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Stock Assessment and Fisheries Management of
the Japanese Spiny Lobster Panulirus japonicus

Takashi YAMAKAWA

In order to produce an optimal management policy for the Japanese spiny lobster Panulirus
japonicus fishery, stock assessment was conducted for the lobster tangle net fisheries at Wagu, Mie
Prefecture, Japan. Using this as an exemplified case, the optimal fishing policy is discussed for the

effective and sustainable utilization of stocks.

1. Introduction

Information in the literature on the life history, ecological features, stock construction, and
reproduction of the Japanese spiny lobster is summarized, and the basic requirement for the management
is discussed. Because the stock structure and the quantitative relationship with reproduction are still
obscure and that fisheries management measures at present vary between different localities, it is
necessary to manage the recruited stock at each locality for its offective utilization and ensure the

spawning per recruit.

2. Estimation of growth, age composition, and recrnitment from multiple length frequency analysis
Based on the separation of different cohorts from compound multiple normal distributions, a method
is proposed which can simultaneously analyze multiple length frequency data sets even when there is
fluctuation in the interannual growth rate. Growth, age composition, and recruitment of the Japanese
spiny lobster were estimated from the analysis.  Each parameter can be estimated independently by
data set or as common for some or all of the data sets. Parameters can also be selected as unknown
or can be fixed. Through simultaneous analysis of the multiple data sets, accurate estimations can be
carried out allowing the utilization of the full information inherent in the data. Carapace-length
frequency data sets at Wagu, of 62,605 individuals over five fishing seasons from October to April of
1990—1991 to 1994—1995 were analyzed. Judging from the comparison of AIC values, optimality of the
model increased through the introduction of variations to allow for interannual and seasonal growth
fluctuations, shifts in the standard deviation with growth, and the total mortality coefficient for older
age groups. From the estimated von Bertalanffy growth curves, the carapace length in October at
each age after settlement as pueruli are calculated as: for males, 45.0mm for the lst age, 62.4mm for
the 2nd age, and 74.lmm for the 3rd age, and for females, 42.3mm for the Ist age, 56.2mm for the
2nd age, and 64.7mm for the 3rd age.  Growth fluctuated from year to year, which suggests the
presence of a density dependent process. The most prominent age group in the catch is the 2nd age

group.  Size selectivity of tangle nets for spiny lobster is inferred based on the recruitment process of
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the 1st age groups during the fishing season and its fluctuation between years. The estimated growth

rate is compared with those from the literature.

3. Stock assessment using an expanded DeLury's method

DeLury’s method is expanded to fourteen maximum likelihood models to allow for variable catchability
coefficients (¢:) according to environmental factors such as water temperature, lunar cycle, and the
intensity of ocean waves. Nine statistical models are introduced with different probability distribution
functions. Optimality of the models was examined by AIC, and the confidence intervals of the parameters
estimated with likelihood ratio statistics. Numerical optimization was performed using the quasi-
Newton method. Daily catch-effort-environment data of the Japanese spiny lobster tangle net fishery
at Wagu for the fishing season from October 1990 to April 199i are analyzed. AIC values greatly
improved when variable catchability coefficients were assumed. Judging from the estimated parameter
values, ¢: is large in conditions such as when @ the water temperature is high, @ the phase of the
moon is around the new moon, and & ocean waves are intense. The variation in g: is probably
attributable to changes in the activity of lobsters according to the fluctuation of environmental factors.
As for the statistical models, the negative binomial model was optimal. This result adequately reflects
the distributional nature of spiny lobsters in the field which shows a marked degree of. aggregation,
coupled with other features in the fishing activity. Although the confidence intervals of the estimated
parameters are rather broad in the negative binomial model, those calculated through simultaneous

analysis using a three-year data set are narrower as compared to those with single-year data set.

4. Stock assessment by statistical catch-at-age analysis using auxiliary information on separability

An assessment model is proposed which treats the multi-cohort analysis (VPA) and the expanded
DeLury’s method in a united form, and the stock size by year, age, and sex, catchability coefficient,
and the selectivity curve are simultaneously estimated. This model corresponds to a statistical catch-at-
age analysis with a generalized assumption for separability.  Catchability coefficient F.;. by each sex
(for females:!=0, for males:[=1) of age j at tth day in year i is separated into a product of elements
as follows and introduced to the basic fishing equation:

