
(nested design) # E &M T MAGO MBI NHRAT—K - 2 ERBAAKRF R
MAGO SP#E & B P 2 A EAAMMELR (Table 3) - KA MRE KL E IR P35
Z PRI BB H B ERP IR ZAEMLK -

22272 B RBPH

Hunter ef al. (1992) $¥554 7 A MEBGFHZ LE TR (MHék—) MERPHFHK
(batch fecundity) R 45 & & %k & 9747 B A7 & 1 &K 97 # - Hunter ez al. (1985) 15 & &3t
SRAGSHMERPIPHMG T EEEH HHE : (1)K 7k (the hydrated oocyte method) ;
#9(2)6P 4% 38 % 4 # ;£ (oocyte size-frequency method) -

B GP b e 5] R A G91E A (hydration) » € 4E GFéa S BE AR AR K > SLEFHAZ P dm BB G
BHRACHHAFRLELFABRER " MAF@RIBREIGERARR  BIREHHR
RGP o RARASHKFZIFR > LRAFERAENH > A3 EFRPIPH - UL
BT LAY 6P b Bk, BB A2 P B IR AL M B R R R AR JE K G H9 2 &-HA 9P 4 BE 2 6P
BT ERmE AR E > LLEF L (gravimetric method) (Chang ef al., 1972 ; Hunter et
al,1992) i HERMEZ ERPH > AXLTF

BF = (N" )st
/4

AP 'BF: 8t 82 FRPPH Ny HhEAPKRIPZIFH I Wi K EQ) W, PR
2%(g) -
22273 RHRHRH

LSRR XN EST EAE R # (relative batch fecundity) > A H R P2 HEH
K4 TF ¢

RBFZE

GW

AP 'RBF R RF: A2 57# ;BF : ERZ6# GV : MR ENME(Q) -
23 ERHLEAR
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231 WA

FTHRARGEAMSE BRI ZHR A (1) 4 2w A BB X (stock-recruit
models) ~ (2) %y & #& X (dynamic pool models) > 2 & (3) 4 & & # X (production models)
(Sissenwine and Shepherd, 1987) -

HF AR AR TN TRRB-ARA LG W%G  ATEEE > 3 H
BTEBEFHADERWABRE LR -PESH - KA TEHPBMANEGTHR
e NB¥ 4 8% ] B 7] B B B 4§ R % (Sissenwine and Shepherd, 1987) -

ENGHRBBA T > ElioAt & F8 K (yield per recruit > YPR)E A A A ¥ FEZ
AKX AAUMAESh ABEOEMARSH > BPTIRE Foi ~Fox S 942G
A AP FuARMAMALETHR N RARLAR 0% FM SARBEH &
AT RAFHEE Frax 8988 ¥ > B A 5K > ©4% 2% A (Deriso, 1987 ; Leaman,
1993 ; Sissenwine and Shepherd, 1987) -

EREAFBRXTAAPHRIFHKRETT RS MSY ~ Fusy(E AN TR AL A
FXABATCE)FADSEARN  ENBEFTATUAERXRH AR ER QAL I EE
o RELESRHE-WABMAURGHEBRK - ETH S 4 & 4% (Quinn and Deriso,
1999; Sissenwine and Shepherd, 1987) -

ARY FRARALEBEMAWANLE TR > o ABE- ARG MA > #£EL
HHERATE URAAAB-WABRLBLAFT X EEAH- AR YL 8E
BRAEEREFRAFIGEN REMF —FHAMTAHRGERT  REPEKET
# B K45 4k £ & & (Cubillos, 1994;Cubillos et al., 2002) - A XM X ZH R A4 T :
232 X AK®E
BB A% £Mey T35 4 4% F %6 5+ %(fishing mortality) » % % # ;&7 ¥ (Yield -

VTEA
Y=FB (2-1)
#% 7 o ) BFFR 3 fu A\ & (recruitment > $A R % 57) 4% %
Y__B B (1YY
—=F= I\E —_—=] — |— -
RFR MW R (F)R #2

BB At & i(%)i@—?&immzﬂﬁﬁa i%i(%)i%}&ﬁi&tﬁﬁdﬁztbmm

fh o XX F & 67 8% 4 ¥ ¥ (spawner biomass @ S) 2% 34 4 # & (biomass)# 2 (1R 3%
Hiupi Bp) > B

S =uB

S 1\Y

7% (2-3)
MERRBAAATERARATCEYE  TEAESRREURAARA TR ETHAEHE
GPBEL D R BT AL 6L -

(2-3)X A& # A E A4 & F(yield per recruit» sAF A YPR %k 57)> 5T #] A Beverton
and Holt ¥4 fu A £ % € # K,(Beverton and Holt, 1957)sA B S # B/ B oA 4 & 12
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A H At H > (2-3)X £ 3 B & 97 B- 4w AB¥(spawner-recruit) g & AR K, 0 %1% A t9 4
Ko Ricker ## X A & Beverton and Holt # & - AR A AN ERER A YR
BFERETHRAHFRLLE -
233 §4u w4k & F# K (vield per recruit models)
2.3.3.1 Beverton and Holt B4 v A 4 # & X,

Beverton and Holt ¥4 ju A 4 & & # X (Beverton and Holt, 1957) & K B34k & =
B 80 48 T K 6 (steady-state) i X > BRI A FRBMBEWYE KA R UR LK
RETRYBTM > &TH A% & LB % (knife-edge selectivity)(King, 1995) - 7
BRAMARLEERABNT EEHREER DI RSHEEAFIR KA AR
ANBEAGEREM > EE2RAWMBHAMW - A Gulland(1969)8 F £ T & 74 T >

~K(t.-1,) -2K(1.-1) -3K(1.-19)
% — Flie—M(tc—t,)I/Vﬂ° (l _ 3e + 3e _ 3e ]] (2_ 4)

Z Z+K Z+2K Z+3K

EXZ W 4R & (asymptotic weight) ; K : g & fh #(growth constant) ; to © 74 &
(age at curve origin) ; XA = & von Bertalanffy S kX Z A KLt iHE#
(age at first capture) ; t * #9R fu A $Bf 5 #(age at first recruitment) ; Z : 2 5& ¢ % (total
mortality) ; M : & # 5t ¢ #(natural mortality) ; F : ;& 5t ¢ % (fishing mortality)
R ANE A B # T H F 140 ho A & 67 2 & (spawner per recruit > 3A F ) #%
SPR)
(1) #8347 % > BpE F=0 8% - £ Sparre et al (1989)89 % X, > # Bl AR 45 & 67

#¥ 4 4% ¥ (virgin spawner biomass per recruit) » (%) -

v

1 3e -X ('c ) ) 3e’_2K(tc"t0 ) 3e'3K(tc_t0)

S -M(t,-1,)
- _ c rW —_— + _ 2' 5
(R)V He "’(z Z+K  Z+2K  Z+3K ) (2-5)

Q%4 % t, AR F M > BT # A Beverton & Holt EfrfwA%t & B A HEMAA
éﬁﬁﬁﬁi%i(%)% :

-K(1,—t,) —2K(t,~1y) —3K(t,~1,)
S (B semtnyy (L _3e " 3e e - 6)
R \F Z Z+K Z+2K  Z+3K

2332 FWBILEMAL E EH K

AT i & Beverton and Holt BfriwA4 A ERMARAERARTKE KL £ 8
RERFTHARFRBMOBHARATCERERAREREURALERE2EB R
R -FERHFRNNARATERAARCRLEL REFAREABNZERAR &
# Hilborn and Walters(1992) ~ Punt(1994) & Restrepo and Legault(1998)% &4 ¥ X, > #% F#

THFEEHEERA

N,=R % a=a, (2-7)
12




N, =N, e Carf) ® a=ar+ ’ ... A (2-8)

N e(—(va_lF+M))

N, === & a=ay (2-9)

ERZN, D a S SBHFRE S a - WABZAF# an ° A F&E(plus group)
ZF# 5Vl F#5 I £ F R B (age-specific selectivity function) °

RELERR > THEMAANLEE AR E A& 572 & & 7 4o F(Cubillos ef al,
2002) :

(~(v,F+M))

Ay _ p(-(vaF+M))
YPR=>'w,,v,FN, IV"TM— (2- 10)
SPR=Y"w,m,N e O (2- 11)

AP > Waos ' FRaISBEEFFETHERES m: RBE S HT, : HBEAFHLE
—F AR A EAT -
2.3.4 & 99 3% ¥ - o A\ B4 X (spawner-recruit models)

A KA Ricker s & Beverton and Holt Hi# & spRf E-mw AKX LA E
kg
2.3.4.1 Ricker % &4 X

Ricker # 572 & -/ A B # X (Ricker, 1954; 1975) % A% X &

R=aSe™® (2- 12)

R BioAz S AEGFHAME > ak kF A8 Wi K(density independent
mortality) > BR] & % & 48 M] 45 #c(density dependent mortality) » Ricker ## X 38 A #v
ANBE R L AT 45 oY # 8% B A M (stock-dependent) » AT X 48 &k 3L T 45 3]

S_e” @2- 13)

R «

RE 0 PRBEAWAZHE Ruax ARBEAWAHGTHAEGFHELE Y F Srnax Z S H
doF

=2 2- 14

R, % ( )
1

S, =1 2- 15

5 ( )
BT

“{%f) e (2- 16)
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ﬁ=1—“%i/§) (2-17)

c

Sc & &34 & 97 2 4 ¥ & (annual average spawner biomass) * R, & 34 ju A B o K fy - ¥

NHEZAKRARFARABTRAET > N RGAFHBERABRYBNEFEH Ak d

KPR A Mo~ B 8 A T % &3 ¥(Cubillos, 1994 ; 44 Fig.10) »

L2 16) oo T 8 (‘j{m—m) 48 i”“(%ef} THEA AR R LS & B (2-6)
B |

2F el BNt A FHRRATARACERREMMmALESMAE > £k
BEXELGEBATCERN N For R Fuax 2  BAF BANFo > S RAAREL
ARM MBEFRBRAREG Foa’ ZRIFHBEHAK -

3 AR mANEGFHLHESHRE > S4By (’i‘{‘mﬂ]ﬁl@fn% Frax & Fo. P8 R &

ax

(E)m‘i{r_wx(ig—) %'Fm’mkm(z) M- B MR — Al - Kk
R R F=0.1 R F=F max

[%}a(%) : %&%ﬁﬁ&iiﬁﬁ%%w B8 WA Fuy o Fop A F 8L

MR HANATEREBF, BRTREAHBHLR -

4.7 /E% w4k b o 2L F=Fo 1 XA R F=F,, HE X & ?S&ﬁ%(%j HERE R Ko

5. %35tk > THRAa- S, F05/R ZMAMEHEP- NS, PR AFAFBOKAT » &

AR A5 A 9P BEB (SO REKZ Se > #1A So/Ro(7F B SPRy—o)(Cubillos, 1994)8 4, S/R,

#2217 -
ﬁzl“(;“g;/li) (2-18)

ShATHHERBa~ B> TH#H4F Ricker A FHE-ABKA B4R -
2.3.42 Ricker % # /b X
BT AT H X oh > TTLE R FI A8 R KBa ~ B(Cubillos ef al,, 2002) » # X 4 ¥

© # Ricker ﬁtfww?m—“ Mthdo T :

Rmax

14




S

R max

(i"ﬂ—] PR, , 2- 19)

$#(2-16) & (2-17) > THfa R PRIEHATFH S, :

__exp(l)
= ISPI"{H (2- 20)

In exp(1)
. ) o

R+ SPReo AKRMBENAFPHADE(FFEFOFIEMWALFHEE) FHUARR
A SPRe—o AR B ¥ A GFREA W& So B Ko RB> ABEA ¥ Ro/ So 2 Renax/Srmax 99 il 4
T 44 Fig 11 -
2.3.4.3 Beverton and Holt % # ft#t X

Beverton and Holt &£ §p 8 &-wABBM X X T4 F :

S

R= 2155 (2- 22)

$#1 Ricker # & K F] &y 3% 4 # Beverton and Holt R A WA RRATE A MW
(density-dependent) » 3% 4% X, 2 % #o’ $1p' B & K 5 431 > A7 24 Francis(1992) ~ Restrepo and
Legault(1998) # 2 & % #1t > 3| APt & (steepness > N & » AR AR LT RER