Fujp = g X p (Lug) X X,

where ¢, £ (L), and X represent the catchability coefficient, selectivity by size L, and fishing effort,
respectively. The likelihood is described using a product of the conditional negative binomial distribution.
For the catchability coefficient, model XIV in chapter 3 is utilized. A sigmoid curve is assumed for the
selectivity curve. A sex ratio at the first age and virtual relationships for the number of individuals
of the successive age groups of each cohort are introduced as restrictions. For natural mortality M,
two different cases are introduced: D M is estimated together with the other parameters, @ M is given
as known. Daily catch-effort-environment data for the five years from October 1990 to April 1995 are
applied. Annual catch amounts to 65,000 —118,000 {mean 91,000) individuals, and the total number of
boats operated each year is 2,593— 3,447 boats:day (mean of 2,985 boats-day). A reasonable estimation
was carried out which reflects shifts in catchability coefficient caused by variations of environmental
factors and shifts in selectivity caused by growth of individuals. The initial stock (number of
individuals) of each group was estimated, and numbers of individuals caught, natural mortality, and
survived to the next year are specified. Annual catch rates estimated are: for the Ist age groups, 16.9—
27.2% (male) and 9.9—21.1% (female), for the 2nd age groups, 63.6—74.4% {male) and 52.4—66.2%
(female), for age groups older than the 3rd age, 66.7—79.1% (male} and 64.2—76.8% (female}. The
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estimated selectivity curve indicates that recruitment commences at around 40mm carapace length, then
the selectivity greatly increases from 50mm to 60mm. When M is estimated as unknown (@), it converged
to an unrealistic value (M=0). When M is given as known ((@)), initial stock number increased as M
becomes large, while relatively stable values were obtained for the catchability coefficient and the
selectivity curve irrespective of the value of M. Estimation error would be large if the catchability
coefficient is simply separated into “a factor inherent by year” and “a factor inherent by age” as in
the former way. Flexible models can be selected by the present method depending on the difference of

available information and unknown parameters.

5. Fisheries management based on the optimal within fishing season allocation of fishing effort

Optimal in-season allocation of fishing effort was investigated for the spiny lobster tangle net
fishery for the purpose of determining the most efficient utilization of the recruited stocks.
Considering the shifts in the market price, catchability coefficient, and income from incidenial catch etc.
within a fishing season, optimal allocation of the fishing effort to maximize the total benefit of
fishermen was calculated using the maximum principle. If the price of lobster is independent of the
amount landed, a maximum fishing effort (30 boats”day) should be undertaken when the fishery is
operated, while no fishing effort should be undertaken when the fishery is recessed. If the price of
iobsters is affected by the amount landed, there could be cases when an intermediate level of fishing
effort is preferable. Optimal in-season strategy is to operate a fishery when a higher marginal benefit
from the fishery is expected by adding a unit of new fishing effort. If the revenue from spiny lobsters
is considered exclusively as the objective function, fishing efforts should be concentrated during periods
when the market price is higher. If operating costs, income from incidental catch and.or profits from
side fisheries are also considered, the optimal allocation would vary according to a combination of the

factors to be considered.

6. Optimal fishery policy of recruited stock considering the economic value of spawners
A management model is proposed which simultaneously determines the effective utilization of the
recruited stock based on a fishing effort allocated over the life span and the security of the spawning
stock. A term which represents the economic value of the spawning stock, [(economic value of an egg
r )X (stock size of females by age) X (fecundity of each female)], is added to the objective function of
the dynamic optimization model derived in chapter 5. Daily catch number of individuals is described by
a similar model as in chapter 4. Analysis was conducted for two cases using 2 maximutn principle and
a non-linear optimization technique: (@ when a special single age group can be selectively caught, @
when several age groups are simultaneously caught.  Maximum fishing effort should be undertaken
when the “present fishery value” at each time is greater than the sum of the “future fishery value” and
the “reproductive value”, while no fishing effort should be undertaken otherwise. A fishing effort
allocated over the life span is presented for a certain r in case @ as a combination of the schedule for
fishing within a fishing season for each age. Catch should be concentrated on older age groups for a
larger r. In case @, an optimal selectivity curve is presented in addition to the optimal within season
allocation of fishing effort. Raising the age at first capture through revision of the gear and
depression of the total fishing effort are required in the actual fishery. A larger selected size is
required for larger r. Spawning per recruit (SPR) increases, while yield per recruit (YPR) decreases,
with the increase of r for both cases @O and &.  An optimal fishery policy which simultaneously
attains the effective utilization of the recruited stock and the security of spawning stock can be
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determined by manipulating the value of ¢, if the necessary number of eggs for maintaining the stock

or attaining a MSY is known.

7. Discussion

Methodology for the stock assessment and determination of fisheries management policies for the
Japanese spiny lobster are discussed. For effective stock assessment, the introduction and extension of
more convenient assessment methods such as CIR (Change in Ratio) method are important, together
with the descriptive methods developed in this paper. For optimal fisheries management, discussion
concentrates on the relationship between the effective utilization of the recruited stocks and the
protection of reproductive stock, and on the importance of utilizing the concept of SPR and the life
history parameters. Concrete management methods and the strategy required for their introduction are
also discussed. Finally, management assuming for fluctuations of recruits and the utilization of

Bayesian decision making are overviewed.
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£ LI OFMEFETIZOVTH, RBAZL NS,
HMEEHRSLOAO 7 1+ OV 2 HERINEOBBE A TR v
FREIZLDEREENSL (Harada 1956, Murano 1967,
dF 1974) 2%, - BEO T4 0V OREFILES
nTv3 (KB 1942, Murano 1971, e - 4k 1973,
PR 1975, BEPT 1983**°, &E& - HAT 1987, B o
1989). —#icid, HiLB&ME~FBLIz7 1OV i
TINVVAGEE LTHRNEET S X To—EHRA,
BEEBREFRLLEZLNRTVWS (KB 1976, #L
1979, PO 1985), 74 B v OHIMIXAHTH D (K
B 1948, # L 1981, /KIT 1993) %, ATHEFIZL 3
MEOERE A TIL307H B (Yamakawa et al. 1989),
BLUMIEE L3918 (Kittaka and Kimura 1989)
Tholz, B, MRS (1995)*° I EFEHBERS
BREFERICETH1989E 0 S 19MEORAFICL S
219RDEWBIIBUDOVTERL, 7 1 0 Vv O
231-417HM, FEI228BMTH L HRE LT3,

KRR B 5 7 )L A BRI, 19804 LI
A OBEGREOER (Fho 1980) itkak, 47T
AHhO12ATHICh: 5, HROBEHIZHRER, #H,
FICEhEWDHS (Bl2iEmRe 1976, Fho 1980,
H b 1981, £ - &N 1980, £ 1988 X)) &%, b
BURGAPBIWADS VIO A~ A HoMERH
v, REOSER~EFE (KR 1976, 1978, T+ o
1980, Yoshimura and Yamakawa 1988, Yoshimura
et al. 1994, Norman et al. 1994) L7z 7 X210
~20 0 M £ & (Yamakawa et al. 1989, Kittaka and
Kimura 1989, MG 1995) THIU~:BHEL, L
BB Z 0 EL TR T 5 (RS- XF 1899, 1901,
AT 1934, Nakamura 1940, KB 1941, KBS 1960,
He o 1985, HH 1988, Norman et al. 1994),

1.5 RELEEENG

REEHEORBIIBVTREN TRLEELTIEL,
DEBARETAIRENBELEEDOR REMBELY, T
bbb, REOTEOHEL 2OHBMERE, B
QHRFORNMAE (BLEEMR) ThrH, AHTIIA
LtLERFORBLEFEEIZOWT, BREXHIZL 2 #
AFERSECEET S,

1.6.1 & 3

AR ERRICb: 2 RENER TR TH/20,
ABOBRTII S o TROEOBE - FHRARE DA~
DHIEBROBIAVERTH D,

FiuywgEFb >/t - L2 VO VE
DHT, HEOBE - 48 - BESE~OMABENS
LEERAINATVAEIR, 2—AFF)TE rock
lobster Panulirus cygnus (Ritz 1972, Phillips et al.
1979, Rimmer and Phillips 1979, Phillips 1981, Phillips
and McWilliam 1986, Pearce and Phillips 1988) ==
w35 i FEE rock lobster Jasus edwardsii (Booth
1994) 2 LT — T Ery,

HEES AtV ofEoBR i BREOHEEEICO
Tit, W(2PDEHREVERES TS, KB(1976)id
bAEEROBETHLL 7 4 oy v hErEMic k-
THEMATFFGHEICIEL (BRI D TRBEFENC &,
Wi - FEBOFENEREORG L EET IRIIEE
THAHILLHERL 2z, FRIIHL (1979) T RFHIG
ROGHEERrLEITNABELEE T OBOEES
BEL:, B (1982) i, 4T ViREE O ERMER
OBEZ L LIZBEROBB I OVWTEE L., Bl
ERMLEThOoORMICEI VAT SHIEEAICRES
&, BROBBMIZLVBEERIBVBHTERT S
BEOHADHY, HENVEICL YT OER
Wl {ELNELEZT,

A3 (1978a, 1978b, 1993) iX4 +x ¥ OB B 5§08
BItowTHBL, R8 (MU cHT-ERRHE
LT, BRICENETY, 4~55B0710v<nl
BMo%ICERE~FET S (B8 (FhE)] &, B
B (8H) EMET, MUrA07 0V <oON
ORIEE~FETS [HEEE] OB LREL -,
BEIT(1985)ik, 7+ O v it i EHAENEAE) S
B &S h, FOEERIMEOEHRFREIC
gmL, BRB 7 vvegs, o Sivn g
ELTHRRFERPAOREIIAY, REBEOEL D
AR ODHENEEINL L) RHEFEE L,