B 20% e Rt B & (Fig 12)° EP%S:%"« » R =hR, - ¥o' ~B'THHA :

g - hLL?;’RF=o (2- 23)
5= (5h—1)SPR;., _ 5h~-1 (2- 24)
© 4hS, 4hR,

ERHARBEREEETHE-ARNAGE AR LARS AT AR ISR
FEBENMEE - ERNBBEREGC)RFABMANERRETR -
2.3.5 & & ¥ # K (production models)

EHAEFBREEMWALEE - EOwAZFHLED T AR E I E-wAHF
BANSEEE  TORTIRLFPHLEAT oS -
(D)FHFTHAFHELMEES)TAT MY Xt

Ricker £ AR £ #b# X S, = l_rl_(czSTP& (2- 25)
Beverton and Holt £ # /LB X S, = SPI;'—a (2- 26)

LA GREAHFOCIHAUARATCEARBZ R -
QHAFHETAGHE  RLAGHE-NMABRBXAMNSHTRERARAECES S

15




$ o ABER) -
C)ADWAHREEMMALEETTUEE P42 B(Y):

Y.=YPR*R (2-.27)
WY ERAAEACEZ LB BB TRERASREE FMSY) SRR AR
A ¥ 2608 5%t % (Fuysy) ©

2.3.6 #4 & % #7 (sensitivity analysis)

HRARARAFL  TEABEYAFREHR FAUE— 2 RS HENEL
HMSY X B ETRRK - Bt KB K 445 F 465 4 (case) » &35 Ricker £ M X -
Ricker £ # AL X (123 % 0.2~ 0.4 ~ 0.6)5L & Beverton and Holt % BALHK X (h %A
05+07~09)> At K MSY ~Fo; ~Fusy *Froax EA M4 E8 > B THRELHZ BT
B > 33 E MSY/So ~ Smsy/ So * Ferasw/Fusy ~ Fusy/(FusytM) Z 48 818 2 % 855 51t >
REHEFBZHRE -

VANEX S 3
2371 mk4#
K¥# L8 A A &) von Bertanlanffy sk A R XA =X F :
(1)Yukinawa and Yabuta(1967)
L= 320.5(1_e-0.1035(t+0.7033)) (3-1)
L.=320.5 cm » K=0.1035 » t,=-0.7033 -
(2) Anon. (1986)

Lt=703.6(1-e'0'0343(”1‘107)) (3-2)

L. =703.6 cm > K=0.0343 » t5=-1.107 » % LB A& X -
(3) Wu and Hsu(2002?)

Lt=366.81(1-e'0’086 (t+0.926)) (3-3)

L.=366.81 cm » K=0.086 > t,=-0.926 -

AT &) =18 ik &k 7 22 X A ¥ & FI(Fig. 13) » Yukinawa and Yabuta(1967)4k & 2 #5452
BAPERG  BRAZ2HEA-RAXE S0 29) BHERYAZIWR(AIEY
140 2247) > #H 5 A E# & A X - Anon. (1986) Rk F X4 LAAHER > EHREA W,
Bf > FAARE X WoBBTAF > RFEKXBAH £ R - Wuand Hsu(2002) 9 5 %t 4] A & M i
MBI RN AP FRBRITHE  AASH M E# > REZIBREIERA
ARUMZERR(DAAZ AR > BECRZEAXEHHEAIEEEK

ER > BFR W RAHARKBENAR > BFTCoBRBREMNGKRE =
(1) Ishizuka (1989)

PW1=(4.073*107)*L>334 (3-4)
(2)  Anon. (1995)
PW2=(1.982*107)*L2%7 (3-5)

(3) Hsu et al. (2000)

> BH 491 £E%3tE - personal communication
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PW3=(2.3058*107)* L2 (3-6)

LHPWES AL ARG EE > WM AR ERF 2L RMKFig 14) - £ b
Hsu et al. (2002)#% #htk R 614 S BB B S -

AR RBEAEZ AT RANRBERET AP AR ARTHE U(G-1)-(-49)
AAABAAEERAALER  UR(G3) GORXALHEHEERAELR - AAERE
FrRFZAERE D B S1STANF ~TT1.62 AN AN B EZ B ER S X E Mk

'Fig. 15 »
2372 gk

R ¥ Bayliff(1994) > Yorita(1981) & Ishihara(1994) > 2 8k#t va &k B4 i 3t » 2 5 B
ROB02 ERABEREAD FIUABERUBRAEZ EREHU1HE -

A WA ARt 0 £ Bayliff{1994) £ & Chen(2000) > & i 2 8 2 & 6p 9.4 —
FHF=ZBMA(WEIAA) > & T, E%H 025
2373 BRRETH

#&4% Bayliff et al. (1991) & Takeuchi and Takahashi(2002)#F 5%, > 32 2 2 &% & %5 34 25 8%
BAHBRATRED AR E4 Yamada(2003) > # 0 R A BRAETER 1.6 3K
1 R&EA5082K 6804 =RAE LA KRIECHLL0.25 f53t - £# Beverton and Holt
WX AKX RGO Re] > — #0025 3tz -

23.7.4 F#BE:RIF

EHSEHNRKTFXEIHA A FRBELE(Table 1) BATH XK AMANEARE
# 4+ — 8 £ 4 (Hsu and Liu, 2000) - A # &4k & 384 /> 4-(Collette and Nauen, 1983) »
BEFRE—TERAL > AR+ &M A KK E 85 (plus group)fs X F &2 R
PNEEFREMMWANEGFHE -

AMtRGIS BB OR - FAHAFHFARAANFH)ENEAZRLEEZ
BE ORI BREAOTIRE2K -

A W 8% 4 2% 4% £ (fishing selectivity-at-age)Z N X 4w (3-7) > B A t. Z B4k >
ST EZ ason R EAZBREZtwE 1 R S®A D RAARTIKAiALEE -

v, = {1 + exp{— a%gw%-ﬂ_ (3-7)

2375 R AR ERE

HRBRBAEGFHEZ A AR LY YamadaRQOO3) SR BES B ENB T B DA
SR A M E > %A 150,000 A9

HMuARR  RBEEBRERAGE R TERRARATE > St A oA HE
MEBB A EALBIEHZ -
2376 R MEE

AMTRhZHRE  AREBTRESH02-04K06 > hZEH05-07-09-

HREAE RN &5 # T4 Table 4> F#2 %) E#do Table 5> LB AT EHZ n
%o Table 6> MA L3 %357 6B R B AZ L W58 > 4 1A Taiwan 2 & Japan K. Z >
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EHmz 23R ZF o Table 7 -

3. &%
3.1 F#MR KRR
3L BEERMBESA 8T

ABITRBRRIPEE > FRARRA LA ED S BT TR A8 X
P R ¥T 4% (Beverton and Holt, 1957) - m ¥ @ MMERB L AT  F6 ~ 84
Bk R A HEF (Casselman,1983) » BEF MM E > ARARF KM L RAMEA RS -
Ry FoaifsE% b RBHIMERMRSRBATERR > MARSRE L AEE
RABE QR WE - FREBRE © 9% %34 (Beamish and McFarlane, 1983) ; 8 ¥ %
LB EAELSLHGEE  SREEBA RABRINSRANERBREFLAERE
(%% > 1989; Huang ef al ,1990) > k&R FRAAREEHHEL » LA S# L5 > #
S E RIBE R PO E KPR R # % (Gonzilez-Garcés and
Farifia-perez,1983) > st.4h » R A5 ¥ 5 4 » % H 8 80K %) &) £ 5 4 (Gonzalez-Garcés and
Farifia-perez,1983); # B A BT L ¥ FEB A LR R L &% 4 5 A & E 4 H A1557(KOH)
BRAEBE > HEFRAACHGHLEARRIEMIEEL  FERE REFREEASY
%34 (Casselman,1983;Lee ef al, 1983) - &1 A5 5 A7 45 Fl 60 2.85 - thh & W #5650
PR SN BBABLERABH HMARIBRAEXATHEMBVERLL AR
HBRAEEL - ERAFEFTERASR EASFRBLETZA -

LEFRRBARARY  AERAFBRBEEREA (1) REBRERB R REFHRER
BERREBR(2) FRUVELSHHEHRBAHNE R B4R abhsH 2
RARE > AR FEEYE AT RN E& F 3% (Tan, et al, 1965 ; Lai & Liu, 1974) - 4 &A%
EHERHANAEIRBETH B TRES L RSB B &A% ko8 % Fig.
16) - shoh; B8R FRAAMERE (NSRS IAHME R > HAREREE (1)
FPHAHERBBARI AR ERTERSE B LAER > THMESS N AF HERT
RoeXM¥E S RBERATEALE > SHEEans AR ELAC
FHAMFig 17) BHSER HRXTREREMR Ko A BEMH (Yukinawa and
Yabuta, 1976) -

3128 K ¥4 (#2) AAX KM M4

MBORRASEHNARBREBROTFRIEN - EHAREKLENH  #E
BB HAMMETRRRE  BANMAKRSERIARES A KB RM ik K0 8
—EBPERBENAN (FF,1970) - ALXARTT > BB K AHE T & 94848 M (Fig.
18)  THE B A 133 R RS K 5 H 187 204~255 cm F) » KA LRSS
A A4 &2 o M Yukinawa and Yabuta (1976) 2 2% kRS E MGG E T > AER
B85 B T4 % 50~70 cm~ 100~130 cm ~ 150~200 cm =8 > AR =Bt F ey B L abs2
MGFAR EE#RAA—HR2 BRAKBIABELHEMA -

3.1.3 S 8T A A
GHBRMEBRESE R BTN 2001 £ 5 BZ 6 BREAIFEGHSE Lo ke b o H)
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€ 4 A (Plate 1) M Yukinawa and Yabuta (1976) s 8% 5 £ K i iTea AT E 285 5
BRARAAT  SdSA %A Kk$ (marginal increment) ) A Z| S$LEBEX Lae 8
K—FHR— > BB EFmA -

314K ARHEFAIRARKIRBANEE

BEAREF  BEROSAFN204~255cm #9133 R 2SR @ F KR > S50 8~
13> RSN FRAS~3# - RiB A% 04 mm A EH —ABEBK
BB ERBEMSE > RO RIKES 2936 cm» F R EIRATLERFETHAE
X Kk #% 50 cm (Aikawa and kato,1938; Yokota et al., 1961; Bell 1963; Yukinawa and
Yabuta, 1967; Schultze and Collins, 1977) - Bt > bR TR LHFR S LEB/RITAL
M e R A YA R RARYE YA 0 LR TRA# &4 (Calander, 1974) -
Table 1. A8 H RBRARERBLHG  AEELARSBABYEELIE -

HERX KLy Lot Eehsg i m g X h .

lesy =30.217+40.918xl, (Fig. 19)

B AH 0918 L A RH MK LR EMEET R KA EL % 00860 ; Mt ALK
)+ D fE B R X R A5°5 ARty X2 Bp A48 MR A X & (L) 366.681 cm (Walford,
1946) » HEM R RABRBEREIKRARERTEXLEEGFT 568 0 FHTRBE 1
#-0.926 - Fig. 20 % A& % # Yukinawa and Yabuta (1967) Fi#4Fe9 K- L8 & o
Ko-EKHmT > HAKBELNES  EETHRAEEXALAEHHEHEIERA -
3I1SEHNSNFHES

Appendix Fig. 1 % 1996 5 £ 2002 1) > a F RETHEHN A HAHIHB E @5
S BRTEH BE (AR R ZEE5F > s AREA 60410 AF M > @
R 544 80~300Kg F) > suR E R M4 E A XK 160~270 cm - B 1997 B 284
BREHAHE ) ARAREMNS > BEH I ABHLEEY MM ENHLHBY S
MEZRBRE SRRV EIRRFHmEY - £50 > 2L 199 FrmMes Lok )
TR ER 156.9kg > A EN &K 5 L2000 F & 2001 FHMAHMAZK > FHHE
2% % 182.8kg & 189.1kg > AR 10~11 & &# -

32 AHARAR
32.1 £opig

1997-1999 £ R&AB EH GBI AZTA 22 6KMAIATHEG6ATE
M4AFE -6 ATAMRRT RhiRERBE D (Fig. 21) - 1997 6K H& 84 5 A
T &) M 1998 Fu 1999 % A HEARMGY &M S EH > 1998 Fie MY HEMAES A ¥ o) fv
6 B L& > 1999 £ HEMMRIALL 1998 £HART - £S5 ALORRS ATHEG
ALE - FARBIAMEMRFERKEDL2- 2R X2 EXKED A 6-8 X (Fig.
22) - Mik A2 CPUE # % @ Mitan SYEMA4ATHZE6A T4 44
TERATR6AFERE  EEAMREAEY > MCPUEMAS ALORS ATFOR
& (Fig.23) - RARLESHER > ARAREAERNFERARLHSZ IR AMA4A
THZO6AFEH  MBAMAEHIREEREHFYENELAIATHNECA TR
ERAH—F -

322 Mtk
AAREABAEGE B 17T EAMRRAHM 2 EBE 241 B> L+ 4 123 AR
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W MBERIKEE S 172252cm & Y REGERBTHMK AR ZHILERE
HEFHM (o =13.68, df = 16, p>>0.05) (Table 8) » 7 A £ B4t b & 5%, B 48 47 4 1608 i
S B HM  ERAMEILHIR 051 BB £ A 003 > B LR PELE 05
EHRBELE (=0104,p>0.05)-
323 AGrH R RAMEZ 5 A
BhFH 1999 FREMM AR THY 90% (n=10,067) L ELHAXEZHE%E
o# (Fig. 24, Table 9) » R BB EM LA E P ERA I M L8 2 GFRR LE5HF
Wi F R RXKA 165 cm > F—w 45t (Lo) & 208 cm > ¥ 4a#k (median) 2
2Bem> F=w o ¥ (Logs) A 219cm & AE X k% 281 cm> E# (mode) % 211 cm>
R 9% L2 R KA 190 cme KFF R 547 %% 99% (n=11,186) R:& L4 28
RBRENMETH (Fig. 25) MARBREINRMEHAESHAEBLT R EEL 72
kg> F—wmafe# (Wo) & 161kg> Fiudch 176kg F =i (Wes) & 194kg
RAMEA395kg > B#h 172kg -
324 RE%E
Fig. 26 RAIFMRIITI0 T a5 #10 > uk & P34 pe % R & o7 #9286 10 M 3% 4 F
B-ZALORBAFEFHRHBESL 19701122 6 BT FHESECHEE 1.80
£0.11 -
3.2.5 Gpéapa BB o
BB BARERBERTFERHR RGP RIS R ERADHFEEESH
HRBERAKI KA I B 9942 B F % £ 126pm S0 » 6748 48 % -4 4 342um Fv 522um
&H — &R (Fig. 27) > M Yp4& 7 540um~612um 2 B3 9p dm B > ¥ o 3,2 B B 3/ 4
CHRBAMBREOREAIREL > MAFRLE 30um HEERFLFBALEE— K
k& (oil droplet) » B2 57 4m Bl 2§ B AR KPS (hydration) (McPherson, 1991) - &4
U EBRAGFsa RS RIABR M P ETHZER  KRAEFARN LS m s o5l
T (Fig. 28) :
1. & 9F%1L5P4afe (unyolked oocytes) : SPémf & N A ZE BAMK > §p48 <126um -
2.9 % 1L 9p ém Bl (yolked oocytes) : &35 F 5] =B85 -
2-1.41¥A9F % 1L 9F 4= B (early yolked oocytes) : §Pémf 2% & > REBH > R <
342um -
2-2. 97 KA 9P dm B (Advanced yolked oocytes) : SFéaf 2R & X AKFE > K
H A o AR A 342-576um 2 R
2-3. 9P R IKBE HA B A KGP R AT 2 3@ % 8549 (transitional stage) : SPémiR sl #LFI 45 2
RE&ERGER > 92NN 540um~684um 2 F -
3.7k 6P 48 % & A 9P (hydrated oocytes or ripe oocytes) : fPéaf st 2 A& XL H
Ak > BRAF—EAEZH 250um R A HA& (ol droplet) > 5748 MM 630um~
1080um -
326 jFRABKE
A RBERR A DA i (MAGO) AKGFIAaasF £+ > B A H &6 Fl 69
9P 4mie (Fig. 27) > B RGP HALFsafefoin Riop HILFémBB Z PR R EABMZIER °
BTARTFEEM Pty 7 B8R RNIERF A (asynchronous pattern) (Wallace and
Selman, 1981) > B 45 gp $t 3t R#A# (indeterminate annual fecundity) - F7 4 5F R A &
%A 17kgh k> EHiE 194 kg (Fig. 29) » GSIE % A 2.1 ZAME S 18.7 - 4%
APEABRRABGIFR - GSI ERRAFR > RADBEPaf B KPR (hydrated
oocytes)  MDMAGO % 946um > #& A §74& % 1.08 mm (Fig. 27) - Fig. 30 Zyuk & 4% KHAk
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ARBEIEHAEE PRI Z B SRR GSI-F3E % A 5 GSI-F4EMR S B+ 4 -
6ALARO6AFTHBA  SREWLBA MSBLORS BTE GSIE4ER ) &
R tu#l o Fig. 31 A3k B39 MDMAGO 2 #1b15% » $35 MDMAGO % 445
A540um E£LE > ESATORR 6 ALOZE 6 ATARERA  Fv GSI A% E 48
2 o # Fig. 32 & MDMAGO #v GSI 2t B * MDMAGO K§ GSI 3% X i 3% X ¢ A 3
(Y =22.52X+396.21,r* =0.54) » B~ GSI & ok B BB 0 ba o AN Bl o

ARAAREE 11 HERBBEF i KPR Z PR - HBAMBERA & BB T
IR AT REA S R H FRKE bl > RA D HBHELA AT (spent)
24P - Fig. 33 BHEAKGPIFREETIFIFRZERK - £ I &7 £ MDMAGO A7
306~342um (Fig. 32) > HAMNS AP R 6 B L&) > o GSI 3452 S it — 2 »
A0 1] K347 6P £ 2 MDMAGO % £ 450um X E - Fig. 34 A3k 8800 » Bk bpug
BELGIRE & SR AL 2 W - ALKk SILHIAES B PARGCA LORSioB L AMARR
B4 (GSI) #1—32k (Fig. 30, Fig. 34) > A Ff & X FM A W AN — & > 2+ 5
CPUE z ##48 R (Fig. 23)- S A L) o 28R TR) HLABREAKGZ
W& o
327 B

AEARR 11 HEAKRFZHFR s é& (EXK 194-228cm) Z BER B FHAN
5,800,000 — 25,200,000 #1672 P « ER PG @A R X KM B KXo F °

BF = (4.3952x10°)FL—7.58x10’ (*=0.793, n=11) (Fig. 35)

ERBGPHBERENMEZHM AT :

BF=(1.2277x10°)GW —5.4552x10° (*=0.506, n=11) (Fig. 36)

11 Rzt 2P B EB MM 40-122 4197 > PR RIFHF OSHIEHRER A
H SR LN ES A 89 (£183) H4F -

33 RiRG AR
331 BwAL A EREMMARGFHE
3311 MAEBARKELHK

REERZ RS USRI R UWNLE TR F 0w A % F 4o Fig. 37 £ B4
fons & &R 7 A L RAE(maximum)&y i X, o & t=0~2 8§ > 1L Beverton and Holt # X A7
5452 Fo1 %% % 0.100 ~ 0.117 ~ 0.150 » Fpay & 0.142 ~ 0.178 ~ 0.232 = SRS 80BE/LHE X
i 454% 2 Fo1 8 %% 2 0.139 ~ 0.170 ~ 0.187 » Fpay & 0.222 ~ 0.256 ~ 0.310 -

AMESAANZEGEEES S > #) A Beverton and Holt # X, 2 SPRpo 4 170 A £
% ERA A FRBB AN RFZ SPReoBIK > A0 X A4 »
33124 B AmKkEH

HKEDRLA KRS UGEFZENWMALAETREM AL T4 Fig 38 %
t=0~2 &F » L X Beverton and Holt % X A7 #54F 2 Fo1 & 0.101 ~ 0.117 ~ 0.140 > Frax &
0.144-0.182-0.214 - A F# BB X AT 445 2 Foy % 0.146~0.160~0.183 > Frpay & 0.235
0.275~0.336 -

H MR A& G E 5 > #1 A Beverton and Holt 4% X 2 SPRr-o % 150 X £
% ERNFIR F BB AT RFZ SPReo £ 20 DT £ ©

REERBT REBURBARALENEBARLERBARY ) FRBLEMA
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ANEEFAEFZ M AR % 24 298 57 Beverton and Holt B4 fu A % F $ 48 &,
2B TH - MmAAE &ML T % T > Bevertonand Holt #9 BfrimwA st £ B UR
EmAL @B AL FRBLBA LS £ 88 A Beverton and Holt # X, 85 & &
RTERLHH 025 AFRHEMMALEERA PR TCENRAEBRAZT > TRERA
TEHL6 —REAH 08 —REAETES 04 HEHMAKE TRMRE > BRE[p
ANEAFOUR BN EFREFHEIBRA

ENEHN YPR-SPRZEE t. iAW eMA TR R EAMM > BAE t 34
PRRERS R BB ARIEE > CENMEN N AL EEFURFo B F 2D -

E 7% SPR(SPR/ SPRro) 7 @ > WX 49% SPREE F ¥ iuim FRE&B %M » £
Fo185%SPR 34 % 33%4 4 » & F 3%/ % Fa M3 > %SPR 3B £ 20% £ 4 o
332 APHE-wABHR
3.3.2.1 Ricker # & X

ARAERRDEAREADFHURBEEM AN X & W47 %) Ricker £ AHR
) A 6B M- ABE dh 4% 4o Fig. 39 R Fig. 40 % tc & 0-2 A/3 2] 2 2 GF 24 §-fu A BE o
AL BHRALEFRBCEMMALESAHENERLERE -

ENFREBURBAZAED S UAFHARGEGHE-ABGYL > 6BEH
R ABER TR BN RTH AL R A -

BEENM AL ETHRAT AN ERWALETREMWAEZGFHEHEE  #
ARWAHELERMEAR > RAGFHE A 150,000 224 44 > Beverton and Holt %43 fu
ANERABEHRERIABYGLE 100 ERALLE  ARFRBCRM WAL EHREREE
Z Ao ABFERL 800 KA -
3.3.2.2 Ricker £ # 1t X

FRAEBEBARALMEHHIFH Ricker 28X EPHE-wABSGE D
%o Fig. 41 & Fig. 42> f Ricker R R X B o) S RK AR At HBILMABRELE -

ENFAERBUARBAZANS BTN RQAGHE- WA SHYE 0 LT
gRAaig -

A Ry A PR E (150,000 A HR)E X XHREK - T A% /N0.2)89 Case 1
AAGPHERE > WAHERS > EA T wRE 150,000 X4 > HiwABHT
% 78 % "A AR - Beverton and Holt v A4 & BF 3R B MAZEEH 160 § £ X
FEB LR MmAL E FRX P RFZ Case | mAHERSHFYGE 1500 % £ -
3.3.2.3 Beverton and Holt % # 1t &

FA MR B KBELE ST H Beverton and Holt £ #AbBt X 69 & 692 &-fv
ABF 4 4o Fig 43 R Fig 44 B (WK - BHE AR At BILmArmBsy -

ERFREBURARBRZAMSHMFHGREEFHE- ARG GZMYLER
ERK -

MR A A E(50,000 X HR)EXXHR L - h EEKN0.5)8 Case 4
FERSGMAFORERE MEAGPHEHNRBB 15 %045 RuABRnE M
Wk e FIAFRBLEAMALEEFIGRAOAREL00 KL > Riv Bt §ik
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%7 Beverton and Holt /w4 & BE KX AT EFHE-MAFH(RHES 80 §
R) -
333 £ A i
3.3.3.1 Ricker % &4
(M AHAERRKFH

&3 t~0~2> #] i Bevertonand Holt £ A4 Z B EFHLATHEE 49
¥ 4wt R 4o Table 10- £ MSY {4 4 12,734~15,807~19,834 />4 > Sysy & 61,446 59,506 ~
56,366 2% * Fysy 4 0.140 ~ 0.173 ~ 0.221 » Foash 8] & 0.261 ~ 0.322 ~ 0.415 -

AR t=0~2 > A FHBCE AL E FMERHLEE B R4 Fig 45 - MSY
A 19,807 ~ 21,270 ~ 22,058 /248 » Smsy & 57,467 ~ 57,526 ~ 58,001 >4 » Fysy %4 0.210 ~
0.246 ~ 0.291 » Ferasn B & 0.379 ~ 0.460 ~ 0.578 > tk Beverton and Holt E{r e A4 & & db
8riFMSY s & o

2 Eprifl > MSY/So £ 8.5%-14.7%2 P4 » Smsy/ So 4& 37.6%-41.0% > Ferat/Fumsy %
1.805-1.986 2 P > Fysy/(FusytM)(B % %)% 0.359-0.538 -
Q) AABEARKkS:H