LAL, ThoofHizvihnd, RETENLDHO
ARELCEEPELONTELT, BHOBPOHLTwE
W, BKTRA bt ¥hEnB% - FHARBIURE
~OFEASHIIRBHATH D, LAdoTHREICLOWT

RO OBAEH, IHEE, NEWE L ORNEOREEESRICNT 55T, (RASTEEN EFRRME & (—EHFRC)

FFsER Fa W, 1983, pp. 1-23.
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AR, A TH mt-DNA & EOBREHMT TR
L ARBOBRAHINIIITbR, BRBEVERIEE
{(HEANTVE, f LI FHIIO>WTLNEENET
12, BRORKERRAROBT 2 LI 0L ) RFEDN
WHEND LSk > T &4 (Brasher et al. 1992 a,
1992 b, Ovenden et al. 1992, Ovenden and Brasher
1994), BXEB#HEO A Lt CBICE L TIRAEFT
H5, Sk, HEFREROERFIFITRELELET,
DL RFELE AN, REMTICET 5 ELEH
HREOELNLLIATH D,

1.5.2 BLERMNRK

NEEA L CEORERMRICEEL T, Jasus
edwardsii (Saila ef el. 1979, Anala and Esterman
1986, Breen and Stocker 1993, Yoshimoto and Clarke
1993, Booth and Breen 1994), Jasus novaehollandiae
(Campbell and Hall 1988, Yoshimoto and Clarke
1993), Panulirus marginatus (Clarke et al. 1992),
Panulirus cygnus (Morgan 1979, Morgan 1980,
Hancock 1980, Morgan et al. 1982, Caputi and Brown
1993, Caputi et al. 1993, Yoshimoto and Clarke 1993,

Chubb 1994) % rOfELALR, #$F) PO L
EREFLL L LNARS IR EFREEROREIR
Hahtwa,

HEEA LTV TIHRKkEL FORKEN - BEED
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1939, Takagi 1978, FFrp 1982), BTt H &R
BOME ((RE 1976), WBEMRH ) HER (FH
1988) % LIz 0w T OBKEFIiEH 24, BEEMEPLH
FEER *EER- AT A SN LV, BIREDZ
Lok, RBLEROFEREITHTHL I LI
Z, NEOFEFAO L BB HRIIEYT 28X 0OH
HREVFBTEL NI ERPRERBLUTOBERDE
BEMRRELTWwAZ L REVEREELLND,

HA2HD At CRiFITE—REL VRS LREL,
1915 LA D 2 E O lEHEt (K1~ 4a) THVT,
ndEDRBRICHT 2 (0+2)E, (n+3)E, (ntd)F
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FETIZOIT L, BRCHBTIIFN LS bR N LV,
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1.6 AEIEORNEE

1.6.1 =ZEBRICHIIER

EORBELIFA 2Lk, 1L V2HRE
TLHRETHEAKIII08E11A | BRAETEEICEN
2M4HEH Y, AEFTET 7T EHOMTEE, Yo
3584, v —HOBMBIIKNTHE Y,

AT ERHBREOEANLZERR I, M
PERXORE, BEMRERE (FLEERFR) 0
£, BAOHRE (oMl MEOKI S, RoOXE,
M, @%eL), e, BHoER, R, EES
DEREL ER4 20 00HD (KT 1933, B - KX
5 1958, ¥ 1959, KB 1962, Ful - FH 1964,
Nonaka and Fushimi 1994), ZiE#AM & mEH REE
oW Ti, FROBERERNTED LN TS (F
1-1), ZERTE, 5 A185»5 9 H308 2 &
Mg bNTEDY (2L, BEWER B i
HiZBWTiE, 5H1 0% 9A158%T), EREE
4 2cm DT O iR L UFE - B enT
Vi,

#l1-12, ZERAOEREIIBTL A £ Vil
MEOEFHEMRE, 19914 L 1993FITERHL 77 >~ 4 —
FREEBICLIDRLA, ZERBERERAIZR L/
WIERIERT A X (RHEEBEHEAIC L 2R BRIZHE TS0
~T0gicHET5) LPERAMLATHIBREL TV
BESALIE, @OEBICHL TE—HBOAYr AW
T3 HE, ZHROAZHAVTWAMEK, MAEOHE
BetTwsiiEdshh, MEOKE S, @koks, @
DES (#HB), B, 1€V 0EABRLELSE
BTho, MBTEHEIZOCTY, MBEKEES +iRH
LTwaiX, SRz H- TV 8K, BHEEO#H
X, V=7 LA FBREORE LR E2H Y, SEL

COBRKHEY A X, TRcBT28MEob#eTths,

BLTED  EELCEBOBE T, OBk s
HHRT Q=BT H#EAL, CHHEET @OEZkE
&<, QEEHSEIIEDIAEOLE (&8) %
{, OBBR T EDOY £ AP SVHEFEVETICH
5. ~7, BR - BHL CERoOBRTid, QMoK
BT Q-HWMEERAL, OBSKRENZEELT @
BEKEFRL, QREYLEISDL M LIV ORE
(&%) 5, OBEHRRIV O} £ Xik iR

SZVHEIIH B,
FA—HEPGF A0 ZHBE~OBITIEBI204EL
7= 304E A (1945~ 196548 ) L B L X A% 5 o 126

1.6.2 A1tIERARETRORFNEGEZLS

REPEBCERMLT, REOBEEETR (HAME
®B) b, iGOMAREOADFAE (HRKATHE) 02
SOMEND L. WEIL, REOEBEME L TORE
O EAL, BEENRLCERBEOHEERZE
B -AETLLTREODROLEBETRNSLH ET5
LOT, RESLORRIIOLIEHOBRETERE T
MEBECERNEL TS, —FHER, MADLVREER
FEEEEOBALII L o THSOMAB RO RN L
FHZHAAH) LT500THD, EEMARITE—OHK
b L FENEETHY, HRRHORMLRHEERRR
BOBSIIEA LR, AETREFOMEICMA, N
A&7 0 EYRE (Shepherd 1982, Overholtz et al. 1986,
Prager et al. 1987, Gabriel et al. 1989, Clark 1991,
Goodyear 1993, Mace and Sissenwine 1993, Mace 1994,
Myers et al. 1994) OBEEEEATH LIz X b,
ABREOHEPDAE LEEORB R FARICH L 2H#
BRIND I ICko, I, whiFHHs®:
EAAEEOPMICHEL, —RICEBSKE (RN
D7 — ¥ kB L 5 stock-recruitment BEQEE O
iA%< THERTRLEMENERELRE (Biological
Reference Points) & L-THEBE SN S,

HEAEA LT ERERDL )i, RBECHEEEZBED
FHTH L, FIRROBEAPKES AL LTH#E
TEIEBHOTBEBRIAE(RR A0, BELE
Pl o TRANLEEL ERTE 2 AR REEH
BEosTudiidvnin, L VoEESEIZBnT
DRELHEMMIL L LTit, T#EZEoMAEECSR
MAMORAEBTEFELERL L, FREMAS.:
NERBEORETHAEHETHERT S OFRKTIE
REULERD,

MARBOEDAEH B TREBEEWN2HE A
(Clark 1976, Clark 1985, Doll 1988, Hannesson 1993
2Y) PEETHAH, FEETH EREIEHEEELE
b (BR) CHHZL2ERTIE, REOEHHAD
B TRHBARBEE LAt RBFIANLFZEIL
HATHB, 1 LLERE,SEEBONLBEEHBE

¥ RAOKEEMEHEERE : (1) MREMEMICIT 2HME WO REEL VT AP B, BHOKESEHEBHIHTERIE, BHF

Hatis, W, 1995, pp. 155-211.
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2.1 RBUBIK

HEEWOREORBE, KERAOBFCLIToE
BEEFREOUVLEOTHI, REOEERRICL-TESR
LWRIFEBODH Y FUERE(EESRSIELHTI
v,

A X VIRBREICL - THEBTESH T 00, AE
OEFR, &, BESCPRSOBRLVICHETIAYLE
BEESRR I Tk (HH 1954), REOHEED,
FEER (KBS 1960, Mo 1985, He 1988), #%
ot (BEAKRFESE 19750, 1976%*", AH -
e 1985, £ 1988), BB I - EREEOLE
(EMEE) MK (Nakamura 1940, A5 1941, KB
6 1960, MEARFLESE 1975°*°, 1976,
Norman et al. 1994) % ¥iz&SwTiTbhT& 1,
LL, SEERTEL W EENRREEOL O L E
LThHEHEIIR L, EREEKC L A2FEL, OFRO
EEVEE - £RIC5 2 A2EEHSTH, ORITCHS%
F— I BARBELIZCVY, OB LNARRIBIEH LB
BROLDIZBRONA-OFHIRELICEL B, &
EOMBEEEH L,