{3 t~=0~2 > # A Beverton and Holt B AL A EHM AN L AT HR R
4-10> ¥ 4m 4 R 4o Table 11 3485 MSY % 13,947+16,983 19,889 -4 > Smsy A 61,264 ~
58,652 ~ 56,904 2% » Fysy 2 0.150 ~ 0.184 ~ 0.219 > Ferasn 81 A 0.276 ~ 0.339 ~ 0.412 -

R =0~2 A FHBL R AL R/ FE A dsRio Fig 46 2
MSY % 21,296 ~ 22,300 ~ 23,397 /A4 > Susy & 56,770 ~ 57,047 ~ 57,442 2> > Fusy &
0.221 ~ 0.254 ~ 0.306 > Ferasn ] 2 0.395 ~ 0.470 ~ 0.602 > tt Beverton and Holt E{riw A%
AFSGEAAMSY RS -

&1l » MSY/So £ 9.3%-15.6%2Z P » Smsy/ So #£ 37.8%-40.8% * Ferast/Fusy &
1.787-1.967 Z F » Fusy/(FusytM) & 0.375-0.550

3.3.3.2 Ricker % # 1t &
OENEF 58 3 ;¢

R t=0~2 2 4 & & dhigdo Fig 47> H B H MW KX > & Ko Table 12 #|{ A Beverton
and Holt EiwAt A EH A2 4 2 TRI& > RN 6,748-19,161 2HZ R > Fusy BR
0.076-0.216 Z Pl o #| A F# ZEL B w4 & T8 & > B 9,483-23,125 ¥ Fa] > Fusy
8] E# 0.103-0.310 2 F4 -

L t.F@ E t{Ri > MSY ~ Fusy B 2 3% Av > & t=0 B} » MSY % 6748-20473
A2 B > Fysy BRI B 0.076-0.217 2 M) o % t. ¥ E 2 5k » MSY A 8,617-23,125 x4
Z ] > Fysy B 0.099-0.310 2 J3 -

HNZMEAE A2 b > T8 MSY U R Fusy 39k a4l > AREAGHERTH
B AR Case | 5 MSY & &> R t=0 3 A F B L ERMmAL EE BB
# Case1 %] Case3 z MSY % 20,473 ~ 12,940 ~ 9,483 > Fysy A A4 0.217 ~ 0.140 ~
0.103 o
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@ AHABARKER

Ute=0~2 2 4 & & dh 4R B 4odo Fig. 48 344 H4EH X, > & R 4o Table 13 - &y %k 4-2
BRER T4 > #] A Beverton and Holt B At A B A 24 A BRIE BN
7,282-20,561 A ] » Fusy &7 0.080-0.226 2 [ - A/ A S #LEMwAL £ F9% 5 »
B 9,954-24,563 N2 [ > Fysy B B# 0.107-0.322 274 »

Bt HEH @ E I MSY Fusy 1 2 3 v & t=0 65 -MSY % 7,282-21,672
2. Fa] » Fusy B # 0.080-0.224 F] » % t. 3%/ % 2 & > B MSY % 9,339-24,563 2 P » Fysy
R B # 0.104-0.322 2 [ o

HNZHAFREZ 8 18/ MSY AR Fusy 9 6 M > A RAGHIHE 4
%A Case | 5436 MSY & &> U t=0 > # A F MBI E M AwAL X 8 A5 -
# Case 1 #| Case 3 2 MSY % 21,672 ~ 13,625 ~ 9,954 /045 » Fysy & 0.224 ~ 0.144 ~
0.107 -

SRLATH > ABAREHEBAT MSY SRR EMAMEBREFES 5 @ MSY/S,
UBRHBEREE © Mo TR > KE t. 3% o jo o
3.3.3.3 Beverton and Holt % #4bi &,

MARAEBRKFH

MRt=0~2 24 EF WMo Fig. 49> A A FAHIEHBU KX > £ R o Table 14 - #)
F Beverton and Holt B4 A4 £ FM X2 4 £ F8KIK > B 4,027-8,994 N5 »
Fusy & # 0.056-0.173 2 ] - #1 i F#B LR AL EEFLEF > B 5676-10,955
452 [ » Fysy B# 0.075-0.233 2./ -

E a3 H > MSY fERE2 3o > & t=0 85 > MSY A& 4,027-9,621 2482 I » Fusy
B 0.056-0.170 2P - & t.3¥mwE 2 & » MSY % 5,075-10,955 22 1 > Fysy B#
0.072-0.233 2 Fj -

HNZMAR B A2 ER > h 8 MSY LR Fusy ¥R EABH » SARK M3 Ao 8] & & Ao
AB ) Case 6 4T ) MSY R &> A t=0- 3%k A F B B o N4 & & A4 # Case
4 % Case6 Z MSY % 5,676 ~ 7,825 ~ 9,621 A4 > Fysy & 0.075~0.116 ~ 0.170 -

R HABARKEH

Ut=0~2 2 4 & ¥ dh 4% B 4o Fig. 50 > 4 R 4w Table 15> #| A Beverton and Holt %4
pand A EBRXZ A A BRIG B 4,395-9,670 A2 B > Fusy &7 0.058-0.180 2 1 «
FAESHCEMMALEEST 0 BN 5944-11,589 N2 [ > Fysy Z# 0.078-0.249
Z e

¥ t{H3% i > MSY (& KE 2 3 ho > & t=0 85 > MSY 4 4,395-10,217 2# 2 B > Fusy
B 0.058-0.178 2 M & t-3¥AwE 2 & » 8] MSY % 5,546-11,589 A8z M » Fysy B#
0.075-0.249 14 -

HR=ZHARMAZLE  h EMSY & Fysy R EFH » AERM DK S
ABEH) Case 6 BIFHIMSY % & A t=0 3 A F B E A% £ F A # Case
4 % Case 6 2 MSY % 5944 ~ 8225~ 10,217 X4 > Fusy & 0.078 ~0.121 ~ 0.178 »

SLEAME  ABREMEBARER LS HERAL > @ MSY/So AR & % i
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h Bt EA8 M -
3.3.4 BB E W
EFARAT  AZRFUGHRBERFTR > OB BRLAEGTHES) 48T R AT
REREEHAVE  BRt=0> &BANTH FRHCERAWALEE FRT - h-
So &) Wl #% % %) B %o Fig. 51 - Fig. 52 ~ Fig. 53 $A & Table 16 > £ 7 #%i% £ 18 4 # ¥ MSY
BBE -
FETAE h B E6F > & So3éhw > MSY -~ Sumsy 3/ So 3# fo My 3% Ao > MSY/So ~ Smsy/So
te] Bl & > Fumsy A148 F] -
4 So Bl E8F > T 8 MSY ~Fysy A G480 > 1% mwe¥ > MSY ~ Fusy M2 TR > 18
RYBE R mAEE -
4 So Bl E8F > h 8 MSY ~ Fusy A E48 R » % h 3% ek > MSY ~ Fysy B Z 3 juo o
3.3.5 4
HEULEERT 4o :
(DB ARAETCHRZ T £ R > Bevertonand Holt # X389 EMmwAst £ FiLE#
LR wALEERANERDS > 4452 MSY AR/ -
(2)& A Ricker & 972 & -/ ABEHE X F74F 5] 49 MSY Ltk Beverton and Holt & §p2£ & -fu A
HPRAHERAS -
CHRERARBEARAAMERNER > SBEHMBFHNG R WALE TSRS
MSY ERIAB R EHATEHEAS  BERRK
()% t.fE¥ Ao » MSY A& Fusy 3 € LA -
(5)4 Ricker ¥ ALK ¥ > 1S MSY - Fysy 25480 -
(6)# Beverton and Holt £ # /L X ¥ > h £ MSY ~ Fysy 2 E48 0 -

4. 3t
4.1. £m4 BAR

AARBEBBRMEIRRLERE122E 04 EANERLEZL L BT &8
TRAPFPFERZMAGFTHSOIBENLZHAMYE - ARREATH TS BENE R BB
(running ripe)#g §F & (GSI=18.7)» AR — S KPP > B LB KIFHuk s > A&
SRR EBPTRE A 07 > AR LB RE TIFeI R - BT KPS AR SR
HEXAAEGITH - Yabe et al (1966) BRAFHLHIFRIZ SHFLBEEIMA
FROIBAMEREZPOEZHD A - ML E £ 20 Z ik £48 120 £ F 150
B ABBEGARLAHAHEE  ELRE 35S EUBZERTREAFTERS - Tanand
Chen (1975) BEEB ERFHRAZSHE > LB EHTFREFLELHIhed
# o Chiu and Chen (1995) RIEREB B EREE LHZIFRE - FRAZRRTH
RFEFERLT ERFAETHREEEIREIAILEIENBHET S8 CTHRRALZHA
Btk By XA HELNEAPTA -

AR BEMARE BRI HYENMER $ALHAER AT EZERL
HBEBHERAFMAIATOEZORAFE - FMEBRAESATORALANERE
RIFZueS > BETGFMAZ B EREEFE S MY RAEZZTTFHEHLEFE
EEFEBFERA - BRTIOHREHAZTFAGF RIS REMMB A AFRELAS L
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# 97 S I 9P 4w L 0 - 345 MDMGO F2 354530 ) % 4 4% 4 530um 32 _E -Kumai (1984) %
B4 7 4 Japanese parrot fish (Oplegnathus fasciatus) §§% 3K 10 2 67 sm B &) 7 /) 65 Bp T %
B @ 9~10 /NBF14 Bp T 47 & 6F 4T A o McPherson (1991) BY 3 7 3 & & T 45 & 24 /)
B P ER OP dm BB R AR A PR (B =~ Z 9 Rk MR £ K9 ) - Yamada ef al. (1998)
RAHRA BN bt GBS (Scomber japonicus) » # 24 [NEEN &4 EGFFTA -
FRAKF ARSI HRRIR B Z bl THEEAE 24 IR RRELE hp
o BTHMMRA AR BRE LS THAPEHZME -

Yabeeral (1966) HRKFH2HAAMAPEIEH (GSI) 254 MA4ATHE
6 ATH  ARARKBZEREII—3K > Yabe ef al. (1966) F] 65530 K ¥ 2 a4
FHRALERGBENES A LG E 6 A T4 o Chiu and Chen (1995) it 47 & M 5k 2 47
REAL  HHBHTFRAEANANAIS A MERARLESHANAGCHSA
WERILAARTBRIIZAGHMAR  THEAPTHEHAGTHOREN AR M £
& oChangeral (1972) ¥R ABMARBLKRBABERA B KBTHE LR T
A M A 67 - Tan and Chen (1975) HEEM B BBRMITREZ 5 A BRLHITRE
WEUAS ARG MBRBRZKBFRBEREF KBRYE2TCLL  BE A 34-35
%0 > McPherson (1991) # R K& 26 C MM & (Coral Sea) &9 4 8 (Thunnus
thynnus) 7 & A 9F o % Tanaka (1999) RIZ 6 A TAIZ8 A TAABABYHRAAXK
FRRBIFRREABH BTEHEDASHEATHRESOREE RSB EAPHA
B KBTRREZHVERF - EEBPREREBAT AV EHTES G L€
BREBARE BEAAPITA - AREMALZEZTIFOME > THREL—ERENS
Bl ERIAAGESIRE > BPTAFEF > AT LMINEFERTEILEE
MBRBRHNBETIZ S -

BKIHWE ((=0.104,df=1,p>005) ERRAHFFREERILY SR LHE
SRBFMELE A 1 0 1 (172-252cm, n = 241) - Nakamura (1938) & 3552 /8% o 2 8
BEMPEIE B 36:46 o 11 1 BRBMELE (=122 df=1,p>0.05) -

Maguire and Hurlbut (1984, cited from Cort and Liorzou, 1991) # R &\ A BE LM E
XKAPPR22cm By - M BB LB ER - EAN22cm > RIRBEHBES -
Clayeral (1985) 35 8 BABFEZHAIXKRAN 230cm % > i 6 ¥ B $ ik & > 258
AW 29 REF - RIAMEBMEBLLHEA > LHRESERRETHREMIY AR TR
tb#k & & o Nagai (1985) RIRAAXBELHESE SN2 AL EKEEB A 262cm 34 L -
MARRPRABRBEEAELKRAN22cm 2 A8 HBKFELHTHFBAD
HEHARUDAGEN  AX—BERAL  BALHIFLNES > EEHAFRE—FHF
;‘,: °