BREARBESE (1975°%7, 1976**") IXMEHERIIC %
HLAEMPEAROKRSICL ), BERHEFEOA L
IVORER#E LA, Zhid, Harding (1949) OFE
PREEEKL AV AETHESERI T ~OFRET o

LOThrY, ORI 2HEFETHLLOERR

RS, @1ty bOADEET—FIIET(HET
HH-OERERICRMIES, LEOoBSSFHL,

HR=vFrar¥a-s-—0O%REERIE, #R
MR O HOFERL Y 7 7 2 THRBICESLD
“2# % (Shepherd et al. 1987, Majkowsky ef al. 1987,
Morgan and Pauly 1987, )il 1997b). #EERRET
BEirlzl, EREROMATELVETOIREOHE
AT Bidd, EREROEELT B TMAREELR L
ORFEHEOIRIE S 2+ — MET~OT— 5 R EE
Eadhl, REOERNGHEF~ORBOLMFTE S,
RS LOREABMNORRIEROZ L, HEER

ANTVWAIMALBEAOER (BE 199%6a, 1996b,
1996c, 1997, Katsukawa 1997, BJIi - #251997) % &,
FiREE~OBEENZIEALTRTH S,

IhOOFECIR, OUSERMECEShrLEnbD
(Shepherd 1987), Q&WEMIRE ¥ Rid T ITHRIE
BETERIH~TH%T 5 b @ (Hasselblad 1966,
MacDonald and Pitcher 1979, 7Rt - MNBE 1988, 32
1990, 43 1990, M 1993, £ - H¥ 1994), QDage-
length key #2600 (XF - BE 1977, 28 - K
F 1978, Kimura and Chikuni 1987, Matsumiya 1990b,
Martin and Cook 1890, Akamine and Matsumiya
1992, Wil - BE 1993), OEEREFHEEL T/17 A —
¥ %3k 5 & o (Schnute and Fournier 1980, Fournier
and Breen 1983, FH9*1990, Tanaka and Tanaka 1990),
ORBERL LEEEL S AT, BRACRIEALR
BOABERTF— ¥ —ELTRIFT5 40 (Pauy
and David 1981, Pauly 1987, Sparre 1987, Fournier
et al. 1990, 1991) % K4 2 b DAtdH 5 (111 1997b),

IhHDI b, OOBRNGEENATOT 52—
1L TR T 5 SR ER OMATIC AT, EECAY
HEENHELE E RS LETAOER, EREMOHE
EEENRBLACITL, BELARREBLILHT
X2, A TLERMARMEN Y 7 L ELEFAN (Pauly
and David 1981, Pauly 1987) ®MULTIFAN(Fournier

et al. 1990, 1991) XHFEICHE LTV HY, MR
P TRLETLCENTAREL CIZIEANOR
FIRs €358 00whd, F-Fob>NERE+5
IREHETE R,

T, BRNLREROERMERT — 5 O—ERT
BVT, £ KL 2REOERY D - THMITTE
hrFEriERT 5L i (Yamakawa and Matsumiya
1997), f I VOEMPEEART— 7 IZEAL, B%
WORFERK, RE, A, BREAELZCEFRELL
(L] 1997, 1997b),

2.2 MMTETILOMA

2.2.1 XEXE

»AEM P ICTHBI AT S - B ER L B & L
T, BENERINENORBERT -5 2E2 5,
ZEBT BT v IRI VY ATThR, ER

**Y EEEARRRHET N BAOSEARENNSARSRRERSE (TH SFEME ., / tIV). BERKERRS

RE 2%, 1975, pp.1-50.
U0 g RE ok ESRERET S . IBAS0EEFREIEMIERRE
3, 1976, pp.1-69.

WESEHEE (HEZRE ; /1 +1Y). BRRKERRSFES |
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ERBETEALLERET S,

g, BHOBRREERT -5y 25T Y ACEE
BT ABE, FOEGHERBR IICETINDHE
E(BRE)F Q. T2, -5ty DHRERERI
EIThABEAEE (BlME) 2f., 7T-%Ev b«
OBRBENEF, ETAEE, (f, | *BIREPES
EAHERAWTRDE I ICEKE S,

N, F,!' n
=11 Y l-[ Q'_“fid
a=1 ! i=1
II £..!

i=1
ZZT Na:F—4tvy OB
N:: SEREOY

(2.1)

Thb,

F=Fty b atlBild BHEOEEEESHAIER
GHN Ly 0. KEILEETHE, @ RESE
HAHE LTRO L) 12EE B,

. 2
Q=5 ‘; ’::; exp{——(ti 2‘1’:) } (2.2)
T P T—Fty b aATOjBROMBARE,
w  EERRIE,
I, GERGiOEEPRME,
. T Wb,
e | BRI,
Lic 1 7—5%y b a 0B 5 i MBEOFHE
x,
6 P F—FEY b il B B IREOKED
RERE,
=L,
£ pe=1 (2.3)
THb,