8 Rivas (1979) 2B A EBHF Z#HMA 2 £ X kAR E (giant fish>180 cm) » K K4k
APMRFERKRY S (99% fish>180 cm)» AHF—A# &ALk 172cm RN+ 4 &
(median fish) > M A # HEL 0% LA LM ZRXETHEL > & R5R 99% L2
LEEHMAY (5190 cm) BRAARSE  BTAERRG IR ERET SERHEH
ABAETERANE REBIHHPRS -

¥ & Yukinawa and Yabuta (1967) ¥R 2| B RO KF LM FRBRKZH
RALLBEAN IS EXRABNSEERINATEIHARNERBARRI R
A > AT AR K A5 3L Yukinawa and Yabuta (1967) ARt 2R KA RBAFARK XL
RXEKBIBAFHRZEKBE Y IONLEELHZEIKIHPERRSHEBY ML
AP BB MZLH FRARZIEIEIEB165cm A6 R & 21 &4
BELE 0 99% &M AN 190 cm (8 KR &) » Mfh S0% A FBHA X K2 B (Loi-Lg) & 208
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-219cm> 3t A 10 R & - BRAMEHY T MIREIEIXEAIT2cm: SRR ER
WER 106 kg 314 6 K& AT RNCEE X E KRB Z 67 H KoM da iy
(MDMAGO = 556um) > a7 4 ¢ i & 4% 8 (Fairly and Davis, 1998) -

Baglin (1976) # 3 10 8% 350 L 8% #& K 08 ¥ 2. 85 o 4 L ¥ 5 89 6F ém B > 7 42 Bimini
ML e B R B B84 BP9 50 A 121 & (10-15 & 5 & XK 209.6-271.5 cm)
AR RERRKFAZHEFHERER (9-10KR) AKX - AAHTHEAZ A FF 26
EAMR N F#f0 Baglin (1982) A @A BELHER DGR I ER ) —& 12
& b Rodriguez-Roda (1967) # 3] & X % ¥ L85 s h2 Fd# (3 &, 100cm) A& % > @
Oray and Karakulak (1999) &2 AP ELHEF AR F804 34 K BREA
100-109cm > M F K PFHBHERRFR RO AEFE LHRAAL > Mfo R AT E UL
PHEZEHERBK -

Harada (1980) #2 Kumai (1998) BB A Z K- F X 28 - 59558 AF %
BHARPAT  ABFRILEAARTRBZRE P RBFRE > THEEAZFAAEFHA
FHAREEATFA KA RIS R - @ Tanaka (1999) 4 Nansei-shotou 43 fe B &%
REBBARIFFoH P AIRAF R MEKIFHEEBY NP 159-215 cm » A4 &
MM LLRARG D - THEEGPHRMERE > EFHRAUA I EBE LEE > fdk
AR NDABBERA ZEAEL - B REHBABR G R R E TR R A 8 AR LK
A RUIRFEBRORUES EEREREESBRAEG -

ARARRAEFKIPZIPREFMEERZ Y SEREFAERD P RA B AN

(RX KA SRR ENRE) Ahtal BERA BEREGFHRS - ERPGHEFAE
XRZGHEMELERZPHOSBR IR EZ M ARAE EREPHPAEIEZE
BREHAR X B2 XBL4A 172 cm - &K% - Tanaka (1999) UK 6F £ 443 A Kigfo
Nansei Shotou X ZHZ FRPGHF MBERERDPHNEIRZIMERTBESN
W MARERRSHERB PR SHA > AR AN Tanaka (1999) A REH FE X
PR AAMY - 3540 Tanaka (1999) ¢4 FH > RIFE S —EERBEGFEALLE
Z MK BF=(2.4963x10°) FL — 3.6695x10" (*=0.64, n=26) > A4 B X8 X &
245 147 cm - _
AARGHERPIHIAAABIRY (n=11) > f* R K& 2 5% R P Fo B
BHAEEIRARZAAY  THBEQELEFKRE > P58 % & 814 - Rivas (1954) ¥
HRERNFAREHBREFIH  THREEAIBAL  LELEA > AEFHNKES
e MBS > MYME LA e AMIE Y - 23 Hunter ef al (1992) ARBEE
Dover sole (Microstomus pacificus) 8 RE PR Z SR AHE > FAERZAR !

cv ()

AP nBRBEERBFRIGHAFAGSTHAY P HOF X 2B
CVO)A@BEADABZERGB - AARLERPFRFEIEEEMARZ " 50793
biasZ B RAMA20%UALE > ARXZHAMSAFARENE 1>6)-
RAFEREH2Z PR PGROAE LB ESLS 68 Fo 67.3 4 §p (Schaefer, 1996,
1998) > & B 8 % 57 4197 (Farley and Davis, 1998) & K-F# KX B 844 59.5 & 6f (Chu,
1999) » BARXAREAGAMEREINRELEN > FRABERATFLEHZHHRIR
B ko) MBRECHEAS -

BHAKPIFRBSEZ Fp > AL ERETIFZMSE » #7] 1999 £ 2 a4
EEBRO I FFREERLGRZAFESHSERTHRAS A PHR6 A LE -
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Hunter ef al. (1985) 35 # % =k & 97 & 48 (multiple spawners) & & 57 & & A7 #& 7% 94 5%
Mok Z 42 97 $ (indeterminate annual fecundity) > B 2 67 & P33 B K 97 1L 2 67 4a L
EAGES MRS T RS E B I - Parker (1980, 1985) 2 DEPM (daily egg
production method)#t X, > TR RIFEXB S RAFAHRTREAK ) - 2ALTF -

_K-A-B,-W,
*" R-F-S

X+ > B, 2 A GpA A& (spawning biomass) » Py & %95 4 Wik ik B RAF 3t 25 A 5
4 £ & (daily egg production) > Wr Z sk Btk & #5139 EF > R Rt (sex ratio, by
weight) » F & B =k 2 57 #t (batch fecundity) > S & & §Fuk & #9tb 4] (spawning fraction) > A
REBAMBHES > Mk XEMHBBGR - AR ERBFREDREAAF LA
B A LA B SF BRI - B AT A shieiE A DEPM 376 R & £ 5769 &8
%u anchovy #v sardine’ & §F 8 & R & 49 K- (Alheit, 1993 ; Shelton ef al., 1993 ; Somerton,
et al., 1993 ; Fletcher et al., 1996) - # Priede and Watson (1993) F« Watanabe et al. (1999)
&,1% B DEPM 43|46 K ® ¥ 8§ (Scomber scombrus) #u & L&k (Scomber japonicus) A
RN AME -  ATPHEHASREG LM AXZAGFHRREATHBRACHERE
Jo SEFA T B2 E M 0 RIT 4 B4 A DEPM > & K- H RMA R L M
§ -

42 ARy BAL
A B % 4 # Cubillos(1994) - Cubillos ef al.(2002) - Shepherd(1982) ~ Sissenwine and
Shepherd(1987) ~ Schunte and Kronlund(1996) + Schnute and Richards(1998) % A Z# % -
FREIBNUAEAYAERBA  AREGFHIT- AR - BamAE A THAF
MEARBLATHYE - UTHREBAZLERURRFZERALD ST BRITHE
421 $amAt A8

A#F %4 A Beverton and Holt # X MR F#BLEXABEEUMALEE HEE
AEHARE TR EREBANTCRYIRE > Beverton and Holt XA B EH X > #
BN EERAE KASHYARRAKATE > MUARHERTE  BEY A
i o

£ % Beverton and Holt A £ 3BT RABIAZTHR LV ERRANRETENE
%] > 4643 #] A Beverton and Holt Bt v A% Z EAMHEFZABERGFL_BEE >
# Yamada(2003) /743 8] 69 & Sp 2 & - ABE 69 B & 1H 4 4000 ¥ 248 84618 BUT F#02F
LR mAL E BHXRERBBEANRTERN A TFIHRRAFHHCEMAOAL
ASHAmAsInERAE -
422 BB E-ABERK

AR E-ABLEBOREREFARAEZES - REBXFHo - PAFT AR
5% oA EEGEFREE R AT H A (Hilbon and Walters, 1992) > X 4o
Schnute and Kronlund(1996) ~ Schnute and Richards(1998)2 #t % > i i& %-#7 %! (analytical)
B SSREHALHMOEO)UARBREON=1-¢T) > BILIAR—BEERELLNELS -
ARRMNAAEMAWALFHE TR I F5HH o BFSLH -
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AGPHE-mABRGROERBRLTFERE 2% S ETHETE FRT-MASY
RERE2Z A AR Y IE & 97 2L F - ABE M 4 > Walters and Ludwig(1981)32 &
AGHE-MARBAZEAREORBRAZ © (DVEAKRS 0L WK BN E s (the
models may be too simple biologically) - (2)4 #48 Ml B % &4 % 2 4% 4 4 B 1458 416
(variability caused by biotic factors obscures biotic relationships) sA & BG)rE®RE
(measurement error) * M AL Z MR B ¥ H75 > BRI A H MR EBB BB AW B
AAHAXBREAHREEALERALERYRBETER S - Hilborn and Walters(1992) 4,32 ;
HMAXBRRAMGH A WA DL TERSRAL LU RS G oW 8 R /5 3 %
R BEARMBEHEGHEE- AN ARES  BTEYELELR -
BRBELERKPARHGATHE - mARTH > BEUXREHEALALE GHE
- ABE 4% 0 £ 2 Yamada(2003)3k B 1952-2000 £ 2 ;& 5§ 4 & % #}(catch-at-age) » #| F
8% 2 #7 (virtual population analysis » VPA) # B & SFBEE- AR AT 2 22K
B BRAGHZEPHERSBAE 150,000 24 > FHwABEEL A 3000 ¥ &(Fig.
54) RERBREAFARERNAE — B EE -

BRAEFHET-WMARBXREGRAB RGOS  SNTEFURREESE
MmE > RBEBRKELFREE L)% K (Pauly, 1984) > BT F-WARMXLARE
THRARBBROAE  Ho PASBAAFE2EL T2 BFEAMALEE &
PANEGFHERCAL A TR > NS MSY -Fusy FATZER 2 FM - AL
RAKBOWERGEGTHE- AR P LMo -B HALAAKBXF X BT R
AHAREATHHRATE £ARBEEEHNERGBATAE RONALEHRE
&6 0 PR R BB K 15 #(Cubillos, 1994) > it mA AR hH 4 BB X > A BREWHE
¥oRBE—BEEFBYBAE -

HNREEAGAGHE- AR Ricker SR ¥ AALGHRE 2B S04
BL HlloR BB DALBRAEATHERRTREARENARLAL AHEHLR A -
1 Beverton and Holt B A RIG &1 £ Sk » AR T 846 AR A LHEZRA L
FERBRMEE THAEAARLAEBEURGEBEERABRARL  AABELZHOTR
#1543k A Beverton and Holt ## X (Restrepo and Legault, 1998) - # A5 X & £ T4 40 >
#|F Beverton and Holt # X A743 %] &) MSY ¥ {& % i@ #& Ricker # X & > Fusy %334 -
ZE 7 Forash 8% * BT Beverton and Holt # X A58 T a945 M -

BRBHBNRREARIR RAEBRHBRA  UWAHSLIBERATF bk

KBARERLR S ¥ #(Uehara ef al, 2002)» —F X BAEGHRE > BRARTH
% #€ ° Yamada(2003)BA h A P BE S U R MAHBLBERK UK T HLZHBRAA
Beverton and Holt 4% 5X, % Ricker # X4 &.;548 5 Wi = -
BAMKRZEHE R #4534 A Ricker £ & Beverton and Holt # & #7143 %] 84 MSY %
BARR £ FE > Ricker X T35 4 —¥ £ -F /A4 4 > Beverton and Holt # X, #3444 4 —
EXVEL - Wl HEEFHE-MABBANEBEURLREGR I HEL
W EE BT -
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423 S HRIFZHFH
HEARAERGZBEESIUS So~ 1R I s HTR hiRFHD -

4 Ricker & K#EKX + » Cubillos(1994)32 % 4 72 4 B 4 fu A & 672 & (SPR)TT #|
SPRp=o R34 0.2-0.4 » HBARS B F X EMOETHRE S 02-04) BRERAF AR
HERRTCRAAREZ B R mA &2 F(%SPR)S A SPRro &) 02 £4 5 F %&b
B4 %SPR M 2] 20% 2 74 th 48 FREJE K RAE » BA~%SPR B £ 0 4 45 4 20% o