VroRxFEFTNIZ, L, o, b TRETHW
{2hoBETLeEAL, T A-FORKEEEY
9, BAALESTH) BENMABUIGSABEL & L7,

N

L=m(P) =2 {1n(F« D- ii In(£<)

=1
N‘
=+ igl‘ﬂ‘lﬂ(el'd)}

EFVORLEEOH T RIS RS (AIC; Akaike
Information Criterion, Akaike 1973} THT- 7,
AlIC= — 2 (BAMKEEE)+2m
ZITmREETRENGA-FTONTH S,

(2.4)

(2.5)

L

2.2.2 BECEURE EFOHRBREERTET N

HEFETEFNICIE, Richards O —KFICFHH
B & B A L7 Akamine (1993), #R4§& (1995a) DR
KEAV, L L L IREEDHH o T OB
Bl NIA-FEF—FEy PTEIRETS
(Yamakawa and Matsumiya 1997),

LN‘
L.i“ = 1r
[1+r exp{—K., (G(j. a) -G(iou.a))}]
(2.6)
A,
GG a) =j+a—sin 2e(i =) (2,7
ZZT,
Lo,: F—%tyv il BT 5ERER,

r ROBIHKHETE17 A5,

CF—F ey b o CB ARERE,

cF—F ey b KB AREROERSLE
TINGA—F, '

A, :F—=%tv b IBIAFHHURRDOKE S
(FE)ERT /ST A7,

F—-FEy b IBIAEHNEROMNEL
Wy 57 A5,

Jra

THb,

FRidr=—1, —173, 0, 1OLEZEFNFH,
von Bertalanffy &, #® 3 %3, Gompertz DR,
logistic & —#H+ 2% (Akamine 1993, #R& 19952),
(2NRTA= 0 BRTAETHE, FMHRELHE
ALZwEFVMELRS,

EHOBEOBERRE . ; 2R TETMIZIEHA 2D
ONEIZOND, TITRHUTOABYEBIRTEL L
Y EE L.

(—5)

Do =a, (2.8)
@oj.=a.jtb, (HE) (2.9)
Ca
®= 1+ exp{ad(l—bdj)}
(y7%4 FBL, 0V 254 v 7 HR), (2.10)
OL [a¢+—2%{1— exp(—ZKLJ')}]”2
(Tanaka and Tanaka 1990 ®R), (2.11)

a,, b ,c, N7 RA-%,
BWBEOHEAE p, . 12,
DQRIIREFBRVTHEESE LT EELZVRE,
@b oM (o) LEOBTIRRERND LI, 2BIF



A X DRI £ BREE

I - TRBETZLEETHRE
Pju = Dip e VR (2.12)
D2BENIOVTRIFRTo, 22T, AR, BLX
Ujr MEOBEEIEL Lo TERBLEVWEREL L,
EBRIXTHY A XL 5 RERRECERT 2, WA
BOEHEENED (Fournier et ol 1990) 1XEEIC
Anthots, L LA XIS #viaEsiRgssF
AL, MABCELAROBENICTH T HEED
FRFEE, ERCBESALBEOTFHEREIRLE
A8, BEERBILERIVELZBANH S, TOER
R BGED, QA RCHEL IR BEERE
o(l) &AL,

e D. @ (-L,J*
= 2 pll)———¢ [-—L—J—~](zm
Qu=,5 ° Voza,, *P 20, )

ELTRIEFITICENTED, S To) i, ¥7
T4 FEOBR (OVRF4 v 7R ;44 R) 2N
HETE 5,

2.2.3 N3 A-20OWE

FIZ L o THEDERYH DIHEIC L — BRIV EE
GrHs, BRNGA—FRF-F ey PTERRRS,
EHOEEFRYIZI L, AAERRENOD
CREREK, OENEICL > TRR25LELZLNEH
BCRETEICHBOK, FRETESALHICL (K
ToTHgA—%% [f#A), LHTD), BERE
HREECEARSITRTRTOELEZOWTHEDK,
PRE (TRTCHETHTA—5%, [#{F]) T&E L
I Ltz, HAE/FRAFOBRIENTA-FTEIIH
TR AT, WA, K, Eh REZTEC [FELE]
ELTCLo, LA, j T _TOET [E£F] T35, v
FThoss - bERMIZI [#F] L3501 4£H
L 35EBR L., DA% TH{F) T2, 2XDOHH
LERENTRTHL, T/, ] CRTEEDT -
oy PHTNT A5 ORE /FRAVBRBRTELL
B, ERORELZBECHLDNRTA-FERVS, =
R bHETHE, HE/FEFOBRIEERICH
TANRGA=30aihY, BEREIHTL/TA-
2B RE (BLUEOEARK jr) C2VTHE
BIfTA2, COFECINEEDOLI LT-5TH—
ERTAREL 20, 77— OMBEDRELED
EI# L 2O AR THAONLHEEITZ S,
—FBINTA—FiT, RAE L THEEOHRIZTED,
HOVEERE LT LORELHEIIEET LS