HAT AFEBRENEE > S SE A (Clark, 1991, 1993; Mace and Sissenwine,

1993; Mace, 1994) - B % t ARG BE A Midk - % 1 A 02(Case 1) » &5 Roax/Skona
% SPRr—o 81 #0849 20% > & © A/ > &F KM RMLE /1 (recovery rate)ih 3 » 448 )
AGFHEARATAELRS 9B - FTXTRMSY ~ Fysy B G 48M @ S 5T #Apuss >
MSY S & Fusy #8720 o §1=02 B MSY/So 4 4 14.4%> %1 ¥ E 0.67 8] MSY/S,
% %) 6.6% » Fusy RI# 0.264 3] 0.121 -
4 Bevertonand Holt # X & h H B &y ) I8 3 R (Francis, 1992, 1993; McAllister et al.,
1994; Punt and Hilborn, 1997) < & h=1 & » & = s ABEAE MR (E S=So/5 B5)3% po B & 5 K
BoAHBRERLEHBRY KA KD Fusy % h B18%] 0.2 Fysy S 2 [# 5] 0 -
Pk h & MSY ~Fusy B4 > £ h 946 H > Francis(1992) 2 A8 A $ B s Mt &
A EE /AR 0.5 £ 0.95 Z B - Restrepo and Legault(1998)8932 & BI#X A i3 » WARAE
AT AR 02 81 1 2/ BTUHRBLERERAATHRARALEE - AHTKA
05~09  &RMT > F h0585 > MSY/So 945 4.1% > £ h %% 0.9 B MSY/Sy 3% u
2] 7.0% > S Ricker X P 1 4 ARBRBEEIRAET -

ST 893 KRB ISC FAMERZIAE > B ATHN K P# 286960 58 2R
#AAE  AHARALBN 02 RZEEEBAE - £ 10 F&He) MSY Tif 21,672 24 >
EtiMmE R > KB MSY Tif 24,563 A4 -

BT A Loy 54 8590 % SPR Sk & 245 A B IRARF 69 £+ %2 — - Goodyear(1993)
RHEMMANRGTHEE I RGIHFE SPR—o 89 20% > A AR A R A A Rt T 445
ERARE > 4B %384 - Mace and Sissenwine(1993) .k T~ £ H A B E R A X T REF
T IR B M SPRro 69 20-35% > AHN A+ B L E T REFH% SPRET > 84
LM Bl REFE &30 R &8 E 9% SPR 818 K & # 4 3% # 9% SPR
HE10% AP PREBMNEE  wEBILATHESH £69% SPR T i 40% o A
R AT RAFH Fusy 9 BN A GFRE 14 3 B 7 SPRe—o 89 22-45% S THAKL > BT
#§% SPR 443 £ 20% A H B B RAA AL AE RITRENALEBURARTY
BHE > AT RAELKENS MSY  WwRIZTRBARKL  LREUERA > AT E
RBERAF AWM ERIL > BT IR EER E%SPR > 3 #%SPR %4 A & &k £ B R %
RATEFRE  HEARSFERABDRHHFEAT > THELBEHREAECE -

ARAREHZSHBORLARARTRE  —PT > BEMKRENMN 152544
(Beverton and Holt, 1959) » A X2 K184 0.086 > sl MEARBNN 0.2 24 » £
Bevertonand Holt B A4t 2 EM KA FAERA 025 BAAEB G - N SMBETE
RMHEBARRTERZNIL  HAREHNERHBB XA Yamada(2003) 2 B %
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B AR TRECARLERPRBERAE -

BAEROBRTETHEYEL R Alverson and Camney(1975)8 A R X F# B &
bR A BB 05% - AKERE  AAEZIRBFRBESH 20K FRNATEERN
08 » Noo d6 B R LakBE R e 0.54% » §RMAT RH MG HLHIMZ TR BT
BEHFREM -

Alvereson and Pereyra. (1969) 3% Fusy Bt M #31 > KR AR R\ERER > 2
Deriso(1987)32 & £ m(M/K)fv# 1-4 Z Ko > JEER A kA —HEEZRHR  HTESB
BEAPRR o AR E) 6 Fusy BABR M=025 FHEHT KM A M-

423 B EARERBRAFREEEZRH

ENBLEREGC)AIAMANEIERETR > SEHNTALYE MSY LR Susy
BREHE R B % Fusy LB B3 - kA A MSY /78 288% > £ R
HHEAEES - ABR LA 150,000 N K > o RIHXMEM So ' MSY B #
Mz 81t ENMSY/SoRIE R » Al eS8 K £ So > B MSY TRRZHEE-

HPBREEREAET  AROLAEIRES THEEE  loARHFEHR
% (1956 -4 34678 N H)EFHERERAREERE » 32 Ricker K LB
EgaMAatREA ol FRBEREMMALEERASHANETESHH 02
BEBLEERECEBER AR ACER) THERLTREAS 180,000 24 > BA
Bje48it o £54% A Takeuchi and Takahashi(2002 YA AR SRR RS B 1980 £ 1990
Z MR ARETE ﬂﬁ%iﬁff—(&ﬁil"‘uziﬁiﬁtiﬁ »EEFHEREL A 270,000
N BEARALREAS -

gEoh > #1 B Yamada(2003)89 F BN 2 AGFHELR OHRASKBHLYE A

FARBELNEEHARAR AN TS ak#ﬁziéiﬁﬁ&n Fig. 55 =&
ABRLAFHYB-_SETNH BRBREHHAKE -

4.3 KRR &

A X G ERRTIRA ARG BAERRK T2 T453E 9k § F Shepherd(1982)
BARAI AERMALFEERX > AR ENMASRTREAAFHEURREBAL
e EREYEEGHEMANMBA TG M KE2H)RT  MAHTHAFHE
BAH— i Tt Bt — T AFHERRE ERFEEEETHARBRAHSS
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Fig. 1. K-F# 284 Thunnus thynnus 83508, - (R E&: 202 > #4155 2 F)
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Fig. 6. A 3.1-kg ovary of Pacific bluefin tuna, Thunnus
thynnus. On the left side is a 30-cm ruler.
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Fig.4. Diagram represents sampling locations of a ovary.
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Fig. 8. Length-fregency distribution of female bluefin tuna, Thunnus
thynnus, caught from the southeastern waters off Taiwan
and northeastern waters off Luzon during early May and mid-
June, 1999.
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Length frequency of fish by ring no.
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Fig. 16. Length frequency distribution by scale’s ring group of Pacific bluefin tuna.
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Ring radius distribution
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Ring radius distribution
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Relationship between scale radius and fork length
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Fig. 18. Relationship between fork length and scale radius of Pacific bluefin tuna.
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Fig. 21. Length-freqency distribution of female bluefin tuna, Thunnus
thynnus, caught from the southeastern waters off Taiwan
and northeastern waters off Luzon during early May and mid-
June, 1999.
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CPUE (no. of bluefin tuna per thousand hooks)
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Fig. 23. Variation in mean CPUE of bluefin tuna, Thunnus thynnus, in
the southeastern waters off Taiwan and northeastern waters
off Luzon during late-April and mid-June, 1999. Vertical bars
are ranges. Numbers above bars are sample sizes.
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Fig. 24. Length-frequency distribution of Pacific bluefin tuna ,Thunnus thynnus,
caught from spawning ground and landed on Tungkang Tuna & Billfish
Market, 1999. (ca. 90% fish of total landings)

67




n=11,186
2 -
S
>
Q
|
(1]
=]
o
o
[T
1 -
0 - |' dond . A=t T T
70 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390

Gutted weight (kg)

Fig. 25. Weight-frequency distribution of Pacific bluefin tuna, Thunnus thynnus,
caught from spawning ground and landed on Tungkang Tuna & Billfish
Market, 1999. (ca. 99% fish of total landings)
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27. Oocyte size-frequency distribution of a hydrated ovary.
Samples were taken from 18 locations of the ovary. Only
oocytes (= 200 y m) were measured.
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Fig. 28.

Microscopic appearance of the oocytes with different stages.
Unyolked oocytes (UYO), early yolked oocytes (EYO),
advanced yolked oocytes (AYO), transitional stage (TS),

early hydrated oocyte (EHO) and hydrated oocyte (HO). Bar
= 0.5mm.
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are shown by triangles and solid circles, respectively.
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Fig. 30. Variation in mean gonadosomatic index of female bluefin
tuna, Thunnus thynnus, caught from the southeastern
waters off Taiwan and northeastern waters off Luzon
during early May and mid-June, 1999. Bars are two
standard devirations of the mean. Numbers above bars
are sample sizes.
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oocytes (MDMAGO) of bluefin tuna, Thynnus thynnus,
caught from the southeastern waters off Taiwan and
northeastern waters off Luzon during early May and mid-
June, 1999. Bars are two standard deviations of the mean.
Numbers above bars are sample sizes.
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Tabl 5 Length, weight, natural mortality, maturity and selectivity at ageofNorth Pacific
bluefin tuna

Rk(m) MEKy Mi(cm) MEky) ARE BHRRECE

FR) (Taiwan) (Taiwan)  (Japan) (Japan)  (maturity) M
0 28.08 0.41 22.50 0.28 0 1.6
1 55.99 3.11 51.80 2.94 0 0.8
2 81.61 9.38 78.22 9.47 0 04
3 105.11 19.71 102.04 20.12 0 0.25
4 126.67 34.08 123.52 34.57 0.2 0.25
5 146.46 52.18 142.89 52.25 1 0.25
6 164.62 73.52 160.35 72.44 1 0.25
7 181.28 97.56 176.10 94.47 1 0.25
8 196.57 123.73 190.30 117.69 1 0.25
9 210.60 151.46 203.10 141.54 1 0.25
10 223 .47 180.26 214.64 165.55 1 0.25
11 235.28 209.67 225.05 189.33 1 0.25
12 246.12 239.30 234.44 212.57 1 0.25
13 256.07 268.79 242.90 235.05 1 0.25
14 265.19 297.88 250.53 256.59 1 0.25
15 273.57 326.33 257.41 277.07 1 0.25
16 281.25 353.96 263.61 296.41 1 0.25
17 288.30 380.63 269.21 314.59 1 0.25
18 294.77 406.24 274.25 331.58 1 0.25
19 300.71 430.72 278.80 347.40 1 0.25
20 306.15 454.01 282.90 362.08 1 0.25

a MKk -MEARLEFRRHELI] SASEHERFT
b. B A%t %%+ Yamada(2003)
c. A% 4 # Bayliff(1994) > Yorita(1981) A& Ishihara(1994)
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Table 6 Transformation of fishing mortality into 4, the fishing
proportion of a stock for North Pacific bluefin tuna

F Taiwan Japan
0 0.862 0.851
0.05 0.817 0.805
0.1 0.767 0.755
0.15 0.714 0.702
0.2 0.660 0.650
0.25 0.607 0.597
03 0.555 0.547
0.35 0.506 0.499
04 0.459 0.453
0.45 0.416 0411
0.5 0.375 0372
0.55 0.338 0.335
0.6 0.304 0.302
0.65 0.272 0.271
0.7 0.244 0.244
0.75 0.218 0.219
0.8 0.195 0.196
0.85 0.174 0.175
0.9 0.156 0.157
0.95 0.139 0.140
1 0.124 0.125

RA: MEAAASEBREBASEARKSFHETREEETCH
TFAGRHERD KT 2 LA
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Table 7 Scenarios used in the present study for North PAcificbluefin tuna

stock
Case Parameter(t or /) A GPBET - o NBEAE X,

Base Case None Ricker- % & 4% X,

Case 1 02

Case 2 0.4 Ricker % #1b4 X,

Case 3 0.6 )

Case 4 0.5

Case 5 0.7 Beverton and Holt

Case 6 0.9 £ 3 AL K (h)
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Table 9. Length distribution of Pacific bluefin tuna, Thunnus thynnus, caught from the
spawning ground and landed on Tungkang Tuna & Billfish Market, 1999. The minimum
length found in the landings was 165 cm. (n = 10,067)

Fork Fork Fork Fork
Percentile length Percentile length Percentile length Percentile Ilength
(cm) (cm) (cm) (cm)
1 192 26 208 51 213 76 219
2 196 27 208 52 213 77 219
3 198 28 209 53 213 78 219
4 199 29 209 54 214 79 220
5 200 30 209 55 214 80 220
6 201 31 209 56 214 81 220
7 201 32 210 57 214 82 220
8 201 33 210 58 214 83 221
9 202 34 210 59 215 84 221
10 202 35 210 60 215 85 221
11 203 36 210 61 215 86 222
12 203 37 21 62 215 87 222
13 204 38 211 63 216 88 223
14 204 39 211 64 216 89 223
15 205 40 211 65 216 90 224
16 205 41 211 66 216 91 225
17 205 42 211 67 217 92 225
18 206 43 21 68 217 93 226
19 206 44 212 69 217 94 227
20 206 45 212 70 217 95 228
21 207 46 212 71 218 96 229
22 207 a7 212 72 218 97 230
23 207 48 213 73 218 98 231
24 208 49 213 74 218 99 236
25 208 50 213 75 219 100 281
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Table 12 The estimated relative reference points of North Pacific bluefin
tuna using parameterized Ricker model and the growth equation of Wu and

Hsu (unpublished data)
_ Ricker model #2E1E
_ Casel Case2 Case3| Casel Case?2 Case 3
=0
MSY 14126 9160 6748 20473 12940 9483
Smsy 60390 64823 66836 56784 63204 66531
Fumsy 0.154 0.102 0.076[ 0.217 0.140 0.103
Ferash 0.284 0.196 0.148] 0.389 0.265 0.199
MSY/So 94% 6.1% 4.5%| 13.6% 8.6% 6.3%
Smsy/So 40.3% 43.2% 44.6%| 37.9% 42.1% 44.4%
Ferast/Fusy 1.844 1922 1947 1.793 1.893 1.932
Fumsy/(FusytM)| 0.381  0.290 0.233| 0.465 0.359 0.292
=1
MSY 16,843 10,768 7,912| 21,699 13,729 10,065
Smsy 58,927 64,342 66,151| 57,160 63,202 66,998
Fusy 0.184 0.120 0.088 0.251 0.160 0.117
Frash 0.340 0230 0.172] 0468 0.311 0.231
MSY/So 112% 72% 5.3%| 14.5% 9.2% 6.7%
Smsy/So 393% 42.9% 44.1%| 38.1% 42.1% 44.7%
“ Ferast/Fumsy 1.848 1917 1955 1.865 1944 = 1974
Fusy/(FusytM)| 0.424 0324 0.260| 0.501 0.390 0.319
=2
MSY 19,161 11,921 8,617| 23,125 14,657 10,753
Smsy 56,118 62,062 64,733| 56,316 63,516 66,867
Fumsy 0.216 0.136 0.099] 0.310 0.189 0.136
Fcrash 0.406 0.265 0.195| 0.600 0.386 0.280
MSY/So 128% 7.9% 5.7%| 15.4% 9.8% 7.2%
Smsy/So 374% 41.4% 43.2%| 37.5% 423% 44.6%
Ferast/Fumsy 1.880 1949 1970] 1.935 2.042 2.059
Fusy/(FmsytM)| 0.464 0352 0.284f 0.554 0.431 0.352
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Table 13  The estimated relative reference points of North Pacific bluefin tuna using
parameterized Ricker model and the growth equation of Yukinawa and Yabuta (1967)

_ Ricker model Age-structured model

— Casel Case 2 Case 3 asel Case2 Case3

=0
MSY 15,000 9,808 7,282 21,672 13,625 9,954
Smsy 60,664 65,052 67,454| 56,345 63,396 65,944
Fumsy 0.160 0.106 0.080 0.224 0.144 0.107
Ferash 0.293 0.203 0.154 0.400 0.273 0.205
MSY/So 10.0% 6.5% 4.9% 14.4% 9.1% 6.6%
Smsy/So 40.4% 43.4% 45.0% 37.6% 42.3% 44.0%
Ferast/Fusy 1.831 1.915 1.925 1.786 1.896 1.916
Fusy/(Fusy+tM) 0.390 0.298 0.242 0.473 0.365 0.300
t=1
MSY 17,521 11,207 8,234 23,056 14,492 10,587
Smsy 58,418 63,845 66,509 56,314 62,633 65,827
Fumsy 0.189 0.123 0.091 0.263 0.166 0.121
Fcrash 0.348 0.236 0.177 0.484 0.322 0.239
MSY/So 11.7% 7.5% 5.5% 15.4% 9.7% 7.1%
Smsy/So 38.9% 42.6% 44 3% 37.5% 41.8% 43.9%
Fcrash/Fumsy 1.841 1.919 1.945 1.840 1.940 1.975
Fusy/(Fusy+tM) 0.431 0.330 0.267 0.513 0.399 0.326
t:=2
MSY 20,561 12,853 9,339 24,563 15,461 11,302
Smsy 56,446 62,522 65,754 58,648 62,822 66,190
Fusy 0.226 0.143 0.104 0.322 0.198 0.143
Frash 0.424 0.278 0.205 0.629 0.403 0.292
MSY/So 13.7% 8.6% 6.2% 16.4% 10.3% 7.5%
Smsy/So 37.6% 41.7% 43.8% 39.1% 41.9% 44.1%
Ferast/Fusy 1.876 1.944 1.971 1.953 2.035 2.042
Fusy/(Fmsy+tM) 0.475 0.364 0.294 0.563 0.442 0.364
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Table 14 ‘The estimated relative reference points of North Pacific bluefin tuna using
parameterized Beverton and Holt model and the growth equation of Wu and Hsu

(unpublished data)
. Beverton and Holt Age-structured model

—_— Cased Case 5 Case 6 Case4  Case S Case 6
=0

MSY 4,027 5,563 6,803 5,676 7,825 9,621
Smsy 55,798 48,574 40,087 56,848 47,835 37,118
Fumsy 0.056 0.085 0.119 0.075 0.116 0.170
F crash 0.134 0.235 0.423 0.180 0.320 0.589
MSY/So 2.7% 3.7% 4.5% 3.8% 5.2% 6.4%
Smsy/So 37.2% 32.4% 26.7% 37.9% 31.9% 24.7%
Ferasn/Fmsy 2.393 2.765 3.555 2.400 2.759 3.465
Fusy/(Fmsy+tM) 0.183 0.254 0.322 0.231 0.317 0.405
t~=1

MSY 4,738 6,525 8,028 6,027 8,306 10,268
Smsy 56,134 47,770 38,426 57,197 47,780 37,261
Fusy 0.065 0.100 0.143 0.084 0.130 0.195
Frash 0.156 0.278 0.521 0.208 0.379 0.729
MSY/So 3.2% 4.4% 5.4% 4.0% 5.5% 6.8%
Smsy/So 37.4% 31.8% 25.6% 38.1% 31.9% 24.8%
Ferast/FuMsy 2.400 2.780 3.643 2.476 2915 3.738
Fusy/(Fusy+M) 0.206 0.286 0.364 0.251 0.342 0.438
=2

MSY 5,075 7,156 8,994 6,443 8,871 10,955
Smsy 54,257 45,315 34,970 57,407 47,863 37,429
Fusy 0.072 0.115 0.173 0.097 0.155 0.233
Ferash 0.175 0.326 0.654 0.250 0.480 0.989
MSY/So 3.4% 4.8% 6.0% 4.3% 5.9% 7.3%
Smsy/So 36.2% 30.2% 23.3% 38.3% 31.9% 25.0%
Ferast/Fumsy 2.431 2.835 3.780 2.577 3.097 4.245
Fusy/(FusytM) 0.224 0315 0.409 0.280 0.383 0.482
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Table 15 The estimated relative reference points of North Pacific bluefin tuna using
parameterized Beverton and Holt model and the growth equation of Yukinawa

and Yabuta (1967)
_ Beverton and Holt Age structured model

—_ Cased CaseS Case 6| Cased Case5 Case6
1=

MSY 4,395 5,985 7,262 5,944 8,225 10,217
Smsy 58,047 49,773 41,191 56,285 47,190 36,402
Fumsy 0.058 0.088 0.122 0.078 0.121 0.178
Ferash 0.140 0.243 0.434 0.186 0.329 0.604
MSY/So 2.9% 4.0% 4.8% 4.0% 5.5% 6.8%
Smsy/So 38.7% 332%  27.5% 37.5% 315% 24.3%
Ferast/Fusy 2414 2,761 3.557 2.385 2.719 3.393
Fumsy/(Fmsy+tM) 0.188 0.260 - 0.328 0.238 0.326 0.416
=1

MSY 4,930 6,791 8,355 6,321 8,748 10,869
Smsy 56,885 47,616 38,358 56,437 47,263 36,157
Fusy 0.066 0.103 0.147 0.088 0.138 0.207
Ferash 0.160 0.285 0.533 0.215 0.393 0.751
MSY/So 3.3% 4.5% 5.6% 4.2% 5.8% 7.2%
Smsy/So 37.9% 31.7%  25.6% 37.6% 31.5%  24.1%
Ferash/Fumsy 2.424 2.767 3.626 2.443 2.848 3.628
Fusy/(FusytM) 0.209 0.292 0.370 0.260 0.356 0.453
=2

MSY 5,546 7,735 9,670 6,752 9,336 11,589
Smsy 56,159 46,227 35,538 56,775 47,068 36,397
Fusy 0.075 0.120 0.180 0.102 0.164 0.249
Ferash 0.185 0.342 0.682 0.261 0.501 1.025
MSY/So 37%  52% 6.4% 4.5% 6.2% 7.7%
Smsy/So 37.4% 30.8%  23.7% 37.9% 314%  243%
Ferast/Fusy 2.467 2.850 3.789 2.559 3.055 4116
Fusy/(Fusy+tM) 0.231 0.324 0.419 0.290 0.396 0.499
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Plate 1. Photograph showing the measuring axis and corresponding rings from the
scale of the Pacific bluefin tuna (fork length: 229 cm; body weight: 206 kg).
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Appendix Fig. 1. The weight frequency distribution of bluefin tuna sampled from
Nanfanao fish market, 1996-2002.
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Appendix Fig. 1. Continued
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Appendix Fig. 1. Continued
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Appendix Fig. 1. Continued.
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Abstract

The population of the Pacific bluefin tuna (PBT), Thunnus orientalis, was estimated
with demographic analyses based on available life history parameters. Demographic
tables were constructed using estimates of natural mortality (M) of 15.73/year for age
0, 0.435/year for ages 1-2 and 0.245/year for all other ages. The relationship between
batch fecundity and fork length was estimated using three equations. For all fork
lengths, BF,=(2.47-10° FL-3.54-10")/2 . For FL =< 170 cm,
BF,=(3.41-10° FL-4.91-10)/ 2 , and for FL>170 cm,
BF, =(3.51-10° FL-5.70-10")/2 .  Females are fully mature at age 5 and
reproduce twice per spawning season. The estimated rate of population decrease was
1% per year, and the generation time was 7.38 years. The net reproductive value and
intrinsic rate of natural increase increased when fishing mortality was deferred to
older fish. Assuming F=0.084 and fishing starts at age 1, the population will replace
itself exactly. The PBT population was resilient when mortality of early life stages
was stable, but declined when intensive fishing began with the 0" year class.

Keywords: Demography, northern bluefin tuna, Pacific Ocean, Thunnus orientalis
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Introduction

Vulnerability to fishing is determined by the behavior and life history of fished
species.” To profit, fishers exploit common fish behaviors, such as shoaling and
spawning aggregations, causing high fish mortality. The life history traits of a species
determine the vulnerability of its populations to a given level of fishing mortality.

The northern bluefin tuna, Thunnus thynnus, lives in the Atlantic and Pacific
Oceans. 2 Because bluefin is economically important, it is the target of intense
commercial fishing by many countries, especially when it migrates to its spawning
areas. During the 1980s, the bluefin tuna catch in the Atlantic and Pacific Oceans
decreased significantly. However, during the 1990s, the bluefin tuna catch rose
progressively in the Pacific Ocean.*” In the Pacific, the spawning stock biomass of
bluefin tuna fluctuated widely during the past half-century. ® Thus, accurate and
up-to-date stock assessments are essential.

There are two species of northern bluefin tuna, I thynnus (Linnaeus) in the north
Atlantic and T. orientalis (Temminck and Schlegel) in the north Pacific’. Studies of
Pacific northern bluefin tuna (PBT) compare poorly with in the Atlantic Ocean.” The
Interim Scientific Commission (ISC) for Tuna and Tuna-like Species In the North
Pacific was established in 2000. Some aspects of PBT biology, stock assessment and
fisheries have been described in ISC reports and in several scientific papers. Based on
tagging data, PBT make at least one, annual trans-Pacific migration between the
western (WPQ) and the eastern Pacific Ocean (EPO).® PBT spawn principally in the
waters off southern Japan from April to June, though some PBT spawn in the Sea of
Japan in August. The reproductive biology of PBT, including spawning frequency, sex
ratio and batch fecundity, was studied based on histological examination of the ovary.
10 A growth equation describing the relationship between PBT age and size was
estimated'’, and mortality from natural causes and fishing was estimated using
tagging data. 1213 There also have been recent studies on stock assessment and
population dynamics, including standardized catch per unit effort (CPUE)", tuning
virtual population analysis (VPA)®, and yield per recruitment (Y/R) and spawner per
recruitment (SPR) analyses."*

In this study, we performed a demographic analysis for PBT. To obtain a better
understanding of how, and why, populations change, we constructed a life table using
available biological information.