¥, BRCBRTEAIICLE: (EE/BEEDCER),
Bz, BRAEL., RERBRETRKD ZEICEE
LT 5 A— 7 OfEBICHAT S, &b, BEAR
BELTEVWTERBOHREOREDAZIT), L&
OFIBHFITEETH b, OEREICL o THEESALE
FEMELTHNATAILIZLD, HFHOBTZT TR
BHEEVAREL TV IERSAEEC LS L) ST
LERTEELTICENTE S, 2B, YFEOFH
22V TiX Yamakawa and Matsumiya (1997) b ff¢
TERBE vy

2.3 ART—¥

ZERMEMEOBEE BV -—REET, W
FoTRESNAAMPIENEREE (LWTFHEEET)
HEF— 7 2 Bvi (B2-1, B2-2), Bniz7-
43 5445 (19904 — 19914, 19914E—19924F, 19924 —
19934F, 19934 —19944F, 19944E ~1995E &) T,
BEMEOIA > LBHRTOARETORMDSI D
5 A4n7—4# (108, 118, 128, 3H, 4A) »
LD, 1HE2BIAIEDABITVL%R L, BX
BOOlRELERETLOT, F—y gLl
72 10005 — 1991 FEHHIz>w T, 11APSIADT—
Fi3nd, 0L 4 A2 AROF—50AH TRz,

BEF, /J¥RAFHTOImmETHEEI ECH
LT, ML, BEERICRE L7 1 mmBRE O R
ST roRBEEEY (BF) 2EI{To4. AIEHER
AR T62,605 4 (K 38,486MEM, B 24,119/E1F)
Thot. S, HEMMP IS THRES L
LBPHEBOBB L TURIBET S,

WA, #2-1i0RLAZA~H, JO9EHVDE
FUERRELT, Bt L, BERiL, (2.6) AT
r=—1& @\ Tvon Bertalanffy RIZEE L. FH
HREREATIRSL LSOV TEN LTS
BT, EREESETEFVEOVTIEQ (—E;
9.8%) @ (Tanaka and Tanaka 19900 ; 2.11X}
WZﬁUTR&%ﬁotQ%ﬁﬁomﬁﬂnmLf
HEEHLL2LCEELEAVOOBE TR, REH
fmax—jomtl) HA~6HOIEY LEEL, 2WIHE
BAMALLQOBETIZMAR jr ¥ 4BE SHO 2
EY (ZOBSRBRENIZVTNRL108) & L /%7
A— YDA/ REEORETR, ETO/IFA-F %
(4] LT288s, REREK, LEBA haDH
RETLI ) ET258FBELL. RELL
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NRE A FREEETFICETERME LTHREL,
LB, JZTIME LB IB0ETSIANRELTHE
EHoEeRAEEFT 1,

2.4 BROBLUER

2.4.1 EFNLOBRYH

RELAZEFVOZRUHEZBH T L4000, (25K
IAHAICEZERLE2 - LiIzffid L7,

HE T 0BYOEFLO3 L, ML LIZEF
NVATAICO@EHERANT, RLURSFRIRVEHEIA
2o FHEREFEALZVEFPNBCRENMNEES
BALLETVAL DO EUUAMMET LA, BEOER

BEEA—BELZHE (C) D, @0 (2.11) Rz~ T
BEEEVELTHEHEELLAOBEIIETEAYE
AET LA, @RIBRETEAL2wEFN (D~F) &
DLEALAETN (A, H TRLHHEIEBL, S5
3, SHMULOTFYPLREIREIH-oTHRET LK
FELEZEFNG HE b 4L EOF &M REE
WALIZETNATREUEE o/, NTA-F %
TRCOETHFL, HEOEEHEE L VEF L
JTiE, MERDNRT A5 K, b, #EICL > Tt
BELAOBSIIEBLTEUENEL{ETL:,
BECEEZIoTHAES2EMH L EdFBER
72,

F2—1, CREAEFBFCBCTRELATFIORLUBORNEE. AICOBPFMRIEL L
ERAL LD EFTLANED REHEIT LR S

*1 2 *3

*4

*5

*6
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