Materials and methods

PBT life history parameters were adopted from available biological information.
For females, the age at full maturity (.4) is 5 years old, and about 20% are mature at
age 4."*'7 The oldest tuna caught were about 10 years old. In this study, we assumed

121




all females reproduced after reaching maturity. Histological sections of PBT ovaries
indicate that females spawn twice during the spawning season. The sex ratio
(males:females) of mature PBT was 1:1. The batch fecundity (BF) per female ranged
from 445,757 to 11,986,666 in the Sea of Japan, from 1,735,394 to 20,007,750 around
Nansei Shotou’ and from 5,772,000 to 25,158,167 in the waters off southeastern
Taiwan and northeastern Luzon'’. The fork lengths (FL) of female PBT in the Sea of
Japan ranged from 156 cm to 170 cm, and were much shorter than those of females in
the two, more southern sample areas. We combined all samples, excluding three fishes
for which there was insufficient information, to estimate the overall relationship
between batch fecundity and fork length: BF,=(2.47-10° FL-3.54-107)/2
(R’=0.75, n=24). We then partitioned the samples by fork length. For FL<170 cm,
BF,=(3.41-10° FL-4.91-10’)/2  (R’=039, n=8); for FL>170 cm
BF, = (3.51-10° FL-5.70-107)/2 (R’=0.80, n=16). The age-specific fecundities

m!and m] were estimated using BF; and BF>, respectively, and incorporated with

the growth equation FL = 320.5(1-¢*"**"*"**) where t is age in years.

For PBT older than 2 years, the natural mortality rate was assumed to be
0.245/yr*. Based on two sets of tagging data, the natural mortality rate (M) of very
young PBT (age=2) was 0.41/yr to 0.46/yr.'> Seasonal fishing mortality from 1980
to 1990 also was estimated.'? We summed the seasonal fishing mortality for each year
and used the average over eleven years, 0.0836/yr, as the fishing mortality rate for

PBT in this study.
The following demographic parameters were calculated'®: net reproductive rate,

R, =Y flym, ; mean generation length, G =3 xfl.m_ /R, ; intrinsic rate of natural

increase, r =In(R,)/G ; population increase rate, A =e"; theoretical population

,=(n2)/r, and halving time, ¢, =(In0.5)/r, in years, where f is
spawning frequency, / is the proportion of survivors at start of age interval x and m.is
batch fecundity at age x. The proportion of survivors at age x was calculated from

doubling, ¢

I_=N,e"¥** where the initial population, Ny, was set at 1.

The Leslie matrix algorithm was utilized to estimate the mortality rate for the o™
year class based on age-fecundity data and age-specific probabilities of survival for a
stable population. Assuming mortality was invariant over time, the survival rate for

age 0 (Sy) was calculated from the equation’”:
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_ 1
my + 3 m,, ([ 5)

where k£ is PBT longevity and S; is the survival rate from age j to j+/. The
instantaneous natural mortality rate is M, = —In(S,).

So

The first set analyses, consisted of three different scenarios based on available
biological parameters (Table 1). In scenarios 1, 2 and 3, longevity (k = 10),

age-specific batch fecundity (m/) and the fishing mortality (F = 0.0836/year) of all

age groups were the same, but fecundity frequency was set at 1, 2, and 3, respectively.
Scenario 2 served as the base case because PBT are thought to spawn twice during the
spawning season. In the second set of analyses (scenarios 4, 5, and 6), the parameters

were the same as in the first set except that age-specific batch fecundity m, was

replaced by m/ . In the third set of analyses, the effect of changes in the instantaneous

fishing mortality rate (¥) on PBT demographics was estimated by initiating fishing
mortality on 1, 2 or 3 year old PBT. Other input parameters were the same as in
scenario 2.

Longevity was set at 10 years because, by convention, PBT stock assessments are
based on ten age groups. However, bluefin cannot be aged quickly using otoliths or
vertebra, and counting microincrements probably underestimates the age of older
fish.2’ PBT can weigh 700 kg and the fork length can extend to 300 cm. Based on
the growth equation and the length-weight relationship, PBT longevity probably is
much longer than 10 years. Therefore, in the fourth set of analyses the effect of
longevity (fmax) Was examined by setting k at 15, 20, 25, or 30 years old. Other input
parameters were the same as in scenario 2

Sensitivity analysis of demographic statistics, to a range of assumed values for
the life history parameters, was carried out. Scenario 2 input and output parameters
were used as the baseline values. Input parameters were changed by increasing or
decreasing the original input values 50%. The sensitivity of demographic statistics to
perturbations in the input parameters was expressed as a percent change calculated
by*":

S = 100(perturbed ouput - unperturbed output)/unperturbed output .

Results
Based on output from scenario 2, the PBT population was decreasing slowing.

Natural mortality for the 0™ year class (M) was 15.73. The net reproductive value (R,)
y
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was 0.92 per generation, the generation length (G) was 7.38 years, and the intrinsic
rate of natural increase () was —0.01. The population decreased 1% per year and
would halve in size every 61 years (Table 2). In scenario 1, M, was 15.04, while in
scenario 3, My =16.13. Due to the experimental scheme, the values of the other
demographic statistics were the same across scenarios 1, 2 and 3.

In scenario 5, the PBT population also decreased slowly. Natural mortality for
the O™ year class (My) was 15.76. The net reproductive value (Ry) was 0.92 per
generation, the generation length (G) was 7.42 years and the intrinsic rate of natural
increase (r) was —0.01. The population was decreasing at 1% per year and would
halve in size every 62 years (Table 2). In scenario 4, M, =15.07, and in scenario 6, M,
=16.17. Due to the experimental scheme, the values of the other demographic
statistics were the same across scenarios 4, 5 and 6 (Table 3).

If fishing mortality begins at age 1, Ry= 1.0 and G is stable (Table 4). The
population replaces itself exactly When fishing mortality begins at age 2, the
population will double every 61 years, and it will double in only 31 years if fishing
mortality starts at age 3. As fishing mortality is shifted to older age groups, the
reproductive output of all age groups increases (Fig 1). However, different patterns of
fishing mortality can change growth, maturation and fecundity. Changing longevity
did not cause notable changes in Ry, r and A4 (Table 5). When PBT longevity was
increased, generation length increased too. Changing longevity from 10 to 30 years
increased the population halving time from 61 to 77 years.

Sensitivity analyses indicated that changing natural mortality during the first year
of life significantly affected Ry, r and #.s (Table 6). The population halving time was
more sensitive to the natural mortality of very young juveniles (ages 1-2) than to that
of adults. Fishing mortality also significantly affected these demographic statistics,

especially #.s.

Discussion

Demographic analyses, using known and estimated life history parameters, were
used to estimate Pacific bluefin tuna population growth and potential exploitation. It
is apparent that the PBT population is not replacing itself (Ro <1), and that the
population will decrease 8 percent each generation if these rates continue. Fortunately,
the population will replace itself exactly if fishing mortality does not begin until 1
year of age. Moreover, assuming no changes in other parameters, the population will
grow if fishing mortality begins at older age. This concurs with the finding that the
yield per recruit can be increased by decreasing the fishing mortality of young (age
0-4) PBT and increasing the fishing mortality of older PBT."” However, most of the
PBT catch consists of fish in age classes 0 and 1. Thus, careful fisheries management
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is imperative.

In base case scenario 2, we assumed PBT spawn twice per spawning season, an
assumption supported by two, separate studies. In the first set of analyses, we
assumed PBT of all ages had the same age-specific fecundity. However,
environmental conditions and the size distribution of PBT from northern spawning
areas and southern spawning areas varied considerably. Thus, in the second set of
analyses, we derived 3 different equations, based on PBT size, describing the
relationship between batch fecundity and fork length. The status of PBT did not
change markedly when different equations were used.

Successful application of the Leslie matrix model to fish populations is
confounded by high natural mortality from the egg to the recruitment stage. The egg
stage has been incorporated into the Leslie matrix model for a number of fish
populations including Atlantic menhaden?’, Atlantic bluefin tuna'® and Pacific
halibut®. Assuming the population is at equilibrium, and given the estimated
mortality of the O year class of Pacific bluefin tuna, only three fish, from 20 million
eggs, survive the first year of life. For Atlantic bluefin tuna (7hunnus thynnus), there
were about five survivors from 10 million eggs. * Thus, the larval development rate
may be slower or PBT may suffer greater amounts of disease, predation or
environmental hazards during their first year.

Parameter estimate variability and its effect on predicted population trends is an
aspect of population modeling that must be considered carefully. Different
methodologies have yielded different estimates of PBT mortality from natural causes
and fishing. We performed sensitivity analyses to assess the effect of variation in input
parameters on output parameter estimates. The sensitivity analysis can also indicate
where future research efforts can be applied for stock assessment. Fishing mortality
and causes of natural mortality during the early life stages of PBT require further

study.
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Figure 1. Age-specific reproduction (/sn,) for North Pacific bluefin tuna. M=15.73 for
age 0, M=0.435 for age 1-2, M=0.245 for age 3-10. Fishing mortality (F=0.0836)

starts at different ages (0( o ), 1(0), 2 (A), and 3 (D) years).
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Table 1. Biological input parameters including age-specific maturity ratio, natural

mortality and two, hypothetical fecundities.

Age Maturity My m, m;
0.519
0 0 0 0
1 0 0.435 0 0
2 0 0.435 0 0
3 0 0.245 0 0
4 0.2 0.245 27,890 123,915
5 1 0.245 2,696,373 3,583,495
6 1 0.245 5,038,385 3,839,018
7 1 0.245 7,093,806 6,764,032
8 1 0.245 8,897,873 9,331,189
9 1 0.245 10,481,171 11,584,272
10 1 0.245 11,870,763 13,561,704

Table 2. Pacific bluefin tuna biological input and demographic output parameters.

Age-specific fecundity is constant.

Scenario SF  my M, Ro G r A to.s
1 1 m, 15036 0920 7375 -0011 0.989 61.171
2 2 m> 15729 0920 7375 -0.011 0.989 61.171
3 3 m* 16134 0920 7375 -0011 0.989 61.171

Table 3. Pacific bluefin tuna biological input, and demographic output parameters
when different, size-based equations are used to calculate the relationship between

batch fecundity and fork length.

Scenario SF  m;, M, R G r A Los
4 1 m’.  15.071 0.920 7.424 -0.011 0989 61.572
5 2 m’s 15764  0.920 7.424 -0.011 0989 61.572
6 3 m’x 16.170  0.920 7.424 -0.011 0989 61.572
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Table 4. Demographic parameters for Pacific bluefin tuna when fishing mortality
(F=0.0836) begins at different ages. Other parameters are the same as in scenario 2.

Fishing

Ro G r /Z 1% to.5x
Mortality
1 1.0000 7.3753 0.0000 1.0000 -1.53E+15 1.53E+15
2 1.0872 7.3753 0.0113 1.0114 61.1714 -61.1714
3 1.1819 7.3753 0.0227 1.0229 30.5857 -30.5857

Table 5. Effect of longevity on Pacific bluefin tuna demographic parameters.

Longevity Ry G r A t 1o.5x
15 0.9198 8.5946 -0.0097 0.9903 -71.2841 71.2841
20 0.9198 9.0749 -0.0092 09908 -75.2676 75.2676
25 0.9198 9.2278  -0.0091 09910 -76.5358 76.5358
30 0.9198 9.2700 -0.0090 0.9910 -76.8856 76.8856

Table 6. Sensitivity of computed demographic parameters for Pacific bluefin tuna

using scenario 2 for the baseline.

Change in input parameters (%)

Input parameters -50 +50 -50 +50 -50 : +50
Change in Ry (%) Change in A (%) Chazij(l;)txz o
M (age 0) 260214  -9996 1904  -6558  -101.1 -98.97
M (ages 1-2) -0.0028 -5.8191 0.0049 -0.8041 -1.954 -42.93
M (adults) -0.0028 -0.0028 0.0251 -0.0659 2205 -6.003
m's -0.0028 -0.0028 0.0049 0.0049 -1.954 -1.954
m’, -0.0028 -0.0028 00049 0.0049 -13123 -1.312
F 4270 -37.92 0.5509 -6.386 98.92 -85.59
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